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NEW TRENDS
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K . L issák

INSTITUTE OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, PÉCS

W hen  th e  agenda of th e  sy m p o sia  to  be held  th is  y e a r  w ere d e te rm in ed  
b y  th e  1961 Congress of th e  H u n g a ria n  Physiological Society , i t  has been  
d ecided  a fte r  ca re fu l considera tions a n d  delibera tions t h a t  th e  problem s to  
be discussed shou ld  no t be re s tr ic te d  to  th e  m ost a c tu a l fie lds of research  
concerned  w ith  th e  cen tra l n e rv o u s sy stem , b u t should  in c lu d e  th e  m ost r e p 
re se n ta tiv e  in v es tig a tio n s  of H u n g a ria n  neurophysio log ist.

In  fac t, th e  stud ies of th e  d eve lopm en t of th e  te m p o ra ry  connections in  
co n cre te  s tru c tu re s  b y  electrophysio log ical, neu roendocrine, p sy ch o p h arm a- 
cological an d  b eh av io u ra l m e th o d s h a v e  in  recen t years been  in  th e  fo reg round  
o f in te rn a tio n a l in te re s t, and h a v e  b ro u g h t also in  H u n g a ry  a n u m b er of new  
o b se rv a tio n s req u irin g  d iscussion.

P e rso n a lly , I  am  de lig h ted  to  be  able to  in tro d u ce  o u r p re se n t sy m p o si
u m , because m ore  th a n  10 y ea rs  ago, a t  th e  2 8 th  M eeting  o f  th e  H ungarian  
Physiological Society  in  1952, 1 o u tlin e d  as re la to r  “ The S ignificance o f C en tra l 
N ervous S tru c tu re s  in  P av lo v ian  P h y sio lo g y ” , th e  tre n d  o f re sea rch  a t m y  I n 
s t i tu te .  I  m u st a d m it, a t  th a t  tim e  m y  p a p e r was n o t rece iv ed  w ith  too  m uch  
en th u sia sm , h u t  now  we can w itn ess  a b lossom ing-out of th is  co n cep t an d  tre n d  
o f  re sea rch  n o t o n ly  in  th is  c o u n try , b u t  also th ro u g h o u t th e  w orld .

D urin g  th e  decades fo llow ing W o rld  W ar I I  re sea rch  concerned  w ith  
c e n tra l n erv o u s fu n c tio n  h ad  been  s tep p ed  up  and  ex p an d ed  th ro u g h o u t th e  
w orld . As a re su lt, th e  progress m ad e  in th is  field  d u rin g  th a t  sh o rt period  
b ro u g h t us n e a re r  to  an  u n d e rs ta n d in g  o f cerebral fu n c tio n  th a n  d id  all th e  
w o rk  done d u rin g  th e  prev ious c e n tu ry . E ven  in  such  co u n trie s , inc lu d in g  
H u n g a ry , w here in  th e  p as t th e re  w as u p -to -d a te  neurom orpho log ica l an d  p a th o 
logical, b u t  p ra c tic a lly  no neu rophysio log ica l research , th e  possib ilities offered  
b y  th e  lib e ra tio n  h av e  led to  su ch  an  advance in  n eu ro p hysio logy  th a t  th e  
re su lts  o b ta in ed  are  certa in ly  w o rth y  o f in te rn a tio n a l a tte n tio n .

T he d iscovery  early  in  th is  c e n tu ry  of th e  p rincip le  o f  th e  co n d itioned  
re flex  p lay ed  a sign ifican t role in  th e  w orld-w ide advance  o f neurophysio logy . 
T h e  b lossom ing-ou t o f th e  co n d itio n ed  re flex  princip le in  its  w hole p ersp ec tiv e , 
i ts  recogn ition  a n d  use th ro u g h o u t th e  w orld , so-to-say  its  second  renaissance ,

1
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fell to  th e  p ast d ecade . T h e  P av lo v ian  d o c trin e  becam e a science of general 
b io logical, b u t also o f ideo log ical sign ificance, because i t  is in  its  every  p a r t ,  in 
i ts  every  concep tion  a  p ro fo u n d ly  d ia lec tic , ad v an c in g , m oving , unclosed 
d o c tr in e . D uring th e  few  decades of its  ad v an ce , th e  science o f h igher nervous 
a c t iv i ty  has conquered  m a n y  new  fie lds, deepened  an d  b ro ad en ed  b o th  in an d  
o u ts id e . A lthough th e  m a in  tren d s  of ad v an ce  h ad  been  o u tlin ed  by  P avlov  
him self, th e  in v e s tig a tio n s  opened  up m ore th a n  once, q u ite  u n ex p ec ted ly , new 
v is ta s  an d  possib ilities. P ro g ress  in th is  fie ld  n ecess ita ted  f ir s t  of all th e  use o f 
c e r ta in  special m e th o d s o f  ex p erim en ta tio n , as a re su lt o f w hich  speciallv  tr a in 
ed bo rderline  in v e s tig a tio n s  were req u ired . T his is how th e  research  concerned 
w ith  h ig h er nervous a c t iv i ty  has assum ed  an in te rd isc ip lin a ry  ch a rac te r. F o r 
th e  physio logist w o rk in g  in  a re s tr ic te d  fie ld  of p rob lem s i t  is n o t an  easy ta sk  
to  know  w hat is h a p p e n in g  in th e  fie ld  of h ig h er n ervous a c tiv ity  research , as a 
w hole, and , as a m a t te r  o f  fac t, it  is no t his d u ty  a t all a n y  longer.

T he in v es tig a tio n s  in to  th e  m ore com plex asp ec ts  o f h igher nervous 
a c t iv i ty  now  requ ire  t r a in in g  an d  skill s ig n ifican tly  d iffe ren t from  those needed 
in  th e  stud ies of th e  m o re  e lem en ta ry  p rob lem s of c e n tra l n erv o u s function , and  
in b o th  fields th e  d e m a n d s  arc  so g rea t th a t  it is v ir tu a lly  im possible for one 
m an  to  cope w ith  th e m  a t  th e  sam e tim e . This does n o t  m ean  th a t  we can 
neg lec t th e  resu lts  o b ta in e d  in  d is ta n t fie lds. So for ex am p le  if  in  research  
concerned  w ith  th e  seco n d  signal sy stem  th e  progresses m ade in  th e  fie ld  of 
e le m e n ta ry  p h enom ena  a re  ignored , th e  w o rk er w ith  h is specu la tions will be 
led  in to  a vacuum , lose c o n ta c t w ith  basic  physio logy , a n d , in  th e  best case, 
be  com pelled to  base  on  o u td a te d  view s in  th e  in te rp re ta tio n  o f his resu lts . B u t 
th e  physio logist c o n ce rn ed  w ith  e lem en ta ry  p henom ena is in  th e  sam e danger, 
i f  he  fails to  analyse  th e  e lem en ta ry  p h en o m en a  in th e  syn th esis  of com plex 
m an ife s ta tio n s ; his a n a ly tic a l facts m ay  th e n  grow in to  a m eaningless m ass o f 
d a ta ,  and  his p roblem s m a y  becom e a rtific ia l or fo rm alistic .

The superio rity  o f  th e  sy n th e tic  view  follows from  th e  d ialectic  ch a ra c te r  
o f  th e  P av lov ian  d o c tr in e , and  if m odern  research  w an ts  to  avoid  th e  danger 
o f dogm atism , th e  h ig h  dem ands m u st be m et fu lly . T h is shou ld  be th e  m ost 
im p o r ta n t  ta sk  of th e  sym posia . T he enorm ous ra te  o f ad v an ce  in research  
m akes i t  abso lu te ly  n ecessa ry  th a t  such  a co -o rd in a tiv e  ev a lu a tio n  should  be 
m ad e  from  tim e to  t im e ; on th e  o th e r h a n d , th e  in fo rm a tio n  pouring  in  from  
th e  d iffe ren t special b ra n c h e s  prom otes th e  syn thesis  a t  a h ig h er level.

A lthough  none o f  th e  problem s now  in th e  cen tre  o f in te re s t in m odern  
neurophysio log ica l re se a rc h  m ay  be p o in ted  ou t as be ing  th e  one fu rn ish ing  th e  
e ssen tia l basis o f b ra in  fu n c tio n , y e t we m ay  be ju s tif ie d  in  say ing  th a t ,  in view  
o f th e  com plica ted  p h e n o m e n a  in te rm in g led  in  ev o lu tio n , in  th e  p ast decades 
th e  m ost im p o rta n t a sp e c ts  s tu d ied  h av e  been  those  o f consciousness, a tte n tio n  
a n d  th e  m echanism s o f  le a rn in g . The P av lo v ian  concep t has offered a new an d  
o b jec tiv e  m ethod  for s tu d y in g  the  law s an d  dynam ics o f h ig h er nervous a c tiv ity .
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I t  w as o ften  by  P a v lo v ia n  m ethods t h a t  ex p erim en ta l psychology  called a t te n 
tio n  to  th e  im p o rta n c e  of certa in  p rob lem s, for exam ple  m o tiv a tio n , in  th e  
analysis  o f b e h a v io u r; and  th e  m o d ern  e lectrophysio logical m ethods h av e  
allow ed an  in s ig h t in to  such n eu ro an a to m ica l s tru c tu re s , w here p a r tly  law s 
d e te rm in ed  early  in  th e  course of ev o lu tio n , and  p a r tly  law s o f a s ta tis tic a l c h a r 
ac te r  p rev a il.

In  th e  p a s t decades efforts have  been  m ade to  u n d e rs ta n d  th e  essence o f 
b ra in  fu n c tio n  in d e p e n d e n tly  of su b jec tiv e  fac to rs; th is  w as a g rea t s tep  fo rw ard  
a f te r  th e  p a s t c e n tu ry ’s m etap h y sica l app roach . I t  has becom e possib le to  
s tu d y  b y  concre te  sc ien tific  m ethods ev e ry  aspect o f h ig h er nervous a c tiv ity  
an d  to  fix  th e  com plex  m an ifesta tio n s o f h ra in  fu n c tio n  to  ce rta in  cerebral 
a c tiv itie s . In  th e  ad v an ce  thu s ach ieved  th e  fig h t be tw een  th e  adv o ca tes  o f th e  
localiza tion  d o c tr in e  an d  those o f th e  d ynam ica l s te reo ty p es  was a pow erful 
d riv in g  force, as a re su lt  of w hich i t  has been realized  w ith  increasing  c la rity  
th a t  a lth o u g h  som e fu n c tio n  m ay  be lo ca ted  to  som e area  of th e  b ra in  a t  th e  
n erv o u s level o f a g iven  phase of e v o lu tio n , th is  c a n n o t be generalized  a t  th e  
p h y lo g en e tica l, an d  o n ly  to  some e x te n t  a t  the  on to g en e tica l level. T he m ost 
genera l in te rp re ta t io n  o f cen tra l n e rv o u s functions h as  been ach ieved  b y  th e  
c y b e rn e tic a l tre n d s , as in A s h b y ’s h o m eo sta te , or in  th e  ap p lica tio n  o f th e  
fu n d a m e n ta l p rin c ip les  of th e  in fo rm atio n  th eo ry  to  th e  in te rp re ta tio n  o f b ra in  
fu n c tio n .

In  th e  an a ly sis  o f  th e  m ore co n cre te  ac tiv ities  of th e  cen tra l n ervous 
sy stem  b y  m eans o f  th e  m ethods o f ex p e rim en ta l b eh av io u r or b y  e le c tro p h y 
siological te ch n iq u es , th e  in v es tig a to r  faces only one d e fin ite  aspec t o f th e  
p h en o m en a , tvhich de te rm ines th e  n a tu re  o f th e  phenom enon  an d  a t  th e  sam e 
tim e  th e  re la tiv ity  h id d en  in th e  law s govern ing  th e  d e ta il fun c tio n . A lthough  
th e y  h av e  a t te m p te d  to  approach  b ra in  fu n c tio n  as a w hole, such  s tud ies h av e  
led  to  th e  com plex  term ino logy . T h u s , fo r exam ple to  th e  d ifferences in  th e  
in te rp re ta tio n  o f th e  E E G  an d  b e h a v io u ra l arousal o r th e  em otiona l p rocesses, 
an d  h av e  led to  th e  confusion th a t  fo r in s ta n c e  a tte n tio n  is u n d ersto o d  to  m ean  
d iffe ren t th in g s  b y  th e  P av lo v ian , th e  ex p erim en ta l psycho log ist an d  th e  e lec tro 
p h ysio log ist. A co -o rd in a tio n  and  in te rp re ta tio n  on a com m on basis o f th e  
re su lts  o b ta in e d  b y  d ifferen t m ethods an d  by  ap p ro ach in g  h igher nervous 
a c tiv ity  from  d iffe ren t angles are th e  ta sk s  o f th e  p re se n t an d  of th e  n e a r fu tu re , 
f ir s t  o f  all to  allow  conclusions as to  th e  essen tia l fac to rs  in  such fu n d a m e n ta l 
fu n c tio n s as a t te n tio n , m em ory, le a rn in g , o r em otions from  th e  law s of th e  
v a rio u s p ro jec tio n s o f b ra in  function .

T he aim  o f o u r sym posium  is to  s tu d y  the  ea rly  m an ifesta tio n s of th e  
m echan ism s o f le a rn in g . A t a h igh co rtic a l level th e  ea rly  m an ifesta tio n s o f th e  
“ co n d itio n ed  re flex ”  can  be s tu d ied  on ly  in d irec tly , because all th e  m a n ife s ta 
tio n s o f o n to g en e tica l life are bu ilt on som e cond itioned  reflexes developed  earlie r, 
or acq u ired  in d e p e n d e n tly  of on togenesis. This u n in te r ru p te d  evo lu tio n  of
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c e re b ra l function  is com posed  essen tia lly  o f u n b ro k en  links of th e  chain  of cond i
t io n e d  reflex  co n n ec tio n s, m an ifesting  them selves e ith e r  in som e fo rm  of m em o
ry , o r  in  new te m p o ra ry  connections o f th e  signals com ing from  th e  en 
v iro n m e n t.

One of th e  p reco n d itio n s  of le a rn in g  in  th e  h igher an im al is th e  a tte n tio n  
re a c tio n , a lertness, w h ich  is essen tia lly  in sep arab le  from  consciousness, th o u g h  
th e  tw o  rep resen t d iffe re n t categories o f ce reb ra l a c tiv ity  an d  c a n n o t be id e n ti
f ie d  w ith  each o th e r. W h en  we raise  th e  neu rophysio log ica l p ro b lem  of a lertness 
w e w a n t to  answ er also  th e  question  to  w h a t e x te n t th e  ea rly  stages of le a rn 
in g  can  be traced  b a c k  to  e x is ten t in tr in s ic  an d  ex trin sic  fac to rs . A d r ia n  sa id  
t h a t  th e  a tte n tio n  re a c tio n  consists in  d irec tin g  consciousness from  one th in g  
to  a n o th e r. W ith o u t try in g  to  ana lyse  c ritic a lly  th e  d e fin itions p u t  fo rw ard  
b y  A d r ia n  or o th e rs , i t  is necessary  to  p o in t o u t tw o c h a ra c te ris tic  fea tu res  of 
th is  fo rm  of b ra in  fu n c tio n  : a t te n tio n  d e te rm in es f irs t  th e  re la tio n sh ip  o f th e  
l iv in g  to  its  e n v iro n m e n t, th en , a t  a c e rta in  h ig h er level o f consciousness, it  
a lw ay s  shows som e au to n o m y . T h is is to  be u n d ers to o d  to  m ean  th a t ,  in 
possession  of e x is te n t, p rev iously  acq u ired  in fo rm atio n s, a t te n tio n  can be 
d ire c te d  th ro u g h  th e  m em o ry  m echan ism s. T hese defin itions do n o t, of course, 
p e rm it one to  gain  in s ig h t in to  th e  o rg an iza tio n  of ce n tra l nervous a c t iv 
itie s . As i t  will be d e a lt  w ith  la te r , acco rd ing  to  th e  o b serv a tio n s m ade a t  
o u r In s t i tu te , a t te n t io n  and  its  e lec trophysio log ica l an d  b eh av io u ra l m a n i
fe s ta tio n s  can be ab o lish ed  by  th e  d e s tru c tio n  o f th e  m esencephalic  and  d ie n 
cep h a lic  ac tiv a tio n  sy s tem s, an d  a t  th e  sam e tim e  in its  so m a to m o to r m a n i
fe s ta tio n s  th e  an im a l show s th e  b e h av io u r o f an  a le rt an im al.

T here  is now  a b u n d a n t ev idence to  show  th a t  th e  a t te n tio n  reac tio n  an d  
th e  o rien ta tio n  re a c tio n  associa ted  w ith  it  can be considered  to  be ac tiv ities of 
th e  w hole b ra in , so o f  th e  neo co rtex  an d  su b co rtex , a lth o u g h  th e  basa l d ien 
cep h a lic  s tru c tu res  also  p la y  certa in  d e te rm in a n t a c tiv a to r  roles in  these a c tiv i
t ie s . T he p a r t p la y e d  b y  th e  ascend ing  non-specific  diffuse a c tiv a tio n  sy s tem  
in  a le r t  behav iour, a t te n t io n  an d  th e  lea rn in g  reac tio n s described  b y  Ma g o u n  
a n d  Moruzzi, J a s p e r , as well as b y  th e ir  fo llow ers, has notv b een  filled w ith  
m e a n in g , and a t  th e  sam e tim e  its  o rig in a l d e fin itio n  h as  ex p an d ed . N a u t a ’s 
teg m en to -d ien cep h a lic  cycle assum es th e  u n i ty  o f th e  b ra in  s tem  and  rh in - 
en cep h a lo n  in e m o tio n a l and  m o tiv a te d  b e h a v io u r , an d  in  a n o th e r  d irec tio n  
re c ip ro c a l role of th e  th a lam o -co rtica l connections has come to  th e  fo reg round  
in  th e  organ iza tion  o f  th e  a tte n tio n  reac tio n . T he a lp h a -e x c itab ility  conception  
o f  A d r i a n , Chao  a n d  B r e m e r , as w ell as o f L i n d s l e y , w ho sugg ested  a co rre 
la t io n  to  exist b e tw een  a tte n tio n  an d  th e  h y p e rsy n ch ro n iza tin g  a c tiv ity  of 
th e  cereb ral co rtex , h a s  been rev iv ed  in  th e  l i te ra tu re  of recen t years, I  m ig h t 
s a y  also th a t  a t te n t io n  has to  som e e x te n t  been  focussed ag a in  upon such  a 
co n tro llin g  role o f th e  neoco rtex . T he ingenious ex p erim en t of F o x  th a t  in  th e  
case o f sensorily d e p riv e d  m onkeys in  th e  d a rk  th e  lig h t sw itch  is pressed dow n
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sp o n ta n e o u s ly  w hen  h y p e rsy n ch ro n iza tio n  appears in  th e  cortical a n d  deep  
leads in d ica tes  som e close re la tio n sh ip  b e tw een  th e  sp o n tan eo u s  p e rio d ic ity  o f 
th e  a t te n tio n  re a c tio n  an d  th e  d ev e lo p m en t of h y p e rsy n ch ro n iza tio n . I n  o u r 
c a t  ex p erim en ts  we h av e  a rriv ed  a t  th e  conclusion th a t  th e  periodic ch an g e  in  
th e  a tte n tio n  reac tio n  o f th e  sensorily  d ep riv ed  an im al is alw ays acco m p an ied  
b y  th e  ap p ea ran ce  o f h y p ersy n ch ro n o u s  w ave b u rs ts  in  th e  cortical a n d  in  
ce rta in  su b co rtica l leads. T hese period ic  changes are  com posed of re la tiv e ly  
s h o r t  periods, la s tin g  a few  m in u tes  each , an d  th e  re p e a te d  increases in  a t t e n 
tio n  are o ften  accom pan ied  by  changes in  b eh av io u r, locom otion, w ash in g , 
s tre tc h in g , etc.

The q u estio n  arises how  does a t te n tio n  f i t  in to  th e  m echan ism  of le a rn in g ?  
I t  is d iffe ren t in  c h a ra c te r  in  such  con d itio n ed  re flex  s itu a tio n s  w here th e  c o n d i
tio n ed  re flex  is “ a p p ro ach in g ”  an d  “ av e rs iv e” , re sp ec tiv e ly . In  b o th  s itu a tio n s  
th e re  is a d e fin ite  a t te n tio n  reac tio n , b u t  one m ig h t ta k e  p a r t  in th e  in d u c tio n , 
th e  o th e r in  th e  in h ib itio n  of a ce rta in  m o to r b eh av io u r. T he sam e h ap p e n s  in  
th e  course o f d iffe ren tia tio n . T he a tte n tio n  reac tio n  in  response  to  som e d if fe r 
e n tia l s tim u lu s  m eans alw ays an  in h ib itio n , in  th e  P a v lo v ia n  concept an  in te r 
n a l  in h ib itio n . T he com ponen ts of oppo site  signs o f th e  a tte n tio n  re a c tio n  do 
n o t  belong s tr ic t ly  in  th e  basic  ca teg o ry  o f a tte n tio n : h ere  an  affective m o tiv a 
tio n  fac to r  a lre a d y  p lay s a role, w hich  de te rm in es th e  d irec tion  of th e  b e h a 
v io u ra l re a c tio n  an d  serves as its  fu r th e r  d riv in g  force. A ccord ing  to  th e  P a v lo 
v ian  view  th is  a tte n tio n  reac tio n  is asso c ia ted  w ith  a d iffe ren tia tio n  o f th e  
e n v iro n m e n ta l s tim u lu s . D iffe ren tia tio n  is u n d e rs to o d  to  m ean  m any  th in g s ; 
in  general, i t  is in te rp re te d  as d iffe ren tia tio n  betw een  tw o  or m ore signals . I t  
has to  be p o in te d  o u t th a t  every  new  en v iro n m en t, or som e change in  th e  o ld  
one will evoke one or a n o th e r form  of d iffe ren tia tio n . L e t me m ention  a sim ple 
exam ple  to  il lu s tra te  th is :  a c a t is h a b itu a te d  b y  p re sen tin g  a sound  fo r  10 
seconds e v e ry  m in u te . A fte r  a ce rta in  n u m b e r o f re in fo rcem en ts we re a c h  a 
p o in t w here th e  an im al does n o t resp o n d  a n y  m ore to  th is  a t  the  E E G  level. 
I f  su b seq u en tly  we p re se n t th e  signal in  in te rv a ls  2 or 3 -m inutes th e  an im a l 
w ill respond  w ith  E E G  arousa l n o t on ly  to  th e  signal g iven  in  pro longed in te r 
v a l b u t also to  a few  su b seq u en t s tim u li p re sen ted  a t  th e  o rig in a l in te rv a l.

E ssen tia lly , h a b itu a tio n  arises th ro u g h  th e  h o m o g en e ity  of th e  r e la t io n 
sh ip  betw een  som e sp a tia l an d  chronological en v iro n m en t and  bra in  fu n c tio n . 
A  bio logically  effective b reak in g -u p  of th e  ho m o g en e ity  of th e  sp a tia l an d  
chronological en v iro n m en t w ill re su lt in  a new  a tte n tio n  reac tio n  and  d iffe ren 
tia tio n . In  som e cases th e  s tim u li com ing from  th e  e n v iro n m e n t are b io log ica lly  
v a lu ab le , in o th e rs  ir re le v a n t for th e  an im a l, w hich  h as  to  decode th e m  from  
th e  en v iro n m en t. T h is decoding  of in fo rm a tio n  is closely lin k ed  to  the  a t te n tio n  
reac tio n  an d  to  th e  d isc rim in a tio n  of th e  s itu a tio n  s tim u li an d  we m ay  say  th a t  
i t  is th e  basis o f ev e ry  m echan ism  o f lea rn in g . T he ta s k  o f  th e  n eu rophysio log ist 
is to  explore in th e  concre te  u n ity  o f s tru c tu re  an d  fu n c tio n  those s tru c tu re s ,
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w h ich  p lay  a fu n d a m e n ta l role in th e  o rg an iza tio n  of th e se  processes an d  to  
e lu c id a te  th e  law s g o v ern in g  th a t  a t te n tio n  reac tio n , a p rocess of decoding . I t  
is b ey o n d  d o u b t th a t  th e se  processes p la y  th e  leading role in  th e  d ev e lo p m en t 
o f  te m p o ra ry  connections an d  th e ir  role can  be u n d erstood  exclusively  in  th e  
u n i ty  o f th e  ex trin sic  a n d  in trin sic  en v iro n m e n t.
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The basic neural m echanism s of m otivation  have been investigated in  cats b y  
applying electrical stim ulations to diencephalic and m esencephalic structures in  the  
background of a dual (alim entary and avoidance) cond itional reflex environm ent.

I t  has been established that there are two elem entary and antagonistic m echa
nism s (pull and push effects) behind the apparently hom ogeneous m otiva tion a l 
effects elicited by the stim ulations. The effect com pelling the animal to approach a 
stim ulus or object acting on it  at the m om ent of stim ulation , has been term ed a pu l l  
effect. An effect com pelling the anim al to  avoid a stim ulus or object, has been term 
ed a push effect. It has been established that these tw o  basic effects are inseparably  
interconnected . The pull effect at a critical level o f m otiva tion a l excitem ent is regularly  
transform ed into  a push effect. The possible neural organization  responsible for the  
com plex interrelationships o f the two m otivational su bsystem s has been discussed by  
analysing several experim ental facts.

I t  is pointed out th at both the pull and the push  effects are able to organize  
conditional connections corresponding to their nature, w ith  external stim uli actin g  at 
the m om ent o f their ex istence. On the basis o f conditional connections produced to  the  
turning on and off o f electrical stim ulation , an attem pt has been made at the p h ysio log
ical interpretation o f H u l l ’s drive reduction hypothesis. A ttention  is called to  the  
im portance o f the arrest reaction in  the form ation of in strum enta l conditional reactions. 
F in ally , conclusions have been drawn concerning the general im portance o f the e le 
m entary drive m echanism s in the organization of the learn ing process.

The genera l im p o rtan ce  of m o tiv a tio n  in  th e  cond ition ing  process is 
w id e ly  recognized . O ur know ledge concern ing  th e  n e u ra l  o rg an iza tion  o f  th e  
d iffe ren t special drive processes is, how ever, s till s c a n ty . A ccording to  th e  
classical physio logical concep tion  drives (u n co n d itio n a l m echanism s in  th e  
P a v lo v ian  sense) are com posed of chains o f sim ple re flexes. This concep tion  is 
rea lly  physio logical in th e  sense th a t  it  is based  on th e  s im p lest elem ents o f  th e  
n erv o u s sy stem . I t  neg lec ts , how ever, th e  im p o r ta n t d isco v ery  of ex p e rim en ta l 
psycho logy , accord ing  to  w hich  du ring  th e  e lab o ra tio n  o f  a cond itional re flex  
th e  cond itio n a l effect has a re tro ac tiv e  in fluence u p o n  connection  fo rm a tio n , 
con seq u en tly  th e  sy stem  responsib le  fo r th e  e s ta b lish m e n t of th e  co n d itio n a l 
connection  m u st h av e  a pecu lia r in n e r o rg an iza tio n . T h e  m ain  even t in  th is  
feed-back-like  m echan ism  b y  w hich th e  cond itiona l co n n ec tio n  is accom plished  
accord ing  to  H u l l ’s co n cep t w ould  be a red u c tio n  o f  d riv e . More co n cre te ly , 
an d  in  a s tro n g  fo rm  (Mil l e r  1957) th e  hyp o th esis  s ta te s  th a t  drive re d u c tio n  
is th e  n ecessary  an d  su ffic ien t cond ition  of re in fo rcem en t. This e legan t log ica l 
co n stru c tio n  m u st be reg a rd ed  as co rrec t in  th e  general bio logical sense. P r in c i
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p a lly  i t  s ta te s  th a t  d u rin g  a d a p ta tio n  su ch  b eh av io u ra l a c ts  a re  e lab o ra ted  b y  
th e  nervous system  b y  w h ich  th e  liv ing  b e in g  is able to  avo id  a n y  ex te rn a l or 
in te rn a l  d is tu rb in g  ag en ts  an d  to  ensure  a re la tiv e ly  stab le  re s tin g  s ta te . E ssen 
t ia l ly  th e  sam e h ap p en s  d u rin g  th e  re g u la tio n  o f any  physio log ica l c o n stan ts .

T here are, h ow ever, som e ob jec tio n s b a se d  on e x p e rim e n ta l fac ts  to  th e  
g e n e ra l ap p licab ility  o f th e  d rive  re d u c tio n  th e o ry . T hey  s ta te  t h a t  i t  is only  
v a lid  in  th e  case o f s tro n g  drives (H e b b  1955). T he drive re d u c tio n  h y po thesis  
is a psychological c o n s tru c tio n  th e  v a lid ity  o f  w hich could n e ith e r  be s u b s ta n 
t i a t e d  n o r re jec ted  on th e  basis o f in v e s tig a tio n s  carried  o u t d ire c tly  on n eu ra l 
s u b s tra te s . I ts  a c c e p ta tio n  from  a physio log ica l p o in t of v iew  is m ade d ifficu lt 
b y  th e  fac t th a t  i t  re la te s  th e  fo rm a tio n  o f th e  cond itiona l con n ec tio n  to  a 
g e n e ra l decrease o f ex c ita tio n , w hich  is seem ing ly  co n trad ic ted  b y  all th e  know n 
physio log ica l ev idences. B e i t  sa id  in  its  excuse , th e  h y p o th esis  does n o t s ta te  
a n y th in g  ab o u t th e  co n cre te  n e u ra l ev e n ts  b y  w hich drive  re d u c tio n  m igh t 
o p e ra te .

In  th e  f irm  co n v ic tio n  th a t  w ith o u t a b e t te r  know ledge o f  drive  m ech a
n ism s n e ith e r th e  n a tu re  o f th e  co n d itio n a l connections no r th e  elec trophysio log- 
ic a l  ev en ts  acco m p an y in g  cond itio n in g  can  be  understood , i t  h a s  been  decided 
to  re -in v es tig a te  th e  q u es tio n  from  an  asp ec t d iffe ren t from  th e  c o n v en tio n a l one.

T he ex p erim en ts  to  be re p o rte d  h av e  been  m ade on c a ts  p ro v id ed  w ith  
im p la n te d  s tim u la tin g  e lec trodes. T he in v es tig a tio n s  were co n fin ed  ch iefly  to  
th e  d iencephalon  an d  m esencephalon , as th e  b e s t re p re se n ta tiv e  regions of th e  
m a in  drives.

Several w ays a re  av a ilab le  fo r s tu d y in g  th e  neu ra l m ech an ism s of m o tiv a 
t io n .  T he m ost w id e-sp read  m eth o d  is w h a t w e m ay  call in strum en ta l stim ulation  
technique. One of its  v ersions is w hen th e  s tim u la tio n  c ircu it is closed by  th e  
a n im a l itse lf p ressing  a p ed a l p laced  in th e  ex p erim en ta l s i tu a tio n . In  th e  second 
v a r ie ty ,  tech n ica lly  s im ila r to  th e  f i r s t  one, th e  s tim u la tio n  s ta r te d  b y  th e  
e x p e rim e n te r  is in te r ru p te d  b y  th e  an im a l p ressing  a pedal. T h e  f ir s t  v a r ie ty  is 
s u ite d  to  show an d  localize  effects w ith  rew ard in g , th e  second one w ith  pun ish ing  
c h a rac te ris tic s  (Olds 1963). T he tw o m e th o d s  m ay  be ap p lied  in  co m b in a tio n  
( R o berts  1958). O ne o f th e  m ain  a d v a n ta g e s  of the  in s tru m e n ta l s tim u la tio n  
te c h n iq u e  is th a t  th e  reco rd ing  of ped a l m an ip u la tio n  offers ex ce llen t p o ssib i
litie s  of q u a n tita tiv e  an a ly sis . I ts  d raw b ack  is th a t  th e  in te rp re ta t io n  of d a ta  
re q u ire s  th e  im p lica tio n  o f psycho log ical o r o ften  su b jec tive  n o tio n s  (rew ard , 
p u n ish m e n t, p leasu re , etc.)

The essence o f th e  m e th o d  used  b y  us is th a t  s tim u la tio n s  are app lied  in 
t h e  b ackground  o f p re -e s tab lish ed  c o n d itio n a l reflexes. S tim u la tio n s  can be 
a p p lie d  in several v a rie tie s  (d u rin g  d iffe ren t phases of th e  ex ecu tio n  o f cond i
t io n a l  reflexes, d u rin g  d iffe ren t stages o f e lab o ra tio n  of co n d itio n in g , d u ring  
th e  app lica tion  o f in h ib ito ry  co n d itio n a l s tim u li, etc.) T hese  circum stances 
e n su re  th a t  th e  effects o f  s tim u la tio n s  can  be contro lled  b y  w ell-know n b e 
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h av io u ra l m an ife s ta tio n s . T he recogn ition  an d  sep ara tio n  o f ind iffe ren t or in h ib i
to ry  s tim u la tio n  effects, m oreover th e  analysis of p o s t-s tim u la tio n  effec ts 
(reb o u n d , period ic  e x c ita to ry  an d  in h ib ito ry  processes) is also  rendered  possib le .

T he s tu d y  of these  m an ifes ta tio n s  w ith  th e  in s tru m e n ta l te ch n iq u e  is 
lim ite d  or even  im possib le. W hile — as we shall see la te r  — th e  e v a lu a tio n  of 
th e se  v e ry  m an ife s ta tio n s  m ay  be in d isp en sab le  for th e  u n d e rs ta n d in g  o f  som e 
basic  p ro p e rtie s  of m o tiv a tio n a l m echan ism s.

W ith  th e  help  of our m ethod , in  a fo rm er series o f ex p erim en ts  (Gr a s t y Án , 
L i s s á k , K é k e s i  1956) th e  follow ing, a p p a re n tly  basic  s ta te m e n ts  w ere m ad e . 
S tim u la tio n  o f ce rta in  po in ts  o f th e  h y p o th a lam u s as w ell as th e  m esencephalic  
re tic u la r  fo rm a tio n  can elicit in  itse lf  — i.e. in th e  absence  of th e  co n d itio n a l 
s tim u lu s  — co n d itio n a l reflexes e la b o ra te d  in th e  e x p e rim en ta l s itu a tio n . T his 
e ffec t has been  te rm ed  (and  will be te rm e d  below) an a c tiv a tio n  of th e  co n d i
tio n a l re flex . S im ilar o b se rva tions h av e  been  m ade b y  severa l o th e r  a u th o rs  
(La g u t i n a  a n d  R o zh an sk i  1949; D e l g a d o , R o b e r t s  a n d  M il l e r , 1954; 
Co h e n , B r o w n  an d  B ro w n  1957; N i e l s o n , D oty  an d  R u t l e d g e  1958; W y r - 
w i c k a , D o br zeck a  an d  T a r n e c k i  1959).

A second s ta te m e n t w as t h a t  th e  effects a c tiv a tin g  th e  a lim e n ta ry  
(ap p ro ach ) a n d  avo idance reflexes are  o rgan ized  in  a rec ip rocal a n tag o n is tic  
m an n e r. T h is la t te r  s ta te m e n t w as considered  im p o r ta n t a n d  a t  th e  sam e tim e  
p lausib le  because  i t  w ould  have  p ro v ed  th a t  basic p rin c ip les  of re flex -o rg an iza 
tio n  of th e  sp in a l cord  can m an ifest them selves in  a leve l rep resen tin g  m ore 
com plex  fu n c tio n s . T he v a lid ity  o f th e  s ta te m e n t w as, h ow ever, m ade u n c e rta in  
b y  a m ethodo log ica l e rro r, th e  im p o rtan ce  of w hich becam e obvious in  th e  
course of o u r la te r  s tud ies only. In  th e  f irs t  series of ex p erim en ts , th e  effects 
o f s tim u la tio n s  w ere m o stly  checked  w ith  th e  tw o co n d itio n a l reflexes n o t 
s im u ltan eo u sly  b u t  in  succession. T h is invo lved  th e  r isk  o f th e  e stab lish m en t 
o f a stab le  connection  betw een  s tim u la tio n s  and  th e  f ir s t  used co n d itio n a l 
re flex , w ith  th e  possible consequence o f a recip rocal in flu en ce  in  th e  case o f  th e  
co n d itio n a l re flex  in v es tig a ted  fo r th e  second tim e.

T he s im u ltan eo u s p re se rv a tio n  an d  es tab lish m en t o f b o th  reflexes w as 
m ad e  im possib le a t th a t  tim e  b y  th e  fa c t th a t  th e  av o id an ce  reaction  e la b o ra t
ed w ith  p a in fu l e lec tric  shocks alw ays depressed  th e  a p p ro ach  reac tio n . T his 
d ifficu lty  w as overcom e in th e  p re se n t series of ex p erim en ts  by  rep lac ing  th e  
e lec tric  shock  w ith  cold w a te r  ( in u n d a tio n  of th e  b o tto m  o f th e  e x p e rim e n ta l 
cage) (F ig . 1 )  (Czopf , K arm o s , B a u e r , Gr a s t yÁn  1963).

One of th e  m ain  prob lem s of th e  s tim u la tio n  te c h n iq u e  used  b y  us consists  
in  th e  d ifficu lt record ing  an d  q u a n ti ta t iv e  ev a lu a tio n  o f com plex a n d  o ften  
n o t  s te re o ty p e d  cond itio n a l locom oto r reac tio n s. A sa tis fa c to ry  so lu tio n  w as 
th e n  found  w ith  th e  in tro d u c tio n  o f a sim ple op tica l record ing  m e th o d . T he 
ex p erim en ts  w ere carried  o u t in  red  b ack g ro u n d  illu m in a tio n  and  m o v em en ts  
o f th e  an im al w ere recorded  b y  p h o to g rap h in g  th e  lig h t o f a sm all e lec tric
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Fig. 1. Schem atic representation (view  from above) o f  the apparatus used for the sim ultaneous 
elaboration of a lim entary  and avoidance reflexes. Further details see in text

b u lb  a tta c h e d  to  th e  h e a d  o f th e  an im al w ith  a cam era fix ed  to  th e  to p  o f th e  
cage . This m ethod  p ro v e d  useful in recogn iz ing  basic  m o v em en t p a tte rn s  
(F ig s  2, 3, 4, 6, 7 ).

Characteristics o f the activating effect

T he m ost im p o r ta n t  an d  a t th e  sam e tim e  m ost su rp ris in g  observation  
m a d e  in  the p resen t ex p e rim en ts  w ith  s im u ltan eo u sly  e la b o ra te d  ap p ro ach  
a n d  avoidance reflexes w as th a t  on s tim u la tio n  w ith  a p p ro p ria te  p a ram e te rs  
one a n d  th e  sam e p o in t cou ld  ac tiv a te  b o th  cond itiona l re flexes ( F igs 2, 3, 4 ) .  
T h is  b id irec tional a c t iv a tin g  effect could be p roduced  (w ith  a carefu l selection 
o f  s tim u la tio n  p a ra m e te rs )  b y  stim u la tin g  m o st po in ts  of th e  regions in v e s tig a t
ed  (h y p o th a lam u s, th a la m u s , m esencephalic  re ticu la r fo rm a tio n ). E x cep tions 
w ere  s tru c tu res  (e.g. n . reu n ien s, m am illa ry  region) th e  s tim u la tio n  of w hich 
in h ib ite d  b o th  reflexes a t  a n y  pa ram ete rs  o f s tim u la tio n  (F ig .  7) .

On th e  basis o f  th e se  observations th e  im p o rta n t q u es tio n  arose, w h a t 
fa c to rs  are de te rm in in g  w h ich  of the  tw o reflexes will e v e n tu a lly  be ac tiv a te d . 
P r in c ip a lly , th e  fo llow ing th re e  factors sh o u ld  be considered : (i) localization  of 
s tim u la tio n ; (ii) p a ra m e te rs  o f stim u la tio n ; (iii) s tim uli of th e  en v iro n m en t ac tin g  
on th e  anim al a t th e  m o m e n t of s tim u la tio n .
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A th o ro u g h  analysis of th e  a c tiv a tin g  effect rev ea led  th a t ,  d epend ing  on 
various c ircu m stan ces , any  of th e  th ree  fac to rs  m ay  be d eterm in ing .

I t  w as e s tab lish ed  th a t  in  cases w hen  s tim u la tio n  w ith  id en tica l p a ra m e 
te rs  re su lted  in  an  a lte rn a te  a c tiv a tio n  of b o th  reflexes, th e  d irec tion  o f th e  
effects w as d e te rm in ed  by  th e  a c tu a l s tim u li com ing  from  th e  en v iro n m en t. 
M ore co n cre te ly , th a t  reflex  has been  elic ited  w ith  th e  s tim u la tio n  th e  co n d i
tio n a l signals (s ig h t o f feeding device or f lig h t place) o f w hich ac ted  on th e

Z 13.6.22.(1-2) 
92.

928. 9.75V

lOsec

Fig. 2. E ffects e lic ited  in the double conditioning apparatus by stim ulating the lateral h y p o th a 
lamic area. L ocalization  of the electrode can be seen in the extrem e right side of the figure. 
The diagram on the left side dem onstrates the effects elicited  w ith different voltages (ordinate). 
Columns show the speed (reciprocal o f latency tim e) o f activation  in seconds (abscissa). R ight 
side approach, left side avoidance, reactions. Columns are shaded when the activation  process 

was elicited  in a position indifferent in relation to the goal places 
In the m iddle o f the f igure ,  duration of the arrest reactions (ordinate) following the activation  
process is show n, a t different voltages (abscissa). In the right side of the figure  recordings of  
conditional reactions as well as activations produced by electrical stim ulations are shown. 
Recordings were obtained by photographing the m ovem ents o f a sm all lamp attached to the  
head o f the anim al, a) A lim entary conditional reaction; b) avoidance reaction; c) activation  
of avoidance reaction ; d) activation  o f alim entary reaction; e) periodic alternation of a c ti
vation and arrest reactions elicited w ith a single high in ten sity  stim ulation; / )  stim ulation w ith  

a voltage around the threshold elicited only diffuse orienting, searching m ovem ents

an im al a t th e  m o m en t of s tim u la tio n . M oreover, it w as also estab lished  th a t  
s tim u la tio n  p a ra m e te rs  able to  a c tiv a te  e q u ip o te n tia lly  bo th  reflexes could  he 
found  b y  s tim u la tin g  any  of th e  p o in ts  show ing m o tiv a tio n a l effects. T hese, 
so -to -say  ‘‘o p tim a l”  p a ram e te rs , w ere, how ever, ch a rac te ris tic a lly  d iffe ren t 
w hen s tim u la tin g  d ifferen t regions o f th e  in v es tig a ted  s tru c tu re s .

In  th e  course  of a sy s tem a tic  in v es tig a tio n  o f s tim u la tio n  p a ra m e te is  it  
was observed  th a t  in th e  case o f th e  h y p o th a la m u s  an d  th a lam u s (aspecific  
th a lam ic  sy s tem ) p a rtic u la rly  w ith  a lte rin g  th e  v o ltag e  o f s tim u la tio n , w hile in 
the case o f th e  m esencephalic  re tic u la r  fo rm atio n  s tim u la tio n  a t d ifferen t fre-
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q u enc ies ch a rac te ris tic  differences could  be show n in  th e  a c tiv a tio n  o f  th e  tw o 
re flexes.

I n  Figs 2, 3, 4  d a ta  o b ta in ed  w ith  s tim u la tio n s  in  th re e  d iffe ren t 
reg ions o f  th e  h y p o th a la m u s  are  show n. S tim u la tio n  w ith  th re sh o ld  vo ltages 
re su lte d  in  every case in  an  a c tiv a tio n  o f  th e  avo idance reflex . B y  s tim u la tin g  
w ith  su p ra th re sh o ld  v a lu es , d iffe ren t p ecu lia rities  were fo u n d  in  th e  th ree  
d iffe re n t regions.

B y  stim u la tin g  in  th e  la te ra l h y p o th a la m ic  area (th e  m ost e ffec tive  self
s tim u la tio n  region in  O l d s ’ (1963) ex p erim en ts) it  was found  th a t  ev e ry  stim u -

Z13. & 23.(7-в) 
PI. 24.

Fig. 3. E ffects  elicited by stim ulating the anterior m edial region of the hypothalam us. Con
struction o f the figure  is id en tica l w ith  that o f  Fig. 2 

a)  S tim ulation  w ith threshold voltage elicited on ly  orientation; b) activation  of the avoidance  
reflex; c)  activation of the a lim entary reaction; d)  higher voltages activated  exclusive ly  the  
avoidance reflex; e) un interrupted strong stim ulation  resulted in the disappearance of the

activating  process

la tio n  p a ra m e te r  over th re sh o ld  can e q u ip o te n tia lly  a c tiv a te  b o th  th e  ap p ro ach  
a n d  th e  avoidance re flex es  ( Fig.  2 ) .

S tim u la tions in  th e  an te rio r  a n d  m ed ia l regions of th e  h y p o th a la m u s  
w ith  m ed iu m  in te n s ity , su p ra th re sh o ld  v o ltag es  p roduced  e q u ip o te n tia l a c tiv a 
tio n . H ig h er in tensities th a n  these  a c tiv a te d  th e  avoidance re flex  in  a d o m in an t 
m a n n e r  (F ig .  3).

O n stim u la tio n  o f  th e  m edial h y p o th a la m ic  regions a t  th e  lev e l o f th e  
h y p o th a la m ic  v e n tro m e d ia l nuclei u n d e r  th e  usual co n d itions, a ll vo ltages 
a c t iv a te d  only th e  av o id an ce  reflex . I f , how ever, a t  th e  onse t o f s tim u la tio n  
th e  co n d itio n a l sound  s tim u lu s  of th e  a p p ro a c h  reac tio n  w as ap p lied  fo r a sh o rt 
tim e  (w hich  in itse lf  w as in a d eq u a te  to  e lic it th e  reflex) th e n  b y  s tim u la tin g  
w ith  th re sh o ld  value v o ltag es  th e  a p p ro ach  reac tio n  could he a c tiv a te d  (F ig .  4 ) .
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In  th e  case o f th e  m esencephalic re tic u la r  fo rm a tio n , a c tiv a tio n  o f th e  
ap p ro ach  (a lim en ta ry ) reac tio n  could in  som e cases only  be  p roduced  b y  s t im u 
la tin g  a t  low er frequencies (4 — 10 c/s) o r w ith  sh o rt tra in s  o f h ig h er frequenc ies 

100 c/s
——  ̂ -  . C on tinuous h ig h er freq u en cy  stim u la tio n s (100 — 300 c/s) a c tiv a te d

in m ost cases on ly  th e  avo idance  reac tio n .
S um m ing u p , w ith  an  a p p ro p ria te  selection  of th e  p a ra m e te rs , s tim u la tio n  

o f a n y  region show ing  m o tiv a tio n a l p ro p e rtie s  can a c tiv a te  b o th  avo idance  an d  
ap p ro ach  reac tio n s. F ro m  th is  it log ically  follows th a t  s im ila r o r id en tica l b asic

Z 13.6 24. (5 -6 )
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Fig. 4. E ffects e licited  b y  stim ulating the m edial hypothalam ic region at the level o f the v en tro 
m edial hypothalam ic nuclei

L eft side of Fig. A  : S tim ulations carried out under the usual conditions activated  on ly  
avoidance reactions at any vo ltage. В : I f  stim ulations were preceded b y  a short application  
of the alim entary signal, activation  of the a lim entary  reaction could be produced w ith  v o lt
ages around the threshold, a)  A lim entary conditional reaction; b)  activation  of the avo id 
ance reaction; c)  activation  of the alim entary reaction; d)  higher vo ltages activated  on ly  the

avoidance reaction

m echan ism s la y  b eh in d  th e  o rg an iza tio n  o f b o th  reac tio n s, d esp ite  th e ir  seem 
in g ly  an tag o n is tic  c h a ra c te r . M oreover, th e  fac t th a t  s tim u la tio n  w ith  a p p ro 
p r ia te  p a ra m e te rs  o f  c e r ta in  regions is m ore  favourab le  fo r th e  ac tiv a tio n  o f  
th e  avo idance  re flex , show s th a t  th e re  m u s t be a t  least tw o  basic  m echan ism s 
b eh in d  th e  a c tiv a tin g  process and  th e  im p o rtan ce  of one of th ese  m echan ism s 
is g re a te r  in  th e  av o idance  th a n  in  th e  a p p ro ach  reac tio n . T h e  ex istence o f th e  
supposed  basic  m echan ism s fin a lly  becam e obvious in  th e  course of an  o b se r
v a tio n . N am ely  i t  w as fo u n d  th a t  th e  a c tiv a tin g  effects cou ld  only  be m a in 
ta in e d  in  a re p e a ta b le  fash ion  if  s t im u la tio n  was in te r ru p te d  a t  th e  m o m en t 
w hen  th e  an im al h a d  reach ed  th e  goal o f th e  conditional re flex  (feeding device, 
f lig h t p lace).

I f  s tim u la tio n  w as co n tin u ed , th e n  th e  an im al re tre a te d  d u rin g  th e  s tim u 
la tio n  from  th e  goal a n d  d u rin g  su b seq u en t stim u la tio n s co n sis ten tly  av o id ed
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th is  o b jec t ( F ig. 2 c ). In  severa l cases th e  co rrespond ing  co n d itio n a l reflex  w as 
s im u ltan eo u sly  d es tro y ed . T he ex tin c tiv e  p ro p e rty  o f p e rs is tin g  s tim u la tio n s  
c o u ld  be show n concern ing  th e  a c tiv a tio n  o f b o th  reflexes. A difference in  th e  
case o f th e  avo idance  re flex  w as fo u n d  in  th e  h igher n u m b e r of s tim u la tio n s  
re q u ire d  for e x tin c tio n .

T he essence o f th is  p h en o m en o n  seem s to  consist in  th e  fa c t th a t  an effect 
h a v in g  orig inally  an  a p p ro ach in g  c h a ra c te r  is tran sfo rm ed  d u ring  con tinuous 
s tim u la tio n  in to  its  op p o site , n am ely  in to  an  effect hav ing  an  avoidance ch a ra c 
te r .  C onsidering th a t  tw o  a n tag o n is tic  m o to r tendencies cou ld  be a tta c h e d  to  
d iffe re n t regions o f th e  h y p o th a la m u s  also w ith  th e  in s tru m e n ta l s tim u la tio n  
te c h n iq u e  (Olds  an d  O l d s  1963) th e re  rem a in ed  no d o u b t o f th e re  being a close 
co rre la tio n  b e tw een  th e se  ap p ro ach  an d  av o idance  tendencies an d  those o b se rv 
ed  b y  us. In  o rd e r to  avo id  an y  confusion , th e  ap p ro ach  a n d  avoidance te n d e n 
cies have been te rm e d  pu ll an d  p u sh  effects, resp ec tiv e ly . This d is tin c tio n  
seem ed  necessary  considering  th a t  th e  te rm s  ap p ro ach  a n d  avoidance w ere 
c o n v en tio n a lly  used  to  d en o te  special co n d itio n a l reac tions, w hile th e  p o s tu la te d  
tw o  basic  effects are  in h e re n t co m p o n en ts  of b o th  of th ese  cond itio n a l reflexes. 
B y  th e  te rm  pu ll th e  in te n tio n  was to  d en o te  a b eh av io u ra l form  du ring  w h ich  
th e  an im al com es close to , b y  p u sh  w hen  i t  m oves aw ay  from , a s tim u lus or 
o b je c t acting  on it.

The know ledge o f th ese  tw o  e le m e n ta ry  m echanism s o f m o tiv a tio n  m akes 
i t  easy  to  in te rp rè te  th e  above-described  fac ts . I t  can be estab lish ed  in  th e  case 
o f  b o th  reflexes t h a t  th e  f in a l p h ase  o f th e ir  execu tion  sh o u ld  be b u ilt on p u ll 
e ffec ts . Since befo re  ap p ro ach in g  a goal th e  an im al m oves aw ay  from  c e r ta in  
o b jec ts  (i.e. in  th e  case o f th e  av o idance  re flex  from  th e  p lace  of p u n ish m en t; 
in  t h a t  of ap p ro ach  fro m  places w here i t  does n o t get food), consequen tly  p u sh  
(avo idance , pun ish in g ) ten d en c ies  m u s t also be effective in  b o th  b eh av io u ra l 
p a tte rn s . T herefo re  th e  conclusion seem s reasonab le  t h a t  ac tiv a tio n  o f b o th  
re flex es  is b u ilt  up o n  a lte rn a tin g  sequences o f sim ple pu ll an d  push  effects. T h e  
co n d itio n s of e la b o ra tio n  of b o th  reflexes show  th a t  th e  im p o rtan ce  of p u sh  
effects m ust be g re a te r  in  th e  avo idance  th a n  in  th e  ap p ro ach  reaction . (D u rin g  
av o id an ce  cond itio n in g , th e  w hole s itu a tio n  excep t th e  f l ig h t place o b ta in s  a 
d e fin ite  p u sh ing  c h a ra c te r .)  T he im p o rta n c e  of pu ll effects is, how ever, n o t 
necessarily  less in  th e  avo idance  th a n  in th e  app roach  reac tio n .

T hus, th e  av o id an ce  re flex  d o m in a tes  in  our d u a l cond ition ing  s itu a tio n , 
d e sp ite  of th e  a p p a re n t eq u ilib riu m  of th e  tw o reflexes. F ro m  th is  it follow s 
th a t  conditions fo r th e  a c tiv a tio n  o f th e  avo idance re flex  should  b y  all m eans 
[»revail. This h id d en  d iseq u ilib riu m  w ould  m ake it  com prehensib le  w h y  on 
s tim u la tio n  a t  th re sh o ld  values i t  is a lw ays th e  av o idance  reaction  w hich  is 
a c tiv a te d . On th e  o th e r  h an d , if  s tim u la tio n s  of a given reg ion  p red o m in an tly  
a c tiv a te  th e  av o id an ce  re flex  we can assum e th a t  p u sh  tendenc ies m ust d o m i
n a te  in th e  effect o f s tim u la tio n s . T his m akes it  p ro b ab le  th a t  in regions from
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w hich  th e  avo idance re a c tio n  can be a c tiv a te d  w ith  a g re a te r  scale o f p a ra 
m e te rs , n eu ra l elem ents rep re sen tin g  p u sh  effects are  lo ca ted  p re d o m i
n a n tly .

A ccord ing  to  th is  in te rp re ta t io n  of th e  a c tiv a tio n  effects, th e  la te ra l 
reg ions o f th e  h y p o th a la m u s  rep re sen t p red o m in an tly  p u ll, i ts  m ed ia l regions 
p re d o m in a n tly  p ush , e lem en ts . T he v a lid ity  of th is  in te rp re ta tio n  seem s to  be 
su p p o rte d  b y  observ a tio n s m ad e  w ith  th e  in s tru m e n ta l s tim u la tio n  tech n iq u e  
(O l d s  an d  O lds  1963).

I t  m u st be a d m itte d  t h a t  th e  tw o basic  opposite  effects w ere easie r to  
recognize w ith  th e  in s tru m e n ta l tech n iq u e . A t th e  sam e tim e  it  m u st he p o in te d  
o u t th a t  th e  re la tio n sh ip  o f th e  tw o effects, an d  especially  th e ir  sign ificance in 
n a tu ra l  a d a p ta tio n  processes (cond itiona l reflexes) is n o t c learly  rev ea led  b y  
th e  in s tru m e n ta l s tim u la tio n  tech n iq u e  alone.

T he ex p erim en t in  w h ich  u n d e r u n in te r ru p te d  s tim u la tio n s  th e  tra n s it io n  
o f  p u ll in to  p u sh  effects w as o b served  has c learly  show n th a t  th e  tw o  effects 
re p re se n t in sep a rab ly  linked  m echan ism s. B y  con tinuous s tim u la tio n  o f an y  
m o tiv a tio n a l p o in t th e  p u ll e ffect tu rn e d  in to  a p u sh  effect a f te r  a d e fin ite  
p e rio d  of tim e . I t  could also be  observed  th a t  th e  speed o f th is  tra n s it io n  w as 
co m m en su ra te  w ith  th e  in te n s i ty  of s tim u la tio n , in  o th e r  w ords s tim u la tio n s  
a t  h ig h er in te n s ity  p ro d u ced  p u llin g  phases o f  sh o rte r d u ra tio n . (The tra n s it io n  
o f th e  phases ch a ra c te ris tic a lly  dep en d ed  on th e  location  o f s tim u la tio n s . T h is 
fa c to r  w ill be considered  in  d e ta il in th e  follow ing.)

In  th e  above-described  ex p erim en ts  it  w as only th e  tr a n s it io n  of pu ll in to  
p u sh  effect w hich  could be o bserved  in a d ire c tly  con tro llab le  fash ion . T he 
q u es tio n  arose w h e th e r a p u sh  effec t, to o , m ay  reverse in to  a pu ll effect d u rin g  
co n tin u o u s s tim u la tio n . T he a c tiv a tio n  of th e  cond itiona l re a c tio n  in d irec tly  
p ro v ed  th e  p o ssib ility  of a tra n s fo rm a tio n  in th is  d irec tion . T he fina l p h ase  of 
th e  ex ecu tion  o f th e  co n d itio n a l reac tio n  (in b o th  ap p ro ach  an d  avo idance  
co n d ition ing ), as i t  was show n p rev io u sly , is b u ilt  on pu ll effects. T his f in a l 
p u ll effect m u st (ow ing to  th e  ac tu a l a rran g em en t of th e  ex p e rim en ta l s i tu a 
tio n ) necessarily  be p receded  b y  one or severa l push  phases. T he questio n  b y  
w h a t fac to rs  an d  how  th e  a lte rn a tio n  of th e  tw o phases is reg u la ted , w ill be 
considered  la te r. B efore th a t  we shou ld  like to  p o in t to  an  im p o r ta n t  o b se rv a 
tio n  o f R o be r t s  (1958) w h ich  su p p o rt our d a ta  concern ing  th e  in te rlin k ed  
c h a ra c te r  of th e  pu ll and  p u sh  m echanism s.

A ccording to  R o b e r t s , s tim u la tio n  in th e  poste rio r h y p o th a la m u s  p ro d u c 
ing  th e  so-called f lig h t reac tio n  ( H e ss  1954) have  a dual b eh av io u ra l effect. 
T he onse t o f s tim u la tio n s p ro v ed  to  be rew ard ing , th e  rest pun ish in g . T he rea l 
ex istence  o f b o th  effects could  be d e m o n s tra te d  in  ca ts  t ra in e d  to  press a b a r  
to  tu rn  on th e  stim u la tio n  an d  to  p erfo rm  a locom otor escape response to  tu rn  
o ff th e  sam e s tim u la tio n . In  a n o th e r  v a rie ty , an im als could be  tra in e d  to  oscil
la te  b ack  and  fo r th  betw een  tw o  o f th e  th re e  arm s of a sy m m etrica l Y  m aze to

2 A cta Physiologies X X V I/1 —2.
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tu r n  on th e  s tim u la tio n  in  one a rm  and  tu rn  i t  o ff in  th e  o th e r . These o b se rv a 
tio n s  h av e  been co n firm ed  ( B o w e r  and  M il l e r  1958) in  th e  r a t .

O u r own find ings o b ta in e d  in  th e  sam e reg ion  allow  to  id en tify  R o b e r t s ’ 
re w a rd in g  and  p u n ish in g  effects w ith  ou r p u ll an d  p u sh  effects. In  ad d itio n , 
R o b e r t s ’ experim en t d e f in ite ly  supp o rts  o u r a ssu m p tio n  concern ing  th e  in te r 
connectedness of th e  tw o  m echanism s. S uch  a genera l conclusion, how ever, 
c a n n o t be derived fro m  R o b e r t s ’ re su lts , because his d u a l effect w as found 
to  be  a specific effect o f  a c ircum scribed  reg ion . A n a lte rn a tiv e  in te rp re ta tio n  
a lso  arises, nam ely  t h a t  th e  d u a l effect is th e  consequence of an  an a to m ica l 
o v e rlap  of th e  s tru c tu re s  rep resen tin g  th e  tw o  effects an d  in  th is  sense a s tim u 
la tio n  a r tifa c t. This p o ss ib ility , how ever, seem s to  be in v a lid a te d  b y  th e  fa c t 
t h a t  th e  sequence o f th e  tw o  effects is co n sis ten tly  th e  sam e. I f  th e  a r tifa c t 
h y p o th es is  w ould be v a lid , th e n  w ith  ce rta in  e lectrode localiza tions a reversed  
sequence  of th e  tw o  e ffec ts , nam ely  th a t  in  w hich  th e  o n se t of s tim u la tio n  is 
p u n ish in g  (pushing) a n d  th e  re s t rew ard ing  (pulling), shou ld  also be o b ta in ed . 
S u ch  sequences, h o w ev er, could  n o t be o bserved  in  a n y  o f th e  cases. T he m ost 
co n v in c in g  denial o f th e  a ssum ption  of an  overlap  is fu rn ish ed  by  our obser
v a tio n  th a t  th e  re w a rd in g —punish ing  sequence is n o t an  ex cep tiona l p ro p e rty  
o f  th e  posterio r h y p o th a la m ic  region, b u t  a com m on fe a tu re  of any  m o tiv a tio n 
a l  s tru c tu re . As i t  h a s  b e e n  show n, p u ll-p u sh  sequences cou ld  be d e m o n s tra te d  
(w ith  ch a rac te ris tic a lly  d iffe ren t s tim u la tio n  p a ram ete rs ) in  every  region.

F rom  th e  above fa c ts  some general conclusions m a y  be d raw n concern ing  
th e  n eu rona l o rg an iza tio n  o f th e  m o tiv a tio n a l sy stem . T he re la tiv e  an a to m ica l 
se p a ra b ility  of th e  p u ll a n d  p u sh  effects, m oreover th e  fa c t th a t  th e y  rep resen t 
in co m p a tib le  m o to r te n d e n c ie s  suggest t h a t  th e  tw o fu n c tio n s belong to  in d e
p e n d e n t neuronal e lem en ts . On th e  o th e r h a n d , from  th e  fa c t th a t  th e  tw o  effects 
follow  each o th e r in  a d e fin ite  sequence — i.e. pu ll p recedes push  — we m u st 
n ecessarily  conclude t h a t  a one-w ay e x c ita to ry  connec tion  exists be tw een  th e  
tw o  system s re p re se n tin g  th e  tw o effects. A ccord ing  to  th e  sequence, th e  ele
m e n ts  of th e  p u sh  sy s te m  w ould  be th ro w n  in to  ac tio n  th ro u g h  th e  pu ll sy stem . 
I f  th is  is tru e  th e n  o n ly  th e  specific drive a ffe ren ts in n e rv a tin g  th e  m o tiv a tio n a l 
sy s tem  are co nnec ted  to  th e  pu ll system . (See th e  c ircu it d iag ram , F ig . 11 ) .

As m en tioned  a b o v e , th e  speed of tra n s itio n  o f p u ll in to  p u sh  effect is 
com m ensura te  w ith  th e  in te n s ity  of s tim u la tio n . T h is w ould  show  th a t  th e  
s e tt in g  in to  ac tio n  o f  th e  push  system  is b o u n d  to  a c ritic a l e x c ita to ry  level o f 
th e  pu ll system . T h e  fu r th e r  analysis of th e  o rg an iza tio n  o f m o tiv a tio n a l m echa
n ism s will, how ever, b e  easier a fte r we h av e  d iscussed  som e ad d itio n a l ex p eri
m e n ta l facts.

On th e  basis  o f  th e  above considera tions i t  is ev id en t th a t  th e  speed o f 
tra n s itio n  of th e  tw o  effects does n o t d ep en d  on th e  in te n s ity  of s tim u la tio n  
on ly  b u t also on th e  lo ca tio n  of th e  s tim u la tio n . I f  a reg ion  con ta in in g  dom i
n a n tly  push e lem en ts  is s tim u la ted , th e n  a pu ll effect o f  v e ry  sh o rt d u ra tio n
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can  be expec ted , considering  th a t  th e  th re sh o ld  of ex c ita tio n  in  th e  p u sh  sy s tem  
(ow ing to  th e  d irec t effect o f th e  s tim u la tio n ) is decreased  a t  th e  b eg in n in g  of 
s tim u la tio n . (In  o th e r w ords th e  p u sh  sy s te m  is exc ited  n o t only  in th e  n a tu ra l  
w ay , th ro u g h  th e  pu ll sy stem , b u t  also d irec tly .) C onsequen tly , s tim u la tio n  a t  
th resh o ld  in ten sitie s  in  such  areas w ill e lic it a reac tio n  w hich  could h av e  been 
e lic ited  w ith  a s tro n g  s tim u la tio n  in  a d o m in a n t pu ll rep re sen ta tio n . T he accep 
ta n c e  o f th e  in te rco n n ec ted  n a tu re  o f  th e  pu ll-push  m echan ism  w ould  also 
exp la in  w hy i t  is so d ifficu lt to  find  p u re  ap p ro ach  or av o idance  re p re se n ta tio n s  
even  w ith  th e  in s tru m e n ta l s tim u la tio n  tech n iq u e .

B y  accep tin g  th e  fu n c tio n a l connec tion  of th e  tw o  basic  m echan ism s, a 
m ore sa tis fa c to ry  ex p lan a tio n  offers i ts e lf  o f th e  fa c t t h a t  app roach  re a c tio n s  
can  he a c tiv a te d  from  ce rta in  regions o f th e  re ticu la r fo rm a tio n  b y  s tim u la tin g  
a t  low er frequencies. S tim u la tio n  of th is  a rea  d o m in an tly  ac tiv a tes  th e  a v o id 
ance re flex , con seq u en tly  i t  m u st re p re se n t m ore p u sh  th a n  pull e lem en ts; 
acco rd ing  to  th is  th e  d u ra tio n  of th e  pu ll phase  will he ex trem ely  sh o rt. D u rin g  
co n tin u o u s s tim u la tio n  th e  avoidance re a c tio n  has th e re fo re  a g rea te r chance  
to  com e in to  op era tio n . S tim u la tin g  a t  low  frequencies, o r w ith  in te rm it te n t  
sh o rt tra in s  of h igher frequencies, we h a v e , how ever, a chance to  e lic it on ly  
p u ll phases (s tim u la tio n  is in te r ru p te d  b efo re  a push  effect could ap p ear) a n d , 
in  consequence, th e  signals of th e  e n v iro n m e n t will d e te rm in e  w hich re a c tio n  
w ill be a c tiv a te d , i.e. th e  ap p ro ach  re a c tio n  can also be a c tiv a te d . This d iss im i
la r  freq u en cy  a ff in ity  of th e  tw o m echan ism s m ay  offer a solid s ta r tin g  p o in t 
fo r th e  s tu d y  o f th e  n eu ro an a to m ica l o rg an iza tio n  of th e  drive  system s. T he 
fa c t th a t  low  frequency  s tim u la tio n  is m ore  favourab le  fo r eliciting p u ll th a n  
p u sh  effects suggests th a t  th e  pu ll sy s tem  is o ligosynap tic  in  re la tion  to  th e  
p u sh  system .

As a fu r th e r  evidence of th e  in te g ra te d  n a tu re  of pu ll an d  push m echan ism  
le t  us c ite  som e im p o r ta n t observa tions o f  H u n s p e r g e r  (1956). B y s tu d y in g  
d i- an d  m esencephalic  a ffec tive  reac tio n s th is  a u th o r  fo u n d  th a t  w ith  s t im u 
la tio n s  in  a p erip h era l zone o f an  u n b ro k en  fie ld  com prising  p o rtio n s of th e  p re o p 
tic  a rea  an d  h y p o th a la m u s  an d  th e  c e n tra l g ray  su b stan ce  o f  th e  m id b ra in , low  
th re sh o ld  s tim u la tio n  e lic ited  f lig h t reac tio n s , w hereas low  th resh o ld  s t im u la 
tio n  in  th e  c e n tra l p a r t  evoked  defence reac tio n s . Also, — an d  th is  is p a r t ic u 
la r ly  im p o r ta n t for th e  sake o f ou r ow n a rg u m e n ta tio n  — s tro n g  s tim u la tio n s  
o f p o rtio n s  of th e  p e rip h e ra l zone elic ited  an  affective defence reac tio n  in s te a d  
o f f lig h t. M oreover th e  sam e reac tio n  (defence) was o b ta in ed  b y  w eak s tim u la 
tio n  of th e  p e rip h e ra l zone, w hen  th e  an im a l w as h in d ered  in  its  flig h t. O n th e  
basis o f o u r prev ious experience th ere  is no  d o u b t th a t  th e  reac tion -sequence  
described  b y  H u n s p e r g e r  is also in d e n tic a l w ith  our p u ll-p u sh  sequence. I t  
shou ld , how ever, be em phasized  th a t  th e  te rm  “ flig h t-re a c tio n ”  is in a c c u ra te  
an d  m islead ing . T he fa s t  locom otion  ap p ea rin g  in  th e  course of th is  re a c tio n  
m a y  a t  f ir s t  s ig h t seem  to  be a rea l f lig h t. I f , how ever, th e  reac tio n  is s tu d ie d

2*
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e ith e r  w ith  th e  co n d itio n a l or w ith  th e  se lf-s tim u la tio n  te c h n iq u e , i t  becom es 
c lea r t h a t  pu ll (ap p ro ach , rew ard ing) ten d en c ies  d om ina te  in  th e  phenom enon .

The importance of environm ental signals in the m echanism  of drives

I t  has been m e n tio n e d  th a t  accord ing  to  H u n s p e r g e r (1956) a flig h t (pull) 
re a c tio n  elicited w ith  th re sh o ld  s tim u la tio n  can  be tran sfo rm ed  in to  a defence 
(p u sh ) reac tion  if  th e  an im a l is h indered  in  its  f lig h t. T his o b se rv a tio n  clearly

---------- Cond. resp.
---------- Stim. resp.

Fig. 5. E ffect o f the ex tin ction  of the conditional reflex  on the activating effect induced by h y 
pothalam ic stim ulation. H ea v y  line: conditional reaction; broken line: activation . Ordinate: 
la ten cy  tim e of reactions; abscissa: number of trials. In  a definite period during extin ction  the  

activating effects begin to oscillate parallel w ith  the conditional reactions

show s th a t  th e  tra n s i t io n  of pull in to  p u sh  effect can be in fluenced  also b y  
e x te rn a l, e n v iro n m en ta l fac to rs.

A defin ite  ev idence  of th e  d e te rm in in g  influence of th e  en v iro n m en t h as  
b een  o b ta in ed  also in o u r own ex p erim en ts  b y  stu d y in g  th e  effects of e x tin c tio n . 
I t  w as estab lished  th a t  ex tin c tio n  of th e  c o n d itio n a l reflexes goes to g e th e r w ith  
th e  d isappearance  o f th e  a c tiv a tin g  effect o f  s tim u la tio n  (F ig . 5 ) .  L ocom otion , 
o f  course, has been  e lic ited  b y  th e  s tim u la tio n s  also a fte r  th e  com pletion  o f 
e x tin c tio n  (diffuse o rien tin g , search ing  m ovem en ts) b u t th e  specific co n d itio n a l 
re a c tio n s  d isappeared . I t  could be e s tab lish ed  th a t  du ring  locom otion , e lic ited  
b y  th e  s tim u la tio n , th e  goal o f th e  ex tin g u ish ed  reflex  has been  defin ite ly  a v o id 
ed  b y  th e  an im al. I t  is con seq u en tly  reaso n ab le  to  assum e th a t  during  e x tin c 
tio n  connections of a p u sh in g  ch a ra c te r  developed  to  th a t  p lace (or signal).

E ssen tia lly  th e  sam e h ap p en ed  in  th is  la t te r  case as fo rm erly  w hen  th e  
co n d itio n a l re a c tio n  w as ex tin g u ish ed  w ith  u n in te r ru p te d  s tim u la tio n s  (a t th e
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goal). D uring  e x tin c tio n  o f th e  co n d itio n a l reac tio n  th e  a c tiv a tin g  process, d u r
ing  ex tinc tion  o f th e  ac tiv a tio n  th e  cond itioned  re a c tio n  w as destroyed . This 
close in te rd ep en d en ce  o f th e  tw o  processes conv inc ing ly  d em o n stra te s  th a t  
n a tu ra l  drive p rocesses an d  those  elic ited  b y  e lec trica l s tim u la tio n s  h av e  a 
com m on neu ronal su b s tra te .

B o th  k inds o f ex tin c tio n  c learly  show  th a t  e x te rn a l cues o rig inally  h av in g  
a pu llin g  ch a ra c te r  tu rn  in to  p u sh  signals if  d u rin g  th e ir  action  m o tiv a tio n a l 
ex c item en t does n o t decrease in  due tim e . A ccepting  th is , i t  is easy  to  conceive 
how  a given s tim u lu s  can o b ta in  a p u ll cond itional c h a ra c te r . On th e  basis of 
th e  above co n sid era tio n s th e  fo rm a tio n  of a p u ll co n d itio n a l connection  is 
ex p ec ted  if  in th e  p resence  o f a g iven  stim ulus th e  a c tu a l  m o tiv a tio n a l ex c ite 
m e n t decreases o r d isap p ears  in  due tim e , before a p u sh  effect w ould  ap p ear. 
T his a ssum ption  w ould  m ake com prehensib le  th e  seem ing ly  c o n trad ic to ry  
o b se rv a tio n  th a t  a c tiv a tio n  of an  a lim e n ta ry  co n d itio n a l re flex  (app roach  reac 
tio n ) can he m a in ta in e d  w ith o u t re in fo rc ing  th e  re a c tio n  w ith  food. A plausib le 
ex p lan a tio n  is t h a t  in te rru p tio n  of th e  s tim u la tio n  in  its e lf  has a reinforcing  
p ro p e rty . (The sam e holds also in  th e  case of th e  av o id an ce  reflex .)

Sum m ariz ing  th e  abov e-m en tio n ed  conclusions, i t  m ay  be s ta te d  th a t  
th e  pu ll effect has a pow erfu l c a p ac ity  to  form  co n d itio n a l connections, co rre 
spond in g  to  its  n a tu re  w ith  th e  e x te rn a l stim u li in  th e  p resence  o f w hich  i t  ac ts . 
T he sam e s ta te m e n t shou ld  of course be valid  fo r th e  p u sh  effect. F ro m  th e  
cond itions of fo rm a tio n  o f th e  pull co n d itio n a l conn ec tio n  i t  necessarily  follows 
th a t  a p u sh  connection  is form ed i f  in  th e  presence o f a given e x te rn a l s tim u lus 
th e  m o tiv a tio n a l ex c item en t persists  an d  th e  pu ll e ffect is tran sfo rm ed  in to  a 
p u sh  effect. W ith  th is  assu m p tio n , how ever, th e  p ro b lem  is n o t closed. As i t  has 
been  p o in ted  o u t, befo re  th e  ap p ea ran ce  of th e  p u sh  p h ase  th e  conditions for 
th e  fo rm atio n  of a p u ll connection  h av e  been given. I f  a f te r  tra n s itio n  of pu ll 
in to  p u sh  th e  f in a l re su lt is a co n d itio n a l push  connec tion , one has to  conclude 
th a t  th e  p receding  p u ll connection  m u s t som ehow  be  d es tro y ed . D iscussion of 
th e  possible m echan ism  of th is  process m u st be p o stp o n ed  u n til  hav in g  com plet
ed  o u r know ledge w ith  some fu r th e r  im p o r ta n t o b se rv a tio n s .

On th e  basis o f th e  afo resa id  fa c ts  i t  is easy to  conceive th a t  in  a well- 
know n (cond itional) en v iro n m en t th e  d irec tion  (pull o r p ush ) o f a m o tiv a tio n a l 
ex c item en t is d e te rm in ed  b y  e x te rn a l s tim u li. This is exp ressed  in  th e  a c tiv a 
tio n  process of co n d itio n a l reflexes e lic ited  w ith  d irec t e lec tric  s tim u la tio n  of 
th e  n eu ro n a l su b s tra te  o f d rives. (F ro m  a neu rophysio log ica l p o in t o f view , 
b eh in d  th e  a c tiv a tio n  effect th e re  is p ro b ab ly  a fa c ilita to ry  process. S tim uli 
com ing  from  th e  en v iro n m en t fa c ilita te  th e  fu n c tio n  o f th e  m o to r system  
d riv en  also b y  im pulses o f th e  m o tiv a tio n a l system . A ccord ing  to  an  a lte rn a tiv e  
in te rp re ta tio n  o f a c tiv a tio n , e lectric  s tim u la tio n  as a s tro n g  d is tu rb in g  fac to r 
m ig h t sim ply  d is in h ib it th e  co n d itio n a l reflexes. D is in h ib itio n  can n o t be d isre
g a rd ed  b u t  its  basic  im p o rtan ce  in  th e  ac tiv a tio n  process is excluded  b y  tw o
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fa c ts . F irs t, if th e  essence of a c tiv a tio n  w ould consist in  d is in h ib itio n , th e n  
a c tiv a tio n  could be  e lic ited  only  in  a re s tr ic te d  n u m b e r o f re p e titio n s , as i t  
m u s t  h av e  been ex tin g u ish e d  d u rin g  rep e titio n . In  re a lity  i t  can  be elicited 
u n re s tr ic te d ly . Second , as a lread y  m en tio n ed , a c tiv a tio n  d isap p ears  a fte r 
e x tin c tio n  of th e  co n d itio n a l reac tio n . I f  a c tiv a tio n  w ould  co nsist in  disinhibi- 
tio n , th e n  it  should n o t  d isap p ear a f te r  ex tin c tio n .)

L e t us now see w h a t m ay  h a p p e n  in  a s tran g e  s itu a tio n , i.e.  in  an  en v iron 
m e n t w here s tim u li h a v e  no co n d itio n a l connections an d  co n seq u en tly  no cue 
fu n c tio n s . I f  in such  a s itu a tio n  an  ex c ite m e n t is a roused  in  th e  m o tiv a tio n a l 
sy s te m  e ither by  e lec tric  s tim u la tio n , or in a  n a tu ra l w ay  (h u n g er, th ir s t ,  pain , 
sex , etc. )  th en  f ir s t  a p u ll effect sh o u ld  ap p ear. As a consequence o f th is th e  
a n im a l approaches th e  s tim u lu s w h ich  ac ts  on i t  a t  th a t  m o m en t. I f  du ring  
a p p ro ach in g  th e  o b je c t th e  d riv ing  force does n o t decrease or cease, th e n  th e  
p u ll w ill be tra n sfo rm e d  in to  a p u sh  effect an d  a co n d itio n a l p u sh  connection  
w ill b e  form ed to  th is  s tim u lu s . B y  m ean s of th e  p u sh  effect, how ever, th e  an i
m al fin a lly  escapes th is  s tim u lu s a n d  a rriv es  u n d er th e  effect o f a new  env iron 
m e n ta l  stim ulus. A t t h a t  m o m en t p u sh  w ill again  be rep laced  b y  a pu ll effect 
— b y  w h a t m echan ism  i t  w ill be d iscussed  la te r  — an d  if  d rive  does n o t cease 
a g a in , a new p u sh  e ffec t w ill a p p e a r  a n d  a cond itio n a l p u sh  connection  w ill 
be  fo rm ed  again. T h is p rocess co n tin u es up  to  th e  tim e  w hen  th e  an im al has 
re a c h e d  a s itu a tio n  w h ere  th e  d rive  decreases or d isappears. To s tim u li of th is  
la s t  s itu a tio n  a co n d itio n a l pu ll co n n ec tio n  should  ev id en tly  be form ed.

T hus we can  e s ta b lish  t h a t  in  an  u n fam ilia r en v iro n m en t a t  th e  f irs t 
a p p e a ra n ce  of m o tiv a tio n a l e x c ite m e n t th e  a lte rn a tio n  o f p u ll an d  push  is 
d e te rm in e d  b y  th e  m o tiv a tio n a l sy s te m  itself. D urin g  th is  p rocess, how ever, 
th e  en v iro n m en t b ecom es know n a n d  la te r  — b y  th e  n e x t ap p ea ran ce  of m o ti
v a tio n a l  exc item en t — e x te rn a l s tim u li of th e  s itu a tio n  w ill de te rm ine  th e  
a lte rn a tio n  of p u ll a n d  p u sh  in  an  o rd e r correspond ing  to  th e  s tim u li ac ting  
on th e  sub ject. I t  m u s t be  em phasized , how ever, th a t  a s itu a tio n  th e  elem ents 
o f  w h ich  are all u n fa m ilia r  is p ra c tic a lly  unconceivab le. T herefo re  we m ust 
a ssu m e  th a t  a d e te rm in in g  effect o f e n v iro n m en ta l s tim u li is a lw ays effective 
u p  to  a certa in  m easu re . H ow ever, i t  is ce rta in ly  in  th e  d iscussed  w ay th a t  
u n fa m ilia r  elem ents o f  th e  e n v iro n m e n t becom e “ kn o w n ” .

S um m arizing  th e  above conclusions we m ay  say  th a t  th e  d e te rm in ing  
c h a ra c te r  of e n v iro n m e n ta l s tim u li develops in  th e  course o f a process essen
t ia l ly  iden tica l w ith  th e  so-called tr ia l  an d  erro r ty p e  of co n d itio n in g . I t  follows 
t h a t  th e  p rim ary  m o tiv a tio n a l effec ts are aspecific  before th e  fo rm atio n  of 
c o n d itio n a l connections. As m en tio n ed  before, pu ll an d  p u sh  effects are im p li
c a te d  in bo th  a p p ro ach  an d  av o id an ce  reflexes. P u ll an d  p u sh  effects on th e  
o th e r  h an d  can — w ith  a p p ro p ria te  p a ram e te rs  of s tim u la tio n  — be elicited 
f ro m  all p a rts  of th e  m o tiv a tio n a l sy stem . A ccording to  th is , th e  a ssum ption  
seem s plausible th a t  a c tiv a tio n  o f th e  a lim e n ta ry  co n d itiona l re flex  is no t neces
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sa rily  a re su lt o f s tim u la tio n  of th e  so-called a lim e n ta ry  cen tre  (w ith  th e  classi
ca l te rm ino logy , th e  u n co n d itio n a l feed ing  cen tre ). T h is conclusion  is of im p o r
ta n c e  because th e  m echan ism  of a c tiv a tio n  has a lre a d y  been  in te rp re te d  b y  
som e o th e r a u th o rs  as a specific m echan ism . W y r w ic k a  et al.  (1959) on th e  basis 
o f experim en ts c a rr ie d  ou t in  th e  g o a t concluded  t h a t  i t  is th e  h y p o th a la m ic  
feed ing  cen tre  th e  s tim u la tio n  of w hich  is responsib le  fo r th e  ac tiv a tio n  o f th e  
in s tru m e n ta l a lim e n ta ry  reac tion . T he fa c t th a t  th e  a lim e n ta ry  re flex  can he 
a c tiv a te d  b y  s tim u la tio n  o f regions d is ta n t fro m  th a t  o f th e  feed ing  cen tre  
c learly  shows t h a t  th is  in te rp re ta tio n  is n o t n ecessa rily  co rrec t. A fu r th e r  
c o u n te r-a rg u m en t is th e  above-m en tioned  o b se rv a tio n  th a t  a c tiv a tio n  can  be 
m a in ta in e d  w ith o u t re inforcing  th e  reac tio n  w ith  food . T hese a rg u m en ts  do n o t 
d en y  th e  ex istence  o f  a feeding cen tre , b u t  on ly  em phasize  t h a t  special m o ti
v a tio n a l cen tres c a n n o t be id en tified  on th e  basis o f  s tim u la tio n  effects. C onsid
e ring  th a t  u n d e r  ce rta in  c ircum stances th e  sam e m o v em en ts  a re  req u ired  fo r 
acq u is itio n  of food  as well as for avo idance  of a dan g ero u s s itu a tio n , i t  follows 
th a t  th e  p rim ary  m o tiv a tio n a l m echan ism  can n o t be specific. In  o th e r  w ords, 
p r im a ry  drive e ffec ts  rep resen t p re p a ra tiv e  or a p p e tit iv e  ra th e r  th a n  consum - 
m a tiv e  m o to r p a t te rn s .  C onsum m ative  ac tio n s, as in d ic a te d  b y  a w ea lth  of 
d a ta ,  are b o und  p a r t ly  to  h igher p a r t ly  to  low er sy stem s of th e  c e n tra l nervous 
sy s tem , b u t th e y  a re  n o t in d ep en d en t from  th e  p r im a ry  m o tiv a tio n a l system s 
o f  th e  di- and  m esencephalon .

I n  conclusion we m ay  say  th a t  th e  m o tiv a tio n a l m echan ism s invo lved  
in to  feeding can o n ly  be localized b y  w ay of th e ir  (neura l an d  hum oral) a ffe
re n ts . This p o in t is w o rth  considering  also in  loca liza tio n  s tud ies o f o th e r  special 
d rives. In ferences gained  on th e  basis  of s tim u la tio n s  ca rried  o u t in  a cond i
tio n a l reflex  s itu a tio n  m ay  be m islead ing .

The relationship between statem ents derived from  stim ulation experiments 
and the drive reduction hypothesis

In  th e  course o f th e  d iscussion o f th e  e x p e rim e n ta l fac ts  several s ta te 
m en ts  have been  m ad e  th e  analogy  of w hich w ith  th e  p o s tu la te s  o f th e  d rive  
red u c tio n  h y p o th es is  is qu ite  obvious. T he fa c t th is  coincidence show ed itse lf  
q u ite  u n in te n tio n a lly  urged  us to  check th e  v a lid ity  o f th e  h y p o th esis  m ore 
tho ro u g h ly  w ith  o u r own m ethod . T h is in  fac t m e a n t th e  answ ering  th e  q uestion , 
b y  w h a t p a r tic id a r  m echanism  th e  red u c tio n  of d riv e  c o n tr ib u te d  to  the  fo rm a
tio n  o f a pu lling  co n d itio n a l connection .

A bove i t  h a s  been s ta te d  th a t  th e  basic  cond itio n  o f p reserv ing  th e  
a c tiv a tio n  effect (w hich regard ing  th e  f in a l p rocess is a pu ll effect in b o th  
reflexes) consisted  in  th e  in te rru p tio n  of s tim u la tio n  w hen th e  an im al has 
a t ta in e d  th e  goal. S ince on th e  basis of our fo rm er reason ing  i t  seem ed d o u b t
less th a t  m o tiv a tio n a l effects e lic ited  b y  e lec trical s tim u la tio n  rep re sen t m ech a



24 E. GRASTYÁN et al.

n ism s essen tia lly  id e n tic a l w ith  th o se  o f  n a tu ra l m o tiv a tio n a l effec ts, we feel 
ju s t if ie d  in  saying th a t  th e  basic  co n d itio n  of th e  fo rm a tio n  of a co n d itio n a l 
pu ll con n ec tio n  is th e  su d d en  decrease  o f m o tiv a tio n a l ex c item en t. T h is s ta te 
m e n t is essen tially  id e n tic a l w ith  th a t  o f th e  drive red u c tio n  th e o ry . A n o th e r 
fo rm u la tio n  of it w ould  be th a t  in te r ru p tio n  of s tim u la tio n  or red u c tio n  of a 
n a tu r a l  d rive  has a re in fo rc ing  p ro p e r ty . T his fo rm u la tio n  is p a r tic u la r ly  a d v a n 
tag e o u s  fo r th e  com prehension  o f th e  m echan ism  of th e  avo idance  re flex .

I n  th e  case of th e  av o idance  re fle x  i t  is n am ely  s till a m a t te r  o f  d ispu te  
w h e th e r  re in fo rcem ent is rep re se n te d  b y  p u n ish m en t or th e  escap ing  from  it. 
T he  d riv e  reduction  th e o ry  n a tu ra lly  assum es th e  la t te r  view , because  avoid ing  
of an  u n p lea san t ev en t goes to g e th e r  w ith  a red u c tio n  of d rive . B y  m eans of 
th is  in te rp re ta tio n  o f re in fo rcem en t, th e  d rive  red u c tio n  th e o ry  ensures a 
co m m o n  ground concern ing  th e  basic  m echanism s o f b o th  th e  a p p ro ach  and  
th e  av o id an ce  reflexes. O u r own ex p e rim en ts  su p p o rt also in th is  re sp ec t th e  
d riv e  red u c tio n  th eo ry . W e could  d e f in ite ly  show  th a t  in te r ru p tio n  o f  s tim u la 
tio n  p la y s  th e  role o f re in fo rcem en t in  th e  case of b o th  reflexes.

L e t us notv see w h a t m ay  be th e  closer n a tu re  of th e  m ech an ism  b y  w hich 
d riv e  re d u c tio n  co n tr ib u te s  to  th e  fo rm a tio n  of a pu lling  co n d itio n a l connection . 
To a p p ro a c h  th is q u es tio n , th e  fo llow ing sim ple ex p erim en ts  h av e  been p e r
fo rm ed .

T h e  exp erim en ta l an im al (ca t) w as p laced  in to  a so u n d -p ro o f b o x  of a 
b o tto m  size of 100 cm b y  100 cm . E le c tr ic  s tim u la tio n  w as co n s is te n tly  tu rn e d  
on w h en  th e  sub jec t occup ied  a p re se lec ted  p o in t in  th e  cage, an d  tu rn e d  off 
w h en  b y  m eans of d iffuse o rien tin g , search ing  m o vem en ts e lic ited  b y  th e  
s tim u la tio n  th e  an im al h a d  reach ed  a n o th e r  p rese lec ted  an d  conspicuously  
m a rk e d  region. The p u rp o se  of th e se  ex p erim en ts  w as to  check w h e th e r  or no t 
s t im u la tio n  of a m o tiv a tio n a l s tru c tu re  in  itse lf  m ig h t p ro d u ce  co n d itio n a l 
m an ife s ta tio n s . The co n d itions o f o u r ex p erim en ts  w ere s im ila r to  tho se  of 
R o b e r t s  (1958) excep t t h a t  in  th e  l a t te r  case s tim u la tio n  w as tu rn e d  on b y  a 
p e d a l m an ip u la ted  b y  th e  an im al itse lf.

I n  th e  case of th e  v a lid ity  o f th e  d rive  red u c tio n  h y p o th esis  i t  could be 
e x p e c te d  th a t  a fte r sev era l re p e titio n s  a cond itio n a l connection  w ould  be form ed 
to  th e  p o in t of in te r ru p tio n  o f s tim u la tio n . I t  w as th o u g h t th a t ,  as a conse
qu en ce  o f th e  tra in in g , s tim u la tio n s  ap p lied  in  an y  p o in ts  of th e  ex p e rim en ta l 
s i tu a tio n  w ould restü t in  ap p ro ach in g  th is  “ goal” , an d , also t h a t  th e  an im al 
w o u ld  s ta y  in th is area  fo r p ro longed  periods.

T h is  pred iction  w as p a r tia lly  p ro v e d  b y  th e  ex p erim en ts . In  th e  course of 
th e  f i r s t  s tim u la tin g  com plex  search in g  m ovem ents ap p eared . L a te r  th e y  
becam e  m ore and m ore sim ple, w hile f in a lly  reactions w ere elic ited  passing  off 
in  th e  sh o rte s t w ay  in  be tw een  th e  s ta r t  and  goal p laces. I t  cou ld  also he 
o b se rv ed  th a t  s im u ltan eo u sly  w ith  th e  ap p earan ce  o f th is  fa s t f in a l reac tio n  
th e  su b je c t began to  cling  m ore an d  m ore  to  th e  goal p lace ( Fi g.  6) .
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In  th e  know ledge of th e  a c tiv a tin g  effects we w ere  n o t su rp rised  a t  th e  
fu r th e r  observ a tio n  t h a t  s tim u la tio n s  o f d ifferen t p o in ts  th a n  those  u sed  in  th e  
ex p erim en t p roduced  a t  f irs t th e  sam e effect.

W e could d e fin ite ly  es tab lish  th a t  in te rru p tio n  o f a stim u la tio n  o f m o ti
v a tio n a l ch a rac te r h as  rea lly  th e  p ro p e r ty  to  form  a p o sitiv e  cond itio n a l connec
tio n . T his w ould h av e  been  a conv incing  evidence o f th e  drive  red u c tio n  h y p o 
th esis  h ad  a t  th e  sam e tim e  a c o n tra d ic to ry  o b se rv a tio n  n o t arisen . T he fo r
m atio n  of a co n d itio n a l connection  to  th e  s ta r t  place w as n am ely  also observed . 
T his co n d itiona l connec tion  was n o t as stab le  as t h a t  a tta c h e d  to  th e  goal 
p lace, its  co n d itio n a l c h a ra c te r  w as, how ever, u n q u e s tio n a b ly  p roved  b y  th e  
follow ing fac ts . T he s ta r t  place w as o ften  looked fo r b y  th e  an im al sp o n ta n e 
ously, an d  i t  was s ta y in g  th ere  fo r longer periods. On th e  o th e r h an d , if  s t im u 
la tio n  w as applied  w hen  th e  an im al occupied  a d iffe ren t p lace  th e n  th e  reac tio n  
w as p erfo rm ed  n o t in  th e  sh o rte s t w ay  betw een  th e  a c tu a l p lace o f s tim u la tio n  
an d  th e  goal, h u t  a lw ays th ro u g h  th e  orig inal s ta r t  p lace .

T he fac t th a t  n o t  only  tu rn in g  o ff b u t also tu rn in g  on of s tim u la tio n  
p roved  able to  organize cond itional connections seem ed d e fin ite ly  to  c o n tra d ic t 
th e  drive  red u c tio n  th e o ry , or a t  le a s t to  re s tr ic t its  gen era l ap p licab ility . T his 
co n trad ic tio n  m ig h t be  reso lved  b y  assum ing  th a t  n o t o n ly  th e  la s t m o v em en t, 
b u t  a w hole series o f m o vem en ts p reced ing  drive re d u c tio n  are  invo lved  in to  
th e  fo rm atio n  of a co n d itio n a l ac tion . The reac tio n  e s tab lish ed  to  th e  s ta r t  
p o in t o f s tim u la tio n  cou ld  be reg a rd ed  as th e  f irs t m em b er o f a com plex chain  
o f cond itio n a l ev en ts , fo rm ing  a s te re o ty p e d  reac tio n . I t  is well know n t h a t  
such  or even m ore com plex  s te reo ty p ed  reactions can easily  be e lab o ra ted  u n d e r 
n a tu ra l  conditions. F ro m  a te leo logical p o in t of view  th e  co n d itio n a l connection  
fo rm ed  to  th e  beg inn ing  o f s tim u la tio n  w ould ensure a safe s ta r tin g  p o in t fo r 
a d a p ta tio n  in th is  s itu a tio n . This supposition , how ever, does no t exp la in  th e  
closer m echan ism  o f th e  co n d itiona l connection  fo rm ed  to  th e  s ta r t  p o in t, 
n e ith e r  can  i t  he ta k e n  fo r g ran ted  th a t  i t  is the  m ech an ism  of drive red u c tio n  
w hich  is rea lly  responsib le  for th e  fo rm a tio n  of th e  w hole s te reo ty p e . T he consid 
e ra tio n  th a t  a t th e  beg inn ing  o f s tim u la tio n  n eu ro n a l ex c ita tio n  is re la tiv e ly  
w eak  an d  la te r  i t  increases p rogressively  w ould ra th e r  fa v o u r  th e  view  proposed  
h y  H e b b  (1955) accord ing  to  w hich “ a t  low  levels an in c rease  of d rive  in te n s ity  
m ay  be rew ard ing  . . .”  (reinforcing). T h is view , w hich  in  its  essence e m p h a 
sizes th a t  an  increase o f ex c ita tio n  is th e  basic  cond itio n  o f  th e  fo rm atio n  o f a 
new  connection  in  good ag reem en t w ith  all th e  physio log ical an d  m orpho log ical 
evidences know n so fa r  ( E coles  1961; Sz e n t á g o t h a i  a n d  R a j k o v i t s  1955).

The question , how ever, arises w h y  we need drive  re d u c tio n  in  th e  case o f  
s tro n g  m o tiv a tio n a l ex c item en t, w here th is  basic co n d itio n  o f connection  fo rm a 
tio n  (sim ultaneous ex istence  of e x c ita to ry  processes) is b e t te r  ensured  th a n  in  
th e  case o f a w eak m o tiv a tio n a l ex c item en t. The answ er to  th is  question  is easy  
on th e  basis o f th e  re la tio n sh ip  of th e  pu ll and  push  effects. F ro m  th e  co n sis ten t
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o rd e r  of sequence o f th e  tw o  ev en ts  we h av e  concluded  th a t  th e  p u sh  system  
is th ro w n  into ac tio n  th ro u g h  th e  fu n c tio n  o f th e  pu ll sy stem , if  th e  in ten s ity  
o f  ex c item en t has re a c h e d  a c ritica l level in  th e  la t te r .  M oreover, i t  could also 
h e  estab lished  th a t  b y  th e  ap p earan ce  o f th e  p u sh  effect th e  s ta b iliz a tio n  of a 
p reced in g  cond itiona l p u ll effect w as u p se t. A ccording to  th is , th e  im portance  
o f  d riv e  reduction  w o u ld  consist in  p re v e n tin g  th e  ap p ea ran ce  o f a push ing  
p h a s e  during th e  a p p ro a c h  o f a given o b jec t. I n  th is  in d irec t w ay  drive  reduc
t io n  w ould  ensure th e  co n d itio n s of th e  fo rm a tio n  o f a co n d itio n a l pu ll reac tion  
to  o b jec ts  or s tim u li a c tu a lly  p re sen t.

Thus, in th is  co n cep tio n  drive  red u c tio n  is an  im p o r ta n t a lth o u g h  passive 
m ech an ism  in th e  fo rm a tio n  of a co n d itio n a l connection . In  th e  case of a w eak 
d r iv e  i t  has ev id en tly  no  im p o rtan ce , as in  th is  case pu ll is n o t tra n sfo rm e d  in to  
p u s h  effect. C o nsequen tly , th e  conclusion seem s to  be co rrec t t h a t  th e  fac to r 
a lw ay s  responsible fo r th e  fo rm atio n  o f co n d itio n a l connections is an  increased 
e x c ite m e n t. F ro m  th is  p o in t o f view  s ta r t  an d  stop  o f s tim u la tio n  have a 
co m m o n  significance. T h e  general b io logical im p o rtan ce  of th e  fo rm ed  connec
t io n s  w ould be a p ro te c tio n  ag a in s t all k inds of d is tu rb in g  ag en ts , in  o th e r w ords 
th e  safeguard ing  o f  a re la tiv e ly  s tab le  re s tin g  s ta te .

On the  basis o f  th is  seem ingly  f in a l conclusion — w hich  is in  agreem ent 
w i th  th e  general p rin c ijd es  of b io logical a d a p ta tio n  — th e  p ro b lem  of drive 
re d u c tio n  in th e  fo rm a tio n  of co n d itio n a l connections ap p ea rs  to  be se ttled . 
A s w e shall see la te r , how ever, th is  is n o t tru e . O ur conclusion n a m e ly  according 
to  w hich  the  role in  con n ec tio n  fo rm a tio n  of d rive  red u c tio n  is on ly  a passive 
o n e , is n o t p e rfec tly  co rrec t. To p ro v e  th is , we need  to  discuss a p rob lem  w hich 
a t  f ir s t  seems to  be in d e p e n d e n t of th e  questio n  of drive re d u c tio n .

The possible inner organization o f the pull-push system

As s ta ted  ab o v e , in  th e  case i f  a p u ll effect is follow ed b y  a push  effect, 
th e n  despite th e  fa c t t h a t  th e  cond itions o f th e  fo rm atio n  o f a cond itiona l pull 
con n ec tio n  are g iven  (b y  th e  sim u ltan eo u s ex istence  of m o tiv a tio n a l exc item en t 
a n d  th e  im pulses o f e n v iro n m e n ta l s tim u li) , no pu ll b u t  on ly  a p u sh  connection 
w ill be form ed. F ro m  th is  e x p e rim e n ta l fa c t we m u st assum e th a t  th e  push  
s y s te m  reacts on th e  p u ll sy stem  in an  in h ib ito ry  m anner. T h e  w ay  b y  w hich 
th is  re tro ac tiv e  in h ib itio n  m ay  h in d e r th e  m an ifes ta tio n  o f th e  pu lling  condi
t io n a l  connection can  on ly  be d e te rm in ed  b y  th e  po in ts  o f a t ta c k  of inh ib ition . 
F o r  th is  purpose f i r s t  th e  po in ts  w here possib ilities for th e  fo rm a tio n  of positive 
connections are g iv en  shou ld  be ta k e n  in to  accoun t.

Considering th a t ,  in  dependence  on th e  ac tu a l e n v iro n m e n ta l facto rs, b o th  
p u l l  and  push effects a c tiv a te  a g rea t v a r ie ty  o f m o to r p a tte rn s  an d  no t single 
specific  m ovem en ts, we m u st assum e th a t  th e  m o tiv a tio n a l m echan ism s o pera te
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on com plex m o to r sy stem s, w hich are s tru c tu ra lly  in d e p e n d e n t from  th e  — we 
m a y  say  — p rim ary  d riv e  system s. If, acco rd ing  to  o u r fo rm er s ta te m e n t th e  
co n d itio n  of th e  fo rm a tio n  o f a du rab le  new  connection  is th e  la s tin g  coexistence 
o f e x c ita to ry  processes, th e n  p rinc ipa lly  th e re  are  a t  le a s t tw o  po in ts w here th e  
fo rm a tio n  of cond itio n a l connections m ay  ta k e  place.

C onditional connections can he fo rm ed  on th e  one h a n d  betw een  th e  
im pulses p roduced  b y  th e  en v iro n m en t a n d  th e  system  p ro d u c in g  th e  p r im a ry  
m o tiv a tio n a l effects, a n d  on  th e  o th e r b e tw een  these a n d  th e  im pulses o f th e  
m o to r system . T he consequence of th e  re a liz a tio n  of th e  f i r s t  connection  w ould  
consist in  inducing  an  in crease  of m o tiv a tio n a l ex c item en t b y  p rev iously  in d if
fe re n t en v iro n m en ta l s tim u li. T he consequence of th e  rea liza tio n  of a co n d i
tio n a l connection  b e tw een  th e  p rim ary  d riv e  sy stem , e n v iro n m e n ta l s tim u li an d  
th e  m o to r system  w ould  re su lt in  th a t  p rev io u sly  in d iffe re n t s tim u li w ould  
p ro d u ce  defin ite  an d  a p p ro p ria te  m o to r ac tio n s. The e s ta b lish m e n t of an  in s tru 
m e n ta l cond itiona l re a c tio n  w ould  p rin c ip a lly  co rrespond  to  th is  second co u 
p ling  m echanism .

A ccording to  th ese  possib ilities th e  re a c tiv e  in h ib itio n  o f  th e  p u sh  sy s tem  
m an ifests  itse lf  p a r t ly  in  th e  pu ll sec tion  o f  th e  m o tiv a tio n a l system  itse lf, 
p a r t ly  in  a p o in t w here m o tiv a tio n a l a n d  en v iro n m en ta l s tim u li reach  th e  
m o to r e lem ents. L e t us consider in  b o th  cases th e  possib le  consequences of 
th e se  in h ib ito ry  fu n c tions.

I f  in h ib itio n  is effec tive  on th e  pu ll sy s tem , i t  m ay  p rin c ip a lly  re su lt in  a 
cessa tion  o f th e  p u sh  e ffec t itse lf, because i t  m ay  decrease exc item en t in  th e  
p u ll sy stem  below  th e  c ritic a l level n ecessary  to  excite  th e  p u sh  system . C onse
q u e n tly  th is  feed-back-like  inh ib itio n  m a y  be responsib le  fo r th e  tra n s itio n  
in to  pu ll of a p u sh  effect. T h is process can  w ell be o b se rv ed  during  ac tio n s 
e lic ited  b y  s tim u la tin g  m o tiv a tio n a l s tru c tu re s , b u t  p rev io u sly  we could  n o t 
f in d  a sa tis fa c to ry  e x p la n a tio n  o f its  m echan ism . The a ssu m p tio n  of an  in h i
b ito ry  process ac tin g  d ire c tly  on th e  pu ll sy s te m  th u s  seem s necessary  also on 
th e  basis o f th is  re q u irem en t. B u t a t  th e  sam e tim e  i t  sh o u ld  also be a d m itte d  
t h a t  th is  form  o f in h ib itio n  can n o t be e ffec tive  in  th e  p re v e n tio n  of th e  fo r
m a tio n  of th e  u n n ecessa ry  pu llin g  co n d itio n a l connection , because i t  lags b e 
h in d  th e  e x c ita to ry  process to  be connected . (P u ll effect a lw ays precedes pu sh .)

L et us now  see w h a t w ill be th e  consequence if in h ib itio n  acts in  a p o in t 
w here  m o tiv a tio n a l as w ell as en v iro n m en ta l im pulses re a c h  th e  m o to r ele
m en ts . As i t  has been ded u ced  fo rm erly , th is  p o ssib ility  seem s to  m ee t th e  
req u irem en ts  of th e  rea liza tio n  of an in s tru m e n ta l co n d itio n a l reflex . B u t th e re  
is s till som e incongruence concern ing  th e  sim u ltan eo u s ap p e a ra n ce  of e x c ita to ry  
an d  in h ib ito ry  processes. A t th e  m o m en t n am ely  w hen  th e  pushing  effect 
ap p e a rs , th e  im pulses o f th e  pu ll sy stem  h a v e  a lread y  reach ed  th e  m o to r 
e lem ents, th u s  th e  co n d itio n s o f cond itiona l coupling  a re  a lre a d y  p resen t. T he 
fa c t th a t  in sp ite  of th is  incongruence  th e  p u sh  effect im pedes th e  fo rm atio n  of
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th e  p u ll connection , n ecessarily  proves th a t  th e  fo rm atio n  o f  th e  co n d itio n a l 
co n n ec tio n  depends n o t  o n ly  on a sim ple coincidence h u t  also on a la s tin g  
s im u ltan eo u s  p ersistence  o f  th e  e x c ita to ry  processes.

T he re tro ac tiv e  in h ib itio n  of th e  p u sh  system  p ro b a b ly  acts on th is  
p e rs is tin g  ex c ita tio n . W ith  th is  a ssu m p tio n , how ever, new  d ifficu lties a rise , 
esp ec ia lly  concerning th e  m echan ism  o f d riv e  red u c tio n . I t  is ev id en t t h a t  i t  is 
a t  th e  m om ent of d riv e  re d u c tio n  th a t  th e  cond itions for th e  p ersistence  o f th e  
e x c ita to ry  im pulses are  en su red  in  th e  s lig h te s t degree. As a consequence i t  is 
d iff ic u lt to  conceive how  a co n d itio n a l connection  can be fo rm ed . T he c o n tra 
d ic tio n  is obvious since o u r ow n ex p erim en ts  y ielded co n v inc ing  evidence th a t  
th e  m o st ad v an tag eo u s co n d itio n s of th e  fo rm a tio n  of a co n d itio n a l connection  
a re  g iven  in th e  v e ry  m o m e n t o f d rive  red u c tio n  ( in te rru p tio n  o f s tim u la tio n ).

T his co n trad ic tio n  can only  be reso lved  by  assum ing  t h a t  th e  m o tiv a tio n 
a l sy s te m  is able to  se t in to  ac tio n  a fu r th e r  system  capab le  o f delay ing  re v e r
b e ra t in g  im pulses u n til  th e  p rim a ry  m o tiv a tio n a l exc item en t h as  a lready  ceased. 
I t  is know n th a t  th e  a d e q u a te  m orpho log ica l basis of su ch  a re v e rb e ra tin g  
fu n c tio n  is given in  a lm o s t a n y  s tru c tu re  o f th e  cen tra l n e rv o u s  sy stem , h u t  
esp ec ia lly  in co rtica l fo rm a tio n s . I t  w as p a r t ly  th is  co n sid e ra tio n  w hich has led 
us to  include th e  h ip p o cam p u s in th e  c ircu it d iag ram  ( Fi g.  П  )■

B y  accep ting  th e  re v e rb e ra to ry  fu n c tio n  th e  co n d itio n s of co n d itio n a l 
co u p lin g  have been en su red  on ly  on th e  side o f th e  sensory  processes. S till, th e  
fo rm a tio n  of a special c o n d itio n a l m o to r a c t ev id en tly  re q u ire s  a s im u ltaneous 
p e rs is te n c e  of th e  m o to r  a c t to  be connec ted . This co n d itio n  is ensured , as we 
sh a ll  see la te r, by  th e  a rre s t  reac tio n  w hich  regu la rly  accom pan ies drive re d u c 
t io n . Before ana ly sin g  th is  fa c to r  le t us re tu rn  to  some o th e r  fac ts  p ro v in g  th e  
e x is te n c e  of th e  re a c tiv e  in h ib ito ry  fu n c tio n  o f th e  p u sh  sy stem .

In  se lf-stim u la tion  ex p erim en ts , — w hich  will be d iscussed  in  d e ta il la te r ,— 
i t  w as observed th a t  in te r ru p tio n  of s tim u la tio n  during  a s tro n g  push  effect 
m a y  be followed b y  a m a rk e d  reb o u n d -lik e  pu ll effect, com posed  of rec ip ro ca l 
m o v em en ts  of th e  p u sh  effec t. H ad  th e  p u ll sy stem  n o t b een  in h ib ited  b y  th e  
p u sh  system , th is  m ark ed  rebound-like  pu ll effect could n o t h a v e  appeared .

T he m ost co nv inc ing  ev idence  of th e  ex istence o f a reac tiv e  in h ib ito ry  
fu n c tio n  of the  p u sh  sy s te m  has been p re sen ted  by  Ol d s  (1962 ), n am ely  th a t  
s t im u la tio n  of p o in ts  in  th e  m esencephalic  teg m en tu m  p ro d u c in g  effec ts of 
a v e rs iv e  ch a rac te r in h ib ite d  th e  effects of h y p o th a lam ic  rew ard in g  p o in ts . On 
th e  o th e r  han d , s t im u la tio n  o f th e  la t te r  fac ilita ted  th e  e ffec t of th e  m esen 
cep h a lic  aversive p o in ts . B o th  fac ts  are in  perfec t a g re e m e n t w ith  o u r ow n 
f in d in g s , only to  th is  th e  s ta te m e n t concern ing  th e  re la tio n sh ip  of th e  tw o  
(p u ll an d  push) sy stem s should  so he com pleted  th a t  th e re  he an  u n id ire c te d  
fa c il i ta to ry  and  in h ib ito ry  connection  b e tw een  th e  pu ll a n d  p u sh  system s. T he 
p u s h  system  is set in to  ac tio n  th ro u g h  th e  p u ll sy stem , a n d  th e  la t te r  is in 
h ib ite d  by  the  fo rm er.
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F i g . 6. Conditional reactions produced to the turning on and off o f hyp othalam ic stim ulation. 
Stim ulations were consistently  turned on when the anim al resided in  th e  left lower corner of  
the apparatus, and turned off when the anim al in the course of searching m ovem ents produced  
b y  the stim ulation had reached the region marked by the rectangle, a)  D iffuse  searching m ove
m ents elicited by the first stim ulation ; b— d)  the approach of the m arked region becomes pro
gressively simpler; ejafter about 10 repetitions of stim ulation a fast, sim ple reaction is accom 
plished in the shortest w ay betw een start and goal; f )  if  stim ulation is  turned on w ith  the  
cat staying in an unusual place, the goal is approached through the sta r t place; g)  if a point 
not used in the preceding procedure is stim ulated , the same stable conditional reaction ap

pears as in the former cases

Some a d d itio n a l co nsidera tions, how ever, are n ecessary  in  view  of a f u r 
th e r  co n tra d ic to ry  find ing  concern ing  th e  in h ib ito ry  e ffec t o f th e  push  sy s 
tem . In  th e  ab ove-m en tioned  in s tru m e n ta l s tim u la tio n  e x p e rim e n ts  ( Fig.  6)  
a cond itiona l connection  of a pu lling  c h a ra c te r  developed a t  o n se t of s t im u la 
tio n , in  sp ite  o f th e  fa c t th a t  th e  in itia l pu ll effect has been  tran sfo rm ed  in to
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p u sh  effect during  s tim u la tio n . This w as in  co n trad ic tio n  w ith  the  s ta te m e n t 
acco rd in g  to  w hich th e  ap p ea ran ce  o f a p u sh  effect im p ed es th e  fo rm atio n  o f a 
p u llin g  connection . T h e  co n trad ic tio n  seem s to  be re so lv ed  b y  assum ing th a t  
th e  n eu ro n a l ex c ite m e n t in d u ced  b y  s tim u la tio n  is a t  f i r s t  re la tiv e ly  w eak  and  
i t  increases p rog ressively  d u rin g  s tim u la tio n . F rom  th is  i t  follows th a t  in  th e  
f i r s t  period  of s tim u la tio n  th e  pulling  effect m ay reach  th e  c ritica l m in im al d u 
r a t io n  necessary  fo r th e  fo rm a tio n  of th e  cond itiona l co n n ec tio n . In  th e  course 
o f  a re la tiv e ly  w eak m o tiv a tio n a l ex c item en t th e  p u sh  e ffec t p ro b ab ly  also 
rem a in s  below its  possib le  m ax im um  in te n s ity . I f  we assu m e  th a t  th e  a p p e a r 
an ce  o f th e  in h ib ito ry  fu n c tio n  of th e  p u sh  system  — like  th e  tra n s itio n  o f pull 
in to  p u sh  — is b o u n d  to  a c ritica l level o f exc item en t o f th e  p u sh  sy stem , th en  
i t  can  he im agined t h a t  a w eak  push  effect does n o t d e s tro y  th e  p reced ing  pu ll 
connec tion . T hus, p rin c ip a lly , th e re  are  tw o possib ilities  b y  w hich e x te rn a l 
s tim u li acting  a t th e  b eg inn ing  of s tim u la tio n  m ight a ssu m e  a dual (pu ll-push) 
co n d itio n a l p ro p e rty . S u ch  am b iv a len t connections w o u ld  offer an  accep tab le  
in te rp re ta tio n  of th e  fa c t  th a t  th e  co n d itio n a l connection  fo rm ed  to  th e  in te r 
ru p tio n  of s tim u la tio n  is m ore stab le  th a n  th a t  fo rm ed  to  th e  s ta r t  o f s t im u la 
tio n . In  th e  case o f d riv e  red u c tio n , th e  connection  h a s  n a tu ra lly  exclusive 
p u ll ch arac ter.

A ccording to  o u r op in ion , th is  in te rp re ta tio n  is v a lid  also in th e  case of 
th e  parad o x ica l f in d in g  b y  R o b e r t s  (1958), th a t  s t im u la tio n  in th e  p o ste rio r 
h y p o th a la m u s  m o tiv a te d  p ro m p t le a rn in g  of escape responses b u t d id  no t 
in d u ce  learn ing  of av o id an ce  responses. A ccording to  R o b e r t s ’ in te rp re ta tio n , 
th e  rew ard ing  onse t o f  s tim u la tio n  in te rfe re d  w ith  th e  e lab o ra tio n  o f th e  
av o id an ce  reac tion . T h is assu m p tio n  — p ro v id ed  th e  re w a rd in g  effect can  he 
id e n tif ie d  w ith  ou r p u ll effect — does n o t  p rin c ip a lly  d iffe r from  our ow n in te r 
p re ta tio n .

Besides, our in te rp re ta t io n  seem s to  be m ore ad v an ta g e o u s  because  it  
o m its  th e  use of n o tio n s  re flec ting  su b jec tiv e  fac to rs , lik e  rew ard  or p u n ish 
m e n t, and  i t  also seem s to  offer a m ore ex h au stiv e  in te rp re ta t io n  of t h a t  e x 
p e r im e n t of R o b e r t s  in  w hich  th e  rew ard in g  and  p u n ish in g  phases of s t im u la 
t io n  w ere id en tified  b y  using  tw o se p a ra te  pedals. A ccord ing  to  R o b e r t s  
th e  app ro ach  and  p ressin g  of th e  f irs t  p ed a l w ould he m o tiv a te d  by  rew ard in g  
(pu ll), th e  second one b y  pun ish in g  (push ), effects. A cco rd in g  to  our in te rp re 
ta t io n  a pull effect sh o u ld  op era te  in  th e  ap p ro ach  a n d  m an ip u la tio n  o f b o th  
p ed a ls . A push  e ffec t m u s t be effective in  th e  m o m e n t w hen  th e  an im a l is 
le a v in g  th e  f irs t  p e d a l. T his p u sh  effec t, b y  m eans o f  th e  above d iscussed  
n e g a tiv e  feed-back  m ech an ism , tu rn s  again  in to  a p u ll e ffec t w hen th e  an im al 
a rr iv e s  in to  th e  a c tio n -sp h e re  of th e  second  pedal.

In  seem ing c o n tra d ic tio n  w ith  th is  co n sidera tion , in  a case of a ty p ic a l 
f l ig h t reac tion  (f irs t p h a se  rew ard ing) we succeeded in  e la b o ra tin g  an avo idance  
response  to  th e  s tim u la tio n . The co n trad ic tio n  is only  a p p a re n t  because a ca re 
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fu l analysis o f th e  an im al’s co n d u c t su p p o rte d  ou r fo rm er reasoning . T he 
responses e lic ited  w ith  th e  c o n d itio n a l sound  stim u lu s rem a in ed  lab ile  even  
a fte r  a h igh  n u m b er of associa tions. On th e  o th e r  h an d , th e  p ecu lia r an d  u n u su a l 
m a n n e r of th e  re a c tio n ’s ex ecu tio n  (h es ita tin g , creeping m otions) suggested  
th a t  th e  co n d itio n a l s tim u lu s h a d  been co nnec ted  to  con flic ting  m o tiv a tio n a l 
tendencies.

In  a sh a rp  c o n tra s t to  th is  a f te r  a lim ited  n u m b er of s tim u la tio n s  a s tab le  
an d  fa s t cond itio n a l reflex  w as estab lish ed  to  n a tu ra l  s tim u li o f th e  flig h t p lace. 
F in a lly , th e  in te re s tin g  p ic tu re  could  be o b served  th a t  th e  co n d itio n a l sound  
s tim u lu s elic ited  long la te n c y , u n s tab le  responses, an d  a t  th e  sam e tim e  fa s t , 
s tab le  spon tan eo u s responses a p p ea red  in  th e  in te rs ig n a l periods.

W hen  in te rp re tin g  th ese  m an ifes ta tio n s , th e  follow ing shou ld  be e m p h a 
sized. T he cond itio n a l s tim u lu s  en te rs  in to  c o n ta c t w ith  b o th  pu ll an d  p u sh  
effects if  i t  precedes or covers th e  ap p lica tio n  o f th e  electric  s tim u la tio n , because 
th e  sound  is re la tiv e ly  in d e p e n d e n t from  th e  p lace of re in fo rcem en t. T h a t is 
th e  reason  w h y  th is  con n ec tio n  alw ays rem ains u n stab le . In  c o n tra s t, n a tu ra l  
s tim u li a tta c h e d  d irec tly  w ith  th e  reinforcing  p lace e n te r  in to  c o n ta c t exclusive
ly  w ith  unam biguous (pull) m o tiv a tio n a l effects, th e re fo re  th e  connection  
developing  to  th e m  will be s ta b le .

The importance o f the arrest reaction in the m echanism  o f drive reduction

L et us now  re tu rn  to  th e  h e a r t  o f th e  p ro b lem  of drive  red u c tio n . F o rm erly  
th e  fo rm atio n  o f a pu lling  co n d itio n a l connection  w as th o u g h t to  be ensured  b y  
th e  drive  red u c tio n  b y  p re v e n tin g  th e  ap p earan ce  of a p u sh  effect. I t  was also 
show n th a t  th e  p u sh  effect b y  w ay  of an  in h ib ito ry  m echan ism  (inh ib itin g  th e  
d elayed  re v e rb e ra tin g  im pulses in d u ced  b y  th e  pu ll sy stem ) p rev en ted  th e  
e s tab lish m en t o f  a pu lling  co n d itio n a l connection .

The role o f drive red u c tio n  rem ains, how ever, also w ith  these  ad d itio n a l 
fa c ts  a passive one. W hen  an a ly sin g  th e  in h ib ito ry  co m p o n en t of th e  p u sh  
m echan ism  we argued  th a t  in  o rd e r to  connect m o tiv a tio n a l a n d  en v iro n m en ta l 
s tim u li w ith  a given m ov em en t p a tte rn , all th e  im pulses to  be  connected  m u st 
sim u ltan eo u sly  p e rs is t fo r a d e fin ite  period  o f tim e . As fa r  as th e  m ovem ent to  
be connected  is considered, w e m ay  also say  th a t  i t  is th e  la s t  m ovem en t, elic
i te d  b y  s tim u la tio n , an d  ju s t  p reced ing  d rive  red u c tio n , w h ich  m u st p e rs is t 
th ro u g h o u t th e  p o s tu la te d  c ritic a l period  of tim e . The q u estio n  is w h e th e r such  
a m an ife s ta tio n  can rea lly  be  observed  an d  if  so, b y  w h a t m echanism  is i t  
o rganized.

A phenom enon  co rrespond ing  to  th is  c rite rio n  has a c tu a lly  been  observed  
in  ou r s tim u la tio n  ex p erim en ts . I t s  role has, how ever, only  b een  suspected  w hen  
its  ex istence m u s t have  been  p o s tu la te d  in  th e  course o f th e  abo v e-m en tio n ed  
considera tions. B y  analysing  th e  ac tiv a tin g  effects o f s tim u la tio n s  i t  was co n sis t
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e n tly  observed  th a t  a t  the  te rm in a tio n  of s tim u la tio n  th e  an im al rem ains 
frozen  in  its  m o m e n ta ry  p o stu re , fo r a su rp ris in g ly  long period . T his even oc
c u rred  in  cases w hen, in  v iew  of th e  re la tiv e ly  g rea t energy  o f locom otion , a con
t in u a tio n  of m ovem ents cou ld  have  been  expec ted . T he reaso n in g  th a t  an  ac tiv e  
in h ib ito ry  process m ig h t be  responsib le  fo r th is  p ecu lia r b ra k in g  effect seem ed 
to  be sound .

In  th e  basis o f its  o v e rt m an ife s ta tio n s  th e  ph en o m en o n  could  be id e n ti
fied  w ith  th e  so-called  “ a rre s t”  re a c tio n . I ts  re la ted n ess  to  s tim u la tio n  was

713. 6 .2 4 /3 -4 )
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Fig.  7. Stim ulation carried o u t in the supram am illary region inh ib ited  the execution  o f the 
approach reaction. (It also inh ib ited  the avoidance reaction .) The inh ib itory effect is represented  
by the large black point in  th e  middle o f the recording line. A fter term ination of stim ulation  

the conditional reaction has been accom plished

p ro v ed  p a r t ly  b y  its  re b o u n d  c h a ra c te r , p a r t ly  b y  th e  dependence o f  its  d u r 
a tio n  on th e  in te n s ity  o f  s tim u la tio n  ( Fi gs  2 , 3 ) .

T he a rre s t re a c tio n , as a d irec t p ro d u c t of s tim u la tio n  of ce rta in  th a lam ic  
reg ions, w as f irs t d e sc rib ed  by  H u n t e r  an d  J a s p e r  (1949). Such a d ire c t (not 
reb o u n d ) a rre s t re a c tio n  was elic ited  in our own ex p e rim en ts  by  s tim u la tin g  
th e  n . reuniens in th e  th a la m u s , an d  th e  m am illa ry  reg ion  in th e  h y p o th a la 
m us ( Fi g.  7) .  W ith  re g a rd  to  th e  n e u ro n a l o rg an iza tio n  of m o tiv a tio n  and  
a rre s t, i t  seems im p o r ta n t  to  m en tio n  th a t  in several cases a d e fin ite  rec ip rocal 
re la tio n sh ip  was fo u n d  betw een  s tru c tu re s  p roducing  th e  a rre s t reac tio n  as a 
d irec t an d  as an a fte r-e ffe c t.S tim u la tio n s  p roducing  m a rk e d  m o tiv a tio n a l effects 
w ere reg u la rly  fo llow ed b y  reb o u n d  a rre s t reac tio n s, w hile s tim u la tio n s  p ro 
ducing  m ark ed  a rre s t reac tio n s w ere o ften  follow ed b y  reb o u n d  m o tiv a tio n a l 
ex c ite m e n t. This rec ip ro c ity  qu ite  c learly  d em o n stra te s  th e  ex istence  of a
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m u tu a l in h ib ito ry  connection  b e tw een  th e  s tru c tu re s  rep resen tin g  th ese  tw o  
d iffe ren t effects (  Fi g.  11 ).

R etu rn in g  now  to  the  p ro b lem  o f th e  co n d itio n a l reflex , we can say  th a t  
a t  th e  m om ent o f d rive  red u c tio n  a m echanism  ab le  to  m a in ta in  th e  la s t m o to r 
p a t te rn  p roduced  b y  th e  ac tu a l d riv e  is s ta r te d  as a release phenom enon . B y  
th is  m echanism  a possib ility  is o ffered  for th e  m o v em en t h av in g  th e  closest r e 
la tio n  to  th e  red u c tio n  of drive to  be  connected  to  a c tu a l e n v iro n m en ta l s tim u li.

The fu n c tio n  of th is co n d itio n a l connection  w ill be th a t  ce rta in  en v iro n 
m e n ta l s tim uli w ill induce n o t o n ly  general m o tiv a tio n a l ex c item en t b u t  also 
th e  specific m o to r a c t w hich d e fin ite ly  leads to  a red u c tio n  of d rive . T h u s, b y  
m eans of th e  m echan ism  of d riv e  red u c tio n  th e  se lection  of pecu lia r m o to r 
p a tte rn s , n o t ex is tin g  form erly  as in d ep en d en t ac tio n s, can be envisaged . M ore
o ver, a m u ltip le  coupling  of d iffe ren t selected p a tte rn s  m ay  re su lt in  p e rfec tly  
new  configu ra tions of m ovem ents.

O ur earlier s ta te m e n t th a t  d riv e  redu c tio n  has an  im p o rtan ce  on ly  in  th e  
case o f s trong  d rives s till rem ains v a lid . The sign ificance of th e  m echan ism  is, 
how ever, increased  b y  th e  reco g n itio n  th a t  by  m eans of d rive  red u c tio n  such  
specia l co m bina tions of m ovem ents can  he a tta c h e d  to  e x te rn a l s tim u li w hich 
d id  n o t belong to  th e  original m o v em en t re p e rto ry  o f  th e  an im als. In  th e  case 
o f  w eak  m o tiv a tio n , w hich p rin c ip a lly  does no t c o n s tra in  th e  an im al to  execu te  
phasic  m ovem en ts, such  new e lem en ts  do no t p lay  a role in accom m odation .

T he general im p o rtan ce  of th e  cond itio n a l re flex  in  a d a p ta tio n  has o ften  
b een  q uestioned  on th e  basis th a t ,  in  c o n tra s t to  h a b its  form ed u n d e r n a tu ra l  
co n d itio n s, on th e  m o to r side no new  elem ents are in v o lv ed  in to  a new  con d i
tio n a l connection . T he fac t th a t  in b o th  classical an d  in s tru m e n ta l co n d ition ing  
th e  cond itio n a l s tim u lu s  is asso c ia ted  w ith  an ex is tin g  h a b it  seem s to  su b s ta n 
t ia te  th a t  ob jec tion . T he crite rion  o f  a new a d a p ta tio n  process w ould e v id e n tlv  
req u ire  th e  fo rm atio n  of new m o to r p a tte rn s , as i t  re a lly  hap p en s in  th e  course 
o f  acq u is itio n  of new  skills. The n o v e lty  of a m o to r p a tte rn  m ust n a tu ra lly  con
s is t o f a new sequence or co m b in a tio n  of sim ple m o to r  ac ts . This is th e  v e ry  
p o in t w here our conception  m ay  offer a reasonab le  ex p lan a tio n . W ith  th e  
m echan ism  o f th e  a rre s t  reac tion  th e  possib ilities for th e  selection  an d  co m b in a
tio n  of an y  m ovem en ts are given. R em em bering  th a t  th e  a rre s t reac tio n  is a 
p ro d u c t of drive red u c tio n , the  f in a l conclusion th a t  d riv e  red u c tio n  is a fu n d a 
m e n ta l m echanism  o f a com plete a d a p ta tio n  (learn ing) process seem s still 
w a rra n te d .

I t  seem s n ecessary  to  discuss som e add itio n a l ch a rac te ris tic s  o f th e  a rre s t 
reac tio n  w hich are  im p o rta n t in its  n eu ro n a l o rg an iza tio n . A t f irs t  th e  a rre s t 
reac tio n  seems to  consist of a hom ogeneous in h ib ito ry  m echanism . E x am in a tio n  
o f its  o v e rt m an ifesta tio n s, how ever, reveals  th a t  th is  is n o t th e  case. T he essen
tia l  ch a rac te ris tic  o f th e  a rrest re a c tio n  is th a t  a d e fin ite  postu re  is m a in ta in ed  
fo r a p ro tra c te d  period . (In  th e  case o f  a rre s t elicited  b y  d irec t s tim u la tio n  th e

3  Acta Physiulogica X X V I/1-2 .
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an im a l is frozen in  th e  p o sitio n  w hich i t  h a d  assum ed  a t  th e  b eg inn ing  of s tim u 
la tio n ; in  th e  case o f  a reb o u n d  reac tio n , in  a p o s tu re  w hich it h ad  assum ed a t 
th e  te rm in a tio n  of s tim u la tio n .)  T hese p o stu re s  m ay  be h igh ly  u n com fortab le  
a n d  th e ir  persistence can  only  be ex p la in ed  b y  supposing  a co n tin u o u s firing  of 
th e  o rig in a l n eu ra l im pu lses p roducing  it .  T his p ers is tin g  firing  is m ain ta in ed  
b y  th e  fo rm erly  d iscussed  rev e rb e ra tin g  process. T hus we are now  com pelled 
to  p o s tu la te  tb e  ex is ten ce  of a re v e rb e ra to ry  fu n c tio n  betw een  th e  m o tiv a tio n a l 
a n d  th e  m o to r sy s tem . A t th e  sam e tim e  i t  is also n ecessary  to  suppose th e  
p resence  of an in h ib ito ry  m echanism  im ped in g  th e  in te rv e n tio n  o f o th e r  m ove
m e n ts  d u rin g  a rrest. T h u s , we m ay  assum e th e  occurrence of selec tive  in h ib ito ry  
an d  e x c ita to ry  m echan ism s beh ind  th a t  p a r tic u la r  phenom enon . T he neura l 
s tru c tu re s  possib ly  in v o lv ed  in  its  o rg an iza tio n  w ill be considered  la te r  
( Fi g .  11) .

Inhibitory effects, periodical m anifestations

I t  was a lread y  m en tio n ed  th a t  m ark ed  a rre s t reac tions can  be elicited 
b y  s tim u la tin g  th e  m am illa ry  region in  th e  h y p o th a lam u s an d  th e  n . reuniens 
in  th e  th a lam u s. T hese stim u la tio n s pow erfu lly  in h ib ited  th e  execu tion  of b o th  
a lim e n ta ry  and  av o id an ce  reflexes. T h is tw o-w ay  in h ib itio n  excluded  th e  possi
b i l i ty  th a t  push  effects have been con founded  w ith  in h ib itio n . (In  the  case 
o f a tru e  in h ib ito ry  e ffec t th e  q u a lity  o f  th e  effect does no t change on app ly ing  
d iffe re n t p a ra m e te rs .)  I t  was e stab lish ed  th a t  s tim u la tio n s  app lied  a t  any  
p h a se  of b o th  co n d itio n a l reflexes s to p p e d  th e ir  execu tion . A fte r th e  te rm in a 
tio n  o f  stim u la tio n  th e  ac ts  were com ple ted  in an u n d is tu rb e d  m an n e r ( Fig.  7) .

T he a d v an tag es  o f th e  co n d itio n a l m eth o d  becam e p a r tic u la r ly  conspi
cuous w hen exam in in g  th e  com plex a fte r-e ffec ts  o f s t im u la tio n s .l t  w as possible, 
e.g.  to  show  th a t ,  s im ila rly  to  th e  d ire c t effects, reb o u n d  a rre s t reac tio n s on th e  
one h a n d  in h ib it a n d , p o s t-s tim u la to ry  e x c ita to ry  reactions on th e  o ther, a c ti
v a te  cond itiona l reac tio n s .

A n ad d itio n a l im p o r ta n t phen o m en o n , re flec tin g  accu ra te ly  th e  com plex 
d y n a m ic  in te rre la tio n s  o f e x c ita to ry  an d  in h ib ito ry  processes, w as observed 
a t  s tim u la tio n  w ith  h ig h er in tensities. A fte r th e  te rm in a tio n  of a su p ra th resh o ld  
s tim u la tio n  a c tiv a tin g  one of th e  tw o  reflexes, a se lf-susta ined  period ical p ro 
cess com posed of p rog ressively  sh o rten in g  a rre s t an d  a c tiv a tin g  processes was 
lau n c h e d . The d u ra tio n  of th e  w hole period ic  process was ro u g h ly  com m ensu
r a te  w ith  th e  in te n s i ty  of s tim u la tio n  ( Fi g.  8) .

(S im ilar period ic  a lte rn a tio n  o f v eg e ta tiv e  as well as m o to r fac ilita to ry  
a n d  in h ib ito ry  p h en o m en a  elicited from  th e  h y p o th a lam u s in lig h tly  an aes th e 
t iz e d  ca ts  have been  re p o rte d  on p rev io u sly ; G r a s t y á n  et al.  1953).

These find ings obviously  su p p o rt th e  form ed assu m p tio n  o f a reciprocal 
in h ib ito ry  re la tio n sh ip  betw een th e  m echan ism s o f m o tiv a tio n  an d  of th e  a rrest
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reac tio n . T he fac t th a t  th is  conclusion has ac tu a lly  been  a rriv ed  a t on th e  basis 
o f s tim u la tio n  a fte r-e ffec ts  has a p a r tic u la r  im p o rtan ce . N am ely , considering  
th a t  th e  u n av o id ab le  a rtific ia l effects o f a d irec t s tim u la tio n  can n o t p la y  an y

a b c

Fig.  8. Periodic alternation of activations and arrest reactions e licited  b y  strong hypothalam ic  
stim ulation  in the double conditioning situation , a)  The anim al a t  rest; b)  activation  of 
avoidance reaction; c— d)  arrest reaction (15"); e)  spontaneous approach rea ctio n ;/^  arrest 

reaction o f short duration; g)  spontaneous avoidance reaction

ro le  in  th e  a fte r-e ffec ts , th e y  m ust be reg a rd ed  as even m ore  reliable in d ica to rs  
of th e  physio logical connections and  o rgan iza tion  th a n  th e  d irect effects o f 
s tim u la tio n .

A dual, activating and inhibitory effect of the sam e thalamic locus

In  an  earlie r p a p e r ( К о р а , Szab ó  a n d  G r a s t y á n  1962) it  w as show n 
th a t  s tim u la tio n  w ith  id en tica l p a ram e te rs  o f th e  region o f  th e  cen tru m  m edia- 
num  an d  p o in ts  in  th e  p re tec ta l region m ay  induce  d iam etrica lly  oppo site  
effects in  tw o  psychologically  d ifferen t s itu a tio n s  of th e  avo idance  co n d itio n a l 
en v iro n m en t. I f  s tim u la tio n  w as app lied  a t  th e  place of th e  ap p lica tion  o f  p a in 
ful e lec tric  shocks, an ac tiv a tio n  of th e  av o idance  re flex  re su lted . I f  s tim u la tio n  
of th e  sam e p o in t w ith  th e  sam e p a ra m e te rs  was ca rried  o u t when the c a t w as 
s ittin g  on th e  place of f lig h t, th en  in a m ark ed  c o n tra s t w ith  th e  fo rm er effect a 
re lax ing  or even sleep-inducing  effect could  be observed . T his re lax ing  effect 
was n o t p reced ed  b y  an y  signs of ex c ita tio n  ( Fig. 9).

T here  are  tw o fac ts  availab le  p ro v in g  th a t  th e  effect p roduced  on th e  
f lig h t p lace  is rea lly  q u ie tin g . F irs t, a t  th e  te rm in a tio n  o f s tim u la tio n  an  
arousal re a c tio n  as well as o rien ting  reac tio n s  of a reb o u n d  ch a ra c te r  w ere 
observed . Second, in  th e  course of sim u ltan eo u s E E G  record ings th e  ap p ea ran ce  
of slow w aves an d  sleep spindles in  th e  n eo co rtex  could be reg istered . D u rin g  
th e  a c tiv a tin g  effect, th e  ap p earan ce  of d iffuse n eo co rtica l d esy n ch ro n iza tio n  
w as reco rded  (F ig .  9 ) .

3*
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T he f irs t im p o r ta n t  conclusion to  be d raw n  from  th ese  m an ife s ta tio n s  is 
t h a t  th e  effect o f s tim u la tio n  is d e te rm in ed  b y  th e  ac tu a l en v iro n m en t. W e h av e  
n o  reaso n  to  d o u b t t h a t  in th e  a c tiv a tin g  p a r t  o f th e  dual effect th e  sam e m ech a
n ism  is invo lved  as th a t  e lic ited  b y  s tim u la tin g  o th e r m o tiv a tio n a l s tru c tu re s  
( e.g.  th e  h y p o th a la m u s).T h e  re lax in g  effec t, how ever, is a p e rfe c tly  new  phenom -

Г 1
5-4

-vV *|
\100pV

100/s,4mA,12V
1sec

F ig . 9. Stim ulations of the region of the central m edian nucleus or som e poin ts of the pretectal 
reg ion  w ith  identical stim ulus param eters elicited diam etrically opposite effects depending on

the situation  th ey  had been applied
A  : S tim ulation  applied at a m om ent when the cat w as staying on the m eta l grid used for pain
fu l shocking produced rapid activation  of the avoidance reflex. Stim ulation  is accom panied by  
m arked neocortical desynchronization. В  : S tim ulation  applied when the cat was staying on 
th e  flig h t place elicited relaxation and sleeping posture. A t the same tim e slow  w aves and sleep  
sp indles appeared in  the neocortex. Redrawn pictures from a cinem atographic recording. 
F igures on the top  of the pictures show the num ber of copied picture, below the tim e in

seconds after the onset o f stim ulation

en o n  w hich  has n ev e r been m et w ith  on s tim u la tin g  o th e r s tru c tu re s . I t  th e re 
fo re  seem s to  re p re se n t a specific th a la m ic  m echanism .

C onsidering th e  cond itions o f e lic ita tio n  o f th e  re lax in g  effect, i t  m ay  be 
estab lish ed  th a t  i t  is d e te rm in ed  b y  an  en v iro n m en t w hich  does n o t co n ta in  
a n y  d efin ite  s tim u li o f m o tiv a tio n a l c h a ra c te r . D uring  th e  ap p ro ach  o f th e  
f l ig h t place a pu ll e ffect m u st he a t  o p e ra tio n . S u b seq u en tly , how ever, m o tiv a 
t io n a l  ex c item en t d isap p ears  on th e  b en ch , a n d  co n seq u en tly  th e  new  c o n fig u 
ra t io n  of s tim u li ex is tin g  th e re  c a n n o t com e in to  c o n ta c t w ith  an y  d e fin ite  
d r iv in g  force. T he v a lid ity  o f th is  in te rp re ta tio n  seems to  be su p p o rte d  b y  an  
in te re s tin g  acc id en ta l o b se rv a tio n . N am ely , if  th e  ex p e rim en ta l box  w as o v e r
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h e a te d ,th e n ,in s te a d  of th e  relax ing  e ffec t a ty p ic a l h ea t-reg u la tin g  e f fe c t ,p a n t
ing, w as elic ited  b y  th e  s tim u la tio n . T h is effect could n o t be elicited in  an  in d if
fe ren t te m p e ra tu re  by  an y  k inds of p a ra m e te r . F ro m  th is  we m ay  conclude  
th a t  th e  p a n tin g  does n o t rep resen t a d irec t effect o f th e  s tim u la ted  s tru c tu re . 
I t  is w ell-know n th a t  p a n tin g  can be e lic ited  a t a low  th resh o ld  from  d e fin ite  
regions of th e  h y p o th a lam u s. T hus, th is  effect is p ro b a b ly  elicited  fro m  th e  
th a la m u s  b y  fa c ilita tin g  th e  function  o f th a t  h y p o th a lam ic  region. W e th in k  
th a t  a sim ilar in te rp re ta tio n  holds also in  th e  case o f th e  conditional a c tiv a tin g  
effect o f s tim u la tio n . W ith  a g enera liza tion  one m ay  say  th a t  th e  th a la m ic  
system  p ro duc ing  these  dual effects a lw ays w orks in  th e  d irection  o f th e  a c tu a l 
m o tiv a tio n a l s ta te . W ith  a defin ite  m o tiv a tio n a l ex c ita tio n  or in th e  presence  
of m o tiv a tio n a l signals th e  system  increases th e  a c tu a l m o tiv a tio n a l e x c ite 
m en t. In  w a n t of m o tiv a tio n a l cues i t  induces generalized  inh ib ition .

F ro m  a neurophysio logical p o in t of view  th e  d u a l effect can  o n ly  be 
ex p la in ed  b y  assum ing  th a t  in th e  a rea  in  question  e x c ita to ry  and  in h ib ito ry  
n eu ra l e lem ents are lo ca ted  in  an o v erlap p in g  m an n e r. This a ssu m p tio n  is 
su p p o rted  b y  e lectrophysio logical f in d in g s (T is s o t  an d  M o n n i e r  1959). T he 
se ttin g  in to  o p era tio n  of th e  tw o effects m ig h t so occur th a t  in an en v iro n m en t 
h av in g  m o tiv a tio n a l cues th e  th resh o ld  o f fa c ilita to ry  e lem ents, in an  in d iffe 
re n t s itu a tio n  an d  in  th e  lack  of m o tiv a tio n a l ex c item en t th e  th re sh o ld  of 
in h ib ito ry  elem ents, is low ered. C onsequen tly , s tim u la tio n  alw ays increases th e  
process th e  fu n c tio n  o f w hich is a c tu a lly  d o m in an t.

In  th e  reg u la tio n  of th e  fu n c tio n a l to n e  of th e  fa c ilita to ry  elem ents im p u l
ses of th e  p rim ary  m o tiv a tio n a l sy stem s m u st p lay  an  im p o rtan t ro le . T he 
know n ana to m ica l connections of th e  a c tiv a tin g  sy stem  are in ag reem en t w ith  
th is  a ssu m p tio n . A t th e  tim e  being, we h av e  no de fin ite  in fo rm ation  co ncern ing  
th e  origin of im pulses reg u la tin g  th e  fu n c tio n a l tone  of th e  in h ib ito ry  e lem en ts . 
T he fa c ilita to ry  an d  in h ib ito ry  neurons are  p ro b ab ly  o rganized  in  a rec ip ro ca l 
a n tag o n is tic  m an n er, an d  th e  fu nc tion  o f th e  in h ib ito ry  elem ents ap p e a rs  a t 
th e  m o m en t of th e  decrease of ex c ita to ry  processes as a re leased  fu n c tio n .

E a rlie r  som e fac ts  have  been p re se n te d  su p p o rtin g  th e  ex istence o f  th e  
rec ip rocal in te rre la tio n sh ip  betw een  d riv e  m echan ism  a n d  a rrest. T he q u es tio n  
w h e th e r th e  in h ib itio n  belonging to  th e  a rre s t reac tio n  an d  th a t  of th e  d u a l 
effect (re lax a tio n , sleep) are bound  to  com m on or se p a ra te  n eu ra l e lem en ts  
can n o t be answ ered  on th e  basis of th e  av a ilab le  d a ta .

Sum m ing u p , th e  d u a l effect rep re sen ts  a h ig h er level of in te g ra tio n  of 
m o tiv a tio n a l processes th a n  those  of th e  h y p o th a lam ic  effects. I t  re p re se n ts  a 
level w hich  b y  in fluencing  th e  c o n tin u u m  of sleep-w akefulness, co n seq u en tly  
th e  w hole b eh av io u ra l dom ain , seems to  be iden tica l w ith  Mag o un’s a c tiv a tin g  
system , re flec ting  its  pecu liar, inner fu n c tio n a l o rg an iza tion .
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Self-stim ulation experim ents

O ur se lf-s tim u la tio n  experim en ts evo lved  acc iden ta lly  from  one of th e  
possib le  v a rian ts  o f  s tim u la tio n s  carried  o u t in  th e  background  o f cond itiona l 
re flexes. A possible v e rs io n  was to  ap p ly  s tim u la tio n  in th e  m o m en t w hen th e  
an im a l has reach ed  th e  goal o f th e  c o n d itio n a l re flex  (feeding device or flig h t 
p lace). T echn ically  th is  w as so a rran g ed  t h a t  p ressing  of th e  feed ing  device or 
th e  b ench  (below: p ed a l) tu rn e d  on s tim u la tio n , its  release tu rn e d  i t  off. I t  was

a b e d

Fig.  10.  Self-stim ulation process elicited from  the m edial region of the hypothalam us (locali
zation  see in Fig.  4).  M arked m anifestations of rage (growling, hissing, piloerection etc.)

(h) during stim ulation

asce rta in ed  th a t  u n d e r  such conditions a se lf-s tim u la tio n  process, m eeting  th e  
c r ite r ia  of th e  c lassica l se lf-stim u la tion  p rocess (O ld s  an d  M i l n e r  1954  ̂ is 
e s tab lish ed . T he o n ly  difference was th a t  th e  an im al ap p ro ach ed  an d  pressed  
th e  p ed a l n o t d u rin g  a spon taneous o r ie n ta tio n  process b u t  u n d e r th e  effect of 
a co n d itio n a l s ignal. O n th e  o th e r h an d  p ressin g  of the  p ed a l p roduced  n o t a 
p red e te rm in ed  im p u lse  tra in  of d efin ite  d u ra tio n  b u t a con tin u o u s s tim u la tio n . 
I t  w as in te rru p te d  b y  th e  release of th e  peda l.

I t  was su rp ris in g  th a t  u n d er such co n d itio n s a se lf-stim u la tion  process 
ap p ea red  on th e  s tim u la tio n  of po in ts  p ro d u c in g  m arked  o v e rt m an ife s ta tio n s  
o f rag e  (F ig .  1 0 ) .  S im ilar observa tions w ere re p o rte d  by  B r o w n  and Co h e n  
(1959). We h av e  been  urged p a r tic u la r ly  b y  th is  observa tion  to  in v es tig a te  
sy s tem a tica lly  th e  fac to rs  involved  in  th e  m echan ism  of se lf-s tim u la tio n . T he 
re la tiv e ly  low fre q u e n c y  of se lf-s tim u la tio n  (250 —1000 p resses/h r) offered  
cond itions fa v o u ra b le  for th e  sep a ra tio n  o f th e  d ifferent fac to rs . (The low
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freq u en cy  of se lf-stim ula tion  is ex p la in ed  by th e  fa c t th a t  ped a l p ressing  is 
m ore  clum sy u n d e r ou r conditions th a n  in an a p p a ra tu s  devised  d irec tly  for 
su ch  purposes.)

A ccording to  our o b serva tions, th e  process of se lf-s tim u la tio n  consists o f 
th e  follow ing com ponen ts. The p e d a l is pressed b y  th e  an im al fo r a d e fin ite  
p e rio d  of tim e , depend ing  on th e  p a ra m e te rs  of s tim u la tio n , th e n  i t  releases th e  
p e d a l an d  re tre a ts . S ubsequen tly  in  p a r t  of the  cases th e  an im al re tu rn s  ra p id ly  
to  th e  p edal a n d  presses it  aga in . In  o th e r cases a d e fin ite  a rre s t reac tio n  
o ccu rred  a fte r  re tre a t .

C onsidering th a t  pressing th e  ped a l under ou r ex p erim en ta l cond itions 
re su lte d  in  con tin u o u s s tim u la tio n , i t  is u n q u estio n ab le  th a t  re tr e a t  from  th e  
p e d a l w as th e  consequence of s tim u la tio n .

U nder th e  classical cond itions o f  se lf-stim u la tion  th e re  are  tw o possible 
v e rs io n s. The p ed a l is released e ith e r  d u rin g  the  s tim u la tio n  or a fte r  its  te rm in a 
tio n , in  th e  la t te r  case as a consequence  of an u n d efin ab le  fac to r. In  our own 
ex p erim en ts  th e  ap p ro ach  and  p ressin g  of th e  p edal — because o f its  co n d itio n a l 
c h a ra c te r  — is c e rta in ly  the  p ro d u c t o f a pull effect. F rom  th e  fa c t th a t  the  
p ed a l is p ressed  for a defin ite  period  o f tim e  we m ay  conclude th a t  th e  pull effect 
is increased  d u rin g  th e  firs t phase  o f  s tim u la tio n . T he re tre a t  o f th e  an im al 
m u s t necessarily  he a consequence o f  th e  fac t th a t  th e  c h a ra c te r  o f th e  effect 
h a s  changed , i.e. th e  original pu ll e ffec t becam e a p u sh  effect. S im u ltan eo u sly , 
h o w ever, s tim u la tio n  is te rm in a te d . Tw o possib ilities m ay  be env isaged  in  th is  
p h a se  o f our o bserva tions. I f  s t im u la tio n  is in te r ru p te d  du ring  th e  p u sh  effect 
th e n  a pu ll effect ap p ears  com posed o f  reciprocal m ovem en ts o f th e  p u sh  effect 
a n d  th is  com pels th e  an im al to  p ress th e  pedal. I f  in  th e  course o f re tr e a t  a new  
pu ll effect develops, th en  the  in te r ru p tio n  of s tim u la tio n  is follow ed b y  an 
a r re s t  reac tio n . T he a rre s t reac tion  p re v e n ts  th e  a b a n d o n m e n t o f th e  en v iro n 
m e n t o f th e  pedal. A fte r th e  te rm in a tio n  of a rrest, in  th e  course of th e  h y p e r
ac tiv e  pulling  p h ase  th e  anim al is com pelled  again  to  ap p ro ach  an d  press th e  
p ed a l. T hus, accord ing  to  our in te rp re ta t io n  and  u n d e r th e  c ircu m stan ces of 
o u r ex p erim en t, se lf-stim ula tion  is a period ic  process o f forced c h a ra c te r , from  
w h ich  th e  an im al c an n o t be re leased . T his w ould ex p la in  w hy se lf-s tim u la tio n  
can  be con tin u ed  w ith  th e  com plete physica l ex h au stio n  of th e  an im al.

O ur in te rp re ta tio n  is based  on th e  co n sis ten tly  em phasized  fa c t th a t  th e  
b asic  m o tiv a tio n a l m echanism s (pu ll a n d  push  effects) are fu n c tio n s in te rc o n 
n e c te d  in a d e fin ite  sequence. A ccord ing  to  th is , ou r in te rp re ta tio n  seem ingly  
fails i f  th e  p edal is re leased  a fte r th e  te rm in a tio n  o f s tim u la tio n . I t  is ev id en t 
t h a t  no p u sh  effect could  develop in  th is  case as a d irec t effect o f s tim u la tio n . 
T h u s  we can n o t answ er w hat fa c to r  has m ade th e  an im a l to  re lease th e  peda l. 
I t  is possible th a t  th e  m inim um  d u ra tio n  of s tim u la tio n  necessary  to  su s ta in  
a se lf-s tim u la tio n  process ju s t reaches th e  th resh o ld  o f th e  p ush ing  effect. I t  is 
conce ivab le , to o , t h a t  a t the  te rm in a tio n  of s tim u la tio n  n eu ro n a l ex c item en t
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co n tin u es  and  fina lly  le a d s  to  a push effect. In te rp re ta tio n s  b u ilt  on sub jec tive  
em o tio n a l factors acco m p an y in g  or follow ing s tim u la tio n s  are n o t accep tab le . 
T h o u g h  we have no d o u b t  th a t  s tim u la tio n s  are  accom pan ied  b y  com plex 
su b je c tiv e  m an ife s ta tio n s , these  in our op in ion  are  consequences an d  n o t causes, 
th e re fo re  th ey  can n o t re p la c e  neural m echan ism s even tem p o ra rily .

The interpretation o f motivation with the help of a “ conceptual'’
nervous system

T he com plex ity  o f  th e  relations d iscussed  in  th e  course o f th is  s tu d y  on 
th e  one han d , and  th e i r  poorness in  re la tio n  to  re a lity  on th e  o th e r, convinc
in g ly  show s th a t  to  c o n s tru c t a c ircu it d iag ram  o f n eu ra l m echan ism s of even 
th e  sim p lest b eh av io u ra l a c t is a va in  hope. W e w ere fu lly  aw are o f th is  when 
p re p a rin g  th e  p re se n t d iag ram s and  our p u rp o se  w as only to  fac ilita te  th e  
su rv ey  o f our d a ta  a n d  th e  verifications o f o u r conclusions. I t  w as also hoped to  
get new  w o rk in g -h y p o th eses , to  be co n tro lled  ex p erim en ta lly .

R ela tionsh ips in  th e  circu it d iag ram  h av e  been  sim plified  to  a possible 
m in im u m . C onnections h a v e  been c o n s tru c te d  on th e  basis o f th e  functional 
d a ta ;  in  th e  an a to m ica l sense these are  h y p o th e tic a l, in  H e b b ’s (1955) te rm i
no logy  th e y  rep resen t a “ co ncep tual”  n erv o u s sy stem . C onnections have no t 
been  iden tified  w ith  co n c re te  anatom ical p a th w a y s  even  in  th e  case if  it  w ould 
h av e  been  ju stified  b y  fu n c tio n a l and  m orpho log ica l d a ta . S tru c tu re s  re p re se n t
ing  essen tia lly  id e n tic a l basic  m echanism s h av e  been in te g ra te d  in to  a com m on 
sy s te m , e.g. th e  h y p o th a la m u s  rep resen ts all th e  s tru c tu re s  c o n tr ib u tin g  to  th e  
basic  m o tiv a tio n a l m echan ism .

C onsidering t h a t  th e  connections p o s tu la te d  on th e  basis o f ou r observa
tio n s could  no t be u n if ie d  w ith o u t co n trad ic tio n  in  a single schem e, we decided 
to  c o n s tru c t tw o a l te rn a tiv e  schemes.

S ta r tin g  from  th e  recogn ition  th a t  th e  sam e basic  m echanism s (pull an d  
p ush ) are  involved in  th e  d ifferen t specific drives p ro d u ced  b y  d iffe ren t specific 
a ffe re n t neural or h u m o ra l im pulses (h u n g er, th ir s t ,  pa in , sex, etc.) only one 
u n sp ec ified  drive w as in co rp o ra ted  in  th e  schem e. T he ex trem ely  com plica ted  
a n d  u n c e rta in  re la tio n sh ip s  of th e  d iffe ren t d rives h av e  been o m itte d  lest th e y  
confuse th e  m ost im p o r ta n t  re la tions.

As i t  can be seen , th e  afferen ts (DS) responsib le  for th e  in d u cem en t o f a 
d r iv in g  force are o n ly  co nnec ted  to  th e  p u ll sy stem , on th e  basis o f th e  find ing  
th a t  th e  p rim ary  e ffec t o f s tim u la tio n  is co n sis ten tly  a pull e ffect. The p u sh  
sy s tem  is th row n in to  ac tio n  by th e  pu ll sy stem  (2) if  ex c item en t in  th e  la t te r  
reach es a critical lev e l. T his ac tiv a tio n  th re sh o ld  is m ark ed  b y  th e  v e rtic a l 
h a tc h in g . B oth  sy s tem s are  connected  to  th e  co rrespond ing  m o to r system . I t  
seem s h ighly  p robab le  t h a t  b o th  the  pull an d  th e  p u sh  effects are  b u ilt on some 
specific  and  e lem en ta ry  m o to r p a tte rn s . I t  m ust be assum ed th a t  ihese m o to r
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Fig.  11. (I and II) Schem atic representation of the basic m echanism s underlying m otivation , 
constructed on the basis o f the described facts. D etailed  explanation  see in text
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p a t te rn s ,  ow ing to  th e  m odify ing  e n v iro n m e n ta l effects are  h igh ly  com plex . In  
th e  la s t  analysis th e y  shou ld , how ever, be re la te d  to  the s im p lest m an ifesta tio n s 
o f  ap p ro a c h  and  av o idance  la id  dow n in th e  spinal cord , w ith  ex ten sio n  and 
flex io n . A tte n tio n  is called  a t  th e  sam e tim e  to  the  s im ila rities show ing th e m 
selves b e tw een  th e  o rg an iza tio n  of th e  m e d u lla ry  re sp ira to ry  cen tre  (re la tio n 
sh ip  o f  in- an d  e x p ira to ry  neurons) a n d  th o s e  of our p u ll-p u sh  system . B u t a 
d e ta ile d  discussion of th e  m o to r o rg an iza tio n  of th e  pu ll a n d  push  effects had 
also to  be o m itted  because  i t  w ould h a v e  in v o lv ed  a su rv ey  of th e  w hole h ie r
a rc h y  o f  m o to r in te g ra tio n .

L e t us now  follow  th e  m echanism s o f m o tiva tion  w ith  th e  help  o f  th e  
schem e. E ssen tia lly , i t  suffices to  an a ly se  th re e  cond itions: (i) th e  ap p ea ran ce  
o f  a p u ll effect in  th e  case o f a w eak m o tiv a tio n a l exc item en t; (ii) th e  tra n s it io n  
o f  p u ll in to  push  e ffec t; (iii) the  m ech an ism s of drive red u c tio n  or, in  o th e r  
w ords, th e  effect o f th e  cessation  of d riv e  in  th e  case of an  in ten siv e  pu ll effect.

(i) In  th e  case o f  an  exc item en t o f  d e fin ite  s tre n g th  u n d e r th e  in fluence  
o f  th e  pu ll sy stem  th e  an im al ap p ro ach es th e  stim ulus a c tu a lly  ac tin g  on it. 
S im u ltan eo u sly  w ith  th e  s ta r t  of th e  m o to r  act, a sy s tem  able to  m a in ta in  
f ir in g  a f te r  th e  cessa tion  of th e  orig inal d riv e  im pulses is also set in to  ac tion . 
A ccord ing  to  th e  f ir s t  schem e (F ig .  11 A ) ,  th is  s tru c tu re  fired  s im u ltan eo u sly  
b y  m o tiv a tio n a l (7) as w ell as by  e x te ro c e p tiv e  im pulses is th e  fa c ilita to ry  
sy s te m  o f th e  th a la m u s  (F ). As a consequence  of these tw o  k inds of a ffe ren ta - 
tio n , fa c ilita to ry  im pulses (9) are sen t to  th e  efferent p ro jec tio n s of b o th  th e  
p u ll an d  push  system s. T he condition  o f  th e  fo rm ation  of a cond itiona l connec
tio n  accord ing  to  o u r schem e is th e  s im u ltan eo u s  convergence of tw o e x c ita to ry  
processes. Such a connec tion  m ay be n e u tra liz e d  by  an ac tiv e  in h ib ito ry  connec
tio n . A cond itional coupling  u n d er th e  a c tu a l c ircum stances is given b y  th e  
p u ll sy stem , considering  th a t  th e  p u sh  sy s te m  is m o m en ta rily  inac tiv e .

A ccord ing  to  th e  second schem e ( F ig . 11В ) ,  th e  s tru c tu re  responsib le  for 
th e  re v e rb e ra tin g  im pulses is th e  h ip p o cam p u s, w hich is b ro u g h t in to  ac tio n  by 
im pu lses of th e  pu ll sy s tem  (4) as w ell as b y  en v iro n m en ta l im pulses. T h e  role 
o f  th e  h ippocam pus in  re sp ec t of th e  re v e rb e ra to ry  fu n c tio n  has been ta k e n  in to  
a c c o u n t on th e  basis of its  inner s t ru c tu ra l  o rg an iza tion  (M cL a r d y  1959). 
A cco rd ing  to  th e  schem e, h ippocam pal im p u lses  should fa c ilita te  th e  pu ll effect. 
O n th e  basis of th is  a ssu m p tio n  a fa c ilita tio n  of the  pu ll effect m ight be expected  
fro m  d irec t e lec trical s tim u la tio n , an d  its  decrease from  destro y in g  th e  h ip p o 
cam p u s. This e x p ec ta tio n  w as, how ever, co n trad ic ted  by  our own ea rlie r f in d 
ings (G r a s t y â n  et al. 1959). The c o n tra d ic tio n , as it  will be  show n la te r , can  be 
reso lved  by  assum ing  a connection  b e tw een  th e  h ippocam pus and  th e  in h ib i
to ry  sy stem  of th e  th a la m u s  (8).

(ii) I f  ex c ita tio n  in  th e  pu ll sy s tem  reaches a c ritica l level, pu ll is t r a n s 
fo rm ed  (2) in to  a p u sh  effect. A ccord ing  to  th e  f irs t schem e, in th e  m om ent 
w hen  ex c ita tio n  in th e  p u sh  system  reach es  a critical level, im pulses go to  the
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h ippocam pus (4); th is  s tru c tu re , w ith  th e  help  o f im pulses com ing from  th e  
en v iro n m en t, in h ib its  (6) th e  im pulses (1) going from  th e  pu ll system  to  th e  
correspond ing  m o to r  system . In  th is  w ay  th e  m an ife s ta tio n  of th e  pull co n n ec
tion  is h indered . A t th e  sam e tim e  th e  im pulses o f th e  push  system  (3) converge 
w ith  those of th e  fa c ilita to ry  sy stem  (9) an d  th u s  th e  cond itions of th e  fo rm a tio n  
of a connection  are  given a t th e  m o to r system  in n e rv a te d  b y  th e  push  sy s tem . 
O n th e  v e ry  im p a c t o f th e  p u sh  effect, th e  an im a l f in a lly  tu rn s  off from  th e  
ex te rn a l s tim u lu s w hich  had ac ted  on it  and  gets  u n d e r th e  in fluence of a new  
en v iro n m en ta l s tim u lu s . S im u ltaneously , how ever, th e  pu ll m echanism  m u s t 
again  be e ffec tive, because a t a c ritica l level o f th e  push  exc item en t th e  in h ib i
to ry  feed-back  m echan ism  ex e rted  th ro u g h  th e  h ip p o cam p u s (5) is set in to  
ac tion  and  th e re fo re  th e  push  effect will he tra n sfo rm e d  in to  pu ll effect.

In  th e  second  schem e th e  in h ib itio n  (6) o f th e  efferen t im pulses o f th e  
pu ll system  an d  th e  in h ib ition  ac tin g  on th e  p u ll sy stem  itse lf  (2) are e x e rte d  
b y  th e  push  sy s te m . T he final effect is, how ever, th e  sam e in b o th  cases.

(iii) I f  in  th e  course of an in ten siv e  pu ll effect th e  an im al arrives a t  a 
s itu a tio n  w here th e  im pulses responsib le  for m o tiv a tio n  cease to  ac t (d riv e  
reduc tion ) th e  fo llow ing processes m ay  tak e  p lace.

The th a la m ic  fa c ilita to ry  sy stem  is a lread y  set in to  action  and  th e se  
im pulses fa c ilita te  th e  im pulses of th e  pull sy s tem . A t th e  m om ent of d riv e  
red u c tio n , how ever, th e  fa c ilita to ry  system  also ceases fu n c tion ing  and  th u s  
the  inh ib ito ry  sy s te m  is released . This in h ib itio n  is d estin ed  to  p ro tec t th e  
a c tu a l m ovem en t p a tte rn ,  by  h in d erin g  th e  ap p ea ran ce  of any  o th e r m ovem en t. 
In  th is  wayr a re  ensu red  th e  cond itions of co n d itio n a l connection  fo rm a tio n  
betw een  th is  m o v em en t and  th e  en v iro n m en ta l im pulses. A conspicuous fa ilu re  
of ou r f irs t schem e is, how ever, th a t  th e  re v e rb e ra tin g  im pulses are  a tta c h e d  to  
th e  function  of th e  th a lam ic  fa c ilita to ry  system  w hich, as we have  seen, ceases 
to  function  a t th e  m om en t of d rive  red u c tio n . T herefo re , n e ith e r  the  e x c ita to ry  
rev e rb e ra tin g  im p u lses , nor th e  in h ib ito ry  im pulses req u ired  to  preserve th e  
specific m o v em en t p a tte rn , are ensured .

The second schem e gives a m ore sa tis fa c to ry  so lu tion .
The h ip p o cam p u s set in to  ac tio n  b y  th e  im pulses of th e  pu ll sy stem  (4) 

sends im pulses (5) to  th e  co rrespond ing  m o to r sy stem . A t th e  sam e tim e  th e  
th a lam ic  fa c ilita to ry  system  ceases to  func tion  an d , as a consequence, th e  
in h ib ito ry  sy stem  is released , th e  ex c ita tio n  of w hich  is increased  by  the  re v e r
b e ra tin g  im pulses o f th e  h ipp o cam p u s. This sy s tem  in h ib its  (10) all the  m ove
m en ts  w hich are  n o t u n d er th e  effect of re v e rb e ra tin g  im pulses and th u s  th e  
cond itions are en su red  to  th e  fo rm atio n  of a co n d itio n a l connection  betw een  
th e  ac tu a l m o v em en t and  th e  p erip h era l im pulses.

This second schem e has been critic ized  on th e  g rounds of th e  d isagree
m en t betw een  th e  p o s tu la te d  fa c ilita to ry  effect o f th e  h ippocam pus and  o b se r
v a tio n s  m ade on th e  basis of s tim u la tio n s  (G r a s t y a n  et al. 1959) as well as
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lesions ( K a r m o s  an d  G r a s t y á n  1962). I t  is, how ever, possible t h a t  n o t th e  
e x p e c ta tio n s  derived  from  th e  schem e, b u t  ra th e r  the  in te rp re ta t io n  o f our 
ea rlie r fin d in g s was in co rrec t. S tim u la tio n  o f th e  h ippocam pus elicits an  a r re s t
like re a c tio n  and  n o t genera lized  in h ib itio n . Follow ing d es tru c tio n  o f th e  h ip p o 
cam p u s th e  an im al becom es h y p e ra c tiv e . T h e  conditions o f e lic iting  b y  e lec tr i
cal s t im u la tio n  an  a r re s t  reac tio n  are m o re  ex ac tly  show n in th e  second th a n  in 
th e  f i r s t  schem e. Im p u lses  (5) going fro m  th e  h ippocam pus to  th e  m o to r  system  
m a in ta in  th e  ac tu a l m ovem en ts w hile th e  im pulses of th e  s im u ltan eo u sly  
a c t iv a te d  th a lam ic  in h ib ito ry  sy stem  (10) p rev en t th e  in te rv e n tio n  o f  an y  
o th e r  m o v em en t.

T h e  h y p e ra c tiv ity  follow ing h ip p o c a m p a l lesion m ay  be re g a rd e d  as a 
consequence  of d ro p p in g  o u t o f th e  in h ib ito ry  function  of th e  th a lam ic  s tru c tu re .

O n th e  basis o f th e se  co n sid e ra tio n s th e  second schem e p ro b a b ly  s tan d s  
n e a re r  to  th e  re a lity  th a n  th e  f irs t  one. A  com m on fau lt o f b o th  schem es is th a t  
th e  in h ib ito ry  fu n c tio n  invo lved  in th e  a r re s t  reac tion  as w ell as th a t  invo lved  
in  th e  d u a l effect (genera l re lax a tio n ) is a t tr ib u te d  to  th e  sam e sy s tem . The 
in h ib ito ry  process o f th e  a rre s t reac tio n  is an  in d ep en d en t fu n c tio n  a n d  belongs 
to  a s tru c tu re  (e.g. th e  co rp u s s tr ia tu m )  n o t in v e s tig a te d  in  th e se  e x p e ri
m e n ts ; i t  will be checked  in  th e  course o f fu r th e r  stud ies.

In  th e  la s t tw o  decades th e re  w ere  num erous d eb a tes  on th e  im p o rta n c e  
o f c o r tic a l and  su b co rtica l processes in cond ition ing . T he d eb a tes , in  th e  lack 
o f a n ecessary  am o u n t o f concrete  in fo rm a tio n , were m ostly  sterile . In  th e  last 
y e a rs  th e  d iscovery  o f Ma g o u n ’s a c tiv a tin g  system  has tu rn e d  th e  scale s ligh tly  
in  f a v o u r  o f su b co rtica l processes. T h e  fu n c tio n a l p rinc ip le  of th e  a c tiv a tin g  
sy s te m , how ever, does n o t ju s tify  a n y  one-sided concep tion . T he ex trem e 
im p o r ta n c e  of th e  d iscovery  of th e  a c tiv a tin g  system  can be seen in  th e  in tro 
d u c tio n  of a dynam ic  p rincip le  in to  th e  fu n c tio n a l n e u ro a n a to m y  of th e  b ra in  
a g a in s t th e  s ta tic  classical concept.

T he m ost essen tia l ch a ra c te ris tic  o f th e  princip le is th a t  th e  in te g ra tiv e  
a c tio n  o f th e  cen tra l nervous sy stem  is b o u n d  to  a con tinuous fu n c tio n a l in te r 
a c tio n  o f tw o an a to m ica lly  an d  fu n c tio n a lly  w ell-defined system s. T he fea tu res  
o f  th e  specific and  diffuse p ro jec tio n  sy stem s in th is in te ra c tio n  are  n o t su b o r
d in a te d  b u t  co -o rd in a ted .

In  th e  ligh t o f th e  p resen ted  co n cep tio n  le t us fin a lly  d raw  som e general 
conclusions concern ing  th e  re la tiv e  im p o rtan ce  of th e  specific  an d  diffuse 
p ro je c tin g  system s in  th e  e s tab lish m en t o f cond itional reflexes.

T he fu n c tio n a l s ta te  of th e  f a c il i ta to ry  (F) an d  in h ib ito ry  (I) system s 
lo c a te d  a t  th e  th a la m ic  level is d e te rm in ed  b y  im pulses (7) o rig in a tin g  from  th e  
m esencephalic  re tic u la r  fo rm atio n  and  th e  h y p o th a lam u s. A t th e  sam e tim e, 
th e  fu n c tio n a l s ta te  o f th e  co rtex  d ep en d s  on the th a la m ic  system s (11, 12). 
F ro m  th e  po in t o f Anew of th e  co n d itio n a l connection  th is  w ould  m ean  th a t  it  is 
th e  p r im a ry  m o tiv a tio n a l system  w h ich  determ ines w h e th e r e x te rn a l stim uli
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reach in g  these h ig h e r levels reach  th e  e x c ita to ry  or in h ib ito ry , or th e  p u sh  or 
p u ll connections. T h ese  d e te rm in ing  effects of th e  su b c o rtic a l system  are  n a tu 
ra lly  on ly  effective in  th e  course of th e  e s ta b lish m e n t o f cond itional connec
tio n s , in  o ther w ords in  u n fam ilia r s itu a tio n s . A fte r th e  e s tab lish m en t o f a p p ro 
p r ia te  conditional con n ec tio n s, i.e. in  a fam ilia r s i tu a tio n , i t  is th e  fu n c tio n  of 
h ig h er fo rm ations w h ich  determ ines th e  fu n c tio n  o f th e  m o tiv a tio n a l system s 
b y  w ay of th e ir  d ire c t descending p ro jec tio n s. T h is d e te rm in in g  effect o f th e  
en v iro n m en t seem s to  m an ifest itse lf also a t  th e  e lec tric  ac tiv a tio n  o f con d i
t io n a l reflexes.

Sum m ing u p , w e m ay  s ta te  th a t  d u rin g  th e  d ev e lo p m en t of cond itio n a l 
reflexes i t  is the  fu n c tio n s  of th e  su b co rtica l a c tiv a tin g  system s and  a fte r  th e  
e s tab lish m en t of co n d itio n a l reflexes, th a t  o f th e  specific  system s, w hich 
ch ie fly  dom inate . S ince, how ever, a p e rfec tly  u n k n o w n  s itu a tio n  p rac tica lly  
does n o t ex ist, i t  fo llow s th a t  e ith er of th e  fu n c tio n s can  be abso lu te .

W e are fu lly  aw a re  th a t  th e  in te rp re ta tio n s  p u t  fo rw ard  in  th is  s tu d y  are 
o ften  oversim plify ing  an d  m echanistic . T he purpose  o f th e  s tu d y  w as, how ever, 
in ten tio n a lly  to  red u ce  th e  n eu ra l fac to rs  invo lved  in co n d itio n in g  and  lea rn in g  
to  a m in im um  level, fo r  th e  sake of a c leare r view  o f th e ir  o rg an iza tion . This 
in te n tio n  necessarily  invo lves o versim p lifica tion . A t th e  sam e tim e  it  is p ro m is
ing  th a t  th e  m ost fu n d a m e n ta l p roperties o f th e  c o n d itio n a l process can success
fu lly  be in te rp re ted  on th e  basis of neu rophysio log ica l find ings. I t  is also a d m it
te d  th a t  m any of th e  often  h ighly  so p h is tic a ted  req u irem en ts  of d ifferen t 
le a rn in g  theories a re  n o t  m et b y  th is  concep tion . I t  is w ell know n th a t  severa l 
o f th e  cu rren t b e h a v io u r theories deny  th e  im p o rtan ce  o f m o tiv a tio n  in  lea rn ing  
(p ercep tio n  or n o n -re in fo rcem en t theo ries). I t  seem s w o rth  while to  consider 
t h a t  th e  m a jo rity  o f  th e  unansw erab le  ob jec tio n s can  be fo u n d  in  conceptions 
w h ich  represen t p u re  psychological co n stru c tio n s  an d  also re jec t the  com pe
ten ce  o f physio logical a sp ec ts  in  theo riz in g . In s te a d  o f  considering  these  d iscre
panc ies we should b e a r  in  m ind  th a t  th e  v a lid ity  o f m a n y  o f these  th eo re tica l 
p o s tu la te s  are b e in g  seriously  questio n ed  b y  new  ach iev em en ts  of n eu ro 
physio logy .

T he findings o f  th e  p resen t s tu d y  as well as o f a n u m b e r of o th e r au th o rs  
h av e  clearly  show n t h a t  d irec t m an ip u la tio n s  in  th e  n e rv o u s su b s tra te  o f m o ti
v a tio n  resu lt in m a n ife s ta tio n s  reflec ting  th e  p o s tu la te s  o f th e  so-called s tim ulus- 
response  or re in fo rcem en t theories ( P a v l o v , T h o r n d i k e  etc.). In  th a t  
c lassifica tion  th e  c lo sest co rre la tion  w as offered  b y  th e  so-called  drive red u c tio n  
th e o ry  proposed b y  H u l l  (1943). O p p o n en ts  of th e  g enera l im p o rtan ce  of 
m o tiv a tio n  in co n d itio n in g  m ight o b jec t th a t  th is  co rre la tio n  could on ly  be 
fo u n d  because th e  m an ip u la tio n s  w ere re s tr ic te d  to  m o tiv a tio n a l s tru c tu re s . 
T he question  arises w h e th e r  m an ip u la tio n  in  o th e r sy stem s w ould no t su p p o rt 
th e  postu la tio n s o f th e  r iv a l theories. A fte r  th e  d isco v ery  o f th e  princip le  of 
ac tiv a tio n , how ever (M o r u z z i  and  M a g o u n  1949), th a t  possib ility  can h a rd ly
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be su b s ta n tia te d . I t  seem s to  be w e ll-estab lished  (L ijn d sl e y  1951; G a s t a u t  
a n d  R o g e r  1960) th a t  th e  fu n c tio n  o f th e  ascending  a c tiv a tin g  sy s tem , w hich  
a n a to m ic a lly  coincides w ith  th e  s tru c tu re s  show ing m o tiv a tio n a l p ro p e rtie s , is 
e s se n tia l in th e  o rg an iza tio n  of every  h ig h er process. E ven  in  th e  lig h t of recen t 
f in d in g s  (D oty  et al. 1959; A d a m e t z  1959) accord ing  to  w h ich  th e  c ritic a l 
s tru c tu re s  are n o t re s tr ic te d  to  th e  m esencephalic  re tic u la r  fo rm a tio n , i t  is 
c e r ta in  th a t  a m in im um  degree of ex c item en t in th is  system  is an  in d isp en sab le  
c o n d itio n  of th e  in te g ra tiv e  ac tio n  o f  th e  w hole b ra in .
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CONDITIONED EVOKED POTENTIAL,
A MODEL EXPERIMENT OF LEARNING

By
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On presenting a com bination of various som atic and v iscera l stim uli, conditioned  
evoked potentials have been obtained in unanaesthetized, curarized cats. From the char
acter o f the changes o f the evoked responses conclusions h ave been  drawn as to certain  
elem entary laws of the process o f learning. The conditioned evok ed  response, in  the  
lack of reinforcem ent b y  a second stim ulus, showed a regular extin ction  curve; th is  
inhibition could be suspended by the introduction of a new  stim ulus, i.e. d isinhibition  
was brought about. The conditioned evoked response appeared in the cortical represen
tation  areas o f both  afferent nerves involved in training.

O ur sym posium  is concerned  w ith  th e  earliest signs o f  th e  d eve lopm en t 
o f th e  te m p o ra ry  connection . R esearch  w orkers u su a lly  a p p ro ach ed  th is  m o st 
decisive phase of th e  le a rn in g  process in tw o w ays. O n th e  one han d , th e y  
s tu d ie d  th e  early  m o to r, v eg e ta tiv e  or e lec tric  p h en o m en a  accom pany ing  th e  
deve lopm en t of a classical a lim e n ta ry  or defensive c o n d itio n e d  reflex , an d , on 
th e  o th e r, th e y  su b jec ted  to  e lec trophysio logical analysis th e  ac tiv ities ta k in g  
p lace in  th e  single cen tra l neu ro n es, to  e luc ida te  th e  s im p le s t ce llu lar processes.

B o th  m ethods h av e  p ro d u ced  excellen t resu lts . S till, in  our op in in ion , 
decisively  new  insigh t m ig h t be o b ta in ed  also from  th e  an a ly sis  of com plex 
ce llu lar o rgan iza tions, ju s t  as in  th e  case o f classical c o n d itio n in g , if  we c rea te  
a lea rn ed  phenom enon  by  th e  sim u ltaneous p re se n ta tio n  o f  tw o  afferen t s tim u li 
b u t e lim ina te  th e  e ffe ren ta tio n  of th e  cond itioned  re flex  a rc . In  th is  w ay  th e  
g rea tly  in e rt m u ltin eu ro n a l effec to r a p p a ra tu s  can n o t o v e rm ask  certa in  p ro ces
ses, as it  o ften  happens in  th e  course of classical cond itio n in g .

The essence of th e  electrophysio log ica l m odel used  b y  us is a k ind  of 
sensory-sensory  cond ition ing . S tim u la tio n  is carried  ou t b y  ap p ly in g  a com bi
n a tio n  of various som atic  an d  v iscera l s tim u li, an d  th e  ch an g es in  th e  d u ra tio n  
an d  am p litu d e  of th e  co rtica l evoked  p o ten tia ls  are  used as th e  in d ic a to r .T h e reb y  
we h av e  o b ta in ed  a te m p o ra ry  connection  m odel, allow ing excellent q u a n t i 
ta t iv e  con tro l.

O ur aim  was to  follow  up  th e  dynam ics o f th e  d e v e lo p m en t of le a rn ed  
processes and  to  sub jec t th e se  early  p henom ena to  precise e lec trophysio log ica l 
analysis.
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Methods

Forty  unanaesthetized, curarized cats were involved in the acute  experim ents. At 
operation  under light ether-hexobarbital anaesthesia we exposed the r igh t ectosylv ian gyrus, 
described as the representations o f both  the splanchnic and sciatic nerves, as well as the right 
tem p oral cortex, the auditory centre. We applied spherical silver e lectrodes to both  areas. Then 
w e exposed the left splanchnic and sciatic nerves, divided them , and p laced  stim ulating elec
trodes on their central stum ps. The param eters o f stim ulation were, 0.5 m sec, 1.5 У , square 
im pulses. For auditory stim ulation  we used clicks, conducted b y  a rubber tube d irectly  into  
th e  outer auditory m eatus o f the anim als. Cortical a c tiv ity  was recorded b y  EEG , and the evok
ed potentials were recorded from  unipolar leads b y  a cathode oscillograph.

Results

In  th e  f irs t ex p erim en ts  we p re se n te d  0.5 msec sp lan ch n ic  shocks to g e th e r  
w ith  single sciatic  s tim u la tio n s . A fte r 30 to  80 re in fo rcem en ts  of th is  ty p e , 
c a rr ie d  o u t a t  5-second in te rv a ls , we observed  a p e c u lia r  fac ilita tio n : th e  
a m p litu d e  of th e  co rtica l p o te n tia l  evoked  b y  sp lanchnic  s tim u la tio n  increased

Fig.  1. Conditioned evoked potential. A:  poten tia l evoked by sp lanchnic stim ulation . B:  
com bined splanchnic and sciatic  stim ulation. C: response to sp lanchnic stim ulation alone
after 80 trainings. N ote  the increase of am plitude. Recorded from  ectosy lv ian  gyrus. Each  
section  shows 10 superim posed curves. Read curves from right to le ft. Tim e signal, 20 msec.

V ertical line: tim e o f presenting the stim ulus
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to  alm ost tw ice th e  co n tro l v a lu e ; th is  in creased  response  could be reco rd ed  
fo r m inu tes (F ig .  1 ) .  T h u s , th is  p ecu lia r p h enom enon  is a ty p ica l le a rn e d  
reac tio n , possessing th e  c rite r ia  of a con d itio n ed  response.

I f  th e  response evoked  th ro u g h  sp lan ch n ic  s tim u la tio n  is p resen ted  alone 
fo r m inu tes, i.e. i t  is n o t “ re in fo rced”  b y  sc ia tic  s tim u la tio n , th en , to  use th e  
P av lo v ian  term in o lo g y , th e  sp lanchn ic  s tim u lu s  loses its  s ig n a l significance a n d  
a ty p ica l ex tin c tio n  re su lts . Fig. 2 shows such  ex p erim en ts  on tw o cats. In  th e

1 2  I 4 5

Fig.  2. E xtinction  and disinhibition . Each point o f every carve represents the am plitude o f  
one evoked potential. A:  poten tia l evoked by auditory stim ulation . 1: before reinforce
m ent, 2: click +  sciatic stim ulation , 3: after train ing, potentia l evok ed  by click, w ith ou t
reinforcem ent. N ote  extinction  curve. 4: increase o f am plitude in response to the presentation  
o f  a new (splanchnic) stim ulus in the phase of ex tin ction ; d isinhibition has resulted. 5: th is
is again followed by extinction . B:  the same in the case o f a poten tia l evoked by splanchnic
stim ulation , reinforced b y  sciatic  stim ulation ( 2 ) ,  w ith  disinhibition in  response to auditory

stim ulation ( 4)

f irs t , a u d ito ry  s tim u la tio n  w as applied  to g e th e r  w ith  sc ia tic  stim u la tio n . O n 
re in fo rcem en t th e  a m p litu d e  o f th e  evoked p o te n tia ls  in c rea sed . This increase  
o f am p litu d e , in  a le a rn ed  w ay , persisted  also w hen th e  a u d ito ry  stim ulus w as 
p re sen ted  alone. On th e  o th e r  h an d , th e  am p litu d e  g ra d u a lly  decreased to  
a lm ost th e  p re -re in fo rcem en t level, w hen re in fo rcem en t h a d  b een  d iscon tinued : 
a  ty p ica l ex tin c tiv e  in h ib itio n  resu lted .

I f  we p resen t a new  s tim u lu s  during  th e  phase of e x tin c tio n , for exam ple  
sp lanchn ic  s tim u la tio n  in  th is  case, in h ib itio n  of th e  in h ib itio n  resu lts: th e  
am p litu d e  increases again . T h u s, our m odel ex p erim en t h a s  proved  electro - 
physio logically  th e  occurrence  of ex tin c tiv e  in h ib itio n  an d  d is inh ib ition .

W e have been d ev o tin g  p a r tic u la r  a tte n tio n  to  th e  to p o g ra p h y  of th e  
foci of ex c ita tio n  c rea ted  b y  th e  afferen t im pulses. W e h a v e  found th a t  in  
case we p resen ted  a co m b in a tio n  of stim uli w hose cereb ra l co rtic a l p ro jec tions 
w ere d ifferen t, fo r exam ple  a u d ito ry  s tim u la tio n  w ith  sc ia tic  s tim u la tio n  
( Fig. 3 ) ,  cond itioned  evoked  p o ten tia ls  ap p e a re d  b o th  in  th e  sciatic  rep resen-

4 A cta Physiologies X X V I/1 — 2.
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t a t io n  a rea  and  in  th e  a u d ito ry  co rtex . T h is was a re m a rk a b le  evidence, as i t  
h as  a lw ays been c la im ed  th a t  w ith  th e  dev e lo p m en t of th e  te m p o ra ry  co n n ec
tio n  one d o m in an t focus arises, p re su m ab ly  a t  th e  site of th e  re in fo rc ing , uncon-

Fig. 3. Topography of the conditioned evoked p o ten tia l 
I :  Conditioned evoked poten tia l induced b y  aud itory sciatic stim ulation , recorded from
th e auditory cortex. I I :  the  sam e, recorded from  the cortical representation of the sciatic
nerve. For training, the clicks are presented 200 m sec before the reinforcing sciatic stim ulation . 
T he records have been m ade b y  K o z h e v n i k o v ’s  technique, i.e. the  cathode oscillograph was 
operated w ith  m odulated ray brightness. E ach line represents one evoked  potential. Dark  
sp ots indicate positive, lig h t spots negative w ave phases. A:  response to auditory stim u
la tion  before reinforcem ent. B:  responses to  aud itory  1 sciatic stim ulation  (note the positive  
and negative phases o f the pontentia ls evoked b y  the clicks, as well as b y  the sciatic stim ula
tion  200 m sec later). C: conditioned evoked poten tia l to sound, after reinforcem ents (note
th e  m arked evoked responses not only at the site  o f  the auditory stim ulation , but also at that 

of the previous sciatic reinforcem ent). Time signal, 20 msec

d itio n e d  stim u lus. O u r d a ta  in d ica te  t h a t  th e  princip le o f  th e  one d o m in an t 
focus is u n ten ab le . W e h av e  found foci o f  excita tio n  in th e  p ro jec tio n  zones of 
b o th  a ffe ren t s tim u li p re sen ted  s im u ltan eo u sly .

D iscussion

As we have  seen, b y  cond ition ing  evoked  p o ten tia ls  w c have c o n s tru c te d  
a re la tiv e ly  sim ple te m p o ra ry  connection  m odel, b y  m ean s of w hich  w e h av e  
a lre a d y  succeeded in  s tu d y in g  som e fu n d a m e n ta l laws o f th e  process of lea rn in g .

The basis of le a rn in g  seems to  be a peculiar s ta te  o f  fac ilita tio n  arising  
an d  p e rsisting  fo r a long  tim e  in th e  c e n tra l  neurones, as a re su lt of tra in in g  
(re in fo rcem en t). W e feel m ore and  m ore  inclined  to  th in k  th a t  th is  pecu lia r 
fa c ilita tio n  is n o t d iffe ren t from  th e  phenom enon d esc rib ed  la te  in  th e  p as t 
c e n tu ry  by  S c h i f f  [3 ] ,  called h y ste rio sis  b y  V e d e n s k y  [4 ]  early  in  th is  c en 
tu r y  an d  now  know n as p o s t- te ta n ic  p o te n tia tio n  a f te r  L l o y d  [2] a n d  E c c -
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LES [1]. The p a t te rn  is u n d o u b te d ly  pecu lia r: a f te r  tra in in g  th e  evoking s t i 
m ulus m a in ta in s  foci o f ex c ita tio n  for hours n o t on ly  in  its  ow n place, b u t  also 
in  th e  p lace of th e  re in fo rc ing  s tim u lus, w hich  is n o t p re se n te d  an y  longer. 
T his cond itioned  focus o f ex c ita tio n  follows th e  law s o f e x tin c tio n  and  d is in h i
b itio n .

In  our e lectrophysio log ica l m odel ex p erim en ts  tw o foci o f ex c ita tio n  h a v e  
in v a ria b ly  arisen  in  to p o g rap h ica lly  d ifferen t areas w hen a reac tio n  was being  
le a rn t.
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T he rap id  deve lopm en t of e lec trophysio logical m icro techn iques has m ade 
it  possible to  ex ten d  th e  analysis o f co n d itio n in g  to  th e  ce llu la r level ( J a s p e r , 
R ic c i  an d  D o a n e  1960). In  th e  p resen t p a p e r  it has been  a tte m p te d  to  follow 
th e  e lab o ra tio n  of a co n d itio n ed  response in  re ticu la r  neurones using  co m p u te r  
processing  o f electrophysio log ical d a ta .

E x p e rim en ts  w ere p erfo rm ed  in 44 a d u lt  albino ra ts  aged 3 m o n th s. T he 
an im als w ere im m obilized  b y  d -tu b o c u ra rin e , fixed  in a s te reo tax ic  a p p a ra tu s  
an d  m a in ta in e d  on a rtif ic ia l re sp ira tio n  60/m in . U sing a h y d rau lic  m icrod rive , 
stee l or glass m icroelec trodes w ere in tro d u c e d  th ro u g h  a large  trep h in e  opening  
over th e  cerebellum  to  th e  p o n to -b u lb a r re tic u la r  fo rm a tio n . A lo u d sp eak er 
m o u n te d  20 cm from  th e  an im a l’s h ead  w as u sed  for acoustic  s tim u la tio n  (con
d itio n ed  stim u lus), w hile e lec tric  shocks w ere  app lied  th ro u g h  a p a ir  o f silver 
w ire e lec trodes to  th e  sc ia tic  nerve  (u n co n d itio n ed  stim u lu s). C ortical p rim a ry  
responses to  th e  sciatic  s tim u la tio n  w ere reco rd ed  from  th e  c o n tra la te ra l so m a to 
m o to r co rtex . U n it a c t iv i ty  w as reco rded  in  f irs t, an d  th e  p rim a ry  responses 
in  th e  second, channel o f a d u a l b eam  oscilloscope. A fte r  a w ell iso la ted  u n it  
exceeding  a t  least th re e  tim es  th e  m ax im u m  p eak  to  p e a k  noise h a d  been  
fo u n d  in  th e  re ticu la r  fo rm a tio n , its  response  to  th e  a u d ito ry  an d  sciatic  s tim u li 
w as te s te d , using  a sim p lified  version of an  average tra n s ie n ts  co m p u te r b u ilt  
in  o u r la b o ra to ry  (T u m a  an d  B u r e § 1963).

T he a p p a ra tu s  ( F ig . 1 )  consists of te n  decadic co u n te rs  w ith  a c a p ac ity  
o f one m illion  b its  each , w ith  a m ax im al co u n tin g  ra te  o f 100 kc/sec. Spikes 
exceed ing  th e  p rese t m in im al am p litu d e  p ass  from  th e  oscilloscope th ro u g h  a 
sh ap in g  c ircu it an d  th ro u g h  a sy stem  o f te n  p ara lle l ga tes to  th e  in d iv id u a l 
co u n te rs . N orm ally  all g a tes  are  closed. T h e ir  opening is co n tro lled  b y  an  elec
tro n ic  sw itch . S w itch ing  pulses app lied  a t  reg u la r in te rv a ls  ran g in g  from  10 
m icrosec to  10 sec are  o b ta in e d  th ro u g h  a decadic re d u c to r  from  a 1 M cycle 
o sc illa to r. T he e lectron ic  sw itch  does n o t o n ly  open th e  g ates to  th e  co u n te rs  
b u t  m ay  also be used fo r synchron iz ing  th e  ap p lied  stim u li. T he fu n c tio n  o f th e  
a p p a ra tu s  is con tro lled  from  a co n tro l pan e l. T he electron ic  sw itch  alw ays s ta r ts  
from  positio n  one an d  keeps ga te  one open u n til  th e  n e x t clock pulse opens g a te
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tw o , etc. W hen sw itch in g  from  positio n  te n  to  one, th e  sw itch  is a u to m a tic a lly  
d isco n n ec ted  and  th e  a p p a ra tu s  is p rep a red  fo r a n o th e r cycle. A  p red e te rm in ed  
n u m b e r  of cycles can  be  a u to m a tic a lly  g iven  b y  using  th e  a u to m a tic  co n tro l.

A defin ite  sec tio n  o f th e  u n it  a c tiv ity  is d iv ided  in to  te n  consecu tive  
in te rv a ls  of equal d u ra tio n  an d  th e  spikes in  th ese  in te rv a ls  are  coun ted  in  th e  
co rrespond ing  co u n te rs  1 — 10. S p on taneous a c tiv ity  is considered  to  he a

counters 1-10

Fig. 1. Block schem e o f the electronic analyser o f un it activ ity . For details see tex t

ra n d o m  process c h a ra c te riz e d  b y  ra th e r  s tab le  s ta tis t ic a l  p a ra m e te rs  (G e r s t e i n  
a n d  KiANG 1960). W h en  th e  stim u lu s synch ron ized  w ith  a ce rta in  ana ly sin g  
in te rv a l  does n o t a ffec t th e  a c tiv ity  of th e  neu rone an d  w hen  th e  n u m b e r o f 
av e rag e  cycles is h ig h  enough , sp ikes occur in all cou n te rs  w ith  th e  sam e p ro b a 
b ili ty . S ta tis tica l m e th o d s  m u st be used to  decide w h e th e r dev ia tio n s from  th e  
c o n tro l level are re la te d  to  th e  stim uli.

A sw itching in te rv a l  o f 2 seconds w as used  th ro u g h o u t, giving an  o vera ll 
cycle  d u ra tio n  o f 20 sec. A con tinuous acoustic  stim u lu s (200 or 2000 c/s) w as 
m a in ta in e d  d u ring  th e  th ird  in te rv a l an d  a single e lectric  shock  was ap p lied  to



CLASSICAL CONDITIONING AND RETICULAR UNITS 55

th e  scia tic  nerve  a t  th e  beg inn ing  o f th e  fo u rth  in te rv a l. A verag ing  was u su a lly  
m ad e  in  blocks o f te n  cycles re p e a te d  in  45 sec in te rv a ls . O nly  u n its  show ing a 
c lea r-cu t reac tio n  to  th e  u n co n d itio n ed  stim ulus (sc ia tic  nerve  s tim u la tio n ) h u t  
n o t reac tin g  to  th e  acoustic  s tim u lu s  (cond itioned  stim ulus) w ere used  in  th e  
cond ition ing  ex p erim en ts . D u rin g  th e  co n d itio n in g  p rocedure , th e  acoustic  
s tim u lu s  was com bined  w ith  sc ia tic  nerve s tim u la tio n  u p  to  100 tim es.

Fig. 2. Post-stim ulation  histogram s o f reactions of a reticular un it to the conditioned stim ulus 
(horizontal bar — A ) ,  unconditioned stim ulus (arrow — В ) or to  com binations of both  stim uli.

Por details, see tex t

A ty p ica l ex p erim en t is i l lu s tra te d  b y  F ig . 2 . H is to g ram  A  shows no 
s ta tis tic a lly  sign ifican t reac tio n  to  th e  acoustic  s tim u lu s  w hile th e  sciatic  nerve 
s tim u la tio n  has a c lear-cu t in h ib ito ry  effect ( В ) .  In  th e  f irs t te n  reinforced 
tr ia ls  th e  acoustic  stim u lu s developed  an in h ib ito ry  effect, w hich  can also he 
seen in  tria ls  21 — 30 an d  83 — 92. T h u s, as th e  re su lt o f  cond ition ing , th e  neurone 
b eg an  to  respond  to  an  in itia lly  in d iffe ren t s tim u lu s . T he cond itioned  reaction
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cou ld  s till b e tte r  be d e m o n s tra te d  b y  o m ittin g  th e  u n co n d itio n ed  s tim u lu s . To 
p re v e n t  ex tinc tion , e v e ry  th ird  u n co n d itio n ed  stim u lus was d ro p p ed  o u t. The 
h is to g ra m  of 10 p re se n ta tio n s  o f th e  iso la ted  co n d itioned  s tim u lu s  sc a tte re d  
a m o n g  tr ia ls  36—63 show s changes v e ry  sim ilar to  th o se  in d u ced  b y  co m b in a 
tio n  o f  th e  conditioned  a n d  u n co n d itio n ed  stim uli.

T h e  conditioned  reac tio n s  d e m o n s tra te d  in  th e  above fig u res  im ita te d  
th e  responses to  th e  u n c o n d itio n e d  s tim u lu s . In  some cases, how ever, co n d itio n 
in g  re su lte d  in an o p p o site  change. In  th is  case th e  co n d itioned  s tim u lu s  prob-

A в  C
percent CS-US C S-U S  CS~0

Fig. 3.  Incidence of conditioned reactions in  the third interval (CS — US),  in the fourth inter-
v a l (CS -  0 )

Im ita to ry  reactions — shaded part of the colum ns.
Inverse reactions — em p ty  part of the colum ns.
C — control group; S D  — spreading depression group.
For deta ils , see tex t

a b ly  s ta r te d  a c tiv ity  opposing  oiji u n co n d itio n ed  stim u lu s effect on th e  given 
n e u ro n e , an a c tiv ity  w h ich  could b e s t be revealed  b y  o m ittin g  th e  sc ia tic  nerve 
s tim u la tio n .

I n  ano ther g roup  of ra ts  co n d itio n in g  was p erfo rm ed  d u rin g  b ila te ra l 
fu n c tio n a l deco rtica tio n  in d u ced  b y  re p e a te d  w aves of co rtica l sp read in g  depres
s io n . Im p a irm en t o f e lec trica l a c tiv ity  of th e  cereb ral co rtex  w as checked  by  
th e  d isappearance  o f p r im a ry  responses to  sciatic  nerve  s tim id a tio n . In  spite  
o f  suppression  of c o rtic a l fu n c tio n , cond itioned  reac tio n s o f re tic u la r  u n its  
co u ld  be estab lished  sim ila rly  as in  n o rm a l cond itions. C ertain  d ifferences b e 
tw e e n  th e  norm al a n d  fu n c tio n a lly  d eco rtica ted  ra ts  are il lu s tra te d  b y  F ig. 3, 
su m m ariz in g  all e x p e rim e n ta l d a ta .

S ta tis tica lly  s ig n ifican t re su lts  o f cond ition ing  w ere o b serv ed  in  ab o u t 
50 p e r  cen t of th e  ex am in ed  u n its  b o th  in  no rm al an d  fu n c tio n a lly  d eco rtica ted  
a n im a ls  (F ig . З А ) .  T he co n d itio n ed  reaction  usu a lly  im ita te d  th e  change 
in d u c e d  by  th e  u n co n d itio n ed  s tim u lu s . In  fu n c tio n a lly  d e c o rtic a ted  anim als
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th e  co n d itio n ed  reac tio n s were o b se rv ed  du ring  a sh o rte r  perio d  o f tim e  th a n  
in  th e  n o rm a l ra ts  as in d ica ted  b y  th e  less freq u en t incidence  of p o s itiv e  re a c 
tio n s in  th e  f irs t f i f ty  re in fo rced  tr ia ls  (F ig . 3 B ) .  T he  d ifference betw een  
n o rm a l an d  fu n c tio n a lly  d e c o rtic a ted  an im als was b e s t expressed  w hen  th e  
re su lt  o f cond ition ing  w as te s te d  b y  o m ittin g  th e  u n co n d itio n ed  s tim u lu s 
( F ig . 3 C ). No positive  reaction  w as fo u n d  u n d e r th ese  cond itions in  th e  sp re a d 
ing depression  group a lth o u g h  m ore th a n  50 p er cen t u n its  w ere fo u n d  to  be 
co n d itio n ed  in th e  n o rm al ra ts .

T h e  ex p erim en ts  described in  th e  p resen t s tu d y  can be re g a rd e d  as a 
ce llu la r c o u n te rp a r t o f th e  co n d itio n ed  arousal. The respond ing  u n its  are  links 
o f com plex  n eu ra l chains n o rm ally  a c tiv a te d  by  th e  u n co n d itio n ed  stim u lu s 
an d  a f te r  cond ition ing  also by  th e  co n d itio n ed  s tim u lus. As th e  p la s tic  change 
m ay  occur a t  som e in p u t e lem ent o f  th e  c ircu it, p ro b a b ly  fa r aw ay  fro m  th e  
p o in t o f record ing , i t  m u st be s tre ssed  th a t  i t  is scarce ly  possible to  use th is 
te c h n iq u e  to  d e tec t th e  neurones p r im a rily  invo lved  in  fo rm a tio n  o f new  
connec tions. F o r th is  purpose m ore  localized  u n co n d itio n ed  s tim u li (possib ly  
a ffec tin g  th e  recorded  u n it only) m a y  give m ore re le v a n t resu lts .
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ИССЛЕДОВАНИЯ КОНСТРУКЦИИ ВИСЦЕРАЛЬНОЙ
КОРЫ

Э. Ш. АЙРАПЕТЬЯНЦ
ИН СТИ ТУТ Ф И ЗИ О Л О ГИ И  ИМ. И. П. П А ВЛ О ВА  АН  СССР И Л Е Н И Н Г Р А Д С К И Й  

У Н И В Е Р С И Т Е Т , Л Е Н И Н Г Р А Д , СССР

В течение многих лет лаборатория автора, применяя различные мето
дики стремится описать те структуры головного мозга — корковые и под
корковые, благодаря которым осуществляется информация о висцераль
ной (resp., интероцептивной) сигнализации, анализ и регуляция процессов 
в висцеральной сфере организма. В настоящее время накоплен значитель
ный экспериментальный материал, позволяющий составить эскизы корко
вой локализации висцеральных анализаторов и роль в завершении аффе
рентной проекции таламического коллектора. Мозговой аппарат любого 
анализатора складывается из множества компонентов, расположенных на 
разных интегральных уровнях головного мозга, включающие межкорковые, 
взаимно-корковые-подкорковые нервные связи. Однако связь настолько 
взаимообусловленная, что повреждение одного из них влечет за собой орга
ническое разрушение других. Представляет интерес в этих обязательных 
соподчинениях, явление замещения — викарирования функций и структур.

Кора мозга собак и висцеральные условные рефлексы

Полная декортикация исключает возможность образования оборони
тельного и пищевого условного рефлекса несмотря на более чем 200 соче
таний. Гистологический анализ подкорковых образований полностью декор- 
тицированных собак показал глубокие и обширные повреждения.

Односторонняя декортикация не препятствует сохранению и образо
ванию условных сигналов, выработанных с непарных внутренних органов.

О висцеральной проекции в двигательной корковой области

Билатеральная экстирпация сигмовидной извилины вызывает исче- 
зание висцеро-механических, висцеро-химических условных сигналов и 
их анализа сроком от 2 до 7 месяцев. Следовательно, эти участки относятся 
к аппарату висцерального анализатора. Однако факт последующего восста
новления висцерального анализа указывает на наличие аналогичных или
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гомологичных проекционных аппаратов и вне двигательной корковой об
ласти, благодаря чему и возможна компенсация (викарирование). Пред
варительные эксперименты показали, что экстирпация некоторых полей 
переднего полюса коры не влияет на состояние висцеральной сигнализации.

Запись биотоков коры при висцеральных раздражениях обнаружила 
специфические изменения электрокортикограммы преимущественно в дви
гательной области.

О роли таламических ядер

Экстирпация сигмовидной извилины вызывает ретроградное пере
рождение ядер таламуса, большей частью клеток вентрального, частично 
медио-дорзального, центрально-латерального. Значит, несмотря на указан
ные повреждения висцеральная сигнализация спустя определенное время 
оказывается возможным. Подобная же экстирпация сигмовидных извилин 
у щенков угнетает висцеральную сигнализацию на срок не более 3-х недель, 
хотя в таламусе происходит перерождение ядер аналогичное описанному 
у взрослых собак. Следовательно, афферентная корковая проекция возе 
можна и без указанных ядер. Есть основания полагать о наличии в аппарат- 
таламуса «висцерального коллектора» с механизмом замещения выпавших 
структур.

О роли лимбической коры

У собак при значительной по площади билатеральной экстирпации 
после передней лимбики резко и длительно угнетаются висцеральные услов
ные рефлексы. После же экстирпации ограниченных участков, равно как и 
билатеральная экстирпация задних отделов лимбики условные рефлексы 
угнетаются в слабой степени и на короткий срок. При этом во всех вариантах 
на длительный срок нарушается адекватная условно защитная реакция на 
насыщение организма растворами кислоты и щелочи.

Запись электрокортикограммы на кроликах с отведением с двигатель
ной коры, передней и задней лимбики при висцерохимическом раздражении 
обнаружила сходную картину отражения. Введение аминазина снимает 
указанные эффекты. Вместе с этим билатеральная экстирпация в одном 
варианте двигательной коры, в другом — лимбической коры исключает 
возможность висцерального отражения ЭКГ в оставшихся участках коры. 
Двустороннее разрушение задней области лимбической коры не снимают 
типичные висцеральные отражения КГР в передней области лимбики и в 
двигательной коре.

В условиях интактного мозга выявляются различия в характере 
изменения ЭКГ лимбической коры в зависимости от концентрации ряда 
вводимых в кровь химических веществ.
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Афференты лимбической коры

Методикой дегенераций волокон в опытах на кошках показали, что 
афферентные связи между передними и задними лимбическими областями 
взаимны, но неравнозначны: передний посылает в задний большое число 
волокон, чем задний к переднему. Опыты на кошках и собаках показали, 
что 4 и 6 поля посылают в лимбическую область значительно меньше волокон, 
чем лимбическая в двигательную. При разрушении 32 и 24 полей обнаружи
вается обильная и территориально обширная дегенерация волокон в б и 
4 полях и распространяется на поля 1, 2, 5, 7, 19. Гораздо в меньшей степени 
эта картина повторяется при разрушении задней области лимбики. Таким 
образом исследования показали значительные лимбико-моторные аффе
ренты.

Заключение

Можно считать правомерным морфофизиологическое выделение вис
церальной коры, осуществляющей функции высшей интеграции висцераль
ной афферентной сигнализации. Стратиграфически это и есть местораспо
ложение ансамбля (комплекса) центральных концов висцеральных анали
заторов — корковых проекций. Их объединение осуществляется как путем 
перекрытия разбросанных вдали от ядер анализаторов их элементов, так и 
в форме динамической констелляции самих ядер. Локализационно висце
ральная кора включает двигательную и лимбическую области. Дальнейшие 
исследования выявят роль других районов коры в системе висцеральных 
анализаторов.

Нет основания для обозначения «лимбической системой» структур, 
выходящих за пределы лимбической коры, так и ее идентификации с «висце
ральным мозгом». Последнее представляет совокупность корковых и подкор
ковых областей, осуществляющих в целом на церебральном уровне висце
ральный анализ и висцеральные регуляции.
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D uring  th e  p a s t decade m an y  a tte m p ts  h a v e  been m ade a t  th e  c la rifica tio n  
of e lem en ta ry  processes in th e  o rgan iza tion  o f te m p o ra ry  connections, such  as 
th e  early  m an ife s ta tio n s  o f cond ition ing , o rien tin g  reac tio n , h a b itu a tio n . 
A m ong these  th e  o rien ting  reac tio n , as th e  f i r s t  step  of th e  lea rn in g  process, 
is an  early  m an ife s ta tio n  of te m p o ra ry  con n ec tio n s. I t  has a close re la tio n sh ip  
w ith  th e  fu n c tio n  of consciousness, w ith  th e  d isc rim ina tion  o f en v iro n m en ta l 
s tim u li and  m o tiv a tio n .

T he p re se n t re p o rt deals w ith  som e fe a tu re s  of th e  fu n c tio n a l and  neu ro - 
an a to m ica l o rg an iza tio n  o f th e  cond itioned  re flex .

T he ex p erim en ts  were perfo rm ed  on a d u lt  albino ra ts . T he an im als w ere 
tra in e d  to  ju m p  o n to  a bench  in  a tra in in g  b o x  m easuring  27 cm  by  35 cm  to  
avo id  th e  elec tric  shock given th ro u g h  a g rid  on th e  floor w hen th e  sound o f a 
bell was p re sen ted  as th e  positive  signal. U n d e r sim ilar ex p erim en ta l co n d i
tio n s  a p lex ig lass m aze w as also applied . I n  th is  exp erim en ta l s itu a tio n  th e  
an im als h ad  th e  p o ssib ility  to  app roach  th e  b en ch  th ro u g h  severa l d iffe ren t 
ro u tes . B ila te ra l e lec trocoagu la tion  of su b c o rtic a l s tru c tu re s  w as m ade b y  
m eans o f a s te re o ta x ic  a p p a ra tu s . The m e th o d s  used in  th ese  in v es tig a tio n s  
have  been p u b lish ed  prev iously  [1].

In  b o th  th e  “ free”  and  th e  “ m aze”  s itu a tio n s  th e  f irs t s tep  was th e  le a rn 
ing of th e  so m a to m o to r p a tte rn . In  th e  “ free”  ex p erim en ta l s itu a tio n  th e  r a ts  
alw ays follow ed th e  sam e rou tes an d  ju m p e d  o n to  th e  bench a t  th e  sites e x p e 
rienced  during  th e  f irs t  tr ia ls . T he learn ing  o f  th e  so m ato m o to r p a tte rn  in  th e  
“ m aze”  system  w as sim ilar, th e  an im als to o k  th e  sam e ro u te  o f escape d u rin g  
th e  consecu tive  tr ia ls . D evelopm ent of th e  so m ato m o to r p a tte rn  preceded th e  
s tab iliz a tio n  o f th e  te m p o ra ry  connection  (F ig . 1 ) .  These find ings agree well 
w ith  th o se  of E n d r ő c z i  and  L is s á k  (see th e  p a p e r  of E. E n d r ő c z i  in th is  issue).

T he q u estio n  o f so m ato m o to r m em oriza tion  in th e  developm ent o f 
te m p o ra ry  connections w as answ ered  in  th e  follow ing w ay: th e  cond itioned  
re flex  responses m en tio n ed  before were ex tin g u ish ed  in non -re in fo rced  tr ia ls  
an d  a f te r  a w eek th e  ra ts  were recond itioned  in  th e  sam e ex p e rim en ta l s itu a tio n . 
T he so m ato m o to r p a t te rn  concern ing  th e  ro u te  perform ance o f th e  re-estab lish -
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ed co n d itio n ed  re flex  reac tio n s w as th e n  s tu d ied . I t  w as observed t h a t  th e  
escap ing  ro u tes  an d  th e  p laces of ju m p in g  o n to  th e  bench  resem bled closely  in 
th e  f irs t  as well as in  th e  second co n d itio n ed  reflex  a c tiv ity . D uring  th e  e x tin c 
tio n  o n ly  th e  te m p o ra ry  connection  co u ld  be  in h ib ited , b u t  p a r t  of th e  co n d i
tio n e d  re flex  a c tiv ity  im p r in te d  in to  th e  b ra in  m echan ism  in  th e  form  o f so m a
to m o to r  m em ory  w as p rese rv ed  (F ig . 2 ) .

Type / Typ e  //

Fig. 1. Spatial orientation and escaping routes in  “ free” (type I) and in “ m aze” (ty p e  II) 
experim ental situation  in the course o f avoiding conditioned reflex a ctiv ity

C o n d i t i o n i n g  R econd i t io nfn g

Fig. 2. Spatial orientation  and escaping routes in  a “ free” experim ental situation during
conditioning and reconditioning

T he lon g -te rm  m em o ry  of a co n d itio n ed  reflex  as a so m ato m o to r p a t te rn  
shou ld  n o t be reg a rd ed  as due to  th e  p r im a ry  fu n c tio n s of sensory  an a ly se rs . 
A ccord ing  to  th e  o b se rv a tio n s  of A i r a p e t i a n z  [2], th e  sensory  an a ly se rs  are 
responsib le  for th e  in te g ra tio n  of s p a tia l  o rien ta tio n  in  th e  d ev e lo p m en t of 
co nd ition ing , b u t th e ir  rem oval c a n n o t in fluence  th e  so m ato m o to r m em o ry  
follow ing th e  s ta b iliz a tio n  of te m p o ra ry  connections. On th e  o ther h a n d , on th e  
basis of th e  above m en tio n ed  e x p e rim e n ta l d a ta , a ra p id  se ttin g  u p  o f  th e  
co n d itio n ed  reflex  d u rin g  recond ition ing  is th e  resu lt o f th e  function  o f so m a to 
m o to r m em ory.

In  th e  n e x t ex p erim en ta l series w e s tu d ied  th e  role of the  d iencep h a lo n  
a n d  s trio p a llid u m  in  th e  o rg an iza tio n  o f te m p o ra ry  connections in  th e  ra t .  
R ecen t find ings h av e  show n th a t  th e  s e p ta l  a rea , th e  s trio p a llid a l sy s te m  and
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th e  m ed ia l fo reb ra in  b u n d le  are fo rm ing  a com plete fu n c tio n a l u n it w ith  th e  
non-specific  ascend ing  diffuse a c tiv a tin g  system  of th e  b ra in  stem  [3]. T he 
m eso-d iencephalic  a c tiv a tin g  system  p lay s an  im p o r ta n t  ro le no t only in  th e  
m a in ten an ce  o f consciousness, b u t also in  th e  d isc rim in a tin g  processes re la te d  
to  co n d itioned  re flex  b eh av io u r. On d estro y in g  these  s tru c tu re s  the  co n d itio n ed  
re flex  w as abo lished ; a t  th e  sam e tim e  a m ark ed  im p a irm e n t o f th e  se lf-p rese r
v a tiv e  fu nc tions occurred .

I t  has been p o in ted  o u t by F u l t o n  a n d  I n g r a h a m  [4 ] ,  K in g  [5], B r a d y  
an d  N a u t a  [6], K a a d a  [7], and  o th e r  au th o rs  th a t  lesion ing  th e  fo re b ra in  
s tru c tu re s  re su lted  in a serious change o f b ehav iou r.

Fig. 3. T ypical actogram  follow ing bilateral lesion of the m edial forebrain bundle

A n ex trem e  increase  in  spon tan eo u s so m ato m o to r a c tiv ity  fe a tu r in g  
o rien tin g  an d  search ing  ch a rac te ris tic s  w as observed  in  o u r experim en ts a f te r  
hav in g  lesioned th e  basa l sep ta l area, Broca's d iagonal b u n d le  and  th e  m ed ia l 
fo reb ra in  b u nd le . T he h y p e rm o tility  o f severa l hours d u ra tio n  was follow ed b y  
deep som nolence. H ow ever, th e  anim als d id  n o t show  a n y  goal-d irec ted  or 
a d e q u a te  reac tio n s to  th e  en v iro n m en ta l s tim u li b u t d isp lay ed  a great n u m b e r 
o f ty p ic a l o rien tin g  an d  search ing  m o vem en ts in  th e  absence o f en v iro n m en ta l 
signal. Lesions d estro y in g  th e  ro s tra l se p ta l region in c lu d in g  th e  descending  
fornices d id  n o t re su lt in  s im ila r b eh av io u ra l changes f  F igs 3, 4 ) .

To exp la in  th e  described  b eh av io u ra l changes we h a v e  assum ed  th a t  th e  
b a sa l fo reb ra in  a rea , as a p a r t  o f th e  m eso-d iencephalic  a c tiv a tin g  sy s te m , 
has an  im p o r ta n t role in decod ing  and  tra n sfe rr in g  th e  m ean in g  o f en v iro n m en 
ta l  signals in to  a d e q u a te  reac tio n s . U n d er n o rm al c ircu m stan ces  the  im pu lses 
of specific a ffe re n ta tio n  a rriv in g  via  th e  senso ry  an a lysers, reach  and a c tiv a te  
th is  decoding  sy s tem . In  associa tion  w ith  co rtica l s tru c tu re s , the  sy s tem  
decodes th e  signals im p o r ta n t  for th e  an im a l, and  in te g ra te s  co -o rd in a ted , 
g o a l-d irec ted  re a c tio n s  in  b e h a v io u r .

O Acta Physiologica XXVI/1 —2.



6 6 L. KORÁNYI

Fig. 4. A ctogram s follow ing e lectrolytic  lesions of different brain areas

NORMAL

MESO —DIENCEPHALIC ACTIVATION INTERRUPTED

Fig. 5. Schem atic presentation  o f animal behaviour concerning the decoding in norm al anim al 
and following the interruption o f m eso-diencephalic activating sy stem  (for details, see te x t)

T hus an in te r ru p tio n  of th e  m eso-d iencephalic  a c tiv a tin g  system  seem s 
to  re su lt in  i n  im p a irm e n t of decoding a n d  th e  anim al loses i ts  ab ility  to  “ u n d e r
s ta n d ”  th e  bio logical m ean in g  of e n v iro n m e n ta l stim uli. T h e  decoding in a b ility  
re su lts  in  sequences o f  increased  o rien tin g  an d  search ing  reac tio n s , because  o f 
th e  uncon tro lled , u n d isc rim in a ted  ac tio n s  of various, biologically  n e u tra l



THE ROLE OF BASAL FOREBRAIN STRUCTURES 67

s tim u li (F ig . 5 ) .  F u r th e r  ev idence  o f th is  assu m p tio n  could  be found  in  ex p eri
m e n ts  w here th e  a rea  below  th e  a n te r io r  com m issure an d /o r th e  m ed ia l fo reb ra in  
b u n d le  was d estro y ed  and  th e  con d itio n ed  reflex  p e rfo rm an ce  w as com plete ly  
abo lished . S im ilar b eh av io u ra l changes d id  n o t ensue  follow ing lesions to  th e  
ro s tra l sep tum . T h is m eans th a t  th e  descending forn ices or rh inencepha lic  
connections ru n n in g  a t  th e  level o f th e  ro stra l s e p ta l  a rea  have  no im p o rtan ce  
in  th e  phenom enon . The sam e im p a irm en t of co n d itio n ed  re flex  a c tiv ity  as 
described  before, could  be o bserved  follow ing th e  d e s tru c tio n  of th e  s tr io p a llid a l 
sy s tem , if  th e  lesions h ad  reach ed  th e  in ferior th a la m ic  peduncle  an d  th e  le n ti
c u la r  ansa . In  c o n tra s t w ith  b a sa l se p ta l d es tru c tio n s , no spon tan eo u s h y p e rm o 
t i l i ty  followed th e se  o p era tio n s ; th e  anim als w ere som no len t an d  th e re  
w as a d is tu rb an ce  in  th e  se lf-p reservative  fu n c tio n s  (feeding, d rin k in g , 
av o id an ce , etc.).

C oncerning th e  localiza tion  o f th e  so-called “ feed ing  cen tre”  in  th e  a rea  
w here  our lesions h a d  been p laced , M organe  [8] h a s  re c e n tly  re p o rte d  th a t  
lesions to  th e  globi pa llid i an d /o r th e  m edial fo reb ra in  b u n d le  ac ted  b y  d e s tro y 
ing  p a th w ay s  ra th e r  th a n  cen tres . S uch  lesions led  to  c a ta s tro p h ic  im p a irm en ts ; 
th e  an im als lost th e ir  sense of se lf-p reserv atio n  a n d  d ied  in  sp ite  of th e  fac t th a t  
th e y  w ere fed a rtific ia lly . In  o u r experim en ts f ro n ta l  leuco tom y , b ila te ra l 
lesions of th e  cau d a te  nuclei, n u c leus v en tra lis  p o s te ro la te ra lis  th a la m i, am y g 
d a la , a n d  th e  am y g d a lo -h y p o th a lam ic  fib res did n o t  re su lt in  sim ilar b eh av io u ra l 
changes.

Sum m ariz ing  th e  re su lts , th e  so m ato m o to r m em o ry  w hich  develops in  th e  
e a rly  stag e  of th e  le a rn in g  process p lay s an im p o r ta n t  role in  th e  o rg an iza tio n  
o f te m p o ra ry  connections. T he n eu ro an a to m ica l b as is  o f th is  phenom enon  is 
h a rd ly  u n d ersto o d . Lesions to  th e  fo reb ra in  s tru c tu re s , e.g. b asa l sep ta l a rea , 
m ed ia l fo reb ra in  b u n d le  an d  th e  th a lam o -s tr io -p a llid a l connections re su lt in  a 
d is tu rb a n c e  of p e rcep tio n  o f en v iro n m en ta l s tim u li an d  h e reb y  abo lish  th e  
te m p o ra ry  connections. This m eans t h a t  these  s tru c tu re s  ta k e  p a r t  in  a decoding 
o f e n v iro n m en ta l s tim u li b y  m eans o f  d isc rim ina tion  an d  h av e  a decisive role 
in  th e  deve lopm en t a n d  m a in ten an ce  of fa c ilita to ry  a n d  in h ib ito ry  processes 
b e tw een  th e  co rtica l a n d  su b co rtica l s tru c tu res .
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A b u n d a n t evidence a c c u m u la ted  over th e  la s t fifteen  y ea rs  has show n 
th a t  th e  non-specific a c tiv a tin g  system  of th e  b ra in  s tem  p la y s  an  im p o rta n t 
ro le in  th e  in te g ra tio n  of b e h a v io u ra l an d  E E G  arousa l re a c tio n s  (Moruzzi an d  
M a g o u n  1949; L i n d s l e y , B o w d e n  an d  Ma g o u n  1949). S ince these  fu n d a 
m e n ta l discoveries num erous d a ta  h av e  p o in ted  to  th e  p a r t  o f  th e  m esencephalic 
re tic u la r  fo rm ation  an d  th e  m id line  th a la m ic  nuclei in  th e  m a in te n a n c e  of th e  
conscious s ta te , th e  d ev e lo p m en t of th e  o rien tin g  re a c tio n , em otional b e h a 
v io u r, an d  th e  fo rm a tio n  o f te m p o ra ry  connections (Mo r r e l l  1957, 1958, 
1960; R oitbak  1960; L iv a n o v  I9 6 0 ; A n o k h in  1960; K r e i n d l e r  1960; etc.). 
N um erous observa tions in th e  p a s t decade have  confirm ed th e  com plex  invo lve
m e n t o f th e  lim bic s tru c tu re s  in  th e  con tro l o f b eh av io u ra l p rocesses, and  th e  
fo rm er idea  of m osaic-like re p re se n ta tio n s  o f th e  su b c o rtic a l s tru c tu res  in  
th e se  even ts has been  rep laced  b y  a m ore d y n am ic  view , w h ich  considers h igher 
n e rv o u s a c tiv ity  in  its  evo lu tio n  an d  as th e  re flec tion  of e n v iro n m e n ta l changes 
in  th e  biosphere.

In  our fo rm er ex p erim en ts  i t  w as found  th a t  s tim u la tio n  o f  ce rta in  po in ts  
in  th e  m esencephalic re tic u la r  fo rm a tio n , th e  ce n tra l g rey  m a t te r  as well as in  
th e  d iencephalon  elic ited  th e  co n d itio n ed  re flex  reactions in  th e  absence o f a 
po sitiv e  cond itional signal. E le c tr ic a l s tim u la tio n  of th e  b ra in  stem  alw ays 
fa c ilita te d  those cond itioned  re flex  reac tions w hich  ap p ea red  in  d o m inan t w ay 
in  a given en v iro n m en ta l s itu a tio n  ( E ndr ő c zi , L is s a k , Y a n g  a n d  Me d g y e s i  
1958, 1959). The e lic ita tio n  o f a con d itio n ed  re flex  response  b y  th e  electrical 
s tim u la tio n  of som e of th e  su b co rtica l s tru c tu re s  m ay  be co n sid ered  to  be due 
to  an a rtific ia l d riv ing  force, w hich  is th e  p rin c ip a l e lem ent o f m o tiv a tio n . In  
connec tion  w ith  such  in trin sic  ten d en c ies  of b ra in  fu nc tion  we p o in te d  ou t a few 
y ea rs  ago th a t  th e  sp o n tan eo u s goa l-d irec ted  m o to r responses observed  during  
th e  in te rv a l betw een  tw o co nsecu tive  co n d itio n a l signals m a y  be regarded  as 
th e  som atic  m an ifesta tio n  of d riv e  an d  an  ob jec tive  in d ex  o f  th e  in ten s ity  o f 
m o tiv a tio n . The above m en tio n ed  ex p erim en ts  y ielded  som e ev idence  th a t  th e  
re d u c tio n  of d riv ing  force in  th e  course o f th e  d ev e lo p m en t o f  conditioned  
re flex  processes could  be considered  a consequence of th e  d isc rim in a tiv e  inhibi-
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to r y  processes an d  th a t  th e  ro s tra l fo reb ra in  s tru c tu re s  h a d  an  im p o r ta n t role 
in  th ese  even ts (E ndr ő c zi  and  L is s á k  1961). The p re se n t p a p e r  deals w ith  th e  
ro le  of th e  m eso-d iencephalic  a c tiv a tin g  system  in th e  in te g ra tio n  of E E G  and  
b eh av io u ra l arousal, a t te n tiv e  b e h a v io u r an d  h a b itu a tio n .

Methods

The observations were carried out on 45 cats and 40 albino rats. Im plantation o f silver 
ball cortical, and stain less steel depth-electrodes in cats was perform ed b y  means of a stereo
ta x ic  apparatus under pentobarbital anaesthesia. Enam el-insulated bipolar electrodes were 
fix ed  to the calvary b y  m eans of acrylate and the leads were soldered to the socket o f a m inia
ture radio-tube. All deta ils o f the im plantation  techniques used in  th is  experim ent have been 
described earlier ( E n d r ő c z i  and L i s s á k  1962; E n d r ő c z i , K o r á n y i , L i s s á k  and H a r t m a n  
1963). For the tim e of observation  the cats were placed in a sound-proof and electrically insu
la ted  room  and the sound stim uli were adm inistered through a loudspeaker. Recording of e lec
tr ica l activ ity  was done b y  an 8-channel electroencephalograph and stim ulation of the sub
cortica l structures w as perform ed by m eans o f an im pulse generator havin g  independent con
trols o f frequency, in ten sity  and im pulse duration. Bilateral electrocoagulations of the sub
cortical structures were m ade stereotaxically  b y  m eans of 3 mA anodal polarization lasting for 
10 seconds.

In these conditioned reflex  experim ents the cats were trained to  jum p onto a bench to 
obta in  food when the lig h t o f a 15 W bulb above the feeder was sw itched  on. The com partm ent, 
m easuring approxim ately 4 m 2, contained three similar feeders, spaced at a d istance of 45 
cm , and each feeder w as supplied w ith a ligh t signal o f its own. The conditional signal was pre
sented at intervals o f 2 m inutes, each tim e for 10 seconds. The anim als jum ping onto the bench  
spontaneously during the intersignal periods were perm itted to s ta y  there for 15 seconds and 
tb en  were pushed off w ith  a special device. A s an unconditional stim ulus, a piece of fresh m eat 
w as used for reinforcem ent and ten trials were given in every session .

Behavioural processes related to the avoiding conditioned reflex  were studied  in  40 
rats. The anim als, stay ing  in  a box m easuring approxim ately 40 cm  b y  25 cm, could avoid the 
pain fu l electric shock given  through the grill on the floor by ju m p in g  onto a bench placed at 
a height o f 15 cm. A bell sound given for 10 seconds at 2 m inute in terva ls served as the condi
tional signal. The electric shock of short duration was adm inistered during the la st three 
seconds of the conditional signal. In each session ten  trials were g iv en . In both the alim entary  
and the avoiding conditioned reflex  experim ents extinction o f th e  conditioned reflex  was 
achieved by means of non-reinforced trials w ithou t any change in  th e  experim ental situ a tio n .

A t the end of the experim ents the brains were perfused w ith  a stock solution o f formol 
in jected  through the carotid artery and the placem ent of electrodes or lesions was checked in 
frozen sections.

Results

Periodic changes in  resting E E G  activity a n d  behaviour

The restin g  E E G  a c tiv ity  of a n o n -m o tiv a ted  c a t p laced  in  a so u n d -p ro o f 
ro o m  show ed perio d ic  changes. E a c h  period  lastin g  fo r  5 — 8 m inu tes s ta r te d  
w ith  a d esy n ch ro n iza tio n  of co rtica l a c tiv ity  and  th e  ap p earan ce  o f th e ta  
rh y th m  recorded  fro m  th e  dorsa l h ippocam pus. T h e  low  vo ltage  fa s t  a c t i
v i ty  o f th e  n eo co rtex  w as g rad u a lly  rep laced  b y  sy n ch ro n ized  h igh  v o ltage  
slow  w aves an d  in s te a d  of th e  re g u la r  th e ta  rh y th m  o f th e  h ippocam pus 
ir re g u la r  slow w aves o f 2 — 3 cps could  be observed . I n  th e  la te r  ph ase  of 
th e  period  th e  h ig h ly  synch ron ized  E E G  a c tiv ity , show ing  spindles even  in 
th e  records of d iffe ren t su b co rtica l s tru c tu re s  (sep tum , m id lin e  th a lam ic  nuclei, 
c a u d a te  nucleus), su d d en ly  tu rn e d  in to  a d esynch ron ized  s ta te  as seen a t  th e
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Fig. 1. Periodical change in  neocortical electrical a ctiv ity  of a cat in  non-m otivated sta te . 
A period lasts approxim ately 8 — 10 m inutes, the arrow shows the beginning of a new  d esy n 

chronized period

Fig. 2. The EEG  desynchronizing activ ity  o f a sound stim ulus during the developm ent of  
habituation. Records from neocortex, septal region and hippocam pus were taken in  conse
cutive intervals ( А ,  В , C, D )  o f a period shown in  Fig. 1. The sound stim ulus was la stin g  
8 seconds and given in  80 second intervals. The records dem onstrate the electrical a c tiv ity  

during adm inistration of the 40th, 41st, 42nd and 43rd trials

beg inn ing . T he a d m in is tra tio n  of a sound  s tim u lu s w hich w as s trong  en ough  
to  a t t r a c t  th e  an im al’s a tte n tio n  b locked th is  p erio d ic ity  an d  resu lted  in  an  
E E G  a ro u sa l o f v a rious d u ra tio n .

T he p e rio d ic ity  o bserved  in  resting  E E G  a c tiv ity  h as  ra ised  th e  q u es tio n
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w h e th e r  or n o t th e  a t te n t iv e  re a c tiv ity  o f th e  an im al can  d isp lay  p a ra lle l 
changes. To answ er th is  q u estio n  th e  h a b itu a tio n  of a novel s tim u lu s w as used , 
a b e ll sound  or a to n e  o f  700 cps w hich w as given a t  in te rv a ls  of 80 seconds 
each  tim e . A p p ro x im a te ly  th e  f irs t 20 — 30 tr ia ls  re su lte d  in  an  E E G  an d  
b e h a v io u ra l a rousal la s tin g  for 15 — 30 seconds. In  each  s tag e  of th e  above- 
m e n tio n e d  E E G  p e rio d ic ity  a to ta l  of 12 c a ts  w as used . In  th e  la te r  p h ase  o f 
h a b itu a tio n , a f te r  th e  a d m in is tra tio n  of 40 — 50 tria ls  th e  te s t  s tim u lu s in d u ced  
E E G  arousal only in  th e  f ir s t  tw o th ird s  o f each  period  h u t  fa iled  to  in fluence  
th e  h ig h ly  synch ron ized  la s t  th ird  of it. In  th e  la te r  p rogressive  stage  of h a b i tu a 
tio n  th e  te s t  s tim u lus sh ow ed  slight d esy n ch ro n iza tio n  in  th e  f irs t  th ird  o f each 
p e rio d  only , and , f in a lly , a t  th e  com ple tion  o f h a b itu a tio n , u su a lly  a f te r  th e  
a d m in is tra tio n  of 200 — 250 tria ls , th e  so u n d  induced  th e  fac ilita tio n  o f h igh 
a m p litu d e  slow w aves fro m  th e  n eoco rtex  a n d  th e  sep ta l reg ion  in  a p ro p e r phase  
o f  th e  period . T hese f in d in g s  revealed  t h a t  th e  an im al’s a t te n tiv e  r e a c tiv ity  
c a n n o t he regarded  as th e  sole p ro d u c t o f  en v iro n m en ta l changes, a n d  th a t  
a t te n t iv e  re a c tiv ity  h a s  a ch a rac te ris tic  in tr in s ic  a sp ec t w hich  re flec ts  th e  
p e rio d ic  changes o f e x c ita to ry  and  in h ib ito ry  s ta te s  w ith in  th e  c e n tra l n e r
v o u s system .

T he a d m in is tra tio n  o f  a d ifferen tia l s igna l, a to n e  o f 400 cps or a n o th e r 
he ll sound , in th e  sequence  of a re p ea ted ly  given b u t h a b itu a te d  te s t  s tim u lu s 
re su lte d  n o t only in  te m p o ra ry  d esy n ch ro n iza tio n  of E E G  a c tiv ity  b u t  p ro d u ced  
a  d e sh ab itu a tio n  to  th e  te s t  signal la s tin g  th ro u g h o u t sev e ra l tr ia ls . S im ilar 
d e sh a b itu a tio n  o f a p rev io u sly  h a b itu a te d  sou n d  signal cou ld  be observed  in  
resp o n se  to  s tim u la tio n  o f  th e  m esencephalic re tic u la r  fo rm a tio n  fo r 15 seconds, 
w h ich  elicited a m o d e ra te  tem p o ra ry  d esy n ch ro n iza tio n  o f th e  co rtica l E E G  
a c tiv ity . C oncerning th e  re s tin g  E E G  a c t iv i ty  in  th e  in te rs ig n a l periods o f th e  
d e sh a b itu a tio n  stag e , i t  cou ld  be assum ed  th a t  th e  su b co rtica l s tru c tu re s  h av e  
a p ro p e r ty  of m a in ta in in g  th e  la te n t e x c ita to ry  s ta te s  cau sed  b y  th e  en v iro n 
m e n ta l changes or e lec trica l s tim u la tio n  o f th e  b ra in  s tem  re tic u la r  core. Such 
a la te n t  e x c ita to ry  s ta te  as m entioned  b efo re  m ay  be considered  to  be due  to  
such  p o stsy n ap tic  e x c ita to ry  processes w ith in  th e  co rtica l s tru c tu re s  w hich  th e  
m acroe lectrode  te c h n iq u e  has failed to  rev ea l in  these  in v es tig a tio n s . N ev e r
th e le ss , th e  m esod iencephalic  ac tiv a tin g  sy stem , as a m u ltin e u ro n a l re la y  of 
a ffe re n ta tio n  betw een  th e  en v iro n m en t an d  th e  co rtex , m a y  also be reg a rd ed  
as th e  site  o f th ese  ev en ts .

The role o f  basal fo rebra in  structures in  E E G  and behavioural arousal
and learning processes

B ila te ra l lesions in  th e  basa l se p tu m  an d /o r in  th e  a n te ro la te ra l h y p o 
th a la m u s , destro y in g  th e  la te ra l p reo p tic  a rea  and  th e  m ed ia l fo reb ra in  b u n d le  
re su lted  in a lack  o f E E G  response to  d iffe ren t en v iro n m en ta l s tim u li. T he 
co rtic a l E E G  records o f  su ch  anim als d isp lay ed  h igh v o ltag e  slow w aves o ften
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accom pan ied  by  a s ta te  of hypersom nolence . A coustic  s tim u li or p a in fu l e lec
tr ic  s tim u la tio n  of th e  h in d  legs d id  n o t change c o rtic a l E E G  a c tiv ity  an d  
failed  to  e lic it a tte n tiv e  b ehav iou r. D estru c tio n  of th e  b a sa l fo reb ra in  s t r u c 
tu re s  p ro d u ced  n o t on ly  a m arked  im p a irm e n t of E E G  a ro u sa l and  a t te n tiv e

Fig. 3. Schem atic dem onstration of lesions located  in the basal sep ta l and subcom m issural 
area (upper left), lateral preoptic region (upper right) and in  th e  lateral subthalam ic area 

(center). A ll lesions were made bilaterally

b eh av io u r b u t also re su lted  in  a com plete  lack  o f se lf-p rese rv a tiv e  fu n c 
tio n s. B ecause of th e  im p aired  food in ta k e , such an im a ls  h ad  a su rv iv a l 
tim e  of ap p ro x im a te ly  a week. Som e o f th em  w alked  ro u n d  th e  cage w ith o u t 
avo id ing  h a rm fu l s itu a tio n s , b u t  d id  n o t show a n y  fa ilu re  of co -o rd in a ted  
locom oto r a c tiv ity . A s im ila r im p a irm e n t of th e  E E G  a n d  b eh av io u ra l a ro u sa l 
could  be observed  w hen  th e  lesions d estro y ed  the  v e n tro m e d ia l p a r t  o f th e  
globus pallidus inc lud ing  th e  in fe rio r peduncle  of th e  th a la m u s . T here w as no 
change re la te d  to  th e  E E G  and  b e h a v io u ra l arousal re a c tio n s  in ca ts b ea rin g  
ex tensive  b ila te ra l d e s tru c tio n s  o f th e  ro s tra l sep tu m , th e  am ygdalo id  co m 
p lex  of nuclei or nucleus of th e  v e n tro la te ra l p a r t  o f th e  th a lam u s.
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Concerning th e  la c k  o f b e h av io u ra l a n d  E E G  a ro u sa l seen  in  th e  an im als 
fo llow ing  d es tru c tio n  o f  th e  b a sa l fo reb ra in  s tru c tu re s , th e  g en era l view is th a t  
th e y  can n o t decode th e  bio logical m ean in g  o f en v iro n m en ta l changes. In  a d d i
t io n  to  th e  classic non -specific  diffuse a c tiv a tin g  system  of th e  b ra in  stem  our

F ig .  4. Shows the absence of E EG  arousal reaction during the adm inistration  of painful 
stim u li applied to the h ind  legs after the electro lytic  destruction o f antero-lateral preoptic  
reg io n  and medial forebrain bundle (upper records) and that of lateral subthalam ic projections. 
S tim u li were given betw een  the tw o arrows. Records were taken 4 days after surgical in ter

vention

e x p e rim e n ta l re su lts  suggest th a t  c e rta in  b a sa l fo reb ra in  a reas  a n d  th e  s u b th a 
la m ic  strio -pallida l connec tions h av e  also an  im p o r ta n t ro le in  these ev en ts . 
F ig . 5 shows sch em a tica lly  th e  n eu ro a n a to m ic a l s tru c tu re s  invo lved  in  th e  
non-specific  a c tiv a tio n  o f th e  neo co rtex  an d  th e  a rch ico rtex , caused  by  en v iro n 
m e n ta l  changes. A ccord ing  to  ou r a ssu m p tio n , a fferen t im p u lses  arriv ing  from  
th e  specific p a th w a y s  induce  an  e x c ita to ry  s ta te  o f th e  m eso-d iencephalic
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a c tiv a tin g  c ircu it, th e  fram e  of w hich  is form ed b y  th e  m esencephalic  re tic u la r  
fo rm a tio n , th e  th a la m ic  m id line nucle i — th e  s tr io -p a llid a l connections via  th e  
in fe rio r peduncle o f th e  th a lam u s — th e  basa l se p ta l reg ion  inc lud ing  B roca’s 
d iagona l b an d  — th e  m edial fo reb ra in  bundle  — a n d  fin a lly , to  close th e  
a c tiv a tin g  c ircu it, ag a in  th e  b ra in s te m  re ticu la r core. T he e x c ita to ry  s ta te  of 
th e  m eso-d iencephalic  a c tiv a tin g  c ircu it, assum ed b y  us on th e  basis o f th e

Fig.  5. Schem atic representation  of main connections involved  in  form ation of m eso-dience
phalic a c tiva tin g  system  and its  relations w ith forebrain structures

m en tio n ed  e x p e rim e n ta l find ings, h as  its  m ost ro s tra l  closure a t  th e  level o f 
th e  b asa l sep ta l reg io n , b u t  a large n u m b e r of p o s te rio r  closures w ith in  th is  
c irc u it predisposes i t  to  d iscre te  p a r tic ip a tio n  in th e  in te g ra tio n  of a w ide scale 
o f som atic  an d  v isce ra l processes as well as in  th e  a c tiv a tio n  of co rtica l arousal. 
T he am ple  connec tions betw een  such  an  assum ed a c tiv a tin g  c ircu it an d  th e  
lim bic  s tru c tu re s  allow  fo r ex tensive  fa c ilita to ry  a n d  in h ib ito ry  in fluences in  
b o th  d irections. O n th e  o th e r h an d , th e re  is no d o u b t th a t  th e  n eo co rtex  can 
in h ib it or fac ilita te  th is  a c tiv a tin g  sy s tem  th ro u g h  its  am ple co rtico fugal and  
co rtico p e ta l p ro jec tio n s .

T he a ssu m p tio n  th a t  co rtica l E E G  arousal req u ire s  an  e x c ita to ry  stage  
o f th e  w hole m eso-d iencephalic  a c tiv a tin g  circu it in v o lv in g  th e  ro s tra l fo reb ra in
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s tru c tu re s , has been con firm ed  in  fu r th e r  ex p erim en ts , w ith  s tim u la tio n  of th e  
m esencephalic  re tic u la r  fo rm atio n  in  ca ts  b earin g  ex tensive  lesions in  th e  basal 
s e p ta l  a rea  and  th e  m ed ia l fo reb ra in  b u n d le . S tim u la tio n  (5 — 15 У , 0.5 m sec, 
60 H z) o f th e  re tic u la r  fo rm a tio n  fa iled  to  induce  E E G  or b e h a v io u ra l a rousal 
re a c tio n s  in th e  lesioned  ca ts . T he an im als, how ever, re sp o n d ed  to  electric 
s t im u la tio n  w ith  so m a tic  m an ifes ta tio n s . This o b se rv a tio n  show s t h a t  in te r ru p 
tio n  o f  th e  m eso-d iencephalic  c ircu it, even a t  p o in ts  o th e r th a n  th e  b ra in stem  
r e t ic u la r  core, p re v e n ts  th e  d eve lopm en t o f an e x c ita to ry  s ta te  w h ich  is fu n d a 
m e n ta l to  th e  in te g ra te d  E E G  an d  b eh av io u ra l a rousal o f th e  n eo co rtex  and  
th e  a rch ico rtex .

The role o f  the m eso-diencephalic activating system in  drive reduction and in  the 
organization o f  in ternal inh ib ition  o f  conditioned reflex activ ity

T here  is a fe a tu re  com m on to  all k inds o f cond itioned  re flex  ac tiv ity , 
m an ife s tin g  itse lf w ith  locom oto r p e rfo rm an ce, n am ely  th a t  th e  an im als show  
a n u m b e r  of sp o n tan eo u s g o a l-d irec ted  m o to r response (a sp o n tan eo u s  “ cond i
t io n e d  response”  in  th e  absence o f a p o sitiv e  signal and  re in fo rcem en t) in th e  
in te rs ig n a l in te rv a ls . In  a lim e n ta ry  co n d itio n ed  re flex  ex p erim en ts  on cats we 
s tu d ie d  th e  ch a rac te ris tic s  of sp o n tan eo u s  goal-d irec ted  m o to r  a c tiv ity  and  
a r r iv e d  a t  th e  conclusion th a t  such  a m o to r response corresponds to  th e  som atic  
m a n ife s ta tio n  of a d riv in g  force in  a given cond itioned  re flex  s itu a tio n . T he 
n u m b e r  of spon taneous m o to r responses d u rin g  th e  acqu isition  o f a cond itioned  
re f le x  is fairly  h igh  a n d  is g ra d u a lly  reduced  in  th e  course o f  s tab iliza tio n . 
W ith o u t going in to  th e  de ta ils  o f sp o n tan eo u s goal-d irec ted  m o to r  a c tiv ity  
d esc rib ed  in d e ta il elsew here ( E ndrőczi  an d  L is sa k  1961; E ndrőczi  1962), 
o u r fin d in g s m ay  be sum m arized  as follows.

1. D uring th e  e s tab lish m en t o f a co n d itioned  reflex  th e  n u m b e r of sp o n 
ta n e o u s  m o to r responses decreased . Such a d rive  red u c tio n  m a y  be regarded  
as b e in g  due to  d isc rim in a tiv e  in te rn a l in h ib itio n . In  th e  absence o f a d ifferen
t ia t in g  signal in th e  s te re o ty p e , th e  n u m b e r of spon taneous m o to r  responses 
n e v e r  d ropped  to  zero level b u t th e  in tro d u c tio n  of a d iffe ren tia l signal, re q u ir
ing  a h igher in te n s ity  of d isc rim in a tiv e  in h ib ito ry  processes, re su lted  in a 
co m p le te  abolition  o f sp o n tan eo u s g o a l-d irec ted  responses.

2. D uring th e  e x tin c tio n  o f co n d itio n ed  re flex  a c tiv ity  in  cases w here 
sp o n tan eo u s  m o to r a c tiv ity  has a c o n s ta n t base  level in  a h ig h ly  stab ilized  
s ta g e  o f cond ition ing , its  n u m b er is red u ced  long before th e  co n d itio n ed  reflex  
h as  been  suppressed . T he p reced ing  red u c tio n  o f spon tan eo u s m o to r  a c tiv ity  
d u rin g  th e  ex tin c tio n  suggests th a t  in te rn a l in h ib ito ry  p rocesses are b ro u g h t 
in to  p la y  p rim arily  b y  th e  e lim in a tio n  of drive  an d  are follow ed b y  th e  in h ib i
t io n  o f conditioned  re fle x  a c tiv ity .
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3. S pon taneous g oal-d irec ted  m o to r a c tiv ity  ta k e s  p a r t  in  th e  m em o riza 
tio n  o f th e  so m ato m o to r p a tte rn , w hich p lay s a fu n d a m e n ta l role in  th e  e a rly  
phase  o f lea rn in g  processes. (For de ta ils  o f th is  a sp ec t o f sp o n tan eo u s goal- 
d irec ted  m o to r a c tiv ity  th e  read e r is re fe rred  to  th e  p a p e r  b y  L. K o r á n y i  in 
th is  issue.)

T he n eu ro an a to m ica l basis of g o a l-d irec ted  m o to r a c tiv ity  in  ca ts  w as 
m ade th e  su b jec t of a s tu d y  in  a lim e n ta ry  cond itioned  re flex  c ircum stances. 
B ipo la r e lec trical s tim u la tio n  w ith  p a ra m e te rs  (0 .2—05 V , 0.5 m sec, 12—30 H z),

Fig. 6. E x tin ctio n  of conditioned responses and spontaneous goal-directed m otor a c tiv ity  
in alim entary conditioned reflex  situation in cats

w hich  accord ing  to  e lectrode p lacem en t g en era lly  in d u ced  m o d era te  b u t  obv ious 
changes in  a tte n tiv e  b eh av io u r or o rien tin g  reactions e lic ited  th e  in h ib itio n  or 
fa c ilita tio n  o f spon tan eo u s goa l-d irec ted  m o to r a c tiv ity , w ith o u t an y  im p a ir 
m en t of th e  cond itioned  re flex  perfo rm ance. Fig. 7 show s th a t  s tim u la tio n  of 
th e  b asa l se p ta l a rea  below  th e  a n te r io r  com m issure, th e  a n te ro la te ra l p a r t  o f 
th e  h y p o th a la m u s  inc lud ing  th e  m edial fo reb ra in  b u n d le , re su lted  in  th e  d ep re s
sion of sp o n tan eo u s m o to r responses w hile s tim u la tio n  o f th e  p o s te ro la te ra l 
p a r t  of th e  h y p o th a lam u s , th e  v e n tro te g m e n ta l a rea , th e  m idline th a la m ic  
nuclei an d  th e  m esencephalic re ticu la r  fo rm a tio n  p roduced  an  increase in sp o n 
tan eo u s  goal-d irec ted  m o to r a c tiv ity . Such fac ilita tio n  could  be observed  even 
d u rin g  e x tin c tio n , in a period  w hen th e  p o sitive  signal fa iled  to  elicit co n d i
tio n ed  responses in m ost o f th e  n o n -re in fo rced  tria ls . In  th e se  cases th e  elec tric  
s tim u la tio n  of positive  p o in ts  fo r 15 — 30 seconds n o t on ly  increased  th e  
sp o n tan eo u s  in ters ig n a l a c tiv ity  b u t  also re s to red  th e  effectiveness of th e  posi
tiv e  signal b y  inducing  co n d itioned  responses th ro u g h o u t severa l tr ia ls .
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T he depression  o f sp o n tan eo u s g o a l-d irec ted  m o to r a c t iv i ty  b y  s tim u la 
tio n  o f th e  ro s tra l  fo reb ra in  s tru c tu re s  ra ise d  th e  questio n  o f  th e  physio log ica l 
m ean in g  o f th is  p h en o m en o n . I t  is know n  fro m  th e  l i te ra tu re  t h a t  low freq u en cy  
s tim u la tio n  of som e of th e  d iencephalic  s tru c tu re s  inc lu d in g  th e  ro s tra l fo re-

Fig.  7. F acilitatory and inh ib itory influence o f electrical stim ulation  of the diencephalic  
and m esencephalic structures on spontaneous goal-directed m otor a c tiv ity  in  alim entary  
conditioned reflex  situation  in  cats. Arrows correspond to the sites o f electrode p lacem ents  

and show  the inh ib iton  or facilita tion  of a ctiv ity  ( J, resp. |  )

b ra in  a rea  re su lts  in  a sleep-like co n d itio n  ( H e s s , 1949; St e r m a n , Cl e m e n t e  
1961; H e r n a n d e z - P é o n  1961).

S everal a u th o rs  h av e  p o in ted  to  th e  role of th e  ro s tra l  fo reb ra in  s tru c tu re s  
in  th e  o rg an iza tio n  o f sleep  an d  w akefu lness, show ing t h a t  th e  s tim u la tio n  o f  
th e se  s tru c tu re s  re su lte d  in  sy n ch ro n ized  co rtic a l e lec trical a c tiv ity  (St e r m a n , 
Cl e m e n t e , W y r w ic k a  1963). F ro m  th e  above m en tio n ed  ex p erim en ts  we cam e 
to  th e  conclusion th a t  v ir tu a lly  d iffe ren t b eh av io u ra l p h en o m en a  elic ited  b y  
s tim u la tio n  of th e  ro s tra l fo reb ra in  s tru c tu re s  (th e  basa l se p ta l an d  th e  p re o p tic  
reg ion) m ig h t be due to  th e  d iffe ren t m an ife s ta tio n s  of in te rn a l in h ib itio n . I t  
w as found  th a t  h a b itu a tio n  o f a novel so und  stim u lu s in  so u n d -p ro o f c ircu m 
stan ces  w as s ig n ifican tly  enh an ced  b y  s tim u la tio n  o f th e  b a sa l sep ta l a rea .
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E lec trica l s tim u la tio n  of th is  reg ion  elicited  h igh  v o ltag e  slow w aves in  co rtica l 
E E G  a c tiv ity  an d  irreg u la r slow w aves in  th e  d o rsa l h ip p o cam p a l records. T he 
an im al becam e drow sy u n d er th e  in fluence o f e lec trica l s tim u la tio n  an d  th e  
rep ea ted  a d m in is tra tio n  of th e  te s t  stim ulus (a be ll sound  or a to n e  o f 700 cps). 
In  c o n tra s t to  th e  con tro l ex p erim en ts  w here th e  te s t  s tim u lus becam e h a b i tu 
a te d  follow ing th e  a d m in is tra tio n  o f  200—250 tr ia ls , its  co m b in a tio n  w ith  th e  
e lec trical s tim u la tio n  of th e  ro s tra l  fo reb ra in  a rea  led  to  an en h an ced  h a b itu a 
tio n  com pleted  a fte r  th e  p re se n ta tio n  of 30 — 40 tr ia ls . The a t te n tiv e  re a c tiv ity  
of th e  an im als d id  n o t change u n d e r  th e  in fluence  o f e lec trical s tim u la tio n  o f 
th e  ro s tra l fo reb ra in  area, w hereas th e  a d m in is tra tio n  of a d iffe ren tia l sound , 
th o u g h  m uch  w eaker in  in te n s ity  th a n  th e  te s t  s tim u lu s  app lied  fo r  h a b itu a tio n , 
re su lted  in  n o rm al b eh av io u ra l a n d  E E G  aro u sa l. Some o th e r  m an ife s ta tio n s  
of th e  e lec trical s tim u la tio n  of th e  ro s tra l fo reb ra in  s tru c tu re s  seem ed, how ever, 
to  c o n tra d ic t th e  described  f in d in g s . Follow ing h a b itu a tio n  of th e  te s t  s tim u lu s 
s tim u la tio n  o f t h a t  a rea  fo r 30 — 60 seconds n am e ly  in d u ced  a te m p o ra ry  
d e sh a b itu a tio n  o f th e  te s t  signal. T h e  co n trad ic tio n s  betw een  th e  re su lts  o b ta in 
ed  u n d e r d iffe ren t ex p erim en ta l c ircum stances b y  s tim u la tio n  o f  th e  ro s tra l 
fo reb ra in  s tru c tu re s  m ay  he ex p la in ed  as follow s. I n  all ty p es  o f ex p erim en ts  
e lec trical s tim u la tio n  of th e  ro s tra l  fo reb ra in  a rea  enhanced  in te rn a l in h ib itio n ; 
th is  m an ifested  itse lf  d iffe ren tly , depend ing  on th e  ex p e rim en ta l s itu a tio n . 
In te rn a l  in h ib itio n  tak es  p a r t  in  th e  decoding a n d  h a b itu a tio n  o f e x te rn a l 
signals b y  m eans o f d isc rim in a tiv e  in te rn a l in h ib itio n . In  co n d itio n ed  re flex  
ex p erim en ts  th e  sam e process p a r tic ip a te s  in  d riv e -red u c tio n  an d  has an  im p o r
t a n t  role in  th e  ea rly  phase of th e  le a rn in g  m echan ism . The a ssu m p tio n  th a t  th e  
ro s tra l fo reb ra in  a rea  m igh t be a p a r tic u la r  p a r t  o f th e  su b co rtica l s tru c tu re s  
trig g e rin g  b e h a v io u ra l an d  E E G  sleep, as severa l au th o rs  h av e  conc luded  from  
sim ilar ex p e rim en ta l find ings, seem s to  be th e  consequence o f  an  en h an ced  
h a b itu a tio n  in  a “ sensory  d e p riv e d ”  s itu a tio n . C oncerning th e  d e sh a b itu a tin g  
ac tio n  of th e  e lec trical s tim u la tio n  of th e  ro s tra l fo reb ra in  area  in  h a b itu a te d  
s ta te s , we m ay  assum e such p h en o m en a  to  be due  to  th e  reb o u n d  effect o f th e  
sam e m echan ism s. Such a “ reb o u n d -lik e”  m an ife s ta tio n  w hich  ap p ears  a f te r  
a re la tiv e ly  sh o rt- te rm  s tim u la tio n  of th e  ro s tra l  fo reb ra in  s tru c tu re s  an d  
causes te m p o ra ry  d e sh ab itu a tio n  o f  a h a b itu a te d  te s t  stim u lus, cou ld  be re g a rd 
ed  as an  o p e ra tin g  fac to r in  se lf-s tim u la tio n  (Ol d s  1961, B r a d l e y  1959). 
S e lf-stim u la tion  m a y  he reg a rd ed  as th e  consequence of an  u n fin ish e d  d isc rim 
in a tiv e  ac tio n : th e  e lectrical s tim u la tio n  for a re la tiv e ly  sh o rt d u ra tio n  a c ti
v a te s  tho se  s tru c tu re s  w hich p la y  a fu n d a m e n ta l ro le in  decoding  of in fo rm a
tio n  co n ten t o f th e  e n v iro n m en ta l s tim u li b u t su ch  in tra c e re b ra l s tim u lu s does 
n o t supp ly  th e  n eu ra l n e t w ith  b io logical in fo rm a tio n . Such fa ilu re  o f in fo rm a
tio n  c o n te n t in  th e  stim ulus g iven  in tra c e reb ra lly  resu lts  in  a b eh av io u ra l 
reb o u n d  ac tio n  w hich  aim s a t  o b ta in in g  in fo rm a tio n  from  th e  en v iro n m en t 
w here th e  in tra c e re b ra l s tim u la tio n  h ad  been perfo rm ed . This reb o u n d  action
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m an ife s ts  itse lf b y  th e  sam e m o to r p a t te rn  w hich  evoked  th e  in tra c e re b ra l 
s tim u lu s . Such an  in te rp re ta t io n  o f se lf-s tim u la tio n  is closely re la te d  to  our 
a ssu m p tio n  th a t  th e  m eso-d iencephalic  a c tiv a tin g  c irc u it has a fu n d a m e n ta l 
ro le  n o t only in  th e  in te g ra tio n  of sleep an d  w akefu l s ta te  b u t form s th e  basis 
o f trig g e rin g  m ech an ism s p lay ing  ro le in  th e  d isc rim in a tio n  o f en v iro n m e n ta l 
s ig n a ls .T h ere  is no d o u b t,  th e  b ra in  fu n c tio n s  as m en tio n ed  before req u ire  th e  
in te g ra te d  co -opera tion  o f b ra in  m echan ism s a t  all levels, b u t  we suppose  th e  
p r io r i ty  of th e  e x c ita to ry  s ta te  of m eso-d iencephalic  a c tiv a tin g  sy s te m  in  these  
e v e n ts . I f  we consider t h a t  th is  a c tiv a tin g  m ach in e ry  is im p lica ted  in  a great 
a m o u n t of feed -back  c o n tro l developed  in  th e  course  of ev o lu tio n , we can 
u n d e rs ta n d  how i t  w o rk s  highly  se lec tiv e ly  as a scan n in g  device in  decoding 
o f  en v iro n m en ta l s ig n a ls  an d  to  encode th e  co rtic a l closures fo r c rea tio n  of 
a d e q u a te  biological reac tio n s .
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I t  has been a ttem p ted  to set up tem porary connection over a few  days follow ing  
t o t a l  transection at the lev e l o f the superior colliculus (h igh  decerebration) in  cats. 
The respiratory changes evoked by the direct electrical stim ulation  of the central vagal 
stum p were reinforced b y  stim ulation o f the pelvic nerve. Before train ing, pelvic stim ulation  
alone caused no change in  the am plitude and frequence o f breathing. After 100 reinforce
m ents the am plitude and frequency of respiration had changed in response to  pelv ic  
stim ulation alone, i.e. a conditioned respiratory change had developed . After 200 to 300 
train ings this reaction becam e established and persisted for as long  as 24 hours. The phe
nom enon m ay be considered to be an elem entary form of tem porary connection inducib le  
at the m esencephalic level.

O n th e  basis of P a v l o v ’s fu n d a m e n ta l w ork [1] i t  h a s  been accep ted  th a t  
in  h ig h er an im als th e  le a rn e d  reflexes are fo rm ed  in th e  ce reb ra l co rtex . M ean
w hile , since Ze l y o n y ’s p a p e r  [2], m an y  w orkers have  b een  stu d y in g  th e  ro le 
o f su b co rtica l s tru c tu re s , a n d  a tte m p ts  h av e  been m ade to  se t up  m o to r co n d i
tio n e d  reflexes in  sp in a l c a ts  and  dogs [3, 4, 5, 6, 7, 8]. T h e  cond itioned  s tim u lu s  
w as a ta c tile  or e lec trica l s tim u la tio n  of th e  skin, th e  u n co n d itio n ed  one w as 
th e  e lec trica l s tim u la tio n  o f th e  leg, to  w hich  th e  an im als resp o n d ed  b y  a d e fen 
sive reac tio n . The re flex  responses in d u ced  b y  such tra in in g s  were considered  
b y  S h u r r a g e r  et al. [8] to  be co n d itioned  reflexes. O th e r  au th o rs , how ever, 
d en y  th a t  sp inal co n d itio n ed  reflexes could be set u p , claim ing th a t  such  
responses w ere t r a n s ie n t , a ty p ica l ph en o m en a , b e long ing  to  th e  so-called  
“ su m m a tio n ” reflexes, t h a t  can he elic ited  b y  any  a ffe re n t stim ulus, in  sh a rp  
c o n tra s t  to  th e  co n d itio n ed  reflexes, w hich  are chronic, g rad u a lly  e s tab lish ed  
c h a rac te ris tic a lly  co rtic a l phenom ena.

T here  are  few d a ta  in  th e  li te ra tu re  concerning co n d itio n ed  reflexes co n 
n e c te d  su b co rtica lly  ab o v e  th e  sp inal level, th u s  a t th e  m ed u lla r, m esencephalic  
o r d iencephalic  level. T h ere  is som e in fo rm atio n  co ncern ing  cond ition ing  in 
d e c o rtic a ted  an im als. In  such  an im als, accord ing  to  som e au th o rs  [9, 10], no 
re a l co nd itioned  re flex  can  be se t up  w hereas others [11, 12] claim  th a t  te m p o 
ra ry  connections can be  e stab lish ed  w hich  do no t e sse n tia lly  differ from  th e  
co n d itio n ed  reflex  a c tiv itie s  of in ta c t  an im als.

In  th e  p resen t in v es tig a tio n s  we h av e  en d eav o u red  to  determ ine  w h e th e r  
th e  co n d itio n ed  reflexes m ig h t be fo rm ed  w ith o u t th e  in v o lv em en t of th e  te l-

6  Acta Physiologica XXVI/1 —2.
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e n c e p h a lo n  and  d ien cep h a lo n  a t  th e  b ra in  s te m  (m esencephalic) level. W e h av e  
th e re fo re  stud ied  th e  po ssib ilities  of se ttin g  u p  te m p o ra ry  co n n ec tio n  in  m es
en cep h a lic  anim als.

Methods

Under ether—hexobarbita l anaesthesia, m esencephalic transection  w as performed in 
30 ad u lt cats, by the follow ing technique. After opening the skull, b ilateral occip ital lobectom y  
w a s don e, exposing thereby th e  corpora quadrigem ina, then  the brain stem  w as divided at the  
le v e l o f the colliculus superior, using a h igh-frequency electrocoagulator. The wound was 
c lo sed , and the animal placed in to  a therm o-cage, to  keep body tem perature at a constant

Fig.  1. Sagittal histological section . The brain stem  has been cut com p lete ly  at the leve l of
the colliculus superior

le v e l. B y  adequate treatm ent (v itam ins, antib iotics, proper feeding, flu id  adm inistration) 
th e  m esencephalic preparations could be kept a live for a m axim um  o f 9 days. After death the  
com pleteness of the transection  w as checked h isto log ica lly  (Fig. 1 ) .

The experim ents were grouped as follows.
1. In 11 cats we started  respiratory reflex  conditioning on the day  of the operation, 

Sherrington  electrodes were p laced on the central stum ps of the cervical vagus and the pelvic  
n erv e , and electrical stim ulation  (1 to  2 Y, 50 H z, 1 to  30 sec) of these a fferent nerves was a p 
p lied . The unconditioned stim ulus was the stim ulation o f  the central vagal stu m p, the unconditio
ned  reflex  response (the changes in the am plitude or/and frequency of respiration) was recorded 
kym ographically . The conditioned stim ulus w as th e  stim ulation of th e  pelv ic nerve, th a t by  
i t s e lf  caused no change in respiration. The interval betw een trainings la sted  1 minute; in one 
exp erim en t 100 to 200 reinforcem ents were applied. W hen evaluating th e  results, am plitude 
and frequency of the respiratory response were equally  taken into  account. The size o f  
th e  responses was expressed in percentage of the spontaneous respiratory am plitude and

freq u en cy  changes ^ =  V a, where dA =  change of am plitude in m m , A =  norm al

a m p litu d e, in mm, V a =  change in am plitude in  response to vagal stim ulation), and the  
a rith m etic  means were represented graphically.

2. B y the m ethod described above, we bu ilt up tem porary connection  in 12 anim als 
w ith  in tact nervous system , th en  we transected the brain stem  and attem p ted  to elicit the  
pre-operatively set up conditioned reflex by pelvic stim ulation  alone, w ith o u t reinforcem ent.

3. In 7 m esencephalic anim als a motor defensive reflex  was conditioned  2 or 3 days after 
tran sectin g  the brain stem . T he conditioned stim ulus w as the stretching o f  th e  gastric or rectal 
w all b y  means of an in fla tab le  rubber balloon, and the unconditioned stim ulus the electri
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cal stim ulation of the forelim b (1 to 3 V, 50 H z, for 1 to 2 sec), to  w hich the anim al responded  
by a defensive leg m ovem ent. In each experim ent we applied 50 to 100 reinforcem ents in inter
va ls o f 1 m inute.

Results

1. C onditioned respiratory changes in  mesencephalic anim als

A tem p o ra ry  co n n ec tio n  was set up  in  11 m esencephalic  an im als. Before 
tra in in g , p re se n ta tio n  o f th e  pelvic stim u lu s alone h a d  no  influence on re sp ira 
tio n . W hen  th is  in d iffe re n t s tim u lus was p resen ted  to g e th e r  w ith  v agal s tim u la-

RESP
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VAGUS

RESP.

PELV.

VAGUS
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PELV.

VAGUS

Fig. 2. Setting up of the conditioned reflex. In downward order: spontaneous respiratory  
m ovem ents, duration o f p e lv ic  stim ulation, duration of vagal stim ulation . A  : the pelvic  
stim ulation  before reinforcem ents had no influence on respiration. В  : on the le ft side in  2 
cases unconditioned vagal apnoea, to further tw o isolated  pelvic stim u li (41st and 42nd) spon
taneous respiration does n o t y e t  change. C : conditioned apnoea in response to  pelvic

stim ulations (120th and 121st)

6*



8 4 É. MARKEL, G. ÁDÁM

t io n ,  a f te r  an av e rag e  o f  100 su ch  re in fo rcem en ts  th e  co n d itio n ed  re sp ira to ry  
re f le x  response a p p e a re d : change in  re sp ira tio n  was ev o k ed  b y  th e  pelv ic  
s tim u la tio n  in  itse lf. F ig . 2jC  show s th e  decrease of re sp ira to ry  am p litu d e  in  
re sp o n se  to  pelvic s tim u la tio n  a lone , w ith o u t v ag a l s tim u la tio n . T he cond i
t io n e d  reflex  response  show ed sm alle r changes in  am p litu d e  a n d  freq u en cy  th a n

Fig. 3. Mean respiratory response values. A bove: changes in frequency, in  response to vagal 
stim ulation  (Vj) black colum n; in the m iddle 0 per cent (Pf) in response to  pelvic stim ulation  
before reinforcem ent, shaded colum n (Pf) in  response to pelvic stim ulation after reinforcem ents. 
B elow : respiratory am plitude in the sam e sequence. (The arithm etic m eans were com puted  

from a to ta l o f 613 data obtained from  11 experim ental anim als)

th e  u n co nd itioned  re sp ira to ry  re flex . As re la te d  to  th e  a m p litu d e  an d  freq u en cy  
o f  spon taneous re sp ira tio n , th e  changes w ere 55 an d  73 p e r c e n t, respective ly , 
in  th e  case of th e  u n co n d itio n ed  re flex  in  response to  v agal s tim u la tio n , an d  34 
a n d  40 per cen t, re sp ec tiv e ly , in  th e  case o f pelvic s tim u la tio n  a fte r  re in 
fo rcem en ts  (F ig . 3 ) .

In  our ex p e rim en ts  th e  co n d itio n ed  re sp ira to ry  re flex  w as b u ilt up  g ra 
d u a lly  and  becam e in creasin g ly  firm er. A fte r  th e  f irs t tra in in g s  iso la ted  pelv ic  
s tim u la tio n  d id  n o t  a lte r  sp o n tan eo u s b re a th in g , an d  i t  w as n o t u n til  a f te r
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a b o u t 100 tra in in g s  th a t  th e  f irs t  co n d itio n ed  change h ad  ap p eared . This th e n  
d isap p eared , on ly  to  becom e e s tab lish ed  a fte r  130 to  150 tra in in g s , and  reach ed  
100 p er cen t a f te r  210 to  220 tra in in g s . T he response p ro v ed  to  be d u rab le : 
a f te r  an  in te rv a l of 2 to  3 hou rs, th e n  24 h o u rs , th e  pelv ic  stim u lu s b y  its e lf  
evoked  changes, w ith o u t v agal re in fo rcem en t.

E x tin c tio n  could  also be in d u ced  in th ese  an im als. T he k y m o g ram  show n 
in F ig. 4 rep re sen ts  a sign ifican t episode of co n d itioned  re sp ira to ry  change in

Fig. 4. Induction of ex tin ctive  inhibition. Signs as in  Fig. 2

Fig. 5. Skin stim ulation  tests. Signs as in  Fig. 2. (In the second row the high-frequency sign 
indicates the duration of derm al stim ulation)

response to  p elv ic  s tim u la tio n , t h a t  becam e g rad u a lly  ex tin g u ish ed  w ith o u t 
re in fo rcem en ts  a n d  d isappeared  a f te r  th e  4 2 6 th  p re se n ta tio n  o f th e  s tim u lus.

C ond ition ing  could n o t be elic ited  b y  ap p ly in g  o th e r a ffe ren t s tim u li, 
in d iffe ren t from  th e  p o in t of view  o f re sp ira tio n . As F ig. 5 show s, th e  am p li
tu d e  decreased  in  response to  iso la ted  pelv ic  s tim u la tio n , w hile s tim u la tio n  
o f th e  skin caused  no change in  re sp ira tio n .

In  th e  c o n tro l experim en ts 5 an im als w ere su b jec ted  to  100—500 pelvic 
s tim u la tio n s , n o t re in fo rced  b y  v ag a l s tim u la tio n . S po n tan eo u s resp ira tio n  d id
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n o t change even a fte r  pe lv ic  te ta n iz a tio n , because no re in fo rcem en t h a d  been 
ap p lied .

T he te s ts  w ith  p elv ic  te ta n iz a tio n  a n d  s tim u la tio n  o f th e  skin  w ere m erely  
done to  check w h e th e r pelv ic c o n d itio n in g  w ould re su lt exclusively  in  th e  
course  o f re in fo rcem en ts, or, else, it  w o u ld  rep resen t an  a ty p ic a l re flex  response 
due  to  a h y p e rsen sitiv ity  re su lting  from  te ta n iz a tio n , based  on th e  phenom enon  
o f hyste rio sis  described  b y  V e d e n s k y .

2. Persistence o f  conditioned respiratory reflex after decerebration

T he cond itioned  re sp ira to ry  re flex  se t up in 12 in ta c t  c a ts  could be elicited 
b y  th e  f irs t  pelvic s tim u la tio n  and  becam e  g rad u a lly  ex tin g u ish ed  w ith o u t re in 
fo rcem en ts  following m esencephalic sec tio n .

3. A ttem p ts  to set up a defensive motor conditioned reflex in  mesencephalic anim als

In  7 m esencephalic  an im als, co m b in ed  s tim u la tio n  (s tre tch in g  th e  g astric  
w all -T electrical s tim u la tio n  of th e  fo relim b) induced  no m ark ed  defensive 
m o to r  conditioned response . A lthough  th e re  was a m ark ed  flex o r response to  
th e  u n co n d itioned  e lec trica l s tim u lu s, no sim ilar m o to r response developed  to  
th e  s tre tc h in g  of th e  g a s tric  wall even  a f te r  300 tra in in g s .

Discussion

In  m esencephalic anim als a re a d ily  recordab le  te m p o ra ry  connection  can 
he se t u p  in  a sh o rt tim e  by  s im u ltan eo u s  s tim u la tio n  of tw o  affe ren t nerves 
c a rry in g  in te ro cep tiv e  im pulses. As o p p o sed  to  th is , no co nd itioned  re flex  based  
on th e  m o to r defensive re flex  is se t u p . T hus, th e  v iscera l cond itioned  reflexes 
m ay  be form ed also in  th e  m esencephalic  s tru c tu re s , w ith o u t th e  p a r tic ip a 
tio n  o f th e  cerebrum , an d  th e  co n d itio n ed  re sp ira to ry  re flex  se t up  in an  an im al 
w ith  in ta c t  cerebrum  persis ts  a f te r  th e  rem o v a l of th e  h ig h er cen tres.

T he tem p o ra ry  connection  e s tab lish ed  in m esencephalic  ca ts  show s th e  
follow ing ch a rac te ris tic  fea tu res.

(1) I t  is set up  g rad u a lly  in  th e  course of re in fo rcem en ts , and  becom es 
m ore an d  m ore stab le .

(2) W ith o u t re in fo rcem en t i t  is g rad u a lly  ex tin g u ish ed , i.e. i t  is te m p o 
ra ry  in  n a tu re .

(3) I t  is re la tiv e ly  du rab le ; it can  he elicited  even on th e  n e x t d ay  b y  
th e  f ir s t  conditioned s tim u lu s.

(4) I t  canno t he elicited by  th e  te ta n iz a tio n  o f a single nerve  (pelvic 
n e rv e ), or by  som e a ffe ren t s tim ul- w hich  w ere no t in v o lv ed  in th e  tra in in g s ,
i.e. i t  is a special te m p o ra ry  co n n ec tio n .



ELEMENTARY TEMPORARY CONNECTION IN THE MESENCEPHALIC CAT 87

I t  rem ains to  be seen in to  w hich  ca tego ry  of th e  te m p o ra ry  connections 
shou ld  be classified th is  re sp ira to ry  lea rn ed  response on th e  basis of th e  classical 
te rm in o lo g y . Is i t  a tra n s ie n t, so-called “ su m m atio n ”  re flex , or a real co n d itio n 
al re flex ?  O ur ex p erim en ts  d id  n o t answ er th is  q u e s tio n , th e y  h av e  m erely  
p roved  th e  possib ility  o f cond ition ing  a t  th e  m esencephalic  level.
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T he schem e of th e  fo rm atio n  of co n d itioned  con n ec tio n s, th e  co n n ec
tio n s  betw een  th e  co n d itio n ed  re flex  an d  u n co n d itio n ed  re flex  cen tres w ere 
o u tlin ed  b y  P avlov  40 y ea rs  ago. I t  is now  well kn o w n  th a t  th e  cen tres  are  
ex ten siv e  s tru c tu re s , th e  d ev e lo p m en t o f nervous connec tio n s is co n tro lled  b y  
fa c ilita to ry  an d  in h ib ito ry  m echanism s, an d  th a t  in  th e  fo rm a tio n  of co n d itio n 
ed reflexes cerebral co rtic a l an d  subco rtica l cen tres are  in te ra c tin g . T he m ech a
nism s th ro u g h  w hich th e  te m p o ra ry  connections arise a re , how ever, s till n o t 
q u ite  clear.

E vidence  is also scarce  as to  th e  fu n c tio n  of th e  f ro n ta l  lobe. In  p h y lo g en e
sis i t  a lm o st overgrow s o th e r areas o f  th e  ce reb ra l co rtex : i ts  enorm ous 
ra te  o f  g row th  is one o f  th e  m ost o u ts ta n d in g  p ro p e rtie s  o f  th e  h u m a n  
b ra in . As reg ard s th e  fu n c tio n s  o f th e  p rem o to r p a r ts ,  a p a r t  from  som e 
iso la ted  sym ptom s, o n ly  th e  “ h ighest m o to r c o -o rd in a to r”  ro le and  th e  even 
m ore  obscure “ a sso c ia tiv e”  c h a ra c te r  of th e  p rem o to r a rea  a re  know n.

W e have  su b jec ted  to  in v es tig a tio n  th e  changes in  th e  m o to r cond itioned  
reflexes follow ing th e  e x tirp a tio n  o f ce rta in  p a r ts  o f th e  p rem o to r fro n ta l 
co rtex . W e used dogs in  th e  cond itioned  re flex  cage, s ta n d in g  on th e  P av lo v  
s ta n d . A fte r  p re sen tin g  th e  sou n d  stim u lu s (deep g e n e ra to r  sound  or buzzer) 
th e  r ig h t leg of th e  an im a l w as p laced  on th e  feeder, th e n  food was offered . 
A fte r  hav in g  rep ea ted  th is  severa l tim es, th e  an im al sp o n tan eo u sly  carried  ou t 
th e  m ovem en t in response  to  th e  stim u lu s: a positive  m o to r  cond itioned  re flex  
h a d  developed . Once th is  has becom e firm ly  estab lish ed , th e  an im als w ere n o t 
fed  follow ing th e  p re se n ta tio n  of o th e r sound  stim u li su ch  as a h igh p itch ed  
so u n d  or th e  ring ing  o f a bell 5 seconds before  th e  p re se n ta tio n  of th e  p o sitive  
b u zze r so u n d . A fte r an  a d e q u a te  n u m b er of tr ia ls  th e  m o to r  reac tio n  evoked  by  
th e  in itia l g enera lization  w as n o t ca rried  o u t: n eg a tiv e  m o to r cond itioned  re 
flexes, d iffe ren tia tio n  a n d  co n d itioned  in h ib itio n  h a d  developed . T he w hole 
course o f th e  ex p erim en t w as reco rded  kym o g rap h ica lly . In  th is  w ay b o th  the  
re flex  a c tiv ity  an d  th e  lack  o f reflexes could be reco rded  precisely .

W hen  th e  dogs in  2 m o n th s  h a d  resp o n d ed  to  200 co nsecu tive  p re s e n ta 
tio n s of th e  positive s tim u lu s  b y  th e  con d itio n ed  leg re a c tio n  in  a t  le a s t 95 per
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c e n t an d  to  100 n e g a tiv e  s tim u li th e y  re a c te d  in  no t m ore th a n  10 per cen t, 
w e rem oved  a ce reb ra l area  b y  su c tio n , u n d e r in tra v e n o u s  p o te n tia te d  
a n aes th es ia .

O ur aim  w as to  rem ove p rem o to r areas w ith o u t d am ag in g  th e  m o to r 
c o r te x . T herefore we h a d  m ap p ed  th is  area  in  six dogs. W hile th e  s tim u la tio n  
o f  th e  low er p a r t  o f th e  p o ste rio r sygm oid  gyrus (to th e  line o f th e  c ru c ia te  
su lcu s) in v a riab ly  re su lte d  in  je rk s  of th e  c o n tra la te ra l leg, in  ag reem en t w ith  
th e  d a ta  in th e  l i te ra tu re  th e  s tim u la tio n  of th e  an te rio r sygm oid  gyrus evoked  
m e re ly  adversive m o v em en ts  o f th e  h e a d  an d  eyes. The d am ag ed  s ta te  of th e  
m o to r  area was p ro v ed  also b y  th e  fa c t th a t  we never found  a n y  sign of paresis . 
W e m ade four k in d s  o f e x tirp a tio n :

I . O rally  from  th e  fro n ta l p lane  la id  across th e  p re c ru c ia te  sulcus to  th e  
b a se , leav ing  th e  o lfac to ry  bu lb  in ta c t ,  th e  proreus (fron ta l) an d  th e  o rb ita l 
g y ri w ere rem oved  to g e th e r.

I I .  The c o rtex  o f th e  p ro reus (fron ta l) gyrus was sucked  o u t in  a d e p th  of 
a b o u t 3 m m , leav in g  th e  o rb ita l gyrus in ta c t.

I I I .  The la te ra l  o n e -th ird  of th e  a n te r io r  sygm oid gyrus w as e x tirp a te d  
fro m  th e  sa g itta l line d raw n  from  th e  la te ra l  end of the  c ru c ia te  su lcus la te ra lly  
to  th e  coronary  sulcus an d  back w ard s to  th e  fro n ta l line d raw n  ab o u t 1.5 m m  
b efo re  th e  end o f th e  c ru c ia te  sulcus.

IV . The m ed ia l p a r t  of th e  a n te r io r  sygm oid sulcus w as rem oved  o ra lly  
fro m  th e  line 1.5 m m  a n te rio r  to  th e  c ru c ia te  sulcus to  th e  p rec ru c ia te  su lcus, 
m ed ia lly  to  th e  in te rh em isp h e ra l fissu re , la te ra lly  to  th e  line d raw n  sa g itta lly  
from  th e  end of th e  c ru c ia te  sulcus, leav in g  th e  la te ra l o n e -th ird  o f th e  a n te r io r  
sy g m o id  gyrus in ta c t .

Fig. 1 show s th e  effect o f b ila te ra l e x tirp a tio n . In  th e  20 ex perim en ts 
c a rr ie d  ou t p rio r to  o p era tio n  th e  co n d itio n ed  reflex  response  was given in 
a lm o s t 100 per cen t o f th e  cases to  th e  po sitiv e  cond itioned  s tim u li, an d  only  
v e ry  few an im als re a c te d  to  th e  n eg a tiv e  s tim u li. T here w as h a rd ly  an y  in te r 
s ig n a l reaction .

Follow ing th e  o p era tio n  ty p e  I tw o of th e  dogs resp o n d ed  to  th e  n eg a tiv e  
s tim u li in th e  f ir s t  5 ex p erim en ts  by  th e  leg reac tio n  in  70 p e r cen t of th e  cases, 
a n d  th e  n u m b er o f in te rs ig n a l reac tio n s increased  s ig n ifican tly . B o th  th ese  
fa c ts  were in d ica tiv e  of an im p a irm en t of in h ib ition . D u rin g  th e  n ex t ex p e ri
m e n ts  d esin h ib itio n  g rad u a lly  ceased an d  th e  cond itioned  re flex  a c tiv ity  co rre 
spon d in g  to  th e  c h a ra c te r  of th e  s tim u li w as resto red . This ty p e  of e x tirp a tio n  
d id  n o t in fluence th e  positive  co n d itioned  reflexes.

Before us, A l l e n  an d  K o n o r s k y  carried  ou t th e  sam e o p era tio n  w ith  
s im ila r  resu lts. I t  w as rem ark ab le  th a t  a f te r  th e  opera tio n  ty p e  I I ,  w hen we 
rem oved  th e  c o rtex  of th e  p ro reus (fron ta l) gyrus, i.e. a b o u t 8 tim es less nervous 
tis su e  th a n  w ith  th e  opera tio n  ty p e  I ,  th e  changes were ab so lu te ly  sim ilar to  
th o se  o b ta in ed  w ith  th e  p rocedure  ty p e  I . I t  seems th a t  w ith  th e  o p era tio n



ROLE OF THE FRONTAL LOBE IN CONDITIONED REFLEX ACTIVITY 91

ty p e  I ,  too , th e  d am ag e  to  th e  inh ib itions was due to  th e  ex tirp a tio n  of th e  co rtex  
o f  th e  proreus (fro n ta l)  gyrus.

T h e  changes re su ltin g  from  th e  o p era tion  ty p e  I I I  (ex tirp a tio n  o f th e  
la te ra l  one-th ird  o f th e  a n te r io r  sigm oid gyrus) w ere ju s t  th e  opposite  o f tho se

Fig. 1. E ffect of bilateral extirpations on conditioned and intersignal reactions. On the ordinate, 
percentage of positive conditioned leg reactions (-)- above), percentage of leg reactions in res
ponse to  negative conditioned stim uli ( — centre) and number o f intersignal reactions in 10 
m inutes (IS, below). On the abscissa, the responses in 20 preoperative and 20 postoperative  
experim ents; one interval f iv e  experim ents (30 positive and 15 negative  stim uli w ith each ani
m al). E ffects of the extirpation  of the proreus (frontal) and orbital gyri (on the left, above), 
of the proreus (frontal) gyrus (on the left, below ), o f the lateral third of the anterior sigm oid  
gyrus (on the right, above), and of the m edial tw o-thirds of the anterior sigmoid gyrus (on the  

right, below ). The arrows ind icate the tim e o f operation

o u tlin ed  above. W hile  th e  e x tirp a tio n  of th e  p ro reus (fron ta l) gyrus an d  th a t  
o f th e  p ro reus (fron ta l) an d  o rb ita l gy ri to g e th e r d id  n o t  in fluence th e  p ositive  
co n d itio n ed  reflexes, a f te r  th e  o p era tio n  ty p e  I I I  th e  neg a tiv e  cond itioned  
reflexes and th e  in te rs ig n a l reac tions, i.e. th e  in h ib ito ry  ac tiv ities, rem ain ed
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in ta c t .  O n th e  o th e r  h a n d , th e  p o sitiv e  co n d itio n ed  reflexes could  n o t be 
e v o k e d  a t all in 3 an im als . These d id  n o t re sp o n d  to  even h u n d re d s  of positive  
s tim u la tio n s  for m o n th s , while in  a n o th e r  3 an im als  th e  p o sitiv e  cond itioned  
re flex es  were g rad u a lly  re s to red  a f te r  a loss o f from  25 to  80 p e r  c en t. T hus, e x 
t i r p a t io n  ty p e  I I I  re su lte d  in  a d am age to  th e  positive , i.e. e x c ita to ry , re a c 
tio n s .

T he area rem oved  b y  th e  o p e ra tio n  ty p e  IV  (m edial tw o -th ird s  o f th e  
a n te r io r  sigm oid gyrus) w as ab o u t tw ice as g rea t as th a t  of th e  p ro reu s  (fron tal)

Fig. 2.  E ffect of un ilateral frontal proreus (left) gyrectom y and unilateral extirpation  of the 
la tera l third of the anterior sigm oid gyrus (right) on conditioned and in tersignal reactions.

Signs as in Fig. 1

o r o f  th e  la te ra l o n e -th ird  of th e  a n te r io r  sigm oid  gyrus. In  one dog  th e  positive 
co n d itio n ed  reflexes rem ain ed  in ta c t ,  in  th e  o th e r th e y  w ere som ew hat im 
p a ire d . In  b o th  dogs th e  n eg a tiv e  co n d itio n ed  reflexes were te m p o ra r ily  in h ib ited . 
T h e  im p a irm en t o f re flex  a c tiv ity  w as sh o rte r  in  d u ra tio n  a n d  w as less severe 
th a n  in  th e  o th e r ty p e s  of o p era tio n . I t  is possible th a t  th ese  effec ts were one 
to  secondary  lesions in vo lv ing  a d ja c e n t a reas; such lesions are d ifficu lt to  avoid 
■when opera ting  on th e  m edial tw o -th ird s  o f th e  an te rio r  sigm oid  gyrus.

F ig . 2 i l lu s tra te s  th e  u n ila te ra l (left side, th e  one c o n tra la te ra l to  th e  
re a c tin g  leg) e x tirp a tio n  of th e  p ro reu s (fron ta l) gyrus and  th e  la te ra l  one-th ird  
o f  th e  an te rio r sigm oid  gyrus. Im p a irm e n t of p ositive  cond itioned  re flex  a c tiv ity  
re s u lte d  from  th e  u n ila te ra l e x tirp a tio n  of th e  la te ra l th ird  o f th e  an te rio r  
s ig m o id  gyrus, an d  w eaken ing  o f in h ib itio n s  w as observed  a f te r  rem oval of th e  
p ro re u s  (fron tal) gy rus.

A t th e  1959 m ee tin g  of th e  H ung a ria n  Physiological Society  we have  show n 
t h a t  th e  to ta l  loss o f  re flex  a c tiv ity  la s tin g  fo r m o n ths a f te r  th e  e x tirp a tio n  
o f  th e  la te ra l th ird  o f  th e  a n te rio r  sigm oid  gyrus ceased w hen th e  p ro reus gyrus
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of opposite  a c tiv ity  h a d  su b seq u en tly  been e x tirp a te d  or w hen  th e  con d itio n ed  
re f le x  h ad  been b u ilt  up  anew  an d , a lso , th a t  co n d itioned  re flex  a c tiv ity  becam e 
g rad u a lly  no rm al a f te r  th e  area o f  opposite  a c tiv ity  h a d  been rem oved . W e 
concluded  th a t  th e  cause was n o t a d ire c t in ju ry  of th e  re flex  p a th w a y s , b u t  a 
fa ll-o u t o f h igher suppresso r a n d  fa c ilita to ry  s tru c tu re s . T his we could  now  
confirm  b y  new o bserva tions.

A. P ara lle l w ith  th e  se ttin g  u p  o f cond itioned  reflexes to  sound  s tim u li 
we se t up in th e  sam e dogs co n d itio n ed  reflexes to  lig h t. I t  is know n th a t  in

Fig. 3. Changes in conditioned reflex set up to  sound (solid line) and ligh t (broken line) and the  
intersignal reactions follow ing extirpation o f  the proreus (frontal) (left) and anterior sigm oid

gyrus (right)

dogs i t  is m ore d ifficu lt to  set up  co n d itio n ed  reflexes to  lig h t th a n  to  sou n d  an d  
th a t  th e  te m p o ra ry  connections w h ich  arise in  response  to  lig h t are less s ta b le  
th a n  those e lab o ra ted  to  sound. T h e  p o sto p e ra tiv e  loss o f cond itioned  reflexes, 
to o , is governed  b y  th is  law  (F ig . 3 ) .  A fte r the  e x tirp a tio n  of th e  fa c ilita to ry  
a rea  in  th e  la te ra l one th ird  of th e  a n te rio r  sigm oid  gyrus th e  in h ib itio n  o f 
lig h t stim uli, an d  a f te r  th e  rem o v a l o f th e  suppresso r area  in  th e  p ro reu s 
(fro n ta l) gyrus th e  desinh ib ition  o f  lig h t s tim uli, is m ore m ark ed  th a n  in  th e  
case of cond itioned  reflexes e la b o ra te d  to  sound stim u li.

B . The te m p o ra ry  connection  is w eaker w hen th e  v e ry  f ir s t  s tim u lu s o f 
th e  ex p erim en t is p resen ted . In  th e  case of sa liv a ry  reflexes fo r exam ple th e  
n u m b e r of drops o f sa liva  secreted  in  response to  th e  f ir s t  p o sitive  s tim u lu s is 
th e  sm allest. In  th e  case of an  in h ib ite d  cond itioned  re flex  th e  e x tin c tio n , an d  
a f te r  th e  p re se n ta tio n  of th e  n e g a tiv e  stim ulus th e  a fte r-in h ib itio n , m akes 
i t  m ore  d ifficu lt to  evoke th e  n e x t po sitiv e  co n d itioned  reflex . Follow ing th e  
e x tirp a tio n  of th e  la te ra l  one th ird  o f  th e  an te rio r sigm oid  gy rus, w hen th e  loss
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of re flexes is no t to ta l  a n d  th e  positive  re flexes have  a lread y  b eg u n  to  reappear,, 
we o ften  see in th e se  a rea s , c ritica l from  th e  p o in t o f view  o f th e  tem p o ra ry  
co n n ec tio n , the  in h ib itio n  of the co n d itio n ed  reflex . A fte r th e  p o sitive  condi
tio n e d  reaction  has b e e n  c rea ted , it is uncom m on  to  fin d  an  in h ib itio n  of th e  
co n d itio n ed  reflex .

Follow ing re m o v a l of th e  p ro reu s  (fro n ta l) gy rus, d is in h ib itio n  m ostly  
re su lts  in  response to  th e  f irs t n eg a tiv e  s tim u lu s , rep resen tin g  a d ifficu lt ta sk  
fro m  th e  po in t of v iew  o f in h ib ition . D is in h ib itio n  can be observed  th ree  tim es 
less o ften  when th e  f i r s t  ad eq u a te  in h ib ito ry  reaction  has m ade th e  in h ib ito ry  
co n n ec tio n  more s ta b le  (T able  I ) .

Table I

Distribution of faulty conditioned reflex responses among the stimuli representing various grades 
of difficulty in the period of restoration of reflexes

Inhib ited  positive  
reaction  
in  th e  phase of 
ly sis o f  
inh ib ition

T otal
To in itial positive stim ulus  
A fter inhibited in itia l positive  stim ulus 
A fter negative stim ulus 
A fter positive response

115
36
25
43
11

100 per cent
31 „ „  
22 „  ,.
37 „  „
10 „  „

T otal 43 100 per cent
D isinh ib ited To first negative stim ulus 30 70 „  „
negative A fter  disinhibited n egative  reaction 3 7 „  „
reaction A fter  adequate negative  reaction 10 23 „  „

C. I t  is know n th a t  if  th e  d iffe ren tia l in h ib itio n  is s ta b le , th e  conditioned  
in h ib itio n  is less easy  to  se t up  an d  is easily  d is in h ib ited . A fte r  p ro reu s (fron tal) 
g y rec to m y  th e  re a d ily  dam ageab le  co n d itio n ed  in h ib itio n  w as d is in h ib ited  2%  
tim es  m ore often th a n  d iffe ren tia tio n .

D . Follow ing e x tirp a tio n  of th e  la te ra l  th ird  of th e  a n te r io r  sigm oid 
g y ru s  th e  positive co n d itio n ed  reflexes w ere lo st in  3 dogs. In  th is  phase of 
p o s to p e ra tiv e  d is tu rb a n c e s  of th e  te m p o ra ry  connections, e x tin c tio n  due to  a 
la c k  o f re in fo rcem en t m ig h t have p lay ed  a ro le. This w as in d ic a te d  also b y  th e  
fa c t t h a t  following p ro reu s  (fron ta l) g y rec to m y  th e  d is in h ib itio n  of negative  
co n d itio n ed  reflexes is m erely  te m p o ra ry . U nlike in th e  case o f th e  positive 
re flex es , th e  non -re in fo rcem en t of th e  d is in h ib ited  n eg a tiv e  reac tio n  prom otes 
th e  re s to ra tio n  of in h ib itio n .

A ll these c o n firm  th e  co n ten tio n  th a t  th e  fro n ta l areas in  question  exert 
th e ir  fa c ilita to ry  a n d  in h ib ito ry  a c tiv itie s  th ro u g h  low er s tru c tu re s , and a fte r 
th e ir  rem oval th e ir  ro le  is tak en  over b y  o th e r  areas. T he ro le o f  th ese  areas is 
p ro b a b ly  to  d e te rm in e  th e  positive or n e g a tiv e  effect o f th e  re a c tio n  evoked by  
th e  cond itioned  s tim u lu s . The fac t t h a t  th e  lo st reflexes m o stly  reap p ea r and  
th e  course of th e ir  re s to ra tio n  depends on how  th e y  h ad  been b u ilt  up  ind icates 
th a t  th e  s tab ility  o f  co n d itio n ed  connec tio n s is ensured  b y  o th e r  m echanism s.
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F in a lly , we h av e  in v e s tig a te d  how  th e  cond itioned  re flex  a c tiv ity  w ould  
change a f te r  a tw o  m o n th s  in te rv a l in e x p e rim en ta tio n  in  n o rm al dogs a n d  in  
dogs in  w hich  re flex  a c tiv ity  has a p p a re n tly  com plete ly  no rm alized  fo llow ing  
e x tirp a tio n  o f  th e  p ro reus an d  th e  la te ra l th ird  of th e  a n te r io r  sigm oid g y ru s . 
T he co n d itio n ed  re flex  a c tiv ity  of th e  in ta c t  anim als M as m ore precise a f te r  th e  
in te rv a l; th e y  resp o n d ed  som ew hat m ore o ften  to  the  p o sitiv e  stim uli a n d  less

Fig. 4. E ffect o f  60-days in terval on conditioned and intersignal reactions of non-operated  
(em pty colum n) and operated anim als (black colum n). Above on the left: positive conditioned  
reactions ( + ) ,  on  the right: negative  conditioned reactions (— ); below  on the left: intersignal 
reactions (IS). The ordinates show the changes in th e  conditioned reactions to stim uli, as well as 
the num ber of intersignal reactions in  10 m inutes in the 20 experim ents after the interval (120  
positive and 60 negative stim uli per anim al). The broken lines and the figures next to  them

indicate the m eans for the groups

often  to  th e  n eg a tiv e  ones, th a n  before th e  in te rv a l, a n d  also th e  n u m b e r o f 
in te rs ig n a l reac tio n s d im in ished . In  th e  th re e  o p era ted  dogs, how ever, d is in h i
b itio n  in response  to  th e  m ore lab ile  n e g a tiv e  con d itio n ed  stim uli could  be 
n o te d  s ig n ifican tly  m ore o ften  th a n  before  th e  in te rv a l. T h e  n u m b er of in te r 
signal reac tio n s  also in creased  in  th ese  an im als  (F ig . 4 ) .  T h u s, in  th is  wray  
som e in fo rm a tio n  m ay  p e rh ap s  be o b ta in e d  concerning la te n t  d is tu rb an ces  of 
th e  co n d itio n ed  re flex  a c tiv ity  a p p a re n tly  no rm alized  a f te r  f ro n ta l e x tirp a tio n .

O n th e  basis o f th e  above resu lts , th e  s tu d ied  areas o f th e  fro n ta l lobe 
seem  to  d e te rm in e  w h e th e r a con d itio n ed  s tim u lu s will evoke a positive  o r a 
n eg a tiv e , in h ib ito ry  effect. I t  m ay  be assu m ed  th a t  th e  enorm ous phy logene- 
tic a l d ev e lo p m en t o f th e  fro n ta l  lobe serves ju s t  th e  fine a n d  ad eq u a te  c o n tro l, 
re fin ed  precision  an d  m any-sidedness of e x c ita tio n  and  in h ib itio n  o b serv ed  in  
m an , am ong  o thers.





THE ROLE OF THE FRONTAL LOBE 
IN THE FOOD ACQUIRING BEHAVIOUR 

OF THE DOG
(W ITH  CINEM ATOGRAPHIC ILLU STR ATIO N)*

By

E. PÁSZTOR and M. GehBNER

STATE IN STITU TE OF N E U R O SU R G E R Y  AND STA TE IN ST ITU TE OF SPO R T S  AND SPORTS H Y G IE N E ,
BU D A PEST

E xperience  o b ta in ed  in  physio logical stud ies, th e  clin ical observ a tio n s 
a n d  observa tions m ade in  connection  w ith  b ra in  o p e ra tio n s  prove u n e q u iv o 
cally  th e  role of th e  fro n ta l lobe in  b eh av io u r and psy ch ic  ac tiv ities . O ur d a ta  
o b ta in ed  b y  s tu d y in g  con d itio n ed  reflexes have  show n t h a t  ce rta in  areas of 
th e  fro n ta l lobe h ad  a p a r t  in  th e  e x c ita to ry  and  in h ib ito ry  co n d itioned  connec
tio n s. This m ethod  has m ade it  possible to  analyse  in d e ta il n ervous m echan ism s, 
b u t  requ ires ex p erim en ta l cond itions in  several re sp ec ts  d ifferen t from  th e  
u su a l ones and  re s tr ic te d  to  th e  m ost essen tia l fea tu re s  o f th e  signals and  
responses.

In  stud ies of an im al b eh av io u r a p ic tu re  close to  n a tu ra l  a c tiv ity  can  be 
gained  b y  analysing  th e  v ita l food -acqu iring  reactions p e rfo rm ed  w ith o u t p re 
vious tra in in g . E v en  u n d e r n a tu ra l  cond itions any  dog m a y  be observed  to  use 
its  paw  or paw s in an  e ffo rt to  get food, if  so requ ired . M ak ing  use of th is , we 
h av e  p laced  pieces of m ea t on one side, a n d  led  the  dog to  th e  o th e r side o f a 
screen. A t f irs t, th e  an im al tr ie d  to  reach  th e  m eat w ith  i ts  nose, th en  to  pu ll it 
in  its  m o u th  w ith  its to n g u e . As th e  screen d id  n o t p e rm it th e  an im al to  pass its  
h ead  th ro u g h , it fa iled  to  reach  th e  m ea t w ith  its  to n g u e . T herefore soon th e  
dog tr ie d  to  use its  forelegs, and , reach ing  over th ro u g h  th e  screen, it  pu lled  th e  
m ea t over. A fte r a few tr ia ls  th e  a t te m p ts  involv ing  th e  nose were in h ib ited  
an d  th e  an im al p erfo rm ed  in s ta n tly , co n tinuously  an d  in  ra p id  succession th e  
food -acqu iring  leg reac tio n . This is i llu s tra te d  in Fig. 1.

This ob jective m e th o d  allows to  reco rd
(1) th e  n u m b er of a tte m p ts  m ade b y  th e  dog to  re a c h  th e  food w ith  its 

nose, th e  su b seq u en t in h ib itio n  an d  e v e n tu a l reap p ea ran ce  o f th is  a c tiv ity ;
(2) th e  la ten cy  period  of th e  food-acqu iring  leg re a c tio n , i.e. th e  tim e  

e lapsed  betw een  th e  dog a rriv in g  to  th e  screen and its  reach in g  th ro u g h  w ith  
a fore leg;

*The m otion picture was m ade by Dr. L. Y aday, chief of the photolaboratory, S tate  In 
stitu te  o f  Neurosurgery.

7  Acta P  hysiologica X XV I/1 — 2.
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(3) th e  chronological course of th e  consecu tive reach in g s-o v er w ith  th e  
fo re lim b . In  our ex p e rim en ts  th is  w as ch a rac te rized  b y  th e  tim e elapsed  
b e tw een  a rriv ing  to  th e  screen  an d  th e  te n th  leg reac tio n ;

(4) w h e th e r th e  an im al uses its  r ig h t o r le ft leg in  th e  reac tio n ;
(5) the  d u ra tio n  o f leg a c tiv ity  by  c in em ato g rap h y .
D uring th e  f irs t  e x p e rim e n ta l days th e  tim e  till th e  f i r s t  reach ing-over, 

as w ell as th e  to ta l  tim e  of perfo rm ing  10 reach ings-over a re  long  and  th e  dogs 
t r y  several tim es to  reach  th e  food w ith  th e ir  nose. A fte r a few  days th e  tim e

Fig. 1. The experim ental situation

t i l l  th e  firs t reach in g -o v er is red u ced  to  a few  seconds, no a t te m p ts  are m ade 
w ith  the  nose, an d  th e  tim e  req u ired  for 10 reach ings-over is reduced  to  20 to  
40 seconds. A fte r th e  10 th  ex p erim en t u n d e r asep tic  co n d itio n s , in p o te n tia te d  
in tra v e n o u s  an aes th es ia , th e  p rem o to r areas of th e  fro n ta l  lobe  were rem oved  
w ith o u t dam aging  th e  m o to r a rea . Success of th e  o p e ra tio n  w as proved  by  th e  
f a c t  th a t  a few days la te r  th e  dogs w ere ac tiv e , lively , show ing  no p a lsy  or 
m o to r  d istu rbances. W e p erfo rm ed  th ree  k in d s of e x tirp a tio n .

I . The co rtex  o f th e  p ro reu s (fron ta l) gyrus was su ck ed  o u t to  a d e p th  of 
a b o u t 3 mm.

I I . The co rtex  o f th e  la te ra l th ird  of th e  a n te rio r  sigm oid  gyrus was 
e x tirp a te d , from  th e  line d raw n  from  th e  la te ra l end  o f th e  crucia te  su lcus 
to  th e  coronary  sulcus la te ra lly , an d  to  th e  line d raw n a b o u t 1.5 m m  fro n ta l to  
th e  end of th e  c ru c ia te  su lcus poste rio rly .

I I I .  The co rtex  o f th e  m edial p a r t  of th e  a n te rio r  sigm oid  gyrus w as 
su ck ed  ou t o ra lly  from  th e  line d raw n a b o u t 1.5 m m  a n te r io r  to  the  c ru c ia te  
su lcus to  th e  p re c ru c ia te  su lcus, m ed ia lly  to  th e  in te rh em isp h e ra l fissu re ,
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Fig. 2. E ffect o f  bilateral extirpation  on the food-acquiring leg reaction . Ordinates: tim e in 
seconds of the first (1) and ten th  (10) leg reaction. Abscissae: single experim ents. E ffects o f the  
extirpation  o f the proreus (frontal) gyrus (on the le ft, above), o f the m edial tw o-thirds o f the  
anterior sigm oid gyrus (on the le ft, below), o f the lateral third o f the anterior sigm oid gyrus 

(on the right). Arrows: tim e o f operation

la te ra lly  to  th e  line d raw n  sa g itta lly  from  th e  end of th e  c ru c ia te  sulcus. T hus 
th e  la te ra l  th ird  of th e  a n te r io r  sigm oid gyrus w as left in ta c t .

F ig. 2  shows th e  re su lts  o f th e  b ila te ra l e x tirp a tio n s . Follow ing e x tirp a 
tio n  of th e  p ro reus (fro n ta l)  gyrus, as well as th a t  of th e  m ed ia l tw o -th ird s  of 
the  a n te rio r  sigm oid g y rus we found  no sig n ifican t change from  th e  p re o p e ra 
tiv e  values in  e ith e r th e  f i r s t  reach ing -over tim e  or in th e  t im e  of te n  reach ings- 
over. H ow ever, a s ig n if ican t change re su lted  a fte r e x tirp a tio n  o f th e  la te ra l

7*
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th i r d  of the  a n te r io r  sigm oid g y ru s. In  th e  f irs t  p o s to p e ra tiv e  ex p erim en ts  tw o  
an im a ls  could n o t perfo rm  th e  f i r s t  food acq u irin g  leg re a c tio n  in  300 seconds, 
a n d  m ade several a t te m p ts  a t  reach in g  th e  food w ith  th e ir  nose. A fte r  300 
seconds we te rm in a te d  th e  e x p e rim e n t so as to  avoid  th e  d ev e lo p m en t of n e u ro 
sis. In  th e  o th e r th re e  dogs, to o , b o th  th e  f ir s t  reach ing -over tim e  and  th e  tim e  
o f te n  reachings-over w ere s ig n if ican tly  pro longed . W hen th e  ex p erim en ts  w ere 
c o n tin u ed , one an im al fa iled  to  reach  over in  300 seconds even  in th e  10 th

Fig. 3. Effects o f different operations in the sam e dog. On the left; extirpation  of the lateral 
th ird  of the anterior sigm oid gyrus, follow ed by the extirpation  of the proreus (frontal) gyrus. 
On the right: extirpation  of the proreus (frontal) gyrus, follow ed b y  the extirpation  of the  

lateral third of the anterior sigm oid gyrus. Signs as in  Fig. 2

ex p erim en t. In  th e  re s t b o th  th e  f irs t  reach ing -over tim e  a n d  tim e  of te n  re a c h 
ings-over decreased  g rad u a lly  a n d  th e  a t te m p ts  a t reach ing  th e  food w ith  the 
nose  were soon ab an d o n ed .

In  view  of th e  p o te n tia l in d iv id u a l reac tio n s to  o p e ra tio n , we h av e  e x 
am in ed  the  effects of th e  d iffe ren t e x tirp a tio n s  in  the sam e dog. The resu lts  of 
th e  operations, perfo rm ed  in  d iffe ren t o rders, are il lu s tra te d  in  Fig. 3 an d  th e  
m o tio n  p ic tu re  show s th e  ex p e rim en ts  invo lv ing  these  dogs. W e clearly  see th e  
b e h av io u r of th e  an im als in  th e  in it ia l  ex p e rim en t, th e  leg re a c tio n  is p erfo rm ed  
w ith o u t delay, in  ra p id  succession du ring  th e  days before  o p era tio n . In  th e  
f i r s t  experim ent follow ing e x tirp a tio n  of th e  la te ra l th ird  o f th e  an te rio r  sigm oid 
g y ru s , th e  f irs t dog tr ie d  to  reach  th e  food w ith  its nose; th e  tim e  of th e  f irs t
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reach ing -over and  th e  tim e  of th e  te n  reach ings-over w ere b o th  s ig n ifican tly  
pro longed . In  su b seq u en t ex p erim en ts  th e  an im al m ade no  a tte m p t a t  reach in g  
th e  food  w ith  its  nose, th e  tim es fo r th e  f i r s t  reach ing -over an d  th e  te n  reach ings- 
over w ere reduced , an d  no change re su lted  from  th e  su b seq u en t rem o v a l of

Fig. 4. E ffect of unilateral extirpation  on the food-acquiring leg  reaction . Arrow: extirpation  
o f the lateral third of the anterior sigm oid gyrus on the left side. Signs as in Fig. 2

th e  p ro reu s (fron ta l) gyrus. In  th e  o th e r  dog show n in th e  Figure 3 a n d  th e  
film  we p erfo rm ed  th e  o p era tions in rev ersed  order. R em oval of the p ro reu s  
(fro n ta l) gyrus caused no su b s ta n tia l change from  p reo p e ra tiv e  a c tiv ity . H ow 
ever, th e  food-acqu iring  leg reac tio n  w as to ta lly  ab sen t in  th e  11 ex p erim en ts  
follow ing b ila te ra l e x tirp a tio n  of th e  la te ra l  th ird  of th e  a n te rio r  sigm oid gy rus. 
I t  is c learly  seen in  th e  film  th a t  th e  an im al is lively , m obile, m akes re p e a te d  
a t te m p ts  a t  reach ing  th e  food w ith  its  nose, h u t does n o t use its legs fo r th a t  
pu rpose . I t  was in  th e  8 5 th  second o f th e  12th  ex p erim en t th a t  th e  dog used  
its leg fo r th e  f irs t  tim e  an d  th e  te n th  leg reac tio n  was perfo rm ed  a t th e  300th
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seco n d  in th is e x p e rim e n t. In  su b seq u en t ex p erim en ts  th e  a t te m p ts  m ade w ith  
th e  nose were a b a n d o n e d , th e  tim es fo r th e  f irs t  reach ing -over and  th e  te n  
reach in g s-o v er r e tu rn e d  soon to  th e  p re o p e ra tiv e  values. T he food-acqu iring  
m o v em en ts  of th e  leg  d id  n o t becom e c lum sy  or slow follow ing e x tirp a tio n  of 
th e  la te ra l th ird  o f  th e  a n te r io r  sigm oid g y ru s, i t  was on ly  th e  tim e  elapsed 
b e tw e e n  the  firs t leg re a c tio n  an d  th e  su b seq u en t leg reactions th a t  were consid 
e ra b ly  prolonged. W e d id  n o t com bine th e  e x tirp a tio n  of th e  m ed ia l tw o -th ird s  
o f  th e  an terio r sigm oid  gyrus w ith  these  o p e ra tio n s , because th e  e x tirp a tio n  of 
a d ja c e n t  areas w o u ld  h a v e  m ade i t  d ifficu lt to  id en tify  a fte rw ard s  th e  area  of 
o p e ra tio n .

The food-acqu iring  leg reac tions suffer also from  th e  u n ila te ra l e x tirp a tio n  
o f  th e  la te ra l th ird  o f th e  a n te r io r  sigm oid gy ru s. This was p a r tic u la r ly  in te re s t
in g  in  the  case of th e  an im al show n in  F ig . 4 , because th is  dog perfo rm ed  th e  
re a c tio n  b o th  before  a n d  a fte r  o p e ra tio n  in v a ria b ly  w ith  th e  le ft leg, ip sila te ra l 
to  e x tirp a tio n . T h u s , in  th is  case no d irec t e ffect on th e  crossed  p a th w ay s  of 
th e  cerebral co rtica l m o to r area could be inv o lv ed .

T hus, fo llow ing e x tirp a tio n  of th e  la te ra l  th ird  of th e  a n te r io r  sigm oid 
g y ru s  th e  fo o d -acq u irin g  leg reac tio n  ap p ears  la te r , th e  in te rv a l be tw een  th e  
re a c tio n s  is longer in  d u ra tio n , th e n  in  su b se q u e n t ex perim en ts th e  p ic tu re  is 
g ra d u a lly  no rm alized . I t  is in te re s tin g  to  com pare  th is  phenom enon  w ith  th e  
u su a lly  m arked  a n d  la s tin g  loss of positive  m o to r  cond itioned  reflexes follow ing 
th e  sam e opera tio n . I t  is only logical to  look for a com m on cause in  th e  b a c k 
g ro u n d  of these  tw o  p h en o m en a , because th e  food-acqu iring  reac tio n  is fu n d a 
m e n ta lly  a n a tu ra l  co n d itio n ed  m o to r re flex  reac tio n . N a tu ra l  cond itioned  
re flex es  are m ore s ta b le  th a n  a rtific ia l ones an d  th is  exp la ins w hy  i t  is sooner 
t h a t  th e  form er becam e  n o rm al. In  th e  case o f b eh av io u ra l reac tio n s  th e  p ic tu re , 
o f  course, is m ore com plex ; th is  is in d ic a te d  b y  th e  reap p ea ran ce  of th e  fo o d 
ac q u irin g  m o vem en ts invo lv in g  th e  nose a t  th e  tim e th e  leg reac tio n  is lo st.

F inally , wes h o u ld  p o in t to  th e  ana logy  betw een  th e  d is tu rb an ces  o b se rv 
ed  in  our con d itio n ed  re fle x  ex p erim en ts  a n d  th e  food -acqu iring  leg reac tions 
re co rd ed  following e x tirp a tio n  o f th e  la te ra l  th ird  of th e  a n te r io r  sigm oid gyrus, 
a n d  th e  m otor a p ra x ia  observed  in  h u m an s a f te r  lesions to  th e  areas 4 an d  6. 
I n  a ll th ree  cases th e  h ig h e r p o sitive  m o to r connections b u ilt  u p  in  th e  fro n ta l 
lo b e  are  in h ib ited , w ith o u t a d irec t d am age to  th e  s tru c tu re s  invo lved  in  th e  
p e rfo rm an ce  of m o v em en ts . I t  is th e re fo re  possible th a t  o u r exp erim en ta l 
m odels m ay re p re se n t a step  fo rw ard  in th e  clinical analysis o f these  m o to r 
d is tu rb an ces .
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In  17 aw ake, free ly  m oving ra ts  th e  EC G , th e  co rtic a l evoked p o te n tia ls  
(evoked  b y  acoustic  clicks) an d  the  m o to r a c tiv ity  (especially  th e  s ta r tle  re a c 
tio n ) w ere s im u ltan eo u sly  reg istered  b e fo re  an d  d u rin g  th e  e lab o ra tio n  a n d  
d u rin g  th e  ex tin c tio n  o f a conditioned  av o id an ce  re flex  ( th e  r a t  h ad  to  ju m p  
upon  a w ooden ro d  to  avmid an electric  shock  from  th e  b o tto m  grid). E C G  
re g is tra tio n  allow ed free m ovem ents o f th e  an im al. As co n d itio n ed  s tim u lu s , 
10 clicks a t  in te rv a ls  o f 1 sec were em p lo y ed . E v e ry  te n  evoked  p o te n tia ls  
w ere su p e rp o n a ted  by  m eans of a tw o-beam -oscillograph .

T he evoked  p o te n tia ls  were found to  d im in ish  a fte r  th e  f irs t  re in fo rcem en t 
b y  th e  e lec tric  s tim u lu s. T h ey  decreased to  a m in im um  a n d  th e n  rose ab o v e  
th e  in itia l va lue . W hen th e  f irs t  cond itioned  reflexes ap p ea red  th e re  again  cou ld  
be observed  a d im in u tio n  o f the  evoked p o te n tia ls  below  th e ir  in itia l va lu e . 
L ikew ise d u rin g  o th e r m o to r acts (locom otion  w ith in  th e  ex p e rim en ta l c h a m 
ber, search in g  locom otion , com fort m otions) th e  am p litu d e  o f th e  evoked p o te n 
tia ls  w as d im in ished . W hen  th e  ra t  was h a n g in g  on th e  ro d  th e  evoked p o te n 
tia ls  w ere sm aller th a n  w hen the  an im al w as s tay in g  on th e  b o tto m  o f th e  
ch am b er. O n th e  b a ck g ro u n d  of the in itia l d esy n ch ro n iza tio n  in  th e  ECG, a f te r  
a few  co m bina tions of th e  acoustic  and  e le c tr ic a l s tim u lus th e re  ap p eared  slow  
rh y th m ic a l w aves of a th e ta - lik e  freq u en cy  (6 — 8/sec). D u rin g  th e  d ev e lopm en t 
of th e  co n d itioned  reflex , phases of h y p e rsy n ch ro n iza tio n  (6 — 8/sec) were o b se rv 
ed in all cases during  th e  ap p lica tion  o f th e  co n d itioned  s tim u lu s , reach in g  a 
m ax im u m  in am p litu d e  (up  to  more th a n  400 /iV) and  re g u la r ity  im m ed ia te ly  
before th e  cond itioned  m o to r act.

A t th e  beg inn ing  o f th e  ex perim en ts th e  clicks ra re ly  evoked  a s ta r t le  
reac tio n . T hese v an ish ed  a f te r  the  f irs t re in fo rcem en t, increased  again  in th e  
follow ing com binations a n d  show ed a m a x im u m  before th e  ap p earan ce  o f th e  
f irs t co n d itioned  reflex  (s ta r tle  phase). D u rin g  th e  f irs t co n d itioned  reflexes 
th e y  once m ore d im in ished  b u t  su b seq u en tly  again  increased . T he ap p earan ce  
a n d  th e  s tre n g th  of th e  s ta r t le  reactions th u s  w en t para lle l w ith  th e  changes in

The te x t w ill be published in  full in the A cta biol. med. germ.
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a m p litu d e  of th e  co rtica l evoked p o te n tia ls . D urin g  th e  co n d itio n ed  period  th e  
r a t  fre q u e n tly  ju m p e d  im m ed ia te ly  a f te r  a m ark ed  s ta r t le  reac tio n  (s ta r tle  
ju m p ) .

W hen th e  con d itio n ed  reac tio n s w ere n o t  re in fo rced  an y  m ore (a t  th e  
b eg inn ing  of th e  e x tin c tio n ), th e  evoked  p o te n tia ls  an d  th e  s ta r tle  reac tio n s in 
th e  f ir s t  phase d im in ished . A t th is  tim e  th e  an im al assum ed  a rig id , “ w a itin g ”  
p o s tu re . D u rin g  th e  follow ing u n re in fo rced  ap p lica tions o f th e  co n d itio n ed  
s tim u lu s  th e  evoked  p o ten tia ls  and  th e  s ta r t le  reac tions ag a in  increased  an d  th e  
an im a l assum ed  its  n o rm a l res tin g  p o s tu re . D u rin g  e x tin c tio n  th e  sy n ch ro n ized  
th e ta -lik e  rh y th m  in th e  EGG v a n ish e d  g rad u a lly . T h en  on ly  a fte r  a long  
e x tin c tio n  period  d id  th e  evoked p o te n tia ls  dim inish  below  th e ir  in itia l v a lu e  
a n d  th e  s ta r tle  reac tio n  becam e in fre q u e n t.

Sum m ing u p , i t  m ay  be concluded  th a t  in  all s itu a tio n s  w hich h av e  th e  
c h a ra c te r  of n o v e lty  (essen tia l changes o f th e  s itu a tio n  or m o to r acts th a t  h a v e  
n o t  y e t becom e au to m a tized ) th e  ev o k ed  p o te n tia ls , especia lly  th e ir  p o s itiv e  
co m p o n en ts , an d  th e  s ta r tle  reac tio n s a re  d im in ish ing . W hen  th e  s itu a tio n  
is loosing its  n o v e lty  an d  th e  ac tin g  s tim u lu s  has gained  a signalizing m ean in g  
( i.e . in  th e  in itia l phase  of th e  co n d itio n ed  reflex) or th e  signalizing m ean in g  
h as  a lread y  changed  (i.e . du ring  th e  e x tin c tio n ) , th e  evoked  p o ten tia ls  an d  th e  
s ta r t le  reac tio n  increase .
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1. T he co n d itioned  escape re flex  in  th e  r a t  a f te r  its  f ix a tio n  is n o t ex tin - 
gu ish ab le  u n d e r n o rm al conditions (co n d itio n ed  s tim u la tio n s  — d efin ed  op tic  
signals; u n co n d itio n ed  stim u la tio n s — defined  elec tric  c u rre n t s tim u la tio n s) .

2. T h e  f ix a tio n  o f th e  cond itioned  escape re flex  in  th e  r a t  is acce le ra ted  
if, im m ed ia te ly  follow ing th e  e lab o ra tio n  o f th e  reflex , a series of co n d itioned  
s tim u la tio n s  are app lied  in  th e  sam e session.

3. I f  th e  te s t  w as in te rru p te d  a f te r  th e  e lab o ra tio n  of th e  co n d itio n ed  
re flex  a n d  con tin u ed  on th e  follow ing day s w ith  8 to  10 s tim u la tio n s  d a ily , 
its  f ix a tio n  was effected  m ore slowly d esp ite  re in fo rcem en t p rio r to  th e  te s t.

4 . I f , a f te r  th e  cond itioned  escape re flex  had  been  e lab o ra ted , th e  cond i
tio n ed  s tim u la tio n  w as adm in iste red  un re in fo rced  in th e  sam e session 100 tim es 
p er a n im a l in  in te rv a ls  o f 50 to  100 sec, th e  anim als a lw ays reac ted  w ith  sh o rt 
periods o f  la ten cy , i.e. w ith  a well f ix e d  cond itioned  re flex  w ith o u t a p h ase  o f 
fix a tio n  in s tead  of th e  expected  ex tin g u ish in g  inh ib ition .

5. D iffe ren tia tio n  stim u la tio n s in se r te d  in to  a series of 100 po sitiv e  co n d i
tio n ed  s tim u li h ad  li ttle  influence on th e  cond itioned  escape reflex . T h e  sam e 
was th e  case w hen a series of six d iffe ren tia tio n  s tim u la tio n s  followed a series o f 
po sitiv e  co n d itioned  stim u li.

6. T hese reac tio n s occur in case o f b o th  fo rw ard  an d  b ack w ard  co n d i
tion ing .

7. I t  is assum ed th a t  the  n o c icep tiv e  (electric) s tim u la tio n  has o n ly  an  
in itia tin g  effect in e lab o ra tin g  a co n d itio n ed  reflex  an d  is m ain ly  responsib le  
for a specific  s ta te  of a c tiv ity  (a b io log ica lly  neg a tiv e  tonus) of th e  c e n tra l 
nervous sy stem .

8. I f ,  a f te r  e lab o ra tin g  th e  co n d itio n ed  escape reflex , u n co n d itio n ed  (noci
cep tive) s tim u la tio n  is d iscon tinued , a “ se lf-re in fo rcem en t”  of th e  co n d itio n ed  
reflex  on acco u n t of th e  m o to r reac tio n  in d u ced  b y  th e  co n d itioned  s tim u la tio n  
and , th u s , a stab le  d o m in an t connection  is b ro u g h t a b o u t betw een  th e  ex c ited  
regions o f  th e  co nd itioned  stim u la tio n  a n d  th e  excited  cereb ra l m o to r regions 
w hich th e re fo re  can n o t be ex tingu ished . I t  m u st be assum ed  th a t  th e  m o to r  
reac tio n  h as  ta k e n  over th e  p a r t  of th e  u n co n d itio n ed  s tim u la tio n .
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9. T h e  o p in io n  v o ic e d  b y  K n o l l  c o n c e rn in g  th e  a c tiv e  fo cu s  o f  th e  c o n d i
t io n e d  re f le x  w h ic h  c a n n o t  b e  e x t in g u ish e d  is c o m p a tib le  w ith  th e  a b o v e  
o b s e rv a tio n s .

10. T he im p o r ta n c e  o f th e  p ro b le m  in  s p o r ts  p h y s io lo g y  h as  b e e n  
d isc u sse d .
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1. In  patients w ith severe tem poral lobe epilepsy, electrical seizures were found  
w hich were confined to one hem isphere and w h ich  caused no disturbance in the n eocor
tex  (F ig . 2).

2. A n Average Response Computer w as used to detect responses evoked in  sites  
w ithin  the lim bic system  b y  electrical pulses applied to the am ygdala and hippocam pus, 
respectively .

3. Stim ulation of the baso-lateral nucleus o f the am ygdala evoked responses in the  
ipsilateral hippocam pus and hippocam pal gyrus and, less consisten tly , in the cortex  
of the tem poral tip . No contralateral responses were found ( Figs 4, 5 and 6).

4. Stim ulation of the hippocam pus evoked  responses in  the ipsilateral h ip p o
cam pal gyrus and am ygdala. N o contralateral responses were found (F ig . 9).

5. T he hippocam pus responded to rep etitiv e  stim ulation b y  a recruiting response  
of increasing am plitude and decreasing la ten cy  (F igs 7 and 8).

6. E vidence having been found th a t bilateral stim ulation of the hippocam pus 
in  m an can produce a tem porary loss of recent m em ory, a search was made for ev id en ce  
th at sensory evoked stim uli reach the hippocam pus.

7. A veraging techniques clearly dem onstrated responses o f the h ippocam pus 
to v isual stim uli in m an (F ig. 10).

In  th e  course of ce rta in  d iagnostic  p ro ced u res  in a sm all series of p a tie n ts  
(nine) su ffering  from  in tra c ta b le  te m p o ra l lobe epilepsy, i t  has been possib le  
to  m ake som e o b se rva tions o f physio logical in te re s t  in  ad d itio n  to  those d ire c te d  
to w ard s th e  p r im a ry  clinical goals. T hese clin ical goals w ere tw o: n am e ly  to  
lo ca te , b y  reco rd in g  from  electrodes im p la n te d  deep in  th e  tem p o ra l lobe , 
regions o f m ax im a l sp ik ing  a c tiv ity ; a n d  secondly , b y  s tim u la tin g  th ro u g h  
th ese  e lec trodes, to  define th e  zones of lo w est th resho ld  fo r seizure d ischarges. 
In fo rm a tio n  d e riv ed  in  th e se  w ays was u sed  b y  th e  neurosurgeons in  d ec id ing  
la te ra li ty  fo r su b seq u en t te m p o ra l lo b ec to m y , for th e  p a tie n ts  in  th is  series 
w ere all cases in  w hom  th e  E E G  from  scalp record ings gave no la te ra liz in g  signs 
an d  in  w hom  th e  clinical seizures were u n responsive  to  all m edicinal th e ra p y . 
T he clin ical re su lts  o b ta in ed  in  these  s tu d ie s  are  rep o rted  in  th e  p u b lica tio n s  
o f m y  colleagues** [7, 9, 11, 13].

*The work of this investigator is supported b y  Career Research Award 5 — К 6 — 18, 
608 and N B  04773 from the N ational Institu tes o f H ealth , USPH S and by ONR Contract 
233(69) from the U . S. Office o f N ava l Research.

**The work of the clinical team  (Drs. R. R and, P. C randall, C. Markham, R. W alter, 
W. R. A dey and L. Chapman) is supported by N B  02808 from the N ational Institutes o f H ealth , 
USPH S.
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This re p o rt w ill be re s tric ted  to  som e of th e  physio logical o b se rv a tio n s  
m ad e  possible by  th e  ra re  o p p o rtu n ity  to  re c o rd  d irec tly  from  th e  hum an  h ip p o 
cam p u s, am ygdala , h ip p o cam p a l gyrus a n d  o th e r  sites deep w ith in  th e  te m p o 
ra l lobes.

Fig. 1. Section through the tem poral lobe of the hum an brain showing the hippocam pus, h ip po
cam pal gyrus and am ygdala (reproduced from reference [12])

The b ipo lar e lec tro d es, m ade of in su la te d  sta in less steel, were in se r te d  
b y  th e  neurosurgeons b y  th e  m eth o d  o f T a l a ir a c h  [12], an d  were left in  p lace  
fro m  3 to  6 w eeks, th u s  enab ling  record ings to  be m ade in  th e  u n a n e s th e tiz e d

RT HIPP

RT TEMP 
(WHITE MATTER)

RT AMYGDALA
\  i., IA h i ; A. A  I Ulli, ,lj. I. I J J  J ». I L'r , 1.1a .J I

I I SEC I

VT

LT AMYGDALA

Fig. 2. Recordings from  hippocam pus and am ygdala o f both hem ispheres in man, show ing  
electrical seizure confined to th e  right hem isphere on ly  and failing to affect the EEG recorded  
from  the ipsilateral tem poral scalp. All scalp recordings remained norm al at the tim e when thees  

seizure discharges were occurring in depth
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s ta te  and  a fte r  th e  tissues have becom e stab ilized  fo llow ing  any  in itia l d is tu r 
bance caused b y  th e  in sertion .

In  m ost of th e  p a tie n ts  in  th e  series so far, th e  sites chosen for the  e lec tro d e  
tip s  w ere: th e  b aso -la te ra l am y g d a la ; 2 positions in th e  pes h ippocam pi (h ip p o 
cam pus p ro p er); 3 positions in th e  h ip pocam pal g y ru s (an te rio r, m id  an d

Fig. 3. Spontaneously occurring spikes in the left hippocam pus and left hippocampal gyrus 
of a patient w ith  tem poral lobe epilepsy (first 3 channels). Scalp recordings are unaffected (last 
3 channels). L AH  : anterior position in pes hippocam pi. L pes H : m id position  in pes h ippocam pi. 
LPH: Posterior hippocam pal gyrus. LF: Left frontal. LAT: L eft anterior temporal. LMT: 

Left mid tem poral. RAT: R ight anterior tem poral. RM T: R ight mid temporal

p o ste rio r); an d  a site  w ith in  th e  co rtex  of th e  te m p o ra l tip . E lec trodes w ere 
p laced  in th ese  s tru c tu re s  b ila te ra lly  (see F ig. 1).

In  th e  course of search ing , by  m eans of electrical s tim u la tio n , for ev idence 
of zones of low th re sh o ld  for seizure d ischarge, tw o s tr ik in g  resu lts  were fo u n d , 
one e lec trophysio logical an d  th e  o th e r  b eh av iou ra l.

The e lectrophysio log ical fin d in g  was th a t  e lec trical seizures of co n sid e r
able sev e rity  could  be evoked  in  h ip p o cam p a l and  am y g d a lo id  s tru c tu re s  b y  
s tim u la tio n  o f th e  ip s ila te ra l h ip p o cam p u s w ith o u t a n y  sp read  e ith e r to  th e  
ip sila te ra l te m p o ra l scalp e lectrodes or to  th e  c o n tra la te ra l  h ippocam pus an d
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am ygdala  (F ig . 2 ) .  T h is fin d in g  led to  a s tu d y  of the  connec tions betw een  
th e se  lim bic sy stem  s tru c tu re s  as d e te rm in a b le  e lec trophysio logically  in  m an . 
T h e  resu lts  are d esc rib ed  below  in S ection  I .  S im ilarly , sp ikes o f  high v o ltage  
occu rrin g  sp o n tan eo u sly  in  th e  h ip p o cam p u s a n d  am ygdala  d id  n o t d is ru p t th e  
rh y th m ic  a c tiv ity  re co rd ed  from  th e  scalp  o v e r th e  tem p o ra l lobe  (F ig . 3 from  
a n o th e r  pa tien t).

The b eh av io u ra l fin d in g  th a t  em erged fro m  th e  search  fo r  regions of low 
th re sh o ld  responses to  e lec trica l s tim u la tio n , w as a s trik in g  case of tem p o ra ry  
loss o f m em ory in d u ced  b y  sim u ltaneous b ila te ra l  (bu t n o t b y  u n ila te ra l)  s tim u 
la tio n  of the  pes h ip p o c a m p i. The m em ory  loss, w hich w as e n tire ly  reversib le , 
w as only for recent m em ory  (over a span  o f a b o u t 3 weeks) w ith o u t any  im p a ir 
m e n t of long-term  m em o ry  or of im m ed ia te  recall. This case h as  been described  
in  d e ta il in a n o th e r  p u b lic a tio n  [5]. This is o n ly  one m ore class o f o bserva tion  
to  ad d  to  those d e riv e d  from  n eu ro p a th o lo g ica l findings in  K o rsa ko ff's  d isease 
w ith  its  re su ltan t im p a irm e n t of m em ory , an d  from  co n d itio n in g  experim en ts 
in  an im als th a t  im p lic a te  th e  h ippo cam p u s as an  im p o rta n t l in k  in  any  c ircu it 
subserv in g  m em ory.

This reason ing  su g g ested  th e  second s tu d y  to  be re p o r te d  here. I f  th e  
h ippocam pus is in d eed  to  be reg a rd ed  as c ritic a l for a t le a s t  som e categories 
o f  th e  m em ory p rocess in  m an , i t  w ould seem  necessary  to  d e te rm in e  w h e th e r 
im pulses in itia te d  in  th e  n a tu ra l  sense recep to rs  can be show n  to  reach  th is  
s tru c tu re . Below, in S ec tio n  I I ,  are rep o rted  th e  resu lts of an  ex p lo ra tio n  of th e  
responses evoked in  th e  h u m a n  lim bic sy s te m  b y  v isual s tim u li.

T echnique

The technique used for electrical stim ulation w as as follows: a rep etitive  train o f e lec
tr ica l pulses, each l/1 0 0 th  m sec in  duration, o f current strengths betw een 2 and 4 l/ 2 m am ps 
w as delivered at a rate o f  1 per second through each bipolar electrode in turn , th e  responses from  
th e  other electrodes being recorded sim ultaneously on frequency-m odulated m agnetic tape, 
one channel of which recorded a square pulse synchronized w ith the incidence o f each stim ulus.

As these recordings from  im planted electrodes were being m ade in unanesthetized and 
norm ally behaving m an, there w as considerable background KEG a ctiv ity  present at all tim es. 
T his was usually o f su ffic ien tly  high am plitude to hide from  the eye the responses of low  am pli
tu d e  for which search w as being m ade. The m agnetic tap es were therefore analysed  by the A R C  
Computer  [8] at the M assachusetts Institu te o f T echnology for com putation  of the average 
response to several stim uli. D etails o f the use of th is com puter for d etectin g  low voltage sig
n a ls  in noise of high am plitude have been described b y  its  designer (W. A. C l a r k  [8]) and in seve  
ral previous publications b y  th is reporter [1, 2, 3, 4] and w ill, therefore, n o t be repeated here

R esults

I .  Electrophysiological connections o f  the hippocam pus and am ygdala in  m an

W hen e lec trica l p u lses w ere app lied  to  th e  am ygdala  o f one tem p o ra l lobe, 
responses were reco rd ab le  from  th e  ip s ila te ra l h ippocam pus, b u t  n o t from  th e  
c o n tra la te ra l h ip p o cam p u s or from  the c o n tra la te ra l am y g d a la  (F ig . 4 ) .  T h e
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region of th e  am ygdalo id  com plex in w hich  th e  electrodes w ere p laced  in  th is  
series w as th e  b aso -la te ra l nucleus. W h e th e r sim ilar re su lts  w ould  be o b ta in ed  
from  th e  cen tro -m ed ial nucle i o f th e  am y g d a la  has no t y e t been  explored .

As responses to  s tim u la tio n  of th e  am ygdala  w ere also recordab le  from  
th e  ip s ila te ra l h ip p o cam p a l gyrus, i t  seem ed o f in te re s t to  d e te rm in e  w h e th e r 
th e ir  la te n c y  w ould suggest d irec t tran sm issio n  from  th e  am y g d a la  or w h e th e r

NO RESPONSE IN CONTRALATERAL AMYGDALA:

l e f t  s t im u l a t e d  right reco rded

RIGHT STIMULATED LEFT RECORDED

HIPPOCAMPUS: IPSILATERAL RESPO NSE ONLY

LEFT STIMULATED LEFT RECORDED

/

.E F T  STIMULATED RIGHT RECORDED

Fig. 4. U nilateral stim ulation of the am ygdala evokes responses in the ipsilateral hippocam pus 
but not in either the contralateral hippocam pus or the contralateral am ygdala (reproduced

from  reference [6])

th e y  reach ed  th e  gyrus via  th e  h ippo cam p u s p roper. F ig . 5 show s averages of 
s im u ltan eo u sly  recorded  responses from  b o th  pes and  h ip p o cam p a l gyrus. T he 
longer la te n c y  of response  in  th e  la t te r  s tru c tu re  w ould suggest tran sm issio n  
v ia  th e  pes h ippocam pi.

R esponses to  am y g d alo id  s tim u la tio n  w ere less c o n sis ten tly  o b ta in ed  
from  electrodes in  th e  c o rte x  o f th e  ip s ila te ra l tem p o ra l tip . W h en  p resen t, th e ir  
w ave form  w as suggestive o f a p o ly sy n ap tic  ro u te  ( F ig. 6 ) .

O f th e  responses describ ed  above, th o se  o f th e  ip s ila te ra l pes h ippocam pi 
only were o f sufficient a m p litu d e  to  be c learly  definable  as single evoked po ten -
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PES

F ig .  5. Average responses to  am ygdaloid stim ulation recorded sim ultaneously from the pes 
hip pocam p i and hippocam pal gyrus in man. (The sharp deflections at the left of each record

are stim ulus artifacts)

PATIENT M.C.

PATIENT H.C.

F ig .  6. Average response to  am ygdaloid stim ulation recorded from  w ith in  the cortex of the  
ip silateral tem poral tip (reproduced from reference [6])
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tia ls  in an in k w ritte n  e lec troencephalogram . W hen  stim u lus ra te s  of 5 to  10 c/s 
w ere used, i t  w as seen th a t  these  responses show ed th e  p h enom enon  o f re c ru it
m en t ( F ig. 7) .  A n effect sim ilar to  th is  has been fo u n d  in  th e  c a t b y  G l o o r  [10].

Fig.  7. Recruitm ent o f hippocam pal responses following repetitive stim ulation o f  the am ygdala
in  m an

W hen averages o f th e  f irs t 6 responses to  a long  tra in  of su ch  stim uli are 
co m p a re d  w ith  th e  la s t  6, no t only  does th e  increase in  am p litu d e  becom e s tr ik 
ing , h u t  th e  decrease in la tency  th a t  accom panies re c ru itm e n t is c learly  dem on
s t r a te d  (  F ig. 8 ) .

A  sim ilar series o f co m p u te r analyses w ere m ade of responses evoked 
b y  s tim u la tio n  in th e  pes h ippocam pi. R esponses w ere read ily  reco rd ab le  from  
th e  ip s ila te ra l am y g d a la  (  Fig. 9 )  h u t  n o t from  th e  c o n tra la te ra l am y g d a la  n o r 
fro m  th e  c o n tra la te ra l h ippocam pus. T he la t te r  re su lt w as so m ew hat su rp rising

8  A cta Physiologies X X V I/1 -2 .
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in  v iew  o f th e  h ip p o cam p a l com m issure, b u t  w as co n sis ten t w ith  th e  earlie r 
f in d in g  th a t  e lec trical se izu re  d ischarges can  ta k e  p lace  in  th e  h ip p o cam p u s 
w ith o u t crossing to  th e  o th e r  hem isphere  (F ig . 2 ) .

W hen s tim u la tio n  a t  5 to  10 cps w as ap p lied  to  one region in  th e  pes 
h ip p o cam p i and reco rd in g s m ade from  a b ip o la r e lec trode  placed m ore poste-

PES HIPPOCAMPI

Fig. 8. Averages of the first 6 responses to a train of 55 stim uli com pared w ith  the last 6. N ote  
increase in am plitude and decrease in  la tency. Recordings in  pes hippocam pi and hippocam pal 

gyrus evoked  b y  stim ulation of the ipsilateral am ygdala

AVERAGE OF 7 0  RESPONSES

100 msec

Fig. 9. Average response to  stim ulation of the pes hippocam pi recorded in the ipsilateral
am ygdala

rio rly  in  th e  sam e s tru c tu re , th e  responses w ere of h ig h  am p litu d e  a n d  show ed 
re c ru itm e n t suggesting  t h a t  th e  u ltim a te  connection  is den d ritic  in  n a tu re .

I I .  V isua lly  evoked responses

A stroboscope f la sh , rep ea ted  ap p ro x im a te ly  once a second, was used 
as th e  stim ulus, a pu lse  co inciden t w ith  th e  flash  being  p u t onto one channel o f 
th e  m agnetic  tap e  fo r co rre la tio n  w ith  th e  record ings from  th e  b ra in  in  o rder to
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iso la te  (by  averag ing) th e  p o te n tia l changes tim e-locked  to  th e  fla sh . R esponses, 
sen sitiv e  to  th e  in te n s ity  of th e  f la sh , w ere reco rd ab le  from  th e  h ip p o cam p u s 
b u t  n o t from  th e  am ygdala  (F ig . 1 0 ).

Fig. 10. Average response to light fla sh  recorded from the hippocam pus in  m an

A tte m p ts  w ere m ade, b u t  w ith  less co n sis ten t success, to  reco rd  h ip p o 
cam p a l responses to  acoustic  clicks; th is  n egative  fin d in g  m ay, how ever, he of 
no g re a t significance, fo r clicks of o n ly  m odera te  in te n s ity  were used in order 
n o t to  cause d iscom fort to  th e  p a tie n ts .

Conclusions

In  th is  in itia l s tu d y  of a sm all series of cases w ith  tem p o ra l lobe epilepsy 
ex am in ed  w ith  im p lan ted  electrodes, ev idence for s tro n g  (electrophysiological) 
connections has been found  so fa r o n ly  w ith in  th e  sam e hem isphere.

T he im p a irm en t of recen t m em o ry  b y  b ila te ra l h ippocam pal s tim u la tio n  
raises once m ore th e  classical q u es tio n  as to  w h e th e r a s tim u la tin g  cu rren t 
p roduces an  excess o f th e  no rm al in flu en ce  of th e  s tru c tu re  s tim u la te d  or 
w h e th e r i t  abolishes its  role. This q u e s tio n  is, of course, n o t answ ered  b y  these  
s tu d ies  b u t  it  can  w ith  c e rta in ty  be sa id  th a t  th e  e lec trica l stim ulus u n b a lan ces  
an d  d is to r ts  th e  level o f a c tiv ity  c o n tr ib u te d  by  th e  h ippocam pus to  th e  loop 
of s tru c tu re s  th a t  m ake u p  th e  lim bic sy stem .

A n y  h y po thesis  th a t  regards th e  h ip p o cam p al fo rm a tio n  as p lay in g  som e 
role in  th e  fu n c tion ing  o f recen t m em ory  w ould  n ecess ita te  receip t b y  th e  lim bic 
sy s tem  o f sensorally  evoked  responses. T he d e m o n s tra tio n  in these  s tu d ies  of 
v isu a lly  evoked  responses in  th e  h ip p o cam p u s of m an  w ould  lend  som e o f th e  
necessary  su p p o rtiv e  ev idence for such  an  hypo thesis .
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E xperim ents were performed on 25 m ale albino rats, w ith  chronic subdural 
electrodes. The E E G  was recorded under standard conditions, in stim ulus-free envi
ronm ent. Tem porary neurosis was induced by conflicting the drinking and defensive 
unconditioned reflexes. In comparison w ith  the control, the EEG  m ade after the conflict 
situation showed more marked beta-like a c tiv ity , high-am plitude spindle bursts and a 
rapid alternation o f relatively  synchronized and desynchronized segm ents. Statistical 
analysis o f the results revealed that

a)  the histogram made by the method of Fujimori et al. indicated a widening of 
the frequency spectrum and an increase in the percentage of delta and beta-like compo
nents;

b) autocorrelation, carried out manually by the original method of Brazier 
and Casby, showed in both the normal and the neurotic states light theta-like activity, 
which became more marked in response to the intervention;

c) analysis o f the background a c tiv ity  not containing periodic com ponents by  
the m ethod of dynam ic averages ind icated  that in neurosis slower w aves of higher 
am plitude were observable;

d) finally, examination by integral approach of the size of the areas delineated 
by 1 sec portions of the curves according to Drohocki revealed an increased variability 
of the value of the index.

O u r know ledge re la tiv e  to  ex p e rim en ta l neurosis has gained  li t t le  since 
th e  fu n d am en ta l in v es tig a tio n s  by  P a v l o v  an d  his associa tes, f ir s t  o f all Y e r o 

f e y e v a , S e n g e r - K r e s t o v n i k o v a , P e t r o v a , I v a n o v - S m o l e n s k y  an d  A s r a 

t y a n  [10, 8]. P a r tic u la r ly  scarce is th e  ev idence concern ing  th e  subcortica l- 
co rtica l m echanism  o f th e  genesis o f ex p e rim en ta l neurosis.

A ccording to  S im o n o v  [13] an d  M i l u t in a  [9], th e  course of ex p erim en ta l 
neurosis is m ore severe  in  d eco rtica ted  an im als. T c h u k a r in  [3] observed  in 
dogs d isp lay ing  n ervous d is tu rb an ces in  th e  ea rly  phase  synch ron ized  or desyn 
chron ized  ac tiv ity , co rrespond ing  to  th e  p rep o n d eran ce  o f in h ib ito ry  or exci
ta to ry  processes. L a te r , w hen  th e  co rtex  h a d  been e x h au s ted , slow w aves of 
va riab le  shape ap p eared . In  th e  vo lum inous clinical l i te ra tu re  on ex p erim en 
ta l neurosis, relying u p o n  th e  evidence p resen ted  b y  Co h n  [2], Ga s t a u t  et al. 
[7], R oth  [11] and  o th e rs , th e  ap p earan ce  o f p a tho log ica l slow w aves, d is tu r 
bances o f a lpha a c tiv ity  an d  an  increase in  th e  p ro p o rtio n  o f b e ta  com po
n en ts  are  m entioned .

W e have  u n d e rta k e n  to  s tu d y  th e  in tr in s ic  m echan ism  o f ex p e rim en ta l 
neurosis in  ra ts . In  th e  f ir s t  s tep  we d e te rm in ed  th e  changes in  th e  E E G  record-
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ed  fro m  su b d u ra l e lec trodes. As i t  is d ifficu lt to  ju d g e  th e  cond itions from  
a sim p le  inspection of th e  curves, th e  trac in g s w ere analysed  b y  m a th e m a th ic a l-  
s ta t is t ic a l  m ethods.

Methods

T w enty-five inbred m ale albino rats, weighing 150 to 250 g each were used. In each  
an im al three chronic subdural electrodes were placed frontally , and tem poro-parietally on 
b o th  sides. The recordings were made under standard conditions, always in the m orning, in 
a sound-proof, m oderately illum inated cham ber. After having made four to six  control EE G s, 
neurosis was induced b y  conflicting the unconditioned drinking and defensive (escape) reflexes. 
The anim als, deprived o f w ater for two days previously, were placed in a special cage, in which  
th e y  found a dish full o f w ater. The dish and the screen of the cage were connected w ith  the  
poles o f  a 40 to 50 У circu it. W hen trying to drink, the rat closed the circuit by its own body and 
received  a shock. D uring th e  conflict situation , intense fear and defensive behaviour were 
observable. The consequentia l disturbances in  vegetative  functions and conditioned reflex  
a c tiv ity  will be reported elsewhere. For evaluating the results, we com pared the EEGs m ade 
im m ediately  before and after the conflict, or two days before and one day after the conflict.

Results

E xperience h as  show n th a t ,  in  accordance w ith  th e  d a ta  in  th e  lite ra tu re , 
th e  re s tin g  a le rt E E G  o f th e  r a t  is ch a rac te rized  b y  a 5 to  6 H z, 50 to  200 mV, 
re la tiv e ly  regu lar b asic  a c tiv ity  an d  a b e ta-like  a c tiv ity  superim posed  on it.

C? N~:
1, 4, 15, 18, 20, 26 □  n o r m a l  

Ц n e u r o t i c

Fig. 1. Six rats in norm al and neurotic state . Fujimori et al .’s histogram  m ethod. Percentage  
distribution of the total am plitudes of different frequency dom inions

The E E G  o f th e  n eu ro tic  an im als show ed high am p litu d e  sp indle  b u rs ts , 
m o re  m arked  b e ta -lik e  a c tiv ity  an d  a rap id  a lte rn a tio n  of re la tiv e ly  syn ch ro n iz 
ed an d  desynchron ized  segm ents.

1. Using th e  m e th o d  of F u j i m o r i  et al., b u t  w ith o u t ap p ly in g  th e  co rrec
tio n  suggested by  th e m , we d e te rm in ed  th e  am p litu d e  an d  period  leng th  of th e  
sing le  waves, th e n  g rouped  th em  accord ing  to  w ave len g th  an d  ad d ed  th em  up
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[6]. This w ay we o b ta in ed  a freq u en cy -am p litu d e  sp ec tru m , rep resen ted  in th e  
form  of h is to g ram . In  neurosis th is  was ch a ra c te riz e d  by  an  increase in  th e  
p ro p o rtio n  of th e  slow est an d  fa s te s t co m ponen ts. As show n in F ig. 1, in  
response  to  th e  in te rv e n tio n , th e  p ercen tage  o f th e  d e lta  an d  be ta -lik e  com po
n e n ts  increased a t  th e  expense o f th e  o th e r co m ponen ts.

2. The cu rves w ere su b jec ted  to  au to co rre la tio n  analysis , b y  th e  m e th o d  
o f B r a z i e r  and  Ca s b y  [ 1 ] .  In  th e  absence of an  e lec tro n ic  co m p u te r, we ca rried  
th is  o u t m anually . T he m ethod  m akes it possible to  analyse th e  signal-noise

\l00pv
I sec

Fig. 2. Six rats in norm al and neurotic sta te . Autocorrelogram s of 3-sec segm ents. D elay from  
0 to 1000 m sec in 33 m sec steps. Breaking up single points in 33 m sec steps

ra tio , i.e. th e  period ic , rh y th m ica lly  recurring  e lem en ts . T hree-second segm ents 
w ere analysed  in  33 m sec steps. As in d ica ted  b y  F ig . 2, in  m ost of th e  ra ts  
we fo u n d  th e ta , som etim es fa s t de lta -lik e , period ic  a c tiv ity . T he m in o rity  of 
th e  an im als, for exam ple  No. 18, show ed curves co n ta in in g  p ra c tic a lly  no 
com ponen ts th a t  could  have been co rre la ted . In  neu rosis  th e  au to co rre lo g ram  
u su a lly  con ta ined  com ponen ts of h igher am p litu d e  th a n  in th e  n o rm al s ta te , 
an d  th e  th e ta -lik e  rh y th m  becam e even m ore m ark ed . T he h ig h er in itia l va lue , 
in h a rm o n y  w ith  th e  h is to g ram  ind ica ted  an  increased  v a r ia b ility  of th e  
com ponen ts.

3. C ross-correlation  co m p u ta tio n s  were m ade be tw een  th e  d iffe ren t po rtions 
o f th e  sam e E E G , b y  th e  m eth o d  of S a t o  et al. 11 2 ] ,  using  four-second  segm ents, 
a n a ly sed  in steps o f  33 msec. In  neurosis th e  c ross-corre logra in  show ed low er 
am p litu d es  th a n  in th e  no rm al s ta te , w hich also sugg ested  an  increased  v a r ia b i
lity  o f th e  com ponen ts.
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4. W e have a n a ly se d  th e  curves also b y  th e  m e th o d  of d y n am ic  averages, 
a m p ly  used  in s ta tis tic s , b u t  n o t em ployed  before in  E E G  stu d ies . B y  selecting  
th e  p ro p e r  range, we cou ld  s tu d y  th e  iso la ted  b a ck g ro u n d  a c tiv ity , w ith o u t th e  
p e rio d ic  com ponents, i.e. we did  ju s t  th e  opposite  of w h a t we h a d  done in th e

norm al neurotic

" V  ' w l

1 sec

Fig. 3. S ix rats in norm al and neurotic state. One-sec segm ents o f EEG  analysed by the method  
o f dyn am ic averages. The dynam ic averaged interval corresponds to 133, and 166 m sec respec

tiv ely , i.e. to the duration of the period of theta-like, rhythm ically  recurring w aves

case  o f au to co rre la tio n  analysis. A fte r th e  conflic t m o stly  slow er w aves of 
h ig h e r  am plitude a p p e a re d  in  th e  b a ck g ro u n d  a c tiv ity  ( F ig . 3 ) .

5. F inally , we ex am in ed  b y  in te g ra l ap p ro ach  th e  size of th e  a rea  u n d er 
th e  1 sec portions o f th e  curv e, i.e. we m easu red  th e  to ta l  e lec trica l w ork  per 
u n i t  o f tim e, as su g g ested  by  D rohocki [4, 5]. To ch arac te rize  th e  v a ria tio n  
o f  th e  results o b ta in e d , i.e. th e  v a r ia b ility  o f e lec trical a c tiv ity , we com pu ted  
th e  s ta n d a rd  d ev ia tio n  of these  va lues. I t  has been found  th a t  v a ria b ility  
in c rea sed  by abo u t 50 p e r  cen t in neurosis.
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Discussion

F r o m  t h e  r e s u l t s  th e  fo l lo w in g  co n c lu s io n s  h a v e  b e e n  d r a w n :
a) th e  in c re a s e d  f r e q u e n c y  o f  n o n -p e r io d ic  e le m e n ts ,  t h e  m o re  m a r k e d  

b e t a - l ik e  a c t iv i t y ,  t h e  p e r io d ic a l  d e s y n c h r o n iz a t io n s  o b s e r v e d  in  th e  o r ig in a l  
t r a c in g s ,  in d ic a t e  a n  in c re ase d  s t r a i n  on  t h e  co r te x ;

b) th e  a p p e a r a n c e  of  t h e  s low  w a v e s  m a y  m e a n  t h a t  e i th e r  th e  c o r t e x  
h a s  bec o m e  e x h a u s te d ,  o r  t h e  s u b c o r t i c a l  fu n c t io n s  h a v e  g a in e d  p re p o n d e ra n c e ;

c) th e  b r o a d e r  f r e q u e n c y - s p e c t r u m ,  t h e  h ig h e r  v a r i a b i l i t y  o f  D r o h o c k i ’s 
i n d e x ,  th e  w id e r  r a n g e  of  v a r i a t i o n  sh o w n  b y  t h e  a u to -  a n d  c ro s s -c o r re lo g ra m s  
s u g g e s t  t h a t  t h e  in t r in s i c  b a la n c e  o f  c o r t i c a l  a c t i v i t y  has  b e e n  u p s e t .

F u r t h e r  in v e s t ig a t io n s  a re  r e q u i r e d  to  d e te r m in e  to  w h a t  e x t e n t  th e  c o r te x  
i tse lf ,  c e r ta in  s u b c o r t i c a l  s t r u c t u r e s  a n d  th e  n o n -spec if ic  a c t i v a t o r  sy s te m  a re  
i n v o lv e d  in  t h e  a r isa l  o f  th i s  p a th o lo g ic a l  o rg a n iz a t io n  o f  h ig h e r  n e r v o u s  
a c t iv i t y .
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ACTIVATION DE L’HIPPOCAMPE 
PAR DES HYPOXIES OXYPRIVES RÉPÉTÉES
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LABORATOIRE DE PATHOLOGIE EXPÉRIMENTALE, 
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La répétition d’hypoxies oxyprives m et en évidence une réactivité particulière de 
l’hippocampe traduite par des pointes isolées et de rares fuseaux rapides en cours d ’hypoxie  
aiguë et par des décharges organisées en cours d’hypoxie subaiguë, de réanim ation et 
de période post-anoxique.

La sensib ilité de l’hippocampe est particulièrem ent indiquée par la production  
isolée de décharges hippocam piques en cours d’hypoxie aiguë, et par la prédom inance 
de ces décharges sur les autres paroxysm es convulsifs en cours de réanim ation et de 
période post-anoxique.

L a fréquence des lésions h ippocam piques dues à l’anoxie est in d iq u ée  
p a r  de n o m b reu x  t r a v a u x  an a to m iq u es chez l’an im al e t chez l ’hom m e. D ’a u tre  
p a r t ,  les lésions h ip p ocam piques si com m unes chez les ép ilep tiques, on t é té  
rap p o rtée s  p a r S p i e l m e y e r  [6] et son école à une an o x ie  locale d ép e n d a n t de 
la  vascu la risa tio n  a ty p iq u e  du sec teu r de Sommer.

D u p o in t de v u e  électrophysio log ique , peu de t r a v a u x  on t p o rté  su r  les 
m odifica tions h ip pocam piques p rovoquées p a r l’anox ie . Les études récen tes 
de H u g e l i n , B o n v a l l e t  et D e ll  [2], de B a u m g a r t n e r , Cr e u t z f e l d t  et 
J u n g  [1] o n t précisé l’ac tiv a tio n  de la  fo rm atio n  ré ticu la ire  au  cours de l ’h ipox ie  
ainsi que son m écanism e rap p o rté  à une  origine chém ocep tive.

La p lu p a rt des recherches électrophysio logiques o n t é té  fa ites su r des p ré 
p a ra tio n s  aiguës (encéphale  isolé, ce rv eau  isolé, a n im a u x  curarisés). A ussi 
nous a -t-il p a ru  in té re ssa n t, pour é tu d ie r  les réactions de l’h ippocam pe, d ’u tilise r  
des p rép a ra tio n s  ch ro n iq u es et de ré p é te r  les hypox ies, chez le m êm e an im al.

Materiel et méthodes

Trente chats d’âge variable — (jeunes chats de quelques m ois, chats adultes) porteur, 
d’électrodes profondes, im plantées dans diverses structures (hippocam pe, am ygdale, 
réticulée m ésencéphalique et pontique, noyau caudé, cervelet) et d ’électrodes corticales (gyrus 
suprasylvien et ectosylv ien ) ont été utilisés.

L’anoxie oxyprive a été réalisée par enrichissem ent en azote et appauvrissem ent progres
sif en oxygène, dans une enceinte transparente (plexiglass). Le com portem ent de l’anim al a pu 
être ainsi su ivi et des film s ciném atographiques ont été enregistrés.

D urant l’hypoxie des dosages d’0 2 ont été faits dans la cage (M éthode de Scholander), 
le C 0 2 dégagé était fixé par la chaux au fur et à mesure de sa production.

D eux types d’anoxie ont été pratiqués: l’un aigu ( 0 2=  4% ), poursuivi jusqu’au com a et 
le silence électrique, l’autre subaigu ( 0 2 =  8% ) m aintenu pendant plusieurs heures. Lors des
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h y p o x ies aiguës, la période de réanim ation (facilitée ou non par des m assages respiratoires) 
a été  suivie jusqu’à la répparition de l ’activ ité  électrique normale.

Les anoxies ont été  systém atiquem ent répétées et certains anim aux ont subi jusqu’à 
60 anoxies aiguës.

Chez 15 anim aux, les cerveaux ont été prélevés pour exam en anatom ique.

Resultats

H yp o x ie  a iguë

a ) Les d ifférentes périodes de Г hypoxie aiguë : L ’h y p o x ie  aiguë ( 0 2 =  
=  4 % ) dont la  d u rée  m oyenne  a é té  de 6 m in u te s , en tra in e  chez le cha t lib re  
de ses m ouvem ents, des m od ifica tions qu i é v o lu en t en p lusieu rs périodes com pa-

—*1 minute 30 —~2 minutes —~2mmutes30 —~4 minutes45
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Fig. 1. H ypoxie aiguë. F useau  réticulaire d ’installation  progressive et m axim um  à la deuxièm e 
m in u te  d’hypoxie. R y th m es hippocam piques avec pointes isolées, ondes len tes corticales. 
A  4'45", après, le début de l’hypoxie, persistance d’une activité hippocam pique, ondes 
en «dents de peigne» au cortex et dans la réticulée m ésencéphalique. A rtéfacts dûs à une

convulsion anoxique
(R . P. = réticu lée  pontique, R. M. =  réticulée m ésencéphalique, H  =  hippocampe,

С. E. S. =  gyrus ectosylv ien , C. S. S. =  gyrus suprasylvien)

ra b le s , du p o in t de v u e  é lec triq u e , à celles qu i o n t été d écrites su r  des p ré p a ra 
tio n s  aiguës (F ig . 1 ) .
1. L a  première période  ou période  d ’éveil se t r a d u i t  p a r  u n e  sy n ch ro n isa tio n  
h ip p ocam pique  e t u n e  d ésy n ch ro n isa tio n  co rtica le . L ’an im al e s t généralem ent 
ca lm e, parfois in q u ie t, ra re m e n t ag ité .
2. L a  deuxième période  ou  période de dépression  correspond  à des ondes len tes 
co rtica les d iffu san t p lu s  ou m oins au x  a u tre s  s tru c tu re s . L ’an im a l est in q u ie t, 
p ré sen te  des m iau lem en ts  p la in tifs , est so u v en t ag ité ; la p o s itio n  debou t ou 
assise  n ’est pas m a in te n u e  e t l ’an im al se couche.
3. L a  troisième période  ou  période de com a se t r a d u i t  p a r  un  tra c é  p la t , su rchargé  
de  courtes périodes d ’ondes ra len tie s  (4 à 6 c/s) en «den ts de peigne» et qui 
in té re sse n t d iverses s tru c tu re s . C’est au  cours de ce tte  pério d e  que su rv ien t 
le «spasm e an ox ique»  t r a d u i t  p a r  une  h y p e rex ten s io n  d u  tro n c  e t du cou avec
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b a tte m e n ts  des p a tte s  an té rieu res , plus ra re m e n t des p a tte s  p o sté rieu res. D ans 
nos cond itions d ’en reg is trem en t, l’exp ression  électrique a é té  nulle  e t seuls 
des a rté fa c ts  dûs à l’a g ita tio n  de l’am in a l o n t é té  co n sta tés .

b) Les m odifications de Vactivité h ippocam pique : E lles son t de p lu sieu rs  
ty p es  (F ig . 2) :

1. Des pointes  isolées e t très  am ples de 300 à 500 H V  su rv ien n en t au  
cours de la  période de dépression cortica le  e t p e rs is ten t avec une a m p litu d e
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Fig. 2. H ypoxie a iguë
En haut : P oin tes hippocam piques isolées et très am ples 
En bas : Court fuseau hippocam pique

m oindre ju s q u ’à la  période de com a. Ces p o in te s  ap p a ra issen t dès la p rem ière  
hypox ie  e t son t re trouvées sy s té m a tiq u e m e n t p a r  la su ite .

2. Des fu se a u x  d ’ondes trè s  rap ides e t de courte  du rée  (5 à 10 sec) s u r 
v ien n en t à la  fin  de la période de dépression co rtica le  et p ré c è d e n t le « spasm e 
anoxique» . Ces fu seaux  n ’ap p ara issen t q u ’a p rè s  plusieurs h y pox ies aiguës. Ils  
so n t rares, in co n s tan ts , e t ne son t pas re tro u v é e s  au  cours des hypoxies s u i
v an tes .

Ce ty p e  d ’ac tiv a tio n  en fuseau  in té re sse  d ’au tres  s tru c tu re s  m ais avec 
une d ifférence précise en tre  la  su bstance  ré tic u la ire  et les a u tre s  fo rm atio n s. Le 
fuseau  ré ticu la ire  (ondes rap id es  de 30 à 40 c/s), d ’une durée de 30 à 50 sec s u r 
v ien t dès les p rem ières h y pox ies e t est re tro u v é  régu liè rem en t p a r  la  su ite . 
Ce fuseau  d éb u te  lors de la  période d ’ondes len te s  corticales e t p e u t p e rs is 
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t e r  ju s q u ’à la p ro d u c tio n  du  «spasm e an o x iq u e» . C ette  a c tiv a tio n  ré tic u la ire  
e s t com parab le  à celle qui a é té  co n sta tée  su r  des p ré p a ra tio n s  aiguës.

Des fu seau x  sem blab les au x  fu seau x  h ip p o cam p iq u es o n t été ^enregistrés 
d an s  le cortex  (gy rus ecto -sy lv ien), le n o y a u  caudé, le ce rv e le t. Les fu se a u x  
a p p a ra isse n t à la  période  te rm in a le  de l ’h y p o x ie , son t in c o n s ta n ts , de c o u rte  
d u ré e  e t s tr ic te m e n t lim ités au x  s tru c tu re s  in téressées.

11 n ’a pas é té  re te n u  de re la tio n  e n tre  le fuseau  ré tic u la ire  et les fu se a u x  
des au tres  fo rm atio n s en p a rtic u lie r  h ip p o cam p iq u e : a in si u n  fuseau  ra p id e  
h ip p o cam p iq u e  p e u t su rv en ir après l ’a r rê t  d u  fuseau  ré ticu la ire .

3. L ’ac tiv ité  h ip p o cam p iq u e  est m oins fac ilem en t dép rim ée que l ’a c tiv i té  
co rtica le . La d isp a ritio n  des ry th m e s  h y p p o cam p iq u es lo rs de la  p ério d e  de 
com a est plus ta rd iv e  que celle des ry th m e s  co rticau x . D ’a u tre  p a r t  au  m o m e n t 
de la  réan im atio n , l ’ac tiv ité  h ip p o cam p iq u e  ré a p p a ra ît a v a n t  l’ac tiv ité  c o r t i 
cale.

H ypoxie  subaiguë

La durée de l ’hypo x ie  subaiguë  ( 0 2 =  8% ) a v a rié  selon les ex p érien ces  
de 2 à 9 heures.

Les d ifféren tes périodes décrites au  cours de l’h y p o x ie  aiguë ( 0 2 =  4 % ) 
ne  so n t pas re tro u v ées . D u p o in t de v u e  é lec triq u e  des périodes de tra c é  dé-

HYPOXIE 02 = 8%

Gc 30J

__ 150gV
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Fig. 3. H ypoxie  subaiguë 
En haul : Décharge hippocam pique isolée
En bas : Fuseau hippocam pique propagé à la réticulée m ésencéphalique

synchron isé  a lte rn e n t avec des périodes de tra c é  synch ron isé  avec ondes le n te s . 
Ces m odifications co ïnciden t avec des m od ifica tio n s de l ’é ta t  vigile de l’an im al. 
Seuls les an im au x  chez lesquels la  te n e u r  en oxygène de l ’a tm osphère  a été 
abaissée à 4 %  (a tm o sp h ère  non  renouvelée), on t p résen té  une  période de tra c é  
p la t.
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D ans ces cond itions expérim en ta les, des décharges hippocam piques  isolées 
ou propagées au  systèm e lim b iq u e  on t été les seu les m an ifes ta tio n s  convulsives 
observées. E lles su rv ien n en t après p lusieurs h y p o x ies  (3 à 4) e t g énéra lem en t 
ap rès v in g t m in u tes  de sé jo u r en m ilieu confiné. E lles so n t in co n stan te s  e t ne 
son t pas re tro u v ées au  cours des hypoxies su iv a n te s .

D ivers ty p e s  de décharges on t été en reg is tré s : — décharges é lectriques 
h ippocam piques à ty p e  de p o in tes  ry h tm iq u es  ou  de fu seau x  d ’ondes rap ides
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minute 02 8%

RM 
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L 3.3.61
Fig. 4. H ypoxie subaiguë: Décharges tonico-cloniques hippocam piques apparues à la 20ème 

m inute (en haut), et à la 40ème m inute (en bas) d’hypoxie

(15 à 20 c/s) p o u v a n t d iffuser à l ’am ygdale  e t à la  fo rm atio n  ré ticu la ire  m ésen- 
céphalique  ( F ig . 3 )  — crises ton ico-cloniques p ropagées à la  fo rm atio n  r é t i 
culaire e t au  c o rtex  tem p o ra l. Les crises so n t accom pagnées de sa liv a tio n , 
m astica tio n  ou p e u v e n t ê tre  u n iq u em en t é lec triq u es. E lles p e u v e n t se ré p é te r  
avec des ca rac tères  id en tiq u es  au  cours de la  m êm e hypox ie . (F ig . 4 ) .

R éan im ation  et période post-anoxique

E n  cours de réan im a tio n  après hypox ie  a iguë  e t dans la  période post- 
anox ique, su rv ien n en t d iffé ren ts paroxysm es convulsifs: m yoclonies, crises 
généralisées isolées ou groupées e t év o lu an t p a rfo is  en É ta t  de M al e t des 
crises rh in en  céphaliques à p o in t de d ép a rt h ip p o cam p iq u e . Ces dern ières son t 
p lus fréquen tes que  les au tres  m an ifesta tio n s convu lsives.

Les crises hippocam piques  so n t com parab les à celles qu i su rv ien n en t 
en cours d ’hypox ie  subaiguë  e t co rresponden t so it à des décharges électriques 
(po in tes ry th m iq u e s , fuseaux) so it à des crises ton ico-c lon iques in té re ssa n t le 
systèm e lim bique.

E n  cours de réan im a tio n , les décharges h ip p o cam p iq u es su rv ien n en t 
après p lusieurs hypox ies aiguës e t g énéra lem en t ap rès  la  d ix ièm e m in u te  alors 
que l’ac tiv ité  é lec triq u e  est réorganisée (F ig . 5 ) .

— 20e minute 02 8%
HYPOXIE 0 2 = 8%

^ § 1
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D ans la période p o st-an o x iq u e , les décharges h ip p ocam piques a p p a ra is 
s e n t sp o n tan ém en t. E lles son t fac ilitées p a r  le som m eil e t o n t pu  ê tre  in d u ite s  
en  cou rs de s tim u la tio n  lum ineuse  in te rm itte n te . D ans certa in s  cas, il n ’ex iste

—  5 e minute
REANIMATION

—  10e minute —~15 minute

B c
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Fig. 5. Réanim ation : Installation  progressive d’une décharge toni-clonique qui débute par des 
pointes rythm iques à la lOème m inute pour se préciser à la 23ème m inute

p a s  de concordance e n tre  la  décharge  é lec trique  e t le co m p o rtem en t. D ’au tre  
p a r t ,  ce rta in s  an im a u x  o n t p ré sen té  u n  co m p o rtem en t ty p e  K l ü v e r  e t BuCY  
av ec  cécité p sy ch iq u e , p lac id ité  e t h y p ersex u a lité .

Discussion

L a rép é titio n  d ’hypox ies o x y p riv es  a m is en év idence chez le c h a t libre 
de ses m ouvem en ts, u n e  a c tiv a tio n  de l ’h ippocam pe. C ette a c tiv a tio n  est 
d iffé re n te  selon les co n d itions ex p érim en ta les  e t à ce t i t r e  l ’a c tiv a tio n  de l’h y 
p o x ie  aiguë est à d ifférencier de celle qui se p ro d u it en cours d ’hypo x ie  subaiguë , 
de réan im atio n  ou de période p o st-an o x iq u e .

E n  cours d 'h yp o x ie  aiguë  ( 0 2 =  4 % ), l ’ac tiv a tio n  h ip p o cam p iq u e  se 
t r a d u i t  soit p a r des p o in tes  b rèves e t am ples, soit p a r  un  fuseau  rap id e .

Les pointes h ip p o cam p iq u es c o n s tan te s  dès les p rem ières h y p o x ies  son t 
co m p arab les  à celles d écrites lors de la  période len te  d u  som m eil d u  c h a t [4] 
e t  le u r  ap p aritio n  p e u t  ê tre  favorisée p a r  la  dépression  corticale  q u i le u r est 
associée.

Les fuseaux  h ip p o cam p iq u es so n t ra res , in c o n s ta n ts  e t su rv ie n n e n t à un  
s ta d e  avancé de la  période  de dépression . Ce ty p e  d ’a c tiv a tio n  en fu seau x  p eu t 
ê t r e  tro u v é  au  n iv e a u  d ’au tres  s tru c tu re s  (cervelet, gyrus ec to sy lv ien , n o y au
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caudé) mais in té resse  plus p a rtic u liè rem en t la  fo rm atio n  ré ticu la ire . L a co n s
ta n c e  e t la  durée  d u  fuseau  ré ticu la ire  son t à  opposer à la  ra re té  e t la b riè v e té  
des fuseaux  des au tre s  fo rm atio n s. Aussi l’ac tiv a tio n  ré tic u la ire , don t le m éca 
n ism e chém ocep tif a é té  précisé p a r  D e l l  doit-elle  ê tre  d ifférenciée de l ’a c t iv a 
tio n  des au tres  fo rm ations encéphaliques e t en p a rtic u lie r  de l’h ippocam pe. 
L ’absence de re la tio n  en tre  les fu seau x  des diverses s tru c tu re s  est un a rg u m en t 
en  faveu r d ’une ac tiv a tio n  localisée e t non propagée.

E n  cours cThypoxie subaiguë  (O , =  8% ) de réanim ation  ou  de périodepost- 
anoxique, l ’a c tiv a tio n  de l’h ipp o cam p e co rrespond  à des décharges organisées 
d ’expression v a riab le : po in tes ry th m iq u es , fuseaux , d éch arg es tonico-cloni- 
ques. Les décharges h ippocam piques son t les seules m an ife s ta tio n s  convulsives 
des hypoxies subaiguës. Elles so n t associées à des décharges de ty p e  m yoclo- 
n iq u e  ou généralisé en cours de réan im a tio n  ou de p ério d e  post-anox ique .

Ces décharges ne su rv ie n n e n t q u ’après p lusieurs h y p o x ies  e t bien que 
la  rép é titio n  des hypoxies so it u n  fa c te u r essen tie l dans le u r  ap p aritio n , le u r  
m écanism e p h y siopa tho log ique  est p ro b ab lem en t d ifféren t selon  les conditions 
exp érim en ta les: hypox ie  suba iguë , réan im a tio n , séquelles post-anox iques.

La réac tiv ité  exquise de l ’h ippocam pe à to u te  s tim u la tio n  m écanique, 
é lec triq u e  et ch im ique est un  p rem ie r fa c te u r à envisager. L ’h ippocam pe est 
en  effet une s tru c tu re  à seuil co n v u ls iv an t abaissé  e t d o n t les décharges so n t 
fac ilem en t provoquées chez l’an im al e t chez l ’hom m e. L ’a c tiv a tio n  p rovoquée 
p a r  l ’hypoxie p e u t donc in té resse r p a rticu liè rem en t c e tte  s tru c tu re  e t les 
décharges h ippocam piques, seule m an ife s ta tio n  convulsive de l ’hypoxie s u b 
a iguë  p o u rra ien t a insi ê tre  facilitées.

L a v ascu la risa tio n  a ty p iq u e  de l’h ippocam pe, qu i p o u r  Sp i e l m e y e r  
[6], se ra it à l ’orig ine des lésions anox iques de la  Corne d ’A m m on est un d eu x i
èm e fac teu r à re te n ir . T ou tefo is, dans le sens de ce tte  h y p o th è se , certa ines 
c o n s ta ta tio n s  son t d ’in te rp ré ta tio n  difficile. I l es t en effet su rp re n a n t que l’h ip 
po cam p e, s tru c tu re  m al vascu larisée , a it une ac tiv ité  qui re s te  long tem ps o r
ganisée d u ra n t l ’hypo x ie  e t so it la  p rem ière  à ré a p p a ra ître  en cou rs de réan im a
tio n . D ’au tre  p a r t  les lésions de la  Corne D ’A m m on son t in c o n s ta n te s  e t su r 
les 15 cerveaux  exam inés, d eux  seu lem en t o n t p résen té  des lésions neuronales 
e t p réd o m in an t dan s les secteurs CAj e t CA.,.

D ’après l ’ancienne théorie  de la p a thoc lise  de C. e t O . V ogt  [1922], 
rep rise  p a rtie llem en t p a r  Sc h o l t z  [5] il est possib le que des fa c te u rs  m é tab o 
liques favorisen t l ’ap p a ritio n  des décharges h ippocam piques. C e tte  hypo thèse  
est appuyée  p a r ce rta in es  c o n s ta ta tio n s  d o n t celles de M a c L a r d y  concernan t 
les v a ria tio n s  du zinc dans le sec teu r CA3 au  cours des convu lsions anoxiques.

Si le m écanism e des décharges h ippocam piques p ro v o q u ées p ar des 
anox ies oxyprives rép é tées  reste  im précis e t dem ande  des rech erch es u ltérieu res, 
la  ré a c tiv ité  p a rticu liè re  de l ’hy p p o cam p e  à ce ty p e  d ’anox ie  e s t ind iquée p a r  
ces ré su lta ts .

9 A cta Physiologica X X V I/1 -2 .
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THE POSSIBLE ROLE OF THE HIPPOCAMPUS 
IN THE ORGANIZATION OF THE ORIENTATION

REACTION
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Behavioural and electrophysiological findings concerning the function of the  
hippocam pus have been presented. It has been established in freely  m oving cats w ith  
chronically im planted electrodes that in contrast to the generally accepted view , hippo
cam pal arousal is characterized by desynchronization, sim ilar to th a t o f the neocortex, 
and not by theta  w aves.

Analysing the orientation  reaction and its relation to  the hippocam pal theta  
activ ity , it  was found th a t unfamiliar stim uli in  fam iliar environm ent did not elicit an 
orientation reaction. O rientation reaction could be elicited on ly  by stim uli having  
a conditional signal property. The hippocam pal th eta  rhythm  w as found to be a regular 
concom itant o f the orientation  reaction.

An intensification  of the orientation reaction was observed after hippocam pal 
lesions. The im pairm ent o f conditional reflex  performance observed after hippocam pal 
lesions seemed to be related  to this factor.

Analysing the effects o f hippocam pal lesions in a m ultiple-choice delayed reflex  
situation  it  was found th a t the delayed reflex  could not be elaborated in lesioned cats, 
while the reflex elaborated before the lesion was im paired on ly  tem porarily.

The possible fun ction  o f the hippocam pus and the significance of the theta  rhythm  
has been discussed.

T he aspects  of h ip p o cam p a l fu n c tio n  in  cond itio n in g  h av e  been s tu d ied  
in  our la b o ra to ry  for y ea rs . In  th e  p resen t p a p e r  we wish to  re p o rt on som e new  
find ings in  th is  field.

A lthough  th e  c h a ra c te r is tic  h ip p o cam p a l th e ta  w aves h ad  also fo rm erly  
been  reco rded  [8], G r e e n  a n d  A r d u i n i  [7] w ere th e  f ir s t  to  su b jec t th is  p ecu 
lia r  a rch ico rtica l e lec trical p a tte rn  to  a sy s te m a tic  analysis . T h ey  found  th a t ,  in 
c o n tra s t to  neocortical d esy n ch ro n iza tio n , arousing  s tim u li alw ays elic ited  a 
synch ronous th e ta  rh y th m  in th e  h ip p o cam p u s and  te rm e d  th is  phenom enon 
“ h ip p o cam p al arousal re a c tio n ” .

In  experim en ts  p e rfo rm ed  on freely  m oving  cats p ro v id ed  w ith  im p lan ted  
electrodes i t  becam e consp icuous th a t  a t  aw aken ing  fro m  n a tu ra l sleep th is  
ex p ec ted  reac tio n  c o n sis ten tly  failed to  a p p e a r  [9].

In  a series of ex p e rim en ts  a m ore sy s te m a tic  con tro l o f th is  u n u su a l find ing  
was m ade an d  fina lly  th e  conclusion has been  reached  th a t  in  th e  course of 
aw aken ing  from  n a tu ra l sleep a d esy n ch ro n iza tio n , s im ila r o r id en tica l to  th a t  
o f th e  neoco rtex , was ap p e a rin g  in th e  h ipp o cam p u s, to o . T h is reac tio n  could 
be observed  b o th  a t sp o n tan eo u s  aw aken ing  an d  a t a ro u sa l b y  sound  stim uli 
( F igs 1 a, 2  a ) .  H ip p o cam p a l d esy n ch ro n iza tio n  was m o st m ark ed  a t  aw aken-

9 *
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in g  from  th e  so-called  p a rad o x ica l phase of sleep, ch a rac te rized  b y  a co n tin u o u s 
t h e t a  ac tiv ity  in  th e  h ip p o cam p u s [5]. A sud d en  in te r ru p tio n  o f th is  c h a ra c te r 
is t ic  th e ta  a c tiv ity  w as observed  a t  th e  m o m en t of a ro u sa l ( Figs 1 b, 2 b ). 
A w aken ing  from  n a tu ra l  sleep e lic ited  by  h igh  freq u en cy  e lec trica l s tim u la tio n  
o f  th e  m esencephalic re tic u la r  fo rm a tio n  w as also acco m p an ied  by  d esy n ch ro 
n iz a tio n  in the  h ip p o cam p u s ( F igs 3 a, 3 b) ; th is  fa c t seem ed  to  be o f espe
c ia l im portance , since h igh  freq u en cy  e lec trical s tim u la tio n  o f th e  re tic u la r  
fo rm a tio n  is know n  to  be th e  m o st effective w ay  of e lic iting  h ip p o cam p a l th e ta

Mr  

L HIP

PMC

LAC
DELTA

THETA

■■.> !*«....... .. ....■ ~ ..... ..............

Afo*V-,y\A

a)
I tec

MY

L HIP

PMC 

L A C

DELTA

----------- — ------------------ у  I ..........I...,-------- • ... ....... ........ .

THETA

b)
F ig .  1. Spontaneous arousal from deep (synchronized) sleep (a ) ,  and from  paradoxical (d esyn 

chronized) phase of sleep ( b).
M y =  electrom yogram  o f cervical m uscles; L. H ip. =  left hippocam pus; R. M. C. =  right 
sensorim otor cortex; L. A. C. =  left auditory cortex; D elta and T heta  =  delta and theta  

frequency hand o f the left hippocam pal record filtered hy a frequency analyzer

a c tiv i ty  in w ak ing  an im als. T he d u ra tio n  of h ip p o cam p a l d esy n ch ro n iza tio n  
w as found to  d ep en d  on th e  s tre n g th  of so m atic  reac tio n s accom pany ing  th e  
a ro u sin g  s tim u la tio n . W hen  a ro u sa l was seen t o b e  follow ed by  an in ten s iv e  
o rie n ta tio n  re a c tio n , d esy n ch ro n iza tio n  som etim es ap p ea red  only  for a sh o rt 
p e r io d  b u t never fa iled  to  ta k e  p lace. I f  a rousa l w as n o t accom pan ied  b y  o rie n 
ta t io n ,  d istinc t d e sy n ch ro n iza tio n  appeared  in th e  h ip p o cam p u s.

From  th ese  f in d in g s th e  conclusion has been d raw n th a t  there is no essen
tia l difference between the electrical arousal patterns o f  the h ippocam pus and  that 
o f  the neocortex, moreover that hippocam pal theta activity  is  not an inevitable  
component o f the arousal reaction , but belongs to a w ell-defined behavioural re
action , viz. orientation.
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In  a second series o f ex p erim en ts  th e  o rien ta tio n  reac tio n  an d  its  re la tio n  
to  h ip p o cam p a l th e ta  a c tiv ity  w ere a n a ly sed  in  de ta il.

A ccord ing  to  th e  classical d e fin itio n , th e  o rien ta tio n  reac tio n  is an  u n co n 
d itio n a l reflex  elic ited  by  u n fam ilia r s tim u li. The f irs t  d ifficu lty  in  th e  ex p e ri
m en ts  w as th e  defin itio n  of th e  u n fam ilia r  s tim u lus. P ra c tic a lly  one can  nev er 
be ce rta in  w h e th e r a s tim u lu s to  be p re sen ted  in th e  ex p erim en ta l s itu a tio n  
h a d  n o t m e t th e  an im al u n d er n a tu ra l  cond itions or h ad  n o t becom e know n 
b y  th e  process o f s tim u lu s  g en era liza tio n . This p rob lem  — in  ou r op in ion  — 
cou ld  be se ttle d  by  considering  th a t  s tim u li can  n o t be iso la ted  from  th e  en v i
ro n m e n t in w hich  th e y  are  p resen ted . T herefo re , if  an  an im al is held  in  a s ta n 
d a rd  en v iro n m en t fo r a longer period  o f  tim e  an d  su b seq u en tly  a su p p osed ly

7 •-Wa-V̂V*-/

_______________ I_______________»________ _
5 ■'* J||>t

fiec

Fig. 4. H ippocam pal electrical m anifestations to  different stim uli applied in the hom e cage. 
Record 1.: Cat 7/1, unknown sound stim ulus e lic ited  no som atic reaction , but m arked desyn

chronization in the hippocam pus.
Record 2: A t the arrow the experim enter entered the hom e cage; continuous th eta  ac tiv ity

appeared in the hippocam pus.
Record 3: A lim entary signal applied in the hom e cage elicited desynchronization. A t the arrows, 

the anim al rose and w atched the door.
R ecord 4: E ffect o f avoidance signal in inadequate situation. A t the arrows, the anim al went

back to its  resting pillow.
Record 5: In cat 7/4 a new  but strong sound stim ulus elicited orientation and m arked theta

a ctiv ity  in the hippocam pus

u n fa m ilia r  s tim u lus is p resen ted  in  th e  sam e s itu a tio n , i.e. in  a co m b in a tio n  
n e v e r m e t w ith  before, th e n  th a t  s tim u lu s  v e ry  p ro b ab ly  rep resen ts  a n o v e lty .

In  th e  p resen t ex p erim en ts  each  c a t w as held  in a so u n d p ro o f ch am b er 
(“ hom e cage” ) fo r 2 to  4 weeks to  ensu re  a s ta n d a rd  en v iro n m en t. I t  w as alw ays 
th e  sam e person  w ho to o k  care of th e  an im als  a t  th e  sam e ho u r every  d ay . The 
an im als  soon becam e accustom ed  to  th e  “ hom e cage”  and  followed a no rm al 
course of life in ev e ry  respect. In  th is  w ay  was realized  th e  b ack g ro u n d  for 
fo rm in g  a new  stim u lus-com plex  b y  p re se n tin g  single s tim u li. (A fam ilia r s i tu a 
tio n  to g e th e r  w ith  a s tra n g e  single s tim u lu s  m ust p ro b ab ly  ac t as an u n fam ilia r  
s tim u lu s  com plex.)

T his ex p e rim en ta l a rran g em en t led  to  su rp rising  find ings. F irs t o f all th e  
new  s tim u lu s a t  its  f ir s t  p re sen ta tio n  d id  n o t elicit th e  ex p ec ted  to n ic  o r ie n ta 
tio n  reac tio n ; w hen th e  c a t h ad  been exposed  to  a h ith e r to  unknow n  stim u lu s
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in  th e  fam ilia r en v iro n m en t, e ith er no  reac tio n  w h a tev e r could he o bserved  or 
a lth o u g h  th e  an im al d id  n o t seem to  ta k e  an y  d irect n o tice  of th e  new  s tim u lu s 
it  w as u rg ed  to  p erfo rm  one of its  n a tu ra l  ac tiv ities, i t  looked fo r food a t  th e  
saucer or w en t to  u r in a te , etc. S im u ltan eo u sly  w ith  these  actions m a rk e d  d esy n 
ch ro n iza tio n s w ere reco rded  in th e  h ip p o cam p u s ( F ig. 4, reco rd  1). In  c o n tra s t 
to  th e se  m an ife s ta tio n s  th e  ap p ea ran ce  o f th e  ex p erim en te r in  th e  hom e cage 
p rov o k ed  con tinuous th e ta  a c tiv ity  ( F ig . 4, record  2). Care w as ta k e n  in  th is  
ex p erim en ts  n o t to  use s tro n g  s tim u li, considering  th e  w ell-know n fa c t th a t  a 
s tro n g  s tim u lu s m ay  in  itse lf  have a d e fin ite  cond itio n a l signal c h a ra c te r . T he 
above described  m o to r reactions a n d  th e  accom pany ing  h ip p o cam p a l d e sy n 
ch ro n iza tio n  could be observed  in 5 o u t o f th e  7 an im als used in  th is  ex p e ri
m en t. To one o f th e  rem ain in g  tw o c a ts  a s tro n g  sound  stim u lu s w as p re sen ted  
an d  th e  expec ted  o r ie n ta tio n  reac tio n  ap p ea red  ( F ig. 4, reco rd  6). O ne an im al 
could n o t becom e accustom ed  to  its  hom e cage in tw o  w eeks an d  i t  answ ered  
w ith  o rie n ta tio n  an d  escape reac tio n s to  th e  new s tim u lu s . In  b o th  cases a 
co n tin u o u s th e ta  a c tiv ity  appeared  in  th e  h ippocam pal record .

O n th e  basis o f th e se  o b se rv a tio n s th e  conclusion seem ed w a rra n te d  th a t  
the strangeness o f  the stim ulus or stim ulus-com plex does not belong to the essen
tial conditions o f the elicitation o f  an  orientation reaction.

To te s t  th e  effects o f co n d itio n a l signals in th e  fam iliarized  en v iro n m en t, 
a lim e n ta ry  an d  av o idance  co n d itio n a l reflexes were e lab o ra ted  in  th e  sam e 
an im als in  d ifferen t co m p artm en ts , w ith  th e  stim uli te s te d  before as new  ones. 
S tim u li now  serv ing  as cond itional s igna ls  w ere app lied  again  in  th e  hom e cage. 
No o r ie n ta tio n  reac tio n  could be o b se rv ed  in these  c ircum stances , e ith e r. T he 
a lim e n ta ry  co n d itio n a l signals e lic ited  a lim en ta ry  ty p e  reac tio n s, e.g. th e  an im al 
w en t w ith o u t h e s ita tio n  to  the  feed ing  place of th e  hom e cage; or w a tch ed  th e  
door th ro u g h  w hich it  u sua lly  received  th e  food. A reac tio n  was seldom  induced  
b y  th e  avo idance  signal; in  these  few  in s tan ces  th e  an im al re tire d  to  its  re s tin g  
place. T here  was no accen tu a tio n  in  h ip p o cam p al th e ta  a c tiv ity  d u rin g  th ese  
reac tio n s (F ig . 4, reco rd s 3 and  4).

T h u s  it has been established tha t i f  signals elaborated in  d ifferen t special 
conditional situations are applied in  an  environm ent having well established 
cues, instead o f an orientation reaction, habits corresponding to the special require
ments o f  this situation  are elicited.

In  a n e x t series o f  ex p erim en ts  th e  signals of tw o d iffe ren t a n d  a n ta g o 
n is tic  co n d itio n a l s itu a tio n s  w ere in te rc h a n g e d : th e  a lim e n ta ry  co n d itio n a l 
signal w as app lied  in th e  avo idance s itu a tio n  and  th e  avo idance signal in th e  
a lim e n ta ry  en v iro n m en t.

In  m an y  cases a ty p ica l o r ie n ta tio n  reac tio n  ap p eared  in  th e se  te s ts  
( F ig . 5, reco rd  2) h u t  i t  also h ap p en ed  th a t  th e  in a d eq u a te  signal, im m ed ia te ly  
on its  ap p lica tio n  or a f te r  an o r ie n ta tio n  reac tio n , e lic ited  th e  re flex  co rresp o n d 
ing to  th e  ac tu a l ex p erim en ta l s i tu a tio n  ( Fig. 5, records 3 and  5).
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The m ost ex p re sse d  o rien ta tio n  reac tio n s w ere o b ta in ed  in an a p p a ra tu s  
u sed  for sim u ltan eo u s a lim e n ta ry  an d  av o idance  co n d ition ing  [2], by  reversing  
th e  original sites o f  th e  cond itio n a l signals. O rig inally  th e  a lim e n ta ry  signal w as 
ap p lied  below th e  feed in g  device, th e  avo idance  one below  th e  f lig h t place, th u s  
th e  source of th e  s ig n a ls  w as in d ica tin g  th e  d irec tio n  o f th e  re flex  perfo rm ance. 
(A  deta iled  d esc rip tio n  o f th is  m e th o d  has been  p resen ted  b y  G rastyán  [6].) 
S im u ltaneously  w ith  th e  o rien ta tio n  re a c tio n , a p ro m in e n t th e ta  a c tiv ity  a p 
p ea red  in th e  h ip p o c a m p u s  in all cases (F ig .  5, reco rd  6).

_ _ _ _ É-- - - - - - - - - - - -

-------*--------------------1— --------------1 ! 
3 I

5 I 7^

6. I

Fig. 5. H ippocam pal e lectrica l m anifestations on interchanging of the conditional signals. 
Record 1: Cat 7/1. E ffect o f  avoidance signal in avoidance conditional reflex  apparatus. At 

th e  arrow, the anim al perform ed the correct reaction.
Record 2: Effect o f  a lim en tary  signal in avoidance situation . A t the arrows, marked searching

m ovem ents.
R ecord 3: A lim entary signal elicited (arrow) avoidance reaction  in avoidance conditional reflex

apparatus.
R ecord 4: A lim entary sign a l in alim entary situation  elicited  a short la ten cy  correct response. 
R ecord 5: Avoidance signal applied in an alim entary reflex  situation elicited an alim entary

reaction .
R ecord 6: Cat 6/4. Long la stin g  orientation reaction elicited  b y  the displaced avoidance signal. 

A t th e  arrows m arked searching m ovem ents

On the basis o f these observations we fee l ju s ti f ie d  in  sta ting  that the orien
ta tion  reaction consis'.s in  a peculiar conditional phenom enon , which appears 
w hen different cond itiona l signals are in terfering.

I t  m ust be em p h asized  th a t  to  p roduce  o r ie n ta tio n , th e  coinciding signals 
m u s t be m o tiv a te d  a p p ro x im a te ly  a t  th e  sam e level, because if  a d o m in an t 
e x c ita to ry  process (d e te rm in ed , e.g. b y  th e  en v iro n m en t) is occurring  in  th e  
n e rv o u s system , ev en  a s tim u lus h av in g  a d e fin ite  a n tag o n is tic  ch a rac te r m ay  
e lic it a reaction  co rresp o n d in g  to  th e  d o m in a n t process.

Sim ilar o b se rv a tio n s  w ere m ade b y  B e r l y n e , em phasiz ing  th e  im p o rtan ce  
o f th e  conflict in  o r ie n ta tio n  [1], an d  b y  P o l e z h a y e v  [13] who found th a t  th e  
s tre n g th  of th e  o r ie n ta tio n  is co m m en su ra te  w ith  th e  signal m eaning  of th e  
s tim u lu s  w hich e lic its  i t .  In  S o k o l o v ’s opinion [15] o r ien ta tio n  appears when a 
new , unknow n s tim u lu s  comes in to  collision wi t h  th e  n eu ro n a l p a tte rn  of a 
w ell-know n com plex  o f  stim u li. I t  has been d e m o n s tra te d  in th e  p resen t experi
m e n ts  th a t  in a fa m ilia r  en v iro n m en t new  s tim u li elicit no o rien ta tio n  b u t a
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reac tio n  d e te rm in ed  by  th e  en v iro n m en t. In  such c ircum stances th e  new  s tim u 
lus is in co rp o ra ted  in to  the  n eu ro n a l p a tte rn  p ro d u ced  by  th e  signals o f th e  
en v iro n m en t. I t  seem s obvious th a t  u n fam ilia r s tim u li c an n o t have  special 
n eu ro n a l p a tte rn s , consequen tly  for th e  p ro d u c tio n  o f o r ien ta tio n  tw o  co n d itio n 
al signals, b o th  h av in g  special n eu ro n a l p a tte rn s , m u s t in te rfe re .

H ip p o cam p a l th e ta  a c tiv ity  has been found  [3] to  be a reg u la r concom i
ta n t  o f th e  o r ie n ta tio n  reac tio n ; co n seq u en tly  th e  h ippocam pus m u st be

Fig. 6. Apparatus used for the elaboration o f the m ultiple-choice delayed conditional reflex
Further details see in tex t

assum ed  to  p lay  an  im p o rta n t role in  th e  o rg an iza tio n  of o rien ta tio n . On th e  
basis of h isto log ical find ings, th e  s tru c tu re  of th e  h ippo cam p u s is a p p ro p ria te  
fo r th e  com parison  o f signals of d iffe ren t m odalities an d  perh ap s tho se  being 
de lay ed  [11]. T his assum ed  fu nc tion  m ay  rep resen t an  im p o rta n t phase in  th e  
o rg an iza tio n  of th e  o rien ta tio n  reac tio n . T he effect o f h ip p o cam p a l lesions seem s 
to  su p p o rt these  assu m p tio n s.

I t  is w ell-know n from  hum an  p a th o lo g y  th a t  a f te r  b ila te ra l h ip pocam pal 
re sec tion  recen t m em o ry  processes suffer a considerab le  loss, while m em ory  
trace s  s to red  befo re  o p era tion  rem ain  in ta c t  [12, 14].

In  o rder to  ap p ro ach  the  closer m echanism  of th is  im p a irm en t, a s tu d y  
has been m ade in  ca ts  concerning th e  effect of b ila te ra l h ippocam pal lesions 
on d iffe ren t ty p e s  o f cond itional reflexes. To p ro d u ce  th e  lesion, th e  la te ra l  
v en tric le  was opened  th ro u g h  th e  p o ste rio r p a r t  o f th e  p o ste rio r ec to sy lv ian  
gyrus an d  u n d er d irec t v isual co n tro l th e  h ip p o cam p u s was sucked  o u t. The 
lesions w ere never com plete  b u t th e y  ex ten d ed  to  th e  g re a te r  p a r t  of th e  h ip p o 
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cam p u s [10]. In  th e  c o n tro l o p era tio n  th e  b ra in  tissu e  covering  th e  la te ra l 
v e n tr ic le s  was rem oved .

T here  were no e ssen tia l changes in  sp o n tan eo u s b eh av io u r o f th e  lesioned 
an im a ls . T hey  had  no m o to r  d is tu rb an ces  b u t  w ere h y p e rac tiv e  b o th  in a s tran g e  
e n v iro n m e n t and  in  th e  co n d itio n a l re flex  s itu a tio n .

T he effect of th e  lesions on th e  lea rn in g  process w as a t  f ir s t  s tu d ied  in a 
m u ltip le  choice de lay ed  re flex  s itu a tio n . T he a p p a ra tu s  is show n in F ig . 6. O n 
th re e  side-w alls o f th e  b o x  feeding devices an d  loudspeakers are  fix ed . On th e

Fig.  7. Elaboration of the delayed reflex in norm al and operated control anim als. On abscissa: 
successive days of conditioning, on ordinata: delay in seconds

fo u r th  wall a sm all b o x  (m ark ed  w ith  X ) is fix ed  to  re s tra in  th e  an im al during  
th e  de lay  period. T he e lab o ra tio n  of th e  delayed  reflex  was m ade in  tw o  phases. 
F ir s t  th e  anim als le a rn e d  th e  acqu is itio n  of food a t  th e  feeding device signalled 
b y  a cond itional so u n d  s tim u lu s. In  th e  second phase th e  an im als w ere re s tra in 
ed  in  th e  sm all box  fo r progressively  increasing  periods a fte r  sw itch ing  off th e  
co n d itio n a l signal. A new  delay  v a lu e  w as only in tro d u ced  if  th e  perfo rm ance 
h a d  reached  90 p er c e n t. T he longest de lay  period  was one m in u te .

The one m in u te  d e lay  period  w as u su a lly  reached  in 6 to  12 day s by  b o th  
n o rm a l and  con tro l an im als  (F ig . 7 ) .  T he f irs t phase  of th e  ta s k  w as easily 
le a rn e d  by  the  an im als w ith  h ip p o cam p a l lesion, b u t  perfo rm ance declined  even 
a t  th e  sho rtest de lay  p e rio d  an d  th e  best perfo rm ance d id  n o t su rpass a 10 
seconds delay (F ig . 8 ) .

T he reflex  e la b o ra te d  before lesioning was u su a lly  d estro y ed  for some 
d ay s . T h erea fter th e  ach iev em en t im proved  from  d ay  to  d ay  and  fina lly  it
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Fig. 8. E laboration o f the delayed reflex  in anim als w ith  hippocam pal lesion. A m axim um  o f
10 see delay  could be attained

Fig. 9. Re-training after hippocampal lesion . All the anim als trained before the lesion atta ined  
the level o f preoperative perform ance (60")

a tta in e d  the  c rite r io n a l level, th o u g h  th e  n u m b er o f erro rs w as sligh tly  h ig h er 
th a n  before o p e ra tio n  (F ig . 9 ) .

I t  could u n d o u b te d ly  be es tab lish ed  th a t  re te n tio n  w as less im paired  th a n  
the  learn ing  of a new  ta sk  a fte r th e  lesion.

These f in d in g s  suggested th a t  the h ippocam pus p la ys  its role not in  the 
storing o f the m em ory traces but in  the dynam ics o f  the learning process, in  the 
selection and sh iftin g  o f  im pulses toward the corresponding storage places.
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To check th is  conclusion wc an a ly sed  in  th e  abo v e-m en tio n ed  double 
co n d itio n in g  a p p a ra tu s  th e  effect o f h ip p o cam p a l lesions on sim u ltan eo u sly  
e la b o ra te d  a lim en ta ry  a n d  avo idance  co n d itio n a l reflexes.

In  th is  dual b e h a v io u ra l b a c k g ro u n d  th e  h ippocam pal lesion re su lted  in 
d e f in ite  d is tu rb an ces in  th e  p erfo rm ance  o f  b o th  reflexes. Som e in s ig h t in to  th e  
m ech an ism  of these  d is tu rb an ces  has been  gained b y  a c o m p ara tiv e  analysis

B efore  hippocampal lesion 
Appr. + Appr. -

8 '8  L -1.4-sec  5:5

A f t e r  hippocampal lesion 
Appr. + Appr. -

Ô:Ô L: 7.1 s e c  5 : 5

A v o i d . -h

A v o id ,  -t-

5 ‘-5  L: 5 , 4 sec

(

А у о id. -

5 = 0

Fig.  10. M ovem ent patterns o f  cat 8/3 in the dual conditioning box before and during the first 
and second experim ental session after the hippocam pal lesion. The feeding device is marked by  
a sem icircle, the flight place b y  a square in the sketch  of the conditioning apparatus. Below , the 
ratio  o f reinforcem ents to  correct responses, and the average la ten cy  of the reactions are given

o f th e  p re- and  p o s to p e ra tiv e  m o v em en t p a tte rn s . The m o vem en ts of th e  an im al 
w ere  reg is te red  by  a sim ple  m eth o d  [2]; th is  consisted  in  a tta c h in g  a sm all lam p 
to  th e  h ead  of th e  an im a l an d  p h o to g ra p h in g  its  lig h t b y  a cam era  fix ed  to  th e  
to p  o f  th e  box. M ovem ents in  th e  re c o rd  are  th u s  rep re sen ted  b y  con tinuous 
lines. T h e  sum m arized  g rap h s of th e  co n d itio n a l reac tio n s of a ca t in  ce rta in  
ty p ic a l  exp erim en ta l sessions before a n d  a fte r  o p era tion  are show n in  F ig. 10. 
B efo re  th e  lesion th e  c o n d itio n a l re a c tio n s  were alw ays accom plished  in  th e  
possib le  sh o rtes t w ay . I n  c o n tra s t, a f te r  th e  lesion long -lasting  o rien tin g , search
ing  m o vem en ts c o n sis ten tly  p receded  th e  a tta in m e n t of th e  co n d itio n a l goal. 
T h e  an im a l was a p p a re n tly  d iv e rted  b y  a series of e n v iro n m en ta l s tim u li w hich 
h a d  no  influence on i t  before  th e  lesion . T h is was expecia lly  n o ticeab le  in th e
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course of in co rrec t reac tions p ro d u ced  to  n eg a tiv e  signals. T h e  perfo rm ance  
im proved  g rad u a lly , b u t th e  re flex  rem ain ed  u n certa in .

T he m ost ch a rac te ris tic  effect of th e  h ip pocam pal lesion  w as a h y p e ra c 
tiv e  o rien ta tio n  reaction .

On th e  basis of these  o b se rv a tio n s  th e  conclusion h as  b een  reached  th a t  
th e  fu n c tio n  of th e  h ippo cam p u s consists in  a su itab le  c o m b in a tio n  of incom ing  
e n v iro n m en ta l s tim u li w ith  m o tiv a tio n a l processes tak in g  p lace  sim u ltan eo u sly . 
T he possible m echanism s o f th is  fu n c tio n  h av e  been d iscussed  in  m ore d e ta il b y  
E .  G r a s t y á n  [ 6 ] .
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RETICULAR CONTROL OF SPLANCHNIC 
AFFERENTATION

By

I .  M É S Z Á R O S  and  T .  K u K O R E L L I

INSTITUTE OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, BUDAPEST

In 37 unanaesthetized cats paralysed w ith  gallamine triethiodide the effect o f  
stim ulation of the reticular form ation for various lenghts o f tim e on the cerebral corti
cal evoked potentials o f splanchnic and sc ia tic  origin has been investigated . On increas
ing the non-specific stim ulation the evoked potentia ls o f splanchnic origin were found  
to be gradually blocked after an initial fa c ilita tion , whereas the sciatic nerve responses 
were facilitated  in  an increasing measure.

Since 1949, w hen  M a g o u n  and  M o r u z z i  described  th e  non-specific  e ffec t 
o f th e  b ra in  stem  re tic u la r  fo rm ation  on th e  fu nc tion  of th e  cen tra l n e rv o u s  
sy stem , th e  question  has o ften  been ra ised  how  th is  non-specific  system  in f lu 
enced th e  specific a ffe ren t im pu lsa tion  ru n n in g  along th e  classical sensory p a th 
w ays. I t  has been  suggested  th a t  th e  a m p litu d e  o f th e  cereb ra l co rtical ev o k ed  
p o te n tia l a rising  in  response to  sho rt so m a tic , v isual and  a u d ito ry  s tim u la tio n  
decreases, if  th e  b ra in  s tem  re ticu la r fo rm a tio n  is s im u ltan eo u sly  s tim u la te d  
e lec trically  [3, 9, 13, 14]. A decrease of th e  am p litu d e  of th e  evoked p o te n tia l  
in response to  som atic  s tim u la tio n  has b een  described  b y  H e r n a n d e z - 

P É o n  et ál. [11], who increased  th e  a c t iv i ty  o f th e  non-specific  b ra in  s te m  
system  in th e  c a t b y  show ing th e  an im al a m ouse. T r o u c h e  et al. [17] h a v e  
found th e  evoked  p o te n tia ls  to  decrease in  th o se  phases o f se ttin g  up c o n d i
tio n ed  reflexes, in  w hich, as i t  is know n from  o th e r  w orks [7, 8, 10], th e  increased  
a c tiv ity  of th e  b ra in  s tem  a c tiv a to r  sy s tem  elicits a su b s ta n tia l o r ie n ta tio n  
reac tio n .

H ow ever, th e  s tu d ies  m en tioned  h av e  n o t  been concerned  w ith  th e  in te r 
ac tions betw een  th e  specific  a ffe ren ta tio n  s ta r t in g  from  th e  in te rn a l o rg an s 
an d  th e  re tic u la r  fo rm a tio n  of th e  b ra in  s tem .

In  th e  p re se n t s tu d y  we have a t te m p te d  to  determ ine  how  an increase in 
th e  a c tiv ity  of th e  non-specific  b ra in  stem  sy s te m  w ould in fluence  th e  ce reb ra l 
co rtica l evoked  p o te n tia ls  e lic ited  b y  th e  s tim u la tio n  of th e  sp lanchn ic  n e rv e  
c a rry in g  v iscera l a ffe ren t im pulses.

M ethods

Acute experim ents were m ade on 37 cats o f e ither sex, anaesthetized w ith  ether-hexo- 
barbital. We exposed the right anterior ectosylv ian gyrus from which evoked potentials o f  the  
highest am plitude and shortest la ten cy  could be recorded in  response to splanchnic stim ulation
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[2]. B y  m eans of a stereotaxic apparatus, bipolar deep electrodes were placed in the reticu lar  
form ation. Under the diaphragm  we exposed and f it te d  w ith bipolar electrodes the left sp lan ch
nic nerve, as w ell as the sciatic  nerve carrying exteroceptive  im pulses. The latter served for 
control in the experim ents. To control the reticular activator effect, E EG  needle electrodes  
were placed in the frontal, tem poral and occip ita l areas. The general excitatory sta te  o f the  
central nervous system  w as appraised on the basis o f  the EEG patterns.

Fig. 1. Appearance of 40 evoked potentials, as recorded by the in tensity  m odulation technique. 
Splanchnic nerve, 5 V, 0.5 m sec, 20 sec intervals.

L ight =  —, dark =  -f-. T im e signal 20 msec

The experim ents were begun when in cortical activ ity , the fast activ ity  characteristic  
of the alert state  had gained preponderance, after the effect of anaesthesia has come to an end. 
T hen the anim als were paralysed by the adm inistration of gallam ine triethiodide and artificial 
respiration was started . We determ ined the m inim um  in tensity  o f stim ulation which  
still increased spontaneous cerebral ac tiv ity  (1.5 to 3.0 У 300 c/s, 1.0 m sec). On the basis 
o f the consideration th a t the m esencephalic activator system  is sensitive to the qu antity  
rather  than to the quality  o f the im pulses reaching it, we induced various sta te s  of 
non-specific a c tiv ity  by applying the above stim ulation  for various lengths o f tim e, 
ranging from 200 to 5000 m sec. For this purpose we constructed a special apparatus, which  
directed the pulses com ing from the square pulse generator to the reticular form ation

Fig. 2. D ensitom etrie evaluation  of Fig. 1
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electrode for the desired len gth  of tim e, then  em itted  a trigger im pulse, in itiating thereby  
th e  test-stim ulus applied to  the splanchnic or sciatic nerve (5 to  10 Y, 0.5 msec). The sam e  
im pulse started the ray o f the cathode oscillograph. The stim u li were presented at 20 sec 
intervals. For recording, we used an eight-channel E E G  apparatus to  determ ine the lev e l o f cere
bral electrical activ ity , and a tw o-ray cathode-oscillograph for recording the cerebral cortical 
evoked potentials in  response to stim ulation of the nerves, from  an unipolar lead.

For the sake of a reliable statistical analysis, in  the course o f recording the in ten sity  
m odulation technique o f K o z h e v n i k o v  [1 2 ]  was applied. T he essence of this is th a t the  
adequately am plified cerebral cortical a c tiv ity  is applied to the Z ax is o f the cathode ray , i.e. 
the in ten sity  o f the ray running along the screen is m odulated. I f  the ray is caused to  d ivert 
a little  on the Y  axis after every  run, m any responses, in  our case 40 stim ulations, can be record
ed on one square of film  ( Fig. 1 ) .  The film  thu s obtained was pu lled  at a given speed in  front 
of an even ly  illum inated slit , and the changes in  the voltage o f the photocell behind it  were 
recorded b y  means of a direct-w riting densitom eter. In this w ay w e obtained the m ean value  
o f the responses given to 40 stim ulations (Fig. 2 ) .  For evaluating the results, the changes in  the  
la ten cy  of the evoked poten tia ls, the am plitude and duration o f  the positive and negative  
w aves were taken under consideration. D ata concerning about 20,000 evoked potentials were 
analysed during the stu dy .

R esu lts

T he resu lts  w ere expressed  in  th e  p ercen tage  o f  th e  evoked p o te n tia ls  
reco rded  a t  th e  b eg in n in g  an d  end o f ev e ry  ex p e rim en t, w ith o u t s tim u la tin g  
th e  re tic u la r  fo rm a tio n . I n  th e  graphs th e  abscissa show s th e  d u ra tio n  o f th e  
s tim u la tio n  of th e  r e tic u la r  fo rm ation  in  m sec, and  th e  o rd in a te  th e  p e rcen tag e

ischiadicus

Fig. 3. P ositive  wave of evok ed  potentials. Abscissa: duration o f stim ulation  of reticular for
m ation, m sec

Ordinate: data expressed in  percentage of the norm al values (broken line). Solid line: dynam ic
average

10 Acta Physiologica XXVI/1 —2.



146 I. MÉSZÁROS, T. KUKORELLI

Fig. 4. N eg a tiv e  wave of evoked potentia ls. Signs as in Fig. 3

v a lu e s . E v ery  sing le  p o in t o f th e  cu rv e  rep resen ts  th e  m ean  o f a t le a s t 160 
ev o k ed  p o ten tia ls . T o  m ake th e  ten d e n c y  o f th e  changes m ore  conspicuous, th e  
cu rv es  were su b je c te d  to  analysis b y  th e  m e th o d  of dynam ic  averages [16]. N o 
sig n ifican t change h as  been  reco rded  in  th e  la ten cy  of th e  responses reco rd ed  
w hile  altering  th e  m easu re  o f non-specific  a c tiv ity .

Fig. 3 show s th e  d a ta  for th e  p o sitiv e  phase of th e  evoked  p o te n tia ls . 
A b o u t 20 to  30 p e r cen t of th e  am p litu d es  of th e  p o sitive  w aves of evoked  
p o te n tia ls  o b ta in ed  in  response to  sp lan ch n ic  stim id a tio n  w ere fa c ilita ted  in  th e  
course  of sho rt (200 to  2500 msec) s tim u la tio n  o f th e  re tic u la r  fo rm atio n . W ith
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lo n g er stim u la tio n  th e  m easure  of fa c ilita tio n  ten d ed  to  decrease. A t th e  sam e 
tim e , on stim u la tin g  th e  sciatic  n e rv e , used  as th e  ex te ro cep tiv e  co n tro l, th e  
v a r ia tio n s  of th e  single v alues were m u c h  sm aller th a n  in  th e  case of th e  evoked  
p o te n tia ls  o b ta in ed  b y  sp lanchnic  s tim u la tio n . The te n d e n c y  of th e  change was 
ju s t  th e  opposite  o f th a t  ou tlined  ab o v e , n o tab ly  th e re  was a 10 p e r  cen t 
in h ib itio n  on s tim u la tin g  th e  re tic u la r  fo rm atio n  fo r 200 to  600 m sec, a n d  on 
increasin g  th e  d u ra tio n  of s tim u la tio n , inh ib itio n  g ra d u a lly  tu rn ed  in to  20 per 
cen t fac ilita tio n .

In  th e  case of b o th  nerves th e  d u ra tio n  of the  p o s itiv e  w ave w as red u ced  
in  th e  sam e m easure  on increasing  th e  d u ra tio n  o f  re ticu la r  fo rm a tio n  
s tim u la tio n .

F ig . 4  shows th e  d a ta  for th e  n e g a tiv e  w aves, in  a s im ila r fash ion . I n  th e  
case o f sp lanchnic  s tim u la tio n  th e re  w as a consp icuously  w ide range o f v a r ia 
tio n  o f th e  values. T he ten d en cy  of th e  change was rev e a le d  by  th e  m e th o d  of 
d y n am ic  averages. A fte r  an  in itia l fa c ilita tio n  th e re  o ccu rred  an  increasin g  
in h ib ito ry  ten d en cy  on increasing  th e  d u ra tio n  of s tim u la tio n . In  th e  case of 
th e  sc ia tic  nerve fac ilita tio n  was 37 p e r  c en t even a t  200 m sec s tim u la tio n  of 
th e  re tic u la r  fo rm atio n ; th is  increased  g rad u a lly  to  re a c h  88 p er cent w h en  th e  
re tic u la r  fo rm ation  w as s tim u la ted  fo r 5000 msec.

T he n egative  p h ase  of th e  response  w as p ro tra c te d  in  th e  case o f b o th  
nerv es .

D iscussion

T h e  effect o f s tim u la tio n  of th e  re tic u la r  fo rm atio n  u p o n  specific afferen- 
ta t io n  is a con troversia l p rob lem ; som e a u th o rs  re p o rte d  on a decrease [3, 9, 
13, 14, 17], while o thers on an  increase in  th e  am p litu d e  o f th e  evoked p o te n tia ls  
[4, 5, 15]. E v a lu a tio n  m u s t he done w ith  cau tio n , because spon taneous ce reb ra l 
co rtica l a c tiv ity , as th e  b ack g ro u n d , m a y  s ign ifican tly  in fluence  th e  a m p litu d e  
of th e  evoked  p o ten tia ls  [1]. In  our ex p e rim en ts  we a lw ay s dete rm in ed  th a t  
m in im u m  in te n s ity  of s tim u la tio n , w h ich  app rec iab ly  a c t iv a te d  cerebral c o r ti
cal e lec trica l ac tiv ity . T h is th re sh o ld -s tim u la tio n  has m ad e  i t  possible to  s ta n 
d ard ize  th e  stim u la tio n s.

F ir s t  of all, ou r re su lts  show  th a t  s tim u la tio n  of th e  re ticu la r fo rm a tio n  
fo r d iffe ren t periods o f tim e , as a non-specific  a c tiv a tio n , ac ts  in  a d iffe ren t 
w ay  on th e  afferen t p a th w a y s  carry ing  in te ro cep tiv e  an d  th o se  carry ing  e x te ro 
cep tiv e  im pulses. W hile in  th e  case o f th e  sp lanchn ic  n e rv e  th e  am p litu d e  of 
th e  responses decreased  a f te r  an  in itia l fac ilita tio n , in  th e  case of th e  sc ia tic  
n e rv e  th e  m easure of fa c ilita tio n  was d ire c tly  p ro p o rtio n a l to  th e  d u ra tio n  o f 
s t im u la tio n . The fac t t h a t  a t  th e  sam e tim e  th e re  o ccu rred  a decrease in  th e  
d u ra tio n  o f th e  w ave in  th e  case of b o th  n e rv es , suggests t h a t  while in  th e  case 
o f  th e  sp lanchn ic  nerve  sh o rt s tim u la tio n  causes firs t an in c rease , th en  a g ra d u a l

10*
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d ecrease  in  th e  n u m b e r  o f  cells in v o lved  in  th e  response, in  th e  case of th e  
s c ia tic  nerve  th e  n u m b e r o f cells in v o lved  in  th e  response increases  sligh tly . I t  
sh o u ld  be borne in  m in d  n am e ly  th a t  if  th e  increase  of a m p litu d e  is associa ted  
w ith  a decrease in  th e  d u ra tio n  of th e  w ave, th is  shows an  in c rea sed  sy n ch ro n i
z a tio n  o f th e  a c tiv itie s  o f  th e  cells in v o lv ed  in  th e  arisal o f th e  evoked  p o te n 
t ia l .  B u t  w hen th e  tw o  d a ta  change in  th e  sam e d irec tion , th is  in d ica te s  a change 
in  th e  n u m b er of cells in v o lv ed  in  th e  ac tio n .

O n th e  basis o f th e  re su lts  i t  m ay  be s ta te d  th a t  th e  non -specific  effect o f 
th e  ac tiv a tio n  of th e  re tic u la r  fo rm a tio n , as one of th e  com ponen ts of th e  
o r ie n ta tio n  reac tio n , is in fluenc ing  d iffe ren tly  th e  im pulses ru n n in g  along th e  
e x te ro -  an d  th e  in te ro c e p tiv e  specific p a th w a y s . W hile the  in te ro c e p tiv e  signals 
te n d  to  becom e in h ib ite d  a fte r  an  in itia l fa c ilita tio n , th e  ex te ro cep tiv e  signals 
b ecom e m ore an d  m ore  fa c ilita te d . F ro m  th e  biological p o in t o f  view  ou r d a ta  
m a y  be  in te rp re te d  as in d ica tin g  th a t  th e  stim u lus evok ing  th e  o r ien ta tio n  
re a c tio n  and  e v e n tu a lly  sign ify ing  danger, m o stly  comes fro m  th e  o u te r w orld  
th u s  th e  p ercep tion  o f  th e se  increases, w hile th a t  of th e  in te ro c e p tiv e  signals 
d im in ishes.
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The role o f m idline thalam ic structures in the conditioning process has been s tu 
died w ith  the help o f the recruiting potentia l as indicator in three different w ays.

In the first case recruiting responses were elicited in  tw o psychologically opposite  
situations of avoidance conditioning in order to evaluate the influence of d ifferent en
vironm ental factors on the potential m echanism .

In the second case low  frequency stim ulation  of the n. centrum  m edianum , n. 
reuniens and the n. ventralis anterior was used as a conditional signal and the variations 
of the m orphology o f the potentials accom panying the developm ent of conditioning  
have been analysed.

In  the third case stim ulations were applied to activate  a pre-established avoidance  
or approach conditional reaction, and the poten tia l configurations at which a c tiva tion  
had been reached were compared w ith  poten tia l configurations not reaching the  
threshold of activation .

The observations suggested that desp ite their com m on characteristics d ifferent 
parts o f  the thalam ic diffuse projection sy stem  represent different m echanism s. A double  
functional representation of the region of th e  centrum  m edianum  and its possible role  
in the conditional process is discussed.

In  an  earlier series o f experim en ts [1] i t  has been estab lish ed  th a t  s t im u 
la tions in  tw o  psychologically  d ifferen t s itu a tio n s  of avo idance  co n d itio n in g  
resu lted  in  m ark ed ly  d iffe ren t b eh av io u ra l effects. S tim u la tio n  ap p lied  in  a 
m om en t w hen  th e  c a t w as s tay in g  on th e  g rid  u sed  for ap p ly in g  painfu l e lec tric  
shock a c tiv a te d  th e  avo idance  reflex  w ith o u t th e  ap p lica tio n  o f th e  co n d i
tio n a l s tim u lu s . In  a sh a rp  c o n tra s t to  th is , s tim u la tio n s  app lied  on th e  p lace  o f 
f lig h t e lic ited  a v e ry  de fin ite  qu ieting , re lax in g  effect, du ring  w hich th e  c a ts  
often  assum ed  th e  ty p ic a l p o stu re  of n o rm a l sleep. C onsidering th a t  th e  loca li
za tion  of th e se  effects coincided w ith  s tru c tu re s  p ro d u c in g  rec ru itin g  p o te n 
t ia l  [2], an  ap p ro ach  o f th e  significance of th e  m echan ism  o f th is  p o te n tia l in  th e  
sam e co n d itions as th e  b eh av io u ra l effects seem ed p rom ising .

E x p e rim en ts  w ere ca rried  ou t in  18 c a ts  w ith  im p lan ted  s tim u la tin g  an d  
record ing  elec trodes. R ec ru itin g  p o ten tia ls  w ere elic ited  from  th e  n . c e n tru m  
m ed ianum , n . reun iens an d  th e  n. v e n tra lis  an te rio r , an d  recorded  from  th e  
proreus a n d  su p rasy lv ian  gyri. B o th  m ono- an d  b ip o la r leads an d  in m o st o f 
cases sim u ltan eo u s E E G  an d  oscilloscopic reco rd in g  w ere used . M ovem ents of 
th e  an im als du ring  cond itio n in g  were checked  b y  d irec t observ a tio n  an d  w ere 
recorded  b y  th e  E E G  w ith  th e  aid of a specia l in s tru m e n t fix ed  to  th e  a n im a l’s 
h ead  [3]. A fte r  im p la n ta tio n  o f electrodes in  th e  m a jo rity  o f cases tw o d iffe ren t
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k in d s  of avo idance  cond ition ing  (using  e lec tric  shocks or cold w a te r  [4] as 
p u n ish m en t) , in  th e  re s t  b o th  av o id an ce  a n d  ap p ro ach  co n d itio n in g  w as 
e lab o ra ted .

A defin ite  ch an g e  o f am p litu d e  o f  th e  re c ru itin g  p o te n tia l could  be o b se rv 
ed  to  occur in  th e  tw o  opposite  s itu a tio n s  o f avo idance  cond ition ing , n am ely  a 
m a rk e d  decrease o f  am p litu d e  of th e  su rface  n eg a tiv e  co m ponen t w hen  e lic ited  
a t  th e  site  o f sh ock ing  as com pared  to  th o se  e lic ited  in  th e  f lig h t p lace ( F ig .l  ) .

T j  2 0 0 pV

2 - 3 2 - 3 20 msec

2-1

2-4

100 pV
1sec

Fig. 1. O scilloscopic and EEG  recordings o f the recruiting potentials elicited from  the n. reu- 
niens in the case o f a stab le conditional response 

A : On the fligh t place (on the bench) im m ed iately  after the avoidance reaction;
В : On the grid, im m ed iate ly  after rem oval from  the bench, the am plitudes of recruiting p o 
ten tia ls are m arkedly decreased. There are no sign ificant differences in the background e lectr i

cal a c tiv ity  in  the tw o cases

A p p lica tio n  of th e  co n d itio n a l signal w ith  th e  an im al in  th e  f lig h t p lace, or a n y  
k in d  of s trong  e x c ite m e n t, re su lted  in  a s im ila r effect.

In  a second series of ex p erim en ts  i t  h as  been  s tu d ied  w h e th e r s tim u la tio n s  
p ro duc ing  re c ru itin g  p o ten tia ls  can  se rv e  as cond itio n a l signals. A d e fin ite ly  
po sitiv e  answ er w as ob ta in ed  in  5 c a ts  b y  s tim u la tin g  th e  n . reu n ien s. T he 
d ifferences o b serv ed  d u ring  th e  e la b o ra tio n  of th is  k in d  of co n d itio n in g  as 
com pared  to  th o se  o f th e  usual co n d itio n in g  p rocedure , deserve co n sid e ra tio n .

I t  tu rn e d  o u t  t h a t  m ore re in fo rcem en ts  w ere needed  to  induce  th e  f irs t 
cond itio n a l m an ife s ta tio n s  in  th e  case o f th e  re c ru itin g  p o te n tia l  as a co n d itio n 
a l signal th a n  in  th e  usual co n d itio n in g  process. M oreover, th e  re flex  p ro v ed  
lab ile  even a f te r  a h igh  num ber of re in fo rcem en ts . An analysis of th e  re c ru itin g
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1-7

1-8

1-2

1-3

M

J 2 0 0 pV

10 msec

100 pV
1sec

Fig. 2. Stim ulation of the n. reuniens elicits typ ical high am plitude, pure surface negative  
recruiting potentials. The conditional reaction appears only w hen stim ulation  has been term i
nated . The beginning of the conditional act is shown b y  the high am plitude oscillations of 

m ovem ent recording (channel m arked M )

J 200pV

10 msec

M

Fig. 3. Stim ulation inducing only low  am plitude surface positive potentia ls elicited a short 
la ten cy  conditional reaction during the stim ulation
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p o te n tia ls  recorded  d u rin g  th e  cond itio n in g  procedure  o ffered  som e in s ig h t in to  
th e  n a tu re  of th e  h a p p e n in g s . I t  could  be estab lished  t h a t  u n d e r th e  effect o f 
s tim u la tio n s  p roduc ing  p u re  surface n eg a tiv e  p o ten tia ls  th e  avo idance  reac tions 
w ere perfo rm ed  w ith  a c o n s ta n t de lay , co n sis ten tly  a f te r  th e  te rm in a tio n  of 
s tim u la tio n s  ( Fig. 2 ) .  I n  c o n tra s t, s tim u la tio n s  p ro d u c in g  less p ro m in en t 
su rface  n egative  re c ru itin g  p o ten tia ls  p receded  by  su rface  po sitiv e  com ponen ts,

1 -7

1-2

1 - 3

M

4 fí

--------- ------

Isec
Fig. 4. Repeated stim ulation  o f  the same point as in the case o f Fig. 2  suppresses the stable  

conditional reaction ; th is appears only after the second train  of im pulses

e lic ited  sho rt la ten cy  co n d itio n a l responses, co n sis ten tly  ap p earin g  d u ring  th e  
s tim u la tio n s  (F ig .  3 ) .

T hese o b se rv a tio n s suggested  th a t  in  th e  case o f p u re  su rface n eg a tiv e  
re c ru itin g  p o ten tia ls  i t  is n o t th e  s tim u la tio n  itse lf  h u t  r a th e r  its  a fte r-e ffec t 
w hich  co n stitu tes  th e  re a l cond ition ing  stim ulus. M oreover, from  th e  fa c t th a t  
d u rin g  th is  k ind  of s tim u la tio n s  th e  an im als were g en era lly  m otionless an d  th e  
co n d itio n a l reflex  a p p e a re d  a fte r  th e  s tim u la tio n s h as  been  te rm in a te d , i t  has 
been  concluded th a t  th e  rec ru itin g  m echanism  m ig h t re flec t an  in h ib ito ry  
m echan ism . (A sim ila r conclusion  w as d raw n earlier fro m  a d ifferen t k in d  o f 
ex p erim en t; G r a s t y á n  et al. [5 ]) . T he assu m p tio n  cou ld  be su p p o rte d  b y  
ap p ly in g  tw o co n secu tiv e  s tim u la tio n s  in  w hich th e  second s tim u lu s tra in  
fo llow ed th e  firs t w ith  th e  delay  of th e  expected  co n d itio n a l reflex . I t  w as found  
th a t  th e  second s tim u la tio n  com plete ly  suppressed  th e  co n d itio n a l re flex  an d
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ap p eared  a f te r  th e  second s tim u la tio n  w ith  th e  sam e la te n c y  as i t  w ou ld  h av e  
ap p eared  a f te r  th e  f irs t s tim u lu s tra in  (F ig .  4 ) .

In  a th i r d  series of ex p erim en ts  th e  co rre la tion  be tw een  various co m p o 
n en ts  of th e  rec ru itin g  p o te n tia l an d  th e  accom pany ing  so m atic  m an ife s ta tio n s  
have  been ana lysed .

I t  w as found  th a t  s tim u la tio n s  of m ed ian  th a lam ic  s tru c tu re s  in th e  b a c k 
ground  o f p re -estab lish ed  co n d itio n a l reflexes can a c tiv a te  b o th  th e  a p p ro ach  
an d  th e  av o id an ce  reac tion . In  th e  case o f s tim u la tio n s  p ro d u c in g  b o th  a c t iv a t 
ing  and  re lax in g  effects depend ing  on th e  avo idance  s itu a tio n , th e  elec tric  
changes asso c ia ted  w ith  th e  tw o  effects w ere ch a ra c te ris tic a lly  d ifferen t. S tim u -
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Fig. 5. EEG  recordings during the stim ulation of the n. centrum  m edianum  producing both  
activa tin g  and relaxing effects depending on the avoidance situation  

A  : On the grid, stim ulation activating the conditional reaction elicited  a strong diffuse corti
cal desynchronization.

В : On the bench, stim ulation inducing a m arked relaxing effect provoked prom pt cortical
synchronization.

C : On the bench, continuous stim ulation elicited  a sleep-like som atic and electric effect

la tio n s in d u c in g  ac tiv a tio n  o f th e  c o n d itio n a l reac tio n  elic ited  s trong  diffuse 
co rtica l desynch ro n iza tio n  w hile s tim u la tio n s  inducing  re lax a tio n  even  a t 
increased  frequencies , p rov o k ed  p ro m p t sy n ch ro n iza tio n  (slow w aves, sleep 
spindles) s im ila r to  those  ap p earin g  in  n a tu ra l  re s t a n d  sleep ( Fig. 5 ) .

In  th e  case of low freq u en cy  s tim u la tio n , in ten sitie s  reach ing  th e  th re s h 
old of a c tiv a tin g  of th e  cond itio n a l reac tio n  w ere accom pan ied  by  th e  a p p e a r
ance of a p ro m in e n t la te  surface n eg a tiv e  co m ponen t of th e  p o te n tia l com plex  
(F ig .  6 ) .  T h is sam e com ponen t could  be in d u ced  b y  th e  s im u ltaneous a p p lic a 
tio n  of th e  e lec trical an d  co n d itio n a l s tim u lu s  and  w ith  s tim u la tio n s ap p lied  
d u ring  o r ie n ta tio n . I t  was conspicuous in  th ese  ex p erim en ts  th a t  s tim u la tio n s  
capab le  o f a c tiv a tin g  co n d itio n a l reac tio n s  alw ays p ro d u ced  po lyp h asic  
p o ten tia ls .

In  th e  cases of s tim u la tio n s  p ro d u c in g  pu re  surface neg a tiv e  p o te n tia ls , 
m ovem ents a p p ea red  only as a fte r-e ffec ts . O n increasing  th e  in te n s ity  o f s t im u 
la tio n , fin a lly  forced  m ovem ents ap p ea red  also in these  cases; these  w ere, h o w 
ever, accom pan ied  b y  th e  ap p earan ce  o f a new  p o te n tia l com ponen t, as in  th e  
abo v e-m en tio n ed  cases (F ig .  7 ) .
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Fig. 6. Oscilloscopic recordings o f cortical potentials elicited b y  stim ulation  of the n. reuniens 
-with increasing intensities. In ten sitie s reaching the activation  threshold of the conditional re
action  were accompanied b y  th e  appearance of a la te  surface negative com ponent o f the po

tentia l com plex
A  : Stim ulation w ith  3 V  produced no som atic effect. В  : The cat shakes its head.

C : S tim ulation  w ith  4.5 У activa ted  the conditional reaction

A
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F ig .  7. Oscilloscopic recordings of cortical potentia ls elicited by stim ulation  w ith  increasing  
in ten sities o f the n. centrum  medianum.

A  : S tim ulation producing m ovem ents as after-effects induced pure surface negative potentials. 
В  — C : Stim ulation w ith  higher intensities producing forced m ovem ents, elicited a new sur

face negative potentia l com ponent

In  th e  course o f a sy s te m a tic  analysis of th is  phenom enon  in  th ree  an im als 
i t  w as found  th a t  a t  th e  th re sh o ld  value o f som atic  effects i t  is alw ays a second 
su rface  nega tive  p o te n tia l  w hich ch a rac terizes  th e  p a tte rn  (F ig . 8).

T he assum ption  t h a t  th e  f irs t su rface n eg a tiv e  co m p o n en ts  of th e  p o te n 
t ia l  com plex  reflec t a g en era l in h ib ito ry , an d  th e  second an  e x c ita to ry  m ech a
n ism  has been suggested  b y  th e  effects of d iffe ren t p a ra m e te rs . I t  was fo und , 
e.g. t h a t  b y  s tim u la tio n  — in an  a p p ro p ria te  cond itioned  re flex  s itu a tio n  — 
w ith  frequencies of 40 — 100 cps, causing  re lax a tio n  i t  w as on ly  th e  sh o rte r  
la te n c y  f irs t  surface n e g a tiv e  p o te n tia l w hich  could be considered  to  co rrespond
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to  th is  in h ib ito ry  m echan ism , because th e  fo llow ing stim ulus fell on th e  d escen d 
ing  lim b of th is  p o te n tia l , suppressing  all la te r  com ponen ts.

T he above o b se rv a tio n s c learly  show ed th a t  b y  th e  use of re c ru itin g  
p o te n tia l as in d ic a to r  a defin ite  p ositive  co rre la tio n  can he fo u n d  betw een  th e

A В C

Fig. 8. The in tensity  o f  stim ulation of the n. ventralis anterior reaching the threshold of som a
tic  effects is accom panied by the appearance of a new la te  surface negative com ponent o f  th e

potentia l com plex.
A  : There is  no som atic effect. B —C : S tim ulation  produced som atic effects

b eh av io u ra l an d  e lec trica l m an ifesta tio n s. T he c la rification  o f th e ir  m ore in t i 
m a te  m echan ism  w ou ld  requ ire  a d iffe ren t a p p ro a c h  th a n  th a t  app lied  in  th e  
p re sen t s tu d y . S till, o u r find ing  m ig h t p ro v id e  usefu l guiding p rincip les in  th e  
s tu d y  of th e  fu n c tio n a l significance of e lec trica l m an ifesta tio n s w hich  are n eces
sa rily  m issing in  a p u re  an a ly tica l s tu d y .
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DESYNCHRONIZING AND SYNCHRONIZING 
ELECTRICAL REACTIONS INDUCED 

BY STIMULATING DORSAL AND VENTRAL 
LEVELS OF THE AMYGDALOID COMPLEX
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P rev io u sly  i t  has been show n th a t  fa s t re p e titiv e  s tim u la tio n  of th e  a m y g 
dalo id  com plex e lic its a low v o ltag e  fa s t  co rtica l a c tiv ity , s im ilar to  th e  a ro u sa l 
reac tio n  in d u ced  b y  s tim u la tin g  th e  b ra in  stem  re tic u la r  fo rm atio n .

In  th e  p re se n t s tu d y  i t  has been  observed  th a t  w ith in  th e  b a so la te ra l 
am y g d ala  th e re  are  tw o an tag o n is tic  system s, one of w hich  desynchron izes 
w hile th e  o th e r synchron izes, th e  b ack g ro u n d  a c tiv ity  o f th e  neocortex . E x p e r 
im en ts  w ere ca rried  o u t on encéphale isolé an d  cerveau isolé ca ts .

1. F a s t re p e tit iv e  (100—200/sec) s tim u la tio n  a t  lim in a l in ten s itie s  o f  
dorsa l am ygdalo id  levels (D — 3, in  p a r tic u la r  th e  ce n tra l la te ra l  nucleus, A .c .l.) 
elicits an  acce lera tin g -d esy n ch ro n iz in g  reac tio n  o f n eo co rtica l e lectrical a c t iv 
i ty ,  m ostly  reco rd ed  from  ec to sy lv ian  areas. S im u ltan eo u sly  w ith  th is  c o rtic a l 
response, am ple slow  an d  rh y th m ic  w aves are  genera lly  reco rded  from  th e  
dorsom edian  th a la m ic  nucleus. C o n tra ry  to  th e  re ticu lo -co rtica l d esy n ch ro n iz 
in g  effect, w h ich  is to n ic  in  ty p e , th e  response to  s tim u la tio n  of th e  d o rsa l 
am y g d ala  is p h asic  in  n a tu re . T he co rtica l a rousa l reac tio n  in d u ced  b y  s t im u la t
in g  the do rsa l am ygdalo id  levels pers is ts  follow ing com plete  m idb ra in  tr a n s e c 
tio n  (cerveau isolé p re p a ra tio n ).

2. F a s t re p e tit iv e  s tim u la tio n  of v e n tra l am y g d alo id  levels (D —6 to  — 7, 
in  p a r tic u la r  th e  sm all-celled  b asa l nucleus, A .b .p .) re su lts  in  a sy n ch ro n iza tio n  
o f n eoco rtica l e lec trica l a c tiv ity  in  th e  form  of sp ind les an d  slow w aves. T h e  
synch ron ized  responses are m ore ev id en t in those  areas w here a d esynch ron ized  
a c tiv ity  w as p re se n t p rio r to  s tim u la tio n . T he sy nch ron iz ing  reac tio n  is n o t  
d ep en d en t on sy nch ron iz ing  s tru c tu re s  from  th e  low er b ra in  stem , since i t  
persists  in  th e  cerveau isolé p re p a ra tio n .
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T h e following v a r ia n ts  of rem an en ce  phenom ena in  th e  a u d ito ry  and  
v isu a l co rtex  have b een  observed  in  encéphale isolé ca ts .

1. A fte r p ro tra c te d  acoustic s t im u la tio n  (0.5 — 3/sec clicks), spon tan eo u s 
p o te n tia ls  w ith  no d ire c t connection w ith  an  acoustic  stim u lu s a p p e a r in  various 
a reas o f th e  a u d ito ry  co rtex , ex h ib itin g  a m orphology  id en tica l to  th a t  o f 
p o te n tia ls  p rev iously  ev o k ed  by  clicks. T h is  phenom enon  o f rem anence  m ain ly  
occurs in  anim als w ith  excessive re a c tiv ity , d isp lay ing  num erous spon taneous 
a ro u sa l reac tions a n d  p ro longed  a fte r-e ffec ts  follow ing e lec trica l s tim u la tio n  of 
unspecific  ac tiv a tin g  sy stem s.

2. A fter p ro tra c te d  stim u la tio n  w ith  rh y th m ic  clicks, fa s t rep e titiv e  
s tim u la tio n  of th e  re t ic u la r  form ation  in d u ces  certa in  p o te n tia ls  in d ep en d en t of 
an y  acoustic  m essage a n d  iden tica l to  th o se  elic ited  by  clicks in  p rev ious stages 
o f th e  experim en t. T h ese  po ten tia ls  e lic ited  b y  re ticu la r  s tim u la tio n  generally  
rep ro d u ce  th e  ra te  o f c licks cu rren tly  u se d  d u rin g  th e  ex p erim en t.

3. A fter p ro tra c te d  stim u la tio n  b y  rh y th m ic  shocks (1 — 3/sec) of th e  
la te ra l  genicu late  b o d y , spon taneous p o te n tia ls  in d ep en d en t o f an y  genicu late  
shock  a re  recorded  fro m  th e  visual co rtex , rep roduc ing  th e  m orpho logy  o f geni- 
c u lo -s tr ia te  responses, especially  of p o s itiv e -n eg a tiv e  w aves. T hese spon taneous 
p o te n tia ls  develop in to  a seizure-like p a t te r n .  The spon tan eo u s response occur
rin g  in  th e  v isual a rea  a f te r  p ro tra c te d  rh y th m ic  s tim u la tio n  of th e  la te ra l  geni
cu la te  b o d y  persists a f te r  extensive iso la tio n  of th e  s tr ia te  area .

T h e  m echanism  o f  th e  rem anence ph en o m en o n  an d  th e  role of th e  re ticu la r  
fo rm a tio n  in  evoking spon tan eo u s p o te n tia ls  (rep roducing  th e  evoked  resp o n 
ses of p rev ious stages) h a v e  been d iscussed .
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In  response to  a stim ulus ap p lied  to  th e  surface of th e  c o rtex  a fte r  d e n 
d ritic  p o te n tia l (D P ) — 20 to  30 m sec n eg a tiv e  p o te n tia l — slow  n e g a tiv ity  (SN ) 
o f un u su a lly  long d u ra tio n  arises (C h a n g  1951; G o l d r i n g  an d  O ’L e a r y  1960) 
th e  origin and  sign ificance of w hich  has been  stud ied .

Methods

C ats, n e m b u ta l, s tim u la tin g  an d  reco rd ing  electrodes A g —AgCl, D . C. 
am plifier.

Experim ental data

SN arises a t  g re a te r  in te n s ity  o f s tim u la tio n  th a n  D P ; i t  can  be reco rd ed  
a t  a d istance  o f 3 m m ; la ten cy  o f SN is a b o u t 15 m sec; SN  increases d u rin g  
5 0 —80 m sec, reach es 2 mV or m ore an d  la s ts  300—3000 m sec. SN arises in  
response to  re p e titiv e  su b th resh o ld  (in re g a rd  to  SN) s tim u li w ith  a s h o r t  
(5 — 20 msec) in te rv a l. T hus, SN arises in  con n ec tio n  w ith  a s ig n ifican t s tre n g th 
en ing  or rep e titio n  o f s tim u la tio n . A t th e  s tim u la tio n  freq u en cy  of 10—500 
p e r sec arises a d .c . neg a tiv e  sh ift. A t p a ired  stim u li, SN in  response to  th e  
second one is depressed  while th e  SN evoked  b y  th e  f irs t s tim u lu s la sts . T hus SN  
is sim ilar to  e lec tro to n ic  dorsal ro o t p o te n tia ls  o f th e  spinal co rd  in  form , d u ra 
tio n , in  re la tio n  to  p a ired  and  te ta n ic  s tim u la tio n . On th e  o th e r  h an d , if  one  
seeks th e  analogy  am ong  th e  E E G  co m p o n en ts , SN  can he co m p ared  w ith  d e lta -  
w aves. SN is e x trem e ly  sensitive to  c e r ta in  d ru g s. I t  is w eakened  or abo lished  
on th e  local a p p lica tio n  of s try ch n in e  an d  m o rp h in e ; i t  is co m p ara tiv e ly  resis
t a n t  to  g am m a-am in o b u ty ric  acid . O n th e  b ack g ro u n d  of SN , D P  evoked b y  
s tim u la tio n  of o th e r  p o in ts  of th e  co rtex  is depressed  and  th e  p r im a ry  responses 
are  ty p ica lly  ch an g ed ; a neg a tiv e  p h ase  is depressed  while th e  positive  one is  
increased  an d  p ro longed . The sam e change in  p rim a ry  responses occurs d u rin g  
n a tu ra l  sleep, a t  e x tin c tio n  of co rtica l reflexes an d  a t  ca thode ac tio n .
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H ypothesis

SN reflects d ep o la riza tio n  of ap ica l d en d rite s  re su ltin g  from  th e  a c tiv a tio n  
o f glia in  th e ir  v ic in ity . O n in tensive e x c ita tio n  of a com plex  of co rtica l n e u 
rones, ex c ita tio n  via  n eu ro g lia l connections is tra n s m itte d  to  o ligodendrocytes. 
T h en  th e ir  lo n g -lastin g  depo lariza tion  fo r  some seconds occurs ( H i l d  an d  
T a s a k i  1962) w ith  a re lease  of chem ical su b stan ces in  th e  g lia-neuronal space 
an d  d ep o la riza tion  o f  ap ic a l dendrites. T h u s , SN does n o t  seem  to  be a d irec t 
p o s tsy n a p tic  process. S upposed  g lia -d en d ritic  m echan ism  m ay  form  th e  basis 
o f a ce rta in  k ind  o f c o r tic a l inh ib ition .
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E lec trophysio log ica l in v es tig a tio n s  h av e  d e m o n s tra te d  th a t  th e  s tim u la 
tio n  of th e  sciatic  n e rv e  evokes sh o rt la te n c y  (7—10 m sec) responses in  th e  
p o s te ro la te ra l h y p o th a lam u s. Such resp o n ses  p ro p ag a te  in  o ligosynap tic  p a th 
w ays th ro u g h  th e  m ed ia l lem niscus. T h e ir  la ten cy  and  re s is tan ce  to  an aesth esia  
s im u la te  p roperties o f responses re co rd ed  in th e  m edial lem niscus, u p o n  p e ri
p h e ra l s tim u la tio n . T h e ir  neu ronal re c o v e ry  w as, how ever, found  to  be p ro lo n g 
ed due to  an  in h ib ito ry  effect of the  m id b ra in  re ticu la r fo rm a tio n , as lesions in 
th is  a rea  sh o rten ed  th e  n eu ro n a l reco v e ry  an d  in tro d u ced  reco v ery  p eak s in  th e  
recovery  cycle. In  ad d itio n  to  these o lig o sy n ap tic  p ro jec tio n s , th e re  e x te n d  also 
m u ltisy n a p tic  p a th w ay s  th ro u g h  th e  m id b ra in  re ticu la r fo rm a tio n  to  th e  a n te 
rio r an d  m edia l h y p o th a lam u s , as lesions in the  fo rm er a rea  e ith e r abolish  or 
reduce  th e  am p litu d e  an d  prolong th e  la te n c y  of the long la te n c y  (30—40 msec) 
responses usually  reco rd ed  in th e  ro s t r a l  h y p o th a lam u s. Such long la te n c y  
responses in  anim als w ith  re ticu la r fo rm a tio n  lesions also show  a delayed  
n eu ro n a l recovery  an d  a m uch g rea te r se n s itiv ity  to  an a e s th e s ia , as com pared  
to  n o rm al anim als. T h is w ould su g g est th e  in v o lv em en t of m ore com plex  
p a th w ay s  w ith  ad d itio n a l synapses in th e  p rop ag a tio n  o f th e se  responses in  th e  
lesioned  an im als.

In  ad d itio n  to  th e  oligo- and  p o ly sy n a p tic  som ato sen so ry  p ro jec tio n s to  
th e  h y p o th a lam u s , th e re  ex ist v isual p ro je c tio n s  as w ell. P h o tic  s tim u li evoke 
sh o rt la te n c y  (8 —10 m sec) responses in  th e  an te rio r h y p o th a la m u s  an d  p reo p tic  
a rea , w hile in th e  cau d a l h y p o th a lam u s long  la tency  p o te n tia ls  (30—40 msec) 
are  reco rded . The sh o rt la ten cy  of th e  fo rm er responses an d  th e ir  re s is tan ce  
to  an aesth esia  and an o x ia , w ould suggest th e  existence o f d irec t sensory  p ro jec 
tio n s from  th e  optic p a th w a y s  to  the  h y p o th a la m u s .

T he described som atosenso ry  a n d  v isu a l p ro jec tio n s p lay  an  im p o r ta n t 
role in  th e  b eh av io u ra l, endocrine and  v isc e ra l reg u la tio n  o f th e  h y p o th a la m u s .

11 Acta Physiologica XXVI/1 — 2.
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F r a n k  and  F u o r t e s  (1957) and  F r a n k  (1959) f i r s t  clearly  show ed th a t  
th e re  w ere tw o d is tin c t ty p es  of in h ib itio n . S u b seq u en t in v estig a tio n  b y  ou r 
research  groups a t  Canberra has revealed  th a t  in  th e  sp in a l cord a large p ro p o r
tio n  of th e  inh ib itio n s is effected  by  th e  p rèsy n ap tic  ty p e  o f inh ib itio n , in  w hich 
d epo lariza tion  of e x c ita to ry  p resy n ap tic  fib res depresses th e ir  sy n ap tic  ac tion . 
In  fac t i t  has now been  show n th a t  v ir tu a lly  all m ed u lla te d  p rim ary  a ffe ren t 
fib res in  th e  sp inal co rd  are depolarized b y  co n d itio n in g  volleys w ith  a conse
q u e n t depression of th e ir  sy n ap tic  efficacy.

T he c o n tra s t b e tw een  th e  p resy n ap tic  an d  p o s tsy n a p tic  in h ib ito ry  m ech a
n ism  is illu s tra te d  in  Fig. 1. P o s tsy n a p tic  in h ib ito ry  ac tio n  is show n on th e  
r ig h t side by  a special sy n a p tic  knob w hich lib era tes  a tra n s m itte r  th a t  causes 
an  ionic flu x  ten d in g  to  h yperpo larize  th e  su b sy n ap tic  m em b ran e  an d  so p ro 
duces th e  in h ib ito ry  p o s tsy n a p tic  p o ten tia l (IP S P ). As il lu s tra te d  in  th e  specimen 
records of 1PSP—E P S P  in te ra c tio n , the  ac tion  of e x c ita to ry  synapses is c o u n te r
ac ted  by  an a n tag o n is tic  ac tion  on th e  p o s tsy n a p tic  m em brane ; hence th e  
genera tion  of an im pulse  can be in h ib ited  as show n b y  th e  records in th e  low er 
row . P re sy n ap tic  in h ib ito ry  action  is i llu s tra te d  in re la tio n  to  a special ty p e  of 
sy n ap tic  knob  th a t  is show n superim posed  on a la rg e  sy n a p tic  knob  th a t  is 
associa ted  w ith  m o n o sy n ap tic  ac tiv a tio n  of m o toneu rones. Such superim posed  
sy n ap tic  knobs have  now  been recognized in  m an y  lo ca tio n s in  th e  nervous 
sy s tem  b y  G r a y  (1962, 1963), K i d d  (1962) and  b y  S z e n t á g o t h a i  (1963). 
W hen  th is  p resy n ap tic  in h ib ito ry  ending is a c tiv a te d , th e re  is a depo larization  
o f th e  l a  afferen t fib re  as revealed  by  su b tra c tin g  th e  ex trace llu la r p o te n tia l 
change from  th e  in tra c e llu la r  in  th e  specim en records o f  th e  p rim ary  a ffe ren t 
d ep o la riza tion  for 1, 2 or 4 volleys. This d ep o la riza tio n  o f th e  m onosynap tic  
E  fib re  resu lts  in  a d im in u tio n  of its  spike p o te n tia l an d  a consequen t depression 
o f its  sy n ap tic  efficacy , as revealed  b y  th e  depressed  m onosynap tic  E P S P s, 
w hich  m ay  fail to  evoke re flex  discharges as show n in  th e  specim en records 
labelled  p resy n ap tic  in h ib ito ry  depression. As a fu r th e r  consequence, an  in h i
b itio n  of th e  m o n o sy n ap tic  re flex  spike d ischarge will be  reco rded  in th e  v e n tra l  
ro o t, as show n in  th e  specim en records below .

11*
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Fig. 1. Diagram  of presynaptic and postsynaptic inhibition on a m otoneurone. A presynaptic inh ib itory knob is shown m aking contact 
w ith  a large excitatory synaptic knob at the top of the figure and to the right there is shown postsynaptic inh ib itory knob. Various

specim en records are shown in appropriate places as described in the text
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Integrative functions o f  presynaptic inhibition

A com prehensive in v estig a tio n  o f  the p resy n ap tic  in h ib ito ry  action  on 
a  w ide v a r ie ty  of a ffe ren t fib res o f lim b  nerves has show n th a t  th ree  m a jo r 
ty p e s  can  be d istingu ished  in re la tio n  to  th e  id e n tity  of th e  rec ip ien t a ffe ren t 
fib res , b u t  no to p o g rap h ica l p a tte rn  has been d iscerned. F o r ex am p le  th e  G roup 
lb  fib res  of a m uscle receive p re sy n a p tic  in h ib ito ry  ac tion  from  the  G roup I 
a ffe ren t fib res of all m uscles of th a t  lim b  regardless of su ch  fu n c tiona l re la 
tio n sh ip s  as synergism  or an tag o n ism . Special significance th e re fo re  a tta c h e s  
to  th e  subdiv ision  in to  th e  th ree  ca tego ries, defined  by  th e  rec ip ien t a ffe ren t 
f ib re ; th e  la  ty p e , th e  lb  type; an d  th e  flexo r reflex  a ffe ren t ty p e , w hich has 
been  ch iefly  in v estig a ted  in re la tio n  to  th e  large cu taneous a ffe ren t fibres.

Presynaptic inhibition on la  afferent fibres

B y  several d iffe ren t ex p e rim en ta l p rocedures it  has been  shown th a t  
vo lleys in  G roup la  an d  lb  afferen t fib res  of flexo r m uscles d epo la rize  the  G roup 
l a  fib res  o f b o th  ex ten so r and  flex o r m uscles, an d  hence e x e r t  a p resy n ap tic  
in h ib ito ry  action . T his depo la riza tion  is d irectly  observed  b y  in trace llu la r 
reco rd in g  from  th e  a ffe ren t fib res in  th e  do rsa l p a r t  of th e  sp in a l co rd  as i l lu s tra t
ed in  Fig. 2, w here a G roup la  a ffe ren t fib re  from  q u ad ricep s m uscle is seen 
to  be  depo larized  b y  G roup I volleys fro m  th e  knee flex o r m uscles, po ste rio r 
b iceps — sem itend inosus (PB ST in J  to  M )  and  th e  p ré tib ia l f lex o rs  (P D P in C ) , 
b u t  v ir tu a lly  no t a t  all b y  volleys in  nerves o f th e  various ex ten so r m uscles 
(D , E , F )  or by  cu taneous volleys (G, H , I ) .  B y a fin e r d isc rim in a tio n  it  can  be 
show n as in  Fig. 3 t h a t  b o th  th e  l a  an d  lb  afferen t im pu lses from  flex o r 
m uscles a re  effective in  depolariz ing  G ro u p  la  fib res from  an y  ty p e  of m uscle. 
I t  shou ld  be no ted  th a t  th e  knee ex ten so r m uscle, quadriceps, is a p a r tia l excep
tio n  to  th e  ru le of exclusive action  b y  fle x o r afferen ts in  th a t  b o th  la  and  lb  
q u ad ricep s  volleys e x e rt a sm all depo lariz ing  ac tion  in  l a  a ffe ren t fib res.

T he depo lariza tion  o f p rim ary  a ffe ren t fib res can be d e m o n s tra te d  very  
re a d ily  b y  th e  increased  ex c itab ility  o f th e  fib res as te s te d  b y  th e  application  
b y  b r ie f  e lectrical pulses (c f . W a l l , 1958). In  th is  w ay  i t  has b een  show n th a t  
th e  dep o la riza tio n  of G roup la  fib res is g re a te s t close to  tn e ir  te rm in a ls  in  th e  
v e n tra l  h o rn , b u t th e re  is also evidence for a focus of d ep o la riza tio n  in  th e  
in te rm e d ia te  nucleus ( E c c l e s , S c h m i d t  an d  W i l l i s , 1963) a n d  electro ton ic  
sp re a d  of th e  dep o la riza tio n  ou t along th e  dorsal roo ts gives th e  dorsal ro o t 
p o te n tia l. O th e r evidence fo r G roup la  d ep o la riza tio n  is p ro v id ed  b y  th e  p o te n 
t ia l  fie ld  th a t  it  p roduces in  th e  cord , w ith  m ax im um  n e g a tiv ity  in  th e  v en tra l 
h o rn  an d  p o sitiv ity  in th e  dorsal co lum ns, and  b y  th e  g en e ra tio n  of im pulse 
d isch arg es, th e  dorsal ro o t reflex .
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T hese various p ro ced u re s  show t h a t  th e  p re sy n a p tic  d ep o la riza tio n  has 
a ch a ra c te ris tic  slow t im e  course: la te n c y  abou t 4 m sec, su m m it a t  ab o u t 20 
m sec , an d  a to ta l d u ra t io n  of a t le a s t 300 msec. T he b r ie fe r  d u ra tio n  of th e  
d o rsa l ro o t reflex is a t t r ib u te d  to  accom m odation . S ev era l a ffe re n t volleys in

Fig. 2. Intracellular recording of primary afferent depolarization. As shown by the spike res
ponses to a quadriceps afferen t volley in A ,  В  (lower traces) the m icroelectrode was inserted  
in to  a quadriceps afferent f ib re  at the upper L 6 segm ental level. T he threshold stim ulus strength  
for th is fibre excited a rather large la-afferent vo lley  w ith no sign o f  a lb  com ponent, as m ay  
be seen by comparing th e  upper traces o f A  and B ,  which are recorded from  L 6 dorsal root b y  
a surface electrode. W ith  В  the quadriceps nerve stim ulus w as supram axim al for Group I. 
W ith  all other records ( C —M )  the upper trace w as recorded in  th e  sam e w ay as that o f A  and B,  
and signalled the afferent v o lley s, but the tim e constant of the am plifier was too brief to record  
P w aves such as those o f F igs  1, 2. The second trace in these records is the intracellular potentia l 
recorded w ith an am plifier having a time constan t o f 1 sec, w hile the low est trace gives the  
p o ten tia l produced b y  an identica l series o f nerve volleys, bu t recorded after w ithdraw al o f  
th e  microelectrode to a ju s t  extracellular position . Any change o f  potentia l across the fibre  
w ould  be registered as th e  difference betw een the intracellular and extracellular traces when th e  
in itia l parts of their traces w ere superim posed. N ote  that depolarizations of the fibre occurred  
in  С, K ,  L , M;  but th a t th ere  was virtually  no membrane change in all other records. Four  
v o lley s  at 280/sec in  th e  nerves indicated b y  sym bols were em ployed  in  C —  I ,  and w ith  
J — M  various num bers o f PBST volleys a t the same frequency were em ployed. N o te  
higher am plification for J —M  and sam e tim e scale for C — M .  Muscle afferent vo lleys  
w ere m axim um  for G roup I, while cutaneous volleys were generated b y  stim uli 

three to four tim es threshold ( E c c l e s , M a g n i  and W i l l i s , 1962)

q u ick  succession co n sid e rab ly  increase th e  d ep o la riza tio n , and  p o ten tia ls  in  
excess of 1 mV are  re g u la r ly  observed  in  th e  fibres in  th e  co rd  dorsum . P re su m 
a b ly  th e  d ep o la riza tio n s are severa l tim es larger in  th e  fib re  te rm in a ls  in  
th e  v e n tra l horn.

In  every re sp ec t th is  p re sy n ap tic  d ep o la riza tion  acco u n ts  for th e  d e p re s 
sion  for the  m o n o sy n a p tic  E P S P  w h ich  is o b serv ed  a fte r  cond ition ing  b y  
G ro u p  I  volleys f ro m  flexor m uscles (F ig .  4 A ,  B )  ( F r a n k  an d  F o u r t e s ,
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1957; E c c l e s , E c c l e s  an d  M a g n i , 1961), an d  also fo r th e  depression o f 
m o n o sy n ap tic  te s tin g  re flex  (F ig- 4C )  ( E c c l e s , S c h m i d t  and  W i l l i s , 

1962). T he responses o f b o th  flex o r a n d  ex tensor m o toneu rones a re  
eq u a lly  depressed , w hich corresponds to  th e  sim ilar dep o la riza tio n s o f th e

, 0 msec 4PBST—»FÜHL-PL la

Fig. 3. Prim ary afferent depolarization (P A D ) by Group la  and lb  afferent volleys of P B ST  
nerve. In upper row o f d  are specim en records o f P A D s recorded by a m icroelectrode in a F D H L -  
PL  Group la  fibre (membrane p oten tia l,— 64 mV) and of P waves of th e  cord dorsum (m iddle  
row) evoked b y  4PBST volleys at the indicated strengths relative to threshold. In the lo w est  
row of A  are specim en records at fast speed from  the cord dorsum show ing testing  of the la  lb  
com position of the afferent volleys b y  the double stim ulus technique, th e  results being p lo tted  
in  C as percentages o f m axim um . The strengths of the first stimuli are show n above relative to  
threshold w ith  the exception of the control spike poten tia l (CON) w h ich  is  for a m axim um  
Group I vo lley . In В  the sizes o f the P A D s are p lotted  against stim ulus strengths. N ote th a t th e  
specim en records at 1.43T were at m axim um  for Group la  and barely above threshold for lb ,  
while 1.14T and 1.72T gave approxim ately 50% ex cita tio n  of Group la  and  lb  fibres, respec
tive ly . V oltage scale in A  is for P A D  records on ly , w hile the slow tim e scale is  for both the P A D  

and the P w aves. ( E c c l e s  S c h m i d t  and W i l l i s , 1963b)

G roup l a  a ffe ren t fibres. I t  now  rem ains to  discuss th e  possib le  physio log ical 
m ean ing  of th is  p resy n ap tic  in h ib ito ry  ac tio n .

W h en  em ploy ing  th e  u su a l p ro ced u res  of testin g  b y  a m o n o sy n ap tic  
re flex , p re sy n a p tic  in h ib itio n  ap p ears  to  be m ore p o te n t  th a n  p o s t-  
sy n a p tic  in h ib itio n , even large  m o n o sy n ap tic  reflexes b e in g  v ir tu a lly  s u p 
p ressed  (cf. F ig . 4C);  hence i t  w ould  be ex p ec ted  th a t  p re sy n a p tic  in h ib i
tio n  w ould  p la y  an  im p o r ta n t role in  th e  co n tro l of th e  re f le x  m ovem en ts. 
F o r exam ple , u n d e r  certa in  c ircum stances p re sy n a p tic  in h ib itio n  provides th e  
n eg a tiv e  sign in  a hom eo sta tic  sy stem . T hus in  Fig. 5 s tre tc h  o f flexo r m uscles 
b y  a pow erfu l ex ten so r c o n tra c tio n  w ould  depress the  a c tiv a tio n  of ex ten so r 
m o toneu rones b y  m eans of th e  p re sy n a p tic  in h ib ito ry  ac tio n  on th e  group l a
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a ffe re n t fibres of th e  ex te n so rs , i.e. on th e  gam m a-loop sy s te m  of the  ex ten so rs . 
T h e  w eaker flexor m uscles have access to  a system  w hich red u ces the  ex c ita tio n  
o f  ex ten so r m o to n eu ro n es; and  the  flex o r m uscles w ould exercise  a p a rtic u la r ly  
effec tiv e  influence o f th is  k ind  w hen th e y  w ere ac tiv e ly  co n trac tin g  a g a in s t

Fig. 4. A : Time course o f  depression of the E P S P  produced in  a plantaris m otoneurone b y  
m onosynaptic action o f a G roup I afferent v o lle y  in  plantar nerve. T he conditioning w as pro
duced by four PBST v o lley s, m axim al for Group I, and the abscissae show  intervals betw een  the  
f ir s t  o f the conditioning v o lley s  and the testin g  plantaris volley. Specim en records com posed  
o f  super-imposed tracings are shown in B, the ordinates of the p lo tted  curve being the sizes o f  
th e  testing EPSPs expressed as percentages o f th e  control (CON). C : T im e course of depression  
o f  the m onosynaptic reflex  discharge evoked b y  a m axim um  Group I gastrocnem ius v o lley . The 
conditioning was produced as in  A  by four P B ST  volleys, and the abscissae show the in tervals  
betw een  the first o f th e  conditioning volleys and the testing gastrocnem ius volley. Specim en  
records are shown in th e  in se t w ith testing in terv a ls given in m sec, CON being the control

reflex spike (E ccles, 1963)

th e  m ore pow erful ex te n so rs . Possibly th is  action is of im p o rtan ce  in te rm in a t
in g  th e  extensor p h a se  o f  th e  step. T he d u ra tio n  of th e  p resy n ap tic  in h ib itio n  
corresponds well to  th e  d u ra tio n  of th e  ex ten so r qu iescence in a step. H ow ever, 
th is  p resynap tic  in h ib ito ry  action w ould  also be eq u a lly  ex e rted  on th e  m o n o 
sy n a p tic  ex c ita tio n  o f  flex o r m o toneu rones. E v id e n tly  th e  p resy n ap tic  in h i
b itio n  th a t  is in i t ia te d  b y  Group I  im p u lses  from  f le x o r  muscles has a m ore 
com plex  fu n c tio n a l m ean in g  th a t  s till e ludes our u n d e rs tan d in g .
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Fig. 5. Diagram  showing how a contracting extensor m uscle exten ds jo in t and strongly stretches  
a flexor m uscle, particularly i f  it  is contracting. The resulting discharge up the la  and lb  fibres  
from  the flexor excites an interneuronal pathw ay that leads to presynaptic inhibition of the la  
synapses on the extensor m otoneurone, so introducing the — sign in the circuit that began w ith

powerful extensor activation

Presynaptic inhibition on lb afferent fibres

The sam e m e th o d s  o f in v es tig a tio n  have  show n th a t  lb  afferen t fib res  
from  m uscle are  ju s t  as effectively  depo larized  b y  a p re sy n a p tic  in h ib ito ry  
ac tio n , b u t  th e y  h a v e  a d is tin c tiv e  recep tive  fie ld  ( E c c l e s , S c h m i d t  and  W i l 

l i s , 1963a). F o r ex am p le  th e  in trace llu la r  record ing  from  th e  lb  fib re  in  Fig. 6 
show s th a t  th is  f ib re  is depo larized  b y  G roup I volleys from  ex tensor m uscles 
even m ore effec tively  th a n  by  flex o r G roup I  volleys. In  ad d itio n  cu taneous 
volleys ex ert a co n siderab le  d ep o la riza tion  in  Fig. 6, b u t  th is  does no t occur 
w ith  som e lb  fib res.

In  Fig. 7 th e  d ep o la riza tio n  of th e  lb  p rim a ry  a ffe ren t fib res was te s ted  
b y  th e  re su lting  in crease  in  ex c itab ility ; l a  a ffe ren t im pulses were en tire ly  
w ith o u t effect on l b  fib res  (F ig .7 C ,  D ) ,  w hich c o n tra s ts  w ith  th e ir  consider
able depolariz ing  pow er on la  fib res (cf. Fig. 3 ) .  G roup  I I  an d  I I I  volleys 
from  m uscles also h av e  an  appreciab le  depo lariz ing  in fluence  on lb  fib res .

In  su m m ary  i t  can  be s ta te d  th a t  lb  a ffe ren t fib res  receive by  fa r th e  
larg est p a r t  of th e ir  p re sy n a p tic  in h ib itio n  from  lb  im pulses of e ither fle x o r 
or ex ten so r m uscles. T he p robab le  p a th w ay s  are show n d iag ram m atica lly
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Fig. 6. Intracellular records from a Q Group Ib  fibre. The Q spike potentia l is shown after 
a stim ulus m axim al for Group I in A  and at threshold  for the im paled fibre in B.  Slow depolar
izing  potentials are recorded in C —I  as described for Fig. 9. The four m uscle afferent volleys 
(220 /sec) in C —G were at a strength m axim um  for Group I. The single cutaneous volleys were 
a t  a strength 4 tim es threshold. Note separate tim e and potential scales for the spike potential 

in  A  and В  and for the slow potentials in C —I  (E ccles, Schmidt and W il l is , 1963a)

12Л. ’-sA, 22 / \

Fig.  7. Afferent fibres responsible for increasing the excitab ility  of Group Ib fibres o f an extensor  
nerve. In A  is shown th e  Group Ib antidrom ic spike potential (CON) recorded in the SMAB 
nerve after the centrally  evoked Group I v o lle y  had collided w ith a Group la  ham string volley . 
T his Ib  spike was conditioned at an in terval o f  36 m sec by 4 PBST vo lleys (300/sec) produced  
b y  strengths of stim ulation  indicated relative  to  the threshold strength in the specim en records 
o f  A .  The am plitude o f th e  conditioned spike relative  to the control size is p lotted  in  C against 
th e  strengths of the stim u li setting up the condition ing volleys. A double stim ulus series was 
em ployed  to determ ine th e  Ia-Ib com position o f the PBST volleys. Specim en records of this  

series are given in В  and the series is p lo tted  in D  (E ccles, Schmidt and W illis , 1963a)
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Fig. 8. Diagram  of probable pathw ays for presynaptic inh ib ition b y  Group lb  im pulses. Ib  
fibres from both flexor and extensor m uscles are seen to end on interneurones whose axon colla
terals converge onto a presynaptic inhibitory neurone that sends its  axonal term inals to  the  

synapses o f Ib prim ary afferent fibres

in  Fig. 8, w here Ib  fib res from  th e  Golgi ten d o n  organs of b o th  flex o r an d  
ex ten so r m uscles are seen to  a c t via  in te rn e u ro n a l p a th w a y s  in  o rder to  d ep o 
larize  Ib  a ffe ren t fib res an d  so depress th e ir  sy n ap tic  e x c ita to ry  pow er. T h is 
in fluence th u s  ex erts  a n eg a tiv e  feed-back  co n tro l on th e  c e n tra l actions m ed i
a te d  b y  Ib  a ffe ren t fib res.

Presynaptic inhibitory action on cutaneous afferent fibres

In v es tig a tio n s  h av e  been  re s tr ic te d  to  th e  large cu tan eo u s afferen t f ib re s , 
th e  a lpha  g roup  of H u n t  a n d  M cI n t y r e  (1960). In tra c e llu la r  record ing  fro m  
such  fib res reveals th a t  th e y  receive pow erfu l depo lariz ing  influences from  all 
cu taneous nerves of th e  sam e lim b (SU, SP an d  P T  in  Fig. 9). The G roup I  
volleys from  all of th e  fou r m uscles (second row  in Fig. 9) also p roduced  an  
appreciab le  d ep o la riza tio n . W hen  th e  s tim u li w ere in c reased  so as to  exc ite  
all of G roup I I  an d  m ost o f th e  G roup I I I  fib res  ( th ird  row ), th e re  was a consid 
e ra b ly  la rg e r d ep o la riza tio n  in  every  in stan ce .

Fig. 10 illu s tra te s  an  ex p erim en ta l te s t  in  w hich th e  ex c itab ility  o f c u ta 
neous fib res w as em ployed  as a m easure of th e  depo lariz ing  influence ex e rted  on
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th e m  b y  G roup I  m uscle im pulses over th e  w hole th resh o ld  ran g e .T h e  ca lib ra tio n  
series in голу A  w as em ployed  in assessing th e  increased  e x c itab ility  p roduced  
b y  4 cond ition ing  P B S T  volleys (row B )  se t up  b y  th e  in d ic a te d  s tim u lu s 
s tre n g th s . D ep o lariza tio n  o f th e  cu tan eo u s  fib res  was p ro d u ced  on ly  л\Ьеп th e  
P B S T  stim u li луеге ab o v e  1.6T (curve D ),  an d  com parison  w ith  th e  l a  lb

1 0 m sec

Fig. 9. Intracellular recording o f the primary afferent depolarization (P A D ) of a fibre of the  
PT nerve. The SU  record in  th e  upper right hand corner shows in the upper trace the intracellu
lar spike and in the lower the cord dorsum p oten tia l. The spike was photographed at the end 
o f the experim ental series w hen the resting poten tia l had som ewhat declined from the initial 
value o f  —50 mV. A ll other records were at a higher am plification and at the m uch slower 
sweep speed in  order to  d isp lay the depolarizations produced by afferent volleys in various 
cutaneous and m uscle nerves o f  the hind lim b, as ind icated  by the sym bols. The upper traces 
are the intracellular records, depolarization being upwards. The m iddle traces are the field  
potentials sim ilarly recorded, but w ith  the m icroelectrode just outside the fibre; and the lower 
traces are the cord dorsum  potentia ls, but w ith  upward deflexion negative. All records are formed 
b y  the superposition of several, usually four, traces. Subtraction of the extracellular fields from  
the intracellular potentials g ives the P A D s, w hich are shown in mV for each record. The cuta
neous nerves in the first row  have been stim ulated  w ith  single shocks of 4 tim es threshold  
strength. All other nerves were stim ulated w ith  4 shocks at 300/sec and the stim ulus strength is 
indicated on each record relative  to the threshold (T). The 1 mV calibration is for the intracellus 
lar and extracellular records. The 10 m sec tim er is for all except the spike record, which wa- 

recorded at the faster sweep speed (E ccles, S chmidt and W il l is , 1963c)

com positions p lo tte d  in  E  (from  th e  series p a r tly  illu s tra te d  in  C) show s a very  
good correspondence b e tw een  th e  size o f th e  lb  volleys in  P B S T  nerve  an d  th e  
dep o la riza tio n  of th e  cu tan eo u s fib res , tvhile even a m ax im al l a  vo lley  tvas 
w ith o u t effect.

In  th e  p lo tte d  curves of Fig. 11, th e  tim e  course of th e  d ep o la riza tio n  of 
cu tan eo u s fib res has th e  ch a rac te ris tic  long  d u ra tio n  of p re sy n a p tic  in h ib itio n  
(cf. Fig. 4 )  fo r th e  fo u r d iffe ren t ty p e s  o f a ffe ren t in p u t in d ica ted  b y  th e  sym -
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Fig. 10. E x citab ility  changes produced in SP fibres by Group la  and lb  afferent volleys from  
PBST nerve. The ex c ita b ility  changes were m easured relative to a calibration series o f anti-  
drom ically conducted spikes in SP nerve that were produced by current pulses driven by a range 
of voltages as illustrated  in the specim en series (CALIB) in the upper row ( A ) .  In the series o f  
В  the  pulse voltage w as constant at 90 Y and was preceded at a fix ed  interval of 35 m sec by  
4 afferent volleys in PBST nerve at 220/sec, as is ind icated  by the record at slow sweep to  the  
extrem e right o f B.  The stim ulus strength relative to the threshold strength  for each of the  
conditioning series o f  PBST volleys is indicated. In the specim en records in C the double s t i
m ulus technique was used to evaluate the Ia-Ib com position of the fourth  volley of the te tan ic  
train in the PBST nerve for the stim ulus strengths ind icated  relative to  threshold. These spike  
potentials were recorded at the entry of L 7 dorsal root into  the cord, the spike to be left being  
for the last of the train  of four vo lleys, that to the right being the testin g  volley , which alone  
is shown as CON. T he percentage la  and lb  com positions of the PBST afferent volleys at each  
stim ulus strengths (relative to the PBST threshold) th a t was used in p lo ttin g  in D  the percent
age increases in ex c ita b ility  o f SP afferent fibres that were derived from  records such as those  
of B. Voltage calibrations in A  are for A  and В only. Same tim e scale for А ,  В and C excep t  
for extrem e right o f B.  N ote broken abscissal scales to right o f D  and E  (E ccles, Schmidt

and W illis , 1963c)

bols. This w as also illu s tra te d  b y  th e  in tra c e llu la r  records o f Fig. 9. I t  is also 
seen in Fig. 11 t h a t  G roups I, I I  and  I I I  of m uscle each  h a v e  a p resy n ap tic  
in h ib ito ry  effect on cu tan eo u s affe ren t fib res , th o u g h  a t  a level m uch below  
th a t  ex e rted  b y  a cu tan eo u s vo lley .

Fig. 12 show s d iag ram m atica lly  th e  p o s tu la te d  p a th w a y s  for the  p re sy 
n a p tic  in h ib ito ry  in fluences on cu tan eo u s p rim ary  a ffe ren t fib res. The p rin c i-
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Fig. 11. E xcitab ility  changes produced by m uscle (PBST) and cutaneous (P T ) volleys in  cu tane
ous (SP) fibres. A m icroelectrode filled w ith  4M NaCI (resistance 1.5 m ) was inserted from  the  
cord dorsum at L 7 segm ental leve l to a depth  o f  1.5 mm . The ex cita b ility  w as tested  b y  single 
pulses o f  0.2 m sec duration applied by a Grass Stimulator,  the electrode being negative to the  
ind ifferent electrode. N ote  that each of the three curves for PBST w as determ ined for four 
vo lley s at 220/sec at the tim es indicated b y  th e  short vertical lines for the abscissa ( E c c l e s ,

Schmidt and W il l is , 1963c)

Fig. 12. Diagram  illustrating the pathw ays for presynaptic inh ib itory actions on cutaneous 
prim ary afferent fibres. Three cutaneous afferent fibres (C)  and single lb , II and III muscle 
afferent fibres are shown w ith  m onosynaptic endings on the interneurones and also the second
ary interneurones ( D )  th a t are postulated on the presynaptic inh ib itory  pathw ays. A  sepa
rate pathw ay is shown for lb  presynaptic inh ib ition . The locus of the presynaptic depolarization  

is shown at a depth  of 1.5 to 1.75 m m  (E ccles, Schmidt and W illis , 1963c)
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p a l ac tio n  is by  cu tan eo u s volleys, b u t  th e  p a th w ay s  for th e  ac tio n s  b y  lb ,  I I  
an d  I I I  m uscle a ffe ren t fibres are also  show n. As w ith  lb  p re sy n a p tic  in h ib itio n , 
th e re  is th e  basic  perfo rm ance o f  a nega tive  feed-back  sy s te m : cu taneous 
im p u lses  p roduce p resy n ap tic  d ep o la riza tio n  of cu taneous fib re s  inc lud ing  
th o se  conveying th e  im pulses, w ith  th e  consequence th a t  th e  effectiveness of 
la te r  im pulses in th e se  fib res is dep ressed . In  th is  w ay  th e  p re sy n a p tic  in h ib itio n

DRPs

PT

~r
100msec

100msec
100msec

sec

' I  I  7 I  7 /— 
sec
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Fig. 13. Dorsal root p oten tia ls produced b y  single and b y  prolonged repetitive stim ulation of  
cutaneous nerves. The first responses in row s A ,  В  and C were produced b y  a single stim ulus 
o f 4T strength to the ind icated  nerves. A ll other responses are produced by rep etitive  stim ula
tion  (4T strength at 220/sec) at the ind icated  durations. N ote the changes in  sw eep speed. DC 
am plification  throughout,but there is a lower am plification for the records on th e  extrem e right.

(E ccles, S chmidt and W illis, 1963c)

re su ltin g  from  a con tin u o u sly  ac tin g  in p u t will au to m a tica lly  tu rn  itse lf  dow n 
to  som e s te a d y  level. T he effectiveness o f th is  n eg a tiv e  feed -b ack  co n tro l is 
d e m o n s tra te d  by  th e  dorsal ro o t p o te n tia ls  d u rin g  a p ro longed  re p e titiv e  
s tim u la tio n . F o r ex am p le  in  Fig. 13 an  early  m ax im um  declines to  reach  in 
0.5 to  0.8 sec a s te a d y  s ta te  a t  r a th e r  less th a n  h a lf  th e  m ax im u m , w hich  is 
th e n  m a in ta in e d  fo r m a n y  seconds. T h e re  is a sim ilar in itia l decline to  a s tead y  
s ta te  fo r th e  dorsal ro o t p o ten tia ls  p ro d u ced  by  re p e titiv e  volleys fro m  a flexo r 
m uscle  an d  w hich w ould  be largely  effec tive  on G roup la  and lb  fib res .

T h e  p re sy n ap tic  in h ib ito ry  a c tio n  on cu taneous afferen t f ib re s  has been 
d e m o n s tra te d  b y  th e  depression o f th e  discharges evoked  by  a ffe re n t volleys 
in  cu tan eo u s  fib res; th e  flexo r re flex  e x h ib it th e  p ro longed  dep ression  ch arac
te r is tic  o f p re sy n ap tic  in h ib itio n ; th e re  is a sim ilar p ro longed  in h ib itio n  of the  
d ischarges evoked in  th e  ip sila te ra l t r a c t  in  th e  do rso -la te ra l co lum n ( Fig. 14 ) .
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I I I I I I I ! 1 msec SP ------------► SU(mono)

Fig. 14. Inhibition of d ischarges recorded from  the ipsilateral cutaneous tract that was isolated  
in  the upper lumbar segm en ts and m ounted on electrodes for m onophasic recording. The action  
p otentia ls were evoked b y  a single SU  stim ulus (4 tim es threshold) and were conditioned by  
another single stim ulus (4 tim es threshold) in SP. The specim en records in A  show in the upper 

l in e  the early tract discharges in the lower one the cord dorsum  potentials. Each record consists 
o f three superimposed sw eeps. The num bers indicate the in terva l in msec betw een the two  
vo lley s, and CON is the control record. В  shows a sim ilar series recorded w ith  a slower sweep 
speed , and w ith integrated  traces so th a t the am plitude of the la te  discharges can be measured. 
P o ten tia l scales are for th e  m onophasic records only. In C (open circles) the depression of the  
m onosynaptic discharge ( i.e. the  am plitude of the first spike in A )  is plotted in  per cent of the 
m ean control value against th e  interval betw een the two vo lleys in  m sec. The filled  circles show  
the depression of the la te  discharges as given by the integrated records of B.  These were m eas
ured after the tim e o f th e  m onophasic spike in order to reject its  contribution to  the integrated  
response, i.e. m easurem ents were from  1.3 m sec to 19 m sec after the onset o f the m onophasic 

discharge ( E c c l e s , K o s t y u k  and S c h m i d t , 1962)

Presynaptic inhibitory action oil Group II and III muscle fibres

In  p re lim in ary  in v es tig a tio n s  on group I I  f ib res  from  m uscle it was found 
th a t  th e ir  p re sy n ap tic  d ep o la riza tio n  corresponded  closely to  th a t  o f cu taneous 
fib res . There are in d ic a tio n s  also of a sim ilar correspondence  w ith  G roup I II  
f ib res  from  m uscle. W e have seen above th a t  b o th  of these  ty p es  of afferen ts 
are  effective in  d ep o la riz in g  cu tan eo u s fibres. T h ere  is m uch o th e r evidence of 
s im ila r cen tra l ac tio n s  b y  these  h igh th resh o ld  m uscle  afferen ts and  by  c u ta 
neous afferen ts; hence  co llectively  th e y  have been  te rm ed  th e  flexo r reflex  
a ffe ren ts  (FR A ) ( H o l m q v i s t , L u n d b e r g  an d  O s c a r s s o n , 1956, 1960). I t  has 
fu r th e r  been p o s tu la te d  th a t  th e  F R A  afferen ts from  a single system  in p ro d u c
ing an d  receiving p re sy n a p tic  in h ib ito ry  ac tion .
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The three system s o f presynaptic inhibition

In  Fig. I S  th e re  a re  show n d iag ram m atica lly  th e  p a th w ay s  responsib le  
fo r  th e  th re e  ty p es  o f p re sy n ap tic  in h ib itio n  as specified b y  th e  rec ip ien t fib res , 
l a ,  lb  an d  cu tan eo u s. T he th icknesses o f  th e  path w ay s a re  p ro p o rtio n a l to  th e  
m ean  d ep o la riza tio n s p ro d u ced  in  th e  in trace llu la r reco rd s from  alm o st one

Fig. 15. D iagram  showing ty p es of afferent fibres depolarizing Group I fibres of m uscle and 
alpha cutaneous fibres. The typ es o f afferent fibres w hich produce the depolarizations are listed  
to  the left. The w idths of the arrows from each o f these types to  each of the three recip ient 
typ es give approxim ate m easures o f the am ount o f depolarization (P A D ) that are produced, 
being averages o f m easurem ents on a large num ber of fibres. ( E c c l e s , S c h m i d t  and W i l l i s ,

1963c)

h u n d red  p rim a ry  a ffe ren t fib res. This d iag ram  serves to  su m m arize  th e  d is tin c 
tiv e  ch a rac te rs  o f th e  p a th w ay s  concerned  in the  th ree  ty p e s  of in h ib itio n . I t  
also illu s tra te s  th e  n eg a tiv e  feed-back  ch a ra c te r  of p re sy n a p tic  in h ib itio n , 
p a r tic u la r ly  th e  lb  an d  cu taneous ty p e s , w here the  d o m in a n t action  w as from  
lb  on to  lb  an d  from  cu tan eo u s onto  cu tan eo u s.

Presynaptic inhibitory action from higher centres onto the spinal cord

I t  has been  show n ( A n d e r s e n , E c c l e s , and  S e a r s , 1962; Ca r p e n t e r , 

L u n d b e r g  an d  N o r s e l l , 1962) th a t  th e  s tim u la tio n  of th e  senso ri-m o to r region 
of th e  cereb ra l c o rtex  p roduces a d ep o la riza tio n  of p rim a ry  a ffe ren t fib res ( lb  
an d  cu taneous) an d  an assoc ia ted  p re sy n a p tic  inh ib ition , w h ich  is as large an d  
pro longed  as th a t  p ro d u ced  b y  afferen t vo lleys from  th e  lim b  nerves ( Fig. 16) .  
The descend ing  p a th w a y  is in  the  p y ra m id a l tra c t. A p p a re n tly  th e  descending  
fib res re lay  sy n a p tic a lly  on in te rn eu ro n es th a t  are on th e  p resy n ap tic  in h ib i
to ry  p a th w a y  for th e  a ffe ren t fibres from  th e  lim bs.

S tim u la tio n  of th e  cerebral co rtex  fails to  have an y  p re sy n ap tic  in h ib i
to ry  ac tion  on la  a ffe ren t fib res. H ow ever, a very  effective ac tio n  is p roduced  
b y  s tim u la tio n  in  th e  reg ion  of th e  dorsa l long itud inal t r a c t  in the  m edu lla

12 A c ta  Physiologica XXV/1 —2.
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Fig. 16. A —C show dorsal root potentials led from  a L 7 dorsal rootlet w h ich  was isolated ex cep t  
for its  cord entry and recorded b y  tw o electrodes, one about 1 m m  from  th e  cord, the other on 
th e  d ista l cut end. There w as brief repetitive stim ulation  of the contralateral cortex, A ,  and o f  
posterior biceps sem itendinosus nerve, B  (PBST), as described in  te x t;  in  C a single v o lley  in  
th e  superficial peroneal nerve. D  g ives dorsal root potentials produced b y  repetitive stim u 
la tio n  of contralateral cortica l arm area w ith  sim ilar recording from  dorsal rootlets o f first 
thoracic  (Tj) and L 7 segm en ts, while in E  the contralateral cortical leg  area was stim ulated . 
In  F  the sizes of the dorsal root potentials produced in a L 7 dorsal root o f  the contralateral side 
are shown by sizes o f  filled  circles for stim ulating sites over the con vex  surface of the cortex , 
zero actions being show n b y  — signs. G shows th a t the tim e courses o f  excitab ility  changes  
produced by cortical stim ulation  in two types o f  fibre ( • , - ) -  points) resem ble the dorsal root 
p o ten tia l in A.  There w as no action on the third fibre ty p e  ( o  points). Percentages are m easured  
as described in Fig. 10;  tim e is measured from  the first stim ulus of th e  conditioning te ta n u s  

( A n d e h s o n  , E c c l e s  and S o a b e , 1962)

a n d  lower pons (C a r p e n t e r , E n g b e r g  a n d  L u n d b e r g , 1962), th e  descending  
p a th w a y  being in  th e  v e n tra l  q u a d ra n t o f th e  sp inal cord . B ra in -s tem  s tim u la 
t io n  was found also  to  effect d ep o la riza tio n  o f Ih  and  cu tan eo u s  afferent f ib re s .
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Conclusions

I t  can be concluded  th a t  p re sy n a p tic  in h ib itio n  is em ployed  in  a w ide 
v a r ie ty  of sy s tem s, b o th  those  o p era tin g  e n tire ly  w ith in  th e  sp inal cord, w here 
it  often  has n e g a tiv e  feed -back  ch a rac te r, an d  th o se  responsib le for in fluences 
from  h igher cen tres . I t  has been suggested  th a t  th e  descending  in h ib ito ry  
in fluences re p o rte d  b y  H a g b a r t h  and  K e r r  (1954) an d  also by  H o l m q v i s t  

an d  L u n d b e r g  (1959, 1961) are  m ed ia ted  to  a large e x te n t b y  p re sy n a p tic  
in h ib ito ry  m echan ism s.

W hen a t te m p tin g  to  u n d e rs ta n d  th e  physio logical significance o f th e  
neg a tiv e  feed -back  p ro v id ed  b y  p resy n ap tic  in h ib itio n , it  is helpfu l to  consider 
th e  o p era tio n a l co n d itio n s th a t  n o rm ally  o b ta in  w ith  all th e  d iv e rs ity  of 
a ffe ren t in p u t in to  th e  sp inal cord. H ith e r to  it  has been assum ed  th a t  all o f 
th is  sensory in fo rm a tio n  is processed in th e  sp in a l cord du ring  tran sm issio n  
th ro u g h  in te rn e u ro n a l p a th w ay s  w hich offer o p p o rtu n itie s  for in h ib ito ry  ac tio n  
a t  each sy n ap tic  re lay . This in h ib itio n  w ould  be ex e rted  b y  a specific p ostsy - 
n a p tic  process as il lu s tra te d  in Fig. 1. R e jec tio n  o f sensory  in p u t could occur 
on ly  a fte r i t  h a d  ex c ited  in te rn eu ro n es. P re sy n a p tic  in h ib itio n  p rov ides 
a m echanism  fo r su p p ressin g  th e  sensory  in p u t befo re  i t  has ex e rted  an y  s y n a p 
tic  ac tion . In  th is  w ay  a pow erful afferen t in p u t  can  suppress all tr iv ia l in p u ts  
before th e y  h av e  an  effective ac tion  on th e  c e n tra l nervous sy stem , w hich, as 
a consequence, is “ c lea red ”  for th e  “ u rg e n t”  re flex  actions se t in  tra in  b y  th e  
pow erful in p u t. I t  w ill be o b jec ted  th a t  th e  pow erfu l in p u t will also i tse lf  
be su b jec ted  to  th e  d iffuse dep ressan t action  o f th e  p re sy n ap tic  in h ib itio n  w hich  
i t  genera tes; b u t  i f  i t  is su ffic ien tly  pow erfu l, th e  depression w ill be negligible, 
as is illu s tra ted  fo r exam ple  w ith  th e  m o n o sy n ap tic  t r a c t  d ischarges in  Fig. 14. 
In  general te rm s i t  can  be  s ta te d  th a t  p re sy n a p tic  in h ib itio n  p rov ides th e  f ir s t  
s tag e  in  w h a t we m a y  te rm  “ p e rcep tu a l a t te n t io n ” , w hereby  pow erfu l sensory  
in p u ts  w ith  an im p lica tio n  of u rgency  can su p p ress  all co n cu rren t tr iv ia l in p u ts  
in to  th e  cen tra l n e rv o u s  system . P re sy n a p tic  in h ib itio n  p ro b ab ly  also is re s 
ponsib le  for c o n tra s t  phenom ena .
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A ccord ing  to  d a ta  in  th e  lite ra tu re , low ering o f b o d y  te m p e ra tu re  in  
response to  h is tam in e  is p rog ressively  d im in ish ing  and a f te r  th e  3 rd —4 th  dose 
th e  d ru g  has no such effect. A t th e  sam e tim e  th e  s im ila r a c tiv ity  o f  o th e r  
su b stan ces pers is ts  u n ch an g ed .

A n enhanced  e lim ina tion  o f h is tam in e , as a possib le ex p lan a tio n  o f th is  
“ ta c h y p h y la c tic ”  p henom enon , could n o t been  verified  ex p erim en ta lly  (his- 
tam in ase , an tih is tam in ase  d e te rm in a tio n ).

S tu d y in g  in  ra ts  th e  b o d y -tem p era tu re -lo w erin g  e ffec t o f re p e a te d  s u b 
cu taneous in jec tions o f h is tam in e  i t  has been found  th a t  saline in jec ted  a f te r  
th e  th ird , a lm ost ineffective h is tam in e  dose suspended  th e  a d a p ta tio n  to  h is 
ta m in e ; su b seq u en t a d m in is tra tio n  of h is tam in e  again caused  a m ark ed  lo w er
ing  of bo d y  te m p e ra tu re .

T he phenom enon  p o in ts  to  th e  role of th e  cen tra l nervous sy s tem  in 
th e  d ev e lopm en t of rap id  a d a p ta tio n  to  h is tam in e  w hich m a y  involve a m e c h a 
n ism  sim ilar to  h a b itu a tio n  or cond itioned  reflexes.



VEGETATIVE AND EEG RESPONSES 
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In  d ifferen t a n im a l species th e  co n d itio n ed  v eg e ta tiv e  an d  E E G  responses 
e lab o ra ted  to  in d iffe re n t (op tic  acoustic) s tim u li coupled  w ith  in h a la tio n  of 
a ir  w ith  6 to  10 p e r c e n t oxygen h av e  been  stu d ied  b y  reco rd ing  oxygen 
consu m p tio n , b o d y  te m p e ra tu re , re sp ira tio n , an d  e lec trica l a c tiv ity  o f th e  
n eo co rtex  and  o f d iffe re n t sub co rtica l s tru c tu re s . The e a rly  signs of th e  vege
ta t iv e  cond itioned  resp o n se  and  th e  b ioe lec trica l m an ifes ta tio n s  associated  
w ith  i t  have been  a n a ly sed .

The v eg e ta tiv e  responses were found  to  be id en tica l w ith  or rec ip rocal 
to  th e  effect of th e  u n co n d itio n ed , h y p o x ic , s tim ulus. T he E E G  p a tte rn s  in d i
c a te d  th e  cond itioned  c h a ra c te r  of b o th  ty p e s  of v eg e ta tiv e  response.
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A b u n d a n t d a ta  have  been a c c u m u la ted  concern ing  th e  com plex fu n c tio n a l 
u n i ty  o f th e  liv ing  organism  w ith  i ts  b iosphere , an d  show ing th a t  all changes 
in  th e  en v iro n m en t re su lt in  b io log ica l responses. Such reac tio n s m ay  be 
ch a ra c te riz e d  as com m on to  th e  s tra in  or to  th e  la rg e  classes of liv ing  beings, 
b u t  th e re  are  m a n y  reac tions w hich d isp lay  in d iv id u a l varie ties  as due to  a cq u ir
ed a n d  in h erited  on togenetica l a n d  p h y lo g en e tica l experiences. T he en v iro n 
m e n ta l changes lead  to  a d a p ta tio n a l processes m an ifestin g  them selves a t  b o th  
th e  n e u ra l and  th e  h u m o ra l level. A t th e  n eu ra l level a w ide scale of b eh av io u ra l 
changes p roduced  b y  ex te rn a l s tim u li m ay  be observed , such as a tte n tiv e , 
o rien tin g , em otiona l reac tions accom pan ied  b y  th e  d ev e lopm en t of co n d itio n ed  
reflexes as well as a h a b itu a tio n  to  n e u tra l  signals. T he changes in  h u m o ra l 
reg u la tio n  elic ited  b y  en v iro n m en ta l s tim u li, especially  th e  a lte ra tio n s  in 
p itu ita ry -a d re n a l fu n c tio n , m ay h av e  an  im p o r ta n t role in  specific an d  n o n 
specific  fu n c tio n a l a d a p ta tio n .

R e is s  was th e  f irs t to  re p o rt t h a t  th e  a d m in is tra tio n  of co rtico ste ro n e  
w as follow ed by  increased  learn ing  a b ili ty  in  th e  r a t  [1]. M i r s k y , M i l l e r  and  
St e i n  could increase  th e  acqu isition  o f avoid ing  co n d itioned  re flex  a c tiv ity  
in  m onkeys b y  th e  ad m in is tra tio n  o f A C T H  [2]. A ccord ing  to  our p rev ious 
o b se rv a tio n , th a t  th e  a lim en tary  co n d itio n ed  re flex  perfo rm ance was in h ib ited  
by  th e  s im u ltaneous app lica tion  of a co n d itio n ed  s tim u lu s  w ith  a nox ious s t i 
m ulus (pain fu l e lec tric  shocks to  th e  legs), a re la tio n  has been revealed  betw een  
th e  in te n s ity  of re flex  inh ib ition  a n d  th e  re a c tiv ity  o f  th e  p itu ita ry -a d re n a l 
sy s tem  in  th e  r a t  [3]. In  experim en ts on dogs in a lim e n ta ry  co nd itioned  re flex  
s itu a tio n , it was found  th a t  following in h ib itio n  of th e  cond itioned  responses by 
th e  sim u ltan eo u s ad m in is tra tio n  of a nox ious stim u lu s w ith  th e  te s t  s tim u lu s  
th e  ra t io  of hy d ro co rtiso n e  to  co rtico ste ro n e  in ad ren a l venous b lood  w as sig n if
ic a n tly  increased  in  th e  resting  perio d  in  tho se  dogs w hich  d isp layed  a longer 
in h ib ito ry  period [4]. In  th e  P av lo v ian  term in o lo g y , th e  pro longed in h ib ito ry  
perio d  follow ing th e  b reak ing  of a co n d itio n ed  reflex  b y  an ex te rn a l noxious 
signal should  be due  to  h igher in te n s ity  o f in te rn a l in h ib ito ry  processes. I t  
w as fo u n d , fu r th e r , th a t  h y d roco rtisone  t re a tm e n t re su lted  in a len g th en in g  o f
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th e  in h ib ito ry  period , a fa c t ind ica tiv e  o f th e  d irec t in v o lv em en t o f a d re n o c o rti
cal s te ro id s  in  th ese  e v e n ts . The above m en tio n ed  experim en ts  a n d  th e  neu ro - 
p a th o lo g ica l o b se rv a tio n s  of su b jec ts  tr e a te d  w ith  A CTH  or co rticoste ro ids 
m ay  confirm  th e  im p o r ta n t  role of ad ren o co rtica l horm ones in  w ide scale of 
b ra in  functions.

T he p resen t re p o r t  deals w ith  th e  in fluence  of th e  p itu ita ry -a d re n a l sy stem  
on b o th  th e  in te rn a l in h ib ito ry  processes, as c lassified  by  th e  P a v lo v ian  te r 
m inology , an d  th e  m o tiv a tio n a l p h en o m en a  accom pan ied  w ith  co n d itio n ed  
re flex  b ehav iou r.

T he avo id ing  con d itio n ed  re flex  w as e stab lish ed  in  a ju m p in g  box , 
using  a buzzer as th e  con d itio n ed  signal an d  an  electric  shock  (50 Y) given 
th ro u g h  th e  grill on th e  floor of th e  box  as th e  unco n d itio n ed  s tim u lu s. T he 
m ale alb ino ra ts  u se d  in  th e  ex p erim en t could  avo id  th e  shock b y  ju m p in g  
o n to  a 10 cm h igh b en ch . D uring  th e  sessions consisting  of 12 tr ia ls  th e  con d i
tio n ed  re flex  a c tiv ity  as w ell as th e  n u m b e r o f in te rs ig n a l reac tio n s w as re c o rd 
ed. T he in te rs ig n a l re a c tio n  as sp o n tan eo u s g o a l-d irec ted  m o to r a c t iv i ty  c o r
resp o n d in g  to  a sign  o f  m o tiv a tio n  p lay s an  im p o r ta n t  role in  th e  e s tab lish 
m e n t of co n d itioned  reflexes.*  T he n u m b e r o f in te rs ig n a l responses was h igh  
in th e  early  period  o f  cond ition ing ; th e ir  ap p ea ran ce  was th e  f ir s t  sign in  th e  
e stab lish m en t of te m p o ra ry  connections. D u rin g  th e  s tab iliz a tio n  of th e  co n 
d itio n ed  response th e  n u m b er of sp o n tan eo u s m o to r reactions decreased  s ig 
n if ic a n tly  b u t n e v e r d isap p eared  com ple te ly . A ccord ing  to  our op in ion , such a 
decrease  in sp o n tan eo u s  m otor a c tiv ity  is a fu n c tio n  of th e  d isc rim in a tiv e  i n 
te rn a l  in h ib ition  a n d  corresponds to  one fo rm  of th e  P av lo v ian  in te rn a l in 
h ib ito ry  processes.

Changes of ad ren o co rtica l fu n c tio n  w ere in d u ced  b y  A C TH  a d m in is tra 
tio n  as well as b y  b ila te ra l  ad ren a lec to m y .

In  th e  f irs t series, th e  effect o f ad ren a l h y p erfu n c tio n  w as s tu d ied  b y  
ad m in is te rin g  2 IU /1 0 0  g body w eigh t o f A C T H  tw o  hours before th e  co n d itio n 
ing . T he effect of A C T H  depended  on th e  phases of th e  tra in in g  period . On 
ad m in is te rin g  A C T H  on the  second d ay  of cond ition ing , co n d itio n ed  re flex  
a c tiv ity  was in c reased  an d  th e  in te rs ig n a l reac tio n s d isap p eared  in  those  ra ts  
w h ich  h ad  given a p o sitiv e  response in  o n e -th ird  o f th e  tr ia ls  on th e  p rev ious 
d ay . In  th e  n e x t co n d itio n in g  session, th e  re flex  a c tiv ity  an d  th e  n u m b e r of 
in te r tr ia l  reac tio n s co rresponded  to  th o se  of th e  con tro l, saline t r e a te d  an im als
(F ig . 1 ).

T here w ere no  observable  changes e ith e r  in th e  speed of acqu isition  of 
co n d itio n ed  re flex  a c tiv ity  or in th e  n u m b e r of spon taneous goa l-d irec ted  
reac tio n s  in th e  e a r ly  phase of tra in in g  a f te r  A CTH  tre a tm e n t before  th e  co n d i
tio n in g  procedure  w as begun.

See the paper o f E . Endrőczi in th is issue.
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A C TH  a d m in is tra tio n  following th e  s tab iliz a tio n  o f cond itioned  reflex  
a c tiv ity  fa iled  to  in fluence  th e  reflex  perfo rm ance, b u t  a decrease or fu ll d is
ap p ea ran ce  of sp o n tan eo u s in tersignal reac tio n s could  be  observed  (F ig . 2 ) .

RAT

1st 2nd 3 rd  4 th
day of acquisition

F ig .l .  E ffect o f ACTH on conditioned reflex performance as well as on spontaneous goal-directed  
m otor ac tiv ity  in the early phase of conditioning. The w hite colum ns correspond to the  

positive responses, the b lack  ones to the negative responses to the conditioned stim uli

RAT

day of acquisition

Fig. 2. E ffect o f ACTH adm inistration on conditioned responses and intersignal reactions in the 
phase o f stabilization of the conditioned reflex

These findings are  in  good ag reem en t w ith  th e  o b serv a tio n s of R e i s s , 
M i r s k y , M i l l e r  and  St e i n  [1, 2] concern ing  th e  effect o f ad ren a l h y p erfu n c
tio n  on cond itioned  re flex  perfo rm ance, fu rth e rm o re  d e m o n s tra te  th e  decreas-
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in g  effect o f ACTH on th e  n u m b e r of spon taneous in te rs ig n a l reac tions. The 
in h ib itio n  of spon tan eo u s g o a l-d irec ted  b eh av io u r co rresp o n d in g  to  a decrease 
in  m o tiv a tio n , m igh t h a v e  been  th e  re su lt o f  a h igher in te n s i ty  o f th e  in te rn a l 
in h ib ito ry  processes en h an ced  b y  A CTH  tre a tm e n t. This re la tio n sh ip  betw een  
a d re n o c o rtica l fu n c tio n  a n d  m o tiv a tio n  w as th e n  c learly  d e m o n s tra te d  b y  ex 
p e rim e n ts  in ad ren a lec to m ized  ra ts .

No sign ifican t a lte ra tio n s  could  be observed  in th e  fo rm in g  of te m p o ra ry  
co n n ec tio n s  or in  th e  in te n s i ty  o f spon tan eo u s in te rs ig n a l a c tiv ity  in  ra ts  
ad ren a lec to m ized  an d  m a in ta in e d  b y  DOCA tre a tm e n t b efo re  cond ition ing . 
T h e se  find ings lead  to  th e  conclusion  th a t  th e  re ta rd e d  lea rn in g  of th e  avo id ing  
co n d itio n ed  reflex  b y  h y p o p h y sec to m ized  ra ts  observed  b y  A p p l e z w e i g  an d  
B a u d r y  [5] could n o t be  due  to  ad ren a l insufficiency .

T here were, how ever, no changes in th e  co n d itioned  re flex  perfo rm ance  
o f  r a ts  w hich were ad ren a lec to m ized  a fte r  th e  cond itioned  response  h ad  s ta b il
iz ed , an  increase o ccu rred  in  th e  n u m b er of spon taneous in te rs ig n a l reac tio n s. 
T h is  h igh num ber of th e  in te rs ig n a l reac tions pers is ted  even  w hen a fte r  th e  
a d m in is tra tio n  of 150—200 tr ia ls  co nd itioned  re flex  a c tiv ity  w as h igh ly  s ta b iliz 
ed . A drena lec tom y  in  a la te r  perio d  o f stab ilized  co n d itio n ed  re flex  a c tiv ity  
r e s u lte d  in  the  reap p e a ra n c e  o f  spon tan eo u s in te r tr ia l m o to r  responses w hich  
h a d  been suppressed  d u rin g  th e  earlie r phase of th e  tra in in g  period. In  th e  
sh a m -o p e ra ted  con tro ls  a decrease  in  th e  n u m b er of g o a l-d irec ted  m o to r re a c 
tio n s  could be observed  due  to  th e  stress-induced  endogenous A CTH  release 
( F ig .  3 ) .

These resu lts  also in d ic a te  th a t  th e  d isc rim ina tive  in te rn a l in h ib itio n  d ev e l
o p ed  during  th e  s ta b iliz a tio n  o f th e  te m p o ra ry  connec tio n s brings a b o u t 
a  decrease in m o tiv a tio n ; th e se  p h enom ena  are  in a close re la tio n sh ip  w ith  
ad ren o co rtica l fu n c tio n . In  th e  absence of p itu ita ry -a d re n o co rtic a l a c tiv a tio n , 
in te rn a l  in h ib itio n  is w eak en ed , as show n b y  th e  h igh  score o f in te r tr ia l  re a c 
tio n s .

In  th e  second series o f ex p erim en ts  th e  effect o f A C TH  on th e  ex tin c tio n  
o f  a lim e n ta ry  co n d itio n ed  re flex  w as s tu d ied  in  ca ts . T he m eth o d ica l d e ta ils  
o f  th e  experim en t h a v e  been  described  p rev io u sly  [6]. T hese  in v es tig a tio n s  
Tevealed th a t  in  th e  absence  o f a d iffe ren tia l signal in  th e  s te reo ty p e , a few 
p e r  c en t o f sp o n tan eo u s g o a l-d irec ted  m o to r a c tiv ity  p e rs is te d  even a t  th e  
h ig h ly  stab ilized  s tag e  o f co n d ition ing . D uring  ex tin c tio n  th is  re s tin g  level of 
sp o n ta n e o u s  g o a l-d irec ted  m o to r  a c tiv ity  d isap p eared  earlie r th a n  th e  in h ib itio n  
o f  co n d itioned  re flex  a c tiv i ty  h ad  been developed.

A fte r th e  a d m in is tra tio n  of A CTH  of 10 IU /kg  on th e  3 rd  d ay  o f th e  
e x tin c tio n , a te m p o ra ry  in h ib itio n  o f b o th  th e  co n d itio n ed  response a n d  th e  
sp o n tan eo u s  g o a l-d irec ted  m o to r a c tiv ity  w as observed . O n th e  5 th  d a y  
o f  e x tin c tio n , w hen th e  A C T H  effect w as e lim in a ted , th e  ex tin c tio n  curve 
w as  again  norm al (F ig . 4 ) .
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A ccord ing  to  th e  P av lo v ian  c o n cep t, the  e x tin c tio n  of a co n d itio n ed  
re flex  is considered  a re su lt of th e  in te rn a l  in h ib ito ry  processes. O ur fin d in g s 
h av e  rev ea led  th a t  ad m in is tra tio n  o f A C T H  in th e  perio d  of ex tin c tio n  increases 
th e  in te n s ity  of in te rn a l in h ib itio n  a n d  th u s  causes a ra p id  decrease of b o th  
th e  co n d itio n ed  responses and  th e  sp o n tan eo u s  goa l-d irec ted  ac tiv itie s .

Fig. 3. Changes in  conditioned reflex perform ance and in the num ber of intersignal reactions  
follow ing adrenalectom y and sham -adrenalectom y

T he d iffe ren t form s of in te rn a l in h ib ito ry  processes re la ted  w ith  d isc ri
m in a tio n  an d  ex tin c tio n  were in flu en ced  b y  ad ren o co rtica l a c tiv ity . T h u s 
h y p e rfu n c tio n  caused  a decrease in  m o tiv a tio n  du ring  th e  fo rm atio n  o f th e  
co n d itio n ed  re flex  or enhanced  e x tin c tio n , w hile in th e  absence of co rtico ste ro id  
secre tion  a w eakness o f th e  in te rn a l in h ib ito ry  processes w as ap p a ren t.

T h e  foregoing d a ta  ra ise  th e  q u es tio n  of th e  re la tio n sh ip s  ex isting  b e tw een  
p i tu i ta r y — ad ren a l fu n c tio n  and  th e  in d iv id u a l différé nces in  a d a p ta tio n  caused
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b y  en v iro n m en ta l s tim u li. O ur prev ious s tu d ies  h av e  revealed  w ide in d iv id u a l 
v a r ia tio n s  in th e  r a te  o f  re s tin g  ad ren o co rtica l secre tion ; th is  m ay  be considered 
to  d ep en d  on genetic  fac to rs  [7]. In  ca ts  w ith  h igh  or low re s tin g  ad ren o co r
tic a l  secretion  w ith in  th e  n o rm al range, a low  o r h igh  n u m b er of in te rs ig n a l r e 
ac tio n s  were observed  in  an  a lim en ta ry  co n d itio n ed  reflex  s itu a tio n  [6]. In  an  
av o id in g  cond itioned  re flex  s itu a tio n , on th e  o th e r  han d , it  w as observed  th a t  
th e  perfo rm ance o f co n d itio n ed  reflex  in  ra ts  h a v in g  h igher re s tin g  c o rtic o 
s te ro n e  o u tp u t w as m o re  in ten siv e , th a n  in  th o se  w ith  low ad ren o co rtica l secre
tio n  [8]. The q u a lity  o f  ad renocortica l secre tion  also has a role in  th is  k in d  of

CAT CAT

d a y  of Qxtinction

F ig. 4. Effect of ACTH adm inistration on the extin ction  of alim entary conditioned reflex  in
the cat

a d a p ta tio n , e spec ia lly  th e  ra tio  of h y d ro co rtiso n e  to  co rticosterone , o r th e  
ap p earan ce  of su b s ta n c e s  n o rm ally  n o t p re se n t in  ad ren a l venous b lood . 
T h u s , dogs h av in g  a h ig h er ra tio  of h y d ro co rtiso n e  to  co rticosterone  in  th e ir  
re s tin g  a d ren o co rtica l secretion  show ed a longer in h ib ito ry  period  follow ing 
th e  b reak ing  of th e  a lim en ta ry  con d itio n ed  re flex  b y  th e  ap p lica tio n  of th e  
co nd itioned  signal to g e th e r  w ith  a p a in fu l s tim u lu s  [4]. A h ig h er secretion  ra te  
accom pan ied  w ith  an  abso lu te  increase in  th e  secretion  of p o la r co rticostero ids 
cou ld  be observed  a f te r  ch lorprom azine t r e a tm e n t  [7]. W o o d b u r y  found  th a t  
th e  ex c itab ility  o f th e  cen tra l nervous sy s tem  could  be increased  by tr e a tm e n t 
w ith  po lar co rtico ste ro id s , such as h y d ro co rtiso n e ; th e  less p o la r  su b stan ces, 
like  co rticosterone , h a d  no effect or c o u n te ra c ted  th e  effect of th e  po lar d e r iv 
a tiv e s  [9]. A cco rd ing  to  these  o b se rv a tio n s, th e  m echan ism  of p i tu i ta ry  — 
ad ren a l action  u p o n  th e  cond itioned  re flex  b eh av io u r of r a ts  is q u estio n ab le , 
co rticoste rone  b e in g  th e  m ain p ro d u c t o f th e  r a t  ad renal an d  h y d ro co rtiso n e
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is n o t secre ted  in  th e  lack  of ce rta in  en zy m atic  a c tiv ity . To exp la in  th e  p ro b 
lem , one m ig h t assu m e th e  role of p o la r  co rtico ste ro id s , or th a t  in  th e  r a t  co r
tico ste ro n e  can s im u la te  th e  ac tion  o f p o la r co rtico ste ro id s  un like to  o th e r  
species.

T he p a r tic ip a tio n  of th e  p itu ita ry -a d re n a l sy s te m  in th e  m echan ism  of 
n eu ro h u m o ra l a d a p ta t io n  m anifests its e lf  th ro u g h  a n eg a tiv e  feed -back  effect. 
T his assu m p tio n  in  su p p o rted  b y  o u r p rev ious f in d in g s  in d ica tin g  th a t  th e  
a rch ico rtex , p a leo co rtex , h y p o th a lam u s an d  m esencephalon  p a r tic ip a te  in  
th e  in te g ra tio n  o f p itu ita ry -a d re n a l fu n c tio n  as w ell as in  th e  in te rn a l in h ib i
to ry  processes a n d  m o tiv a tio n  [6, 7].
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EFFECTS OF THE MESENCEPHALIC 
RETICULAR FORMATION 

ON SOME VEGETATIVE REFLEXES
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T he effect o f e lec trical s tim u la tio n  of th e  m esencephalic re tic u la r  fo rm a 
tio n  on som e sy m p a th e tic  and  p a ra sy m p a th e tic  v eg e ta tiv e  reflexes has been 
s tu d ie d  in  acu te  ex p erim en ts  in c a ts  an d  dogs u n d e r  in trav en o u s  chloralose 
an aes th es ia , in ce rta in  cases w ith  d - tu b o cu ra rin e  or F laxed il.

In  a firs t series of ex perim en ts in  15 cats an d  5 dogs th e  effect of lim in a r 
an d  su p ra lim in a r s tim u la tio n  of th e  m esencephalic  re tic u la r  fo rm a tio n , by  
m eans of m onophasic  rec tan g u la r c u rre n ts , w as s tu d ie d  on th e  c a ro tid  sinus 
p resso r re flex  in d u ced  by  b ila te ra l occlusion of th e  com m on ca ro tid  fo r 15—20 
sec. R e ticu la r  s tim u la tio n  was p erfo rm ed  using s te reo tax ica lly  im p la n te d  silver 
b ip o la r electrodes 0.2 — 0.4 m m  in d iam ete r. H isto log ic  ex am in a tio n  show ed 
th a t  m ost of th e  s tim u la te d  p o in ts  w ere in th e  m id b ra in  p o n tile  o ra l re 
t ic u la r  nucleus.

In  m ost in s tan ces , lim inar a n d  su p ra lim in ar s tim u la tio n  o f th e  m esen 
cephalic  re ticu la r fo rm atio n , to g e th e r  w ith  b ila te ra l occlusion o f th e  com m on 
ca ro tid s , resu lted  in  an  increase o f  th e  ca ro tid  sinus pressor reflex . In  ra re  
cases, lim in ar s tim u la tio n  of th e  m esencephalic  re tic u la r  fo rm atio n  h ad  no 
effect o r d im in ished  th e  am p litu d e  o f th e  ca ro tid  sinus pressor reflex .

In  a second series of ex p erim en ts  carried  o u t in  25 dogs, th e  effect o f 
lim in a r and  su p ra lim in a r e lectrical s tim u la tio n  of th e  m esencephalic re tic u la r  
fo rm a tio n  was in v e s tig a te d  on th e  v esico -co n stric to r re flex  induced  b y  s tim u la 
tio n  w ith  m onophasic  rec tan g u la r pu lses of th e  c e n tra l end  of th e  tra n se c te d  
pelv ic  nerve . B lad d e r co n trac tio n s w ere recorded  on a k y m o g rap h  b y  m eans 
of a h y d ro aeric  sy s tem ; blood p ressu re  w as reco rded  in  th e  r ig h t fem oral a r 
te ry . I n  th e  course o f th e  experim en ts  tw o  dogs w ere d ece reb ra ted  b y  b ra in s te m  
tra n se c tio n  ro s tra l to  th e  a n te rio r colliculi.

A to ta l  of 37 p o in ts  was ex p lo red  in th e  m id b ra in  re tic u la r  fo rm a tio n . 
In  32 cases s tim u la tio n  o f th e  m esencephalic  re tic u la r  fo rm atio n  e lic ited  in h ib i
tio n  or occlusion of th e  vesico -co n stric to r reflex  in d u ced  b y  s tim u la tio n  o f th e  
c e n tra l end  of th e  p elv ic  nerve. T his e ffec t of th e  re tic u la r  fo rm atio n  p e rs is ted  a f
te r  decereb ra tio n . In  5 cases, th e  m esencephalic  re tic u la r  fo rm atio n  fa c ilita te d  
th e  v esico -co n stric to r reflex . R e tic u la r  s tim u la tio n  occasionally  in flu en ced
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th e  vesical and  te n s io n a l com ponen ts of th e  pelv ic  re flex  in  a d iffe ren t m anner. 
F o llow ing  co n co m itan t s tim u la tio n  o f th e  m esencephalic  re tic u la r  fo rm atio n  
a n d  o f th e  cen tra l en d  o f  th e  pelv ic n erv e , phasic  long -lasting  changes (increase 
o r  decrease) of th e  e x c ita b ility  of th e  v esico -co n stric to r re flex  a rch  occurred .

A com parison o f th e  tw o series o f ex p erim en ts  shows th a t  s tim u la tio n  of 
th e  m esencephalic r e tic u la r  fo rm atio n  m o stly  fac ilita te s  th e  ca ro tid  sinus 
p re sso r  reflex  an d  in h ib its  th e  v esico -co n stric to r pelv ic reflex .

T he fu n c tio n a l sign ificance of th is  fin d in g  has been discussed.

N
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The com ponents o f  the com plex diet S05 bringing about a state  o f excitem ent and 
increased irritab ility  o f the nervous system  and inducing fin a lly  an infarctoid cardio
pathy are less detrim ental when adm inistered one b y  one. The diet S65 w as found to cause 
considerably more serious lesions in  nervous function  th a n  the tota l o f  the effects caused  
by the com ponents them selves. Consequently, the dam aging effects are synergized, the  
com ponents o f  the d iet m utually  potentiate and strengthen their effects.

A t th e  la s t m eeting  of th e  Physiological Society  we h av e  show n th a t  th e  
eard io p a th o g en ic  d ie t, m ark ed  S65 caused a g ra d u a lly  increasing  s ta te  of 
ex c item en t in  th e  ce n tra l n ervous system  2 or 3 w eeks before lesions could  
he fo u n d  in  th e  m y o card iu m . T his s ta te  w as assu m ed  to  h av e  a role in  th e  
d ev e lopm en t of th e  h e a r t lesion.

In  th e  p re se n t ex perim en ts we have s tu d ie d  th e  effect o f th e  v a rio u s 
com ponen ts of th e  fa t  an d  sa lt r ich  d ie t S65 on th e  fu n c tio n a l changes o f th e  
nervous system .

In  th e  ex p erim en ts  44 m ale w hite  ra ts  w ere used . O f th ese , 17 an im als 
w ere fed  a d ie t r ich  in  sa lt, 15 an im als a d ie t r ich  in  fa t ,  w hile 12 an im als w ere 
given a norm al d ie t an d  served  for con tro l. T he s a lt  d ie t co n ta in ed  N a, Ca, Cl 
an d  p h o sp h a te  in  excess an d  w as poor in  К  a n d  Mg. T he fa t  d ie t co n ta in ed  
overdoses of cholestero l an d  V itam in  D 2.

C en tra l nervous fu n c tio n  w as exam ined  b y  reco rd in g  th e  E E G  an d  cond i
tio n a l re flex  responses. F o r th e  E E G  ex am in a tio n s tw o  fro n ta l a n d  tw o  occ ip it
al e lectrodes h ad  been b u ilt  in . R ecords were ta k e n  a f te r  healing  of th e  w ounds 
from  free ly  m oving  an im als, reg is te rin g  b o th  th e  sp o n tan eo u s e lec tric  a c tiv ity  
an d  th e  co rtica l response to  0.4 V square-w ave s tim u li.*  T he co rtica l response 
w as in d u ced  on th e  basis o f changes in  tem p o ra l d esy n ch ro n iza tio n . T he E E G  
was received  in all an im als before an d  re p ea ted ly  d u rin g  th e  w hole course of 
the  ex p erim en t.

In  th e  co n d itioned  reflex  experim en ts a te m p o ra ry  re la tio n  w as estab lish ed  
b y  com bin ing  sou n d  s tim u li an d  elec tric  shock. C hanges in  b re a th in g  caused

*The exam ination of the frequency o f the spontaneous electric a c tiv ity  was carried out 
by m eans of an exact m athem atical m ethod, Fourier analysis, done b y  electronic com puter 
Ural 11.

1 3  A cta Physiologica X X V I/1 —2.
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b y  th e  w hining called  fo r th  by  th e  s tim u lu s  w ere tak en  as responses. A t th e  
b eg in n in g  of the  ex p e rim en t 40 p o sitiv e  responses to  40 s tim u li w ere considered  
as 100 p er cent an d  fu r th e r  va lues w ere re la te d  to  th is  figure . R e in fo rcem en t 
w as done every  d ay . A fte r  th e  ex jje rim en ts  th e  h e a r t  of the an im als  was 
e x a m in e d  h isto log ically .

Results

S pontaneous c o rtic a l a c tiv ity  o f an im als  on a n o rm a l d ie t a n d  in  a s ta te  
o f repose  was a b o u t 5 c/s a ro u n d  80 fiV . In  the co n tro l g roup  th e se  values 
re m a in e d  p rac tica lly  c o n s ta n t th ro u g h o u t th e  ex p e rim en t, w ith o u t sign ifican t

sc a tte r in g . In  c o n tra s t, in  our p rev io u s ex p erim en ts  th e  ca rd io p a th o g en ic  d iet 
S65 in d u ced  a rap id  increase  in freq u en cy  a t  decreasing  am p litu d e ; th e se  values 
w ere  13 c/s and  30 /uV, re sp ec tiv e ly , on th e  14th  day .

In  the  group fed  th e  fa t  d ie t, freq u en cy  increased  slow ly; i t  w as 9 c/s 
on th e  18th  day  a n d  th e n  decreased  to  its  in itia l va lue . The a m p litu d e  was 
s lig h tly  decreasing ti l l  th e  12th  d ay  w hen  i t  was a b o u t 70 [A!, th e n  i t  slowly 
ro se . S ca tte rin g  w as m ore  expressed  in  th is  group th a n  in  th e  fo rm er one.

In  th e  group k e p t  on th e  sa lt d ie t, th e  changes observed  w ere in sig n ifi
c a n t;  th e  values d id  n o t  su rpass th e  lim its  o f n o rm al, w ith  a s c a tte r in g  corre
sp o n d in g  to  th a t  in  th e  con tro l g roup  (F ig . 1 ) .

T aking  th e  tim e  o f d esy n ch ro n iza tio n  in response to  th e  ap p lied  s tim u li 
p reced in g  th e  e x p e rim e n ta l d ie t as 100 p e r cen t, u p o n  th e  effect o f th e  fu ll S05 
d ie t i t  becam e 308 p e r c en t as ea rly  as th e  11 th  day .
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............ /а/

Fig. 3. Spontaneous e lectric a ctiv ity
I. A t the beginning of the experim ent: norm al;

II. Upon the e ffec t o f diet S6i>: increased frequency and decreased am plitude on the 14th day
III. Upon fa t load: slight deviation  on the 40th day;
IV. Upon sa lt load: practically no change on the 40 th  day

13*
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Uig. 4 . R esponse to square w a v e  electric stim ulation
I. S light desynchronization at the beginning o f th e  experim ent;

II . U pon the effect o f d iet S65, considerable e lon gation  by the 14th day;
III . U pon the effect o f the fa t  d iet, hardly any change by the 40th day;
IV . U pon the effect o f the sa lt d iet, practically no change by the 40th  day
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In  th e  group k e p t  on th e  fa t  d ie t i t  w as 200 p er c en t on th e  12 th  d a y ; 
su b seq u en tly  i t  d ecreased  an d  on th e  2 5 th  d a y  i t  was 170 p e r cen t. S c a tte rin g  
o f  th e  values was g re a te r  th a n  in th e  c o n tro l group. The sa lt d ie t caused in s ig 
n if ic a n t changes in  d esy n ch ro n iza tio n ; th e y  p rac tica lly  co rresponded  to  th e  
v a lu es  in  th e  con tro l g roup  and show ed a sim ilar s c a tte r  (F ig . 2 ) .
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T he follow ing E E G  records serve for i l lu s tra tin g  those  rep o rted  ab o v e  
(F ig . 3 ) .

In  th e  co n d itio n ed  re flex  experim en ts u p o n  th e  effect o f d ie t S65 th e  
n u m b e r o f re flex  responses h ad  decreased  b y  75 p e r cen t b y  th e  3 5 th  day . T h e  
fa t d ie t induced  a decrease of 50 p e r  cen t. T he sa lt d ie t one o f 40 p e r cen t b y  
th e  3 5 th  day  an d  25 p er cen t on th e  7 0 th  d ay  (F ig . 5 ) .

As regards w eigh t, th e  an im als fed  th e  d ie t S65 or th e  f a t  d ie t show ed 
som e loss in  w eig h t b y  th e  end  o f th e  ex p erim en t. T he sa lt d ie t caused  a co n sid 
e rab le  loss in  w eigh t.

As revea led  b y  th e  h isto log ica l ex am in a tio n s , all th e  an im als k e p t on 
d ie t S65 show ed p a ren ch y m a l d eg enera tion  o f th e  h e a r t  m uscle. In  th e  g roup  
k e p t on th e  fa t  d ie t th e  m y ocard ium  w as n o rm al o r show ed a t  m ost h y p eraem ia . 
In  an im als fed  th e  sa lt d ie t th e  m yo card iu m  show ed no dam age.

As show n b y  our re su lts , d ie t S65 caused ea rly  lesions in  th e  cen tra l n e r 
vous system . T h e  lesions becam e g radua lly  m ore conspicuous. T he single 
com ponen ts of t h a t  d ie t induced  sy m ptom s la te r  an d  in  a sligh t degree.

T he changes caused  b y  th e  f a t  d ie t w ere easy  to  recognize th o u g h  o f 
m in o r im p o rtan ce .

The sa lt d ie t in  itse lf  h a d  n o t  b ro u g h t a b o u t an y  changes in  n erv o u s 
fu n c tio n  th a t  cou ld  have  been e s tim a te d  b y  th e  app lied  m ethods. Som e fin e  
fu n c tio n a l or s tru c tu ra l  changes w ere p re su m ab ly  in duced , since excess o f  s a lt 
has been found to  p o te n tia te  th e  effect o f fa ts  in  th e  card iopa thogen ic  d ie t SH5.
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Biochemia
STUDIES ON THE KINETICS 

OF NAD-DECOMPOSITION
B y

T . G á n t i  and J .  F o d o r

YEAST FACTORY, BUDAPEST 

(R eceived M ay 18, 1963)

An attem pt has been made to estab lish  the optim um  conditions of n icotine  
am ide adenine dinucleotide (N A D ) extraction  from yeast, ta k in g  into account the  
kinetics o f extraction and decay of the com pound.

The results supported the findings o f L o w r y  et al. (1961), as regards the rate  
of decom position of N A D . The Arrhenius-diagram , plotted on the basis o f com puted  
А-values (constant o f the decom position rate o f N A D ) has a stra igh t line. Gradient o f  
tem perature, energy o f activation  and frequency-factor calcu lated  from  the m easured  
data, were w ithin the expected  range. The constan t of the decom position  rate o f N A D  
in pure aqueous solution showed a deviation from  the rate in th e  extracted yeast. The  
characteristic constants were: Temperature gradient 2.5/10° C; activation  energy 26.98  
kcal/m oles; frequency factor 0.59 X 1016; optim um  tem perature 80° C; duration of  
extraction  5 m inutes.

T he processes recom m ended  for th e  p rep a ra tio n  o f n ico tine am ide- 
aden ine  d inucleo tid  (N A D ) a re  based  on th e  ex trac tio n  o f th e  com pound from  
the  cell h y  h e a t t r e a tm e n t. T he d ifferen t processes show  considerab le  d iv e r
gencies in  th e  degree of te m p e ra tu re , or in  th e  len g th  of tim e  o f h ea t tre a tm e n t;  
a t  9 0 —92° C for 8 —15 m in u te s  ( L e  P a g e  1949); a t  90° C fo r  4 — 7 m inu tes, and  
su b seq u en tly  a t  94° C for 1 — 2 m inu tes ( K o r h b e r c  and  S p r i c e  1953); a t  90° C 
for 5 m in u tes  ( N e i l a n d s  an d  A i c e s o n  1951); a t  85° C for 10 m in u tes  ( S h i n  et al. 
1960); a t  82° C for 10 m in u te s  ( O k u n u k i  et al. 1955); a t  80° C for 5 m in u te s  
( T a d o k o r o  an d  T a k a s u g i  1939) is th e  y e a s t tre a te d . O u r ow n o b serva tions, 
as well as d a ta  in  th e  l i te ra tu re  ( L o w r y  et al. 1961; R a u e n  1956) show  th a t  
decom position  is no t neglig ib le a t th e  te m p e ra tu re  of e x tra c tio n . In  v iew  of 
th is , i t  has been a tte m p te d  to  estab lish  th e  o p tim um  co n d itio n s, tak in g  in to  
a cco u n t th e  k inetics of th e  e x tra c tio n  an d  d ecay  of NAD.

M aterial and  M ethods

In the experim ents, fresh  pressed yeast from  the 2nd plant o f  the Y east F actory , 
B udapest (B udapesti É lesztőgyár) was used. The N A D  used was produced from  pressed y ea st  
according to K o r n b e r g  and Sp r ic e  (1953), w ith  som e m odifications. The AD H  used w as 
a product o f R E A N A L , B udapest.

M easurement o f TSAD-contenl : 4.4 m l buffer (4.5 g o f N a 2H 2P 20 7. 10 H 20  -f- 3 m l 
alcohol, m ade up to 100 m l w ith  distilled water; pH  9.3) is added to 0.5 m l of m aterial. The 
photom eter is set to zero at 340 m ft in a 1 cm thick cu v ette . 0.1 ml crystalline alcohol dehydro- 
genase-enzym  10 m g/m l is added, then 3 m inutes later  the extinction  o f  the solution is read. 
E x tin ction  o f 0.01 =  10.0454 /tg N A D .

14 Acta Physiologica XXVI/3.
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Determination o f decom position rate o f N A D , with aqueous N A D -solu tion : 0.4 g N A D  
(w ith  76 per cent N A D  co n ten t) is made up to 100 m l w ith distilled w ater, then placed in a 
w ater bath kept at the desired tem perature w ith  an accuracy of ±  0 .05° C with the aid o f an 
ultratherm ostat. As zero po in t o f tim e, the tw en tieth  m inute from  th e  placing into the water  
b a th  is chosen since, according to preliminary experim ents, the sam ple takes up the desired  
tem perature in 20 m inutes. T he decay is a m onom olecular reaction and therefore the te st  may
be begun at any tim e.

NAD -extraction o f  yeast:  500 g of yeast is suspended in 500 m l w ater, and this is poured  
in to  25 m l beakers. The suspensions are heated to  the desired tem perature in 5 m inutes, and 
k ep t at that degree for 5 m inutes, and then rapidly cooled to 0° C. The sam ples are then cen tri
fuged  and 3 g of basic lead aceta te  (freshly suspended in cold water) is  added to each superna
ta n t  at pH 7.4. They are cen trifuged , the lead is elim inated by H 2S, separated by centrifugation  
and the pure supernatant is  estim ated for N A D -conten t. The ex traction s were performed at 
50, 60, 70, 80, 90 and 100° C.

Decomposition in  extraction f lu id :  100 g y ea st was suspended in  100 ml of w ater, and 
w arm ed to 85° C, and 95° C, respectively , for 5 m inutes. Subsequently sam ples were taken after 
5, 10, 15, 20 and 30 m inutes. The samples were cooled to 0° C, and th e  N A D -content o f the  
supernatant was m easured spectrophotom etrically  as above, w ith an “ TTVIPHOT” apparatus, 
a t 340 m p.

R esu lts

D ata  in th e  l i te ra tu re ,  as well as our ow n resu lts, show  th a t  the  deco m p o 
s itio n  of NAD increases  to w ard s th e  a lka line  range, a n d  slowly increases 
to w a rd s  th e  acid ra n g e . I t s  own p H  is a b o u t 4.3 in aq u eo u s  solu tion . F ig . 1

Fig. 1. Decrease o f N A D  concentration at different p H -values and 76° C
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show s th e  decrease o f N A D -co n cen tra tio n  a t  v a rious p H -v a lu es , a t  76° C. 
C onsidering th a t  th e  p re p a ra tio n  of NAD occurs in  th e  acid  ran g e , th e  p re se n t 
p a p e r does n o t co n ta in  re su lts  o th e r th a n  its  ow n p H -ran g e  an d  in  a d d itio n  
a m ore acid va lu e , p H  2.8.

T he req u ired  p H -v a lu es  w ere set w ith  ace tic  acid a t  25° C, neg lec ting

Fig. 2. A rrhenius-curve  o f N A D  decom position. The continuous line pertains to the pure 
aqueous solution, the dotted  line to the extraction flu id . The triangles show the results at 

pH  2.8, the quadrangles those at pH  4.3

su b seq u en t changes caused  b y  te m p e ra tu re  v a r ia tio n s . T he f ir s t  p a r t  of th e  
m easu rem en ts  concerns th e  k ine tics  of N A D -decom position  in  pu re  aqueous 
so lu tion . F o r ca lcu la tin g  th e  ra te -c o n s ta n t, th e  re la tio n sh ip s  concerning th e  
reac tio n s of f ir s t  o rd er w ere su itab le , p ro v id ed  th a t  N A D -decom position  is 
a m onom olecu lar reac tio n . T his assu m p tio n  w as ve rified  b y  c o m p u ta tio n . N A D - 
decom position  p ro v ed  to  be m onom olecular a t  v a rio u s  te m p e ra tu re s  and  p H - 
values.

Table I  show s th e  values of th e  ra te -c o n s ta n t (fc-values) p lo tte d  aga in st 
te m p e ra tu re , a t  tw o  selected  p H -v a lu es . The d a ta  o f Table I ,  in  connection  w ith

14*
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Table I

к-values o f  decom position, as the fu n ction  of tem perature and p H

temperature khours 1
°K °C pH =  2.8 pH =  4.3

333 60 0.034* 0.032*

349 76 0.220 0.200
358 85 — 0.708**

363 90 0.783 0.719

368 95 — 1.395**

373 100 2.400* 2.300*

* Literary data ( L o w r y  et al. 1961) 
** E stim ated in natural media

(1 / Т —In k) (A rrhen ius-curve), are  sh o w n  in  Fig. 2. I t  m ay  be seen t h a t  the  
m easu red  d a ta  were co rrec t. T he resu lts  o b ta in ed  m ay be b ro u g h t in to  h a rm o n y  
w ith  th e  values of L o w r y  et al. (1961), ach ieved  a t  o th e r  te m p e ra tu re s .

T he te m p e ra tu re  g rad ien t o f th e  r a te  co n stan t o b ta in ed  b y  a tr ia l  and 
e rro r  m eth o d  am o u n te d  to  2.5/10° C, co m p u ted  from  th e  A rrh en iu s-cu rv e , a t 
a b o u t  80° C.

T h e  eq u a tio n  o f th e  A rrhen ius-cu rv e , as is w ell-know n, p e rm its  th e  cal
c u la tio n  of a c tiv a tio n  energy  and  fre q u e n c y  fac to r of th e  decom position  reac 
tio n .

T he A rrhenius  e q u a tio n  is as follow s:

w h ere :

------1- In A
T

H  — energy  of ac tiv a tio n , k cal/m o les 
R  =  0.001987 kcal/m oles 
T  =  abso lu te  te m p e ra tu re , °K 
A  =  freq u en cy  fac to r, h o u rs“ 1 
к — ra te  c o n s ta n t of decom position , h o u rs-1 .

(a)

T he equa tion  y ie lds a s tra ig h t lin e , th e  ta n g e n t o f th e  in c lin a tio n  angle

b e in g  —H IR , th e  abscissa  — , th e  o rd in a te  In k, th e  p o in t o f in te rsec tio n  of the  

o rd in a te  axis, In A .
T he energy of ac tiv a tio n , acco rd in g  to the  e q u a tio n  of a s tr a ig h t  line 

ac ro ss  tw o  given p o in ts  is:
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H =  -0 .0 0 1 9 8 7  ln  fe2 f o b
i / r 2— i / r x •

(b)

Table I I  con ta in s H  v a lu es , o b ta in ed  on basis of fo rm u la  (b). W ith  th e  
tra n sfo rm a tio n  of fo rm ula (a), th e  frequency  fa c to r  A  m ay  be com pu ted  fro m

A =  b e H,RT (c)

th e  resu lts  of w hich are show n in Table I I I .

Table II

A ctiva tion  energy o f N AD-decom position

Temperature H kcal/moles

T* Ti Я II N
3

CO pH =  4.3

349 33 3 2 7 .1 2 6 .8

363 34 9 2 3 .2 23 .1

373 36 3 3 0 .2 31 .2

373 33 3 2 6 .5 26 .8

M e a n : 2 6 .7 6 2 6 .9 8

Table III

Frequency factor o f  N A D  decomposition

T emperature,
°K (T)

•^hours- 1

pH =  2.8 pH =  4.3

333 1.20 xlO 16 0.60x10“
349 1.28 X 10“ 0.57x10“
363 1.02 xlO 16 0.61x10“

M e a n : 1.17ХЮ1« 0.59x10“

In  th e  second p a r t  o f th e  m easu rem en ts , th e  accom pany ing  m a te ria ls  
an d  co n tam in a tio n s  le f t b e h in d , d u ring  th e  p re p a ra tio n  of N A D  w ere ex am in ed  
as to  w h e th e r th e y  ex e rt an  in fluence  on th e  k in e tic s  of th e  N A D -decom position .

T he m easu rem en ts o f th e  ra te  of decom position  w ere perfo rm ed  w ith  
p u rified  35, 50 an d  75 p e r c e n t N A D . As rev ea led  b y  th e  re su lts , th e  o rd er an d  
th e  ra te  c o n s ta n t were th e  sam e as before. T h e  p ro d u c ts  o f  decom position  d id  
n o t in fluence th e  ra te  c o n s ta n ts .
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T he above m easu rem en ts  w ere su p p lem en ted  w ith  severa l o th e r ex am i
n a tio n s  to  clear u p  th e  in fluence  of a d d itio n a l substances on th e  ra te  of decom 
positio n , and  i t  w as fo u n d  th a t  th e  o rgan ic  m ateria ls  le f t b eh in d  d u rin g  p re p a 
ra t io n  had  no in fluence  w h a tev e r on th e  o rd e r of reac tio n  an d  on th e  k-values.

M easurem ents in  n a tu ra l  m edium  w ere lim ited  b y  th e  fac t th a t  th e  con
c e n tra tio n  of N A D  in  th e  e x trac tio n  f lu id  is v ary ing  a long  th e  low er lim it of 
th e  m easu rem en t ran g e .

F ig. 3. Extraction curve o f N A D . The continuous line shows the N A D -conten t o f tw o series 
o f extraction fluid, in  per cen t, after 5 m inutes h ea t treatm ent. The dotted  line represents the 
theoretical curve o f extraction  w ithout decom position , calculated on the basis o f the data  
obtained  in pure aqueous solution . Were the rate-constant identical in  pure aqueous solution  

and the extraction  flu id , then the dotted  curve became asym p totica lly  horizontal

C onsequently , in d iv id u a l m easu rem en ts  have show n a w ide sca tte rin g , 
a n d  th e  A rrh en iu s-cu rve  p lo tte d  on th e  basis  o f th e ir  m ean  va lu es  d iffered  from  
t h a t  o b ta ined  in  p u re  N A D -solu tion . T h is is ind ica ted  b y  th e  s tra ig h t d o tte d  
line  in  F ig . 3. T h e  cu rv e  an d  th e  ra te  o f e x tra c tio n  d isp lay  th a t  th e  decom posi
t io n  o f NAD is p ro b a b ly  fa s te r  in  a n a tu ra l m edium  th a n  in  a p u re  aqueous one, 
o r in  th e  presence o f th e  ab o v e-m en tio n ed  accom pany ing  m a te ria ls .

M easurem ents w ere also p erfo rm ed  to  s tu d y  th e  v a r ia tio n s  of th e  ac tive  
com p o u n d  co n te n t d u rin g  ex trac tio n . T h e  resu lts  o b ta in ed  in  in te rv a ls  of 5 
m in u te s  are show n in  F ig . 3.

D iscussion

T he resu lts  h a v e  su b s ta n tia te d  th e  d a ta  prov ided  b y  L o w r y  et al. (196 l) 
as to  th e  ra te  o f N A D -decom position . T h e  accuracy  of th e  d a ta  was checked 
a n d  th e  A rrhen ius  d iag ram  was p lo tte d ; th is  tu rn e d  o u t to  be s tra ig h t line.
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T h e te m p e ra tu re  g rad ien t is 2.5/10° C, an d  therefo re  i t  is ex p ed ien t to  p erfo rm  
e x tra c tio n  — in  o rd e r to  avoid  decom position  of th e  ac tiv e  com p o u n d  — a t  th e  
lo w est possib le te m p e ra tu re .

T he g re a te s t q u a n tity  of ac tiv e  com pound w as e x tra c te d  a t  80° C b y  5 
m in u te s  h e a t t r e a tm e n t. C onsidering th a t ,  as co m p u ted  b y  m eans of th e  decom 
p o s itio n  ra te  coeffic ien t, decom position  a t  80° C d u rin g  5 m in u te s  is negligible, 
i t  c a n  be  assum ed  th a t  th e  ac tive  com pound  c o n te n t e x tra c te d  a t  80° C a p 
p ro ach es the  m ax im u m .

D u rin g  th e  p re p a ra tio n  o f N A D  th e re  are res id u a l co n tam in a tio n s  
w h ich  do no t in flu en ce  th e  decom position  ra te  of N A D , b u t  th is  p ro b ab ly  is 
n o t t ru e  fo r th e  e x tra c tio n  flu id  (see A rrhen ius  curve). T he ex p erim en ta l cu rve  
show n  in  F ig . 3 is th e  algebraic  sum  o f e x tra c tio n  ra te  an d  decom position  
r a te ,  w hich  a c t s im u ltaneously . I f  th e  q u a n tity  of N A D  decom posed  d u rin g  
5 m in u te s  a t  v a rio u s  te m p e ra tu re s  is ca lcu la ted  on th e  basis o f th e  sep a ra te ly  
o b ta in e d  ra te  c o n s ta n ts  of decom position , and  th ese  am o u n ts  are  added  to  
th e  in d iv id u a l p o in ts  o f th e  cu rve , th e  d ed u c ted  curve  of th e  ra te  o f e x trac tio n  
in  p u re  fo rm  is a rr iv ed  a t, whose tr e n d  should  becom e h o rizo n ta l a f te r  co m p le t
in g  th e  e x tra c tio n . H ow ever, i t  show s a con tin u in g  descend ing  ten d en cy  
(d o tte d  line in  F ig . 3 ) .  I t  is th e re fo re  assum ed th a t  th e  r a te  o f N A D  decom po
s itio n  is g re a te r  in  th e  e x trac tio n a l flu id , th a n  in  p u re  aqueous m edium , or 
w ith  th e  above discussed acco m p an y in g  substances. T hus a te m p e ra tu re  o f 
80° C shou ld  he chosen  and e x tra c tio n  for 5 m inu tes will suffice.
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A trypsin-resistant “ core” -fraction has been isolated  from  the tryptic  hydroly
sate o f  denatured glyceraldehyde-3-phosphate dehydrogenase. Four peptides could be 
separated b y  means o f gel-filtration and m icropreparative paper chrom atography. It 
has been established th a t the large peptides are hom ologues and contain the whole ac
tive  site o f the enzym e. The possib ility  o f the em ploym ent of the “ core” -fraction for 
analytic  purposes is raised.

T he sequence-analysis  o f p ro te in s , using  th e  m e th o d ica l fac ilities  now  
av ailab le , is ca rried  ou t b y  s tu d y in g  th e  m olecule frag m en ts  p ro d u ced  b y  d if
fe ren t h y d ro ly tic  p rocedures and  a m osaic-like sum m ing  up  of th e  re su lts  
th u s  o b ta in ed . In  th e  case o f a h igh  m o lecu la r w eight o b jec t th e  ap p lica tio n  
of th e  “ tra d itio n a l”  h y d ro ly tic  m ethods resu lts  in  a g rea t n u m b e r o f frag m en ts  
the  m osaic-like sum m ing up  o f w hich c an n o t, or only a t  th e  expense of ex trem e  
d ifficu lties, be accom plished . I t  follows th a t  in  th e  case of h igh  m olecu lar w eight 
ob jec ts  th e  ad o p tio n  of specific  h y d ro ly tic  m ethods p ro d u c in g  only  a few large 
frag m en ts , in  ad d itio n  to  th e  “ tr a d itio n a l”  p rocedures, is o f u tm o s t im p o rtan ce .

In  th e  course of th e  try p tic  hy d ro ly sis  of g ly cera ld eh y d e-3 -p h o sp h a te  
dehydrogenase  (G A PD ), (D -g lycera ldehyde 3 -p h o sp h a te : N A D  ox id o red u c tase , 
p h o sp h o ry la tin g , 1.2.1.12.), th e  fo rm a tio n  o f a try p s in -re s is ta n t “ core” -frac- 
tion  has been  observed , consisting  o f la rge  p ep tides ( D é v é n y i  et al. 1963). 
T he aim  of th e  p re sen t w ork  has been  to  exam ine w h e th e r th is  “ core”  is well 
defined , can  be o b ta in ed  rep ro d u c ib ly  a n d  w h e th e r i t  co n ta in s  th e  e ssen tia l 
p o rtio n s of th e  m olecule. S hould  th e se  cond itions p rev a il, th is  frac tio n  m a y  
th e n  be used  fo r th e  p a r tia l  s tru c tu ra l analysis o f G A PD , as a la rg e  su b -frac tio n .

Materials and Methods

G A P D .  Four tim es recrystallized sw ine m uscle enzym e w as used throughout (E lodi 
and S z ö r é n y i  1954).

Trypsin.  N ovo Industri A /S “ Tripure N o v o ” preparation (Copenhagen, D enm ark). 
In order to rem ove chym otryptic contam inations, the enzym e was incubated before use in  
1/16 N  hydrochloric acid at 37°C for 10 hours, a t 5 m g per ml concentration ( R e d f ie l d  and 
A n f in s e n  1956).

Chymotrypsin.  “ R eanal”  preparation, three tim es recrystallized.
Subtilisin.  “ Serva”  preparation, crystalline.
Pepsin.  “ L ight” preparation, 1 : 10,000.
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Paper electrophoretic apparatus.  For m icropreparative fractionation  and fingerprinting  
an apparatus constructed in  our in stitu te  was used, at 25 — 30 У per cm  voltage gradient 
(D év én y i et al. 1964).

Identification o f  amino acids. The amino acids were identified  b y  m eans of “ double- 
buffered” paper electrophoresis (D é v é n y i  1964) com bined w ith  chrom atography in butanol. 
Solvent: butanol—acetic a c id —w ater, 120 : 30 : 50.

Fingerprinting.  W hatm an 3 and W hatm an 3 MM papers, 4 0 X 4 0  cm in size were used  
for electrophoresis in pyridine — acetic  acid buffer, pH  5.0 and 6.5, respectively , at 27 У per cm  
voltage gradient. A t righ t angles to the direction of the electrophoresis ascending chrom ato
graphy in a butanol system  was performed.

Results

The preparation  o f  trypsin-resistan t 1‘соге, '> fro m  heat-denatured G A  P D

A n ab o u t 2 p e r  c en t G A PD  so lu tion , d ia ly sed  sa lt-free , teas d en a tu red  in  a 
bo iling  w ater b a th  fo r 10 m inu tes, u n d er v igorous s tirrin g . T he p re c ip ita te d  
p ro te in  was cen trifu g ed  an d  w ashed w ith  d istilled  w a te r. T he p rec ip ita te  w as

20 40 60 80 100120 W  minutes

Fig. 1. Tryptic hydrolysis o f denatured G APD. Substrate concentration, 1 per cent; hydro
lysis w ith 1/30 w eight o f trypsin , at pH  7.8, 25°C. A t the tim e ind icated  further 1/60 weight 

o f trypsin was added to the reaction m ixture

th e n  d eh y d ra ted  w ith  ace tone  an d  dried  in  a ir. T he d ried  p ro te in  th u s  o b ta in ed  
w as digested  b y  try p s in  in  a Radiom eter TTT1 ty p e  a u to t i t r a to r  (F ig . 1 ) .

H ydrolysis w as s to p p ed  b y  h e a t-d e n a tu ra tio n  an d  th e  m ix tu re  c o n ta in 
in g  th e  p re c ip ita te  w as filte red . A b ou t 8 to  10 p e r cen t of th e  s ta r tin g  m a te ria l 
p rec ip ita te s  from  th e  so lu tion . To th e  s u p e rn a ta n t  tr ich lo ro ace tic  acid  w as 
added  up to  3.3 p e r cen t end co n cen tra tio n . T he th ic k  p re c ip ita te  form ed 
w as cen trifuged  an d  w ashed  w ith  3.3 p e r  cen t trich lo ro ace tic  acid, ace tone- 
e th e r, and  fin a lly  w ith  e th e r . T he p re c ip ita te  form s a gel w ith  acetone th e re fo re  
e th e r  should  be ap p lied  a lread y  a t  th e  b eg inn ing  of w ash ing .

The f ra c tio n a tio n  p a t te rn  of th e  p re c ip ita te  fo rm ed  w ith  trich lo ro acetic  
acid  is show n in  Table I .
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Table I

Preparation and purif ication o f  the tryptic  “ core” -fraction o f  G A P D  

G A P D

1. H eat-denaturation

2. Dehydration w ith  acetone

Denatured G A P D

Tryptic hydrolysis

Crude hydrolysate (90 to 92 per cent)

3.3 per cent trichloroacetic  

acid end concentration

. *Trichloroacetic acid-soluble peptides
I

Crude “ core” -fraction

1. O xidation

2. G el-filtration

i
Oxidized low molec

ular weight p e p 
tides

I
Oxidized high mo

lecular weight 
peptides ( Tc) 
Chromatography  
in butanol

R f

T c-A 0.45

T c-B 0.33

Tc-C 0.23

Tc-D 0

The p re c ip ita te  fo rm ed  w ith  tr ich lo ro ace tic  acid w as oxidized w ith  per- 
fo rm ic  acid (perform ic ac id - h y d ro g en  p ero x y d e , 8 : 2, p re in c u b a te d  a t  4° C 
fo r 30 m inutes). 1 g of th e  trich lo ro ace tic  a c id -p rec ip ita te  w as dissolved in  5 m l 
o f  80 per cen t fo rm ic  acid, th e n  10 m l o f perform ic acid  w as added . I t  w as 
allow ed to  s ta n d  a t  room  te m p e ra tu re  30 m in u tes  an d  th e n  dried in vacuo. 
T h e  oxidized p ro d u c t can  read ily  be so lved  in  d ilu te  am m o n ia , giving a d a rk  
b ro w n  colour. 100 m g of th e  oxidized m a te r ia l was d isso lved  in  a sm all a m o u n t 
o f  1 p er cen t am m onia  so lu tion , an d  g e l-filte red  on a 0.9 c m X 5 0  cm Sephadex  
G-25 colum n. T h e  co lum n was developed  w ith  0.01 per c en t am m onia. T he o x i
d ized  p ro d u c t could  be sep a ra ted  in to  tw o  frac tio n s , a fa s t  m oving  one of h igh  
m olecular w eight an d  a slow m oving  one o f low  m olecular w eigh t. B o th  f ra c 
tio n s  can easily be recognized by  th e ir  b ro w n  colour; th is  sim plifies th e  collec
t io n  of frac tions. T h e  high m olecular w eigh t frac tio n  is p re c ip ita te d  a t 3.3 p e r 
c e n t trich lo roacetic  acid end c o n c e n tra tio n , while th e  low  m olecular w eigh t
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fra c tio n  is n o t. O n ly  th e  h igh  m olecular w eig h t frac tio n  (frac tio n  Tc) has b e e n  
u sed  in  th e  fu r th e r  ex p erim en ts .

F rac tio n  Tc cou ld  be sep a ra ted  in to  4 com ponen ts b y  ascending  c h ro m a 
to g ra p h y  in  a b u ta n o l sy stem  (F ig . 2 ) .

T he m ost ra p id ly  m oving  co m p o n en t w as p ep tide  T c-A , th e  Rf v a lu e  o f 
w h ich  was ab o u t 0 .45. T h e  p a p e r ch ro m ato g rap h ic  m eth o d  app lied  in  th e  p re s 
e n t  investig a tio n s is s im p ler th a n  th e  cellulose pow der-co lum n ch ro m ato -

Fig. 2. Paper-chrom atographic separation of fraction  Tc. Ascending chrom atography in b u ta 
n o l—w ater—glacial acetic  acid, 120 : 50 : 30

g ra p h y  used in  o u r ea rlie r w ork ( D é v é n y i  et al. 1963). A  d isad v an tag e  o f  th e  
m e th o d  is, on th e  o th e r  h an d , th e  poor co lour reaction  w ith  n in h y d rin  o f  th e  
la rg e  pep tides e n c o u n te re d  in  frac tio n  T c. A t higher co n cen tra tio n s , how ever, 
th e  “ ta ilin g ” p h en o m en o n  tak es  p lace, h in d e rin g  th e  good reso lu tion .

M ain ta in ing  th e  s ta n d a rd  co n d itions of d é n a tu ra tio n  o f G A PD , fra c tio n  
T c  can  w ell-rep roducib ly  be o b ta ined . V a ry in g  th e  co n d itio n s of d é n a tu ra tio n , 
how ever, th e  co m p o sitio n  of frac tio n  T c changes as well. If , fo r exam ple, d e h y 
d ra tio n  b y  acetone  is o m itte d , frac tio n  Tc-A  is ab sen t in  th e  b u tan o l-ch ro m a to - 
g ram , or if  G A PD  is oxidized b y  perfo rm ic  acid p rio r to  try p tic  h y d ro ly sis , 
p ra c tic a lly  no “ core” -fo rm atio n  can be  observed .

The control o f  trypsin-resistance o f  the precip ita te fo rm ed  w ith  trichloroacetic
acid

T here is a p o ssib ility  th a t  th e  c ru d e  “ core” -frac tio n  m ay  consist f ra g 
m e n ts  of p ro te in , u n s p li t  a f te r  an  in co m p le te  enzym atic  hy d ro ly sis  th o u g h  n o t 
p re c ip ita tin g  on bo ilin g , i.e. th e  fra c tio n  is n o t p a r tia lly  try p s in -re s is ta n t.
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In  o rder to  decide th e  q u e s tio n  th e  p re c ip ita te  form ed w ith  trich lo ro acetic  
ac id  was in c u b a te d  w ith  try p s in  u n d e r th e  exp erim en ta l co n d itio n s described  
ab o v e  ( F ig. 3 ) .

As i t  can  be seen in  F ig . 3, no a lk a li co n sum ption  o ccu rred  on th e  a d d i
tio n  of try p s in . On th e  o th e r  han d , th e  a d d itio n  of c h y m o try p s in  (A )  o r sub- 
tilisin  (B ) evoked  considerab le  co n su m p tio n  of alkali.

10 20 30  40 50 minutes

Fig. 3. Trypsin-resistance of the crude “core” -fraction . A t 0 tim e 1/30 w eight of trypsin w a s  
added to the suspension at pH  7.8 , 25°C. A t the tim e indicated b y  th e  arrow chym otrypsin  

(A )  and subtilisin (B ), respectively, were added to the reaction  m ixture

T ryptic  hydrolysis o f  pep tides o f  fraction  Tc

The try p s in  resistance  o f th e  “ core” -frac tio n  is lo st d u e  to  th e  perfo rm ic 
ac id  o x id a tio n  applied  in  th e  course o f  p u rific a tio n . As a consequence th e  
Т с -pep tides becom e d igestib le  b y  try p s in . I t  has been ex am in ed  w h e th e r th e  
p ep tides o b ta in ed  from  th e ir  try p tic  h y d ro ly sa te  are id e n tic a l w ith  or d iffer 
from  those  fo u n d  in  th e  trich lo ro ace tic  acid-soluble f ra c tio n  of th e  t ry p tic  
h y d ro ly sa te  o f G A PD  (c f. Table I ) .

60 mg of frac tio n  T c w as f ra c tio n a te d  b y  ascending ch ro m a to g ra p h y  in  
b u ta n o l sy stem . The four p ep tide-zones w ere e lu ted  and  d ig ested  b y  try p s in  in  
0.05 M T ris buffer, p H  7.9, a t  37° C for 3 h o u rs . The h y d ro ly sa te s  were concen
t r a te d  and  fin g erp rin ted . S ince on th e  t ry p tic  f in g e rp rin ts  o f th e  T c-pep tides 
p re d o m in a n tly  n eu tra l p e p tid e s  are to  be fo und , th e  perfo rm ic  acid-oxidized 
n e u tra l  p ep tid es  of the  t r y p t ic  h y d ro ly sa te  o f G A PD  w ere u sed  for com parison . 
T h e  n e u tra l frac tio n  was iso la ted  b y  m ic ro p rep a ra tiv e  elec trophoresis from  
th e  trich lo ro ace tic  a c id -su p e rn a tan t o f th e  try p tic  h y d ro ly sa te  of G A PD , 
th e n  oxidized w ith  perfo rm ic  acid an d  fra c tio n a ted  b y  ascend ing  c h ro m a to g 
ra p h y  in  th e  b u tan o l sy s tem . The R f v a lu e  of p ep tid es  th u s  o b ta in ed  are  
show n in Table I I ,  co lum n G A PD -O x-N . T h e  n eu tra l su b frac tio n s  of th e  t r y p 
tic  fin g e rp rin ts  of th e  T c-p ep tid es  are also p resen ted  in  Table I I .

I t  follows from  th e  Rf values of Table I I  th a t  th e  t ry p t ic  su b frac tio n s 
o f th e  T c-pep tides are p re se n t am ong th e  com ponen ts of th e  t r y p tic  h y d ro ly sa te
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Table II
R j  values in butanol o f  the neutral components o f  the Тс-peptides hydrolysed with trypsin

Neutral peptides of tryptic hydrolysed Tc-peptides
G A P D - O x - N * -------------------------------------------------------------------

Tc-A Tc-B Tc-C I Tc-D

0,43 0.40 0.44 0.43
0.38 0.37 0.37 0.39
0.33 0.32 0.33

0.29 0.28 0.28 0.29 0.27
0.20 0.20 0.25 0.19
0.12

* GAPD-Ox-N =  N eu tra l peptides, after perform ic acid ox idation , o f the trichloro
a cetic  acid-soluble fraction o f  the tryptic  hydrolysate o f GAPD (cf. Table I ) .

o f  G A P D . I t  appears a lso  from  th e  Table, since re la tiv e ly  m a n y  id en tica l p e p 
tid e s  are p resen t in  th e  h y d ro ly sa te s  of th e  T c-pep tides, t h a t  these  large fra g 
m e n ts  are hom ologues. T o  verify  th is  concep t, analysis o f th e  n eu tra l su b fra c 
tio n s  is insufficient; th e  in v es tig a tio n s  shou ld  be ex ten d ed  o n to  the  basic  an d  
ac id ic  com ponents also.

The p ep tic  hydrolysis o f  Tc-peptides

T he peptides o b ta in e d  b y  ch ro m a to g rap h y  in  b u ta n o l of 60 mg of f ra c 
t io n  T c were e lu ted , th e n  d igested  by  1/30 w eight of p ep sin  in  0.02 N h y d ro 
ch lo ric  acid a t 37° C fo r  fo u r hours. T he h y d ro ly sa te  w as n eu tra lized , d ried  
in  vacuo and  f in g e rp rin te d . T h e  trac ings of th e  f in g e rp rin ts  a re  show n in  F ig . 4.

I t  is to  he seen fro m  th e  trac ings in  F ig . 4 th a t  th e  hom ologous c h a ra c te r  
o f  th e  Tc-peptides is m u c h  m ore p ronounced  on th e  basis o f  p ep tic  su b frac tio n s 
th a n  on th a t  of th e  R f v a lu es  of th e  n e u tra l  t ry p tic  p ep tid e s . This is on ly  
ob v io u s since pepsin  is a non-specific  p ro te in ase  and  th u s  produces m ore and  
sm a lle r  subfractions t h a n  try p s in . This fa c t accoun ts fo r th e  fa r g rea te r n u m 
b e r  of peptides w hich s tro n g ly  underlines th e  hom ologous ch a rac te r.

T he m ost p ro n o u n ced  connection  occurs betw een  p e p tid e s  Tc-A an d  T c-B , 
as in  th e  peptic h y d ro ly sa te  o f frag m en t T c-B  all o f th e  p ep tic  su b frac tio n s 
com prised  by  p ep tid e  T c-A  can  be found  (F ig . 4 A  a n d  В ) .  On th is  basis , 
p e p tid e  Tc-B can be d esc rib ed  as a d e riv a tiv e  of c o m p o n en t Tc-A.

F ra c tio n  Tc Sym bols o f p ep tic  p ep tid es

T c-A  1/b, 1, 1/a, 2, 5, 6, S /l
T c-B  1/b, 1, 1 /a, 2, 5, 6, S /l , S/5, S/7, S/8,

В / l a ,  В / 1, B /4b, B/5, B /5a

T c-B  Tc-A, S/5, S/7, S/8, В / la ,  В/ l ,  B /4b, B/5, B /5a
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Fig.  4. Peptic fingerprints o f theT c-peptides. A  =  Tc — A, В =  Tc — B .C  =  Tc — C, D =  T c —D

D em onstration o f  the active centre o f  G A P D  in  the Tc-peptides

In  th e  s tu d y  of la rg e  su b frac tio n s i t  is o f in te re s t w h ich  p a r t  of th e  m o le
cule is rep re sen ted  b y  th e  p o ly p ep tid e -p o rtio n  exam ined , t h a t  is w hether th e y  
con ta in  th e  ac tiv e  site(s) o f  th e  enzym e ( H a r k i s  et al. 1963; C u n n i n g h a m  

and  S c h e p m a n  1963; S e g a l  an d  G o l d  1963), or do n o t p a r tic ip a te  d irec tly  in  
th e  enzym atic  fun c tio n . T o  decide th e  q u es tio n , th e  p e p tic  h y d ro ly sa te  of th e  
re la tiv e ly  s tab le  14C -acety l-G A P D , fo rm ed  d u rin g  the  h y d ro ly sis  p -n itro p h en y l- 
14C -aceta te, has been  co m p ared  w ith  th e  p e p tic  h y d ro ly sa te  o f  th e  T c-pep tides.

T he p ep tic  h y d ro ly sa te  of th e  14C -acety l-G A P D  h as  been  f ra c tio n a te d  
b y  m ic ro p rep a ra tiv e  e lec trophoresis  a t  p H  5, a t  1 m g p e r  m l co n cen tra tio n . 
( F ig. 5, strip  A ) .  T he s tro n g ly  labelled  zone p3 was th e n  e lu te d , dried, ox id ized  
w ith  perfo rm ic acid  an d  fra c tio n a ted  b y  eletrophoresis a t  p H  5. As a re su lt  
o f ox idation  th e  labelled  zone p3 sep a ra te s  in to  th ree  zones (F ig . 5, strip  B ) .
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The m ain  b u lk  o f  zone p3 becom es n e u tra l  on o x id a tio n  (p3a). In  a d d i
tio n , tw o sligh tly  ac id  zones are  fo rm ed  (p3c an d  p3b). T h e  n e u tra l zone p3a 
w as fu r th e r  pu rified  b y  ascending c h ro m a to g ra p h y  in  b u ta n o l system  ( F ig .

Fig. 5. F raction ation  of the peptic hydrolysate of 14C-acetyl-G APD  
A  — electrophoresis o f th e  crude peptic h yd rolysate , in  buffer pH  5
В — electrophoresis o f th e  labelled fraction p3 after performic acid ox idation , in buffer pH  5 
C  =  ascending chrom atography in butanol sy stem  o f zone p3a w hich is  neutral at p H  5

5 , strip  C ). T he zone se p a ra te d  in  b u ta n o l in to  tw o co m p o n en ts , zone p 3 a - l  
w ith  a low Rf v a lu e  (R f =  0.05) an d  a m in o r com ponen t, p3a-2 , of a h ig h e r 
R f value . The q u a lita tiv e  am ino acid  com position  of th e  H C l-h y d ro ly sa tes  of 
th e  elu ted  n e u tra l a n d  acidic zones is show n in  Table I I I .

Table III

A m in o  acid composition o f  peptic  peptides o f  GAPD treated with p-nitrophenyl-uC-acetate

p3a-l (N ib ) p3a-2 p3b
The active site of 

GAPD
(H arris et al.)

C yS 03H C y S 0 3H C yS03H 1

Gin

Asp Asp Asp Asp 2

Ser Ser Ser 2

Thr Thr Thr Thr 2

Ala Ala Ala 1

Val Val 1

Leu/Ile lie 1

Lys Lys 1
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I t  shou ld  be n o te d  th a t  a co m p o n en t w ith  an  R f value  id e n tic a l w ith  
t h a t  of p e p tid e  p 3 a - l  has also been  iso la te d  from  th e  p ep tic  f in g e rp rin ts  o f 
th e  Т с-p ep tid es  (N ib ) , th e  am ino acid com position  o f w hich en tire ly  agreed  
w ith  t h a t  o f th e  fo rm er.

I t  can  be seen fro m  Table I I I  t h a t  th e  q u a lita tiv e  am ino acid  com posi
tio n  o f p e p tid e  p 3 a - l  differs only in  i ts  G lu  co n ten t from  th a t  o f th e  ac tiv e  s ite  
described  b y  H a r r i s  et al. This f ra g m e n t, since i t  com es from  th e  lab e lled  zone 
of th e  p e p tic  h y d ro ly sa te  of 14C -acety l-G A P D , rep resen ts  th e  ac tiv e  cen tre  o f 
th e  enzym e an d  th ere fo re  i t  is to  be  fo u n d  in  every  Т с-p ep tid e  (co m p o n en t
N ib ) .

D iscussion

T he try p sin -re s is tan ce  of som e p e p tid e  linkages m ay  be tra c e d  b a c k  to  
severa l fac to rs . I t  m ay  be due to  th e  p resence  of c e r ta in  side chains w hich  
re n d e r  th e  —CO — N H — bonds, lo c a te d  a t  th e  lysine a n d  a rg in ine  residues, 
inaccessib le  to  try p s in . A n  exam ple o f th is  is fu rn ish ed  b y  th e  N -te rm in a l L ys. 
Glu . . . frag m en t of ribonucléase, o r b y  th e  C -term inal . . . L ys. A sp . O H  
p ep tid e  o f MS horm one, etc. In  these  cases th e  resis tan ce  is caused b y  th e  side 
chain  of th e  residue  in  th e  im m ed ia te  v ic in ity  o f th e  p e p tid e  bo n d  in  q u estio n . 
A n in d ire c t ty p e  of res is tan ce  can he  o b se rv ed  in  th e  course of th e  en zy m a tic  
hy d ro ly sis  of n a tiv e  p ro te in s . I t  is k n o w n  th a t  th e  overw helm ing  m a jo r ity  o f 
p ro te in s  c a n n o t or can  on ly  v e ry  slow ly b e  d igested  in  th e  n a tiv e  s ta te  b y  p ro 
teo ly tic  enzym es. T he co n tras tin g  ex cep tio n s to  th is , like  fu m arase  ( I n a g a k i  

et al. 1958), are ex trem e ly  rare . The re s is ta n c e  due to  th e  n a tiv e  co n fo rm atio n  
can  p a r t ly  or co m ple te ly  be abo lished  b y  th e  d is in teg ra tio n  o f th e  ste ric  
s tru c tu re , i.e. b y  d é n a tu ra tio n .

T he p a r tia l  re s is tan ce  found in  th e  case of h e a t-d e n a tu re d  G A PD  is 
p ro b a b ly  caused  b y  th e  in te rac tio n  o f th e  reac tiv e  S H -groups of th e  enzym e. 
T his is su p p o rted  b y  th e  fac t th a t  o x id a tio n  w ith  perfo rm ic  acid p rio r to  t r y p 
tic  d igestio n  p rev en ts  th e  fo rm ation  o f th e  “ core” . C onsequen tly , d u rin g  t r y p 
tic  h y d ro lysis  of G A PD  a so-called s te ric  “ core” is fo rm ed .

B ased  u p o n  th e  t ry p tic  and  p e p tic  su b frac tio n a tio n  of th e  T c-p ep tid es , 
i t  m ay  be  assum ed th a t  these  large p e p tid e s  are hom ologues, am ong  w hich  
p ep tid e  Tc-A  is o f th e  sim plest s tru c tu re , as show n b y  th e  p ep tic  h y d ro ly sis . 
T h e  analyses carried  ou t so fa r suggest th a t  th is  p e p tid e  and  th e  so m ew hat 
g re a te r  p e p tid e  Tc-B  m ay  be regarded  as la rg e  su b frac tio n s of G A PD  an d  can  
be u sed  fo r th e  d e te rm in a tio n  of th e  p e p tic  pep tide-sequence  of th e  enzym e.

In  th e  use of h igh  m olecular w eigh t sub frac tio n s i t  is fa r from  b e ing  in d if
fe re n t w hich  p o rtio n  of th e  p ro te in  is rep re sen ted  b y  th e m . O bviously , from  
a  s tru c tu ra l  p o in t o f v iew  th e  active s ite  o f  th e  enzym e is of th e  g re a te s t in te re s t. 
T he s tru c tu re  of th e  ac tiv e  cen tre  of G A P D  is know n from  th e  w ork  of H a r r i s

lo  Acta Phyeiologica XXVI/3.



2 1 6 T. DÉVÉNYI et al.

et al. (1963) an d  o th e rs  (C u n n i n g h a m  a n d  S c h e p m a n  1963; S e g a l  and  G o l d  

1963):

L ys.Ilc .V a l.S e r.A sp N H 2.A la .S er.C y8 .T hr.T hr.A spN H 2.C ys.L eu .A la .P ro .L eu .
x A la .L ys

w h ere  th e  Cys re s id u e  m ark ed  w ith  x  h in d s  th e  su b s tra te  in  th e  course o f e n 
zym e action. T ak in g  in to  account th e  am ino  acid com position  of p ep tid e  p 3 a - l ,  
a n d  th a t  of th e  tw o  sm aller p ep tic  fra g m e n ts , i t  is v e ry  p ro b ab le  th a t  p e p tid e  
N ib ,  which can b e  fo u n d  in  every  Т с-p ep tid e , rep resen ts  th e  ac tiv e  cen tre  o f  
G A P D . The d ifference  in  g lu tam ic ac id  c o n te n t c a n n o t he in te rp re te d  u n e q u i
v o ca lly  for th e  p re se n t. The q u es tio n  cou ld  he decided  only b y  q u a n ti ta t iv e  
ana ly ses  w hich a re  in  progress in  our la b o ra to ry .

I t  follows fro m  all th is th a t  u n d e r  c e r ta in  c ircum stances , th e  “ core”  
fo rm ed  during  th e  t r y p t ic  hydro lysis o f  G A P D , can  be app lied  as a la rge  su b 
f ra c tio n  of th e  en zy m e and m ay be used  fo r s tu d y in g  th e  region n ea r th e  ac tiv e  
c e n tre  as well as th e  in tram o lecu la r p o sitio n  o f th e  ac tive  site .
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M acroglobulin has been iso lated  from  the serum o f a patient suffering from  
Waldenstrom's  m acroglobulinaem ia. The iso lated  m acroglobulin did not prove hom o
geneous at ultracentrifugation. It consisted to 85 per cent o f  a com ponent w ith  a sedi
m entation  coefficient o f 18 S and a m olecular w eight o f 860,000, and another com ponent, 
the qu antity  o f which am ounted to  15 per cent, w ith  a sedim entation  coefficient o f 27 S 
and a m olecular w eight o f 1,300,000. On electrophoresis, the m acroglobulin behaved  
as a hom ogeneous, m onodisperse system  in a veronal buffer o f 0.1 (l and pH  8.6.

Under the effect o f 2-m ercaptoethanol, used at an end concentration o f 0.15 M, 
the m acroglobulin was fragm ented into  a dissociation unit having a sedim entation  coef
ficien t o f  6.27 S and a m olecular w eight o f 153,000. Since the dissociation of the m acro
globulin could be dem onstrated b y  v iscosim etry, it  is pointed out th at m acroglobulins 
m ight be estim ated also b y  a sim ple m ethod. 2-m ercaptoethanol caused a profound  
alteration in the absorption spectrum  o f the m acroglobulin.

Im m unological experim ents revealed th a t the isolated m acroglobulin w as related  
to gam m a globulin, and th a t the tw o m acroglobulin com ponents different in m olecular 
weight were different also serologically.

The clinical signs o f th e  sy n d ro m e  te rm e d  W a l d e n s t r o m ’s m acro g lo b u 
linaem ia (1944) or essen tia l hy p erg lo b u lin aem ia  have  been  discussed b y  a 
n u m b er of a u th o rs  (J im an d  S t e in k a m p  1956; Ma c k a y  et al. 1956, 1957; 
W a l d e n s t r o m  1952, 1958), b u t  its  d iagnosis m u st be co n firm ed  b y  u ltr a c e n tr i
fugal analysis (W a l d e n s t r o m  1952). T he cause of th is  is p a r t ly  th a t ,  a p a r t  
from  th e ir  sed im en ta tio n  b eh av io u r, th e  p a tho log ica l m acrog lobu lins m ay  v a ry  
to  a g rea t e x te n t  in  physico-chem ical p ro p ertie s  and  a re  m o stly  he te rogeneous 
a t u ltra c e n tr ifu g a tio n . O n th e  basis o f sed im en ta tio n  coeffic ien ts of th e  com 
po n en ts , m olecu lar ag g rega tion  m ay  be  concluded u p o n . As in d ica ted  b y  
d issociation  experim en ts w ith  m ercap to e th an o l (D e u t sc h  an d  Morton  1958), 
th e  su b u n it o f th e  m olecular agg rega te  is a p ro te in  sim ilar to  a g am m a-g lobu lin  
h av in g  a sed im en ta tio n  coeffic ien t o f 6 to  7 S. A lthough  a re la tio n sh ip  ex ists  
betw een  th e  patho log ica l m acrog lobu lins an d  gam m a-g lobu lin  on th e  basis  o f 
com m on an tig en ic  groups ( K u n k e l  1960), i t  is no t y e t decided  w h e th e r th e se  
m acroglobulins are  sim ple po lym ers of th e  no rm al gam m a-g lobu lin  (D e u t s c h  
a n d  Morton  1958), or shou ld  be considered  in d iv id u a lly  as specific p ro te in s  on 
g rounds of th e ir  physico-chem ical ( P u t n a m  1959) an d  serological (H a b ic h  
1953) p ro p ertie s . A ccording to  th e  d a ta  in  th e  l ite ra tu re  i t  is also u nc lear ( K o r n - 
GOLD and  V a n  L e e u v e n  1957; Morton  an d  D e u t sc h  1958) w h e th e r th e  m ac ro 

15*
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g lobulins d isp lay ing  d iffe ren t se d im e n ta tio n  coefficients a re  d ifferen t also 
im m unologically . I n  v iew  o f th e se  u n so lved  p rob lem s, s tu d ies  o f pa tho log ica l 
m acroglobulins a re  s till in  th e  fo reg ro u n d  o f in te re s t.

In  th is p a p e r  w e p re se n t re su lts  on th e  physico -chem ical an d  im m uno log 
ic a l p roperties o f th e  m acrog lobu lin  iso la ted  b y  us.

M aterials and  M ethods

Isolation and pur if ica t ion  o f  macroglobulin. The serum o f a patien t suffering from  
Waldenstrom’s m acroglobulinaem ia, which was extrem ely  viscous and gave a positive Sia  
te s t  (S i a  and W u  1921), w as diluted  1 : 10 w ith  d istilled  water ( D e u t s c h  and M o r t o n  1958) 
and centrifuged. The precip itated  m acroglobulin was dissolved in 0.15 M NaCl solution , re
precipitated w ith d istilled  w ater, centrifuged again, and so forth. This procedure was repeated  
f iv e  tim es.

Physico-chemical methods. The sedim entation  studies were carried out in a Phywe Type  
U -77  ultracentrifuge, usin g  a 0.15 M NaCl solution o f pH  7 as the so lvent throughout. The 
sedim entation coefficients were extrapolated  to 20°C, water as so lvent and infinite dilution  
( s  2 0 ,» ) •

Electrophoretic h om ogeneity  w as studied in an Antweiler  m icroelectrophoresis apparatus, 
u sin g  a veronal buffer o f  0.1 ionic strength and pH  8.6.

The diffusion co n sta n t was determ ined in a diffusiom eter adapted to the Phywe  u ltra
centrifuge.

Viscosity w as m easured w ith  an Ostwald-type  v iscosim eter, at 20°C. S tab ility  o f tem per
ature was ensured b y  th e  use o f a К Т -Colora u ltratherm ostat.

Molecular w eigh t w as calculated  b y  S v e d b e r g ’s  equation (S v e d b e r g  and P e d e b s e n  
1940), the frictional ratio  w as com puted b y  Perrin’s form ula.

Partial specific  vo lum e was m easured b y  m eans o f a 5 m l picnom eter. The absorption  
spectrum  was studied  in  an Unicam  Sp.  500 spectrophotom eter.

Protein was determ ined  b y  the Kjeldahl  m ethod .
2-m ercaptoethanol (2-MCE) (Light)  was used in  the experim ents.
Immunological methods. R abbits w eighing 2 to  3 kg were im m unized for 3 weeks w ith  

a to ta l of 250 m g o f purified  m acroglobulin. The im m une serum obtained b y  exsanguinating  
th e  animals was in a c tiv a ted  at 56° C for 30 m inutes.

Agar-gel d iffusion  w as studied  on O u c h t k r l o n y  plates (1949), containing 2 per cent 
agar in 0.15 M N aC l so lution .

For im m unoelectrophoresis, plates prepared w ith  2 per cent agar in veronal-N a HC1 
buffer of pH 8.2, p  0.05 w ere used ( H i r s c h f e l d  1961), and run at 200 V  and 18 to 20 m A.

Q uantitative precip itation  w as estim ated in 0.15 M NaCl solution , w ith  an end volum e  
o f 4 m l ( H e i d e l b e r g e r  and K e n d a l l  1929, 1935; K a b a t  and M a y e r  1948). The N  content 
o f  the precipitate w as ca lcu lated  after solution in  0.1 M NaO H  from  the appropriate calibration  
curve on the basis o f the spectrophotom etric extin ction  at 280 т /г .

R esults

The e lec tro p h o re tic  an d  sed im en ta tio n  d iag ram s of th e  w hole m acro g lo b - 
u linaem ic serum  (A , C), an d  th e  p ro te in  com ponen ts n o t p re c ip ita te d  from  
i t  b y  tenfold  d ilu tio n  w ith  w a te r  (В , D) are  show n in  F ig. 1. T h e  resu lts  o b ta in ed  
b y  ev a lua ting  th e se  f in d in g s  are  sum m arized  in  Table I .  A ccord ing  to  th e  e lec tro 
p h o re tic  co m p o n en ts  th e  serum  w as h y p erg am m ag lo b u lin aem ic , th e  g am m a
g lo bu lin  a m o u n tin g  to  55.4 p e r cen t was q u a n tita tiv e ly  p re c ip ita te d  on d ilu tin g  
th e  serum  1 in  10 w ith  d is tilled  w a te r  (F ig . 1, B ) .  A ccord ing  to  th e  sed im en 
ta t io n  d iagram , 56 to  57 p e r cen t o f th e  p ro te in s  of th e  w hole serum  se ttled  as
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Fig. 1. E lectrophoretic and ultra centrifugal diagrams of m acroglobulinaem ic serum  
A  : electrophoretic diagram of w hole m acroglobulinaem ic serum. В : electrophoretic diagram  
o f protein com ponents not precip itated  from  the m acroglobulinaem ic serum  on tenfold d ilu 
tion w ith  distilled water. The arrows ind icate the direction of running. Ionic strength: 
0.1; mA: 1.5; V: 90. C and D  are the sedim entation  diagrams corresponding to A  and  
B,  respectively. C, at 45,000 r. p. m .; recorded 20 m inutes after acceleration . Protein concent
ration 10 m g/m l. D,  at 39,000 r. p. m ., recorded 36 m inutes after acceleration. Protein  
concentration 6 m g/m l

rnacroglobulin  (F ig . 1, C ). T h e  th ree  d iffe ren t com ponen ts, 18 S, 26 S an d  32 
S, sed im en ting  as m acrog lobu lin , w ere, how ever, a lm ost com ple te ly  p rec ip i
ta te d  on d ilu tin g  th e  serum  w ith  d istilled  w a te r, and  th e y  w ere  ab sen t from

Table I

Electrophoretic and ultracentrifugái analysis o f  macroglobulinaemic serum

Supernatant of tenfold 
dilution with distilled

Electroph oretic Relative g protein water Ultracentri- Relative
%components % 100 ml serum Rel. g protein

fugal compo
nents

% 100 ml serum

gamma-globulin 55.4 5.120 — — globulins
beta-globulin 6.4 0.593 13.1 0.550 7 S ?

alpha2-globulin 8.0 0.740 19.0 0.800 18 S 48.7
alphax -globulin 4.4 0.407 10.7 0.448 26 S 6.8
albumin 25.8 2.390 57.2 2.402 32 S 2.5

electrophoresis

t
total protein

1

9.250 4.200
albumin 42.0

Kjeldahl —+■ 9.30 4.140
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th e  sed im en ta tio n  d ia g ra m  ( F ig. 1, U ) .  T h u s, th e  frac tio n  b eh av in g  as g am m a
g lo bu lin  in  e lec trophoresis  w as a m acrog lobu lin  show ing 3 d ifferen t sed im en
ta t io n  coefficients a t  u ltra c e n tr ifu g a tio n . T he d a ta  in Table I  also in d ica te  th a t  
th e  p ro te in  c o n c e n tra tio n  o f th e  m acrog lobu linaem ic se ru m  w as m uch h ig h er

Fig. 2. E lectrophoretic appearance of m acroglobulin. Ionic strength: 0.1; mA: 1.5; Y: 90.
veronal buffer, pH 8.6

(9 .25 to  9.30 g p er 100 m l) th a n  th e  n o rm al average of 7 g p e r  100 m l. The m ac ro 
g lobu lin  c o n cen tra tio n  w as 5.05 to  5.15 g per 100 m l se ru m , 16 to  17 tim es 
th e  norm al 0.3 g/100 m l (Co oper  1960).

Physico-chem ical properties o f  the p u r ified  macroglobulin

The m acrog lobu lin  pu rified  five  tim es consisted  o f  tw o  com ponen ts on 
u ltra c e n tr ifu g a tio n . T h e  se d im e n ta tio n  coefficient of th e  com ponen t m ak in g  
u p  85 p er cen t w as 18.0 S, an d  th a t  o f com ponen t a m o u n tin g  to  15 p er cen t 
w as 27 S (F ig . 5, A ) .  T h e  32 S co m p o n en t occurring  in  w hole serum  w as n o t 
p re se n t in  th e  p u rified  m acrog lobu lin . As 9 days h ad  e lap sed  betw een th e  f irs t 
an a ly sis  of th e  m acro g lo b u lin aem ic  se rum  (F ig . 1, C )  a n d  th e  iso la tio n  of 
m acroglobulin , we assu m ed  th a t  th e  d isap p earan ce  of th e  32 S com ponen t was 
d u e  to  d ilu tion  re su ltin g  from  tra n sfu s io n , and to  p redn iso lone  tre a tm e n t. 
C hanges in  th e  p ro te in  sp ec tru m  in response to  co rtisone  h av e  been described  
in  th e  lite ra tu re  ( P u t n a m  1959). In  fa c t, th e  serum  u sed  fo r th e  iso la tio n  of 
m acrog lobu lin  (F ig . 4 , A )  d id  n o t la te r  co n ta in  th e  32 S com ponent.

The diffusion c o n s ta n t of our m acrog lobu lin  p re p a ra tio n s  was D 20W 
1.94 X 10~’cm2/sec, th e ir  p a r tia l  specific vo lum e, V = 0.737 c m 3/g. As de te rm in ed  
b y  Svedberg’s e q u a tio n  (Sv e d b e r g  an d  P e d e r s e n  1940), th e  m olecular w eight 
o f  th e  18 S m acro g lo b u lin  was 860,000, th a t  of the 27 S co m p o n en t, 1,300,000.

On e lec trophoresis  th e  p u rified  m acroglobulin  b e h a v e d  as a m onod is
p e rse  system  ( F ig . 2 ) ,  an d  ap p ea red  as a hom ogeneous sym m etrica l com po
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n e n t. S im ilar resu lts  h a v e  been  rep o rted  b y  o th e r au th o rs  ( D eu t sc h  and  Mo r 
t on  1958; P ut nam  1959; Caputo  an d  A p p e l l a  1960; K a l d o r  et al. 1962).

Fig. 3. Intrinsic v iscosity  {rj) o f  m acroglobulin (I) , m acroglobulinaem ic serum  (2), hypergam m a- 
globulinaem ic serum (3) and norm al serum (4). Ordinate: intrinsic v isco sity , abscissa: protein

concentration, g/100 ml

T he in trin s ic  v isco s ity  a t  20° C w as 0.19 dl/g ( F ig. 3 ) .  To fac ilita te  com 
p ariso n , we de te rm in ed  th e  in trin sic  v isco s ity  of a m acrog lobu linaem ic, a 
h y p erg am m ag lo h u lin aem ic  an d  of a n o rm a l serum . T he re su lts  w ere: m acro 
g lobulinaem ic serum , 0.185 dl/g; h y p erg am m ag lo h u lin aem ic  serum  w ith  32 
p e r  cen t gam m a-g lobu lin , 0.068 dl/g; n o rm a l serum , 0.068 dl/g .

T he abso rp tio n  m ax im u m  of th e  p u rif ied  m acrog lobu lin  was a t 279 — 280 
m /t, th e  m in im um  w as a t  250 m/i (F ig . 7 ) .

E ffect o f  treatment w ith  2-mercaptoethanol

As m acroglobulins w ere  show n ( D e u t sc h  and  Mo r t o n  1958) to  d isso 
c ia te  w ith  S H  com pounds, w e exam ined  th e  effect of 2-M C E. In  th e  p resence  
o f  2-M CE, com ponen ts 18 S an d  26 — 27 S w ere found  to  d isso c ia te  ( F ig. 4, В ) .  
I n  th e  sed im en ta tio n  d ia g ra m  in stead  o f th e  com ponen ts 18 S and  26 — 27 S 
a 6.2 to  6.5 S co m p o n en t ap p eared  (F ig . 4, A ) ,  m ak ing  u p  56 p er cen t, i.e. 
a q u a n ti ty  equal to  th a t  o f  th e  m acrog lobu lin  co n ta ined  in  th e  whole serum . 
T h e  q u a n ti ty  of th e  o th e r  com ponen t in  th e  sed im en ta tio n  d iag ram  a m o u n ted  
to  44 p er cen t and  h ad  a sed im en ta tio n  coeffic ien t of 4.3 to  4.5  S.

T he five  tim es p u rif ie d  m acrog lobu lin  ( Fig. 5, A )  d isso c ia ted  com pletely  
in  response to  2-MCE ( F ig . 5, B ) .  The sed im en ta tio n  coeffic ien t of th e  d issocia
tio n  u n it  w as 6.27 S; th e  d iffusion  c o n s ta n t, 3.85 x lO -7  cm 2/sec. On th e  basis  
o f sed im en ta tio n  and  d iffusion , th e  m o lecu la r w eight w as M s d = 1 5 3 ,0 0 0 , th e  
fr ic tio n a l ra tio , f/f0= 1 .5 4 .

T hus, 2-MCE w as ab le  to  d issocia te  b o th  th e  iso la te d  m acroglobulin  
a n d  th a t  p resen t in se rum , as show n b y  a decrease of th e  sed im en ta tio n  coeffi
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c ie n t and  the  m o lecu lar w eigh t. R e la tiv e  v iscosity  of b o th  th e  iso lated  m ac ro 
g lo b u lin  and  th e  m acrog lobu linaem ic  se ru m  also decreased  b y  15 to  20 p e r  cen t 
(  F ig . 6 ). On th e  o th e r  h a n d , 2-M CE, u sed  in  th e  sam e co n cen tra tio n , caused  
a s ligh t increase o f th e  v iscosity  o f n o rm al and  h y p erg am m ag lo b u lin aem ic

Fig.  4. A  : Sedim entation diagram  of w hole m acroglobulinaem ic serum . 39,000 r. p. in. 
P rote in  concentration 8 m g/m l. The first recording was made 36 m in u tes after acceleration, 
th e  subsequent ones a t 10-m inute intervals, from  right to left. В  : Sedim entation diagram  
o f  w hole m acroglobulinaem ic serum  in the presence of 0.1 M 2-MCE. 46,000 r. p. m. P rotein  
concentration, 10 m g/m l. T he first recording w as made 30 m inutes after acceleration, 

the subsequent ones were m ade at 20-m inute in terva ls

Fig. 5. A :  Sedim entation diagram  of m acroglobulin. 39,000 r. p. m . Protein concentration , 
4 m g/m l. The first recording w as made 15 m inutes after acceleration, th e  subsequent ones at 
10-m inute intervals, from  le ft to  right; В  : Sedim entation diagram  o f  m acroglobulin, in  the  
presence of 0.15 M 2-MCE. 46,000 r. p. m. Protein concentration, 10 m g/m l. The first recording  
w as m ade 30 m inutes after acceleration, the subsequent ones at 10-m inute intervals, from

left to right

se ru m . I t  appears t h a t  w hile in  th e  u ltracen tr ifu g e  th e  m acrog lobu lin  o f n o r
m a l serum  d em o n s trab ly  dissociates in  response to  2-M CE, th is  change is n o t 
m an ife s t in  th e  rjrel v a lu e , obviously  ow ing to  th e  low  c o n c e n tra tio n  of m ac ro 
g lo b u lin  in  norm al se ru m . T he 15 to  20 p e r cen t decrease o f  th e  v iscosity  o f 
th e  m acroglobulinaem ic se ru m  o b ta in ed  in  response to  t r e a tm e n t  w ith  2-M CE
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offers a p o ssib ility  to  d e m o n s tra te  th e  in creased  q u a n titie s  of m acrog lobu lin  
b y  a  sim ple m ethod .

T he sites of m ax im u m  and  m in im u m  a b so rp tio n  d id  n o t change u n d e r  
th e  effect o f 2-M CE ( F ig. 7) ,  b u t, a t  th e  sam e p ro te in  co n cen tra tio n , e x tin c tio n  
w as low er a t  every  w ave le n g th  exam ined  th a n  th a t  of th e  n a tiv e  m acro g lo b u 
lin . T his phenom enon  m ay  be co rre la ted  w ith  a red u c tio n  o f th e  co v a len t d isu l
p h id e  bridges p lay ing  a ro le in  th e  s ta b iliz a tio n  of th e  secondary  s tru c tu re ,

Fig. 6. Changes o f relative v iscosity , rjrel, under the effect o f 2-MCE
1. m acroglobulin, l /а  m acroglobulin in the presence o f 0.15 M 2-MCE.
2. m acroglobulinaem ic serum. 2/a  m acroglobulinaem ic serum in the presence of 0.1 M 2-MCE
3. norm al serum. 3/a normal serum  in the presence of 0.1 M 2-MCE.
4. hypergam m aglobulinaem ic serum . 4/o hypergam m aglobulinaem ic serum in the presence  

o f 0.1 M 2-MCE. Protein concentration, 20 m g/m l in every case

Fig. 7. A bsorption spectrum  o f m acroglobulin x -x -x -x  
Absorption spectrum  of m acroglobulin in the presence of 0.006 M 2-MCE — • — • —
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in asm u ch  as a ch an g e  ta k e s  p lace in  th e  s ta te  o f th e  ch rom ophores as a re su lt 
o f  th is  red u c tio n . As i t  w as seen in  connec tion  w ith  th e  m easu rem en ts  of m olec
u la r  w eight, th e  re d u c tio n  o f th e  d isu lph ide  linkages goes to g e th e r  w ith  a f ra g 
m e n ta tio n  of m acrog lobu lin , th u s , th e  effect on th e  ab so rp tio n  sp ec tru m  “ re 
sem b les”  th e  effect o bserved  on b reak in g  u p  th e  p rim ary  s tru c tu re  (for exam ple  
b y  try p tic  d igestion). A ll th e se  in d ica te  th a t  in  th e  case o f m acrog lobu lins we 
m a y  deal w ith  a p ecu lia r m an ifes ta tio n  o f agg regation . T he decrease of a b so rp 
t io n  under th e  effect o f 2-M CE also in d ica tes  th a t  th is  t re a tm e n t is su ffic ien tly  
g en tle  to  cause no ru p tu re  o f o th e r  linkages ta k in g  p a r t  in th e  secondary  s t ru c 
tu r e .

Im m unological properties

Q u a n tita tiv e  p re c ip ita tio n  te s ts  w ith  r a b b it  im m une  serum  ( F ig. 8 )  
show ed th a t  1 m l o f im m u n e  serum  co n ta in ed  270 pg N  specific a n tib o d y .

Fig. 8. Q uantitative precipitation of m acroglobulin by antibody produced in rabbit

On agar gel d iffusion  (F ig . 9 ) ,  th e  d iffe ren t co n cen tra tio n s of m ac ro 
globulin  an tig en  y ie ld ed  tw o p re c ip ita tio n  b an d s  of d iffe ren t in te n s ity . T he 
reac tio n  was w eak er w ith  a n ti-h u m a n  g am m a globulin .

A t agar gel im m unoelee trophoresis  th e  m acrog lobu lin  an tig en  y ie lded  
tw o  p rec ip ita tio n  b an d s . A ltho u g h  th e  m acroglobulin  co m p o n en t of h ig h er 
sed im en ta tio n  coeffic ien t (27 S) was n o t iso la ted , th e  doub le  bands o b ta in ed  
on th e  Ouchterlony p la te  an d  on im m unoelee trophoresis  suggested  th a t  th e  
com ponents o f d iffe ren t sed im en ta tio n  coeffic ien ts (18 S, 27 S) w ere d iffe ren t in 
im m unolog ical specific ity . K orngold  an d  V a n  L e e u v e n  (1957) rep o rted  on
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Fig. 9. Im m unological reaction of m acroglobulin in  agar gel w ith  antibody produced in rabbit. 
2% , 1.5% etc. stand for m acroglobulin concentration in g per 100 ml

sim ila r  observations, w hile M o r t o n  a n d  D e u t s c h  (1958) den ied  th e re  being  
a  d ifference in  im m unological sp ec ific ity  be tw een  th e  tw o com ponen ts.

D iscussion

T he u ltra c e n tr ifu g a l and  e lec tro p h o re tic  p ro p ertie s  of th e  m acrog lobu lin  
iso la ted  b y  us from  th e  serum  o f a p a t ie n t  w ith  m acrog lobu linaem ia, as well 
as th e  p rin c ip a l physico-chem ical c h a ra c te rs  of th e  d issociation  u n it  o b ta in ed  
b y  th e  use of 2-MCE w ere sim ilar to  th o se  rep o rted  in  th e  l i te ra tu re  ( D e u t s c h  

an d  M o r t o n  1958; P u t n a m  1959; C a p u t o  and A p p e l l a  1960). A lth o u g h  th e  
se d im e n ta tio n  coefficients (18 to  19 S, 26 to  27 S) o b ta in ed  b y  us now  an d  earlie r 
( H a j d ú  et al. 1963) as well as th e  m o lecu la r w eight of n ea rly  160,000 o f th e  
d issoc ia tion  u n it seem  to  su p p o rt th e  ag g reg a tio n  th e o ry  ( D e u t s c h  an d  M o r 

t o n  1958), th e  d ifferences in  so lu b ility  in  d istilled  w a te r, etc., in d ica te , am ong  
o th e rs , th a t  th e  agg regation  of no rm al g am m a globulin  does n o t sa tis fac to rily  
ex p la in  th e  fo rm atio n  an d  accu m u la tio n  of m acroglobulins. T h is is su p p o rted  
b y  th e  fa c t th a t  in  the-case  of m acrog lobu lin s of d iffe ren t orig in  new  im m u n o 
logical d e te rm in an ts  a p p ea r alongside th e  an tigen ic  groups com m on w ith  those 
o f g am m a globulin. O n th e  basis of all th e se  it  m ay  be su rm ised  th a t  th e  sy n 
th esis  o f gam m a g lobu lin , pa th o lo g ica l globulins and  m acrog lobu lins s ta r ts  
from  a com m on p ro te in . F rom  th is co m m o n  p ro te in  th e  w idest v a r ie ty  of g lob 
ulins m ay  be p roduced , depend ing  on th e  dam age of th e  enzym es in v o lved  
in  fu r th e r  syn thesis. T his m igh t ex p la in  w hy th e  m acroglobulins ap p e a r to  be
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in d iv id u a l p ro te in s ( H a b i c h  1953; P u t n a m  1959) an d , a lth o u g h  n o t physio lo g 
ica l p ro d u c ts , th e y  a re  re la te d  to  th e  n o rm a l co m ponen ts.
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In experim ents on m ale albino rats it  has been shown th a t bilateral electrocoagu
lation in the m esencephalic reticular form ation results in  a considerable increase in 
thyroid 131I uptake.

On stim ulation of the sam e loci w ith  chronic deep electrodes, the uptake o f m I 
decreases considerably. The decrease in the uptake of 131I resu lting from stim ulation  
could be observed in adrenalectom ized as w ell as cortisone-treated animals.

After stim ulation, the rate of thyroidal 131I release also dim inishes.

T he cen tra l nervous sy stem  is w ell-know n to  p lay  a n  im p o r ta n t p a r t  in  
th e  contro l of p itu ita ry - th y ro id  fu n c tion . W hile th e re  are sev era l d a ta  to  show  
t h a t  th is  con tro l is exercised  th ro u g h  th e  h y p o th a lam u s  (G r e e r  1952; Gr e e r  
a n d  E r w in  1956; Ga n o n g  et al. 1955; B o g d a n o v e  1957; D ’A ngelo  1958; 
H arris  and W oods  1958; K ovács  et al. 1959, 1960; K o vács  and  V é r t e s  
1963; A v e r il l  et al. 1961; Sh izu m e  et al. 1962a; D ’A n g e l o  and  S n y d e r  
1963), in fo rm atio n  is scarce concern ing  th e  p e rta in in g  ro le  o f o ther nervous 
s tru c tu re s  (Me ss  1958; Y a m a d a  1961; K nig g e  1961; L u p u l e s c u  et al. 1962; 
S hizume  et al. 1962b).

On th e  basis o f ex p erim en ts  w ith  lesion ing  as well as s tim u la tio n  severa l 
au th o rs  have h in te d  a t  th e  im p o rtan ce  o f th e  m esencephalon  in  th e  con tro l 
o f  p itu ita ry -a d re n o co rtic a l fu n c tio n  (N e w m a n  et al. 1958; E ndrőczi  and  L is- 
s á k  1960; S l u s h e r  an d  H y d e  1961; T a y l o r  an d  F a r r e l l  1962).

Several d a ta  in  th e  l i te ra tu re  an d  ou r ow n earlier s tu d ie s  (H arris  a n d  
W oods 1958; K ovács  et al. 1959, 1960; B r o w n -G ran t  1956) h av e  po in ted  to  
th e  close fu n c tio n a l re la tio n sh ip  betw een  th e  p itu ita ry -a d re n o co rtic a l an d  th e  
p itu ita ry - th y ro id  system s d u rin g  th e  h y p o th a lam ic  con tro l o f th e  ac tiv itie s  
o f  these  tw o endocrine  system s; th ere fo re , in  th e  p resen t ex p erim en ts  th e  ro le  
o f th e  m esencephalic re ticu la r  fo rm atio n  in  p itu ita ry - th y ro id  fu n c tio n  has b een  
s tu d ied .

M ethods

The exam inations were carried out on m ale albino rats of 150 to 200 g body w eight. The 
experim ents had the double aim of studying the effects on p itu itary-thyroid  function of e lec 
trocoagulation placed in the m esencephalic reticular form ation and of stim ulation  of the sam e 
region w ith chronic deep electrodes.



2 2 8 S. KOVÁCS et al.

E lectrocoagulation w as performed b ilaterally  w ith  a Horsley-Clark  stereotaxic apparatus 
under pentobarbital anaesthesia  w ith  4 m A for 6 sec. Sham -operated anim als were used as 
controls. The working up o f  th e  animals began a t th e  end of the second postoperative w eek , 
w hen th ey  were given 5 /iC N a 131I intraperitoneally . Then the uptake o f 131I by their thyroid  
glands w as determ ined, w ith  the in vivo m eth od  described elsew here (K ovács et al. 1960) 
1, 3, 6, 9 and 24 hrs after th e  injection of 131I.

In the stim ulation  experim ents bipolar electrodes partly o f stain less steel and partly  
o f silver, insulated w ith  varn ish  or glass, resp ectively , were im planted  under pentobarbital 
anaesthesia in the corresponding territory o f th e  brain. The electrodes were fixed  to the skull 
w ith  dental cem ent (A dhesor II). The leads o f the individual electrodes were soldered to a 
m iniature plexiglass socket and after proper insu lation  the socket w as fastened to the skull 
w ith  R enit. These typ es o f  electrode m ay be used for several m onths.

After the first postoperative  week the anim als in which thyroid  function  had been deter
m ined w ith  the te st  for 131I uptake were stim ulated  w ith  a square im pulse generator (0.5 — 1.5 
V , 3 m sec pulses, 15 or 50 cps, 30 sec on-off periods for 10 min). D uring stim ulation the poles 
w ere changed every half m in u te . After stim ulation  1 to 5 fiC N a 131I w as injected intraperito
n ea lly  and 2 hours later th e  thyroidal 131I up take w as determined in vivo.

Some groups of an im als bearing electrodes (experim ental anim als as well as controls) 
were subjected to adrenalectom y or cortisone treatm ent (5 m g A dreson daily for 5 days). 
One w eek after adrenalectom y or at the end o f cortisone treatm ent, the anim als were stim ulated , 
in jected  w ith  131I and the uptake of 131I by their thyroid glands w as determ ined as described  
above.

In the cases where the rate o f thyroidal 131I release was used as the indicator o f thyroid  
fun ction , the anim als were injected  also w ith  5 fiC. of N a131I intraperitoneally . Forty-eigh t 
hours later thyroid 131I u p take was determ ined and , taking the values thu s obtained to  be 100 
per cent, the release curve w as p lotted  on the b asis o f 2 m easurem ents daily  and the effect o f  
stim ulation  on the curve w as observed. In these  cases the same stim ulation  param eters were 
used  as before.

After the experim ents all the anim als w ere killed w ith an overdose of pentobarbital, 
their brain was rem oved, f ix ed  in  formol and th e  site  o f the lesions or of the electrodes w as 
iden tified  in paraffin-em bedded sections sta ined  w ith  cresyl-violet. T he thyroid glands were 
also rem oved and w eighed w ith  a torsion balance, w ith  a precision o f 0.2 m g.

R esu lts

B ila te ra l e lec tro co ag u la tio n  in  th e  m esencephalic re ticu la r  fo rm a tio n  
in d u ced  a s tro n g  in c rea se  in  th y ro id a l 131I u p tak e . T he increase  of u p ta k e  w as 
p a rtic u la r ly  m ark ed  d u rin g  th e  f irs t 6 hou rs  following th e  in jec tion  o f 13lI . 
A s a re su lt o f th e  in c re a se d  iodine tu rn o v e r  in  th e  th y ro id  g land  of th e  lesioned 
an im als , m easu rem en t a t  la te r  po in ts  o f  tim e  showed con sid erab ly  less d iffer
ence (F ig . 1 ) .  N o d ifference  was n o ted  in  th y ro id  w eigh t.

The lesions w ere p laced  b ila te ra lly , som ew hat la te ra lly  to  th e  cen tra l 
g rey  m a tte r  an d  a l i t t le  dorsally  to  th e  re d  nucleus. In  th e  fron to -occip ita l 
p lan e  th e y  ex ten d ed  fro m  th e  p o ste rio r  level of th e  m am illa ry  bo d y  to  th e  
p o ste rio r level o f th e  in te rp e d u n c u la r  nucleus.

S tim u la tio n  o f th e  m esencephalic  re ticu la r fo rm a tio n  w ith  e lectrodes 
p laced  as described  b efo re  and  a t  50 or 15 cps was eq u a lly  followed b y  a con
siderab le  decrease in  131I  u p ta k e  ( F igs 2, 3 ) .  This decrease in  response to  s tim u 
la tio n  occurred  also in  ad rena lec tom ized  or co rtiso n e -trea ted  an im als ( F igs
4 , 5 ).

Fig. 6 show s th e  effect of s t im u la tio n  on th e  th y ro id a l 131I release ra te . 
As seen, in  response  to  stim u la tio n  th e re  was a considerab le  decrease in  131I 
release.
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lo

Fig. 1. E ffect of bilateral electrocoagulation in the m esencephalic reticular formation on
thyroidal 131I uptake  

Black colum ns: 12 lesioned animals 
W hite columns: 8 control anim als

+i

Fig. 2. Effect of stim ulation  of the m esencephalic reticular form ation on thyroidal 13,I uptake  
(Stim ulation: 0.5 — 1.5 Y, 3 m sec pulses, 50 cps)
Black columns: 2 groups of stim ulated  animals 
W hite colum ns: 2 groups of control anim als
I .  : t  =  5.8 D F: 17 p < 0 .0 1
I I .  : t  =  4.88 DF: 11 p <  0.01
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Fig. 3. E ffect of stim ulation  of the m esencephalic reticular form ation on thyroidal 131I
uptake

(Stim ulation: 0.5 —1.5 V , 3 m sec pulses, 15 cps)
B lack colum n: stim ulated  anim als
W hite colum n: control anim als t  =  4.4 DF: 9 p <7 0.01

<\j+i
c\j

Fig.  4. E ffect of stim ulation  o f the m esencephalic reticular form ation on thyroidal 131I uptake
in adrenalectom ized animals 

(S tim ulation , as in Fig. 2)
B lack colum n: stim ulated anim als
W hite colum n: control anim als t  =  4.41 DF: 7 p <7 0.01
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M-<MNT-'

Fig.  5. E ffect of stim ulation of the m esencephalic reticular formation on thyroidal m I uptake
in  cortisone-treated anim als 

(Stim ulation: as in  Fig. 2)
Black colum n: stim ulated anim als
W hite colum n: control anim als t =  2.56 DF: 9 p < 0 . 0 5

F is .  6. E ffect of stim ulation of the m esencephalic reticular formation on th e  rate of thyroidal
131I release

16 Acta Physiologica XXVI/3.
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D iscussion

O ur resu lts in d ic a te  th a t  a lesion p laced  in  th e  m esencephalic  re tic u la r  
fo rm a tio n  or its  e lec trica l s tim u la tio n  ex e rts  a considerab le  in fluence  on 
p itu ita ry - th y ro id  fu n c tio n . O n th e  basis o f our ex p erim en ts  th is  effect seem s 
to  be  inh ib ito ry .

As to  th e  u n d e rly in g  m echan ism , tw o  possib ilities suggest th em selves. 
O ne of th em  is th a t  i t  is th e  increased  A C T H  secretion  occu rring  in response  
to  s tim u la tio n  w hich re su lts  in  a decrease o f p itu ita ry - th y ro id  function . T his 
a ssu m p tio n  is c o n tra d ic te d  b y  th e  fa c t t h a t  in  th e  p re se n t experim en ts in h ib i
t io n  o f p itu ita ry - th y ro id  fu n c tio n  re su lted  in  response to  s tim u la tio n  also in  
ad ren a lec to m ized  or c o rtiso n e -tre a te d  an im als.

The o ther p o ss ib ility  is th a t  th e  n e rv e  fibres com ing  from , or p assin g  
th ro u g h , th e  m esencephalic  re ticu la r  fo rm a tio n  tra n s m it  a special s tim u lu s  
to w a rd s  th e  h y p o th a la m u s , in fluencing  p itu ita ry - th y ro id  function  th ro u g h  
th e  h y p o th a lam ic  s t ru c tu re  w hich con tro ls  T SH  secre tion .
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STUDIES ON THE ROLE OF THE MESENCEPHALIC 
RETICULAR FORMATION IN THE MOTIVATION 

AND AVOIDING CONDITIONED REFLEX 
PROCESSES FOLLOWING THE MESENCEPHALIC 

AND SYSTEMIC ADMINISTRATION 
OF CHLORPROMAZINE

B y

B . B o h u s , E .  E n d r ő c z i  and K . LlSSÁ K
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(R eceived Decem ber 10, 1963)

The effects o f chlorprom azine, injected  subcutaneously or into  the m esencephalic  
reticular form ation in  rats during the elaboration and stab ilization  of an avoiding con 
ditioned reflex , have been studied by analysing the performance o f the reflex and the  
spontaneous intersignal reactions.

In response to the injection  of 5 to 50 я g o f  chlorpromazine in to  the m esencephal
ic reticular form ation the num ber of spontaneous intersignal reactions decreased sig 
n ificantly , w ithout any change in the perform ance of the conditioned reflex.

In response to the system ic adm inistration o f 0.1 m g/100 g body weight of chlor
prom azine, only the num ber of the intersignal reactions decreases, while doses o f 0.2 
to 1.0 m g/100 g body w eight inh ib it also the perform ance of the conditioned reflex and 
even the m otor reactions to the unconditioned stim ulus.

The results are ind icative o f an involvem ent of the m esencephalic reticular fo r 
m ation in  the organization of the spontaneous goal-directed m otor reactions.

In  th e  course of s tu d ies  o f th e  o rg an iza tio n  of b e h a v io u ra l processes b y  
e ith e r  th e  P a v lo v ia n  co n d itioned  reflex  m e th o d  or th e  free  o p e ran t tech n iq u e  
in  recen t y ea rs  th e  v a rio u s CNS* s tim u la n ts  an d  tran q u illiz e rs  have b een  
used  m ore an d  m ore o ften , beside th e  s tim u la tio n  an d  a b la tio n , as well as 
e lec troencepha log raph ic  exam in a tio n s. C hanges in  b eh av io u r or in  th e  E E G  
caused  b y  d rugs ac tin g  on th e  CNS, in c lu d in g  ch lo rp rom azine, supply  in fo r
m a tio n  as to  th e  physio logical o rg an iza tio n  o f b eh av io u ra l processes an d  th e  
b iochem ical b a ck g ro u n d  o f th e  m echan ism  of o rg an iza tio n  ( K n o l l  1962).

In  th e  p re se n t ex p erim en ts  we h av e  ana ly sed  in  th e  r a t  th e  changes 
ensuing u p o n  th e  in jec tio n  of ch lo rp rom azine  in to  th e  m esencephalon , f ir s t  
o f  all in to  th e  m esencephalic  re ticu la r fo rm a tio n , com paring  th em  w ith  th e  
changes induced  b y  th e  system ic  a d m in is tra tio n  of th e  d ru g .

M ethods

Male albino rats, w eighing 150 to 200 g, fed a standard diet and allow ed water ad libitum,  
were used.

In one group of rats, under hexobarbital anaesthesia a chronic m icro-cannula was placed  
in to  the m esencephalon by m eans of a stereotaxic apparatus. The cannula consisted of a glass 
capillary 0.3 to 0.8 m m  in diam eter and a thin polyethylen e tube attached  to it. The cannula 
w as fixed  to the top of the skull b y  m eans of dental cem ent. The drug was dissolved in 0.001

* CNS =  central nervous system



2 3 6 В. BOHUS, Е. ENDRÖCZI, К. JUSSÁK

m l o f physiological NaCl so lution  and injected  intracerebrally b y  a m icroinjector. The train ing  
to  set up the avoidance conditioned reflex w as begun 4 to 6 days after operation. The anim als 
were kept in separate cages, housing one anim al each.

Reflex conditioning. T he avoiding conditioned  reflex was set up in  the apparatus de
scribed in  detail in a previous paper (B ohus et al. 1963). In this the electric shock serving as 
the unconditioned stim ulus cam e from the m eta l grid applied on the floor o f the cage. To escape  
from  the shock, the anim als had to jum p onto  a 10 cm  high bench.

A s the conditioned stim ulus, we presented a buzzing sound for 10 seconds, during the  
la st tw o seconds of w h ich  w e gave two short 50 Y  shocks. The num ber o f trials was 12 daily , 
the duration of the in terva l betw een two trials w as 60 sec. In the course of the elaboration and 
stab ilization  of the conditioned reflex we used  th e  reinforcing unconditioned stim ulus only  
w hen the animal have fa iled  to jum p on the b ench  in  response to th e  conditioned stim ulus. 
D uring conditioning the avoid ing conditioned reflex  performance and the num ber of the sp on
taneous intersignal reactions was recorded.

Mode of chlorpromazine administration.  Chlorpromazine was adm inistered in different 
stages o f the acquisition and stabilization o f th e  conditioned reflex , n o t sooner than during  
the third sessions, 120 m inutes before the beginn ing of conditioning.

The intram esencephalic doses o f chlorprom azine (Largactil, Specia) were 5.0, 25.0  
and 50.0 ,t/g; the subcutaneous doses were 0 .05 , 0 .1 , 0 .2, 0.5 and 1.0 m g per 100 g body w eight.

After the experim ents had been com pleted , the brain of the cannulated anim als w as 
rem oved , fixed  in form alin and exam ined for cannula placem ent by the h istological m ethod  of 
Guzm an-F lores et al. (1958).

R esu lts

General characteristics o f  the avoiding conditioned reflex activity  and o f  the 
spontaneous in tersignal reactions

T he co n d itioned  re flex  was acq u ired  b y  16 to  22 tr ia ls . A fte r th e  te m p o 
r a r y  connection  h a d  becom e stab le , d u rin g  th e  20 days o f th e  ex p e rim en ta l 
p e rio d  (240 tria ls), th e  re flex  was p e rfo rm ed  in  th e  sam e w ay  b y  th e  in d iv id 
u a l ra ts .

Fig. 1. General characteristics o f the perform ance o f the avoiding conditioned reflex and o f the  
spontaneous intersignal reactions during the elaboration and stab ilization  of the conditioned  
reflex , o: spontaneous intersignal reactions; □ :  positive responses to  the conditioned stim ulus
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S po n tan eo u s in te rs ig n a l re a c tio n s  h a d  ap p eared  before th e  co n d itio n ed  
re fle x ; th e ir  n u m b er w as high in th e  e a rly  phase  of th e  d ev e lopm en t o f th e  te m 
p o ra ry  connection , th e n  a s ig n ifican t decrease  re su lted  follow ing th e  s tab iliz a 
tio n  o f th e  reflex , a f te r  ab o u t 50 to  70 tr ia ls . W ith  m ino r osc illa tions, th is  re 
d u ced  n u m b er of in te rs ig n a l reac tio n s  p e rs is te d  in  th e  course o f fu r th e r  t r a in 
ing  (  F ig . 1 ).

The effect o f  intram esencephalic chlorprom azine adm inistration  on conditioned  
reflex activity  and spontaneous intersignal behaviour

I n  response to  th e  in jec tio n  o f  5 to  50 /<g ch lo rp rom azine in to  th e  m esen 
cep h a lic  re ticu la r  fo rm a tio n  th e  n u m b e r  o f spon taneous g o a l-d irec ted  in te r 
s ig n a l reac tio n s significantly^ decreased  in  th e  period of dev e lo p m en t an d  s ta b i
liz a tio n  of th e  co n d itioned  reflex, w ith o u t an y  a lte ra tio n  in  avo id ing  co n d itio n 
ed  re flex  a c tiv ity . T h e  dose h ad  no in fluence  on th is  effect o f ch lo rp rom azine .

Fig. 2. E ffect o f chlorpromazine (CPZ), in jected  in to  the m esencephalic reticular form ation, 
on spontaneous intersignal motor a c tiv ity  and avoiding conditioned reflex perform ance. 

(a and b represent observations m ade in two different anim als)
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T h e physiological N aC l so lu tion  used  in  th e  co n tro l ex p erim en ts  produced  no  
ch an g e  e ither in  re flex  a c tiv ity  or in  th e  n u m b er o f in te rs ig n a l reac tions ( F igs  
2 a. 2 b ).

A fte r  the a d m in is tra tio n  of ch lo rp ro m azin e  in to  th e  m esencephalic 
r e tic u la r  fo rm ation , th e  b eh av io u r of th e  an im als changed  ch arac te ris tic a lly  
d u rin g  th e  in te rva l b e tw e e n  th e  p re se n ta tio n s  of th e  co n d itioned  signals. W hile  
in  th e  periods w ith o u t t re a tm e n t th e  an im als w ere “ w a itin g ”  fo r th e  signal, 
u su a lly  sitting  in  th e  sam e  spo t of th e  floo r of th e  cond ition ing  a p p a ra tu s  or 
p e rfo rm ed  spon tan eo u s in te rs ig n a l m o to r reac tio n s , i.e. a goal-d irected  m o v e
m e n t (jum ping on th e  bench  to  avo id  being  shocked), d u rin g  th e  in te rv a ls  
b e tw e e n  the  tr ia l a f te r  th e  a d m in is tra tio n  of ch lo rp rom azine  o rien ta tiv e , 
w ash in g  au tom atism s co u ld  be observed , w hich  ap p ea red  w hen  th e  an im al w as 
f i r s t  p laced  in to  th e  e x p e rim e n ta l s itu a tio n , b u t  d isap p eared  com pletely  p a ra l
lel w ith  the  d ev e lo p m en t and  s tab iliz a tio n  of th e  co n d itioned  reflex . A t th e  
sam e  tim e , as it  h as  a lre a d y  been  m en tio n ed , th e  n u m b e r of th e  spon taneous 
g o a l-d irec ted  re a c tio n s  w as s ig n ifican tly  reduced .

I f  th e  cannu la  h a d  been  p laced  in to  o th e r m esencephalic  s tru c tu re s , th e  
in je c tio n  of ch lo rp rom azine  p roduced  no change e ith e r  in  re flex  perfo rm ance 
or in  in tersignal a c t iv i ty .

E ffec t o f  subcutaneously injected chlorpromazine on conditioned reflex activity  
a n d  spontaneous goal-directed behaviour

T he changes p ro d u c e d  b y  th e  su b cu tan eo u s  in jec tio n  of ch lo rp rom azine  
p r io r  to  condition ing  d ep en d ed  to  a g rea t e x te n t on th e  dose in jec ted . A dose 
o f 0.05 mg/100 g b o d y  w eig h t p ro d u ced  no change e ith e r  in  th e  perfo rm ance o f 
th e  conditioned  re f le x , or in  th e  n u m b er of in te rs ig n a l reac tions. Follow ing 
th e  in jec tio n  of th e  0.1 m g/100 g dose, th e  n u m b e r of in te r tr ia l  reac tions d e 
c reased  sign ifican tly  (w ith o u t an y  change in  re flex  a c tiv ity ) , th e n  re tu rn e d  
a g a in  to  th e  co rresp o n d in g  level on th e  n e x t d a y  (F ig . 3 ) .

In  response to  th e  su b cu tan eo u s in jec tio n  o f 0.2 m g/100 g body  w eig h t 
o f ch lorprom azine th e  sp o n tan eo u s in te rs ig n a l a c t iv i ty  d isappeared , th e  p e r 
fo rm an ce  of the re fle x  in  response to  th e  p re se n ta tio n  of th e  cond itioned  s tim u 
lus w as im paired , b u t  th e  m o to r re a c tio n  w as p erfo rm ed  b y  every  an im al 
w ith o u t exception  on  th e  p re se n ta tio n  of th e  re in fo rc ing  u n co nd itioned  s tim u 
lus. A fte r  a dose o f  0.5  m g/100 g b o d y  w eigh t som e an im als d id  n o t p e rfo rm  
th e  m o to r reaction  in  response  to  th e  u n co n d itio n ed  s tim u lus, e ither, and  th is  
w as s till more ob v io u s follow ing t re a tm e n t w ith  1.0 m g/100 g, w hen th e  a n i
m als show ed on ly  m in im a l signs of h av in g  n o ticed  th e  electric  shock (F ig . 4 ) .

T he o r ie n ta tio n  an d  w ashing  a u to m a tism s  observed  following th e  
m esencephalic a d m in is tra tio n  of ch lo rp rom azine  ap p ea red  also in  response to  
th e  subcu taneous in je c tio n  of 0.1 m g/100 g o f ch lo rp rom azine; anim als t r e a te d  
w ith  0.2 mg/100 g w ere  a p p a re n tly  som nolen t.
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Fig. 3. E ffect o f a low subcutaneous dose of chlorprom azine (CPZ) on spontaneous goal-directed  
motor reactions and on the perform ance of the conditioned reflex

Fig. 4. E ffect of a high subcutaneous dose of chlorprom azine on conditioned reflex perform ance 
and intersignal reactions. Д  : no defensive m otor  reaction to either the conditioned or the

unconditioned stim ulus

D iscussion

T he d is tu rb an ce  o f th e  avoiding co n d itio n ed  re flex  a c tiv ity , w hich re su lt
ed in  our experim en ts fro m  th e  su b c u ta n e o u s  a d m in is tra tio n  of 0.2 m g/100 
g b o d y  w eight of ch lo rp rom azine, has b e e n  observed  also  b y  A d e r  an d  Clinic 
(1957), D e n e n b e r g  et al. (1959), as w ell as Ir w in  (1960). In  response to  th e  
0.5 m g/100 g dose, o n ly  th e  reaction  to  th e  cond itioned  s tim u lu s was in h ib ite d  
in  som e an im als, w hile o th e rs  failed to  re sp o n d  to  th e  u n co n d itio n ed  s tim u lu s,
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to o , b y  try ing  to  escape . The in d iv id u a l d ifferences in th e  responses, n o ticed  
also  b y  I rw in  (1960) are  due a p p a re n tly  to  in d iv id u a l d ifferences in  th e  sen si
t iv i ty  to  ch lo rp rom azine.

A dose of 0.1 m g  in jec ted  su b cu tan eo u s ly  caused  no change in  th e  p e rfo rm 
an ce  of th e  co n d itio n ed  reflex , b u t  th e  n u m b er of in te rs ig n a l reac tions w as 
s ig n ifican tly  red u ced . In  our earlie r ex p erim en ts  invo lv ing  c a ts  in  a lim e n ta ry  
co n d itio n ed  re flex  ( E ndrőczi an d  L is sa k  1962) and  ra ts  in  avo id ing  co n d i
t io n e d  reflex  s itu a tio n s  (B o h us  a n d  E ndr ő c zi 1964) i t  w as show n th a t  th e  
in te rs ig n a l re a c tio n  as spon tan eo u s g o a l-d irec ted  m o to r a c t iv i ty  belong to  
th e  ea rly  signs o f th e  cond itioned  re flex  an d  m ay  be considered  to  re p re se n t 
a m an ife s ta tio n  of m o tiv a tio n . As th e  co n d itio n ed  re flex  is becom ing  s tab ilized , 
th e  decrease in  sp o n tan eo u s  in te r tr ia l  a c tiv ity  m ay  be b ro u g h t in to  co rre la tio n  
w ith  th e  d isc rim in a tiv e  fu n c tion , an d  m ay  be considered to  be  a re su lt o f th e  
in te rn a l  in h ib itio n  p h en o m en a  of th e  P av lo v ian  te rm ino logy , n o ta b ly  a re s id t 
o f th e  d isc rim in a tiv e  in te rn a l in h ib itio n . On th is  basis th e  red u c tio n  in  th e  
n u m b e r  of in te rs ig n a l reac tions follow ing th e  su b cu tan eo u s in jec tio n  of a low  
dose  o f ch lo rp ro m azin e  m ay  be ex p la in ed  b y  assum ing  th a t  th e  d rug  p ro m o tes  
th e  processes of in te rn a l  in h ib itio n . T his hyp o th esis  is su p p o rte d  also by  th e  
o b se rv a tio n s , a cco rd in g  to  w hich  ch lo rp rom azine  enhances th e  in te n s ity  o f  
th e  in te rn a l in h ib itio n  processes, in  th e  P a v lo v ian  te rm in o lo g y  (B o l o n d in s k y  
1962).

T he changes in  cond itioned  re flex  perfo rm ance  and  in te rs ig n a l a c t iv i ty  
fo llow ing  the sy s tem ic  a d m in is tra tio n  of ch lo rp rom azine, a d ru g  ac ting  ce n 
t r a l ly ,  has m ade i t  possib le to  s tu d y  th e  m echan ism  of th e  o rg an iza tio n  of th e  
co n d itio n ed  re flex  a c tiv i ty  an d  of th e  m o tiv a tio n  p h enom ena  b y  ad m in is te rin g  
th e  d ru g  top ica lly  in  th e  b ra in . O n th e  basis o f e lec troencepha log raph ic  s tu d ie s  
L o n g o , B erg er  a n d  B ővet  (1954), H ie b e l , B o nvallet  an d  D ell  (1954), 
A n o k h in  (1957), as w ell as Ma r t in , D e Ma ar  an d  U n n a  (1958) s ta te d  th a t  th e  
p r in c ip a l site o f a c tio n  of ch lo rp rom azine  w as th e  re ticu la r fo rm atio n . F o llow 
in g  th e  local a d m in is tra tio n  of ch lo rp ro m azin e , V olkova  a n d  K h a n a n a s v il i  
(1962) have o b se rv ed  th a t  in  th e  c a t th e  re tic u la r  fo rm atio n  w as th e  su b c o rti
cal s tru c tu re  m o st sen sitiv e  to  th e  d rug . In  th e  lig h t of th e se  d a ta  i t  could  be  
su rm ised  th a t  in  th e  changes of b eh av io u r follow ing th e  sy stem ic  a d m in is tra 
t io n  o f ch lo rp rom azine  th e  re tic u la r  fo rm a tio n  w ould p la y  a sign ifican t ro le .

T here are o fte n  co n trad ic tio n s  concern ing  th e  role o f th e  re ticu la r fo r
m a tio n  in the  d ev e lo p m en t o f con d itio n ed  re flex  processes. So for ex am p le  
Y o s h ii et al. (1958; c ited  by  J o h n  et al. 1961), Gast a u t  (1958) and  R o it b a k  
(1958) claim th a t  th e  re ticu la r fo rm a tio n  p lay s a cen tra l role in  th e  e lab o ra tio n  
o f  th e  conditioned  re flex , while Ch o w  and  R o n d e l l  (1960), as well as K r e i n d - 
l e r  et al. (1959) fo u n d  th a t  th e  co n d itio n ed  re flex  was u n im p a ired , and  a v o id 
ing conditioned  re f le x  learn ing  an d  v isua l d isc rim ina tion  w ere norm al a f te r  
th e  rem oval in sev e ra l steps of, or lesion to , th e  re ticu la r fo rm atio n . In  o u r
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earlie r ex p erim en ts  we could observe in  th e  dog a fac ilita tio n  of th e  co n d itio n ed  
re flex  in h ib ite d  by  a noxious, p a in fu l s tim u lus, in  response  to  s tim u la tio n  of 
th is  a rea  (E ndrőczi et al. 1959), w hile in  th e  ca t lo w -in ten s ity  e lec trica l s tim u 
la tio n  of th e  re ticu la r  fo rm atio n  re su lte d  in  an in h ib itio n  of th e  sp o n tan eo u s 
g o a l-d irec ted  in te r tr ia l  reac tions in  th e  a lim en ta ry  co n d itio n ed  re flex  s itu a tio n  
( E ndrőczi an d  L issá k  1962).

In  th e  p re se n t experim en ts th e  ch lo rp rom azine  in jec ted  loca lly  in to  th e  
m esencephalic  re ticu la r  fo rm atio n  red u ced , in d ep en d en tly  of th e  dose, th e  
n u m b e r of spon taneous in te rs ig n a l m o to r reactions d u rin g  th e  d ev e lopm en t 
an d  s ta b iliz a tio n  of th e  te m p o ra ry  co n n ec tio n , leav ing  th e  p e rfo rm an ce  of th e  
av o id in g  cond itioned  reflex  u n a ffec ted . These o b serv a tio n s te n d  to  in d ica te  
t h a t  th e  m esencephalic  re ticu la r fo rm a tio n  w ould p la y  a role f irs t  o f all in  th e  
o rg an iza tio n  o f th e  m o tiv a ted  (goa l-d irec ted ) b eh av io u r. A t th e  sam e tim e , 
th e  la ck  of a d is tu rb an ce  in co n d itio n ed  reflex  a c tiv ity  suggests th a t  th e  in h i
b itio n  of th e  cond itioned  reflex  p e rfo rm an ce  by  a h igh  dose of ch lo rp rom azine  
is rea lized  th ro u g h  o th e r su b co rtica l, ev en tu a lly  co rtica l, s tru c tu re s .

B y  in jec tin g  ch lo rp rom azine  lo ca lly , no precise in fo rm a tio n  could  be 
o b ta in e d  as to  th e  m echanism  of th e  in h ib itio n  o f sp o n tan eo u s goa l-d irec ted  
m o to r a c tiv ity  in  th e  re ticu la r fo rm a tio n . A ccording to  ou r earlie r o b se rv a tio n s 
an d  to  th e  d a ta  of o th e r au th o rs , th e  decrease in  th e  n u m b er, o r th e  to ta l  d is
ap p ea ran ce , o f in ters ig n a l reac tio n s m a y  be due b o th  to  an  in h ib itio n  an d  a 
fa c ilita tio n  of th e  fu nc tion  of th e  re tic u la r  fo rm atio n . A ccord ing  to  K illam  
(1962), ch lo rp rom azine  inh ib its  th e  fu n c tio n  of th e  re tic u la r  fo rm a tio n , or 
in h ib its  th e  responses to  certa in  in co m in g  in fo rm ations, ex e rtin g  a so rt o f fil
te r in g  effect in  th e  re ticu la r fo rm a tio n . Y o sh ii et al. (1958, c ited  b y  J o h n  et al. 
1961), Ga s t a u t  (1958), Gr a st yÁn  et al. (1959), h av e  a rriv ed  a t  th e  conclusion 
th a t  th e  in te rn a l in h ib ition , to  w h ich  th e  in h ib itio n  o f th e  in te rs ig n a l a c tiv ity  
is due , re su lts  from  an in h ib ition  o f  th e  re ticu la r a c tiv a tio n  sy stem . O n th e  
o th e r  h a n d , R in a l d i  and  H im w ic h  (1955) found  th a t ,  as opposed  to  a low 
dose o f i t ,  a h igh  dose of ch lo rp rom azine  was s tim u la tin g  th e  a c t iv i ty  o f th e  
re tic u la r  fo rm atio n . O ur o b se rv a tio n s, to o , in d ica te  th a t  th e  ch lo rp ro m azin e  
in je c te d  locally  in to  th e  m esencephalic  re ticu la r  fo rm a tio n  a c tiv a te s  th e  
p itu ita ry -a d re n o co rtic a l system  (B o h u s  an d  E ndrőczi 1964b), w hich  a c tiv a tio n  
re su lte d  from  th e  s tim u la tio n  of th is  s tru c tu re  (E ndr ő c zi an d  L is s á k  1963).

T he p re se n t investiga tions, p o in tin g  to  th e  in v o lv em en t o f th e  m esen
cephalic  re tic u la r  fo rm ation  in th e  o rg an iza tio n  of th e  spon tan eo u s goal-d irec ted  
m o to r reac tio n s , m ake i t  likely  t h a t  th e  to p ica l a d m in is tra tio n  of d rugs ac ting  
on th e  CNS in to  th e  p roper a reas  o f th e  cen tra l nervous sy s tem  m ay  be 
used  w ith  success in  stud ies of th e  o rg an iza tio n  of b eh av io u ra l processes, be
cause  such d rugs a lte r  only te m p o ra r ily  th e  fu nc tion  of th e  a ffec ted  s tru c tu re s .
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A syndrom e analogous to hum an acute renal failure has been induced in dogs 
by unilateral nephrectom y and the tem porary clam ping of the artery of the rem aining  
kidney. The same intervention was not fo llow ed b y  renal failure and all pathological 
changes disappeared after 14 days if  th e  anim als were splanchnicotom ized on the left 
side at the tim e o f right nephrectom y. The difference in  the length  o f survival betw een  
the two groups was significant statistica lly . N eurogenic factors are suggested to p lay  
a significant role in the genesis of acute renal failure.

T he te rm  “ acu te  ren a l fa ilu re”  w as ap p lied  by  S m ith  (1951, 1958) to  
cond itions in  w hich, u n d e r th e  effect o f som e noxious in fluence, su b jec ts  
w ith  p rev iously  in ta c t  k id n ey  develop o liguria  an d  u raem ia  in  a few d ay s. 
T he syndrom e is o ften  fa ta l. Specific n e p h ro to x ic  agen ts, p re c ip ita tio n  of b lood  
p ig m en ts , allergic s ta te s , shock  and  d e h y d ra tio n  h av e  been described  as p a th o 
genic fac to rs.

H am ilton  et al. (1948) as also P h il l ip s  a n d  H am ilto n  (1948), b y  re m o v 
ing th e  r ig h t k id n ey  an d  clam ping  th e  le f t ren a l a r te ry  for a few  hours, succeed
ed in  inducing  in  dogs a cond ition  s im ila r to  h u m a n  acu te  ren a l fa ilu re . I f  
c lam ping  w as released  a fte r  2 hours, th e  an im als  su rv ived  an d  th e  level o f n o n 
p ro te in  n itrogen  (N P N ) as also th e  c learance  va lu es  becam e n o rm al in  2 to  3 
w eeks. C lam ping fo r 4 to  6 hours re su lted  in  d e a th  in  4 — 8 day s w ith  sy m p to m s 
o f acu te  renal fa ilu re . I t  w as d e m o n s tra te d  b y  O l iv e r  et al. (1951) th a t  th e  
h isto log ical changes in  th e  k idney  of su ch  an im als were analogous to  th o se  
described  in  cases of h u m a n  acu te  ren a l fa ilu re .

E a rlie r in v estig a tio n s (B á l in t  et al. 1960) show ed th a t  th e  course of 
acu te  ren a l fa ilu re  in d u ced  in  dogs b y  com pression  of th e  ren a l a r te ry  depended  
on th e  n a tu re  and  d e p th  of th e  an aes th es ia  u n d e r  w hich th e  in ju ry  w as in 
f lic ted . W hile m ost o f th e  deep ly  a n a e s th e tiz ed  an im als su rv iv ed , th e  m a jo rity  
of an im als w hich h ad  been  opera ted  u p o n  u n d e r  superfic ia l, e th e r  an aesth esia  
succum bed  to  th e  in ju ry . A p a rt from  th e  g rave  clinical p ic tu re  in  th e  la t te r  
ca teg o ry , necropsy  rev ea led  ischaem ia o f th e  e n tire  renal co rtex , w hereas on ly  
s ligh t clinical sym p to m s an d  co m p ara tiv e ly  in sig n ifican t h isto log ical changes 
w ere observed  in  an im als th a t  h ad  b een  su b je c te d  to  c lam ping  of th e  ren a l 
a r te ry  u n d e r deep chloralose an aesthesia . T hese observa tions seem ed to  ju s tify
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th e  assum ption  of a decisive role of c e n tra l nervous im pulses in  th e  genesis 
o f  acu te  renal fa ilu re . F u r th e r  su p p o rt o f th a t  view  w as y ie lded  b y  ex p e rim en ts  
in  w hich th e  e lim in a tio n  o f th e  cen tra l n ervous a p p a ra tu s  b y  th e  d iv ision  o f 
th e  sp inal cord a t  th e  h e ig h t o f th e  fo u r th  th o rac ic  v e r te b ra  p re v e n te d  th e  
deve lopm en t of re n a l fa ilu re . In  th e  p re se n t s tu d y , im pulses com ing fro m  th e  
c e n tra l nervous sy s tem  w ere b locked b y  sp lan ch n ico to m y .

Material and Method

A tota l o f  11 adult dogs o f both sexes w as nephrectom ized from  the right paracostal 
approach and two w eeks la ter , after pretreatm ent w ith  0.01 g/kg morphine and subsequent 
superficial ether anaesthesia  the hilum  of the le ft k idney was exposed and the renal artery  
clam ped. Two hours later the com pression was released, and the w ound was closed.

Further 10 dogs were treated  sim ilarly, w ith  the difference th a t sim ultaneously w ith  the  
r igh t nephrectom y from  abdom inal approach, the splanchnic nerve was divided on the left  
side below its em ergence from  the diaphragm, above the suprarenal gland.

Subsequently the blood N P N  was estim ated  every 2nd or 3rd day for 14 days. The sur
v iv in g  animals were sacrificed on the 14th day. A ll the dogs were dissected, and the stum p of  
th e  splanchnic nerve w as exam ined  in order to verify  its  transection . The results were ev a lu 
ated  statistically  by m eans of the y? test and Student's  “ t” -test ( F is c h e r  1946).

Results

Table 1 show s th e  re su lts  a rran g ed  accord ing  to  th e  len g th  of su rv iv a l. 
A n im als alive on th e  1 4 th  p o sto p e ra tiv e  d a y  w ere reg a rd ed  as su rv iv o rs . Tw o 
an im als  su rv ived , a n d  9 an im als died b e tw een  th e  3rd  an d  9 th  d ay  in  th e  m or- 
p h in -e th e r  a n a e s th e tiz ed  (contro l) g roup , w hereas on ly  a single dog d ied  on 
th e  5 th  day  an d  th e  re s t  su rv iv ed  in  th e  sp lanch n ico to m ized  group. T h e  d iffe r
ence in  th e  len g th  o f su rv iv a l betw een  th e  tw o categories w as sig n ifican t s ta t i s 
tic a lly  (p < 0 .0 1 ) .

Table 1

Nature of intervention Survival 14 
days

Spontaneous
death Total

Clamping of renal artery 2 9 и

Splanchnicotom y -f- clam ping of renal artery 9 1 10

p  < 0 . 0 1

Fig. 1 i l lu s tra te s  th e  changes in  N P N . The n u m b e r of days fo llow ing  
c lam ping  of th e  re n a l a r te ry  is p lo tte d  on th e  abscissa, N P N  values are  in d i
c a te d  on th e  o rd in a te . T h e  contro ls e x h ib ite d  h igh values an d  w ith  tw o  ex cep 
tio n s  died before th e  1 4 th  day  (d o tted  line). A fte r an  in itia l rise, th e  N P N
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level d im in ished  in  th e  sp lanch n ico to m ized  group and  ap p ro a c h e d  the  n o rm a l 
v a lu e  betw een  th e  1 0 th  an d  14th  d a y . O nly  a single an im a l o f th is  group d ied  
on th e  5 th  d ay  w ith  a N P N  value o f  500 m g p e r  100 ml (so lid  line).

T he k idney  o f an im als th a t  h a d  succum bed  to  th e  in ju ry  p resen ted  th e  
follow ing p ic tu re . T he m ajo r p a r t ,  a n d  in  som e cases th e  w hole, of th e  re n a l

Fig. 1

su rface  was severe ly  necro tized . T h e  co rtica l su bstance  ap p ea red  yellow ish  
on th e  cu t surface, an d  h aem o rrh ag ic  sp o ts  w ere o b served  in  the  m ed u lla . 
H isto log ical ex am in a tio n  revealed  tu b u la r  dam age, d is ru p te d  b asem en t 
m em branes and  re la tiv e ly  in ta c t g lom eruli.

I n  th e  sp lanchn ico tom ized  dogs irreg u la rly  sc a tte re d  scarred  spo ts o f 
necrosis 2 to  21/i cm  in  d iam ete r w ere fo u n d  on a t  m ost one th ird  of th e  ren a l 
su rface . T he co rtex  ap p ea red  to  be so m ew h at enlarged a t  th e  expense o f th e  
m ed u lla , and  even th e  p a r ts  u n d e rn e a th  th e  necrosed su rface  had  a n o rm a l 
consistency  and  a n o rm al colour.

17 Acta Physiologica XXVI/3.
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D iscussion

The d a ta  lis ted  in  Table I  and  F ig . 1 m ak e  it  ev id en t t h a t  sp lanchn ico to - 
m y  p receding  th e  com pression  of th e  re n a l a r te ry  p re v e n te d  th e  developm ent 
o f  a c u te  renal fa ilu re , a n d  th a t  th e  co n secu tiv e  func tiona l d is tu rb a n c e  w as only  
te m p o ra ry . H isto log ica l changes w ere re s tr ic te d  to  p a r t  o f  th e  k idney  in  th e  
sp lanch n ico to m ized  an im a ls ; th e  m a jo r p a r t  o f th e  co rtex  rem ain ed  in ta c t  and  
c o n tin u e d  to  fu n c tio n .

R elying on th e  ev idence  of c learance  te s ts , num erous a u th o rs  (B ull  et al. 
1950 ; Lauso n  et al. 1949, etc.) have  p o in te d  to  renal isch aem ia  as th e  cause o f  
h u m a n  acute  ren a l fa ilu re . O th er a u th o rs  (M unck  1958; B r u n e  et al. 1955), 
h o w ev er, could show  b y  m eans of th e  g as-in h a la tio n  m e th o d  in  hum ans, an d  
w e ourselves b y  d ire c t m easu rem en t o f th e  ren a l blood flo w  in  an im als, t h a t  
a considerab le (a b o u t 30 to  60 p er cen t o f  th e  original) v o lu m e  of b lood  w as 
f lo w in g  th ro u g h  th e  k id n e y  d u ring  acu te  ré n a l failure. T h e  low  inu lin  e x tra c tio n  
p o in ts  to  con sid erab ly  reduced  f i l t ra t io n , th e  low p a ra a m in o h ip p u ric  acid 
e x tra c tio n  to  an  im p a irm e n t of tu b u la r  fu n c tio n . To sp a s tic  condition  of th e  
a f fe re n t arterio les h a s  b een  in ferred  fro m  th e  fact th a t  th e  red u c tio n  of th e  
g lo m eru la r f iltra tio n  r a te  exceeded th a t  o f  th e  renal b lo o d  flow  (B á l in t  et al. 
1961; Lau so n  et al. 1949; S e lk u r t  1945, 1946).

A ccording to  F in c k h  (1962), e x c e p t in  th e  in itia l p h ase  th e re  occurs 
a  d is tu rb an ce  in  th e  to n e  o f th e  in tra re n a l  vessels; th is  w o u ld  m an ifest its e lf  
w ith  a constric tion  o f th e  p reg lo m eru la r vessels. Since in  o u r  p resen t ex p e ri
m e n ts , clam ping o f th e  re n a l a r te ry  in d u c e d  grave necrosis  in  th e  in n e rv a te d  
k id n e y s  and  failed  to  do so in  sp lanchn ico tom ized  an im als, i t  is safe to  assum e 
t h a t  noxious im pulses in crease  th e  to n e  o f  p reg lom eru la r vesse ls via  th e  sp la n c h 
n ic  nerve. This is w h y  in ju ry  of th e  d e n e rv a te d  k idney  is seldom  follow ed b y  
v a so co n stric tio n  a n d  conseq u en tia l necrosis. These re s u lts  a re  in  h a rm o n y  
w ith  our earlier ex p e rim en ts  (B á l in t  et al. 1960) in  w h ich  deep an aes th es ia  
o r  d iv ision  of th e  sp in a l co rd  a t  th e  h e ig h t of th e  fo u r th  tho rac ic  v e r te b ra  
p re v e n te d  th e  d ev e lo p m en t of acu te  re n a l fa ilu re . All th e se  observa tions u n a n i
m o u sly  p o in t to  th e  ro le  o f neurogenic  fac to rs  in th e  p a thogenesis  o f ren a l 
fa ilu re .
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PREVENTION OF EXPERIMENTAL RENAL 
FAILURE BY CHLORPROMAZINE

B y

I. T ak aba

IN STITU TE O F PHY SIOLOG Y , U N IV ERSITY  M EDICAL SCHOOL, B U D A PEST 

(R eceived  Decem ber 22, 1963)

Tem porary ligation  of the renal artery causes acute uraem ia, and it has been pos
sible to prevent its  developm ent in  dogs b y  the adm inistration o f  chlorpromazine. 
The difference in the len gth  o f survival betw een the untreated and th e  treated anim als 
w as statistica lly  significant. H isto logical changes in  the k idneys were slighter in the  
surviving anim als. Since chlorprom azine inh ib its the autonom ic subcortical centres, 
the fact that it  prevents acute renal failure points to the pathogenic role o f the autono
m ic nervous system  and of the increase in  sym pathetic  tone.

“ A cu te  renal fa ilu re”  is th e  te rm  app lied  b y  Sm ith  (1958) to  th e  fre 
q u e n tly  fa ta l synd rom e ch a ra c te riz e d  b y  th e  sud d en  onse t o f  oliguria an d  
u raem ia . P h il l ips  an d  H a m ilt o n  (1948) in d u ced  a s im ila r syndrom e in  
dogs b y  a te m p o ra ry  c lam ping  o f th e  ren a l a r te ry . I t  w as d e m o n s tra te d  b y  
O l iv e r  (1951) th a t  th e  h isto log ica l changes in  th e  k id n ey  o f  such  anim als 
w ere analogous to  th o se  o bserved  in  cases of h u m a n  acu te  re n a l failure.

In  an  earlier s tu d y  (B á l in t  et al. 1960) we clam ped th e  ren a l a r te ry  o f 
dogs accord ing  to  H am ilt o n  et al. (1948) u n d e r superfic ia l e th e r  anaesthesia  
a f te r  m orph ine  p re tre a tm e n t. T he an im als d ied  w ith  sy m p to m s of grave u ra e 
m ia , necropsy  rev ea led  w id esp read  ren a l co rtica l necrosis. O n th e  o th e r h an d , 
no u raem ia  developed  an d  th e  an im als  su rv iv ed  th e  lig a tio n  i f  i t  h ad  been  
perfo rm ed  u n d e r deep and  p ro longed  chloralose an aes th es ia . T his s trik ing  
d ifference in  su rv iv a l p o in te d  to  th e  in v o lv em en t of th e  c e n tra l  nervous a p p a 
ra tu s . T herefore, in  a th ird  g roup , th e  k id n ey  w as p ra c tic a lly  d en erv a ted  b y  
d iv id ing  th e  sp lanchn ic  nerve  a w eek before inducing  ren a l ischaem ia . A cu te  
ren a l fa ilu re  failed to  develop  also in  th is  g roup  (F e k e t e  et al. 1963).

T re a tm e n t w ith  ly tic  co ck ta il an d /o r ch lo rp rom azine  is an  efficacious 
fo rm  o f sy m p a th ico ly tic  th e ra p y  (V é g h e l y i et al. 1961). A cco rd ing  to  F o u r n e l  
(1952), H e r s h e y  an d  G u c c io n e  (1955) ch lo rp rom azine  p re v e n ts  th e  circu la
to ry  d is tu rb an ce  in  shock  an d  h as  been  found  b y  F o u r n e l  t h a t  i t  ac ted  as 
a sy m p a th o ly tic  ag en t, s im ilar to  d ibenzy lam ine  in  th is  re sp ec t. W e a tte m p te d  
to  use sy m p a th o ly tica l ch lo rp ro m az in  p rev en tio n  of u raem ia  b y  th e  help of 
deconnection  of th e  ce n tra l n erv o u s system
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Material and Method

Adult dogs of both  sexes were used in  the present study. The righ t kidney was rem oved  
from  the paracostal approach. Two weeks la ter , after pretreatm ent w ith  0.01 g/kg morphine 
and under superficial ether anaesthesia, the left renal hilum was exposed  and the renal artery 
clam ped for 2 hours. Su bsequently  the artery w as released and th e  wound was closed.

The first (control) group consisted o f 11 dogs. It was m entioned  in  our previous work 
(BÁLINT et a l. 1960): these  anim als received no treatm ent after th e  operation. The second  
group contained likewise 11 dogs. These anim als received slow intravenous infusion o f 1 m l 
ly t ic  cocktail (com posed o f  1 m g chlorprom azine, 1 mg prom ethazine and 2 m g pethidine) 
pro kg body weight after th e  closing o f the w ound, and during the n e x t  48 hours 5 intram uscular  
injections of 1 m l cocktail, each. R ectal tem perature was recorded serially and blood non- 
protein nitrogen was determ ined according to  Cl e g h o r n  and J e n d r a s s ik  (1934) every other 
day.

The X2 te st was used for statistical eva lu ation  of survival tim es. Survival was considered  
defin ite if  the anim al w as a live  on the 14th day  after the in tervention . The surviving anim als 
were killed on the 14th d ay . The kidneys of all animals were rem oved im m ediately  after 
death , em bedded in paraffin  and the sections were stained w ith  haem atoxylin -eosin .

Results

R esu lts , g ro u p ed  accord ing  to  le n g th  of su rv iv a l, a re  lis ted  in  Table I . 
N ine m em bers of th e  f ir s t  group d ied  betw een  th e  3 rd  a n d  9 th  d ay  a fte r  the 
in te rv e n tio n , an d  2 an im als  w ere k illed  on th e  14 th  d a y , w hereas only  one 
an im al died sp o n tan eo u sly  and  10 w ere k illed  on th e  1 4 th  d ay  in  th e  second 
g roup . T he difference in  th e  len g th  o f su rv iva l b e tw een  th e  tw o g roups was 
sign ifican t s ta tis tic a lly  (p < 0 .0 1 ) .

Table I

S u r v i v a l  o f  co n tro l ( m o r p h i n e  • e th e r )  a n d  te s t  a n im a ls  ( m o r p h in e  e th e r  l y t i c  c o c k ta i l )
p < 0 .0 1

Treatment Survival (days) Spontaneous
death No. of cases

Morphine -\- ether 2 9 и

Morphine -f- ether J ly tic  cocktail 10 1 ! и

Changes in  th e  N P N  level are  i llu s tra te d  in  F ig . 1. T he  n u m b er of days 
a fte r  com pression o f th e  renal a r te ry  is ind ica ted  on th e  abscissa, th e  N P N  
values are  in d ica ted  on  th e  o rd in a te . V alues found  in  th e  contro ls are show n 
b y  a d o tted  line.

T he N P N  v a lu e  v a ried  betw een  300 and 500 m g p e r 100 ml in  th e  con
tro l anim als w hich d ied  betw een  th e  3 rd  and  9 th  d a y  a f te r  th e  lig a tio n . N P N  
v alues found  in  th e  te s t  anim als are  in d ica ted  b y  a so lid  line ; these  values h ad  
ap p ro ach ed  th e  n o rm a l level b y  th e  1 4 th  day.

T he k idneys o f  an im als died b efo re  th e  14th d a y  p re sen ted  th e  follow ing 
p ic tu re . T he m ajo r p a r t ,  and in ce rta in  cases th e  w hole, o f  th e  surface d isp layed
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g rav e  necrosis. The co rtica l su b stan ce  on th e  cu t surface h a d  a yellow ish co lour 
a n d  a b lu rre d  s tru c tu re ; th e re  were h aem o rrh ag ic  spo ts 2.0 to  2.5 cm in d ia 
m e te r  in  th e  m ed u lla ry  su b stan ce . The glom eruli show ed, as a ru le, no g rav e  
h isto log ica l changes; h aem o rrh ag e  and  eosinophile ex u d a te  w ere in  som e cases 
fo u n d  in  B ow m an's  capsule. T he cy top lasm ic  s tru c tu re  o f th e  cells was disso-

Fig. 1. N on-protein nitrogen values in animals subjected to clam ping of the renal artery under  
ether anaesthesia after m orphine pretreatm ent (dotted  line). N on-protein  nitrogen values in  
anim als subjected to clam ping o f the renal artery under ether anaesthesia after m orphine  

pretreatm ent, and subsequently treated w ith  ly tic  cocktail (solid line)

d a te d  and  th e  nuclei failed to  sta in . The tu b u le s  were filled  p a r t ly  w ith  h o m o 
geneous and  p a r tly  w ith  g ra n u la r  m ateria l. A  ty p ica l exam ple  of th is  g roup  is 
show n in  F ig. 2.

The su rface  of th e  k id n ey  of th e  te s t  an im als h ad  a n o rm al colour in  
som e m em bers o f th is  g roup , a n d  was p a le r th a n  no rm al in  o th e rs . T he s tru c tu re  
h ad  d isap p eared  over an  area  th a t  covered from  1/3 to  2/3 o f th e  co rtex . T ubu les 
in  th e  in ta c t  a rea  s ta in ed  no rm ally , w hile in  th e  necrosed a rea  th e y  show ed
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no  nu c lear sta in in g  an d  rev ea led  signs o f s tru c tu ra l d is in teg ra tio n . T ubu les  
in  th is  area  w ere filled  w ith  calcified c lu m p s and  a hom ogeneous eosinophile 
m ass. A ty p ic a l exam ple  o f  th is  group is show n in F ig. 3.

Fig. 2. H istological picture o f kidney. The anim al was subjected to  com pression of the renal 
artery under m orphine-ether anaesthesia and died o f acute renal failure. N ote com paratively  
unim paired glom eruli. N o ep ithelium  is v isib le in  the convoluted tubules which are filled  w ith  

pale-red granulated cytop lasm . H aem atoxylin-eosin

Fig. 3. H istological picture o f k idney of anim al subjected to clam ping o f renal artery under 
m orphine-ether anaesthesia and treated w ith  ly t ic  cocktail. Nuclear staining in  the tubular  
cells is m ostly preserved; the epithelium  shows signs o f disintegration; the lumen has d isap

peared. N ote  darkly staining calcification  in  2 tubules. H aem atoxylin-eosin
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D iscussion

T h e  find ings h av e  m ade i t  e v id e n t th a t  th e  ly tic  cock ta il in h ib its  th e  
d ev e lo p m en t of ex p erim en ta lly  in d u c e d  acu te  ren a l fa ilu re . The N P N  level 
becam e n o rm al a f te r  14 days in m o s t cases and, in  c o n tra s t to  th e  u n tre a te d  
co n tro ls , th e  t r e a te d  anim als su rv iv e d  th e  clam ping o f th e  ren a l a r te ry .

O pin ions v a ry  regard ing  th e  m ech an ism  th ro u g h  w hich  ch lo rp rom azine  
in h ib its  th e  d ev e lo p m en t of renal fa ilu re . Sm all doses o f th e  d ru g  red u ce  th e  
sy n th es is  o f ad ren a lin e  and  reverse i ts  effect (K opera  1955). C h lo rp rom azine 
has acco rd in g  to  H exman and  W itt  (1955), a hypn o tic  effect, and  a f te r  its  a d 
m in is tra tio n  th e  E E G  is sim ilar to  t h a t  of n a tu ra l sleep. Several a u th o rs  r e 
g a rd  th e  b ra in  s tem  re ticu la r fo rm a tio n  as th e  d ru g ’s p o in t o f a t ta c k . W a se  
et al. (1956), ex p erim en tin g  w ith  lab e lled  ch lo rp rom azine  in  ra ts , fo u n d  th e  
iso to p e  a ccu m u la ted  in  th e  h y p o th a la m u s . D ecsi an d  MÉHES (1958) suggest 
th a t  ch lo rp ro m az in e  reduces o x id a tiv e  p h o sp h o ry la tio n  in  th e  b ra in , e sp ec ia l
ly  in  th e  h y p o th a lam u s . The d ru g  is know n  to  d im in ish  m etabo lism  a n d  to  
p a ra ly se  th e rm o reg u la tio n . No change o f tem p e ra tu re  w as observed  in  th e  p re s 
e n t ex p e rim en ts . P ro m eth az in e  a n d  p e th id in e , th e  o th e r  in g red ien ts o f  th e  
ly tic  cock ta il, a c t m erely  as a d ju v a n ts  of ch lo rp rom azine, th e ir  a n tih is ta -  
m inic a n d  h y p n o tic  effect is neglig ib le.

A ccord ing  to  F in c k h  (1962), a c u te  ren a l fa ilu re  is caused b y  to n ic ity  
changes o f th e  in tra re n a l vessels d u e  to  v aso co nstric tion . B o th  th e  p re se n t 
an d  o u r earlie r investig a tio n s p o in t to  th e  increased sy m p a th e tic  to n e  as a 
p a th o g e n ic  fa c to r  o f acu te  renal fa ilu re . C hlorprom azine is in h ib itin g  th e  in 
crease o f  sy m p a th e tic  tone , and it  seem s th a t  any  t r e a tm e n t ex ertin g  such  an  
effect is reduc ing  th e  possib ility  of th e  sy n d ro m e’s developm en t.
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A condition sim ilar to hum an acute renal failure has been induced in dogs by  
tem porary com pression o f the renal artery in superficial m orphine-ether anaesthesia. 
The sequelae were oliguria and azotaem ia, w ith  death  in a few days. Most o f the anim als 
survived if  th ey  had been subjected  to perirenal procaine infiltration  after releasing  
the renal artery. This treatm ent relieved the anuria, increased renal blood flow  and 
im proved the extraction  o f P A H . Procaine being a vasodilator substance it  has been  
concluded th a t anuria and azotaem ia follow ing renal ischaem ia are due to a constric
tion of renal vessels.

The syndrom e of a c u te  ren a l fa ilu re , ex p erim en ta lly  induced  in  dogs, 
h a s  been  discussed in  d e ta il in  several p rev ious p ap ers  ( B á l i n t  et al. 1954, 
1960, 1961). I t  w as found  t h a t  th e  rem oval o f a k id n ey  an d  com pression  fo r 
2 hours of th e  a r te ry  o f th e  rem ain in g  k id n ey  led  to  d e a th  in  a few days w hen  
th e  a rte ria l c lam ping  w as p e rfo rm ed  u n d e r superfic ia l e th e r  an aesth esia  a fte r  
m orph ine  p re tre a tm e n t. T h e  an im als died  w ith  sy m ptom s of a n u ria  and a z o t
aem ia ; post-m ortem  e x a m in a tio n  revealed  in  th e  k id n ey  h isto log ica l changes 
s im ila r to  those  assoc ia ted  w ith  h u m an  acu te  ren a l fa ilu re . T he an im als su r
v iv ed  if  com pression of th e  re n a l a r te ry  h a d  b een  perfo rm ed  in  deep chloralose 
an aesth esia  ( B á l i n t  et al. 1960) or if, before  th e  in te rv e n tio n , th e  sp lanchn ic  
n e rv e  h ad  been d iv ided  ( F e k e t e  et al. 1964), or th e  k id n ey  d e n e rv a ted  p h a rm a 
cologically ( T a r a b a  1964). I t  w ould , th u s , seem  th a t  neurogen ic  fac to rs w ere 
invo lved  in  th e  m echan ism  o f th e  syndrom e. T he oliguric an d  azo taem ic s ta te  
w as tra n s ie n t in  th e  an im als  m en tio n ed  above, th e ir  k id n ey  show ed slig h te r 
changes, and  su rv iv a l w as s ig n ifican tly  longer, th a n  in  th e  prev ious group .

F ac to rs  re leasing  shock  or inducing  acu te  ren a l fa ilu re  are  well know n  to  
give rise to  o ligaem ia, a d im in u tio n  of ca rd iac  o u tp u t a n d  ren a l ischaem ia  
( B r u l l  et al. 1950; P h i l l i p s  et al. 1946). L a u s o n  et al. (1944) found  th a t  th e  
r a te  of g lom erular f i l tra tio n  (G F R ) and  effective p lasm a flow  (E P F ) were d im in 
ished  in  p ro p o rtio n  to  th e  in te n s ity  of shock. B y  th e  use of u p -to -d a te  p ro ce 
du res it was revea led  th a t ,  in s te a d  of th e  assum ed  com plete  ren a l ischaem ia, th e  
decrease in  ren a l b lood flow  (R B F ) was n o t m ore th a n  40 to  60 per cen t in  
an im als ( B á l i n t  et al. 1961; S e l k u r t  1945) an d  also in  h u m an s ( M u n c k  1958; 
R e u b i  et al. 1962; S h a l d o n  et al. 1962). T he co m p ara tiv e ly  u n im p a ired  R B F  
w as associated  w ith  a d isp ro p o rtio n a te ly  red u ced  G F R , a sign p o in tin g  to
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a spasm  of th e  a ffe re n t vessels. Since g lom eru la r f i l tra tio n  am o u n ts  in  these  
co n d itio n s to  a f ra c tio n  o f th e  n o rm al, th e  d ev e lo p m en t o f o liguria a n d  azo- 
ta e m ia  seems to  be u n av o id ab le .

P rocaine, as a n  a g e n t of d e n e rv a tio n , is well know n . Osstpov (1962), 
fo r exam ple, in tro d u c e d  a 0.25 p er c e n t so lu tio n  of p ro ca in e  p a re n te ra lly  w ith  
sa tis fa c to ry  resu lts  in  cases of tra n sfu s io n  shock. F r i i s  (1949) recom m ended  
in tra v e n o u s  p rocaine  fo r  th e  t r e a tm e n t o f an u ria  caused  b y  su lp h a th iazo le , 
w hile  L a n g e r o n  et al. (1946) used i t  successfu lly  fo r th e  purposes o f tissue  
in filtra tio n .

T he p resen t s tu d y  w as designed to  es tab lish  th e  effect of p roca ine  on th e  
ex p e rim en ta lly  in d u ced  anuric  s ta te  in  dogs.

Material and Method

Dogs of both sexes, w ith  body w eights from  12 to 20 kg, were nephrectom ized from  the  
right paracostal approach. A fter 2 weeks, m em bers of the control group (11 anim als) were 
pretreated w ith 0.001 g /kg  m orphine; the hilum  o f the rem aining left k idney was exposed w ith  
utm ost precaution and th e  renal artery clam ped under superficial ether anaesthesia. The artery  
was released, renal circu lation  restored and the w ound closed after 2 hours o f com pression. 
The te st  anim als (14 dogs) w ere treated sim ilarly but w ith  the difference th at, after the release 
of the renal artery, the fibrous capsule o f the k id ney  and the perihilar connective tissue were 
in filtrated  w ith 70 to 90 m l o f  0.5 per cent procaine. Blood non-protein nitrogen (N P N ) was 
determ ined according to  C l e g h o r n  and J e n d r a s s i k  (1934) every second day.

A total of 9 acute experim ents were carried out on the surviving anim als. Under chlora- 
lose anaesthesia the left renal vein was connected to the left jugular vein  by m eans o f a poly
ethylen e T cannula and renal blood flow  (R B F djr) was estim ated. For the details o f th is proce
dure see B á l i n t  and F e k e t e  (1960). Arterial pressure was determ ined b y  a m ercury m ano
m eter. B lood samples ob ta ined  sim ultaneously from  the fem oral artery and the renal vein  were 
used for determ ining th e  extraction  of inu lin  (Ejn) and paraam inohippuric acid ( Fp,\i l)- 
W e com puted the so-called direct clearance (C;n) b y  means of the form ula C =  KIM'- К : the  
product o f the directly m easured RPF and the extraction  of a given substance gives the clear
ance o f  th at substance. U rine w as collected b y  m eans of an ureteric catheter. S tatistical eva lu a
tio n  w as performed w ith  th e  X2 test and Student's  t-test.

Results

Table I  shows re su lts  according to  su rv iv a l. T he c rite r io n  of su rv iv a l w as 
t h a t  th e  an im al w as a live  on th e  14 th  d a y  follow ing com pression  of th e  ren a l 
a r te ry . I t  has been re p o r te d  ( B á l i n t  et al. 1960) th a t  from  th e  11 an im als sub-

ТаЫе I

Intervention Total D eath Survival

Compression of renal artery under morphine-ether 
anaesthesia l i 9 2

The same plus perirenal procaine infiltration 14 4 10

p  < 0 . 0 1
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je c te d  to  a c lam ping  of th e  renal a r te ry  u n d e r  m o rp h in e -e th e r an aes th es ia  2 
anim als su rv iv ed  an d  9 an im als died b e tw een  th e  3rd  an d  9 th  day. O f th e  14 
anim als in  th e  p re sen t exp erim en ta l g roup , 10 su rv iv ed  an d  4 died. T he d iffe r
ence in  th e  tim e  o f su rv iv a l betw een  th e  tw o  groups, w as sign ifican t s ta t i s t i 
cally  (p < 0 .0 1 ) .

Fig. 1

F ig . 1 i l lu s tra te s  th e  behav iou r o f N P N  up to  th e  14th  day  a fte r  ren a l 
c lam ping . T h e  con tro ls w ith  tw o excep tions ex h ib ited  h igh  values before d e a th  
(250 to  400 m g per 100 m l). A fter an in itia l rise, N P N  d im inished  in  th e  te s t  
group an d  ap p ro ach ed  th e  norm al value b e tw een  th e  1 0 th  and  14th day . (T he 
fo u r an im als of th is  g roup  w hich died h a d  a h igh  N P N  level.)

Table I I  show s th e  re su lts  of th e  a c u te  ex p erim en ts  w ith  th e  m eans an d  
sca tte rin g s . D a ta  o b ta in e d  from  th e  su rv iv in g  an im als were co m p ared  (i) 
w ith  tho se  o f th e  g rav e ly  azo taem ic con tro ls  (i.e. th e  an im als in w hich th e  ren a l 
a r te ry  h ad  been  c lam ped  in  superficial m o rp h in e -e th e r anaesthesia  w ith o u t 
su b seq u en t p rocaine  t r e a tm e n t;  th e  N P N  level reach ed  225 m g per 100 m l in
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Table II

A fter compression of renal artery
Controls (after rem oval 

of righ t kidney)untreated trea ted  with procaine

n 18 9 8

A rterial pressure mm H g 105 ±  3 101 ±  5 104 ±  5

R B F , ml/100 g 229 ±  24 290 ±  37 457 ±  29

■^ren-kg- 4.65 ±  1.33 232 ±  0.23 1.38 ±  0.26

e p a h 0.08 ±  0.02 0.30 ±  0.05 0.68 ±  0.03

E in 0.05 ±  0.01 0.05 ±  0.02 0.19 ±  0.03

C in 7 ± 3 11 ± 4 57 ± 9

V  ml/min 0.08 ±  0.02 0.34 ±  0.15 1.01 ±  0.25

V alues of R B F, V m l/m in  and Cjn are referred to  100 g kidney weight.
Rren kg = relative resistance per 1 kg k idney w eight. Q uotient of arterial pressure and R B F  
per sec, m ultiplied by 0.1

th e se  an im als); (ii) w ith  th e  d ata  o b ta in ed  from  u n ila tera lly  n ep h rectom ized  
b u t otherw ise n orm al an im als. T h is seco n d  control group in clu d ed  th o se  
an im als o f our p reced in g  stu d y  (B á l in t  et al. 1961) on w hich  th e  acu te  ex p e r i
m en t had  b een  carried  o u t w ith o u t p rev io u s  com p ression  o f  th e  artery  o f  th e  
rem ain ing  k id n ey .

I t  is ev id en t from  Table I I  t h a t  a r te r ia l  p ressure w as co m p arab le  in  all 
g roups. In  acu te  re n a l fa ilu re , th e  R B F  p e r  100 g k idney  w e ig h t (i.e . a b o u t 50 
p e r  cen t of th e  c o n tro l v a lue) increased  b y  a b o u t 30 per c en t on a single t r e a t 
m e n t w ith  procaine . R e la tiv e  resis tan ce  p e r  1 kg k idney  w eig h t in  th e  azo tae- 
m ic anim als w as s ig n ifican tly  h igher th a n  in  th e  contro ls, a n d  decreased  consi
d e ra b ly  u n d e r th e  e ffec t of p ro c a in e .Е Рд н , w hich  reg isters tu b u la r  fu n c tio n , 
s ig n ifican tly  in creased  in  th e  anim als tr e a te d  w ith  p rocaine (p > 0 .0 1 ) , a lth o u g h  
i t  s till rem ained  s ig n ifican tly  low er th a n  in  th e  contro ls (p > 0 .0 0 1 ) . E ;n h a d  
th e  sam e v alue  in  t r e a te d  an d  n o n - tre a te d  an im als; since in  th e  fo rm er th e re  
w as a 30 per cen t rise  in  R P F , th e  a m o u n t o f  f i l tra te  increased . T he im p ro v e 
m e n t of h aem o d y n am ic  cond itions m a n ife s te d  itse lf m ost c learly  in  d iu resis ; 
o liguria  ceased in  th e  te s t  anim als. T h e  v a lu e  o f Y /m in w as 0 .3 4 ^ 0 .1 5  m l/m in  
a g a in s t 0 .0 8 ^ 0 .0 2  in  th e  contro ls (p < 0 .0 2 ) .

D iscussion

N erve end ings are  p a ra ly sed  an d  v aso co n stric tio n  is in h ib ite d  b y  p r o 
ca ine ; th e  d rug , th e re fo re , is w idely  em p lo y ed  as a sy m p a th ico ly tic  ag en t.
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T h e so -ca lled  se lf-regu la tion  o f th e  k id n e y  is su spend ed  b y  procaine (W a u g h  
an d  S h a n k s  1960); va so co n str ictio n  is p a rtly  or co m p lete ly  in h ib ited , and th e  
ren a l v esse ls  b eh ave a lm o st lik e  e la stic  tu b es (B r u ll  et al. 1955).

Since ren a l ischaem ia  of 2 h ou rs d u ra tio n  was in d u ced  in  b o th  th e  ex p eri
m e n ta l an d  th e  co n tro l an im als, d ifferences in su rv iv a l and ren a l fu n c tio n  m u st 
h av e  b een  due to  th e  procaine tre a tm e n t .  P rocaine in f iltra tio n  p re v e n te d  th e  
tra u m a  from  becom ing  fa ta l in  m ost cases. Changes in  ren a l haem o d y n am ics 
w ere considerab ly  less sign ifican t in  th e  p ro c a in e -trea te d  an im als th a n  in  th e  
u n tre a te d  contro ls. T h is phenom enon  w as p resu m ab ly  due  to  th a t  ischaem ia  
w hich  o therw ise follows th e  com pression  of th e  ren a l a r te ry  is less severe if  
th e  to n e  of th e  a ffe ren t vessels is low ered  b y  p rocaine . P rocaine  in f iltra tio n  
th u s  lessens p ost tra u m a tic  ischaem ia  an d  vaso co n stric tio n , p ro m o tes  g lom eru
la r  f i l tra tio n  and  d iuresis.

T h e  im p ro v em en t of ren a l fu n c tio n  and  th e  su rv iv a l of an im als a f te r  
t r e a tm e n t  w ith  p rocaine  ju s tify  th e  conclusion th a t  p o s t- tra u m a tic  a n u ria  is 
due  to  v asoconstric tion .

F in c k h  et al. (1962) have d e m o n s tra te d  th a t  th e  d ev e lo p m en t of acu te  
ren a l fa ilu re  in hu m an s is due to  d is tu rb an ces  of c ircu la tio n , in tra rc n a l c ircu 
la tio n  in  p a rtic u la r . R B F  rem ains essen tia lly  sa tis fac to ry , w hile f i l tra tio n  is 
s ig n ifican tly  decreased w ith  th e  re su lt t h a t  th e  renal tissu es  are  g rav e ly  in ju red . 
U n ch an g ed  R B F  w ith  reduced  f i l t ra t io n  po in ts  to  a d is tu rb an ce  in  th e  to n ic ity  
of a ffe re n t an d  efferen t arterio les, in  o th e r  w ords a co n stric tio n  o f th e  prae- 
g lo m eru la r vessels and  a lack  of th e  u su a l ba lanced  to n e  in  th e  p o stg lo m eru la r 
vessels. A. lesion of th e  g lom erular m em b ran e  m igh t also occur. A ccord ing  to  
ou r re su lts , th e  deconnection  of th e  sy m p a th e tic  n ervous sy stem  p re v e n ts  
th e  d is tu rb an ce  of a rte rio la r  to n ic ity .
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(R eceived A ugust 9, 1963)

The effect on dextran anaphylactoid inflam m ation of certain com pounds, known 
to  block glucose m etabolism , has been investigated . M alonic acid, m aleic acid, arsenate 
and fluoride, adm inistered in non-toxic doses, in tensively  inh ib ited  the developm ent of 
dextran oedema.

The inh ib itory effect o f m alonic acid could be suspended w ith  fum aric acid and 
succinic acid. The above m etabolic poisons block in ten sive ly  the oedem a-enhancing  
action of insulin.

The potential role in the antiphlogistic  effect o f the inh ib ition  o f glucose m etabo
lism  is discussed.

M any repo rts  a n d  observations h a v e  po in ted  to  th e  close co rre la tio n  be
tw een  an tip h log istic  effect and  th e  e ffec t on c a rb o h y d ra te  m etab o lism . This 
is i llu s tra te d  b y  th e  exam ple  of th e  n a tu ra l  and  sy n th e tic  g lucocorticoids, 
wdiose ac tion  on c a rb o h y d ra te  m e tab o lism  is an  in d ic a to r  an d  p e rm an en t 
fe a tu re  o f th e  an tip h lo g is tic  effect. O n th e  o th e r h an d , in  c e r ta in  patho log ica l 
co n d itions involv ing  d iso rders of c a rb o h y d ra te  m etabo lism  (d iab e tes  m ellitus, 
Gierke's disease) th e  course of th e  in f la m m a to ry  reac tio n s is d iffe ren t from  th e  
u sual.

G o t h  et al. (1957) an d  A d a m k i e w i c z  (1959) h a v e  re p o rte d  t h a t  d ex tran  
does n o t produce a n a p h y la c to id  o edem a in  an im als w ith  a llo x an  d iabetes. 
A t th e  sam e tim e, hypog lycaem ic  ag en ts  (insulin , a n tid ia b e tic  su lfonam ides) 
p o te n tia te  th e  te n d e n c y  to  oedem a fo rm a tio n  ( A d a m k i e w i c z  et al. I960; 
A d a m k i e w i c z  and  L a n g l o i s  1960; A d a m k i e w i c z  a n d  A d a m k i e w i c z  1960). 
T he above au tho rs also  succeeded in  p re v e n tin g  th e  d e v e lo p m en t o f d e x tra n  
oedem a b y  glucose in fusion .

In  our in v estig a tio n s concerning th e  co rre la tion  b e tw een  th e  an tip h lo 
g istic  effect and  th e  e ffec t on c a rb o h y d ra te  m etabo lism  a s ig n ifican t step  has 
been  ach ieved  b y  th e  d iscovery  of a new , h igh ly  effective co m p o u n d , Gy-97 
( G ö r ö g  et al. 1963), w h ich  is an  an tip h lo g is tic  ag en t an d  has a t  th e  sam e tim e 
s ig n ifican t effect on c a rb o h y d ra te  m etab o lism . On th e  basis o f th e  above d a ta  
an d  som e stud ies concern ing  th e  effect o f an tip h lo g is tic  ag en ts  on c a rb o h y d ra te  
m e tab o lism  we have a rriv ed  a t  th e  conclusion  th a t  th e  an tip h lo g is tic  effect 
an d  th e  in h ib ito ry  a c tio n  on c a rb o h y d ra te  m etabo lism  w ere co rre la ted  w ith  18

18 Acta Physiologica XXVI/3.
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each  o ther. S ta r tin g  o u t from  th is  a ssu m p tio n , we h av e  in v e s tig a te d  th e  effect 
o f  ag en ts  know n to  po ison  glucose o x id a tio n  on th e  d e x tra n  a n ap h y lac to id  
in fla m m a tio n  m odel.

M aterials and Methods

Organic dicarbonic acids: sodium  succinate, sodium  m alonate, sodium  m aleinate (B D H ). 
W e used N a2H A s0 4 as arsenate, N aF  as fluoride.

Anaphylactoid oedem a was induced b y  injecting dextran ( Fluka ), 1 m l o f a 6 per cent 
so lu tion  in physiologic NaC l solution per 100 g body weight intraperitoneally  in to  male Wistar  
ra ts weighing 120 to 180 g. The degree o f generalized oedem a w as assessed b y  measuring the  
vo lum e of the hind leg.

In the insulin experim ents dextran was adm inistered in travenously , h a lf an hour after 
the subcutaneous in jection  o f 4 U /100 g o f  insulin . The intravenously  in jected  300 Ilii dose o f  
d extran  by itself, w ith ou t insulin , produced neither oedem a, nor hyperaem ia in  the extrem ities. 
In  th ese  experim ents we assessed the e x ten t o f the fast-develop ing oedem a b y  inspection, in 
stead  o f by volum etric m easurem ent. A ccording to G ö z s y  and Kató (1960) we inspected the  
four lim bs and the nose and graded the inflam m atory reaction 0 to 100 per cent. The m ean o f  
th e  5 values thus obtained  showed the in ten sity  o f the in flam m atory reaction  in the given  
anim al.

Results

In  the  f irs t s te p  we ex am in ed  th e  effect o f com pounds w ellknow n to  
po iso n  glucose o x id a tio n . As th e  d a ta  in  Table I  in d ic a te , m ale ic  acid, m alonic  
ac id , a rsenate  an d  flu o rid e  in h ib ite d  th e  d eve lopm en t of d e x tra n  a n a p h y l
a c to id  oedem a a t  co n cen tra tio n s  m u ch  low er th a n  th e  to x ic  ones. In  th e  case 
o f  h ig h  doses of a rse n a te  th e  o edem a appeared , b u t  m u ch  la te r  a n d  w ith  m uch  
less in ten s ity  th a n  in  th e  con tro ls. I n  th e  case of th e  o th e r in h ib ito rs  no oedem a 
a p p ea red .

Table I

Compound
Dose mg/kg 

subcutaneously
Number of 
experiments Oedema /̂1

Control — 25 438 ±  12.4

5 8 195 ±  8.2
M alonate 25 10 103 ±  6.6

100 10 46 i  4.4

Maleinate
100 10 71 ±  6.8

300 10 33 ±  2.4

2 7 240 ±  7.6
Arsenate 6.6 10 97 ±  5.9

20 10 61 ±  5.7

Fluoride 20 10 10 ±  2.1
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W e have con d u cted  ex p e rim en ts  to  de te rm ine  how  fu m aric  acid  an d  
succ in ic  acid — m em bers of th e  c itr ic  acid cycle — w ould  influence  th e  a n t i 
o edem a effect of m alonic acid. T h e  d a ta  in  Table I I  show  th a t ,  w hen ad m in is
te re d  to g e th e r w ith  m alonic ac id , fu m a ra te  a lm o st co m ple te ly  b locked  th e  
an ti-o ed em a effect of th e  la t te r .  I n  th e  presence of fu m a ra te , m alonic acid 
b locked  th e  deve lopm en t of oedem a in  doses ab o u t tr ip le  th e  orig inally  effective 
one. S uccinate  ac ted  th ree  tim es less p o te n tly  th a n  fu m a ra te  in  th is  respec t.

Table II

Malonate mg/kg, 
subcutaneously

Fumarate mg/kg 
intraperitoneally

Succinate
mg/kg-intraperitoneally

Number of 
experiments

Inhibition of 
dextran oedema, 

per cent

100 — _ 15 85 ±  5.3

100 100 — 10 8 ±  1.1

300 100 — 9 83 ±  4.7
100 — 100 10 34 ±  3.6

100 — 300 10 3 ±  0.2

As th e  d a ta  in  Table I I I  in d ic a te , in  in su lin -trea ted  an im als th e  su b m in i
m al d e x tra n  dose produces s ig n ifican t generalized oedem a in  7 to  15 m inu tes 
a f te r  th e  in jec tio n . In su lin  does n o t p o te n tia te  oedem a fo rm a tio n  in  anim als 
p re - tre a te d  w ith  th e  glucose m etab o lism  poisoning ag en ts  te s te d .

Table III

Compounds Dose, mg/kg, 
intraperitoneally

Number of 
experiments

Intensity of inflammatory reaction

15 minutes 30 minutes 60 minutes

Control — 16 65 75 72

M alonate 100 10 10 0 0

M aleinate 100 10 25 10 12

Arsenate 5 8 14 0 0

Fluoride 10 10 10 10 0

D iscu ssio n

Several in flam m atio n  m odels are  used ex tensive ly  in  th e  search  for new  
an tip h lo g is tic  com pounds. A lth o u g h  th e y  b ear resem blance  to  it, th e y  are 
n o t  id en tica l w ith  th e  a r th ritid e s  occurring  in h u m an  p a th o lo g y . M oreover, 
th e re  are  g rea t v a ria tio n s  in th e  e x te n t  to  w hich th e  d iffe ren t ph logistic  agen ts 
c a n  he  in h ib ited . In  th e  p resen t ex p erim en ts  we h av e  succeeded  in  in h ib itin g

18 *
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th e  developm ent o f d e x tr a n  an ap h y lac to id  in flam m atio n  b y  th e  use of com 
p o u n d s  acting  as m e tab o lic  poisons. O ur choice has been  ju s tif ied  by  the fact 
th a t  m o st of th e  d a ta  re la tiv e  to  th e  co rre la tio n  be tw een  glucose m etabo lism  
an d  experim en ta l in fla m m a tio n  are b ased  u p o n  th e  in fluence  on a n ap h y lac to id  
in flam m atio n . In  th e  m echan ism  of a n ap h y lac to id  in fla m m a tio n , h istam ine  
lib e ra tio n  has a s ig n if ican t role to  p lay , like in  p rac tica lly  every  ty p e  of experi
m e n ta l in flam m ation . S tu d ie s  in  vitro on h is tam in e  lib e ra tio n  in  an ap h y lac to id  
re a c tio n s  have revealed  th a t  general m etabo lic  poisons (K C N , u ra n y l n itra te ), 
as w ell as com pounds sp ecifica lly  poisoning  glucose o x id a tio n  (m onoiodoaceta te  
m a lo n ic  acid) block t h a t  process req u irin g  m uch energy  (M o u ssa tc h é  and  
P ro w o st -D ano n  1958; Ch a k r a v a r t y  1960). W ith in  aerob ic  o x id a tio n , th e  
c itr ic  acid cycle has a sign ifican t role in  th e  lib e ra tio n  of h is tam in e  (Mo u s
sa t c h é  an d  P ro w o st- D a n o n  1958).

T he above h y p o th e se s  have been su p p o rted  b y  our p re se n t re su lts , no
ta b ly  th a t  the effect o f  m alonic  acid in h ib itin g  a n a p h y la c to id  oedem a can he 
su sp en d ed  by  succinic a c id  and  fum aric  acid. I t  has b een  show n nam ely  th a t  
in  a llo x an  diabetes th e  c itric  acid cycle is b locked, on th e  one h a n d , and  th a t  
in su lin  enhances g lucose o x id a tio n  m ain ly  b y  s tim u la tin g  th e  c itric  acid cycle, 
on th e  o ther.

I t  has been d e m o n s tra te d  b y  d irec t te s ts  (R é d e i  et al. 1961) an d  confirm ed 
b y  o u r p resen t re su lts  t h a t  insulin  does n o t p o te n tia te  d e x tra n  oedem a by  
in c reas in g  th e  en tran ce  o f  d e x tra n , a glucose po lym er, in to  th e  cell. T he decisive 
fa c to r  in  th e  o e d e m a -p o te n tia tin g  effect of insu lin  seem s to  be th e  increase o f 
g lucose oxidation . T h y ro x in e  and  T S H  enhance  oedem a fo rm a tio n  in  a sim ilar 
w ay  (U ngar  et al. 1951).

Several h y p o th eses  m ay  be p u t fo rw ard  to  exp la in  how  th e  in h ib itio n  of 
glucose ox idation  b y  th e  know n an tip h lo g is tic  agen ts an d  o th e r  com pounds in 
h ib itin g  experim en ta l in flam m atio n s is co rre la ted  w ith  th e  an tiph log istic  
a c tiv ity . The in h ib itio n  o f h istam ine  lib e ra tio n  is m erely  one of th em , and  
a lth o u g h  the  role of h is ta m in e  in  th e  in fla m m a to ry  process is su b je c t to  debate , 
i t  u n d o u b te d ly  p lays a ro le  in  experim en ta l in flam m atio n s.
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Studying the adrenergic beta receptors o f the cat’s n ic tita tin g  membrane, 1- and 
d,l-isoprenaline have been shown to cause relaxation of the contraction  induced by  
cervical sym pathetic stim ulation , adrenaline infusion, am phetam ine, ergotam ine and 
tolazoline. D ichloroisoproterenol antagonized the above effects.

As early  as 1906, D ale  (1906) d is tin g u ish ed  betw een e x c ita to ry  and  in h ib 
ito ry  ad renerg ic  recep to rs. O n th e  basis o f th e ir  re la tive  re a c tiv i ty  to  a series 
o f sy m p a th e tic  am ines, A h l q u ist  (1948, 1962) classified th e  adrenerg ic  recep 
to rs  in to  a lpha  an d  b e ta  ty p es . A ccording to  th is , th e  ad ren erg ic  effects causing  
v aso co n stric tio n , c o n trac tio n  of th e  n ic ti ta tin g  m em brane a n d  u te ru s , m y d r ia 
sis, re la x a tio n  of th e  bow els, i.e. ex ertin g  an  ex c ita to ry  a c tio n  excep t on in te s 
tin a l fu n c tio n , w ould  be th e  re su lt o f a lp h a  recep to r e x c ita tio n , w hereas th e  
adrenerg ic  effects p roducing  v a so d ila ta tio n , b ronch ia l d ila ta tio n , re lax a tio n  of 
th e  u te ru s  an d  s tim u la tio n  o f th e  h e a r t, i.e. tho se  of in h ib ito ry  n a tu re  excep t 
for th e  ac tio n  on th e  h e a rt, w ould  arise as a re su lt of b e ta  re c e p to r  ex c ita tio n . 
T he single o rgans, and  even th e  single p a r ts  o f th e  vascu la r a rea  involved, give 
decisively a lp h a  or b e ta  ty p e  responses (e.g. th e  k idney show s responses m ain ly  
o f th e  a lpha  ty p e , th e  h e a r t m ain ly  of th e  b e ta  type).

T he ad renerg ic  m ed ia to r  substances d iffer in th e ir  ac tio n s  on th e  a lp h a  
an d  b e ta  recep to rs  and  in  th e ir  a ffin ity  to  th e  la tte r . N o rad ren a lin e  is a p o te n t 
a lp h a -ty p e  ag en t, isoprénaline  is a p o te n t b e ta - ty p e  one, w hile ad renaline  has 
m ixed  effects.

A ccord ing  to  A h l q u ist ’s classifica tion  (1948, 1962;, th e  n ic tita tin g  m em 
b ra n e  is an  o rg an  possessing a lp h a  recep to rs : i t  responds b y  c o n trac tio n  to  m o st 
o f th e  sy m p a th e tic  am ines an d  to  m an y  o th e r  substances. In  som e cases, ho w 
ever, i t  could  be su b s ta n tia te d  th a t  th e  n ic tita tin g  m em b ran e  con tained  no t 
on ly  a lpha  recep to rs. I t  h as  been  show n th a t  adrenaline cau sed  re lax a tio n  of 
th e  n ic ti ta tin g  m em brane in  response to  ergotoxin  (R o se n b l u e t h  1932; 
A c h eso n  1940), ergo tam ine  (B acq 1934) a n d  cocaine (R y a l l  1961). One o f us 
(Gyö rg y  1957) has observed  th e  sam e effect a fte r t r e a tm e n t w ith  to lazo line 
an d  F-933.
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On the basis  o f th eo re tica l co n sidera tions, iso p rén a lin e , active p re p o n 
d e ra n tly  on th e  b e ta  ad renerg ic  recep to rs , w ould be m ore  likely  to  e x e r t an  
e ffec t of sim ilar n a tu re .  K onzett (1941) claim ed th a t  th is  com pound h a d  no 
e ffec t on the  n ic t i ta t in g  m em brane, b u t  LtssÁK et al. (1944, 1946) observed  
th a t  isoprénaline e x e r te d  an  in h ib ito ry , re la x a n t effect on th e  in n e rv a ted  an d  
d e n e rv a te d  n ic ti ta tin g  m em b ran e  of th e  c a t, a fte r t r e a tm e n t  w ith  p h e n y le p h 
rin e . T hompson  (1958) fo u n d  th a t isop réna line  re laxed  th e  lysergic acid d ie th y l- 
am ide-induced  c o n tra c tio n  of th e  iso la ted  n ic tita tin g  m em b ran e  of th e  ca t. 
W alz and M a e n g w y n - D a v ie s  (1960) observed  such an  effect of isop rénaline  
on th e  dog’s n ic t i ta t in g  m em brane. S chm itt  and  S ch m itt  (1960) p ro d u ced  
b y  th e  use of iso p rén a lin e  a ty p ica l b e ta  ex c ita tio n , i.e. a re lax a tio n  in h ib ite d  
b y  d ich lo ro isop ro te reno l (DCI) during  th e  la s tin g  c o n tra c tio n  of th e  n ic ti ta tin g  
m em b ran e  induced  b y  con tinuous s tim u la tio n  of th e  cerv ical sy m p a th e tic  
n erv e .

In  general, d ,l-iso p ren a lin e , th e  racem ic  v a r ia n t o f  th e  com pound, has 
b een  used in  th e  in v e s tig a tio n s . L u d u e n a  (1962) has show n th a t  the  ac tiv e  an d  
specific  be ta  s t im u la to r  com pound is 1-isoprenaline, th e  d-form  had beside  
a w eak  b e ta -s tim u la n t effect also an  alpha-b lock ing  a c tiv ity . For th is  reaso n  
th e  resu lts  o b ta in ed  b y  th e  use of d ,1-isoprenaline shou ld  be revised, because  
in  som e effects th e  a lp h a  blocking a c tiv i ty  of d -isop rena line  m ay also p lay  
a role.

In  our e x p e rim e n ts  we w ished to  inv estig a te
1. under Avhat co n d itions are th e  b e ta  recep to rs p resu m ab ly  p re se n t in  

th e  n ic tita tin g  m e m b ra n e  d em onstrab le , a f te r  w h a t ty p e s  of co n trac tio n  does 
isoprénaline, or e v e n tu a lly  ad renaline , cause re la x a tio n  of th e  n ic t i ta t in g  
m em brane?

2. how specific  a re  these  effects, i.e. are th e y  in h ib ite d , and to  w h a t ex 
te n t ,  by  DCI, a sp ec ific  b e ta  an tag o n is t?

3. is th ere  a n y  sign ifican t d ifference betw een  d,l- a n d  1-isoprenaline in  
th e ir  actions on th e  n ic ti ta tin g  m em brane?

M ethods

A total of 53 cats o f  either sex anaesthetized  w ith  chloralose -(- urethane (50 and 400 
m g/kg, respectively), or decap itated  by the intracysternal adm inistration of 20 per cent M gS 04 
under superficial ether narcosis were used. B lood pressure was recorded from the cannulated  
com m on carotid by m eans o f  a mercury m anom eter. The contractions o f the n ictitating m em 
brane were recorded kym ograph ically  (isotonic lever; transm ission 1 ; 12). The test com pounds 
were injected into the r igh t fem oral vein, in som e experim ents adrenaline was infused in to  the  
le ft  femoral vein. A t th e  beginn ing of the experim ent 5 m g/kg heparin w as injected. The cervi
cal sym pathetic fibre w as stim ulated  preganglionarly (1 to 4 V olts, 4 to  8 c/s, 0.15 to 0.3 m sec).

The com pounds used  were d,1-isoprenaline HC1 (Propylon, E G yT ), 1-isoprenaline b itar
trate  (Isolevin, Cilag), 1-adrenaline HC1 (R ichter), am phetam ine su lphate (Aktedron, Chinoin), 
ergotam ine tartarate (E rgam , R ichter), tolazoline HC1 (Tolazolin, E G yT ), dichloroisoproterenol 
(DC I) (Boehringer), heparin  (R ichter) and cocaine HC1.

The solutions o f  adrenaline and isoprénaline were prepared fresh ly and stabilized w ith  
ascorbic acid, 0.1 per cen t.
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Fig. 1. Cat, 3500 g. Chloralose-urethane anaesthesia. Signs, in downward order: N ic tita tin g  
membrane, blood pressure, tim e signal on the 0 line in  m inutes. ( f  ) stim ulation (1.2 V , 8.2  
H z, 0.29 m sec), ( J, ) stim ulation discontinued. IS =  d,l-isoprenaline. The interval betw een  

a and b is 8', during which tim e the anim al received 1 m g/kg DCI

Results
In  a n aes th e tized  and  d ecap ita ted  ca ts  we exam ined  th e  effects of 1- and  

d ,l-isoprenaline , as well as of 1-adrenaline on th e  tone  of th e  n ic tita tin g  m e m 
b ran e  during  pregang lion ic  cervical sy m p a th e tic  s tim u la tio n  and  ad ren a lin e  
infusion , as well as a fte r  one in jec tion  of a m p h e ta m in e , e rgo tam ine  or to lazo - 
line. (Isop rénaline  h ad  no effect on th e  n ic t i ta t in g  m em brane of n o n -p re tre a te d  
anim als.)

1. Preganglionic stim ulation  o f  the cervical sym pathetic nerve. C on tinuous 
preganglionic s tim u la tio n  of th e  cervical sy m p a th e tic  nerve  caused la s tin g  
co n trac tio n  of th e  n ic tita tin g  m em brane, re lax ed  tem p o ra rily  b y  5 to  50 /rg /kg 
doses of b o th  1-and d ,l-isoprenaline. T his effect was in h ib ite d  b y  1 m g /k g
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F ig. 2. Cat, 3000 g. Chloralose-urethane anaesthesia . Signs, in downward order: N ictita tin g  
m em brane, blood pressure, tim e signal on 0 line in  m inutes. From  ( |  ) adrenaline infusion  
{9.8 /(g/kg/m in) till the end o f experim ent. D uration  of interval betw een a and b, 11'. 1 — IS =

d ,l-isoprenaline

DCI in trav en o u sly  { F ig . 1 ) .  A drenaline , in doses of 5 to  20 /yg/kg, w as ineffec
tiv e , or caused fu r th e r  co n trac tio n .

2. Adrenaline in fu s io n . A drenaline  w as infused a t  a ra te  of 10 /tg /kg / 
m in u te . T he c o n trac tio n  o f th e  n ic ti ta tin g  m em brane  caused  by  th is  t re a tm e n t 
w as re laxed  by  1- an d  d ,l-isoprenaline , in  doses of 5 to  20 /tg/kg. T h is effec t, 
to o , w as in h ib ited  b y  D C I (F ig s  2 a n d  3 ) .

3. A m phetam ine, ergotamine, tolazoline. In  in trav en o u s  doses o f 1 to  2.5, 
0.2 and  1 to  3 m g/kg , am p h e tam in e , e rg o tam in e  and  to lazo line , re sp ec tiv e ly , 
caused  lastin g  c o n tra c tio n  of th e  n ic t i ta t in g  m em brane. T he su b seq u en t in jec 
tio n s  of 1- and  d ,l-isop rena line  caused re la x a tio n , in h ib ite d  b y  D CI ( F igs 4, 
5, 6 ) .  In  doses of 5 to  20 /.ig/kg, a d ren a lin e  e ith e r evoked  fu r th e r  c o n tra c tio n , 
o r w as ineffective, b u t  n ev er caused re la x a tio n .
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F ig. 3. Cat, 3000 g. Chloralose-urethane anaesthesia. Signs, in  downward order: N ictitating  
m em brane, blood pressure, tim e signal on 0 line in m inutes. From  ( j  ) adrenaline infusion  
(9 .8  /tg/kg/m in) till the end of experim ent. IS =  d ,l-soprenaline. During the 13' interval 

betw een a and b the anim al received 500 /«g/kg DCI

Discussion

W e have fo u n d  th a t  in  a n a e s th e tiz ed  an d  d e c a p ita ted  ca ts  isoprénaline  
in v a r ia b ly  re laxed  th e  co n trac tio n  o f th e  n ic tita tin g  m em b ran e  in d u ced  by  
p regang lion ic  s tim u la tio n  of th e  ce rv ica l sy m p a th e tic  nerv e  an d  b y  various 
d ru g s . T h a t th is  in h ib itin g  effect w as a re su lt of b e ta  recep to r ex c ita tio n , is 
p ro v e d  b y  th e  fac t th a t  i t  was in h ib ite d  b y  DCI. The isoprénaline  dose-response 
cu rv es  p lo tted  befo re  an d  a fte r D C I ra n  paralle l, th e  an tag o n ism  ap p ears  to  
be  com petitive .

O ur resu lts  a re  in  to ta l  ag reem en t w ith  tho se  o b ta in ed  b y  L is sa k  et al. 
(1944, 1946), T h o m pso n  (1958), W alz  an d  Ma e n g w y n -D a v ie s  (1960), as well 
as S chm itt  an d  S chm itt  (1960). I t  seem s there fo re  u n q u estio n ab le  th a t  th e  
n ic t i ta t in g  m em brane  o f th e  c a t co n ta in s  b o th  a lp h a  an d  b e ta  recep to rs .

T he effects o f 1- an d  d ,l-isop rena line  are q u a lita tiv e ly  id en tica l, th e  
w eak  a lpha-b lock ing  a c tiv ity  (L u d u e n a  1962) of th e  d e x tro -ro ta to ry  v a r ia n t



Fig. 4. Cat, 3000 g. Chloralose-urethane anaesthesia. Signs as in Fig. 3. 1—IS =  1-isoprenaline

F ig. 5. Cat, 3400 g, decapitated . Signs in downward order: N ictita ting  membrane, blood  
pressure, 0 line, tim e signal. IS =  d,1-isoprenaline. Duration of interval betw een a and 6, 14'
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Fig. 6. Cat, 3200 g. Chloralose-urethane anaesthesia. Signs, in downward order: N ictitating  
membrane, blood pressure, tim e signal on 0 line in m inutes. IS =  d,l-isoprenaline. The anim al 
was treated previous’y with 1.5 m g/kg tolazoline, and during the interval of 11' between

a and h. with 500 pg/kg DCI

seem s to  p lay  no role in the re lax a tio n  of th e  n ic tita tin g  m em b ran e  caused b y  
th e  racem ic v a r ia n t ,  because D CI inh ib its  th e  ac tio n  of th e  la t te r ,  too.

U nder th e  conditions em ployed , isoprénaline  relaxed  th e  n ic tita tin g  m em 
brane  in every  experim en t, its  effect was c o n s ta n t. As opposed  to  th is , ad re 
naline  never caused  any sign ifican t re lax a tio n  of th e  n ic tita tin g  m em brane, 
a n d  th erefo re  we do no t th in k  i t  can  be u sed  for th e  d em o n stra tio n  of th e  
presence of b e ta  recep to rs in  t h a t  organ. A d rena line  caused re la x a tio n  only a fte r  
excessively  h igh doses of e rg o tam in e  (B acq 1934) or ergo tox in  (R o se n b l u e t h  
1932; A c h eso n  1940), and e v en tu a lly  a fte r to lazo line  p lus som e o th e r a lp h a  
blocking ag en t (G yö rg y  1957), or cocaine. A ccord ing  to  R y a l l  (1961) in  th e  
la t te r  case n o rad ren a lin e , too , is effective, and th e  ganglionic b locking  a c tiv ity  
o f  th e  com pounds is responsib le for th e  re lax in g  effect.
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T he re lax ing  effect o f isop rén a lin e  observed  in our ex perim en ts c a n n o t be 
asc rib ed  to  a ganglionic b lock ing  ac tio n , p a r tly  because ganglionic b locking  
ag e n ts  do n o t in fluence th e  ac tio n s of ad rena line , e rg o tam in e  and  to lazo line , 
on th e  one h an d , an d  b ecau se  iso p réna line  itse lf  has no ganglionic b lock ing  
effec t, on th e  o th e r ( B ü l b r i n g  1944). T he resu lts  o b ta in ed  b y  L i s s á k  et al. 
(1944, 1946) th a t  iso p réna line  re laxes th e  d en e rv a ted  n ic tita tin g  m em b ran e , 
also  in d ica te  th a t  th e  d ru g  does n o t ac t b y  blocking ganglia.

A p a r t  from  th e ir  th e o re tic a l sign ificance, our re su lts  are  of a c e r ta in  p ra c 
tic a l im p o rtan ce  in  th a t  th e y  re p re se n t a sim ple, read ily  rep ro d u c ib le  m ethod  
fo r s tu d ies  of th e  b e ta  ad ren erg ic  s tim u la n ts  an d  in h ib ito rs .
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The effect o f stim ulation of the right peripheral vagal stum p as well as th a t o f  
acetylcholine injection or infusion on fibrillation  thresholds o f the auricles and ventricles  
has been studied in the anaesthetized cat, further in the iso lated  Langendorff heart o f  
cats a t different body and perfusion flu id  tem perature. The lowering of fibrilla tion  
thresholds b y  vagal stim ulation or acetylcholine was more expressed at lower body tem 
peratures, i.e. hypotherm ia increased m yocardial sensitiv ity  to  vagal influence. In  
addition the appearance o f arrhythm ia and ventricular fibrillation  after vagal stim u 
lation , acetylcholine infusion or injection w as more frequent at lower than at norm al 
body tem peratures. All th is is only true for the arrhythm ogenic and fibrillatory v a g a l  
effects, since the in tensity  o f the negative chronotropic action of vagal stim ulation and  
of acetylcholine injection is defin itely  dim inished by hypotherm ia. Possible exp lan a
tions of th is discrepancy as w ell as of the m echanism  of the increasing fibrillatory e ffe c t  
of acetylcholine and vagal stim ulation in hypotherm ia are discussed.

In  an  earlie r p ap e r i t  has been  show n on th e  ca t h e a r t  in  situ  th a t  en h an ced  
su scep tib ility  to  fib rilla tio n  in  h y p o th e rm ia  w as m ain ly  due to  th e  h y p o th e r 
m ic increase o f th e  cen tra l vag a l in fluence  on th e  h e a r t  (Szek eres et а /. 
1961). T he ro le in  th is  phenom enon  of possib le  changes in  th e  se n s it iv ity  
o f th e  m y o card iu m  to  vag a l influences d u rin g  h y p o th e rm ia  has n o t been ru le d  
o u t an d  th u s  th e  aim  of th e  p resen t s tu d y  w as to  e lu c id a te  how  fa r  w as 
affec ted  b y  h y p o th e rm ia  u n d e r th e  in fluence  o f  s tim u la tio n  o f th e  p e rip h e ra l 
vag i or of ace ty lcho line  ad m in is tra tio n  th e  ten d en cy  o f th e  h e a r t to  f ib r i l
la tio n . T he q u estio n  is all th e  m ore in te re s tin g  since accord ing  to  Mo n t g o m er y  
et al. (1954) in tra c o ro n a ry  in fusion  of ace ty lcho line  an d  p rostigm ine  p re v e n ts  
v e n tr ic u la r  f ib rilla tio n  due to  surgical m a n ip u la tio n  in  th e  h y p o th e rm ic  dog , 
a fin d in g  w h ich  could n o t be confirm ed  b y  S h u m a c k er  et al. (1956). N e v e r
theless b o th  g roups o f a u th o rs  rep o rted  on a low er incidence  of h y p o th e rm ic  
f ib rilla tio n  in  th e  dog i f  th e  r ig h t vagus w as s tim u la ted .

* This paper is dedicated to Professor H elena B askova on the occasion of her  
50th anniversary.
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Methods

Forty  fiv e  cats o f both sexes w ith an average w eight of 3 kg were used. The anim als were 
anaesthetized  w ith  1.5 m l/kg o f a solution conta in ing  4 per cent diallylbarbiturate and 16 per 
cent ethylurethane, adm inistered intraperitoneally . Artificial respiration was m aintained  
throughout the experim ent. The thorax was opened b y  m idsternal approach, two pairs o f silver  
electrodes were introduced through sm all apertures made in the pericardium and stitched  to 
the ventral surface of the righ t ventricle and auricle, respectively. The electrocardiogram  was 
recorded by an oscillograph.

Susceptib ility  to fibrillation  was determ ined by the fibrillation threshold, i.e. b y  the 
m inim um  current required for the induction o f fibrillation  by electrical stim ulation. F ibrilla
tion  in both  auricles and ventricles was induced b y  rectangular pulses o f 1 msec duration and 
20 c/sec frequency. The strength  of current passing through the heart could be read directly  
in m A from  a specially  built oscilloscope. In experim ents where the effect o f vagal stim ulation  
w as studied both  vagi were cu t in the neck and the right peripheral vagal stum p was stim u
lated  by rectangular suprathreshold pulses o f 1 m sec duration and 20/sec frequency for 10 
seconds. D etails o f the m ethod have been g iven  in  a previous paper (Sz e k e r e s  el al. 1961). 
In other experim ents perform ed on anim als w ith  in ta ct vagi, 5.0 /(g/kg acetylcholine (acetyl- 
cholinebrom ide, H offm ann-La Roche)  was in jected  intravenously, or 1 : 100,000 acetylcholine  
solution was adm inistered in intravenous infusion at a rate of 1 m l/kg/m in. Cooling w as per
formed by placing ice bags in to  the abdom inal ca v ity . The tem perature of the blood in the  
heart was m easured b y  a therm ocouple introduced in to  the right atrium .

In experim ents on iso lated  hearts the L angendorff cat heart preparation was used w ith  
stim ulating electrodes attached to the right auricle and ventricle. The heart was perfused w ith  
Locke solution o f 38° and 26° C tem perature as described elsewhere (S z e k e r e s  and L é n á r d  
1960). A cetylcholine was used in an endconcentration  of 10-7.

For sta tistica l analysis o f the experim ental data  Student's “ t ” m ethod was used.

R esults

S u p ra th re sh o ld  s tim u la tio n  of th e  r ig h t p e riphera l v agal s tu m p  a t  b o d y  
te m p e ra tu re  red u ced  th e  au ricu la r f ib r illa tio n  th resh o ld  b y  ab o u t 20 p e r cen t.

%
§

Q .

s '

Fig. 1. Influence of vagal stim ulation  on auricular and ventricular fibrillation  thresholds of 
the cat heart in  situ  at different body tem peratures. (Average of 10 experim ents) 

Ordinate: fibrillation threshold in per cent o f  prestim ulation value at the given tem perature. 
Abscissa: body tem perature, °C 
Solid line: ventricular fibrillation  threshold  
D otted  line: auricular fibrillation  threshold
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I f  th e  an im al was g ra d u a lly  cooled, th e n  on  v agal s t im u la tio n  w ith  th e  sam e 
p a ram e te rs  th e  decrease o f th e  f ib rilla tio n  th resho lds b ecam e  m ore and  m ore 
expressed  a t  low er te m p e ra tu re  ranges. A t 22° C body  te m p e ra tu re  i t  re ach ed  
a b o u t 40 p e r cen t of th e  in it ia l  p re s tim u la tio n  value a t  t h a t  sam e te m p e ra tu re . 
S im ilar b u t  less p ro n o u n ced  changes could he  observed  in  th e  ventric les ( F ig . 
l ) . I n  sp ite  o f th e  sm aller e x te n t  o f changes seen in  th e  v e n tr ic le s  th e  difference 
betw een  th e  f ib rilla tio n  th re sh o ld -red u c in g  effect of v ag a l s tim u la tio n  a t  n o r
m al bo d y  te m p e ra tu re  a n d  in  h y p o th e rm ia  o f 22°—26° C w as s ta tis tic a lly  
sign ifican t fo r th e  v en tric le s  an d  even m ore fo r th e  au ric les (Table I ) .

Table I

Statistical analysis o f  the effect o f  vagal stim ulation on auricular and ventricular fib rilla tion  
thresholds o f normothermic and hypothermic vagolomized anaesthetized cats (n  — 10)

Heart

Fibrillation threshold in 
of prestimulatioD value 

temperatures*

per cent 
at given Average per- 

centual decrease 
of fibrillation

Differ
ence

between
normo-

temp.
°C Value before 

stimulation
Vagus stimu

la ion Difference
P threshold due 

to vagal 
stimulation

and hypo
thermic 
decrease

%

1»

AURICLE

3 8 + 0 .5 100.0
(0.384 mA)

8 0 .1 + 6 .3  
(0 .3 0 8 +  

0.024 m A)

— 1 9 .9 + 4 .2  
(0 .0 7 6 +  

0.016 mA)

> 0 .0 2
< 0 .0 5

1 9 .9 + 4 .2

+  90.4

22— 26 100.0
(0.620 mA)

6 2 .1 + 4 .0  
(0.385 ±  

0.025 m A)

— 3 7 .9 + 2 .0  
(0 .235+  

0.012 mA)

< 0 .0 1 37.9 +  2.0

V EN TRIC LE

3 8 + 0 .5 100.0
(0.581 mA)

93.6 +  1.5 
(0.544 +  

0.009 m A)

— 6 .4 + 1 .2  
(0.037 +  

0.008 mA)

> 0 .0 2
< 0 .0 5 6 .4 + 1 .2

+ 7 5 .0 > 0 .0 2

22— 26 100.0
(0.982 mA)

89.1 +  3.8 
(0.875 +  

0.037 mA)

— 1 0 .9 + 3 .6  
(0 .107+  

0.035 mA)

> 0 .0 2
< 0 .0 5

10.9 +  3.6 < 0 .0 5

* A bsolute values in  parentheses

T he s trik in g  increase  o f th e  p re s tim u la tio n  values expressed  in  m A  a t  
low er te m p e ra tu re  ranges as seen in  Table 1 for the  v ag o to m ized  h ea rt in  situ  
an d  in  Table I I I  for th e  iso la ted  (L angendorff)  h ea rt on th e  one h and  an d  th e  
h y p o th e rm ic  decrease of th e  sam e values fo r th e  h e a r t in  s itu  o f th e  “ in ta c t” 
a n aes th e tized  c a t (Table I I )  — on th e  o th e r  h an d  re p re se n t ad d itio n a l d a ta

19 Acta Pbysiologica XXVI/3.
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to  ou r p rev ious s ta te m e n t (Sz e k e r e s  et al. 1961) co n cern in g  th e  ro le  o f 
n e rv o u s an d  especia lly  v ag u s co n tro l in  th e  h y p o th e rm ic  in c rease  of su sc e p ti
b i l i ty  to  fib rilla tio n  o f  th e  c a t h e a r t  in  s itu .

Table II

Statistical analysis o f  the effect o f acetylcholine infusion (1 :100 ,000  at a rate of 1 m l/kg/m in) 
on auricular and ventricular fib rilla tio n  thresholds o f  normothermic and hypotherm ic anaesthetized

cats (n  =  10)

Heart

Fibrillation threshold per cent 
of preinfusion value at given 

temperature*
Average per

centile decrease 
of fibrillation

Differ
ence

between
normo-andtemp.

°C Value before 
acetylcholine

Acetylcholine
infusion Difference

P threshold due 
to acetylcholine 

infusion

hypo
thermic
decrease

%

P

AURICLE

3 8 + 0 .5 100.0
(0.422 mA)

7 5 .0 + 5 .1  
(0.317 +  

0.022 mA)

— 2 5 .0 + 5 .0  
(0.105 +  

0.021 mA)

> 0 .0 1
< 0 .0 2

2 5 .0 + 5 .0

+  88.4
22— 26 100.0

(0.269 mA)
5 2 .9 + 5 .8  

(0 .1 4 2 +  
0.016 m A )

— 47.1 +  5.3 
(0 .1 2 7 +  

0.014 m A)
< 0 .0 1 4 7 .1 + 5 .3

VENTRICLE

38 +  0.5 100.0
(0.612 mA)

9 1 .2 + 4 .1  
(0 .5 5 8 +  

0.025 mA)

— 9 .8 + 4 .0  
(0 .0 5 4 +  

0.024 mA)

> 0 .0 2
< 0 .0 5 9 .8 + 4 .0

+ 8 0 .6 > 0 .0 2
22— 26 100.0 8 2 .3 + 3 .0 — 1 7 .7 + 2 .8 > 0 .0 1 1 7 .7 + 2 .8 < 0 .0 5

(0.350 mA) (0.288 + (0 .0 6 2 + < 0 .0 2
0.010 mA) 0.098 mA)

* Absolute values in  parentheses

In trav en o u s  in fu sio n  of 1 : 100,000 acety lcholine so lu tio n , ad m in is te red  
a t  a ra te  of 1 m l/k g /m in , ex e rted  th e  sam e te m p e ra tu re -d e p e n d e n t effect as 
v a g a l s tim u la tio n  on  th e  f ib rilla tio n  th re sh o ld s  of b o th  au ric les  and v en tric les  
( F ig . 2 ) .  A gain , th e  d ifference be tw een  acety lcholine e ffec t a t  body  te m p e ra 
tu r e  and  th a t  in  h y p o th e rm ia  is s ta tis t ic a lly  sign ifican t (T a b le  I I ) .

Since th e  l a t te r  ex p erim en ts  w ere p erfo rm ed  in  an im a ls  w ith  in ta c t  n e r 
v o u s  connections to  th e  h e a r t  an d  th e  possib ility  of a n e rv o u s  or h o rm o n a l 
in te ra c tio n  was n o t ex c luded , i t  seem ed reasonab le  to  in v e s tig a te  in  th e  iso la ted  
h e a r t  th e  response to  ace ty lcho line  a t  d iffe ren t te m p e ra tu re s  o f th e  p e rfu sio n  
f lu id . The resu lts  su m m arized  in  Table I I I , show  th a t  th e  iso la ted  L a n g en d o rff 
h e a r t  behaved  ju s t  as d id  th e  h e a r t  in  s itu  w ith  its  n erv o u s connections in ta c t ,
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i.e. th e  red u c tio n  of au ricu la r and  v e n tr ic u la r  fib rilla tion  th resh o ld s  b y  a c e ty l
choline w as sign ifican tly  s tro n g er in  h y p o th e rm ia  (26° C) th a n  a t  norm al b o d y  
te m p e ra tu re  (38° C).

T h u s i t  seem s to  be well e s tab lished  t h a t  th e  p e rip h e ra l i.e. m yo card ia l 
se n s itiv ity  to  vagal a rrh y th m o g en ic  and  f ib rilla to ry  in fluences increases in  
h y p o th e rm ia .

%Ю0
§
I  90

AURICLE

во

70

60

*  5 0 i

I  40

M X  34 32 30 26 26 24 22 20 
tempera ture'C

70-

36 X  34 32 3026 26 24 22 20 
temperature X

Fig. 2. Influence of acetylcholine infusion (1 : 100,000 at a rate of 1 m l/kg/m in) on auricular 
and ventricular fibrillation thresholds o f the cat heart in  situ  at different body tem peratures. 

(Average o f 10 experim ents) Signs as in Fig. 1

T his concep tion  is fu r th e r  su p p o rted  b y  th e  o b se rv a tio n  th a t  th e  a p p e a r
ance of “ sp o n tan eo u s”  (w ith o u t electrical s tim u la tio n ) a rrh y th m ia s  and  v e n tr i
cu la r f ib rilla tio n  a fte r vagal s tim u la tio n , in jec tio n  of ace ty lcho line  (0.5 — 5.0 
pg/kg) an d  in fusion  of acety lcho line (1 : 100,000 — 1 m l/kg/m in) is m ore fre 
q u e n t a t  low  th a n  a t  norm al bo d y  te m p e ra tu re  (Table I V ) .

T he q u estio n  arises w h e th e r th e  above d em o n stra ted  in crease  of th e  v ag a l 
an d  acety lcho line  effects in  h y p o th e rm ia  is a  general ru le, v a lid  for all fu n d a 
m en ta l fu n c tio n a l qualities of th e  h e a rt, o r is lim ited  to  th e  genesis of a r rh y th 
m ias and  fib rilla tio n , these  being  re su lta n ts  o f changes in severa l fu n d am en ta l 
ca rd iac  p a ra m e te rs  such as co n d u c tiv ity , rh y th m ic ity , re frac to rin ess  and  e x c it
ab ility . T his questio n  is all th e  m ore ju s tif ie d  since in  an  ea rlie r p ap e r (Sz e k e 
r e s  an d  L é n Ár d  1959) we could show  th a t  ch rono trop ic  an d  ino trop ic  ca rd iac  
responses to  ad rena line  w ere n o t enhanced , b u t  m arked ly  d im in ished  in h y p o 
th e rm ia . O n th e  o th e r h an d  Co o k s o n  an d  D i P alm a  (1955) observed  a h igh  
incidence of v e n tr ic u la r  f ib rilla tio n  in h y p o th e rm ia  on th e  a d m in is tra tio n  of 
10 fig o f ad ren a lin e , w hich u sua lly  is no t h a rm fu l in  th e  n o rm o th erm ic  an im al.

As d is tu rb an ces of ca rd iac  im pulse gen era tio n  m ay  serve  as basis fo r 
ca rd iac  a rrh y th m ia s  and  fib rilla tio n , th e  ch ro n o tro p ic  response to  vagal s t im u 

li)*
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Table III

E ffect o f  acetylcholine (10~~) perfusion on auricular and ventricular fib rilla tio n  thresholds o f  the 
isolated Langendorff cat heart at different temperatures (n  =  10)

Temp, 
of per-

Fibrillation threshold in per cent 
of preinfusion value at given 

temperature*
Average per

centile de
crease of fib-

Difference 
between 

normo- and
lusion
fluid

°C
Value before Acetylcholine ! 
acetylcholine infusion | Difference

P rillation thresh
old due to 

acetylcholine 
infusion

hypother
mic decrease

0/
/0

P

AURICLE

38 100.0
(0.570 mA)

7 4 .6 + 7 .2  
(0 .4 2 5 ±  

0.041 mA)

— 2 5 .4 + 6 .3  
(0.145 +  

0.036 mA)

> 0 .0 1
< 0 .0 2

25.4 +  6.3

+  180.3 > 0 0 0 1

26 100.0
(1.130 mA)

28.8 +  18.9 
(0.325 +  

0.214 mA)

— 71.2 +  16.4 
(0.805 +  

0.185 mA)

< 0 .0 1
71.2 +  16.4

< 0 .0 1

VENTRICLE

38 100.0
(0.752 mA)

81.7 +  4.2 
(0 .6 1 4 +  

0.032 mA)

— 18.3 +  3.8 
(0.138 +  

0.029 mA)

> 0 .0 1
< 0 .0 2

18.3 +  3.8

+  155.7 < 0 0 0 1

26 100.0
(1.350 mA)

53.2 +  17.4 
(0.718 +  

0.235 mA)

— 46.8 +  13.8 
(0.632 +  

0.186 mA)

> 0 .0 1
< 0 .0 2 46.8 +  13.8

> 0 .0 1

* Absolute values in parentheses

Table IV

A ppearance of “ spontaneous”  (w ithout electrical stim u lation) arrhythm ias and ventricular f ib r i l la 
tion  after vagal stim ulation, acetylcholine injection and infusion in the cat heart in situ  at different

temperature ranges

Heart
Vagal stimulation Acetylcholine injection

Acetylcholine infusion 
1 : 100 000 1 ml/kg/min 

intravenously
temp.
°C No. of 

animals
No. of 

arrhythmias
No. of 

ventricular 
fibrillation

No. of 
animals

No. of 
arrhythmias

No. of 
ventricular 
fibrillation

No. of 
animals

No. of 
arrhythmias

No. of 
ventricular 
fibrillation

26— 38 31 3 l 30 l l 16 4 0

20— 26 31 10 4 29 9 2 14 5 4

la tio n  an d  acety lcho line in jec tio n  has b een  in v es tig a ted  a t  d ifferen t b o d y  te m 
p e ra tu re s . The resu lts  a re  sum m arized  in  Table V. In te n s ity  of th e  ch ro n o tro p ic  
ac tio n  of acety lcholine as well as th a t  o f v ag a l s tim u la tio n  d im in ished  a t  low er 
b o d y  tem p era tu res , s im ila rly  to  ad ren a lin e  in  our a fo re -m en tioned  f in d in g s .
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C onsequen tly , in  h y p o th e rm ia  n o t all card iac  fu n c tio n s are changed  in  th e  
sam e d irec tio n  by  v ag a l stim u la tio n  a n d  acety lcho line an d  so i t  still rem ain s 
to  be c leared  w hich o th e r  fu n d am en ta l fu n c tio n s  of the  h e a r t  undergo  changes 
in  h y p o th e rm ia  to  cause  th e  increased  ten d e n c y  to  fib rilla tio n  u n d e r th e  in 
fluence of vagal s tim u la tio n  and  acety lcho line .

Table V

bffect o f  stim ulation o f the right peripheral vagal stum p as well as that o f  injection o f  5 pg/kg  
acetylcholine on the heart rate in anaesthetized cats at different temperatures

Heart
temp.

°C

H eart rate
Vagal stimulation (n =10) 5 ,<ig/kg acetylcholine (n =  10)

heart rate/min percentile 
decrease 
of heart 

rate

heart rate/min percentile 
decrease 
of heart 

rateinitial value vagal
stimulation

1
initial value acetylcholine

38 +  0.5 191 .1±11 .0 90 .2 ± 3 7 .2 47.4 181.2±13.2 130.4±22.1 72.0

34 +  0.5 155 .3±30 .2 70.1 ± 1 6 .4 45.7 171.3 +  15.4 119.5±18.1 69.7

3 0 ± 0 .5 100 .2±14 .8 4 0 .2 ±  9.3 40.1 111 .2±16 .9 7 2 .4 ±  9.5 65.1

2 6 ± 0 .5 6 7 .2 ±  8.1 2 2 .4 ±  4.1 33.3 83.1 ±  9.2 50.1 ±  5.3 60.3

2 2 ± 0 .5 5 6 .1 ±  3.2 15.1 ±  4.7 26.9 6 9 .1 ±  6.8 3 7 .7 ±  6.2 54.6

D iscussion

T he d a ta  p re sen ted  above clearly  show  th a t  the  decrease of th e  au ricu la r  
an d  v e n tr ic u la r  fib rilla tio n  th resho ld  d u e  to  s tim u la tio n  of th e  p e rip h era l 
v agal s tu m p  or to  acety lcho line  in fusion  is m ore expressed  a t  low er th a n  a t 
no rm al te m p e ra tu re s . T h u s , in  ad d itio n  to  th e  increased  ce n tra l vagal effect 
in  h y p o th e rm ia  (Sz e k e r e s  et al. 1961) an  increase  in th e  sen s itiv ity  of th e  cooled 
m y o card iu m  to  vagal in fluence  m ay be responsib le  for th e  enhanced  su sc e p ti
b ility  to  fib rilla tio n  of th e  h y p o th e rm ic  h e a r t . This o b se rv a tio n  seem s to  be 
a t  v a rian ce  w ith  th e  d a ta  of M o n t g o m e r y  et al. (1954) an d  S h u m a c k e r  et al. 
(1956) w ho found  a decreased  incidence o f  v en tr icu la r  f ib rilla tio n  in  th e  h y p o 
th e rm ic  dog, if  th e  r ig h t vagus was s tim u la te d . No sa tis fa c to ry  e x p lan a tio n  is 
given fo r th is  d isc rep an cy  and  in te rp re ta tio n  of the  fin d in g s is all th e  m ore 
d ifficu lt since in  th e  sam e experim en ts o f  S h u m a c k e r  b ila te ra l v ag o to m y  p re 
v en ted  h y p o th e rm ic  v e n tr ic u la r  fib rilla tio n .

O n th e  o th e r h a n d , th e  in te n s ity  o f th e  negative  ch ro n o tro p ic  effect 
of vagal s tim u la tio n  or acety lcho line in fusion  is d im in ished  in  h y p o th e rm ia , 
as i t  is ev id en t from  o u r p resen t ex p erim en ts . S im ilar conclusions h av e  been
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d r a w n  for a c e ty lc h o l in e  a n d  v a g a l  s t i m u l a t i o n  b y  R i n d a n i  a n d  M e r c h a n t  
(1957) f rom  e x p e r i m e n t s  on  iso la te d  f ro g  a n d  d o g  h e a r t s ,  fo r  v a g a l  s t im u la t io n  
b y  A n a n d  (1952) w o r k i n g  on t h e  i s o l a te d  f rog  h e a r t ,  b y  B i e w a l d  a n d  R a t h s  
(1959) w ork ing  o n  t h e  h a m s te r  h e a r t  in  s itu , a n d  b y  Co o k s o n  and  D i P a l m a

(1955) on th e  d o g  h e a r t  in  situ.
In  c o n tra s t to  th e se  find ings J o u r d a n  a n d  M a r d u e l  (1944) claim  th a t  

ch rono trop ic  v a g a l a c tio n  is increased  in  h y p o th e rm ia . T h ey  b ased  th is a ssu m p 
tio n  on the p ro lo n g ed  d u ra tio n  o f ca rd iac  s ta n d s till  evoked  b y  s trong  v ag a l 
s tim u la tio n  b u t  th e re  w as no ev idence o f an  increase  in  th e  in te n s ity  of n eg a tiv e  
ch rono trop ic  a c tio n .

I t  is d ifficu lt to  exp lain  th is  d ifference betw een  f ib r illa to ry  and  ch ro n o 
tro p ic  cardiac re sp o n ses  to  vagal s tim u la tio n  an d  acety lcho line  in  h y p o th e rm ia , 
considering th a t  o n e  o f th e  m ain  fac to rs  in fluenc ing  su scep tib ility  to  f ib r illa 
t io n  is th e  fu n c tio n a l s ta te  of th e  h ig h er a n d  low er pacem ak ers . In  earlie r 
experim en ts we co u ld  show  (Sz e k e r e s  an d  L é n Ár d  1958) th a t  in  the  iso la ted  
h e a r t  the  s in o a tr ia l p acem ak er is m uch  m ore sensitive  to  h y p o th e rm ia  th a n  th e  
a tr io v e n tr ic u la r  a n d  v e n tr ic u la r  p acem ak ers . T hus a h y p o th e rm ic  shift o f th e  
pacem ak er from  th e  sinus to  low er cen tre s  is m ade possib le, as i t  has ind eed  
b een  observed b y  W il l a r d  and  H o r v a t h  (1959) in  an aes th e tized  ra ts , Co v i n o  
a n d  B e a v e r s  (1958) in  th e  iso la ted  r a b b i t  h e a r t , b y  Ma l m é j a c  and  N e v e r r e

(1956) in  th e  d o g  h e a r t - l u n g  p r e p a r a t i o n ,  b y  S ie m s  et al. (1955) as well as b y  
G r o s s e -B r o c k h o f f  a n d  S c h o e d e l  (1942a) in  t h e  i n t a c t  a n a e s th e t i z e d  dog .

The loss o f  s in u s  dom inance an d  th e  co n co m itan t increase  in  ec top ic  
a c tiv ity  fac ilita te s  th e  appearance  of ec top ic  foci and  th e re b y  th a t  of a r r h y th 
m ia  and  fib rilla tio n . T h e  d im in ished  responsiveness of th e  s in o a tria l p acem ak er 
in  h y p o th e rm ia  m a y  accoun t for th e  h y p o th e rm ic  decrease o f th e  ch rono trop ic  
v a g u s  effect, in d e p e n d e n tly  from  th e  fa c t th a t  we do n o t ac tu a lly  k now  
w h e th e r the  f i r s t  p h enom enon  is th e  re su lt  of m etabo lic  or o f p e rm eab ility  
changes in th e  s in o a tr ia l  p acem aker.

In  spite o f th e  d im in ished  ch ro n o tro p ic  v agal and  acety lcholine ac tio n  in  
h y p o th e rm ia , i t  seem s th a t  ace ty lcho line  increases th e  te n d e n c y  to  pacem aker- 
sh iftin g  tow ards lo w er cen tres, as G r o s s e - B r o c k h o f f  an d  S c h o e d e l  (1942b) 
observed  in h y p o th e rm ic  an aes th e tized  dogs.

As to  th e  o th e r  fu n d am en ta l fe a tu re s  of card iac fu n c tio n  involved  in  
th e  p a th o m ech an ism  of a rrh y th m ias  an d  fib rilla tio n , d iasto lic  ex c itab ility  seem s 
n o t  to  be su b s ta n tia l ly  affected  b y  h y p o th e rm ia  (A n g e l a k o s  et al. 1957 ; 
Co v in o  and  B e a v e r s  1957) or b y  v a g a l s tim u la tio n  ( H o f f m a n  et al. 1952).

On the  o th e r  h a n d , abso lu te  an d  re la tiv e  re frac to ry  periods are d e fin ite ly  
p ro longed  b y  coo ling , as has been  show n b y  H u i z in g  et al. (1955) in  th e  iso la ted  
r a b b it  heart, A n g e l a k o s  et al. (1957), as well as b y  Co v in o  and D ’A m a to  
(1962) in th e  dog  h e a r t  in  situ . Howrever, v ag a l s tim u la tio n  itse lf  sho rtens th e  
ab so lu te  re f ra c to ry  periods in  th e  au ric le  of th e  dog h e a r t  in  situ  ( H o f f m a n n
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et al. 1952) and  acety lcho line  acts in  th e  sam e w ay in  iso la ted  auricles an d  p a p il
la ry  m uscles of c a ts  ( D iP a l m a  an d  M a s c a t e l l o  1951). I t  is there fo re  possib le 
th a t  th e  beneficial a n tif ib rilla to ry  effect of th e  p ro lo n g a tio n  of re fra c to ry  
periods in  h y p o th e rm ia  is co u n te rac ted  b y  th e  vag a l influence.

C onduction tim e  is considerab ly  prolonged in  h y p o th e rm ia , as show n 
b y  S o m m e r w il l e  (1959) in  m an , b y  Co v in o  and  D ’A m a t o  (1962) in  a n a e s th e 
tized  dogs. This fa c t  alone is su ffic ien t to  estab lish  fav o u rab le  cond itions fo r 
fib rilla tio n , especially  if  we tak e  in to  considera tion  th e  find ings of Co v in o  
an d  D ’A m ato  (1962) according to  w hich  conduction  tim e  is m ore pro longed  in  
h y p o th e rm ia  th a n  th e  re frac to ry  period , th u s  th e  ra tio  conduction  tim e/re frac- 
to ry  period  increases. A lthough  co n d u ctio n  tim e  is som ew hat sh o rten ed  b y  
acety lcho line  in  iso la te d  auricles (V a u g h a n  W il l ia m s  1959) and  b y  v ag a l 
s tim u la tio n  of th e  au ric le  in situ  of th e  an aes th e tized  dog (H o f f m a n n  et al. 
1952), no convincing  d a ta  are availab le  as to  th e  sign ificance of th is  fin d in g  in  
th e  to ta l  effect.

O n th e  basis o f  th e  ex p erim en ta l an d  li te ra ry  d a ta  p resen ted , th e  en 
h an ced  hypo th erm ic  sen s itiv ity  of th e  h e a r t  to  p e rip h e ra l vagal in fluence, m a n i
fes tin g  itse lf w ith  a m ore  expressed red u c tio n  of th e  f ib r illa tio n  th resho lds, m ay  
be p a r t ly  due to  an  increase  of th e  ra tio  conduction  tim e /re fra c to ry  period  an d  
p a r t ly  to  a sh ift of th e  pacem ak er to  low er au to n o m ic  cen tres; — b o th  changes 
being  th e  resu lt o f  an  in te rac tio n  of h y p o th e rm ia  a n d  vagal effect. To p ro v e  
th is  conception , fu r th e r  experim en ta l an a ly s is  of th e  de ta ils  is necessary .
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N-(w-AMINOALKYL)-PHTHALIMIDE DERIVATIVES,
A NEW GROUP

WITH ANTIFIBRILLATORY ACTION
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(R eceived Decem ber 20, 1963)

Starting from  the procaine am ide structure a new  group of drugs possessing an ti-  
fibrillatory a c tiv ity , the alkylam ine substitu ted  phthalim ide derivatives have been  
developed. L eaving the phthalim ide radical unchanged, the effect o f alterations in the  
tertiary am ine group as well as in  the length  of the a lk y l chain on antifihrillatory  
activ ity  o f these derivatives has been analysed. S u bstitu tion  in  the tertiary am ine 
group by d iethylam ine, dim ethylam ine or a m orpholino group proved unsuccessful, 
whereas su bstitu tion  b y  a piperidine group resulted in  m arked antifibrillatory a c tiv ity  
increasing w ith  the length  of the a lkyl chain. T ox icity  and the blood pressure depres
sing effect increased as well. Su bstitu tion  by a piperazine ring m arkedly increased  
antifibrillatory ac tiv ity , but also to x ic ity . The N -m eth y l piperidine com pound conta in 
ing four alkyl-groups in  the chain proved to be 1.7 tim es as poten t in auricular and 2.5 
tim es as p o ten t in  ventricular fibrillation  as quinidine, at the same tim e its  to x ic ity  
was only 1.6 tim es higher than th at o f quinidine.

Owing to  th e  considerab le d ev e lo p m en t in  th e  la s t  few years in  th e  fie ld  
o f p a th o p h y sio lo g y  an d  clinical d iagnosis of h e a r t r h y th m  d is tu rb an ces , m ore 
and  m ore a tte n tio n  is pa id  to  su b stan ces capable o f  p re v e n tin g  or abo lish ing  
ca rd iac  a rrh y th m ia s  an d  fib rilla tio n . A sy stem atic  sy n th es is  of a n tia r rh y th m ic  
an d  a n tif ib r illa to ry  d ru g s is, how ever, ren d ered  d ifficu lt b y  th e  fac t t h a t  m ost 
of th e  h ith e r to  p ro d u ced  substances w ith  a n tia r rh y th m ic  p ro p erties  are d iffe r
en t in  chem ical s tru c tu re , th u s  a c lear d e m o n s tra tio n  of s tru c tu re -a c tiv ity  
re la tio n sh ip  is n o t easy .

F o r a p la n n e d  syn thesis  of new  d rugs th e  m o st ex p ed ien t w ay  seem s to  
s ta r t  from  th e  s tru c tu re  of a h ig h ly  effective, w ell-know n and  w ell-proved  
d ru g  as m odel. A m ong  th e  a n ti-a rrh y th m ic  drugs u sed  in  clinical th e ra p y  q u i
n id ine has still p rese rv ed  its  d o m in an t position  in  sp ite  of th e  increasing  n u m 
b e r o f new h ig h ly  effective com pounds. H ow ever, ow ing to  its  co m p lica ted  
s tru c tu re  we decided  to  use th e  m ore sim ple b u t in  clin ical th e ra p y  s im ila rly  
p o p u la r  p roca ine  am ide  as a m odel com pound . T h u s  a new  group of d rugs 
possessing a n tif ib r illa to ry  a c tiv ity , n am ely  th e  a lk y lam in e  su b s titu te d  p h th a li
m ide de riv a tiv es  h a v e  been  developed  ( H id e g  an d  H a n k o v s z k y  1963). T he 
para lle lism  of th is  g roup  w ith  p ro ca in e  am ide is b e s t  d e m o n s tra te d  b y  th e  
s tru c tu re  of N -(co -d ie thy l-am ino-e thy l)-ph thalim ide  ( F ig. 1 ) ,  w hich  differs 
from  procaine  am ide  m ain ly  b y  th e  absence of the  p r im a ry  am ine group  b o und  
to  th e  a ro m atic  rin g  of th e  procaine am ide; m oreover, in s tead  of an  am ide  it
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I.

II.

Fig. 1. I. Procaine amide. II. N -(w -diethyl-am inoethyl)-phthalim ide

c o n ta in s  an  im id e-b o n d , th u s  a new  fiv e -m em b ered  carbonic  rin g  is com posed. 
I n  th e  p resen t w ork, th e  p h th a lim id e  ra d ic a l w as le ft un ch an g ed , a n d  th e  effect 
o f  changes in  th e  te r t i a r y  am ine g roup  as well as in  th e  le n g th  of th e  a lky l 
c h a in  on an tif ib r illa to ry  a c tiv ity  of th e se  d e riv a tiv es  has been  ana lysed .

No pharm aco log ical d a ta  concern ing  th e  a n tif ib r illa to ry  a c tio n  of p h th a li
m id e  derivatives h a v e  b een  found  b y  us. T he only  availab le  p a p e rs  on p h th a li
m id e  derivatives c o n ta in in g  som e ph arm aco lo g ica l reference ( D o n a h o e  an d  
S e i w a l d  1957; D o n a h o e  et al. 1961) deal w ith  th e  syn th esis  o f  q u a te rn a ry  
N -(f« -p iperid ino -alky l)-ph thalim ides in  o rd e r to  ge t effective m uscle  p ara ly sin g  
a g e n ts . B u t accord ing  to  th e  b r ie f  ph arm aco lo g ica l d o c u m e n ta tio n  of th ese  
p a p e rs , the  com pounds h ith e rto  sy n th e tiz e d  seem  to  possess a poor m uscle 
re la x in g  effect.

M ethods

Experim ents were perform ed in 33 cats o f both  sexes w ith  an average w eight o f 3 kg. 
T he anim als were anaesthetized  w ith  1.5 m l/kg o f a solution  of 4 per cent diallylbarbiturate  
and 16 per cent e thylurethane, adm inistered intraperitoneally. To determ ine antifibrillatory  
a c tiv ity , the fibrillation threshold m ethod, i.e. estim ation of the m inim al strength  of current 
(rectangular im pulses o f 20 c/s frequency and 1 m sec duration) necessary to  induce fibrillation  
o f  th e  ventricles and auricles was used. The procedure has been described in d eta il in an earlier 
paper (Szekeres et al. 1961). The dose enhancing the fibrillation threshold to double the in itia l 
va lu e  was used to com pare the antifibrillatory potency of different substances. The antifibril
la to ry  activ ity  relative to  quinidine has been expressed for each drug, quinidine being taken  
for 1. Quinidine has been used instead of procaine am ide as a basis for com parison, since th e  
la tter  compound is m uch less stable and less e ffective  than quinidine. (D ose o f  quinidine en 
hancing fibrillation threshold  to double the in itia l value, i.e. dim inishing suscep tib ility  to f ib 
r illa tion  to 50 per cent o f in itia l is for the auricles: E D 50 and 19/20 confidence lim its =  4.2 
(2 .4  — 7.35) mg/kg; and for the ventricles: E D 50 and 19/20 confidence lim its =  7.8 (4.6 — 13.3) 
m g/kg.)

The hypotensive e ffect was expressed b y  the dose lowering blood pressure to 50 per 
cen t o f  the initial value and hypotensive a c tiv ity  related to that of quinidine, the latter being  
ta k en  for 1. Intraperitoneal tox ic ity  in m ice as w ell as intravenous to x ic ity  in  rats was deter
m ined  according to L ic h t f ie l d  and W ir.coxoN  (1949), and values related to quinidine (quini-
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dine =  1) have been calculated. (Q uinidine rat i. v . L D S0 and 19/20 confidence lim its =  95.2  
(77.8 — 118) m g/kg.)

F inally  the relative therapeutic indices (th a t o f quinidine being =  1):

R elative antifibrillatory activ ity
-— --------------- ;----------- —---------------- have also been com puted.

R elative toxicity

R esu lts

The effect of d ifferen t p h th a lim id e  d e riv a tiv e s  possessing 1, 2, or 3 a lk y l 
g roups in  th e  chain  and  d ifferen t a lip h a tic  or alicyclic te r t ia r y  am ine g ro u p s  
a t  th e  site  of th e  te r t ia ry  am ine g roup  o f th e  p rocaine am ide (R) — on 
re la tiv e  in tra p e rito n e a l m ouse and  in tra v e n o u s  r a t  to x ic ity , on re la tiv e  a u r ic u 
la r  an d  v e n tr ic u la r  a n tif ib rilla to ry  p o ten cy , as well as on re la tiv e  h y p o ten siv e  
a c tiv ity , is sum m arized  in  Table I .

I f  no t m ore th a n  one a lky l group is p re se n t in th e  cha in , th en  on ly  th e  
com pound  w ith  a p iperid ine  group as s u b s ti tu e n t  shows a s lig h t a n tif ib r illa to ry  
an d  a m ore expressed  hypo ten siv e  action . T h e  m orpholino g roup  has a s tro n g e r  
h y p o ten siv e  ac tio n  w ith o u t any  a n tif ib r illa to ry  effect. I f  th e  chain  c o n ta in s  
tw o  a lky l g roups so besides th e  p iperid ine  d e riv a tiv e  also th e  N -m ethy l p ip e 
raz ine-, th e  o x y e thy l-p iperazine- as well as th e  p iperazine d e riv a tiv e  e x h ib ite d  
som e an tif ib r illa to ry  a c tiv ity .

O f th e  com pounds possessing 3 a lk y l g roups in th e  ch a in  th e  p ip e rid in e  
d e riv a tiv e  p ro v ed  to  be th e  m ost active , th e  N -m eth y l p ip eraz in e  and  th e  oxy- 
e th y l p iperaz ine  com pounds were less ac tiv e  ag a in st au ricu la r fib rilla tio n  th a n  
w ith  a tw o-m em bered  m ethy lene  chain , w h ereas  th e  v e n tr ic u la r  a c tiv ity  o f  th e  
fo rm er considerab ly  increased  while th a t  o f th e  la t te r  rem ain ed  p ra c tic a lly  
unchanged .

M orpholino- an d  p y rid in e -d e riv a tiv es  w ere equally  ineffective a t  all 
in v e s tig a te d  chain  len g ths.

As on th e  basis of th e  above resu lts  i t  w as obvious th a t  m ain ly  th e  d e r iv 
a tiv e  co n ta in in g  a p iperid ine  group e x h ib ite d  a co n sis ten t a n tif ib r illa to ry  
effect a t  d iffe ren t chain  len g th s , it  seem ed w o rth  while to  sy n th e tize  its  h o m o 
logues w ith  4 an d  5 a lky l g roups in  th e  ch a in , to  s tu d y  th e  effect of chain le n g th  
on an tif ib r illa to ry  a c tiv ity  as well as on to x ic ity . The re su lts  are sum m arized  
in  F ig. 2. As seen, b o th  th e  au ricu la r an d  th e  v en tricu la r a n tif ib rilla to ry  a c t iv 
ities increased  para lle l w ith  th e  chain  le n g th , b u t  to x ic ity  also increased. T h e  
re la tiv e  au ricu la r  th e ra p e u tic  index  did  n o t change w ith  3, 4 or 5 alkyl g ro u p s 
in  th e  chain , w hereas th e  v en tr icu la r  re la tiv e  th e ra p e u tic  index  show ed a 
m ark ed  decrease if  th e  chain  co n ta ined  5 a lk y l groups.

A ccord ing ly , in  fu r th e r  ex perim en ts we s ta r te d  from  th e  longest c h a in  
possessing s till o p tim a l effects, i.e. from  t h a t  con ta in ing  4 a lk y l groups, a n d , 
leav ing  th e  chain  len g th  u n a lte red , we a n a ly sed  the  in fluence of changing th e
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Table I

T h e  e ffe c t  o f  in c r e a s in g  th e  le n g th  o f  th e  m e th y le n e  c h a in  a s w e ll a s  o f  v a r io u s  s u b s t i tu t io n s  o f  th e  
t e r t ia r y  a m in e  g r o u p  o n  in t r a p e r i to n e a l  a n d  in t r a v e n o u s  to x ic i ty  a n d  a u r ic u la r  a n d  v e n t r ic u la r  

a n t i f i b r i l l a to r y  a c t iv i ty  o f  p h th a l im id e  d e r iv a t iv e s  
R  =  num ber of alkyl groups in  the chain  
n =  substitution of the tertiary amine group

/y c°x
I II N - ( C H , ) n- R
\ / 4oc/

/ “
N

\ _

N~ O

Rel. toxicity 
Quinidine =  1

Rel. antifibr. activ ity  
Quinidine =  1 Rel. h ypo ten 

sive ac tiv ity  
Quinidine =  1

mouse i. p. r a t  i. V. auricle ventricle

— — 0.12 0.07 1.22

— — 0 0 2.26

— _ 0 0 0

0.40 1.00 0.06 0.15 0

— — 0 0 0

— — 0 0 —

1.38 — 0.42 0.20 0.90

0.56 — 0.32 0.14 0.59

— — 0 0 —

0.68 — 0.34 0.96 0

/
N
\ _
/ —\

N  О

О
/

N -CH ,N-\ _/
N  N — (CH2)2OH
\ __r

C,H ,
n /

N N H

1.21 0.73 0.86 0.84

— 0 0 0

0 0 0.90

— 0.18 0.50 0.57

— 0.04 0.16 0

/ — \
N O
\ _/
/ =

N

N N — CH.,
\ _ /  3

N  N — (CH,,)3—OH

1.12

1.16

0.56
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te r t i a r y  am ine group on to x ic ity , f ib r illa tio n  th resh o ld  a n d  th e rap eu tic  
index .

T he effects of th ese  changes on to x ic ity  as well as o n  auricu lar an d  
v e n tr ic u la r  a n tif ib rilla to ry  a c tiv ity  are show n in  Fig. 3. T h e  N -m eth y lp ip era- 
zine d e riv a tiv e  show ed a s lig h t a n tif ib rilla to ry  a c tiv ity  o n ly , b u t  a 1.7 tim es  
h igher to x ic ity  as th a t  of qu in id in e . S u b s titu tio n  w ith  N -m eth y l-b en zy lam in e

Fig. 2. The effect o f increasing the length  of the m ethylene chain in phthalim ide derivatives 
on auricular and ventricular antifibrillatory ac tiv ity , to x ic ity  and auricular and ventricular 
therapeutic indices. Ordinate: values o f auricular and ventricular antifibrillatory activ ity , 

tox ic ity , auricular and ventricular therapeutic indices, as related  to  quinidine
----------  R elative  ventricular antifibrillatory activ ity
.............  R elative  auricular antifibrillatory activ ity
—. — Rel at i ve tox icity (rat, intravenously)
□  auricular | . . . л (rel. a c tiv ity )

• 1 r relative therapeutic index  — . .
^ ven tr icu la r  J (rel. to x ic ity )
n =  number of alkyl-groups in the chain

did  n o t change su b s ta n tia lly  th e  au ricu la r an tif ib r illa to ry  a c t iv i ty ,  b u t en h an c
ed th e  la t te r  o f th e  v en tric les  to  0.6 of th a t  o f qu in id ine. H ow ever, to x ic ity  
becam e n ea rly  2.4 tim es as h igh  as th a t  of qu in id in e . The p y rro lid in e  d eriva tive  
seem ed to  have  a m ore fav o u rab le  effect; i t  e x e rte d  ab o u t h a lf  th e  an tif ib rilla 
to ry  a c tiv ity  of qu in id ine  on th e  auricles an d  0.8 of th a t  on th e  ventric les, an d  
its  to x ic ity  was also so m ew hat less th a n  th a t  o f th e  fo rm er co m p o u n d . W ith  th e  
p iperid ine  d e riv a tiv e  b o th  au ricu la r  and  v e n tr ic u la r  a n tif ib r il la to ry  a c tiv ity
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su rp assed  th a t  o f q u in id in e  by  a b o u t 30 p er cent, b u t  to x ic ity  was 2.2 tim es 
t h a t  o f quin id ine. I f  th e  p iperid ine r in g  con ta ined  an  a d d itio n a l m e th y l g roup  
a t  th e  4 ' site, a co n siderab le  increase o f  b o th , and especia lly  th a t  of th e  v e n tr ic 
u la r  a n tif ib rilla to ry  ac tiv itie s  was observ ed , b u t a t th e  sam e tim e  to x ic ity  
increased  to  fou r tim e s  th a t  of q u in id in e .

F ig. 3. The effect o f various substitu tions o f the tertiary am ine group at R in phthalim ide  
derivatives (the chain len g th  rem aining constan t) on auricular and ventricular antifibrillatory

activ ity  and intravenous tox icity .
Ordinate: values related to  quinidine of auricular and ventricular antifibrillatory a c tiv ity  and

intravenous tox icity .
□  R elative  auricular antifibrillatory a c t iv ity  
^ R e la t iv e  ventricular antifibrillatory a c t iv ity  
^ R e la t iv e  to x ic ity  (rat, intravenously)
R  =  substitution o f tertiary amine group

A su rp rising ly  ad v an tag eo u s  ch an g e  was b ro u g h t a b o u t by  b in d in g  th e  
a d d itio n a l m eth y l-g ro u p  to  p iperid ine  a t  carbon a to m  3 ' in stead  of 4 '.  Then 
th e  a n tif ib rilla to ry  a c tiv ity  of th e  au ric les  was ab o u t 1.7 tim es, th a t  o f th e  
v en tric le s  m ore th a n  2.5 tim es as h ig h  as t h a t  of q u in id in e , an d  sim u ltan eo u sly  
to x ic ity  was co n sid e rab ly  reduced , to  a v a lue  of a b o u t 1.6 tim es th a t  o f q u i
n id in e . The re la tiv e  th e ra p e u tic  indices o f th e  above co m p o u n d s are show n in 
F ig . 4. As seen, th e re  w as a s trik in g  difference b e tw een  th e  3 'm e th y l-p ip e ri-  
d in e -d e riv a tiv e  a n d  a ll th e  o thers, th e  fo rm er possessing an  equal au ricu la r, 
b u t  1.5 tim es b e t te r  v e n tr ic u la r  th e ra p e u tic  index  th a n  quin id ine.
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Fig. 4. The effect o f various substitu tions of the tertiary am ine group at R in phthalim ide  
derivatives (the length of the m ethylene chain rem aining constant, n =  4) on auricular and 

ventricular relative therapeutic indices.
Ordinate: values related to quinidine of auricular and ventricular therapeutic indices

□  auricular 
Iventricular

relative therapeutic index
(rel. ac tiv ity )  
(rel. to x ic ity )

R =  substitu tion  of tertiary am ine group

D iscussion

As a lread y  m en tio n ed , a sy s tem a tic  syn thesis  o f effective a n tif ib rilla -  
to ry  d rugs is rendered  d ifficu lt b y  th e  fac t th a t  v e ry  l i t t le  is know n a b o u t th e  
re la tio n sh ip  of chem ical s tru c tu re  to  a n tif ib r illa to ry  a c tiv ity . A n u m b e r of 
su b stan ces w ith  en tire ly  d iffe ren t chem ical s tru c tu re  are  know n to  possess 
a n tif ib r illa to ry  a c tiv ity  an d  i t  is ex trem ely  d ifficu lt to  a t tr ib u te  th is  a c tio n  
to  one or th e  o th e r basic s tru c tu re  com m on to  all a n tif ib r illa to ry  su b stan ces . 
This is obv ious if  we consider th a t  a n tif ib r illa to ry  d rugs do no t u n ifo rm ly  
ac t on th e  h e a r t, since f ib rilla tio n  itse lf  is th e  re s u lta n t o f changes in  v a rio u s  
basic p a ra m e te rs  of card iac  fu n c tio n , such  as re frac to rin ess , exc itab ility , rh y th -  
m ic ity  an d  c o n d u c tiv ity . So diverse d rugs m ay  abolish  or p rev en t a r rh y th m ia  
and  f ib rilla tio n  b y  in fluencing  d iffe ren t ca rd iac  p a ra m e te rs . I t  is also k n o w n  
th a t  th ese  d rugs are n o t equally  ac tive  in  au ricu la r  an d  v e n tr ic u la r  fib rilla tio n , 
qu in id ine  fo r in stan ce  ac ts  ra th e r  in  a tr ia l  fib rilla tio n  an d  f lu tte r , w hereas
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p ro ca in e  am ide is m ore effective in  rh y th m ic  d is tu rb an ces of v e n tr ic u la r  o rig in . 
T h u s  i t  seem ed to  be m ore ex p ed ien t to  search  for a re la tio n sh ip  b e tw een  
s tru c tu re  and  ab ility  o f th e  d rug  to  ch an g e  one or severa l basic  fu n c tio n a l 
ca rd iac  p a ra m e te rs , re su ltin g  in  an in h ib itio n  of a rrh y th m ia  an d  f ib rilla tio n . 
In  th is  connection , a u ric u la r  and  v e n tr ic u la r  a n tif ib rilla to ry  a c tiv ity  should  
he considered  se p a ra te ly . U n fo rtu n a te ly  in  t h a t  d irection  a sy s te m a tic  g a th e r
in g  o f d a ta  has n o t even  begun . In  sp ite  of th is , from  th e  p ra c tic a l p o in t o f v iew  
i t  seem ed su ffic ien t to  s ta r t  from  th e  s tru c tu re  of some well p ro v ed  an d  ac tiv e  
d ru g  as m odel. T h u s q u in id in e  an d  o th e r re la te d  an tim a la ria l d rugs h av e  e x te n 
siv e ly  been  s tu d ied  in  th e  norm al (B e r n o  et al. 1954; H e ss  an d  S ch m id t  
1959) an d  h y p o th e rm ic  an im al (A n g e l a k o s  an d  H e g n a u e r  1957). A lpha- 
fagarine-like  com pounds have  likew ise b e e n  sy n th e tized  a n d  p h arm aco lo g i
ca lly  analysed  in  series ( D iP alma  et al. 1950), fu rth e rm o re  a n tih is ta m in e s  (D i - 
P alm a  an d  S ch ults  1950; McCa w l e y  et al. 1951) and  local an aes th e tic s  
(Ca r d e n  an d  S t e in h a u s  1956; D iP alm a  a n d  S chults 1950; L a n z o n i an d  
Cl a r k  1955).

F ro m  th e  ab o v e  ex p erim en ts  som e g en era l conclusions can  be d raw n  as 
follow s.

1. T he p h th a lim id e  d e riv a tiv es  ju s t  as p rocaine am ide seem  to  be m ore  
a c tiv e  ag a in st v e n tr ic u la r  th a n  aga in st a u ric u la r  fib rilla tio n .

2. I t  is c learly  v isib le  from  Table I  t h a t  conversion of th e  te r t ia ry  am ine  
a t  R  to  a q u a te rn a ry  one resu lts  in  th e  co m p le te  loss of a n tif ib r illa to ry  a c t iv 
i ty . This is in  good ag reem en t w ith  th e  o b se rv a tio n s of D i P alm a  et al. (1950) 
on  a lph a-fag arin e-lik e  com pounds.

3. Increasing  th e  le n g th  of th e  m e th y len e  chain in  th e  p h th a lim id e  series 
in c reased  a n tif ib r illa to ry  p o ten cy  an d  to x ic ity  a t the  sam e tim e . S im ilar co n 
clusions have been  d ra w n  b y  D iP alma  et al. (1950) on th e  basis  of th e ir  w ork  
on  a lpha-fagarine-like  com pounds an d  b y  D a w e s  (1946) w hen  te s tin g  sy n th e tic  
q u in id in e  su b s titu te s  fo r a n tif ib rilla to ry  a c tiv ity .
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ACTA P H Y S IO L O G IC A

ТОМ  X X V I -  В Ы П . 3.

Р Е З Ю М Е

ИССЛЕДОВАНИЯ В СВЯЗИ С РАСПАДОМ NAD

Т. ГА И Т И  и Й. Ф О Д О Р

Измерения при различных температурах подтвердили данные Лаури и сотрудников 
относительно скорости распада никотинамид-аденин-динуклеотид (НАД). Из получен
ных данных кривая Аррениуса получается прямой. Вычисленные из данных измерений 
градиент температуры, постоянная действия и энергия активации оказываются в реально 
ожидаемом диапазоне. Постоянная скорость распада, полученная из чистого водного 
раствора НАД не одинакова с постоянной величиной скорости распада, полученной в 
соке вытяжки, в которой измеряется более высокая величина скорости распада. Опти
мальная температура экстракции 80° С, время экстракции 5 минут, в течение более дли
тельного времени распад слишком продвигается, а экстракция не улучшается. Главные 
характерные постоянные: температурный градиент 2,5/10° С, энергия активирования 
26,98 кал/моль; постоянная действия при pH =  4,3 : 0 ,59-10“16.

ТРИПСИНОВЫЙ ГИДРОЛИЗ ДЕГИДРОГЕНАЗЫ ГЛИЦЕРАЛЬДЕГИД-З-ФОСФАТА

Т. Д Е В Е Н Ь И , М. Ш АЙГО, Э. Х О Р В А Т , Б . С Е Р Е Н Ь И  и Л . П О Л Ь Г А Р

Из трипсинового гидролизата дегидрогеназы денатурированного глицеральдегид- 
3-фосфата авторы изолировали «соге»-фракцию, резистентную в отношении трипсина. 
Фильтрацией геля и микропрепаративной бумажной хроматографией удалось выделить 
четыре пептида. Авторы установили, что пептиды с большим числом членов гомологичны 
и содержат активную энзимную область. Выдвигается возможность применения «соге»- 
фракции для аналитических целей.

ФИЗИКО-ХИМИЧЕСКИЕ И ИММУНОЛОГИЧЕСКИЕ СВОЙСТВА ОЧИЩЕННОГО 
ПАТОЛОГИЧЕСКОГО МАКРОГЛОБУЛИНА

М. С А Б О Л Ь Ч , Л . О РО С  и Я . Х А Н К И Ш Ш

Авторы изолировали макроглобулин из сыворотки больного с макроглобулине- 
мией Вальденштрёма. Изолированный макроглобулин в ультрацентрифуге не оказался 
однородным. Присутствующий в большем количестве (85%) компонент имеет коэффициент 
осаждения 18 S и молекулярный вес в 860 000. Другой компонент (15%) имеет коэффи
циент осаждения в 27 S и молекулярный вес в 1 300 000. При электрофореза макрогло
булин показал при pH =  8,6, в буферном растворе 0,1 /г — поведение однородной, моно- 
дисперсной системы.

После применения 2-меркаптоэтанола в концентрации 0,15 М макроглобулин 
фрагментировался на диссоцианионную единицу с коэффициентом осаждения в 6,27 S 
и с молекулярным весом в 153 000. Диссоциацию макроглобулина удалось выявить также 
при помощи вискозиметрии. На основании результатов вискозиметрии авторы указывают 
на возможность выявления макроглобулинов при помощи более простых методов иссле
дования. 2-меркаптоэтанол в значительной мере изменил спектр светопоглощения макро
глобулина.



В иммунологических экспериментах было установлено, что изолированный макро - 
глобулин находится в родстве с гаммаглобулином и что два компонента макроглобулина 
с различным молекулярным весом серологически также различны.

ДЕЙСТВИЕ ПОВРЕЖДЕНИЯ И РАЗДРАЖЕНИЯ СРЕДНЕГО МОЗГА НА ФУНК
ЦИЮ СИСТЕМЫ ГИПОФИЗ-ЩИТОВИДНАЯ ЖЕЛЕЗА

Ш. К О В А Ч , ж . В Е Р Т Е Ш , А. Ш А Н Д О Р  и М. В Е РТ Е Ш

В экспериментах на белых крысах-самцах было установлено, что билатеральная 
электрокоагуляция, проведенная в сетчатой формации среднего мозга, обуславливает 
значительное повышение поглощения J131 щитовидной железой. При действии раздра
жения постоянными электродами, помещенными в этой же области, поглощение J131 в 
значительной мере снижается. Наблюдаемой после раздражения снижение поглощения 
J 131 проявляется также у  животных с удаленными надпочечниками или лечившихся 
кортизоном. При измерении размера отдачи J131 щитовидной железой после раздражения 
также наблюдалось снижение активности щитовидной железы, то есть уплощение кривой 
выделения радиоактивного иода.

ИССЛЕДОВАНИЕ РОЛИ РЕТИКУЛЯРНОЙ ФОРМАЦИИ СРЕДНЕГО МОЗГА В 
ПРОЦЕССАХ МОТИВАЦИИ И ОБОРОНИТЕЛЬНЫХ УСЛОВНЫХ РЕФЛЕКСОВ 
ПОСЛЕ ВВЕДЕНИЯ ХЛОРПРОМАЗИНА В СРЕДНИЙ МОЗГ ИЛИ ВО ВСЮ

СИСТЕМУ

Б . Б О Х У Ш , Э. Э Н Д Р Ё Ц И  и К . Л И Ш Ш А К

В ходе выработки и стабилизации оборонительного условного рефлекса у крыс 
авторы путем анализа осуществления рефлекса и спонтанных межсигнальных реакций 
исследовали действие хлорпромазина, местно инъицированного в область ретикулярной 
формации среднего мозга.

Введение 5—50 мкг хлорпромазина в ретикулярную формацию среднего мозга в 
значительной .мере снизило число спонтанных межсигнальных реакций при неизменном 
осуществлении рефлекса.

При введении 0,1 мг/100 г веса тела хлорпромазина во всю систему снижается 
только число межсигнальных реакций, в то время как введение количества 0,2—1,0 мг/ 
100 г веса тела задерживает также осуществление оборонительного условного рефлекса, 
вернее двигательную реакцию на безусловное раздражение.

Результаты исследований указывают на роль ретикулярной формации среднего 
мозга в организации спонтанных, целеустремленных двигательных реакций.

ДЕЙСТВИЕ ПЕРЕСЕЧЕНИЯ ЧРЕВНОГО НЕРВА В ПРЕДОХРАНЕНИИ ОСТРОГО 
ПОРАЖЕНИЮ ПОЧЕК У СОБАК

А. Ф Е К Е Т Е , И . Т А Р А Б А  и М. ВИШ И

У собак с односторонней нефректомией авторы вызывали временным зажимом 
почечной артерии патологическую картину, подобную острому почечному поражению 
у людей. После пересечения чревного нерва у животных при действии той же травмы эта 
патологическая картина не развивалась, и при преходящих симптомах в пределах 14 
дней наступала полная реституция. У двух групп животных клинически и на основании 
выживаемости удалось выявить значительную разницу. Результаты указывают на нейро
генные факторы в патогенезе острого почечного поражения.



МЕДИКАМЕНТОЗНОЕ ПРЕДОТВРАЩЕНИЕ ЭКСПЕРИМЕНТАЛЬНОЙ ОСТРОЙ 
ПОЧЕЧНОЙ НЕДОСТАТОЧНОСТИ

И. Т А Р А Б А

Острое азотемическое уремическое состояние, вызванное временным зажимом по
чечной артерии, удалось предотвратить применением хлорпромазина. Между полу
чившей это средство и неполучившей' его контрольной группами выживаемость показы
вает достоверные отклонения, а гистологическая картина — соответственно выживае
мости — менее значительные изменения. На основании действия хлорпромазина, парали
зирующего вегетативные субкортикальные центры, указанный факт предотвращения 
обращает внимание на патогенную роль тонуса вегетативной или симпатической нервной 
систем.

ИЗМЕНЕНИЕ ПОЧЕЧНОЙ ФУНКЦИИ ПОСЛЕ НОВОКАИНОВОЙ ИНФИЛЬ
ТРАЦИИ, ПРИМЕНЕННОЙ ПРИ ОСТРОМ ПОЧЕЧНОМ ПОВРЕЖДЕНИИ

А. Ф Е К Е Т Е  и И . Т А Р А Б А

У собак в поверхностном морфин-эфировом наркозе при помощи зажима почечных 
артерий в течение 2 часов вызывали состояние, напоминающее острое почечное поражение 
у людей. Это состояние в течение нескольких дней привело к олигурически-азотемиче- 
скому состоянию и к смерти. Если при этой травме проводилось новокаиновая инфильт
рация, то преобладающее большинство животных выживала. Согласно результатам 
острых опытов, проведенных на оставшихся в живых животных, под влиянием ново- 
каинового лечения анурическое состояние прекращается, количество крови, протекаю
щей через почки повышается и экстракция ПАГК улучшается. Принимая во внимание 
сосудорасширяющее действие новокаина результаты экспериментов говорят за сосудо
суживающую этиологию посттравматического анурически-азотемического состояния.

ДЕЙСТВИЕ ЗАДЕРЖИВАЮЩИХ УГЛЕВОДНЫЙ ОБМЕН, СОЕДИНЕНИЙ, НА 
ДЕКСТРАНОВОЕ АНАФИЛАКТОИДНОЕ ВОСПАЛЕНИЕ

п. Г Ё Р Ё Г  и л. С П О Р Н И

Авторы исследовали действие известных соединений, отравляющих обмен глюкозы, 
на декстрановое анафилактоидное воспаление. Малоновая кислота, малеиновая кислота, 
арзенат и фторид в не токсической дозе оказывают интенсивное задерживающее действие 
на возникновение декстранового отека. Задерживающее действие малоновой кислоты 
можно прекратить фумаровой кислотой и янтарной кислотой. Вышеуказанные яды, 
действующие на обмен веществ прекращают действие инсулина, повышающее анафилак- 
тоидный отек.

Обсуждается предположительная роль заторможенности обмена глюкозы в за
держке воспаления.

ОБ АДРЕНЕРГИЧЕСКИХ БЕТА-РЕЦЕПТОРАХ МИГАТЕЛЬНОЙ ПЕРЕПОНКИ

Л . Д Ь Ё Р Д Ь , Й . М О Л Ь Н А Р  и М. Д О Д А

Авторы исследовали адренергические бета-рецепторы мигательной перепонки 
кошек и выявили, что сокращение мигательной перепонки, вызванное раздражением 
шейного симпатического нерва, вливанием адреналина, дачей амфетамина, эрготамина 
и толазолина, можно расслаблять дачей l-dl-изопреналина. Указанные действия можно 
антагонизировать дачей дихлороизопротеранола.



ДЕЙСТВИЕ РАЗДРАЖЕНИЯ БЛУЖДАЮЩЕГО НЕРВА И АЦЕТИЛХОЛИНА 
НА МЕРЦАТЕЛЬНУЮ СПОСОБНОСТЬ СЕРДЦА МЛЕКОПИТАЮЩИХ ПРИ 

РАЗЛИЧНОЙ ТЕМПЕРАТУРЕ ТЕЛА

Л . С Е К Е Р Е Ш  и Д ь . ПАП П

Авторы исследовали действие раздражения культи правостороннего перифериче
ского блуждающего нерва, а также инъекции или вливания ацетилхолина на мерца
тельную способность сердца на сердце наркотизированной кошки in situ, далее на сердце 
кошки, изолированном по методу Лангендорффа при различной температуре тела или в 
случае применения перфузионной жидкости различной температуры. Снижение фибрил- 
ляционного порога, вызванное раздражением блуждающего нерва или ацетилхолином 
при нормальной температуре тела, более выраженное, то есть гипотермия повышает 
чувствительность сердечной мышцы к влиянию блуждающего нерва. Кроме этого при 
гипотермии после раздражения блуждающего нерва и инъекции или вливания ацетил
холина чаще наблюдается аритмия и желудочковое мерцание, чем при нормальной тем
пературе тела. Все сказанное, однако, относится только к вызывающим аритмию или 
мерцание действиям блуждающего нерва, так как отрицательное хронотропное действие 
раздражения блуждающего нерва и введения ацетилхолина при гипотермии выраженно 
понижено. Авторы обсуждают возможное причины упомянутого отклонения, а также 
механизм повышенного фибриллярного действия ацетилхолина и раздражения блуждаю
щего нерва, наблюдаемого при гипотермии.

П РО И ЗВ О Д Н Ы Е  Х/1со-АМ ИНОАЛКИЛ/-Ф ТАЛИМ ИДА — Н О ВА Я ГРУ П П А  
С О Е Д И Н Е Н И Й  АН ТИ Ф И БРИ Л Л Я РН О ГО  Д Е Й С Т В И Я

Л. С Е К Е Р Е Ш , К . Х И Д Е Г , О. X. Х А Н К О В С К И  и Д ь . П А П П

Исходя из структуры прокаинамида, авторы получили новую группу соединений с 
антифибриллярным действием, замещенные производные алкиламина фталимида. В на
стоящей работе авторы исследуют —• при неизменном радикале фталимида — действие 
изменений, вызванных во вторичной аминовой группе, а также в длине алкиловой цепи, 
на антифибриллярную активность этих производных. Замещение радикалов диэтиламина, 
диметиламина или морфолина во вторичную аминовую группу не означало никакого 
преимущества с точки зрения антифибриллярного действия. Но введение пиперидиновой 
группы на это же место в значительной мере повысило действие, которое после удлине
ния алкиловой цепи продолжало повышаться, хотя в последнем случае повысилась 
также и токсичность и снижающее действие на кровяное давление. Замещение пипера - 
зинового кольца выраженным образом повышает антифибриллярное действие, но одно
временно также и токсичность соединения. Содержащее 4 алкиловые группы соединение 
N -метил-пиперидина обладает противомерцательной активностью на предсердии 1,7 раз, 
а на желудочке в 2,5 раз большей, чем хинидин, причем токсичность соединения только 
1,6 раз больше токсичности хинидина.
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THE EFFECTS OF FEEDING, FASTING AND 

ADRENALINE ON THE
GLUCOSE 6 PHOSPHATASE ACTIVITY OF THE LIVER

B y

G. В о т , K a t a l in  A n d r á s s y , I l o n a  P orcsalm y  and G. Y e r e b

IN STITU TE OF MEDICAL CHEM ISTRY, U N IV E R SIT Y  MEDICAL SCHOOL, D EBRECEN  

(Received Septem ber 17, 1963)

The G-6-P-ase activ ity  o f the liver  has been studied  in  response to feeding  
different diets and to fasting. It has been  found that G -6-P-ase a ctiv ity  increased not  
only  during fasting, but also on feeding d iets lacking glucose or dextrin.

I t  has been dem onstrated th a t G -6-P-ase activ ity  changes significantly during  
the period betw een feedings; it decreases a few  hours after feeding, then it  increases 
and rem ains high until well after the n e x t  feed.

It has been shown that adrenaline is capable to increase hepatic G -6-P-as»  
a c tiv ity  in  vivo, provided the a c tiv ity  w as in itia lly  low.

T h e im p o r ta n t role of G-6-P-ase* in  th e  blood su g a r p roducing  a c tiv ity  
o f  th e  liv e r is well know n. As a re su lt o f th e  p h o sp h o ry la tio n  of glycogen 
G -l-P , th e n  u n d e r th e  effect of phospho g lu co m u tase  G -6-P  is form ed. G -6-P  
is sp lit b y  G -6-P-ase in to  free glucose a n d  inorgan ic  p h o sp h a te . T hus, th e  d irec t 
b lood  su g ar p ro duc ing  enzym e is G -6-P -ase.

T he organism  reg u la tes  b lood su g a r  p ro d u c tio n  also w ith  G -6-P -ase 
itse lf. A ccord ing  to  A shm ore  et al. (1954), in  d iabetes th e  G -6-P-ase a c t iv i ty  
o f  th e  liv e r  increases b y  a b o u t 100 p e r c e n t, w hile o thers h a v e  found  increases 
am o u n tin g  to  40 to  60 p er cen t (L a n g d o n  an d  W e a k l e y  1955; P at r ic k  a n d  
T ulloch  1957; H a r p e r  1959). In su lin  tr e a tm e n t  in  vivo  norm alizes G -6-P -ase 
a c tiv ity .

I n  vitro, how ever, insu lin  is in e ffec tiv e . L a n g d o n  a n d  W e a k l e y  (1955) 
h a v e  suggested  th a t  p a r t  of th e  m icrosom e-bound  G -6-P -ase is p re sen t in  a 
m asked  fo rm  in  th e  n o rm al liver, a n d  th is  overm ask ing  ceases in  d iab e te s .

T h e  increase o f G -6-P-ase a c t iv i ty  m a y  reduce th e  su g ar u tilisa tio n  b y  
th e  liv e r  even  w hen  th e  a c tiv ity  of g lucok inase  (the enzym e d irec tly  in v o lv ed  
in  th e  p h o sp h o ry la tio n  of sugar) does n o t  change. The h ig h ly  ac tiv e  G -6-P -ase

* A bbreviations used in  this paper:
G-6-P-ase: glueose-6-phosphatase 
G -l-P : glucose-l-phosphate
G-6-P: glucose-6-phosphate
F-6-P: fructose-6-phosphate
EDTA: ethylenediam ine tetraaceta te  21

21 A cta Physiologica XXVI/4.
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m a y  nam ely  re c o n v e rt to  glucose th e  G -6-P  fo rm ed  u n d e r th e  effect of gluco- 
k in a se  and  th u s , th ro u g h  a su m m atio n  o f th e  ac tions o f  th e  tw o enzym es, 
g lucose  u tilisa tion  decreases.

I t  has been d e m o n s tra te d  in  m an  t h a t  d iabe tes increases and  in su lin  
(o r ca rb u tam id e) no rm alizes G -6-P-ase a c t iv i ty  (P atrick  a n d  T ulloch  1957). 
T h e  effects observed  in  d iabe tes w ith  a n d  w ith o u t in su lin  tre a tm e n t m ake 
i t  o b v ious th a t  in su lin  p lay s an  im p o r ta n t  ro le  in  keep ing  G -6-P-ase a c t iv i ty  
a t  a  n o rm al level, o r in  th e  d im in u tio n  o f  i ts  a c tiv ity .

These re su lts  h a v e  been con firm ed  b y  evidence o b ta in e d  in  g lucose 
in fu s io n  experim en ts (H a w k in s  et al. 1959). Glucose in fu sio n  d im in ishes 
n a m e ly  G-6-P-ase a c t iv i ty  in  th e  n o rm a l r a t ,  b u t  n o t in  th e  d iabe tic  an im al. 
I t  m a y  be surm ised  th a t  th e  insu lin  p ro d u ced  in  response to  glucose in fusion  
is responsib le  for th e  decrease of G -6-P -ase a c tiv ity . T his is in d ica ted  also b y  
th e  fa c t  th a t  g lucose, i f  ad m in is te red  o v er a ce rta in  p e rio d  o f  tim e, causes 
no  fu r th e r  red u c tio n , an d , also, th a t  a f te r  in su lin  p re - tre a tm e n t the  in fusion  
o f  g lucose does n o t d im in ish  th e  a c tiv ity .

A ll these m ak e  i t  likely  th a t  in su lin  reduces th e  G -6-P -ase a c tiv ity  o f  
th e  liver.

G-6-P-ase a c t iv i ty  changes in  th e  oppo site  d irec tion , i.e. increases, in 
re sp o n se  to  food d e p riv a tio n  an d  to  th e  feed ing  of c e r ta in  k inds o f d ie t 
(A sh m o re  et al. 1954; F itch  et al. 1959; F r e e d l a n d  a n d  H a r p e r  1957, 
1958a, 1958b, 1958c; H a r p e r  1959; L a n g d o n  and  W e a k l e y  1955; W e b e r  
a n d  Cantero  1954, 1957a, 1957b). N u m ero u s au th o rs  h a v e  claim ed th a t  th e  
in c rea se  of a c tiv ity  re su ltin g  from  fa s tin g  w ould  be due to  a co n cen tra tio n  
o f  th e  liver, a lth o u g h  a t  th e  sam e tim e  th e re  is no increase  in  the  a c t iv i ty  
o f  o th e r  hepatic  enzym es. S tu d y in g  th e  effects o f v a rio u s d ie ts , F r e e d l a n d  
a n d  H arper  (1957, 1958a, 1958b) an d  H a r p e r  (1959) h av e  show n th a t  p ro te in , 
f a t ,  galactose an d  fru c to se  increased , g lucose a n d  d e x tr in  decreased  G -6-P -ase  
a c t iv i ty .  They ca lled  th is  p h en o m en o n  p r im a ry  adapta tion , b y  w hich th e  
o rg an ism  provides fo r b lood  su g ar p ro d u c tio n  from  glycogen. T hey  h a v e  
sh o w n  th e  p rim a ry  a d a p ta tio n , i.e. th e  in crease  o f G -6-P -ase a c tiv ity , to  se t 
in  as soon as th e  d ie t  co n ta in ed  less th a n  30 p e r cen t d e x tr in .

In  th e  p re se n t s tu d y  an  a t te m p t  h as  been  m ade to  f in d  a co rre la tio n  
b e tw e e n  the  increase  o f G -6-P-ase a c t iv i ty  caused  b y  fa s tin g  an d  th a t  caused  
b y  feeding a glucose-free d ie t, an d  to  e s tab lish  w h e th e r ad renaline  w as 
c a p a b le  of increasing  th e  a c tiv ity  o f th e  enzym e, and  how  th is  depended  u p o n  
th e  d ie t and  th e  tim e  elapsed  since feed ing .

Materials and Methods

Male albino rats, weighing 150 to  200 g, were used. The anim als were m aintained  
on  a  m ixed diet and were fasted  for 24 hours before beginning the experim ent. Then th e y  
w ere fed  for 1 to  3 days a fa t (butter), protein (casein), or carbohydrate (dextrin-maltose)*
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diet. Food and water were a llow ed ad libitum . On com pletion of th e  experim ent the anim als  
were stunned, decapitated and exsanguinated. The liver was taken  out w ithout delay and  
frozen w ith  solid carbon dioxide. Then from the frozen liver sm all specim ens were tak en , 
weighed, hom ogenized w ith quartz dust and chilled distilled w ater, to  get a 10 per cen t 
hom ogenate.

G -6-P-ase activ ity  was determ ined according to  Cori and Cori (1952). A ctiv ity  w as 
estim ated from  the liberated am ount of inorganic P . Incubation lasted  15 m inutes, a t 30° Ç 
and pH  6.8. The results were related  to 100 mg fresh liver and 100 g f in a l body weight.

G-6-P-ase activ ity  —
a ctiv ity  o f whole liver X 100 

body w eight

Inorganic P  was estim ated by the m ethod o f Taussky and Shorr (1953).

R esu lts  and  D iscussion

The effects o f  fa stin g  and differen t diets on the G-6-P-ase activ ity  o f  the liver

In  th is  group it  w as s tu d ie d  how G -6-P-ase a c tiv ity  w as in fluenced  b y  
fastin g  an d  b y  th e  d iffe ren t k in d s  of d iet. T he resu lts  a re  p re sen ted  in Table I .  

T he  re su lts  show n in  Table I  are rep resen ted  g rap h ica lly  in  F ig . 1.

Table I

Effect o f fasting and o f  different diets on G-6-P-ase ac tiv ity  o f  rat liver

Glucose-6-phosphatase

N um ber concentration activ ity
of

animals
1 2 3 4 tig P /I57 IOO mg 

liver
mg P /I57 IOO g 

body w eight

5 mixed 261 ±  26.4* 10.00 J r  1.34*
6 m ixed fasting 447 ±  6.5 14.78 ±  1.42
5 mixed fasting fat 418 J; 22.1 14.96 Jr 0.85
7 m ixed fasting fat fat 499 ±  40.6 17.58 J r  1.91
3 m ixed fasting fat fasting 503 Jr 23.7 17.70 J r  1.15
6 m ixed fasting protein protein 515 J r  45.6 19.06 ±  2.61
6 mixed fasting dextrin dextrin 315 J r  7.2 12.00 J r  0.32

* Jr standard error of the m ean

T he d a ta  in  Table I  a n d  F ig . 1 in d ica te  th a t  fas tin g  fo r  one d ay  increased  
th e  h ep a tic  G -6-P-ase c o n c e n tra tio n  and  also th e  a c tiv ity  re la te d  to  100 g 
b o d y  w eigh t. A c tiv ity  rem a in ed  high d u ring  th e  fa t ty  d ie t. A  sligh t fu r th e r  
increase  ensued  w hen th e  f a t ty  d ie t was co n tin u ed , or th e  an im al was a g a in  
fa s ted . A c tiv ity  was increased  also on feed ing  p ro te in  fo r tw o  days. I t  w as, 
o n ly  th e  feed ing  o f glucose (d ex trin ) w hich caused  th e  a c t iv i ty  to  decrease..

21*
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A ccording to  th e  ab o v e  resu lts , i t  is n o t  th e  fa s tin g , o r n o t th e  fa s tin g  
a lo n e  th a t  increases th e  c o n cen tra tio n  o r th e  a c tiv ity  of G -6-P -ase. G -6-P-ase 
leve l is alw ays h igh  w h en  th e re  is no glucose in  th e  d ie t a n d  decreases, w hen  
th e  an im al is fed  g lucose. T he decrease m a y  he ascribed  to  an  increased  
sec re tio n  of insu lin ; th is  w ould  be in d ire c tly  responsib le fo r th e  decrease in  
th e  q u a n tity  of G -6-P -ase . T his has been  confirm ed b y  th o se  ex perim en ts in 
w h ic h  G -6-P-ase a c t iv i ty  decreased  d ire c tly  in  response to  th e  in jec tio n  of 
in su lin  in th e  liver o f n o rm a l ra ts  (A sh m o re  et al. 1956; H a w k in s  et al. 1959).

F ig. 1. Effects of fasting and diets on G -6-P-ase concentration o f the rat liver. The single 
points represent th e  m ean values o f  th e  results presented in  Table I

D aily variations o f  G-6-P-ase activ ity

T he opposite  effects o f fasting  an d  feed ing  food c o n ta in in g  glucose on 
G -6-P -ase a c tiv ity  m ak e  i t  questio n ab le  w h e th e r i t  is th e  h ig h er or th e  low er 
v a lu es  th a t  m ay  be  considered  to  re p re se n t th e  norm al.

In  fu r th e r  ex p e rim en ts  we h av e  there fo re  in v e s tig a te d  w h e th e r th e  
G -6-P -ase a c tiv ity  show ed  daily  v a r ia tio n s  in  th e  p e rio d  betw een  feedings. 
T h e  an im als w ere fed  a s ta n d a rd  d iet*  a.m . once a d a y , betw een  7 a n d  9 
o ’clock. A fter feed ing  th e  anim als w ere allow ed exclusively  w a te r u n ti l  fed 
a g a in  th e  n ex t d ay . A fte r  tw o  days o f feed ing  th e  s ta n d a rd  d ie t, G -6-P -ase 
a c t iv i ty  was d e te rm in ed  im m ed ia te ly  a f te r  feeding, th e n  3, 6, 12 and  24 hours 
la te r . The resu lts  a re  show n in  Fig. 2.

* The com position o f the standard diet (Freedland and Harper 1958a) was dextrin- 
m altose, 65 per cent; casein , 25 per cent; sunflow er seed oil, 7.5 per cent; yeast, 1 per cent; 
Ca lactate, 1 per cent; NaC l, 0.5 per cent.
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F ig. 2  shows th a t  im m ed ia te ly  follow ing feed ing , co n c e n tra tio n  an d  
a c tiv ity  o f G -6-P-ase w ere h igh . T hree h ou rs la te r  a c t iv i ty  w as s ig n ifican tly  
low er. T his w as follow ed b y  a g radua l increase  u n til  a t  24 hours a c tiv ity  w as 
h igher th a n  im m ed ia te ly  a f te r  feeding. T h is v a lu e  re flec ts  th e  cond itio n  before  
th e  n e x t feeding.

T he resu lts  m ake i t  clear th a t  even an im als fed a s ta n d a rd  d ie t show  
w ide v a ria tio n s  in  G -6-P -ase a c tiv ity  d epend ing  on th e  tim e  e lapsed  since

Fig. 2. D aily  changes in  G -6-P-ase activ ity  in  th e  interval betw een feedings. The poin ts 
represent m ean values obtained in  4 to  7 experim ental animals

feeding. T h is explains th e  w ide range of v a ria tio n s  in  th e  G -6-P-ase va lu es  
w hen  th e  tim e  of feed ing  is u n ce rta in . I t  is also visib le th a t  d u rin g  feed ing  
th e  an im als show  a c tiv ity  values sim ilar to  th o se  o b ta in ed  d u rin g  a sh o rt fa s t 
and  i t  is o n ly  several h o u rs  la te r  th a t  a c tiv ity  decreases sign ifican tly .

T hus, G -6-P-ase a c t iv i ty  shows da ily  v a ria tio n s  co rre la ted  w ith  feed ing . 
T his w ould  be  observab le , o f  course, less c learly  if  th e  an im als  w ere fed  sev era l 
tim es a day .

I t  m ay  therefo re  be assum ed  th a t  th e  G -6-P-ase a c tiv ity  of th e  liv e r  is 
reg u la ted  b y  tw o fac to rs , in su lin  and  ad ren a lin e . As a c tiv i ty  decreases e x c lu 
sively  on feed ing  a h igh g lucose (or d ex trin ) d ie t an d  does n o t  decrease in  response  
to  feeding fa t ,  p ro te in  or fru c to se , i t  seem s ju s tif ie d  to  c la im  th a t  in  th e  daily  
v a ria tio n s  d isp layed  b y  n o rm a l an im als ( e.g. in  th e  period  follow ing a lim e n ta ry
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hyperg lycaem ia) i t  is th e  insu lin  w hich  is responsib le  fo r th e  decrease of 
G -6-P -ase ac tiv ity . T h e  in crease  of a c tiv ity  observed  la te r  a f te r  feeding m ay  
be  d u e  e ither to  an  in c rea sed  p ro d u c tio n  o f ad ren a lin e , or to  a decrease in  th e  
secre tio n  of insulin .

Effect o f adrenaline on G-6-P-ase activ ity

On th e  basis o f  th e  above, we have  ex am in ed  w h e th e r ad rena line  w ould  
en h an ce  G -6-P-ase a c tiv ity . T he an im als w ere  m a in ta in e d  fo r tw o day s on 
th e  dex trin -m alto se  d ie t, to  reduce th e  G -6-P -ase a c tiv ity  o f  th e  liver. T h ree  
h o u rs  a fte r th e  la s t  feed ing  one group w as t r e a te d  w ith  0.25 to  0.30 m g a d re n a 
line su bcu taneously , th e  o th e r  group se rv ed  as con tro l. T h ir ty  m in u tes  to  
1 h o u r  a fte r th e  in jec tio n  o f ad rena line  th e  an im als  w ere k illed  and  th e  G -6-P- 
ase  a c tiv ity  of th e  liv e r  w as de te rm in ed . T h e  resu lts  are p re sen ted  in  Table I I .

Table II

Effect o f  adrenaline on G -6-P-ase activity  
o f the rat liver

G-6-P-ase concentration G-6-P-ase activityfxg P/I5 7 IOO mg liver mg P/15'/100 g body weight

Control Adrenaline Control Adrenaline

3 0 0 3 7 5 1 2 .0 1 5 .7

30 5 380 1 2 .2 1 6 .6

3 0 5 380 11 .1 1 9 .0

31 0 430 1 1 .4 1 5 .9

33 5 445 1 1 .9 14 .7

3 4 0 465 1 3 .4 2 0 .0

470 1 3 .5

4 80 1 4 .9

510 2 0 .2

535 2 0 .4

550 2 3 .3

628 1 7 .0

3 1 5  ±  17 4 7 0  ±  22 1 2 .0  ±  0 .3 1 7 .6  ± 0 . 8

0 .0 0 0 1  < p  < 0 . 0 0 1 0 .0 0 0 1  < p < 0 . 0 0 1

±  standard error of the mean

The d a ta  in  Table I I  show  th a t  in  response  to  ad ren a lin e  G -6-P-ase 
a c tiv ity  increased  s ig n ifican tly . The d ifference  b e tw een  th e  tw o g roups was 
h ig h ly  sign ifican t in  th e  case of G -6-P -ase a c tiv ity  re la te d  to  b o th  100 m g 
fresh  liver tissue a n d  100 g bo d y  w eight.
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H ow ever, ad rena line  d id  n o t  increase  G -6-P-ase a c tiv ity , w hen  th is  w as 
h ig h  before  th e  ad renaline  h a d  b een  in jec ted . W h en  th e  an im als w ere fed  
fructose*  in s te a d  o f  d ex trin -m alto se , a c tiv ity  w as h ig h  an d  ad rena line  caused  
no  fu r th e r  increase  (Table I I I ) .

Table III

Effect o f adrenaline on G-6-P-ase activity  
o f rats m ain tained on fructose diet

G-6-P-ase concentration 
jUg P /I5 7 IOO mg liver

G-6-P-ase activity 
mg P /I57 IOO g body weight

Control Adrenaline Control Adrenaline

38 0 38 0 17 .7 1 6 .9

38 5 4 1 0 16.3 1 8 .4

42 0 4 2 0 18 .8 15 .1

43 5 47 0 18.7 1 9 .3

51 0 5 30 21 .2 2 0 .7

615 5 5 0 22 .8 2 4 .9

575 2 5 .9

4 5 7  ±  36 4 7 7  ±  28 19 .3  ±  2.1 2 0 .2  ± 4 .1

0 .0 5  < p  < 0 . 5

V1Л00

p < 0 . 5

±  standard error o f the mean

T hus, th e  enhancing  effect o f ad renaline  on low  G -6-P-ase a c tiv ity  was 
o bserved  exclusively  a fte r  d ex trin -m a lto se  feeding. T h e  questio n  th ere fo re  arose, 
w h e th e r ad ren a lin e  only an tag o n ized  th e  insu lin  effect (i.e. abolished th e  
in h ib itio n  caused  b y  insulin), o r d id  i t  ac tu a lly  a c tiv a te  G -6-P-ase.

In  connec tion  w ith  th is  i t  m a y  be asked, to  w h a t should  G -6-P-ase 
a c t iv i ty  be re la te d ?  Changes in  th e  cond ition  of th e  liv er (in its  glycogen, 
p ro te in  an d  w a te r  co n ten ts , cell c o u n t, etc.) m ay  m ak e  n am ely  d ifficu lt to  
d e te rm in e  w h e th e r its  G -6-P-ase a c t iv i ty  has increased  or decreased. I t  is 
u su a l to  give th e  values of G -6-P -ase co n cen tra tio n  p e r 1 g liver tissue  an d  
th o se  o f a c tiv ity  p e r  100 g b o d y  w e igh t. I f  th e  tw o  values change p a ra lle l 
in  th e  sam e d irec tio n , as in th e  ab o v e  experim en ts, th e  resu lts  are accep tab le . 
M isleading resu lts  w ould  be o b ta in e d  b y  re la tin g  th e  values to  th e  p ro te in  or 
solids c o n te n t o f th e  liver.

* The com position of this diet w as, fructose, 65 per cent; casein, 25 per cent; sunflower  
seed oil, 7.5 per cent; yeast, 1 per cent; Ca lactate , 1 per cent; NaCl, 0.5 per cent.
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FLUORESZIERENDE KOMPONENTEN IN ELASTIN

Von

I l o n a  B a n g a , J o l a n d a  M a y l á t h  P a l á g y i  und A. J o b b á g y

I. INSTITUT FÜR PATHOLOGISCHE ANATOMIE UND EXPERIMENTELLE KREBSFORSCHUNG 
UND KLINIK FÜR HAUT- UND GESCHLECHTSKRANKHEITEN 

DER MEDIZINISCHEN UNIVERSITÄT BUDAPEST

(E ingegangen am 5. Februar 1964)

In  den Fraktionen des aus E lastinpulver nach P a r t r id g e  hergestellten Oxal- 
säure-H ydrolysates wurden L öslichkeit und Fluoreszenz der fluoreszierenden Substanz 
untersucht.

D ie Substanz, deren Fluoreszenz m it dem  Filter 365 gem essen wurde, blieb  
nach Ausschütteln m it L ipoidlösungsm itteln zu etwa 4/j in der wäßrigen Phase, während  
’/5 in  der F ettlösungsm ittelphase erschien. N ach der auf die O xalsäure-H ydrolyse  
folgenden Salzsäure-H ydrolyse verschwand die Fluoreszenz n ich t, sondern wurde eher 
stärker. Daraus wird der Schluß gezogen, daß die gem essene Fluoreszenz n icht von  
Polypeptiden stam m t.

D ie Eigenschaften der untersuchten fluoreszierenden Substanz stim m ten nich 
m it denen des sog. »gelben P igm entes« überein. Gelbfärbung und Eiw eißgehalt der 
m ittels O xalsäure-H ydrolyse gewonnenen Fraktionen änderten sich  näm lich parallel, 
während die spezifische Fluoreszenz annähernd gleich blieb. D ie  untersuchte K om 
ponente wies auch andere L öslichkeitsverhältnisse auf als das gelbe P igm ent. Aus 
diesen Feststellungen fo lg t, daß nicht die Fluoreszenz der farbigen Substanz unter
sucht wurde.

E s wird in Ü bereinstim m ung m it anderen Autoren die M einung vertreten, daß 
das Elastinm olekül verschiedenartige fluoreszierende Stoffe enthält.

In  den  M itte lp u n k t d e r b iochem ischen  E rfo rsch u n g  der H a u t u n d  
B indegew ebe t r a t  v o r e in igen  Ja h re n  die E n td e c k u n g , d aß  ein B estan d te il 
des E lastin m o lek ü ls  ü b er F luo reszenz  v e rfü g t. S z e n t - G y ö r g y i  (1957) w ies als 
e rs te r  a u f  d en  engen Z u sam m en h an g  zw ischen der F lu o reszen z  einer S u b 
stan z  u n d  ih re r  E n e rg ie ü b e rtra g u n g sa k tiv itä t im  S toffw echsel h in . So d a rf  m an 
v o rau sse tzen , d aß  der flu o resz ie ren d en  S u b stan z  im  E la s tin  eine Rolle im  
A b b au  u n d  A u fb au  der e la s tisch en  F ase rn  zu fä llt. P a r t r i d g e  u n d  D a v i s  

(1955) sch rieben  über das gelbe E la s tin p ig m e n t, ohne dessen  F luo reszenz
verm ögen  w ahrzunehm en . L a B e l l a  (1957) v e r tr a t  als e rs te r  die M einung, 
d ieser S u b stan z  m üsse eine m etabo lische  F u n k tio n  zugesch rieben  w erden . 
N ach  seiner H y p o th ese  h a n d e lt  es sich  u m  ein u n g e sä ttig te s  L ipoid , das an  
d er A u fre c h te rh a ltu n g  d e r E la s tin m o le k ü ls tru k tu r  m itw irk t. D ie F luoreszenz 
des E las tin p ig m en te s  e n td e c k te  L o o m e i j e r  (1958). D ie v o n  ihm  aus Salz- 
sä u re h y d ro ly sa t iso lierte  geringe P ig m en tm en g e  w ar w asserun löslich , ab e r 
ä th e r- u n d  chloroform löslich . K ä r k e l ä  u n d  K u l o n e n  (1959) fü h rte n  die 
p a rtie lle  E la s tin -H y d ro ly se  m it versch ied en en  E n zy m en , S äu ren  u n d  B asen 
d u rch . D as iso lierte , gelb fluo resz ie rende  P ig m en t v e rm o ch ten  sie a u f  das 
8 — lO fache anzu re ichern . Ih re r  A nsich t n ach  b in d e t sich diese S u b stan z  eng
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a n  d ie  P e p tid k e tte . L o o m e i j e r  (1961) te ilte  m it, die A rte rien w an d  d er S äuger 
fluo resz ie re , w enn sie m it  350—400 m fi U Y -L ich t b e s tra h lt  w ird  u n d  iso lierte  
v o n  d er E la s tin -P e p tid k e tte  eine g esä ttig te  F e tts ä u re  m it 12 K o h len a to m en , 
die seiner A nsich t n a c h  fü r  die F luoreszenz v e ra n tw o rtlic h  sei. L a B e l l a  

(1961, 1962) u n d  L a B e l l a  u n d  L i n d s a y  (1963) tre n n te n  das gelbe E la s t in 
p ig m e n t von einem  fa rb lo sen  S toff, der bei 4 0 5 —440 m,u flu o resz ie rt. W a l f o r d  

u n d  M ita rbe ite rn  (1961) iso lie rten  aus E la s to ly sa t eine p ig m en tre ich e  u n d  eine 
p ig m en ta rm e  F ra k tio n . P a r t r i d g e  u n d  M ita rb e ite rn  (1963) s te llte n  aus 
E la s t in  zwei S u b stan zen  h e r, die T h o m a s  u n d  M ita rb e ite rn  (1963) »Desmosine« 
b zw . »Isodesmosine« n a n n te n . D ie U n tersu ch u n g serg eb n isse  von  S i n e x  u n d  
F a r i s  (1962) sprechen  g leichfalls d afü r, d aß  fü r die F luo reszenz  von  E la s tin  
zw ei verschiedene K o m p o n e n te n  v e ra n tw o rtlic h  sind.

W ie vo rsteh en d e  A u sfü h ru n g en  zeigen, d a rf  der fluo resz ie rende  E la s t in 
b e s ta n d te il  be rech tig te rw e ise  a u f  großes In te resse  rech n en . Aus d en  h ie r 
a n g e fü h rten  w enigen A n g a b e n  ü b er diesen F o rsch u n g sb ere ich  geh t ab e r auch  
h e rv o r , daß die M itte ilu n g en  ü b er seine E ig en sch aften  w idersp rech en d  sind . 
A us diesem  G runde b e fa ß te n  auch  w ir uns m it der U n te rsu c h u n g  der flu o resz ie 
ren d e n  E la s tin k o m p o n en te .

E x perim en te lle  M ateria len  und  M ethoden

Als Ausgangsm aterial diente das von P a r t r i d g e  und M itarbeitern (1 9 5 5 )  hergestellte  
E lastinpulver, aus dem wir folgende Stoffe gewannen:

a) Nach der V orschrift von  P a r t r i d g e  und M itarbeitern ( 1 9 5 5 )  m it partieller O xal
säure-H ydrolyse hergestellte E lastin lösung, die säm tliche 5 Fraktionen — auch a- und /J-Ela- 
stin  — enthielt und die wir durch Verm engung der 5 getrennten Fraktionen gewannen. (D iese  
L ösung bezeichnen wir im  w eiteren kurz als Stam m lösung.)

b) Die Fraktionen (I, II, III, IV, V ) der vorigen Stam m lösung jeweils gesondert.
c) Die HI. Fraktion der Stam m lösung, die auf Grund ihrer ICoazervatbildungsfähig- 

k eit wahrscheinlich reines a -E lastin  enthielt. Sie färbte sich am  kräftigsten gelb und ihr 
E iw eißgehalt war am höchsten .

Im  folgenden beschreiben wir ausführlich die zur U ntersuchung der angeführten Stoffe  
ausgearbeiteten Methoden.

a) Die Stam m lösung untersuchten wir von  zwei verschiedenen G esichtspunkten. 
W ir beobachteten die L öslichkeitsverhältn isse ihrer fluoreszierenden K om ponente sowie ihre 
Fluoreszenz sowohl in der Stam m lösung als auch in  den m it L ipoidlösungsm itteln herge
ste llten  Fraktionen. Da sich  ein  Teil der verw endeten L ösungsm ittel — Chloroform, Äther, 
Petroläther — nicht m it W asser verm engte, separierte sich die wäßrige Phase nach dem  
Schü tteln  von der lösungsm ittelhaltigen , und zwischen den beiden bildete sich eine geringere 
oder größere N iederschlagsm enge. B ei Gebrauch der sich m it W asser verm engenden L ösungs
m itte l — Azeton, M ethylalkohol — gab es nur eine wasser-lösungsm ittelhaltige Phase und  
entw eder keinen oder nur sehr wenig Niederschlag.

Bei der Fraktionierung gaben wir die lOfache L ösungsm ittelm enge zu 10 m l der unter
suchten Lösung. Das A u sschü tteln  erfolgte im  Scheidetrichter, die getrennten Phasen wurden  
voneinander separiert, ihr V olum en bestim m t, und danach untersuchten wir sie gesondert. 
V on A zeton nahmen wir — anders als von den anderen L ösungsm itteln — das 20- bzw. 40fache  
Volum en für die U ntersuchungen.

Die Untersuchung w urde m it dem Fluoreszenz-A dapter des Hilgerschen Spektrophoto
meters unter Verwendung des F ilters 365 vorgenom m en. Als Standard diente m it n/10 Schw efel
säure zubereitete Chininsulfatlösung in der K onzentration von  1 /«g/ml oder 0,1 /<g/ml, je nach  
der Stärke der gem essenen F luoreszenz. Als B lindprobe benutzten wir das betreffende L ösungs
m itte l. Bem erkt sei, daß w ir im  Interesse einer Vergleichbarkeit der Ergebnisse säm tliche
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B erechnungen so Vornahmen, als oh die Standardlösung von  0,1 ,ug/ml zur B estim m ung benutzt 
worden wäre. Nachfolgend wollen wir die Untersuchungsm ethoden und B erechnungen aus
führlich beschreiben. D ie hierbei gew onnenen R esultate waren zum eist niedrigere Zahlen 
als 1, weshalb wir diese W erte m it 100 m ultiplizierten. Das Ausm aß der F luoreszenz-L icht- 
in ten sitä t des fluoreszierenden Stoffes geben wir som it in  dim ensionslosen f ik tiv en  E inheiten  
(arbitrary unit) an.

D ie Untersuchung der Stam m lösung erfolgte aus der lOOfachen Verdünnung. Die 
F luoreszenz-L ichtintensität (im  weiteren L ichtintensität) der Standardlösung m it 100%  
annehm end, errechneten wir, w ieviel //g  schwefelsaurer. Chininsulfat-Fluoreszenz der gem es
sene L ichtintensitätsw ert entspricht. D ie  so gewonnene Zahl m it der V erdünnung (100) 
m ultiplizierend erhielten wir die auf 1 m l Stam m lösung entfallende Fluoreszenz. In  K enntnis 
der T atsache, w ieviel E iw eiß 1 m l der untersuchten Lösung enthält, errechneten wir auch  
die auf 1 m g Eiweiß entfallende sog. spezifische Fluoreszenz.

Fernerhin untersuchten wir die F luoreszenz der aus der Stam m lösung m it verschiede
nen Lipoidlösungsm itteln gewonnenen Fraktionen.

D ie wäßrige Phase wurde vor der M essung auf 30 — 60 m l ergänzt, w onach wir sinn
gem äß ebenso vorgingen wie bei der Untersuchung der Stam m lösung.

D ie Lipoidlösungsm ittel enthaltende Phase wurde vor der Bestim m ung auf 30 — 60 m l 
eindestilliert. Die Untersuchung stim m te m it der vorstehend beschriebenen überein.

D en Niederschlag untersuchten wir nur dann, wenn er wasserlöslich war. D ie  aus 10 m l 
Stam m lösung gewonnene Präzipitätsm enge wurde in  wenig dest. W asser aufgelöst und dann  
das Volum en auf 30 — 60 ml ergänzt. Im  weiteren gingen wir nach dem geschilderten V er
fahren vor.

Im  Falle von  einem  m it W asser verm ischbaren L ösungsm ittel wurde die wasser- und  
lösungsm ittelhaltige Phase ebenso eindestilliert wie die lipoidlösungsm ittelhaltige. D ie U nter - 
suchungs- und Berechnungsm ethode war dieselbe.

D en Eiw eißgehalt bestim m ten wir nach der m odifizierten Folinschen Methode (L owry 
und M itarbeitern 1951). Die W erte für die K alibrationskurve stellten  w ir nach K jeldahl 
aus der Stam m lösung fest.

b) Aus der L —V. Fraktion der O xalsäure-H ydrolyse nach P artridge (1955) führten  
wir F luoreszenz- und E iw eißuntersuchungen durch, um  zu erm itteln, wie diese beiden F ak to 
ren Zusammenhängen. M it den Fraktionen der Stam m lösung erfolgten die U ntersuchungen  
auf die gleiche W eise.

c)  D ie III. Fraktion der O xalsäure-H ydrolyse nach P artridge (1955) wurde aus den 
bereits angegebenen Gründen gesondert untersucht. Die Löslichkeits- und Fluoreszenzunter
suchungen nahm en wir sowohl am M aterial selbst als auch an dem daraus zubereiteten  Salz- 
säure-H ydrolysat vor. L etzteres wurde so hergestellt, daß wir den Stoff m it 2 N  Salzsäure 
24 Stunden lang bei 100° C in einem  B om bengefäß hielten. D ie Löslichkeits- und F luoreszenz
untersuchung der Söffe war dieselbe wie bei der Stam m lösung. Als L ösungsm ittel wurde nur 
Chloroform benutzt. B ei Untersuchung des E iweißgehaltes im  Salzsäurehydrolysat wurde 
eine Tyrosinkurve aufgenom m en. — N ach unseren Feststellungen hat die infolge der N eutrali
sierung entstandene Salzkonzentration die In ten sität der nach der Folinschen Methode gew on
nenen Farbe nicht beeinflußt.

E rgebn isse

D ie nachfo lgend  m itg e te ilten  U n tersuchungsergebn isse  ste llen  die M itte l
w erte  m eh rere r B estim m ungen  d a r.

a j  1 m l S tam m lö su n g  e n th ie lt  8,6 m g E iw eiß  u n d  9,2 m g  T ro ck en 
su b s ta n z . D ie F luoreszenz  von  1 m l L ösung m ach te  37, die spezifische F lu o re s 
zenz 44 aus (Tabelle I I I ) .

N ach  E x tra k tio n  der S tam m lö su n g  m it versch iedenen  L ö su n g sm itte ln  
t r a te n  folgende R e su lta te  zu tage:

M it C hloroform  au sg e sc h ü tte lt, w ar die F luoreszenz in  d er w äßrigen  
P h ase  am  s tä rk s te n ; h ie r fan d en  w ir  84%  der g esam ten  fe s tg es te llten  F lu o 
reszenz (Tabelle I ) .  D er E iw e iß g eh a lt d ieser P hase  b e tru g  7,7 m g/m l, 90%  des
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E iw eißgehaltes d e r  S tam m lö su n g . D ie spezifische F luoreszenz ergab  39 (Tabelle  
I I ) .  In  der ch lo ro fo rm h a ltig en  P h ase  s te llten  w ir 16%  der F luoreszenz fest 
( Tabelle I ) .  D ie F lu o reszen z  des N iedersch lags w u rd e  n ich t b e s tim m t, weil 
d ie se r w asserun löslich  w ar. M it 20% igem  N aO H  u n d  konz. H 2S 0 4 ließ  er sich 
in  L ösung  ü b e rfü h re n , u n d  n ach  d er A nalyse  b e s ta n d  er zu  90%  aus o rg an i
sch en  und  zu 10 %  au s  ano rgan ischen  S to ffen . Im  N iedersch lag  b es tim m ten  
w ir 15%  des T ro ck en su b s tan zg eh a lte s  u n d  9 %  des E iw eißgehaltes der S ta m m 
lösung .

Tabelle I

Prozentuale Verteilung säm tlicher Fluoreszenzwerte

F l u o r e s z e n z

U n t e r s u c h t e S u b s t a n z
in der 

Lösungs
mittel
phase,

%

in der wäßrigen 
bzw. wäßrig- 
lösungsmittel

haltigen Phase,
%

im Miederschlag,*
%

M it Chloroform 16 84 —

„ Äther fraktionierte 6 88 6

,, Petroläther Elastin- 0 100 —

,, Azeton Stammlösung 89 и
„ M ethylalkohol 100 kein Niederschlag

III. Fraktion 
der Oxalsäure- 
H ydrolyse

m it Chloroform aus
geschüttelt

13 87 - -

nach Salzsäure-Hydro
lyse m it Chloroform 
ausgeschüttelt

18 82 kein Niederschlag

* Das Zeichen —  bedeutet, daß wegen Unlöslichkeit des Niederschlages keine U nter
suchung vorgenommen wurde.

N ach Ä th e re x tra k tio n  wies die w äßrige  P h a se  die s tä rk s te  F luoreszenz, 
8 8 %  des b e s tim m te n  G esam tw ertes a u f  (Tabelle I ) .  D er E iw eißgeha lt (8,1 
m g/m l) m ach te  9 8 %  des E iw eißgehaltes der S tam m lö su n g  aus. In  der ä th e r- 
h a ltig e n  Phase fa n d e n  w ir 6%  der gem essenen G esam tfluoreszenz  (Tabelle I ) .  
D e r N iedersch lag  w a r  w asserlöslich, seine F lu o reszen zu n te rsu ch u n g  ergab 
dasse lbe  R e su lta t w ie die der ä th e rh a ltig e n  P h ase  (Tabelle I ) .  D eren  E iw eiß 
g e h a lt erwies sich  a ls  4 %  des G ehaltes d er S tam m lö su n g . D ie a u f  1 m g E iw eiß  
en tfa llen d e  F lu o reszen z  w ar in d er w äßrigen  P h ase  28, im N iedersch lag  66 
(Tabelle  I I ) .

W urde zum  A u ssc h ü tte ln  P e tro lä th e r  v e rw en d e t, so fan d en  w ir über
h a u p t  keine F lu o re szen z  in  der L ö su n g sm itte lp h ase , v ie lm ehr v e rte ilte  sich 
d ie  F luoreszenz zw ischen  dem  N iedersch lag  u n d  d er w äßrigen  P h ase . D a wur
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Tabelle II

Spezifische Fluoreszenzwerte in  den nach Extraktion der Stammlösung  
und I I I .  Fraktion gewonnenen Phasen

F l u o r e s z e n z

U n t e r s u c h t e S u b s t a n z

in der w äßri
gen bzw. 

wäßrig- 
lösungs- 

m ittelhalti- 
gen Phase

im Niederschlag*

Mit Chloroform 39 _
,, Äther fraktionierte 28 66
„ Petroläther Elastin- 36 —

Azeton Stammlösung 49 48

„ Methylalkohol 78 kein Niederschlag

III. Fraktion 
der Oxalsäure- 
Hydrolyse

mit Chloroform aus
geschüttelt

29 —

nach Salzsäure-Hydro
lyse mit Chloro
form ausgeschüttelt

192 kein Niederschlag

* Das Zeichen — bedeutet, daß wegen Unlöslichkeit des Niederschlages keine Unter
suchung vorgenommen wurde.

d en  N iedersch lag  n ich t u n te rsu c h te n , w urde  die G esam tfluoreszenz in  d e r 
w äßrigen  P h ase  gem essen (Tabelle I ) .  9 7%  (8,3 m g/m l) des E iw eißgehaltes 
d e r  S tam m lö su n g  erschienen in  d ieser P h ase . D ie spezifische F luoreszenz 
w urde  m it 36 festg este llt.

Tabelle III

Spezifische Fluoreszenzwerte in  der Stammlösung  
und in den Fraktionen der Oxalsäure-Hydrolyse

U ntersuchte Substanz Fluoreszenz

Stammlösung 44

I. 42
Fraktionen II. 37

der
Oxalsäure- III. 48
Hydrolyse IV. 43

V. nicht meßbar

Bei A nw endung  von  A zeton  b lieben  — aus den  b e re its  an g e fü h rte n  
G rü n d en  — n u r  44 %  des E iw eißgehaltes d e r S tam m lö su n g  in  der w ä ß rig 
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lö su n g sm itte lh a ltig en  P h a se , deren  F lu o reszen z  89%  der fe s tg este llten  G e sa m t
fluo reszenz  au sm ach te . Im  N iedersch lag  e rm itte lte n  w ir 11%  der G esam t
flu o reszen z  (Tabelle I ) .  D er a u f 1 m g E iw eiß  en tfa llen d e  W ert w ar in  der 
F lü ss ig k e it 49, im  P rä z ip i ta t  48 (Tabelle I I ) .

N ach  E x tra k tio n  m it M ethy la lkoho l b lieben n u r  39%  des E iw e iß 
g eh a lte s  der S tam m lö su n g  in  der u n te rs u c h te n  alkoho lisch-w äßrigen  P h ase , 
d e re n  F luoreszenz — d a  beim  A u ssc h ü tte ln  kein  N iedersch lag  e n ts ta n d  — 
d e r unserse its  gem essenen  G esam tfluo reszenz  (100% ) e n tsp ra c h  (Tabelle I ) .  
D er a u f  1 m g E iw eiß  en tfa llen d e  W ert w ar 78 (Tabelle I I ) .

b)  D ie U n te rsu c h u n g  der F ra k tio n e n  der O x a lsäu re-H y d ro ly se  n ach  
P a r t r i d g e  (1955) e rg a b , d aß  der E iw e iß g eh a lt der I . ,  I I .  u n d  IV . F ra k tio n  
e in a n d e r n a h e s te h t, w äh re n d  in  der I I I .  F ra k tio n  e tw a das D oppelte  d ieser 
W e rte  angetro ffen  w u rd e . (D ie V. F ra k tio n  e n th ie lt p ra k tisc h  kein  E iw eiß .) 
D ie spezifische F luo reszenz  in  der I . —IV . F ra k tio n  b e tru g  3 7 —48; s ig n ifik an te  
A bw eichungen  tr a te n  n ic h t zu tage  (Tabelle I V ) .

Tabelle IV

E iw eiß - und spezifische Fluoreszenzwerte 
der Oxalsäure-Hydrolyse- Fraktionen

Frak tion Eiweißgehalt
mg/ml

Fluoreszenz

I. 9,6 42
и . 8,0 37

in . 19,9 48
IV. 10,0 43
V. 0Д nicht meßbar

c) Die im  V e rla u f der O x alsäu re-H y d ro ly se  sep a rie rte  I I I .  F ra k tio n  
w u rd e  gesondert u n te rs u c h t . Ih re  spezifische F luoreszenz  erwies sich  als 
48 (Tabelle I I I ) .  N ach  A u ssch ü tte ln  d er S ubstanz  m it C hloroform  s te llte n  
w ir 8 7 %  der G esam tfluo reszenz  in  d er w äß rig en  P hase , 13%  in  der L ösu n g s
m itte lp h a se  fest (Tabelle  I ) ,  die spezifische F luoreszenz d er w äßrigen  P h ase  
w ar 29 (Tabelle I I ) .  H y d ro lis ie rten  w ir die I I I .  F ra k tio n  m it S alzsäure, u n d  
erfo lg te  das A u ssc h ü tte ln  h ie rnach  m it C hloroform , so fan d e n  w ir 8 2 %  d er 
G esam tfluo reszenz  in  d e r  w äßrigen  u n d  18 %  in der ch lo ro fo rm haltigen  P h a se  
( Tabelle I ) .  D er spezifische W ert in  d er w äßrigen  P hase  w ar 192 (Tabelle I I ) .

B esprechung

N ach  den ob igen  U n tersuchungsergebn issen  fa n d e n  w ir, w enn  d ie  
E la s tin -S tam m lö su n g  m it versch iedenen  L ipo id lösu n g sm itte ln  f ra k tio n ie r t
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w u rd e , die h ö ch sten  F luo reszenzw erte  in der w äßrigen  P h ase . In  der lipo id - 
lö su n g sm itte lh a ltig en  Phase u n d  im  N iedersch lag  w u rd en  niedrige W erte  
e rm itte lt  (Tabelle I ) .  Ä hnliche R e su lta te  e rgab  die U n te rsu ch u n g  der I I I .  
F ra k tio n  und  des d arau s h e rg es te llten  S a lzsäu re -H y d ro ly sa tes  (Tabelle I ) .  
D em n ach  h a t w eder die O x a lsäu re-H y d ro ly se  noch  die nachfo lgende Salz
säu re -H y d ro ly se  in  der C hrom oforgruppe des E las tin m o lek ü ls  eine V erän d e
ru n g  zustande g eb rach t, u n te r  d e re n  W irk u n g  diese in  die L ipoid lösungs
m itte lp h ase  übergegangen  w äre. E s  schein t so m it, d aß  die fluoresz ierende 
E la s tin k o m p o n en te  noch eng a n  d ie  E iw eißstoffe  g ebunden  w ar u n d  d a h e r 
als L ipopro te in  in  d er w äßrigen P h a se  erschien . L o o m e ij e r  (1958) iso lierte  
aus dem  S a lzsäu re -H y d ro ly sa t v o n  E la s tin  ein  gelbes P ig m en t, das sich in  
W asser n ich t, w ohl aber in F e ttlö su n g sm itte ln  au flö ste .

B e trach ten  w ir die spezifischen  F luo reszenzw erte  (Tabelle I I  und  I I I ) ,  
u n d  verg leichen  w ir sie m it d en en  d e r E lastin -S tam m lö su n g , so können w ir 
fo lgendes fests te llen : Iden tisch  s in d  die E rgebn isse  in  der aze to n h a itig en 
w äßrigen  P hase, in  deren  N iedersch lag  sowie in  der I . —IV . F rak tio n  d e r 
O x a lsäu re -H y d ro ly se . N iedrigere W erte  als be i der E lastin -S tam m lö su n g  
e rm itte lte n  w ir m e istens in  den w äß rig en  P h asen . In  diesen F ä llen  w ar die 
F luoreszenz , wie d as  A u ssch ü tte ln  m it Ä th e r zeig te , im  N iedersch lag  ange
re ic h e rt. E rh ö h te  W erte  tr a te n  au ch  in  d er m e th y la lkoho lisch -w äßrigen  
P h ase  zu tage. L e tz te res  kann  a u f  d e r  E ste rifiz ie ru n g  m it der C arboxy lg ruppe 
des P ig m en tsto ffes beru h en . D en  au ffa llen d sten  W e rt (192) ergab  das Salz
sä u re -H y d ro ly sa t d e r I I I .  F ra k tio n . N achdem  w ir die P o ly p ep tid b in d u n g en  
(zu m in d est teilw eise) verm u tlich  g esp a lten  hab en  u n d  der fluoreszierende S to ff  
den n o ch  e rh a ltengeb lieben  ist, j a  in fo lge  der H y d ro ly se  sogar in  einen iso lier
te n  Z u stan d  ge lang te , d a rf  der S ch lu ß  gezogen w erden , d aß  die unserseits 
gem essene F luoreszenz n ich t von P o ly p e p tid e n  s ta m m t. N ach  u n se re r M einung 
m uß  es sich um  eine n ied erm o lek u lä re  S ubstanz  h an d e ln , die u n te r  W irkung  
d er H ydro lyse  ke in e  V erän d eru n g  e rle id e t (»D esm osine?«).

D ie E ig en sch aften  dieser S u b s ta n z  s tim m en  n ich t m it d en en  des »gelben 
P igm entes«  von P a r t r id g e  u n d  D a v is  (1955), L a B e l l a  (1957, 1961, 1962), 
L a B e l l a  und  L in d s a y  (1963), K ä r k e l ä  u n d  K u l o n e n  (1959) sowie L o o 
m e ij e r  (1958, 1961) übere in . Bei u n se re n  U n te rsu ch u n g en  h ab e n  sich näm lich  
F ä rb u n g  und  E iw eiß g eh a lt der O x a lsäu re -H y d ro ly se frak tio n en  paralle l v e r
ä n d e r t. D ie am  s tä rk s te n  gelbe I I I .  F ra k tio n  e n th ie lt das m eiste  E iw eiß, 
dagegen  w ar ih re  spezifische F lu o reszen z  (48) n ic h t s ig n ifik an t höher als die 
der an d eren  F ra k tio n e n  (Tabelle I V ) .  W ir w iesen auch  b e re its  d a ra u f  h in , 
daß  die unserseits u n te rsu ch te  fluo resz ie ren d e  S u b stan z  an d ere  L öslichkeits
v e rh ä ltn isse  zeigte als das iso lierte  gelbe P ig m en t (L o o m e ije r  1958). Im  Sinne 
d ieser F es ts te llu n g en  h aben  w ir n ic h t  die F luoreszenz  des gelben  P ig m en ts  
u n te rsu c h t.
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A u ch  h iernach  h a t  es also den A nschein , daß  das E la s tin m o lek ü l m ehr 
flu o resz ie ren d e  S toffe e n th a lte n  m uß , als L a B e l l a  (1961, 1962) u n d  L a B e l l a  
u n d  L in d s a y  (1963), S i n e x  u n d  F a r is  (1962) sowie P a r t r id g e  u n d  M it
a rb e ite rn  (1963) b e h a u p te n .
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The effect of various doses of progesterone was investigated on adrenal cortico
sterone and aldosterone secretion i n  v iv o  and i n  v i tr o .

Daily administration of 1.5 mg/100 g of progesterone for six consecutive days 
significantly increased corticosterone secretion. When used at a dose level of 3 mg/100 g, 
or, of 5 mg/100 g the drug was without effect, while in a dose of 10 mg/100 g it markedly 
diminished corticosterone production.

Aldosterone secretion was enhanced by the daily administration of 10 mg/kg 
of progesterone.

The changes in adrenal weight were in accordance with those found in cortico
sterone secretion.

Under conditions i n  v itro , low concentrations of progesterone as precursor increas
ed the synthesis of both corticosterone and aldosterone. High concentrations, however, 
caused the aldosterone production substantially to decrease with only a slight con
comitant diminution in corticosterone synthesis.

P ro g este ro n e  tre a tm e n t has been  d e m o n s tra te d  in  our p rev ious ex p eri
m en ts  to  increase g lucocortico id  secre tion  in  b o th  th e  dog and  th e  r a t  (T e l e g d y  
a n d  E n d r ő c z i 1959; T e l e g d y  et al. 1962). S im ila rly , L a n d a u  an d  L u g ib ih l  
(1961) found  en h an ced  a ldosterone secretion  a f te r  th e  a d m in is tra tio n  of 
p rogesterone . O n th e  o th e r hand  th is  horm one h as  been  show n to  be capab le  
o f causing  ad ren a l a tro p h y  (Va n  R e e s  1959), an  e ffec t shared  w ith  6a-m ethy l- 
1 7 a-h y d ro x y p ro g este ro n e  (E d g r e n  et al. 1959; G l e n n  et al. 1959; H o lu b  et al. 
1961; L o g e t h e t o p o u l o s  et al. 1961). As to  th e  p ro g este ro n e-in d u ced  a u g m e n ta 
tio n  o f a ldoste rone  secre tion  th e  re su lts  th u s  fa r  o b ta in e d  are n o t q u ite  u n e q u i
vocal, as severa l a u th o rs  have succeeded  h u t  p a r tia lly  in  d em o n stra tin g  or 
co rro b o ra tin g  th is  effect (G o r n a l l  et al. 1960; L a y n e  et al. 1962; St a r k  
1962a, 1962b; S t a r k  and  K o ssm a n n  1963).

T he differences in  experim en ta l re su lts  m a y  be  accoun ted  fo r b y  several 
fac to rs , such as th e  dose of p rogesterone  ad m in is te red , th e  q u a lity  of th e  
gestagen  used  as w ell as th e  d ifferences in  b o th  th e  ex p erim en ta l anim als 
an d  ex p erim en ta l p rocedures. To avo id  th e  in fluence  o f these  fac to rs , we h av e  
a t te m p te d  to  s tu d y  th e  effect of p rogesterone  in  th e  sam e an im al species and  
fo r an  id en tica l p e rio d  of tim e. F em ale  ra ts  w ere used  in  th e  experim en ts 
an d  th e  in fluence  o f  progesterone on ad rena l co rtico ste ro n e  an d  a ldosterone  
secre tion  w as s tu d ie d  b o th  in  vivo an d  in  vitro.

22 A cta Physiologica X X V I/4.



314 GY. TELEGDY, К. I.ISSÁK

M ethods

Inbred adult female albino rats weighing from 120 to 200 g were used. The animals 
were kept under standard environmental conditions and on a standard diet. For treatment 
in v i v o , progesterone (Glanducorpin, Richter Fa.) in oil was administered subcutaneously 
for six  consecutive days.

The animals were grouped as follows:
1) controls, 0.4 ml oil/day
2) 1.5 mg/100 g of progesterone/day
3) 3 mg/100 g of progesterone/day
4) 5 mg/100 g of progesterone/day
5) 10 mg/100 g of progesterone/day
After treatment had been brought to an end, we measured the rate of adrenal cortico

steroid secretion. For this purpose the animals were anaesthetized with 250 mg/100 g of hexo- 
barbital sodium and the corticosterone and aldosterone content of adrenal venous blood was 
determined according to the method described previously (Teleg d y  et a l . 1962). Corti
costerone was measured in  each animal individually, while aldosterone in the pooled blood 
from 6 to 8 rats. The corticosterone secretion rate was expressed in terms of /íg/h/ЮО g body 
weight/adrenal; that of aldosterone, in /ig/h/kg body weight/adrenal.

After blood collection, the adrenals were removed, cleaned and weighed on a torsion 
balance with an accuracy of 0.1 mg.

The investigations i n  v i t r o  were carried out on the adrenal glands of normal, untreated 
animals. From the rats killed by decapitation the adrenals were removed, cleaned and sliced 
with a razor blade. Corticosterone synthesis was studied in K r e b s — R in g e r  bicarbonate buffer 
containing 200 mg/100 ml dextrose at pH 7.6. The gas phase consisted of 95 per cent oxygen 
and 5 per cent carbone dioxide. The tissue was incubated for 30 minutes at 38° C; thereafter 
the medium was replaced by a progesterone-containing K r e b s — R in g e r  solution and incubation 
was continued for an additional period of tw o hours (Gihoud e t a l. 1958).

The experimental arrangement in these experiments was as follows:
1) controls
2) 10 f ig  of progesterone
3) 100 f ig  of progesterone
4) 200 fig  of progesterone
5) 300 f ig  of progesterone
After incubation the medium was poured off and its corticosteroid content was 

determined.
E xtraction , paper chrom atography and  identification  of corticosteroids were per

form ed as described previously  (E ndrőczi and Y ang 1960). Q uantitative estim ation of  
corticosterone was m ade b y  means of the tétrazolium  blue reaction.

Aldosterone was determined by using a microscale tétrazolium reaction, a procedure 
developed in this laboratory (E ndrőczi and Y ang  1960)

Corticosterone and aldosterone productions have been expressed in terms of /tg/100 mg 
tissue/hour.

R esu lts

F ig . 1 shows co rticosterone  a n d  a ldosterone  secretion .
C orticosterone secre tion  in c o n tro l an im als tre a te d  only w ith  oil averaged  

13.3 ^  3.8 /tg/100 g /h . A fter a d m in is tra tio n  of progesterone  in  a dose of 
1.5 m g/100 g th is  v a lu e  rose to  17.2 4.1 (p <  0.02). A fte r 3 m g/100 g of
p ro g este ro n e  th e  r a te  o f  co rticoste rone  secretion  w as 13.7 ±  4.2 fjg /h /100 g, 
show ing , th e reb y , no  sign ifican t d ifference  from  th e  con tro l v a lu es , while 
a f te r  5 mg/100 g i t  decreased  to  10.6 ^  3.4 //g/h/100 g (p <  0.05), an d , a fte r 
10 m g/100 g, to  9.7 ±  2.0 (p <  0.01).

A ldosterone sec re tio n  in  con tro l an im als  tre a te d  w ith  oil w as 1.1 /ig /h/kg. 
A  v a lu e  of 0.9 /ig /h /k g  was found a f te r  th e  a d m in is tra tio n  of 1.5 m g/100 g o f
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progesterone , 1.03 /ig /h /kg a fte r  3 m g o f th e  d ru g  1.04 /ig /h /k g  a fte r  5 m g, 
an d  2.5 /ig /h /kg  a fte r  10 m g o f p rogeste rone .

A drenal w eights are  show n in  F ig. 2. C on tro l values (o il-trea ted  anim als) 
averaged  28.0 ±  6.4 m g/100 g. A  va lu e  o f 39.7 ±  5.0 m g/100 g was found

F ig .  1 . Secretion rate of corticosterone and aldosterone after various doses of progesterone. 
First column: corticosterone (and standard deviation)
Second column: aldosterone (and standard deviation)

F ig .  2 . Changes in adrenal weight after various doses of progesterone

a f te r  1.5 m g/100 g of p rogeste rone  (p <  0.001), 26.6 i  4.8  a f te r  3 mg (no 
difference from  th e  contro l), 25.9 i  3.8 a f te r  5 mg/100 g o f  p rogesterone 
(aga in  no sig n ifican t difference from  th e  con tro l) and  23.1 i  3.8 mg/100 g 
a f te r  giving 10 m g/100 g of p rogeste rone  (p <  0.001).

22*
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T h e results o f o u r  experim en ts in  vitro are d e m o n s tra te d  in  Table I .  
P ro g este ro n e  a t in c rea s in g  co n cen tra tio n s  up  to  200 pg/100 m g tissu e  au g 
m e n te d  corticosterone a n d  a ldosterone  p ro d u c tio n . O n th e  o th e r h a n d , a t  a 
dose level of 300 ц g/100 mg, th e  d ru g  considerab ly  d im in ished  a ld o ste ro n e  
sy n th es is  w ith  a m in im u m  decrease in  co rticosterone  p ro d u c tio n .

Table I

Effect o f  progesterone on the production o f  corticosterone 
an d  aldosterone in  the rat adrenal in  vitro

Number of 
animals

Weight of 
incubated tissue, 

mg

Progesterone 
added 

flg/100 mg 
tissue

Production in fxg/100 mg/h of

Corticosterone Aldosterone

8 237 n o n e 4 .0 0 .5 5

8 24 4 10 5.1 1 .55

8 235 10 0 5 .6 1 .64

8 23 0 2 0 0 5 .8 2 .0 5

8 242 3 0 0 5 .5 0 .6 8

D iscussion

T he results o f o u r  in v estig a tio n s in d ica te  th a t  th e  ad ren a l response  to  
p ro g este ro n e  t r e a tm e n t  depends on th e  dose of p ro g este ro n e  ad m in is te red  in  
a c e r ta in  period o f t im e . T here are d ifferences in  changes occurring  in  g luco
co rtico id  and m inera loco rtico id  secre tio n  and  also b e tw een  th e  b eh av io u r of 
h o rm o n e  p roduction  in  vitro  and  in  vivo. A ccording to  th e  find ings th e  changes 
in d u c e d  b y  p ro g este ro n e  in  th e  sy n th es is  and  secre tio n  of various ty p e s  of 
co rtico id s  are elic ited  b y  d ifferen t m echanism s.

Sm all doses o f  p rogeste rone  in crease  co rticoste rone  secretion  in  th e  r a t  
a n d  b o th  hy d ro co rtiso n e  and  co rtico ste ro n e  secre tion  in  th e  dog (T e l e g d y  
a n d  E ndrőczi 1959; T e l e g d y  et al. 1962). P ro g este ro n e  is well know n for its  
role p lay ed  in ad ren a l co rticoste ro id  syn th esis  and  b o th  in  vitro an d  perfusion  
ex p erim en ts  u n eq u iv o ca lly  d e m o n s tra te d  th is ho rm one  to  be a p recu rso r for 
ad ren o co rtica l s te ro id s  (A y r e s  et al. 1960; Gir o u d  et al. 1958; H e c h t e r  et al. 
1951). The sy n th esis-enhanc ing  e ffec t of sm all p ro g este ro n e  doses in  our 
ex p erim en ts  can be, th u s ,  explained  on th e  basis th a t ,  a t  leas t as fa r as e x p e ri
m en ts  in  vitro are concerned , an in creased  am o u n t o f th e  p recu rso r is p re sen t 
in th e  system . In  th is  connection , how ever, an in d irec t ac tion  via  th e  p i tu i ta ry  
has also to  be ta k e n  in to  account.

L arge doses, su c h  as 10 m g/100 g, of p rogesterone  lead  to  a su b s ta n tia l 
d im in u tio n  of co rtico ste ro n e  secre tion . R ela tive ly  h igh  co n cen tra tio n s do n o t 
increase  synthesis in  vitro. In  fac t, th e y  elicit a s lig h t d im in u tio n  in  secre tion ,
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as co m p ared  w ith  values found a t  lo w er progesterone levels. H ow ever, th is  
decreased  synthesis s till exceeds th e  c o n tro l one. C om parison  of our find ings 
in  vivo  a n d  in  vitro suggests  th a t  th e  in h ib ito ry  action  ex e rted  b y  sy s tem atica lly  
ad m in is te red  large p rogeste rone  doses on  th e  p itu ita ry -a d re n o co rtic a l sy stem  
is n o t d u e  to  a d irect a c tio n  on the  a d re n a l co rtex  b u t to  an  in fluence  on h igher 
h y p o th a la m ic  or p i tu i ta ry  system s. T h e  a b ility  of p ro g este ro n e  to  an tag o n ize  
co m p en sa to ry  ad renocortica l h y p e rtro p h ie s  (H ech t-L u c a r i and  L u c isa n o  
1960) a lso  favours th is  v iew .

T h e  changes in  a d re n a l w eight ru n  p ara lle l to  th e  a lte ra tio n s  in co rtico 
s te ro n e  secretion .

T h e  p rogesterone-effec t on a ld o ste ro n e  secretion  dep en d s p rim arily  on 
th e  dose adm in istered . I n  vivo , sm all doses are  ineffec tive. U n d er cond itions 
in  vitro, how ever, even low  p rogesterone  co n cen tra tio n  d id  enhance  a ldoste rone  
sy n th es is , a find ing  in  accordance w ith  th e  d a ta  of o th e r  au th o rs  (A y r e s  
et al. 1960; G iro ud  et al. 1958). Large doses o f th e  d rug  in c reased  th e  secre tion  
ra te  in  vivo  b u t decreased  i t  in  vitro. T hese  o bserva tions, to o , suggest t h a t  
th ese  effec ts are to  be accoun ted  for b y  d iffe ren t m echan ism s. L a n d a u  an d  
L u g ib ih i . (1958) an d  L a n d a u  et al. (1955) d e m o n s tra te d  large doses o f 
sy s te m a tic a lly  ad m in is te red  p ro geste rone  to  c o u n te rac t th e  sa lt-re te n tio n  
caused  b y  corticostero ids an d  to  be, th u s ,  a co m petitive  a n ta g o n is t o f a ld o 
sterone . T h e  sodium -loss th e reb y  in d u c e d  w ould  th e n  lead  to  a secondary  
o v e rp ro d u c tio n  of a ldo ste ro n e . These re su lts  have , how ever, been  co rro b o ra ted  
b u t  in  p a r t  (Gornall  et al. 1960; L a y n e  et al. 1962; S t a r k  1962a, 1962b; 
S tark  a n d  K ossm ann  1963). O ur in v e s tig a tio n s  have  show n th a t  large doses 
o f  p ro g este ro n e  are o n ly  capable  of in c rea s in g  a ld oste rone  p ro d u c tio n . T h e  
m echan ism  o f th is ac tion  seem s to  be id e n tic a l w ith  th a t  suggested  b y  L a n d a u  
an d  L u g ib ih i . (1958). T h e  above-cited  c o n tra d ic to ry  d a ta  m ay  be p ro b ab ly  
acco u n ted  fo r by an in a d e q u a te  dosage o f  p rogesterone. O u r d a ta  o b ta in ed  
in  vivo  a f te r  th e  a d m in is tra tio n  of la rg e  p rogeste rone  doses are  in  accordance  
w ith  th e  find ings of Sin g e r  (personal com m u n ica tio n ).

In  o u r experim en ts high co n c e n tra tio n s  of p ro g este ro n e  in h ib ite d  
a ld o ste ro n e  synthesis in  vitro. This m a y  b e  exp la ined  on th e  basis  of th e  d ru g ’s 
genera l in h ib ito ry  ac tio n  on cell m e tab o lism  (B r o w n ie  et al. 1954).
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The nervous centres of the vasom otor  reflexes elicitable from the coronaries 
have been localized b y  sectioning the bra in  stem  at different levels in dogs anaesthetized  
w ith  m orphine-chloralose. The follow ing reflexes were studied:

a )  the coronary sinus reflex evo k ed  b y  inflating a balloon inserted in to  the  
sin u s, ensuring the unaffected blood outflow ;

b) the coronary depressor reflex  evoked by increasing pressure in  th e  entire  
coronary vascular bed b y  blocking th e  outflow  from the sinus; and

c) the coronary chemoreflex, evo k ed  b y  the injection of protoveratrine.
None of the above reflexes cou ld  be elicited when the bulbar vasom otor centre

w as lesioned. W hen the section ran b etw een  the pontobulbar junction  and th e  upper 
one-third  of the m esencephalon the coronary depressor reflex , sim ilarly to th e  carotid  
sinus reflex, could be elicited, while th e  coronary sinus reflex could not. The coronary  
sinus reflex was elicitab le exclusively w hen the entire m esencephalon w as in ta ct. 
The coronary chem oreflex behaved lik e  the coronary sinus reflex.

I t  has been concluded that th e  circulatory stab ilization  brought about b y  the  
coronary sinus reflex  is realized through more com plex, and differentiated nervous 
structures, than blood pressure drop in d u ced  by the coronary depressor reflex , w hich  
can be sharply distinguished from th e  form er effect.

In  re c e n t years i t  has been d e m o n s tra te d  th a t  th e  hyp o ten siv e  re flex  
elic ited  b y  th e  s tim u la tio n  of the b a ro re c e p to rs  of th e  co ronary  sinus d iffers 
sh a rp ly  in  m any  im p o r ta n t  fea tu res from  th e  w ell-know n buffer re flex es  
(Sz e n t iv Án y i  an d  J u h á s z -N agy  1959, 1961 , 1962). T h e co ronary  sinus re flex  
is c h a ra c te ris tic a lly  long -lasting  (of s ta b iliz e r  n a tu re ) , ex trem ely  sen sitiv e  to  
h y p n o tic s , an d  we ex p la in ed  its  re a c tio n s  ex ten d in g  d iffusely  to  th e  so m a tic  
spheres b y  th e  pecu lia r, com plex c e n tra l  nervous connections of th e  re fle x . 
In  th e  p re se n t series o f  experim ents w e d iv ided  th e  b ra in  stem  a t  d iffe re n t 
levels, in  o rd e r to  d e te rm in e  the  seg m en ts  fu n c tio n in g  as th e  “ cen tre s”  o f  th e  
re flex  a n d  to  check th e  v a lid ity  of o u r  h y p o th esis . I t  seem ed rea so n ab le  to  
ex ten d  o u r  s tud ies to  th e  coronary  chem oreflexes e lic ited  b y  v e ra tr in e , in  th e  
genesis o f  w hich  th e  recep to rs  of th e  co ro n ary  sinus p la y  a decisive ro le 
( J u h á s z -N a g y  and  Sz e n t iv Án y i 1961), as well as to  th e  co ronary  d ep resso r r e 
flex e lic itab le  from  th e  a re a  o f the  left c o ro n a ry  b ed  b u t  n o t from  th e  sinus p ro p e r . 
This la s t  re flex  is d iffe re n t from  th e  c o ro n a ry  sinus re flex  and  s im ila r to  th e  
b u ffe r re flex es  in  its  p ro p e rtie s  (Sz e n t iv Án y i  an d  J u h á s z -N a g y  1962 ; G o n z a - 
l e s -S e n a t o s  and  E r l i j  1959). I t  has b e e n  assum ed th a t  co m p ara tiv e  s tu d ie s  
o f  th e se  th re e  reflexes w ould  confirm  o n ce  again  th e  id e n ti ty  of th e  c o ro n a ry
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sin u s reflex  an d  th e  co ro n a ry  chem oreflex , th e  su b s ta n tia l d ifferences ex is tin g  
b e tw een  these  tw o  reflexes and  th e  c o ro n a ry  depressor reflex .

Some of o u r re su lts  h av e  been p re s e n te d  a t  th e  Congress of th e  H u n 
g a ria n  Physiological Society  (1962), (J u h a sz -N a g y  an d  Sz e n t iv a n y i 1963).

M ethods

The experim ents were conducted on 45 dogs o f  either sex. The conclusions were drawn  
on  th e  basis of the results obtained in  33, tech n ica lly  su itable preparations. After pretreat
m en t w ith  1 to 2 m g/kg m orphine, the anim als w ere lig h tly  anaesthetized w ith  chloralose. 
T he chest was opened in  the right 4th intercostal space, under artificial respiration. Through  
th e  righ t auricle a double-bore cannula w ith  a ba lloon  attached  to it  was introduced into th e  
coronary sinus. The outflow  tube of the cannula w as connected w ith the fem oral vein; th u s  
th e  outflow  of sinus blood rem ained unaltered ev en  after the balloon had been in flated , i.e. 
th e  coronary sinus reflex  had been elicited. The coronary depressor reflex was evoked b y  
clam ping the polyethylen e tube ensuring outflow , i.e. b y  increasing the pressure in the entire  
le ft  coronary system . In  the latter case, too, the balloon  was kept in flated , in  order to b lock  
sinus outflow  com pletely . In  the cases when the coronary sinus reflex elicited by in fla tin g  
th e  balloon caused b y  itse lf  a significant fall in  blood pressure, the coronary depressor reflex , 
in  accordance w ith  our earlier investigations (Sz e n t iv a n y i and J u hász-N a gy  1962), often  
fa iled  to increase the effect, while in other experim ents it  enhanced the hypotensive reaction . 
T he coronary chem oreflex was elicited by injecting 1 to  2 /ig/kg protoveratrine (Puroverin, 
Sandoz) intravenously, or b y  injecting 0.5 to 1.0 /ig /kg  into the left ventricle. To prevent 
blood  clotting, at in tervals sm all doses of heparin were injected into the cannula. S ystem ic  
anticoagulant treatm ent was not applied, because th is  would have greatly enhanced th e  
hazard of cerebral haem orrhage during the intracranial interventions. B lood pressure w a s  
m easured in the fem oral artery, by means of a m ercury manometer.

From the calvary of the animal the soft parts and periosteum  were pushed off. T h e  
cranial bone was cu t linearly  by m eans of a circular saw  in the area of the intended section , 
determ ined by m easuring the distance from the ex terna l occipital protuberance and bregm a. 
A fter having elicited th e  reflexes several tim es, th e  section  was made by m eans of a b lu nt- 
edged  m etal plate, th en  the elicitation of the reflexes w as attem pted again. The precise site  
o f th e  section was controlled after death in every case. In one experim ent only one section  
w as done, to reduce traum atic side effects to a m inim um . The projections o f the m ain levels  
o f  th e  sections are show n in  Fig. 1.

R esu lts

On g rounds o f th e  resu lts  o b ta in ed , th e  experim en ts m ay  be d iv id ed  
in to  th ree  groups.

1. Sections to u c h in g  th e  v aso m o to r c e n tre  in  th e  m edu lla  o b lo n g a ta  
(a rea  betw een p lan es I  an d  I I  of Fig. 1).

2. Sections led  th ro u g h  th e  pons, as well as th ro u g h  th e  low er tw o- 
th ird s  of th e  m esencepha lon  (betw een p lan es I I  and  I I I  in  F ig. 1).

3. Sections led  a t ,  o r superior to , th e  u p p e r b o u n d a ry  o f th e  m esen 
cepha lon  (superio r to  p lan e  I I I  in  Fig. 1).

(i) A fter m ak in g  th e  sections belo n g in g  to  G roup 1, as well as a f te r  
haem orrhages in  th e  m edu lla  o b longata  d e m o n s tra te d  as side-findings a t  
a u to p sy , n e ith e r  th e  co ro n ary  reflexes, n o r  th e  ca ro tid  sinus reflex , was. 
e lic itab le . One o f th e  five  such ex p erim en ts  is show n in F ig. 2.
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(ii) In  th e  11 ex p erim en ts  of th is  g roup  th e  reflexes alw ays b eh av ed  in  
th e  sam e  w ay, a lth o u g h  th e  sections w ere m ade a t  d iffe ren t levels in  th e  
d iffe re n t anim als. A fte r  division o f th e  b ra in  stem  th e  co ro n ary  sinus re flex  
in v a r ia b ly  d isappeared , while b o th  th e  co ronary  dep resso r and  th e  c a ro tid  
sinus depressor reflexes rem ained  e lic itab le .

Fig. 1. Diagram matic representation o f th e  m ain planes o f brain stem  section. 
E xplanation see in  text

Fig. 2. The section in the m idline of the m edulla  oblongata abolishes every reflex studied . 
E xplan ation  of signs: f in fla tion  of the balloon to  evoke the coronary sinus reflex. \  defla
tion o f th e  balloon. |—| ind icates blocking of o u tflo w  from the sinus tow ard the femoral vein .
I bulbar section, f_f  pulling the carotids to  evoke the carotid sinus reflex. Betw een C and

D  the anim al received 150 m l blood. Time signal: 25 sec

a )  T he  section ra n  a t  th e  p o n to b u lb a r  ju n c tio n , or n e a r i t  in 5 an im als. 
S u b seq u en tly  th e  c o ro n a ry  sinus re f le x  could  never be elicited , while th e  
co ro n a ry  depressor re flex  rem ained  e lic itab le , th o u g h  a t  decreased  in te n s ity , 
in  4 an im als .

b)  T he  sections c u tt in g  th e  pons a t  d ifferen t levels, or affecting  th e  
low er tw o -th ird s  of th e  m esencephalon  (6 anim als) abo lished  th e  co ro n ary
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F ig. 3. Section at the upper margin of the pons. Subsequently the coronary sinus reflex could  
n o t be evoked, while th e  coronary depressor reflex  persisted. A :  before section. В  : after  

section . C: after bilateral vagotom y. Signs as in F ig. 2

F ig . 4. Section in the m iddle of the m esencephalon. A :  before section . B :  after section.
Signs as in  Fig. 2

s in u s  reflex . O nly a m o d era te  slow ing dow n of th e  h e a r t r à te  la s tin g  for a few  
s tro k e s  (F ig . 3 ) ,  o r  depressions n o t  exceeding  10 m m H g  w ere o b serv ed  
ex cep tio n a lly  in  one o r  tw o cases ( Fi g .  4 ) .  As opposed to  th is , th e  co ro n a ry  
d ep re sso r reflex  re m a in e d  elic itab le  in  ev e ry  one of th e  6 ex p erim en ts  (F ig . 3 
a n d  F ig . 4 ).
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The e lic itab ility  of th e  c o ro n a ry  chem oreflex  was like th a t  o f th e  co ronary  
sinus reflex . As Fig. 5 in d ica tes , a sign ifican t hy p o ten sio n  o f th e  stab ilize r 
ty p e  re su lted  from  th e  in jec tion  o f 30 f i g  of p ro to v e ra tr in e , w hich  began  to  
fade only  a f te r  a delay  of 8 m in u tes .

I f  th e  b ra in  stem  had  been  c u t betw een  th e  low er an d  m idd le  th ird s  of 
th e  pons, p ro to v e ra tr in e  caused  tra n s ie n t an d  less m ark ed  h y p o ten s io n , i.e. 
th e  effect in d u ced  by  th e  d ru g  has changed  b o th  q u a n tita tiv e ly  an d  q u a lita 
tiv e ly . T he resid u a l effect was p re su m ab ly  due to  an  ex c ita tio n  o f  th e  buffer
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F i g . 5. Effect of pontine section on the coronary chemoreflex. A : before section. B : after 
section. On the upper base line the signal indicates that the kymograph has been stopped

for 8 minutes

reflexes, th e  la t te r  m ay also c o n tr ib u te  to  th e  deve lopm en t o f re flex  h y p o 
ten s io n  a f te r  h igher doses of v e ra tr in e  (D a w e s  an d  Comroe 1954; F e r n a n d e z  
an d  Ce r l e t t i 1955). P ro to v e ra tr in e  in  low  doses p roduced  no effect.

(iii) In  th e  17 anim als of th is  g roup  th e  section  was m ade a t ,  o r above, 
th e  ro s tra l m arg in  of th e  m esencephalon . A fte r th is  section  a ll th e  th ree  
reflexes p e rs is ted . Such an  ex p e rim e n t is d em o n stra ted  in  F ig . 6. L ikew ise, 
c a ro tid  sinus an d  coronary  d ep resso r reflexes rem ained  e lic itab le , w hen  th e  
sec tio n  ru n n in g  from  th e  sp lén ium  corporis callosi to  th e  op tic  ch iasm a had  
se p a ra te d  th e  en tire  pallium , a ffec tin g  p a r tly  th e  b ra in  s tem  nucle i b u t  no t 
in ju r in g  th e  connections betw een  h y p o th a la m u s  an d  m esencephalon  (P lan e  I V  

in  F ig . 1). T h is experim en t is d e m o n s tra te d  b y  F ig. 7.
A fte r  sections led a t  th e  u p p e r  m arg in  of th e  m esencephalon  no  m ajo r 

change re su lted  u sua lly  in sy stem ic  b lood  p ressu re  (F ig . 6 ) .  I n  th e se  experi
m en ts  (10 an im als) th e  co ronary  sinus reflex  w as elic itab le  im m ed ia te ly  a fte r
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F ig. 6. After leading th e  section  at the upper margin of the m esencephalon the coronary 
sinus reflex remains e lic itab le . A :  before section. B :  after section , f re-insertion of the  

cannula in to  the coronary sinus. Other signs as in  Fig. 2

F ig. 7. E ffect of oblique m idbrain section ("plane IV, Fig. 1 ) .  E xplanation  see in tex t. Signs
as in Fig. 2

sec tion ing . In  a fu r th e r  group (7 an im als), how ever, h lood  p ressure  increased  
g ra d u a lly  to  200—250 m m  H g in a few m inu tes a f te r  perfo rm ing  th e  section , 
a n d  persisted  a t  t h a t  lev e l, o ften  till th e  end of th e  ex p erim en t. T his p h en o m 
enon  seem s to  be d u e  to  a tra u m a tic  ex c ita tio n  o f  som e u p p er b ra in  stem
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sy s te m , because a t  necropsy  no ev idence  suggesting  som e o th e r m echan ism  
(e.g. increased  cereb ra l p ressure caused  by  in tra c ra n ia l haem orrhage) w as 
rev ea led . I t  was rem ark ab le , how ever, th a t  while th e  p h en o m en o n  la s ted , th e  
c o ro n a ry  reflexes could  be evoked in  none of th e  cases; in 5 o f 7 such an im als  
s tim u la tio n  of th e  recep to r was ineffec tiv e , and  in  2 a p a rad o x ica l p resso r 
re sp o n se  was o b ta in ed . The reflexes could  be only e lic ited  if  sec tion  w as n o t 
fo llow ed b y  a p resso r reac tion , o r  i f  th is  had  ceased  a f te r  a lapse o f tim e .

T he resu lts  o b ta in ed  in G roup  3 suggest t h a t  th e  e lic itab ility  o f th e  
c o ro n a ry  sinus re flex  requires th e  unaffec ted  fu n c tio n  o f  th e  en tire  m esen-

Fig. 8. After sectioning in  the upperm ost portion  of the m esencephalon the coronary chem o- 
reflex is elicitable. A  : before section . В  : after section. * bilateral vagotom y

cep h a lo n . The sam e applies, acco rd in g  to  our re su lts , to  th e  co ro n ary  chem o- 
re flex es . As shown in  Fig. 8, the  d u ra b le  hypo tension , i.e. th e  re flex  s ta b iliz a 
tio n  o f  blood p ressu re  in response to  p ro to v e ra tr in e , se t in  even a fte r  th e  
b ra in  stem  had  been  severed a t  th e  u p p e r m argin o f  th e  m esencephalon , in  
sh a rp  c o n tra s t to  th e  resu lts  o b ta in e d  in  G roup 2 ( F ig .  5 ) .  T he com plete  
a n a lo g y  in th e  b eh av io u r of th e  c o ro n a ry  sinus an d  co ro n a ry  chem oreflexes 
sup p lies  th e reb y  a s tro n g  ind irec t p ro o f  of the  v a lid ity  o f o u r ea rlie r fin d in g  
th a t  th e se  tw o reflexes are fu n d a m e n ta lly  iden tica l.

D iscussion

O ur experim en ts have revea led  th a t  the  tw o re flexes e lic itab le  from  th e  
le f t co ro n ary  v ascu la r bed  and  show ing  m any opposite  p ro p e rtie s , viz. th e  
c o ro n a ry  sinus re flex  an d  th e  c o ro n a ry  depressor re flex , possess sh a rp ly  d is
t in c t  localizations in  th e  cen tra l n e rv o u s system . T h e  co ro n ary  depressor
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re fle x , like th e  bu ffer re flexes, is e lic itab le  nam ely  even  w hen  th e  m edu llary  
v a so m o to r  cen tre  is se p a ra te d  from  th e  h ig h e r nervous seg m en ts . In  co n tras t, 
th e  co ro n ary  sinus re f le x  can  only be e lic ited  w hen th e  m esencepha lic  s tru c tu res  
re m a in e d  in  connec tion  w ith  th e  low er v aso m o to r cen tres .

T h e  fac t th a t  th e  co ronary  sinus re flex  is a com plex  phenom enon, 
d is t in c t  in  its  p ro p e rtie s  (hypo tension  o f  stab ilize r n a tu re , “ a ll or n o th in g ”  
re f le x  response, tr ig g e r-lik e  a c tiv ity , etc.) from  th e  b u ffe r- ty p e  depressor 
re flex es , fits  well in to  th e  observ a tio n  th a t  th e  fo rm er re flex  is realized in 
m o re  com plicated  c e n tra l  nervous s tru c tu re s . A ccording to  our ea rlie r in vestiga
tio n s  (Szen tivÁn y i  a n d  J u h Ász-N a g y  1962), th e  co ro n ary  depressor reflex , 
w hose recep to rs p re su m a b ly  lie in  th e  w all o f th e  co ro n ary  a rte rie s , possesses 
p ro p e rtie s  iden tical w ith  those of th e  b u ffe r reflexes. C orrespondingly , the  
l a t t e r  re flex  is m ore r e s is ta n t  to  th e  e ffec t o f  h y p n o tic  d rugs th a n  th e  ex trem ely  
se n s itiv e  coronary  s in u s  reflex , an d  u n ti l  now  th is  c ircu m stan ce  has been 
u se d  in  th e  firs t p lace fo r  th e  d iffe ren tia tio n  o f th e  tw o  reflexes (Szen tivÁn y i 
a n d  J uh ász-N ag y  1962). The p re se n t find ings h av e  m ad e  i t  possible to  
d is tin g u ish  them  m ore  re liab ly .

O u r ve ra trin e  ex p e rim en ts  m ay  be considered  to  re p re se n t the  firs t 
e ffo r t in  order to  lo c a te  th e  cen tra l n ervous connections o f  th e  coronary  
chem oreflex . The re su lts  have  su p p o rted  th e  earlier fin d in g  th a t  th e  coronary  
s in u s an d  th e  co ro n a ry  chem oreflexes h a d  th e  sam e re c e p to r  zones (J u h asz- 
N a g y  an d  Sz en tivÁn y i  1961). F o r evok in g  th e  co ro n a ry  chem oreflex , th e  
b u lb a r  vasom otor c e n tre  is ju s t  as in su ffic ien t as for evok in g  th e  coronary  
s in u s reflex . A fter th e  p o n s  has been tra n se c te d , v e ra tr in e  does n o t  induce th e  
c h a ra c te ris tic a lly  p e rs is tin g  h y p o ten sio n , only  a te m p o ra ry , s lig h t depressor 
e ffec t could be o b se rv ed  a t  th e  m ost. U sing  sm all doses s tim u la tin g  only th e  
c o ro n a ry  sinus re c e p to rs  p ro to v e ra tr in e  p ro d u ced  no effec t. W hen , how ever, 
th e  b ra in  stem  has b e e n  d iv ided  a t  th e  su p erio r m arg in  o f th e  m esencephalon , 
v e ra tr in e  exerts its  s tab iliz in g  effect w ith o u t fail.

T he resu lts  w o u ld  m ean  m ore if  we knew  as m uch  a b o u t th e  function  
o f  th e  system s c o n tro llin g  c ircu la tion  in  th e  u p p e r b ra in  s tem  as we know  
a b o u t  th e  b u lb o p o n tin e  cen tres. T his, how ever is b y  fa r  n o t th e  case (U v n ä s  
1960; O berho lzer  1960). F rom  th e  in v es tig a tio n s  o f A l e x a n d e r  (1946) 
B a c h  (1952), Lin d g r e n  an d  U v n ä s  (1956), A moroso et al. (1954) Oberho lzer  
1955) we know  well th e  location  of th e  p resso r fields in th e  m ed u lla  ob longata  
a n d  o f th e  “ dep resso r p o in ts”  co rresp o n d in g  to  th e  sites o f  synapse  of th e  
a o r tic  a rc  and  c a ro tid  sinus afferen ts. R ecen tly , P órszász  et al. (1962) h av e  
p ro v e d  th a t  the  effec ts o f  these  b u ffe r reflexes are b ased  on a d ire c t in h ib ition  
o f  th e  vasom otor c e n tre , a t  th e  level o f th e  m edu lla  o b lo n g a ta . I t  m ay be 
su rm ised  th a t  th e  c o ro n a ry  depressor re flex , th e  b e h a v io u r o f  w hich a fte r  
tra n se c tio n  of th e  b ra in  stem  was a lw ays analogous to  t h a t  o f  th e  buffer 
re flex es , a ttack s  th e  b u lb a r  v a so co n stric to r system  in a s im ila r fashion.
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W e know  m u ch  less a b o u t th e  role p lay ed  b y  th e  m esencephalic  n erv o u s 
e lem ents in  th e  co n tro l o f b lood  p ressu re  th a n  a b o u t th e  fu nc tion  o f th e  
b u lb a r  s tru c tu re s  serv in g  th e  sam e pu rpose .

I t  rem ains c e r ta in  t h a t  s ign ifican t p resso r a n d  depressor responses 
could  be evoked from  th e  m esencephalon  m ain ly  b y  s tim u la tin g  th e  te g m e n tu m  
a n d  th e  cen tra l g rey  m a tte r  (D a n il e w s k y  1875; P r u s  1899; H e ss  1938; 
T h o m pso n  and  B ach  1950), a lth o u g h  i t  is un c lea r w h e th e r th ese  effects arise 
as a re su lt o f a s tim u la tio n  o f in d e p e n d e n t “ cen tre s”  or o f  p a th w ay s  m erely  
passing  th ro u g h  th is  a rea . D a n il e w s k y  a n d  P r u s , th e  p ioneers in  th is  fie ld  
of research  in  th e  p a s t  c e n tu ry , a lread y  em phasized  th e  com plex ity  o f  th e  
c ircu la to ry  effects of m esencephalic  s tim u la tio n ; i.e. th e  b lo o d  pressure  reac tio n s 
to  th e  s tim u la tio n  o f th e se  s tru c tu re s  w ere accom pan ied  b y  v eg e ta tiv e  and  
so m atic  effects ex ten d in g  to  severa l spheres, w hich is in d ic a tiv e  of a h ig h er, 
in te g ra tiv e  a c tiv ity  of th e  m en tio n ed  sy stem . T he sp ec ific ity  of th e  m esen 
cephalic  v aso m o to r re a c tio n , p o s tu la te d  b y  th e  ab o v e-m en tio n ed  a u th o rs , 
has recen tly  been con firm ed  (H u n s p e r g e r  1956). I t  is also  beyond  d o u b t 
t h a t  a t  le a s t som e o f th e  m esencephalic  v a so m o to r e lem en ts  form  a sy stem  
ab so lu te ly  in d e p e n d e n t o f th e  fu n c tio n  o f th e  b u lb a r  v aso m o to r cen tre  
(L in d g r e n  1955; L in d g r e n  an d  U v n ä s  1956).

T he fa c t th a t  th e  e lic itab ility  of th e  co ro n ary  sinus re flex  is b o u n d  to  
th e  in ta c tn e ss  o f th e  m esencephalon  fits  w ell in to  th o se  o u tlin ed  above. W e 
re p o rte d  earlier th a t  th e  co ro n ary  sinus re flex  could n o t be  considered such 
a specific c ircu la to ry  re flex  as th e  classical b u ffe r reflexes are . F o r exam ple , 
th e  som atic  reflex  in h ib itio n  elic itab le  from  th e  fo rm er is m uch  m ore in ten se  
th a n  th e  sim ilar effect o f th e  bu ffe r reflexes (Sz e n t iv á n y i  an d  J u h asz-N a g y  
1961). T he p ro tra c te d  s tab iliz in g  effect o f  th e  reflex , as w ell as its  o ften  
o bservab le  trigger-like  a c tiv ity  are b y  th em selv es  in d ic a tiv e  in tim a te  connec
tio n s w ith  such com plex nervous cen tres as a c tu a lly  ex ist in  th e  m esencephalon . 
A t th e  sam e tim e  we do n o t wTa n t to  claim  th a t  th e  s ta b iliz a tio n  of blood p re s 
su re  induced  b y  th e  co ro n a ry  sinus reflex  is b ased  m erely  u p o n  th e  a lte ra tio n s  
o f m esencephalic fu n c tio n , w hen  th e  n e rv o u s system  is abso lu te ly  in ta c t .  
A ll we w ish to  em phasize  in  th is  reg a rd  is th a t  th e  m esencephalon  m ay  be  
considered  to  be th e  low est cereb ral segm en t th e  in ta c tn e ss  o f w hich is requ ired  
fo r th e  s tab iliza tio n  to  ta k e  place a t  all.
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The effect o f  hypothalam ic extract, posterior p itu itary  extract and syn thetic  
oxytocin  on TSH release, 32P  uptake and oxygen consum ption of anterior p itu itary  
slices o f  the dog and rat has been exam ined in vitro.

I t  has been shown th a t the hypothalam ic and posterior p itu itary extracts induc
ed a considerable increase in  TSH  release of the anterior p itu itary  slices. A  sim ilar 
effect o f oxytocin  has been observed earlier.

In  addition, the hypothalam ic and posterior p itu itary  extracts and synthetic  
oxytocin  produced a considerable rise in  32P uptake and oxygen  consum ption o f the  
anterior pituitary slices.

W hile th e re  are  sev era l d a ta  in d ica tin g  th e  n e u ro h u m o ra l n a tu re  o f th e  
h y p o th a lam ic  con tro l o f T S H  secre tion  b y  th e  a n te rio r  p i tu i ta ry  (H a r r is  1955; 
B r o w n -G r a n t  et al. 1957; N ik it o v ic h -W in e r  a n d  E v e r e t t  1958), th e  
re su lts  o f th e  ex p erim en ts  a im ing  a t  iso la tion  an d  d e te rm in a tio n  of th e  h y p o 
th a la m ic  su b stan ce  responsib le  fo r th is  con tro l are d iv e rg e n t. Several au th o rs  
h av e  observed  th a t  th e  h y p o th a la m ic  e x tra c t increased  T S H  secretion  consider
ab ly  (B arth o lo m ei an d  Marc h etto  1955; Ot t a v ia n i a n d  A zzali 1955; B a k k e  
a n d  La w r e n c e  1958; S c h r e ib e r  1956) while o thers h a v e  fa iled  to  n o te  such  an  
effect (R e ic h l in  et al. 1963; F l o r sh eim  et al. 1957).

T here is a sim ilar la c k  o f u n ifo rm ity  o f th e  re su lts  concern ing  th e  n a tu re  
of th e  su b stan ce  responsib le  fo r  th e  con tro l. M any a u th o rs  h av e  p o in ted  to  th e  
im p o rtan ce  o f th e  ho rm ones o f th e  po ste rio r p itu ita ry . Som e o f th e  d a ta  in d ica te  
t h a t  th e  horm ones o f th e  p o s te rio r  p i tu i ta ry  increase T S H  secretion  an d  th u s  
m a y  p lay  a role in  th e  c o n tro l (F r a ja  an d  Ma r t in i 1953; D u b r e u il  an d  Ma r 
t in i  1956; B ottari 1957; A dam s  an d  P u r v es  1955; Ma e d a  1962; R o sn e r  et al. 
1962; Ga r c ia  et al. 1962; Gil b e r t -D r e y f u s  et al. 1960), w hile accord ing  to  
o th e rs  th e y  ex e rt no such  effect (A r im u r a  et al. 1956; I s l e r  1959; Cro sso n  et 
al. 1960).

S h ib u sa w a  et al. as w ell as S c h r e ib e r  h ave d em o n stra ted  a sp ec ific  
h y p o th a la m ic  su b stan ce  (T R F ) w h ich  acts on T S H  secretio n  (Sh ib u sa w a  et al. 
1956a, 1959; S h ib u sa w a  1960; S c h r e ib e r  1961).

In  earlie r ex p erim en ts  we h av e  called  a tte n tio n  to  th e  possible reg u la tiv e  
role of th e  po ste rio r p i tu i ta ry  horm ones f irs t  of all o f o x y to c in  (K ovács an d  
V é r t e s  1962). T he p re se n t ex p erim en ts  w ere concerned  p a r t ly  w ith  th e  effect

23 A cta Physiologica X X V I/4.
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o f  th e  poste rio r p i tu i ta ry  h o rm o n es on th e  u p ta k e  of 32P b y  th e  a n te r io r  p i tu i
t a r y  a n d  on its  oxygen  c o n su m p tio n , an d  p a r tly  w ith  th e  effect o f  th e  h y p o th a lam 
ic  a n d  poste rio r p i tu i ta ry  e x tra c ts  on th e  T S H  release, S2P u p ta k e  and  oxygen 
co n su m p tio n  of th e  a n te r io r  p i tu i ta ry .

Methods

The experim ents were carried o u t on surviving slices o f the anterior p itu itary of dogs 
and  ra ts . Likewise, the extracts used in  th ese  experim ents were prepared from  the hypothala
m us and posterior p itu itary  of dogs and rats. To obtain the necessary tissu es the dogs and  
ra ts were killed by an intracardial in jection  o f air and by stunning, resp ectively , the skull w as 
op en ed  im m ediately and the brain and p itu itary were rem oved.

The posterior lobes were carefully  separated, the anterior lobes were halved and their  
w eigh t was determ ined w ith  a torsion balance w ith  0.2 mg precision. In th e  case o f rats th e  
half-anterior lobes were placed in  incub ation  tubes holding 0.4 m l buffer solution . Each tube  
con ta in ed  the halves o f the anterior p itu itaries o f tw o rats; a pair o f  tu b es containing the  
pitu itar ies of the sam e tw o anim als were treated  together, one of the pair serving as control. 
In  th e  case of dogs the sliced and m easured halves o f the anterior p itu itary lobes were paired, 
as in  the case o f the rats, and placed in  incubation tubes containing 1.5 m l buffer solution . 
A s incubation m edium , Krebs-Ringer  b icarbonate buffer, pH  7.4, contain ing 300 mg per 10O 
m l o f  glucose, and 2 fiC o f N a2H 3!P O , per tube was used.

The hypothalam ic extract w as prepared from  dog and, in  som e cases, rat hypothala
m us. The excised pieces o f  hypothalam us contained th a t part of the base o f the brain which  
w as continuous w ith  the hypophysis and also the brain tissue form ing and surrounding the 
w all o f  the third ventricle. As a control, cortical tissu e of identical w eight from the parietal 
reg ion , and in the case o f rats from  th e  tem poral region was used. Their w eights having been 
determ ined , the excised  pieces o f hypothalam us and cortex were placed in to  acetone at 0° C 
for 48 hours. The acetone was changed tw ice. Then the tissue was pulverized , extracted w ith  
2 N  acetic  acid, centrifuged, washed tw ice  w ith  2 N  acetic acid, and the supernatant was evap
orated  in vacuo and the residue d isso lved  in  the buffer. When preparing the extract from the  
posterior  hypophyses o f  the rats and dogs, the posterior hypophyses were hom ogenized w ith  
0 .25  per cent acetic acid, centrifuged and washed tw ice w ith 0.25 per cen t acetic acid. A fter  
centrifugation  the supernatants were evaporated in vacuo and the residue was dissolved in 
bu ffer  solution.

Im m ediately before use, the p H  of the extracts was adjusted to  7.4 w ith  10 per cent 
N a H C 0 3, then volum es of 0.1 m l were m easured in  te st  tubes, which thu s contained am ounts 
corresponding to about */4 o f a dog hypothalam us (200 m g w et tissue), and to  half a posterior  
p itu ita ry , respectively. An identical volum e o f cortical extract or buffer solution  was m eas
ured  in to  the control tubes.

W hen exam ining the effect o f  ox y to c in , 1 I. U . o f syn thetic o x y to c in  (R ichter, B uda
p e st)  adjusted to pH  7.4 was added to the corresponding tubes, and the sam e am ount of buffer  
so lu tio n  to the control tubes. Su bsequently , the tubes were incubated in  an oxygen  atm osphere  
a t 37° C for 60 m inutes.

After incubation the T SH  con ten t o f the m edia was determ ined in  vitro as described  
previou sly  (K ovács and V értes 1962). After incubation the tissue pieces were washed three 
t im es  in  large am ounts o f d istilled  w ater in  order to rem ove the residual isotope, then th ey  
w ere incinerated at 400 ±  20° C, and their rad ioactiv ity  was determ ined w ith  an end-w indow  
Geiger-Müller tube.

The oxygen consum ption of th e  slices o f the dog anterior p itu itary  w as determ ined w ith  
th e  usual Warburg m ethod in 5 m l Warburg  flasks containing 0.7 m l o f  buffer solution. Into  
each  flask  one half o f an anterior p itu itary  was placed, the flasks being arranged in pairs so 
th a t  one pair of flasks held the tw o halves o f the anterior pituitary o f th e  same anim al. One 
o f  th e  flasks in each pair served as a control. The extracts and oxytocin  were used in the sam e  
a m o u n ts as described above.
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R esu lts

A fte r in cu b a tio n  o f th e  an te rio r  p i tu i  t a r y  slices w ith  th e  dog h y p o th a la m 
ic e x tr a c t  th e  in  vitro u p ta k e  of 131I  b y  th e  th y ro id  slices in response  to  th e  
in c u b a tin g  m edium  w as considerab ly  h ig h e r  th a n  a fte r  t r e a tm e n t  w ith  th e  
m ed iu m  o f an te rio r p i tu i ta ry  slices in c u b a te d  w ith  cortical e x tra c t  (F ig .  1)..

Fig. 1. E ffect o f the m edium  of slices of dog 
anterior p itu itary incubated w ith  dog hypo
thalam ic extract (black colum n) and dog cor
tical ex tra ct (white colum n) on 131I uptake 

by dog thyroid slices
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Fig. 2. E ffect of dog hypothalam ic extract 
(1), rat posterior pituitary extract (2), and 
sy n th etic  oxytocin (3), on oxygen  consum p
tio n  of dog anterior p ituitary slices. The values 
show n are percentages of the control values 
(b lack  colum ns), which were taken for 100 
per cent, on the basis of oxygen  consum ption  
com puted in ^1 of 0 2/m g o f w et anterior 
pitu itary  tissue/hr. In each of the three cases 
th e  pairs o f columns represent m ean values 
of oxygen  consum ption b y  the anterior 

pituitary of five  dogs

As com pared  w ith  th e  contro ls th e  u p ta k e  o f 131I  b y  th e  th y ro id  slices also 
in c rea sed  a fte r  in cu b a tio n  w ith  th e  m e d iu m  o f a n te r io r  p itu ita r ie s  in c u b a te d  
w ith  th e  p o ste rio r p i tu i ta ry  e x tra c t ( Table I ) .

T h e  h y p o th a lam ic  a n d  poste rio r p i tu i ta r y  e x tra c ts  used  in  th e se  ex p eri
m en ts  e x e r te d  no d irec t in fluence  on th e  u p ta k e  o f 131I b y  th e  su rv iv in g  th y ro id  
slices.

T h e  effect o f th e  e x tra c ts  an d  s y n th e tic  o x y to c in  on th e  u p ta k e  o f  32P  b y  
th e  slices o f th e  a n te rio r  p itu ita r ie s  is sh o w n  in  Table I I .  I t  can  be  seen th a t ,  
as co m p ared  w ith  th e  con tro ls , th e  h y p o th a la m ic  e x tra c t, th e  p o s te r io r  p i tu i
ta ry  e x tr a c t  an d  sy n th e tic  o x y toc in  c o n sid e rab ly  increased  32P  u p ta k e  b y  th e  
slices o f  th e  an te rio r  p i tu i ta ry  d u ring  in c u b a tio n . T he e x tra c ts  a n d  sy n th e tic  
o x y to c in  caused  a s im ila r increase in  th e  o x y g en  consum ption  o f th e  slices o f 
th e  a n te r io r  p itu ita r ie s  (F ig .  2 ) .

2 3 *
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Table I

E ffe c t  o f  th e  m e d iu m  o f  ra t a n te r io r  
p i t u i t a r y  s lic e s  in c u b a te d  w i th  r a t  
p o s te r io r  p i t u i t a r y  ex tra c t o n  131I  

u p ta k e  b y  r a t  th y r o id  s lic e s

Imp./min/100 mg of thyroid tissue

Incubated with 
posterior pituitary- 

extract
Control

32,200 26,600

56,000 47,000

37,500 31,200
12,300 12,000

26,600 24,000

26,000 21,900

15,600 10,900

Table II

E f f e c t  o f  dog h y p o th a la m ic  e x tr a c t, r a t  p o s te r io r  p i t u i t a r y  e x tr a c t ,  a n d  s y n th e t ic  o x y to c in ,  o n  32P  
u p ta k e  b y  dog  a n d  r a t a n te r io r  p i t u i t a r y  s lic e s

Imp./min/10 mg anterior pituitary tissue

Anterior 
pituitary 
of dogs

Hypothalamic
extract

Cortical
extract

Posterior
pituitary
extract

Krebs-Ringer
bicarbonate

buffer
Oxytocin

Krebs-Ri nger 
bicarbonate 

buffer

2384 1928 8000 6000 2130 1800

2739 1913 8670 7660 1890 1510

3727 3363 3016 2413

1600 840 6150 3260

3000 1940

2550 1000

2870 2290

3100 1800

Anterior 
pituitary 
of rats

14,280 9142 25,000 24,000 16,625 15,500

18,888 13,610 22,300 11,000 16,545 8090

14,971 9668 22,850 19,450 12,800 7600

13,085 7567 28,100 12,100 14,250 9650

19,000 15,800 17,650 12,910

18,120 16,710

16,700 15,320
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D iscussion

T he h y p o th a lam ic  an d  p o s te rio r  p i tu i ta ry  e x tra c ts  h av e  been  observed  to  
e x e r t a considerab le  T S H -releasing  effect. T he sam e effect o f  o x y toc in  has been  
observed  in  ou r ea rlie r ex p erim en ts  ( K o v á c s  an d  V é r t e s  1962). In  a d d itio n  to  
th e  increased  T S H  release a s im ila r increase in  32P  u p ta k e  b y  th e  an te rio r  p i tu i
ta r y  slices an d  in  th e ir  oxygen co n sum ption  w as o bserved  in  response to  th e  
e x tra c ts  as well as oxy tocin .

I t  has been  show n ( B a r t h o l o m e i  an d  M a r c h e t t o  1955; O t t a v i a n i  a n d  
A z z a l i  1955; B a k k e  and  L a w r e n c e  1958; S c h r e i b e r  1956) t h a t  h y p o th a lam ic  
e x tra c ts  increase  T S H  secre tion . In  severa l ex p e rim en ts  S h i b u s a w a  et al. 
(1956a, 1956b; S h i b u s a w a  1960) h av e  d e m o n s tra te d  th e  p resence of th e  fa c to r  
ac tin g  on T S H  secretion , f irs t o f  all in  th e  a n te r io r  h y p o th a la m u s  an d  in  th e  
p o ste rio r hy p o p h y sis , and , in  a  sm aller q u a n tity , in  th e  ce reb ra l co rtex , a n d  
also in  th e  bo d y  flu id s; th e y  also succeeded in  iso la tin g  th is  fa c to r  in  a re la tiv e ly  
h igh  degree o f p u r ity  and  te rm e d  i t  T R F . R e i c h l i n  et al. (1963) on th e  o th e r  
h an d , found  T R F  ineffective in  th e  ra t .

S c h r e i b e r  (1961) also iso la ted  a h y p o th a la m ic  su b stan ce  w hich  he 
fo u n d  to  ind u ce  a considerab le increase  in  T S H  secre tion .

T he increase  in  T SH  release observed  on th e  effect o f h y p o th a lam ic  an d  
po ste rio r p i tu i ta ry  e x tra c t in  th e  p resen t ex p erim en ts  seem s to  confirm  th e  
ex istence of a h y p o th a lam ic  fa c to r  con tro lling  T S H  secre tion .

As to  th e  n a tu re  of th e  h y p o th a la m ic  fa c to r  in  q u estio n , accord ing  to  
S a i t o  an d  T a n i  (1960), S h i b u s a w a ’ s  T R F  w ould  re p re se n t a specific su b stan ce  
w hich  ac ts  on T S H  secretion  b u t  has no A C T H -releasing  effect or oxy tocic  an d  
vasopressor a c tiv ity . A ccording to  A b é  (1961) th e  su b stan ce  is n e ith e r  a p ro te in  
n o r a lip id , b u t  in  all p ro b ab ility  a p ep tid e .

S c h r e i b e r  et al. (1963) also found  a su b stan ce  o f p ep tid e  n a tu re  to  be 
effective in  in fluencing  TSH  secre tion .

The con tro lling  role o f th e  p o ste rio r p i tu i ta ry  ho rm ones has often  been  
questioned . H ow ever, m ore a n d  m ore d a ta  now  in d ica te  th a t  th e y  enhance th e  
a c tiv ity  o f th e  a n te rio r  p i tu i ta ry - th y ro id  sy stem . In  ea rlie r ex p erim en ts  we 
also observed  a s tro n g  TSH  re leasing  effect o f o x y to c in . O x y to c in  also p ro v ed  
to  be effective in  p rev en tin g  th e  decrease in  a n te r io r  p i tu ita ry - th y ro id  fu n c tio n  
in  ra ts  w ith  a n te r io r  h y p o th a la m ic  lesion, w hile in  n o rm a l ra ts  o x y toc in  t r e a t 
m en t caused  no sign ifican t change in  th e  a c tiv ity  o f  th e  a n te r io r  p itu ita ry -  
th y ro id  sy stem  ( K o v á c s  et al., in  press). I t  is th e re fo re  un d ec id ed  w h e th e r 
th e  po ste rio r horm ones ex e rt a specific  con tro lling  effect on T S H  secretion , or 
th e ir  ac tion  is nonspecific .

T he p re se n t resu lts  do n o t  p e rm it conclusions as to  th e  precise n a tu re  o f 
th e  h y p o th a lam ic  fac to r. Since th e  e x tra c ts  u sed  in  th e se  ex p erim en ts  h a d  a 
s tro n g  oxy tocic  a c tiv ity , th e  possib le  role o f o x y to c in  c an n o t be excluded .



334 M. VÉRTES, S. KOVÁCS

T he ex p erim en ts  o f  S c h r e ib e r  a n d  K m ento va  (1959) an d  S o b e l  (1961) 
rev ea led  a re la tio n sh ip  betw een  T S H  sec re tio n  an d  th e  ac id  p h o sp h a ta se  a c tiv 
i ty  o f  th e  a n te rio r  p i tu i ta ry .  A lth o u g h  th e  im p o rtan ce  o f  th e  change in  acid 
p h o sp h a ta se  a c tiv ity  is n o t  clear, i t  d o u b te le ss ly  po in ts  to  a change in  p h o sp h o 
ru s  m etabo lism . T he fa c t th a t  in  th e  p re se n t ex p erim en ts  th e  h y p o th a la m ic  
a n d  p o ste rio r p i tu i ta ry  e x tra c ts  a n d  sy n th e tic  o x y to c in , each  o f w hich  was 
fo u n d  to  increase T S H  release, w ere a ll causing  a considerab le  increase  in  32P  
u p ta k e  b y  th e  a n te r io r  p itu ita ry  slices, m ig h t be b ro u g h t in to  connec tion  w ith  
th e  increase  in th e  ac id  p h o sp h a tase  c o n te n t o f th e  a n te r io r  p i tu i ta ry  in  th e  case 
o f in c reased  TSH  sec re tio n . On th e  basis  o f  th e  la t te r  o b se rv a tio n , th e  increased  
32P  u p ta k e  shows a re la tio n sh ip  w ith  th e  effect of th e  e x tra c ts  an d  o x y to c in  on 
T S H  release. The in crease  in  oxygen c o n su m p tio n  of th e  a n te r io r  p i tu i ta ry  slices 
in response to  th e  e x tra c ts  an d  o x y to c in  m ay  also be co n n ec ted  w ith  th e ir  
ac tio n  on TSH  release. T his is in d ica ted  also  b y  L e v e y ’s d a ta  (L e v e y  an d  R o 
b e r t s  1957) accord ing  to  w hich in  co n d itio n s associa ted  w ith  increased  TSH 
secre tio n  th e re  occurs a considerab le rise  in th e  oxygen co n su m p tio n  o f th e  
a n te r io r  p itu ita ry .
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Supram axim al stim ulation  as well as the i .p .  injection of carbam inoylcholine 
or anticholinesterases, result in  a characteristic cytological alteration  (granularization) 
o f the post-synaptic sarcoplasm  (“ sole p late” ) o f the m yoneural jun ction . The granules 
appear to  contain liberated  calcium . D egeneration of the m otor nerve soon leads 
to  th e  cessation of this k ind  o f well-localized calcium liberation , whereas a linear 
reaction appears at the surfaces of the m uscle fibres. The linear reaction persists 
un til the regeneration o f the m otor nerve fibres, when, however, the original and well- 
localized  calcium  liberation returns again. I t  is assumed th a t calcium  liberation is 
due to  synaptically  released acetylcholine and th a t the linear reaction  in  the denervated  
m uscle is due to the expansion of the acetylcholine-sensitive areas.

I t  h as  been  rep o rted  p rev io u sly  (Csil l ik  and  SÁVAY 1963) th a t  e lectrical 
s tim u la tio n  o f  th e  m o to r n e rv e  resu lts  in  th e  appearance  o f  h istochem icallv  
d e tec tab le  free  calcium  in  th e  sole-plasm  (post-junctional*  cy to p lasm ) o f th e  
m o to r e n d -p la te . I t  has b een  found , fu rth e rm o re , th a t  a s im ila r calcium  
release cou ld  be  achieved b y  in jec tin g  an im als in tra p e rito n e a lly  w ith  neo
stigm ine  or ca rb am inoy lcho line  (Savay  an d  Csil l ik  1964) w h ich  suggests th a t  
th e  p o s t- ju n c tio n a l calcium  lib e ra tio n  is a consequence o f th e  d ep o la riza tio n  
o f th e  p o s t- ju n c tio n a l m em b ran e . In  th e  p re se n t p ap er, th e  calcium -release 
in  d e n e rv a te d  m uscle will be d escribed , as w ell as th e  effect o f n e rv e  reg en era 
tio n  on th e  calcium -releasing  p o s t- ju n c tio n a l s tru c tu re s . F ro m  th ese  ex p e ri
m en ts  i t  ap p e a rs  th a t  p o s t- ju n c tio n a l calcium -release is re g u la te d  b y  n eu ra l 
in fluences in  th e  sam e w ay  as th e  ace ty lch o lin e -sen sitiv ity  o f th e  m uscle.

M ethods

Albino rats o f 200 — 250 g b od y  w eight were used. The left hem idiaphragm  of 16 anim als 
was denervated intram uscularly b y  m eans of the follow ing procedure.

U nder pentobarbital anaesthesia , laparotom y w as performed, th e  intram uscular  
course o f the le ft phrenic nerve in  th e  diaphragm was identified and the ventral branch of 
the nerve w as transected by an intram uscular incision , directed parallel to  the course of the  
m uscle fibres. Care was taken to perform  the incision  as small as possible (1 — 2 m m  long) 
and to close the abdom inal wound quick ly. These precautions are necessary to  avoid a sudden  
death  of the anim als from pneum othorax.

* The term  “ post-junctional”  seem s to be more adequate than the w idely  used expression  
“ post-synaptic” .
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As a result o f th is  operation , nerve fibres in  the ventral part o f the hem idiaphragm  
undergo degeneration, w hile those in the dorsal part remain in ta ct.

To evoke calcium -liberation in  the post-junctional cytop lasm , either neostigm ine  
(1 m g/kg) or carbam inoylcholine (1 m g/kg) w as injected  intraperitoneally . 6 —10 m inutes 
la ter  (when not dead sp ontan eou sly) the anim als were killed b y  decapitation . The left hem i
diaphragm  was excised im m ed ia te ly , and sam ples from  both  the ventra l and the dorsal part 
were frozen in solid carbon dioxide for 30 m inutes.

Histochem ical sta in in g  of free calcium  was achieved b y  a heavy m etal exchange  
reaction . 20 fi thick section s were cut in a cryostat and transferred im m ediately in the frozen  
s ta te  to acetone (2 m in u tes), floated  in 2 per cent sodium  barbita l solution (30 seconds), 
treated  w ith 5 per cent coba lt nitrate or lead nitrate solution (5 m inutes), washed thoroughly  
in  d istilled  water (3 tim es 2 m inutes) and developed subsequently in  1 per cent yellow  am m o
nium  sulphide solution. F in a lly , the sections were washed again in  d istilled  water and m ounted  
either in glycerol or, after dehydration, in Perm ount.

R esults

In  muscles w ith  an  in ta c t  in n e rv a tio n , th e  in tra p e rito n e a l in jec tio n  of 
neostigm ine or ca rb am in o y lch o lin e  re su lte d  in  th e  ap p earan ce  o f h isto - 
chem ically  d e tec tab le  ca lc ium  in th e  p o s t- ju n c tio n a l cy to p lasm  of th e  m o to r 
e n d -p la te , confined to  g ranu les 1 — 2 fi in  size. In  sec tio n s tre a te d  w ith  th e  
h e a v y  m etal exchange  reac tio n  th e  loca liza tion  of free calcium  was in d ica ted  
b y  a brow n or b la c k  colour. In  con tro l sections, s ta in e d  w ith  a 1 p e r cen t 
aq u eo u s solu tion  o f  A liza r in  red, in th e  sam e loca liza tio n  a g ran u la r red  
p re c ip ita te  could be  observ ed . U n fo rtu n a te ly , th e  re d  co lour of th e  calcium - 
a liza rin  com plex is u n s ta b le  an d  th e  p re p a ra tio n s  s ta in e d  b y  th is  m e th o d  fade 
com plete ly  in  th e  cou rse  of a few d ay s. Sections s ta in e d  by  th e  exchange 
re a c tio n  did n o t show  a n y  signs of a lte ra tio n  in  sev era l m onths.

The p a tte rn  o f  calcium -release resem bles su p erfic ia lly  th a t  seen in  
ch o lin este rase-s ta in ed  sec tions (F ig .  1 ) .  U nder h igh  pow er, how ever, i t  is 
obv ious th a t, w hile cho lineste rase  a c tiv ity  is lo ca ted  in  th e  p o st-ju n c tio n a l 
m em brane (“ su b n e u ra l a p p a ra tu s ” ), th e  h eav ily  s ta in e d  granules in  calcium - 
s ta in e d  sections a re  co n fin ed  to  th e  cy to p lasm s o f th e  fu n d a m e n ta l cells o f th e  
sole p lasm  ( iiDoyère-hillock','‘)  (F ig .  3 ) .  In  these  p re p a ra tio n s , also th e  o u tlines 
o f  th e  fu n d am en ta l n u c le i w ere u su a lly  sta in ed .

The reac tio n  o b ta in e d  in  ca lc iu m -sta in ed  sec tio n s is d is tin c tly  d iffe ren t 
from  th e  p a tte rn  seen  in  su p rav ita lly  le a d -tre a te d  p re p a ra tio n s . The su p ra v ita l 
lead  reaction  (SÁv a y  a n d  Csil l ik  1959) as well as th e  op tica l b irefringence  
a f te r  lead tre a tm e n t (Csil l ik  1963) show s th e  sam e loca liza tio n  as th e  cho lin 
es te rase  reaction . I f  em ployed  su p ra v ita lly , lead  com bines w ith  lip o p ro te in s  
in  th e  p o st-sy n ap tic  m em b ran e . On th e  o th e r  h a n d , le ad  “ s ta in s” th e  released  
ca lc ium  as a re su lt o f  an  exchange-reac tion , p ro v id ed  th e  m uscle tissu e  or 
section  has been b r ie fly  p re-fixed  in  acetone .

On th e  f irs t  a n d  second p o s to p e ra tiv e  days, in je c tio n  of neostigm ine  or 
o f carbam inoy lcho line  re su lted  in  p ra c tic a lly  id e n tic a l p a tte rn s  o f calcium  
lib e ra tio n  as in  n o rm a l m uscles. On th e  th ird  d ay  a f te r  tran sec tio n  o f th e



Fig. 1. Calcium release in the post-junctional cytoplasm  of m otor end-plates in the rat d ia
phragm, 6 m inutes after intraperitoneal in jection  of 1 m g/kg of carbam inoylcholine. X 200

Fig. 2. Calcium release in  the denervated diaphragm  of the rat, 4 days after intram uscular  
transection of the phrenic nerve, 6 m inutes after  intraperitoneal injection of 1 m g/kg of 
carbam inoylcholine. No calcium  release in the la te  m otor endings; som e release at the surface

of muscle fibres (arrows). X 200

Fig. 3. Cross section of a m otor ending in the rat’s diaphragm , 8 m inutes after intraperitoneal 
injection of 1 m g/kg o f carbam inoylcholine. Calcium  release clearly confined to the c y to 
plasms of the fundam ental cells, making up the D o y ère-eminence. N ,_ 2_ 3 _ 4: fundam ental 
nuclei. synaptic gutters o f the telodendrial nerve branches. Dashed line: surface of

muscle fibre. D otted  line: surface of Doy ère-eminence. X 1500



Fig. 4. A lterations in  the m orphology of the calcium -releasing structure as a result o f nerve  
degeneration. 8 m inutes after 1 m g/kg of carbam inoylcholine intraperitoneally. X 400

a)  Normal m uscle: calcium -release confined to motor end-plates;
b) 40 hours after denervation: in som e end-plates strong calcium -release, in others 

the reaction is m uch weaker (B and C). D: degenerated nerve bundle;
c)  72 hours after denervation. W eak calcium -release still present in the end-plates. 

A t the arrow the first signs of a “ surface reaction” are to be seen;
d)  180 hours after denervation. No calcium  release in the late end-plates; linear 

reaction appears at the surface of m uscle fibres (arrows)



Fig. 5. A lterations in the m orphological appearance of the calcium -releasing structures of 
individual m yoneural junctions. Carbam inoylcholine, 1 mg/kg intraperitoneally. 8 m inutes.

X 1500
a)  normal
b)  normal
c) 24 hours after denervation
d)  40 hours after denervation
e) 48 hours after denervation
f )  72 hours after denervation

N ote  that in all cases the heavily  sta in ed  granules indicating calcium release  
are located in the cytoplasm s of fundam ental cells; nuclei are devoid of calcium - 
reaction , although nuclear m embranes show  up in the patterns
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Fig. 6. Influence of nerve regeneration on the m orphological pattern of the calcium  releasing
structure. Carbam inoylcholine, 1 m g/kg intraperitoneally , 8 m inutes. X 400
a)  Linear reaction on the surface of a m uscle fibre, 28 days after transection of  

the nerve;
b) F irst signs of localized calcium -release around fundam ental nuclei, at the regenerat

ing nerve endings (arrow). 30 days after transection of the nerve;
c)  The sam e as Fig. 6/b;
d)  Calcium -releasing structures in  a cross-section, 36 days after transection of the  

nerve; nearly com plete regeneration:
e) Regenerated calcium -releasing structure, 36 days after transection of the nerve. 

A lthough m orphologically nearly norm al, th is structure still shows a weak calcium -  
release;

f )  Two calcium -releasing structures at regenerated nerve endings, 36 days after  
transection of the nerve (arrows)
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nerve, th e  reac tio n  b ecam e  slightly  w e a k e r  an d  fad ed  or d isappeared  on th e  
fo u rth  p o sto p e ra tiv e  d a y  ( Fig. 2 ) .  F ro m  th e  f if th  p o sto p e ra tiv e  d a y  on, 
n e ith e r  neostigm ine  n o r ca rb am inoy lcho line  was cap ab le  o f evoking ca lc ium  
lib e ra tio n . T he fine s tru c tu ra l  a lte ra tio n s  o f th e  calcium -releasing  c y to p la sm  
are show n in Fig. 5.

T he en d -p la te  a re a  rem ained  ir re a c tiv e  d u rin g  severa l w eeks a f te r  
tran sec tio n  of th e  p h ren ic  nerve. On th e  sev en th  p o s to p e ra tiv e  day , h o w ever, 
p ecu liar lin ea r s tru c tu re s  appeared  on ca lc iu m -sta in ed  sections of neostigm ine- 
or ca rb am in o y lch o lin e-trea ted  m uscles. T hese  s tru c tu re s  w ere located  u su a lly  
in  th e  neighbourhood  o f th e  la te  en d -p la te s . T heir le n g th  increased g ra d u a lly  
in  th e  n e x t few  days a n d  reached 1 5 0 — 200 fi tw o w eeks a fte r  d e n e rv a tio n . 
As seen in  Fig. 4/d, th e se  linear s tru c tu re s  ac tu a lly  co rrespond  to  row s o f  fin e  
g ranu les, lo ca ted  im m ed ia te ly  under th e  m uscle su rface m em brane, am o n g st 
th e  e lo n g a ted  nuclei o f th e  muscle.

T he p a tte rn  of th e se  “ linear s t ru c tu re s ”  pers is ted  u n til the  2 8 th  d a y , 
w hen th e  f irs t  re g e n e ra tin g  sprouts o f  n e rv e  fib res cou ld  be d e tec ted  in  th e  
m uscle (F ig .  61a). I t  ap p ea rs  th a t as soon as th e  reg en e ra tin g  nerve  fib res  
ap p ro ach ed  th e  a b a n d o n ed  end-p late re g io n , th e  “ lin ea r re a c tio n ”  ceased  a n d  
gave p lace  to  a w ell-localized ca lcium  lib e ra tio n  in  th e  cy top lasm  o f th e  
fu n d a m e n ta l nuclei o f th e  end-p late  ( F i g .  6jb — e).  T he  reac tio n , w eak  a t  th e  
f irs t ap p ro ach  of reg en e ra tin g  nerve f ib re s , becam e m ore  and  m ore in te n se  
d u ring  th e  n e x t days. 36 d ay s  after th e  n e rv e  h a d  been  tra n se c te d , th e  ca lc ium - 
lib e ra tio n  evoked  by  neostigm ine or b y  carb am in o y lch o lin e  was n ea rly  th e  
sam e as in  n o rm ally  in n e rv a te d  m usc les, w ith  th e  ex cep tion  of s c a tte re d , 
s till on ly  w eakly  re a c tin g  end-p late a re a s  (F ig .  6 j f) .

D iscussion

I t  is a w ell-know n fa c t  th a t  m uscle  a c tiv ity  is accom pan ied  b y  a re lease  
o f bo und  calcium  w hich ta k e s  place th ro u g h o u t th e  en tire  len g th  of th e  m uscle  
(B ia n c h i an d  Sh a n e s  1959). I t  a p p e a rs , th ere fo re , t h a t  th e  w ell-localized  
calcium  s ta in in g  in  th e  en d -p la te  te r r i to ry ,  observed  in  ou r ex p erim en ts  on 
norm al m uscles, rep re sen ts  only th a t  sp ec ific  c o m p a rtm e n t o f m uscle ca lc ium  
th e  release o f w hich is closely  associa ted  w ith  en d -p la te  a c tiv ity . A ccord ing ly , 
in  th e  follow ing th e  te rm  “ calcium  re le a se ”  will be u sed  to  designate  th e  
lib e ra tio n  o f th is  en d -p la te -b o u n d  c o m p a r tm e n t o n ly ; all o ther sources o f 
m uscle calc ium , u n re la te d  to  ju n c tio n a l a c tiv ity , w ill be  neglected .

T he fa c t th a t  ace ty lcho line  (a c c u m u la ted  as a re su lt  o f a lo n g -las tin g  
s tim u la tio n  or p reserv ed  b y  a cho lin este rase  in h ib ito r) o r an  ace ty lch o lin e 
like su b stan ce  (carbam inoylcholine) le a d s  to  such  an  easily  d e tec tab le  h is to 
logical p h enom enon  like  th e  ap p ea ran ce  o f calcium , m akes i t  possib le  to
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dec ide  from  a h is to lo g ica l section w h e th e r o r n o t  th e  p o s t- ju n c tio n a l m em b ran e  
is depo larized . Y e t one can n o t decide fro m  th e  m orphological p a t te rn  w h e th e r  
th e  s tr ic tly  localized  calcium -release in  th e  en d -p la te  te r r i to ry  is due

(i) to  th e  fa c t t h a t  only th is  re s tr ic te d  a rea  is sensitive  to  ace ty lcho line ;
(ii) or t h a t  th e  ace ty lch o lin e -sen sitiv e  a rea  is m ore w idesp read  b u t  o n ly  

a re s tr ic te d  area  is c ap ab le  of re leasing  ca lc ium ;
(iii) or t h a t  b o th  th e  ca lc ium -releasing  an d  th e  ace ty lch o lin e -sen sitiv e  

a re a s  are , in  fa c t, m o re  w idespread , a n d  th e  re s tr ic te d  lo ca liza tio n  of lib e ra te d  
ca lc iu m  is due to  th e  fa c t th a t  only  th e  ce llu la r e lem ents o f  th e  so le -p la te  
ta k e  u p  calcium , w h e rev e r i t  has b een  lib e ra te d .

In v e s tig a tio n s  ca rried  ou t b y  m ean s  o f a m ic ro p ip e tte  ap p lica tio n  o f  
ace ty lch o lin e  (G in e t z in s k y  and  Sh a m a r in a  1942; A x e l s s o n  an d  T h e s l e f f  
1959; T h e s l e f f  1960; D iam o n d  an d  M il e d i  1962; M il e d i  1960a, 1960b) 
su g g est th a t  th e  ace ty lch o lin e-sen sitiv e  a re a  is ab o u t 20 tim es  la rg e r th a n  th e  
a c tu a l  size of th e  e n d -p la te  and , c o n seq u en tly , th a t  o f th e  ca lc iu m -lib e ra tin g  
s tru c tu re  of th e  sole p la te . T hus p o ss ib ility  (i) appears to  be  ru led  o u t b y  
th e se  ex p erim en ts.

On th e  o th e r  h a n d , th e  fac t th a t  n o t  o n ly  th e  granules in  th e  fu n d a m e n ta l 
cell cy top lasm  (w hich  are  m ost p ro b a b ly  id e n tic a l w ith  th e  la rg e  sideroph ilic  
m ito ch o n d ria  ca lled  “ telosom es”  b y  N o e l  1957) b u t also th e  nu c lear m e m 
b ra n e s  of these  cells a n d , occasionally , also  a d ja c e n t p a r ts  o f  th e  sarcop lasm ic  
re tic u lu m  s ta in  fo r ca lc ium , suggest t h a t  lib e ra te d  calcium  m ig h t be a t ta c h e d  
to  v a rio u s  s tru c tu re s  in  th e  v ic in ity  of i ts  lib e ra tio n . I t  seem s h ig h ly  im p ro b ab le , 
n am e ly , th a t  n u c le a r  m em branes shou ld  be  th e  m ain  sto res o f b o u n d  ca lc ium . 
H ow ever, con sid erin g  th a t  th e  sa rco p lasm ic  re ticu lu m  e x te n d s  to  th e  w hole  
le n g th  of th e  m uscle  f ib re , and , in  sp ite  o f th is , only  those p a r ts  o f th e  re tic u lu m  
w h ich  are close to  th e  en d -p la te  te r r i to r y  show  signs o f  calcium  s ta in in g  
(a f te r  p ro longed  e ffec t o f th e  re leasing  p rocedures), i t  s ta n d s  to  reaso n  to  
a ssu m e  th a t  ca lc iu m  is lib e ra ted  in  th e  cy to p la sm  o f th e  fu n d a m e n ta l cells 
in  th e  sole p la te , a n d  i t  is a tta c h e d  to  sev e ra l cyto logical e lem en ts in  its  v e ry  
n e ighbourhood . T h ere fo re , i t  appears t h a t  p o ssib ility  (ii) is th e  co rrec t an sw er 
to  th e  question  w h ere  acety lcho line a c ts  an d  w here ca lc ium  is lib e ra te d .

T he lack  o f  n eo stigm ine-induced  ca lc iu m  lib e ra tio n  a f te r  d eg en e ra tio n  
o f  th e  m otor n e rv e  te rm in a ls  could be  a sim ple re su lt o f  th e  ace ty lch o lin e  
d ep le tio n  o f th e  n e rv e  endings a f te r  d eg en e ra tio n . C onsequen tly , th e  c h o lin 
es te ra se  in h ib ito r  c a n n o t preserve a n y  t ra n s m itte r  b y  im ped in g  w ith  th e  
h y d ro ly sis  of th e  e s te r  (the  ju n c tio n a l ace ty lch o lin esterase  rem ains v ir tu a l ly  
in ta c t  for severa l m o n th s  a fte r  tra n se c tio n  o f th e  nerve (SXva y  and  Cs il l ik  
1956). The fa c t, h o w ev er, th a t  n o t o n ly  neostigm ine , b u t  also ca rb am in o y l- 
cho line  was in e ffec tiv e  in  inducing  ca lc iu m -lib e ra tio n  from  d en e rv a ted  sole 
p la te s  suggests t h a t  th e  p o st- ju n c tio n a l m em b ran e , an d /o r th e  p o s t- ju n c tio n a l 
cy to p lasm , h av e  u n d erg o n e  serious a lte ra tio n s  d u ring  th is  period . I t  has b e e n
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show n  b y  one of us (Csillik  1963) th a t  th e  m o lecu lar s tru c tu re  o f  th e  lip o 
p ro te in  m a te ria l in  th e  p o s t- ju n c tio n a l m em b ran e  show s a re -a rran g e m e n t 
s h o r tly  a fte r d en e rv a tio n . I t  seem s, th e re fo re , th a t  th e se  m o lecu lar a lte ra tio n s  
ch an g e  th e  physio logical p ro p ertie s  o f  th e  m em b ran e  in  such  a w ay  t h a t  i t  
c a n n o t an y  m ore re a c t  w ith  th e  t r a n s m it te r  (or tra n sm itte r - l ik e  su b stan ces) 
in th e  no rm al w ay.

T he ap p earan ce  of a s lig h te r , b u t  sp a tia lly  m ore e x ten d ed  ty p e  of 
ca lc iu m  lib era tio n  on th e  surface o f  d en e rv a ted  m uscle fib res sev era l days 
a f te r  tran sec tio n  o f th e  m otor n e rv e  is a sign o f th e  sp read in g  o f  calcium - 
lib e ra tin g  stores. T h is is, in  all p ro b a b ili ty , a consequence of th e  sp read in g  
o f ace ty lch o lin e-sen sitiv e  areas, d e m o n s tra te d  also b y  th e  a u th o rs  u sing  th e  
m ic ro p ip e tte  ap p lica tio n  tech n iq u e  ( A x e l sso n  an d  T h e s l e f f  1959; G in e t z in - 
s k y  a n d  Sh a m a r in a  1942; Mi l e d i  1960a, 1960b; T h e s l e f f  1960). I t  is 
re m a rk a b le  th a t  here  again  the  size o f  th e  ace ty lcho line-sensitive  a rea  ap p ears  
to  he  a b o u t 20 tim es la rg e r th a n  th e  size o f th e  ca lc iu m -lib e ra tin g  zone, since 
th e  v a lu es  given b y  th e  a fo re -m en tio n ed  au th o rs  are in  th e  ran g e  o f 2 —4 m m , 
w hile  th e  leng th  o f th e  ca lc iu m -sta in ed  “ linear s tru c tu re s ”  is 100 — 200 p. 
I t  a p p e a rs , th ere fo re , th a t  th e  ca lc iu m -lib e ra tin g  a rea  a c tu a lly  re p re se n ts  a 
sm all, cen tra l zone o f  th e  ace ty lcho line-sensitive  a rea , su p p o rtin g  again  th e  
v a l id i ty  o f th e  a ssu m p tio n  (ii) m e n tio n e d  on p . 340.

A s a resu lt o f  nerve  re g e n e ra tio n , th e  calcium -releasing  a rea  becom es 
re s tr ic te d  again  to  th e  region of th e  so le -p la te . In  th e se  ex p erim en ts , “ reg en e ra 
t io n ”  is in  fac t a sim p le  re - in n e rv a tio n  o f th e  la te  en d -p la te  te rr ito r ie s , since 
p rev io u s  stud ies h a v e  show n t h a t  d u rin g  such a re la tiv e ly  b r ie f  perio d  th e  
s t ru c tu re  of th e  p o st-ju n c tio n a l e le m e n ts  rem ains m ore  or less in ta c t  an d  th e  
re g e n e ra tin g  nerve fib re s  sim ply  g ro w  in to  th e  a b a n d o n ed  e n d -p la te  areas 
(Cs il l ik  an d  Sá v a y  1958). The s p a t ia l  re s tr ic tio n  o f  th e  ca lc iu m -lib e ra tio n  
ru n s  p a ra lle l w ith  th e  re s tric tio n  o f  acety lcho line se n s itiv ity , as show n b y  
Mil e d i  (1960a, 1960b). E x ac tly  th e  sam e k in d  of sp a tia l re s tr ic tio n  o f  a c e ty l
cho line  sen sitiv ity  (D ia m o n d  a n d  M il e d i  1962) a n d  o f ca lcium  lib e ra tio n  
(Sá v a y  an d  Csil l ik  1964) was fo u n d  d u rin g  th e  d ev e lo p m en t o f  m uscle 
in n e rv a tio n  in fo e ta l a n d  new -born  m uscles. I t  ap p ears , th e re fo re , t h a t  e x tra -  
ju n c tio n a l  calcium -releasing  areas a re  suppressed  b y  th e  ap p ea ran ce  o f  th e  
in n e rv a tio n  a p p a ra tu s  ju s t  in  th e  sam e  w ay  as e x tra ju n c tio n a l ace ty lcho line- 
sen s itiv e  areas are, b o th  in  the  co u rse  o f nerve  reg en e ra tio n  an d  d u rin g  onto- 
g en e tica l developm ent.
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A device for the recording of phasic m ovem ents o f freely m oving experim ental 
anim als is described. The essence of the device consists in  a sm all m agnet fix ed  on 
a fine spring over an induction coil. T he current induced by the m ovem ent of the  
m agnet occurring in  the course of phasic m ovem ents o f the anim al is  am plified by  
any com m on b iological amplifier and can be recorded sim ultaneously w ith  the electrical 
m anifestations o f the brain. O scillations o f the system  are dam ped by an electrically  
non-conductive flu id  (e.g. mineral oil). The sensitiv ity  of the device, adjustable w ithin  
w ide lim its according to the actual requirem ents, allows the recording of the fin est, 
even  non-visible m ovem ents, e.g. v ibrations caused by a ca t’s purr, heart beat, etc. 
The recording device can be fixed to  th e  head of the anim al, its  sm all w eight (5.5 g) 
does not interfere w ith  the execution o f any actions.

In  th e  in v e s tig a tio n  of th e  n e u ra l o rgan iza tion  o f b eh av io u r th e re  is a 
fre q u e n t re q u ire m e n t for th e  s im u ltan eo u s analysis o f th e  m ovem en ts o f th e  
ex p e rim en ta l an im als  an d  of th e  changes o f cerebral e lec trical a c tiv ity . T h e  
usefulness of th e  e lec trom yograph ic  m e th o d  for re g is tra tio n  of m o v em en ts  
o f  free ly  m oving  an im als  in  ex p erim en ts  la s tin g  for severa l m o n th s is d o u b tfu l 
because o f th e  accom pany ing  com plica tio n s (d isp lacem en t of e lec trodes, 
in fec tio n s, etc.). T h ere fo re  efforts h a v e  been  m ade to  use sim pler p ro ced u res  
in s te a d  o f th e  co m p lica ted  e lec trom yograph ic  m eth o d  ( D e l g a d o  an d  S t o l w i j k  

1962; H e c h t  a n d  B i e l e c k e  1960); one of th e  m o st com m on consists in  
c in em ato g rap h ic  reco rd in g  ( D e l g a d o  1956; H u n t e r  an d  J a s p e r  1949; 
S c h w a b  et al. 1954; S t e w a r t  et al. 1956).

In  an  ea rlie r p a p e r  we described  a sim ple device fo r reco rd ing  s ta r t le  
reac tio n s (S z a b ó  et al. 1962). This m e th o d  p ro v ed  su ited  to  reg is te r th e  s lig h te s t 
m o vem en ts of th e  an im al. A t p re se n t we shall discuss a m ore developed  
v a r ie ty  o f th e  dev ice  an d  its ap p lic a tio n  in  cond itio n a l reflex  ex p erim en ts .

T h e  in s tru m e n t w hich  is fixed  to  th e  h ead  of th e  ex p e rim en ta l an im al 
consists o f a cy lin d rica l m eta l casing c o n ta in in g  a m ag n e t a tta c h e d  to  a sp ring  
an d  a m ild  iron  coil. T he device is 12 b y  12 b y  14 m m  in  size an d  5.5 g in  
w eight (F ig .  1 ) .  T h e  coil is m ade o f  co p p er w ire 0.03 m m  in  d iam e te r, i ts  
e lec trica l c h a ra c te ris tic s  are R =  800 O hm , n  =  1200.

T h e  w o rk ing  p rin c ip le  of th e  dev ice  is as follows (F ig .  2 ) .  A  sm all 
m ag n e t is a tta c h e d  to  a helical sp rin g . T h e  lines of force s ta r tin g  from  th e  
m ag n e t cross th e  tu rn s  o f th e  coil. In  th e  case of a re la tiv e  d isp lacem en t o f
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Fig. 1. Device used for recording m ovem ents

6
E

12 m m O Jm m  ф hole 

helical spring 

m ineral oil 

m agnet

m eta l casing

coil = 1200 Си 0 0 .0 3  m m  

acrila t

t  EEG
m ild iron core

Fig. 2.  Cross-section scheme of device (further details see in  text)



th e  m ag n e t, th e  n u m b e r o f  lines o f force crossing th e  coil undergoes a 
change an d  a p o te n tia l d ifference  is p roduced . T his p o te n tia l  is am plified  a n d  
reco rded  (ECG , EM G , E E G ). I n  th e  course o f h ead  m o v em en ts  th e  re la tiv e  
d isp lacem en t o f th e  m a g n e t is due to  in e rtia .

D uring  a m o d e ra te  d isp lacem en t o f th e  h ead  th e  am p litu d e  o f th e  
p o te n tia l g iven b y  th e  in s tru m e n t is a b o u t 0.3 — 3 m V  in d e p e n d e n tly  o f  th e  
d irec tio n  o f m o v em en t. T h is  independence  is a consequence  on th e  one h a n d  
o f  th e  re la tiv e ly  large a ir  ho le  an d  o f a specially  d ev e lo p ed  m agnetic  f ie ld ,

A DEVICE FOR RECORDING THE MOVEMENTS OF UNRESTRAINED ANIMALS 3 4 5

+

Fig. 3. M echanical m odel o f the device (further details see in  tex t)

o n  th e  o th e r h a n d  o f  th e  fa c t  th a t  th e  c o n s ta n t o f th e  h elica l sp ring  as a 
m echan ical sw inging sy s te m  is n o t changed  w h a tev e r th e  d irec tio n  o f m o v e 
m en ts .

In  th e  f irs t  version  o f  o u r device (S z a b ó  et al. 1962) th e  sw inging sy s tem  
w as dam ped  b y  air, w h ich  re su lte d  in  a long la s tin g  sub sid en ce  o f osc illa tions. 
I n  o rder to  a d a p t th e  dev ice  fo r th e  req u irem en ts  o f b e h a v io u ra l pu rp o ses  
— selective reco rd ing  o f  d iffe re n t com ponen ts o f com plex  locom otor a c ts  — 
th e  dam ping  tim e  of th e  sy s te m  h ad  to  be sh o rten ed . To m e e t th is  re q u ire m e n t, 
th e  use o f a n o n -co n d u c tin g  flu id  as d am p in g  m ed iu m  seem ed p rom ising . 
B y  using  p a ra ff in  oil, d a m p in g  o f a b o u t 6 decibels cou ld  b e  reached .

T he degree of d am p in g  w as ca lcu la ted  on th e  basis  o f  th e  follow ing co n 
sid e ra tio n s. In  th e  m ech an ica l m odel o f  th e  device (F ig .  3 ) ,  th e  m o v em en t 
o f  its  sw inging sy stem  cou ld  be  ch a rac te rized  b y  th e  d iffe ren tia l e q u a tio n s

x" +  — x' +  — x'  = 0  
m me

w here  c =  th e  sp ring  c o n s ta n t;  m =  m a g n e t o f m  m ass; x  =  th e  d irec tio n  
o f  d isp lacem en t o f m a g n e t caused  b y  th e  in e r tia  o f  P  — m a  force, and  its  
d am p in g  in  p ro p o rtio n  to  v e lo c ity .

T he so lu tion  of th e  e q u a tio n  is

x  =  c1eAl< +  с2еДг<

24  Acta Physiologica XXVI/4.
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w here  b o th  Aj an d  A2 are  ro o ts  o f th e  ch a rac te ris tic  eq u a tio n . A fte r su b 
s t i tu t io n , A2 =  x", A =  x ' , 1 =  X, th e  c h a ra c te r is tic  e q u a tio n  is

A2 - f  —  X -f----- —  =  0
m me

a n d  its  roo ts are

A1,2
к

2m

100 msec
Fig. 4. Sim ultaneous oscilloscopic records of an occipital evoked p o ten tia l elicited by flash  

(upper beam ), and a startle  reaction (l°wer beam )

T h e  fea tu re  of th e  m o v em en t of th e  sw inging system  dep en d s on th e  sign 
o f  rad ica l q u a n tity . I f  i t  is neg a tiv e  th e n  th e  m asspo in t p erfo rm s only  a single 
sw eep, if  it  is po sitiv e  th e n  oscillations o f  a dam ped  c h a ra c te r  ensue w here 
th e  logarithm ic  ra tio  o f  th e  su b seq u en t dev ia tio n s is

x 3 2m

or in  decibels

^db =  20 lg — .
X3

T h e degree of d am p in g  given b y  tb is  v a lu e  of n u m eric  d im ension depends 
on th e  q u a lity  of th e  d am p in g  m ed ium  (in th e  p re sen t case th e  d en sity  an d  
v isco sity  of th e  f lu id  app lied ).

A hole 0.5 m m  in  d ia m e te r  w as d rilled  in  th e  side w all o f its  m e ta l case 
to  fill th e  motimeter w ith  th e  dam ping  f lu id . R e-filling  o f  th e  sy stem  if  n ecessary  
can  be accom plished th ro u g h  th is  hole b y  m eans of an  in je c tio n  syringe. T h e
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closing o f th is  a p e r tu re  is inadv isab le  since th e  casing m a y  crack  due to  th e  
f lu id ’s th e rm a l expansion . T he cap illa ry  forces keep th e  flu id  from  flow ing  
o u t from  th e  casing.

This m e th o d  w as successfully  used fo r a co m p ara tiv e  analysis o f s ta r t le  
reac tions an d  co rtica l evoked  p o ten tia ls  e lic ited  by  lig h t stim uli (F ig .  4 ) ,  
(K l in g b e r g  and  G r a s t y á n  1963).

A reco rd  o b ta in ed  d u rin g  a lim e n ta ry  cond itiona l re flex  perfo rm ance  is 
show n in Fig.  5. T he cond itio n a l s tim u lu s was a click o f  1.5 cps freq u en cy . 
T he f irs t click  elic ited  a s ta r tle  reac tio n  (a), su b seq u en tly  th e  ca t tu rn e d  its

I  50  p V  

I  50p V

J  150 p V

1 sec

Fig. 5. Sim ultaneous recording on electroencephalograph of m ovem ents occurring during 
a conditional reflex trial and the electrical a c tiv ity  of tw o brain-regions 
CM: right centre m edian  
AC. C.: left acoustic cortex  
MR: R egistration of m ovem ent
Conditional stim uli (clicks) and the beginning of conditional m otor act are shown  
b y  the short vertical bars and arrow on the first line, respectively

H--------1--------1--------1-

CM

ас. c.

HR

V|

I, dHüfci
- 4 - 4 -a b

head  to w a rd  th e  lo u d sp eak er (b), h ereu p o n  i t  looked upw ard s w ith  slow 
o rien ting  m ovem ents a t  th e  feeding device (c), th e n  p u t  one of its  fo repaw s 
on th e  feed ing  device (d), f in a lly  ju m p ed  up  an d  s ta r te d  to  e a t (e).

T he re g is tra tio n  o f  a c a t’s p u rr  is d e m o n s tra te d  in  Fig. 6. This o ften  
d is tu rb s  reco rd ing  m o v em en ts , th erefo re  its  recogn ition  is im p o rta n t. I n  a 
m o m en t m ark ed  w ith  an  a rro w  th e  floor o f  th e  b o x  was in u n d a te d  w ith  w a te r . 
P u rrin g  im m ed ia te ly  ceased  in d ica tin g  t h a t  th e  reco rded  m ate ria l w as n o t 
id en tica l w ith  sim ple b re a th in g .

As seen in  Fig. 7, b y  app ly ing  th e  d am p in g  flu id  th e  self-oscillation o f 
th e  system  w as considerab ly  decreased a n d  even such s lig h t m ovem ents as 
d isp lacem en t o f th e  h ead  due to  card iac c o n tra c tio n  m ay  be  recorded.

2 4 *
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W hen e v a lu a tin g  th e  record ings o b ta in e d  by  th e  described  in s tru m e n t, 
th e  follow ing shou ld  be ta k e n  in to  acco u n t:

1. A ny changes o f th e  k in e tic  co n d itio n s  of th e  h ead  o f  th e  an im al are  
re fle c ted  b y  th e  in s tru m e n t. T he v o ltag e  o f  th e  e lectrical p o te n tia l p ro d u ced  
is p ro p o rtio n a l w ith  th e  p ositive  or n e g a tiv e  accelera tion  ap p earin g  d u rin g  
d isp lacem en t o f th e  head . T here  are  no  e lec trica l signs in  th e  in te rv a ls  o f 
m o v em en ts  o f u n ifo rm  v e lo c ity  a p a r t  fro m  th e  d u ra tio n  o f dam ping .

R HI PR

L.HIPP

R.SENSC. I

L . ACC,

MR

150  ̂  

\ 5 0 f A /  

1 50 p V

1 5 0 jJ V

IlOOpV

1sec

Fig. 6. Recording ca t’s purr sim ultaneously w ith  the electrical a c tiv ity  o f different brain
regions on E E G

R. and L. H IP P .: R ight and left hippocam pus 
R. SEN S. C.: R ight som ato-sensory cortex  
L. AC.C.: L eft acoustic cortex  
MR.: R ecording o f m ovem ent 
Further descriptions see in  tex t

J 500jjV

]  50/jV

I sec

Fig.  7. Recording o f head m ovem ents due to  cardiac contractions sim ultaneously w ith
electrocardiogram

2 . No re fe ren ces are gained  in  re g a rd  of th e  d irec tio n  of m o v em en t. 
T h e  in s tru m e n t is so designed as to  be ab le  to  give e lec trical signs o f an y  sm aller 
m ovem en ts o ccu rrin g  in  an y  d irec tio n . I t s  d irection  ch a rac te ris tic s  fo rm  a 
d is to rte d  sp h e ric ity . T his d is to rtio n  is v e ry  slight an d  does n o t cause any  
draw back .'2 3 4

3. T he se n s itiv ity  of th e  sy s tem  can  be a d ju s te d  w ith in  w ide lim its  
w ith  th e  help  o f  th e  am plifier th e  a c tu a l req u irem en ts  o f th e  ex p erim en t.
A n y  of th e  b io log ica l am plifiers (E E G , E M G , ECG) can  be  used  successfully .
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4. T he delay  o f  th e  record ing  system  is w ell below  th e  biological 
req u irem en ts .

5. One of th e  m a in  d raw backs o f  th e  reco rd in g  sy s tem  consists in  th e  
fa c t th a t  th e  c o n tr ib u tio n  o f d iffe ren t b o d y  reg ions in  th e  p ro d u c tio n  of th e  
reco rds is n o t rev ea led .

T he m ethod  p re se n te d  seems to  he su itab le  fo r physio logical, p h a rm a 
cological and  p sycho log ica l ex p e rim en ta tio n , especia lly  if  th e  analysis o f a 
closer re la tio n sh ip  o f  m o v em en ts  an d  e lec trical m a n ife s ta tio n  is requ ired .
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Pathophysiologia
ВЛИЯНИЕ ПОПЕРЕЧНЫХ УСКОРЕНИЙ НА ТЕЧЕНИЕ 

НЕКОТОРЫХ ПАТОЛОГИЧЕСКИХ ПРОЦЕССОВ

НАТАЛЬЯ К. СИМЕОНОВА
К А Ф Е Д Р А  П А Т О Л О ГИ Ч Е С К О Й  Ф И ЗИ О Л О Г И И , К И Е В С К О ГО  М Е Д И Ц И Н С К О Г О  И Н С Т И ТУ Т А

К И Е В , УССР

1. Белые мыши, перенесшие действие поперечных перегрузок в 30 ед. в 
течение 3 минут, живут в условиях острой гипоксии и перегревания более продол
жительное время, чем контрольные. Эти животные обнаруживают большую вы
живаемость при электротравме и введении стрихнина.

2. У крыс, перенесших действие 30-кратных перегрузок в течение 2 минут, 
ослаблены компенсаторные реакции со стороны внешнего дыхания на разрежение 
атмосферы, однако, выживаемость при этом повышена.

3. Гипотермия в той степени, которая возникает у крыс при 2 минутном 
вращении при 30 ед., не может быть причиной гипореактивного состояния и по
нижения чувствительности организма к недостатку кислорода.

4. Можно предположить, что вращение в центрифуге при больших пере
грузках способствует развитию в центральной нервной системе запредельного тор
можения, которое снижает чувствительность организма к последующему действию 
различных патогенных факторов, в том числе и гипоксии.

В условиях космического полета организм человека или животного 
испытывает на себе действие факторов космического пространства — не
весомости и радиации, а при старте и приземлении — действие значитель
ных перегрузок. Выполнение фигур высшего пилотажа также связано с 
действием больших перегрузок на организм летчика.

Изучению функциональных сдвигов и компенсаторных механизмов 
при действии ускорений посвящено большое количество работ. Большинство 
авторов считает, что при этом наиболее выраженные сдвиги возникают в 
системе кровообращения и внешнего дыхания.

Что касается функционального состояния центральной нервной сис
темы, то в настоящее время получены данные, свидетельствующие о раз
вивающемся торможении. Это показано в опытах по изучению рефлекторной 
деятельности на животных и человека, биоэлектрической активности голов
ного мозга, психологических проб (В. И. Бабушкин и соавт. 1956; В. В. 
Усачев 1956; Б. М. Савин и 3. К. Сулимо-Самуйлло 1958; Г. В. Изосимов 
и А. Н. Разумеев 1962; А. С. Барер 1962).

В теоретическом и практическом отношении важно изучить состояние 
организма в ближайшее и отдаленное время после перенесения перегрузок. 
Например, интересно исследовать, как развиваются патологические про
цессы, защитные реакции и процессы восстановления, если организм, пере
несший такое воздействие, попадает в неблагоприятные условия (недоста
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ток кислорода, высокая или низкая температура, травматизация, интокси
кация, утомление). Важно также изучить реактивность этих животных к 
лекарственным веществам. Этому вопросу посвящены экспериментальные 
исследования H. Н. Зайко и Н. К. Симеоновой (1962), В. Е. Белай, П. В. 
Васильева и С. П. Колчина (1963).

В настоящей работе будут представлены данные о реактивности жи
вотных, перенесших поперечные перегрузки, к дополнительному воздей
ствию различных патогенных факторов.

М е т о д и к а
В опытах были грызуны — 116 белых мышей и 115 белых крыс. Животные фикси

ровались в контейнерах и подвергались вращению в центрифуге радиусом 90 см со ско
ростью 174 оборота в 1 минуту. При этом они испытывали действие радиального уско
рения в 30 ед., направленного вентро-дорзально, т. е. поперечно.

Р е з у л ь т а т ы

В зимней серии опытов из 37 мышей после 3-минутного вращения 
погибли 7. Весной наблюдалось повышение устойчивости организма к дей
ствию этого фактора, и после 3-минутного вращения выживали все мыши. 
Температура тела сразу после вращения была снижена на 2—3°, потом в 
течение 30 минут продолжала падать еще на 1—2°. Восстановление тем
пературы затягивалось на 2—2,5 часа. Обнаружилось, что параллельно с 
развивающейся постгравитационной гипотермией изменяется реактивность 
организма.

В первой серии опытов на 30 мышах исследовалась устойчивость жи
вотных, подвергшихся влиянию перегрузок, к острому кислородному голо
данию. Через 5—7 минут после вращения опытную и контрольную мышь 
помещали в барокамеру. Давление понижали до 200 мм ртутного столба. 
Наблюдения показали, что, находясь в совершенно одинаковых условиях, 
контрольное и опытное животное по-разному относятся к действию этого 
патогенного фактора — всегда первым погибало контрольное животное.

Во второй серии опытов переменный электрический ток параллельно 
подводился контрольному и опытному животному. Электроды вводились 
подкожно. Контрольные мыши погибали от удара током напряжением 
80 вольт. Опытные оставались живыми. Если для гибели контрольной в 
редких случаях требовалось повторное включение тока, то опытная мышь 
все же оставалась живой. Она могла дополнительно перенести еще не
сколько ударов.

В третьей серии изучали течение судорог и выживаемость после вве
дения азотнокислого стрихнина. Раствор в разведении 1:1000 вводили внут-
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рибрюшинно из расчета 0,15 мг на 100 г веса. Большинство контрольных 
мышей (17 из 26) погибли через 4—7 минут от первого же судорожного 
приступа. У мышей, перенесших вращение, тоже развивались судороги, 
продолжавшиеся иногда около часа. Однако, большинство животных оста
лись в живых (20 из 26). Если животное погибало, то смерть наступала 
через 10—17 минут и позже после введения стрихнина.

В четвертой серии опытов в условиях перегревания при температуре 
45—50° 8 контрольных мышей погибли через 3—5 минут. У вращавшихся 
животных (8 мышей) явления перегревания были выражены меньше. Судо
роги и смерть наступали позже, либо животное оставалось в живых, если 
перегревание прекращалось.

Возникает вопрос, каковы причины наблюдаемых изменений реактив
ности.

Можно предположить, что вращение в центрифуге при больших пере
грузках способствует развитию в центральной нервной системе запредель
ного торможения, которое снижает чувствительность организма к после
дующему действию различных патогенных факторов. Второе предположение 
касается роли гипотермии, развивающейся во время вращения. Действи
тельно, у белых мышей после вращения температура была снижена на 
2—3°, и последующие воздействия производились на этом фоне. Необхо
димо было выяснить роль этого фактора в изменении реактивности. На
конец, важно было оценить влияние больших перегрузок на компенсаторные 
возможности организма.

В связи с этим мы предприняли исследования на крысах, у которых 
изучали течение острой гипоксии и некоторые механизмы защиты на фоне 
предварительного действия на организм радиального ускорения.

Эти опыты были проведены на 115 белых крысах самцах весом 140— 
200 г. Острое кислородное голодание создавалось в барокамере емкостью 
7,3 л при равномерном снижении барометрического давления за 3 минуты 
10 секунд до 200 мм ртутного столба, что соответствует 10 000 м над уровнем 
моря. В этих условиях большинство животных выдерживалось до гибели. 
Животные фиксировались, велась непрерывная запись дыхания, на каж
дом километре «подъема» регистрировалась ЭКГ, в ходе опыта измерялась 
температура тела при помощи электротермометра, вмонтированного в баро
камеру. Кроме того, учитывалась продолжительность жизни животного 
с момента достижения «высоты» 10 000 м и до гибели.

Предварительно на группе здоровых животных (16 крыс) были уста
новлены некоторые показатели течении гипоксии в данных условиях.

Исходная температура тела у контрольных крыс была 37—38°. В ре
зультате опыта температура падала и в момент смерти была около 35°. Как 
видно на рис. 1, исходная частота пульса (500 ударов в 1 минуту) сохра
няется до «высоты» 5000—6000 м. На этой высоте частота пульса начинает
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быстро падать на уровне 8000—9000 м нарушается ритм сердечных сокра
щений. Ни в одном случае не было обнаружено компенсаторного учащения 
пульса.

Особый интерес при подъеме на высоту представляет дыхание. Соот
ветствующие данные представлены на рис. 1 и 2, причем, на рис. 1 пред
ставлены усредненные данные об изменениях частоты дыхания, а на рис. 2 
приведены две типичные пневмограммы, на которых можно видеть не только
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Р и с .  1 . Изменение температуры тела, частоты дыхания и пульса при разрежении
атмосферы
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- . дыхание : действие перегрузок

изменение частоты, но и другие особенности дыхания. На пневмограмме 
видно, что исходное дыхание у контрольных животных очень лабильно и 
составляет в среднем 80 в 1 мин. (13 за 10 сек.). Тотчас же после начала 
разрежения воздуха наступает компенсаторное учащение дыхания, которое 
далее нарастает и удерживается на максимальных цифрах на высоте 4500— 
6500 м. На 6000 м дыхание становится аритмичным, судорожным, частота
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критически падает, скоро наступает смерть животного. Средняя продол
жительность жизни в барокамере (с момента достижения высоты 10 000 м) 
для контрольных животных в данной серии опытов равна 3 мин. 5 сек.

Во второй группе было 25 животных, которых сначала подвергали 
вращению в центрифуге при 30 ед. в течение 2 минут, а потом «подъему» в 
барокамере. Сразу после вращения у крыс наблюдаются вестибулярные 
реакции, через 3—4 минуты животные становятся почти неподвижными, 
для их поведения характерна общая двигательная заторможенность. Тем-

Р и с .  2. Изменение дыхания при разрежении атмосферы. (Пневмограммы контрольного
и опытного животного)

пература тела к концу вращения была снижена на 0,8—1,2°. Интересно 
отметить, что у крыс после вращения в течение некоторого времени (10—20 
мин) температура продолжает падать еще на Г  и только после этого начи
нает повышаться. Большинство опытных животных мы помещали в баро
камеру через 7—10 минут после вращения, при этом температура тела была 
ниже исходной на 1 — 1,5°.

Сопоставляя реакцию на разрежение атмосферы контрольных и опыт
ных, мы обнаружили, что в этом отношении имеется существенное отличие. 
У опытных животных само вращение приводило к некоторому снижению 
частоты дыхания, и до начала «подъема» в барокамере дыхание было в сред
нем 72 против 80 в 1 минуту. После того, как начинается разрежение атмо
сферы, компенсаторное учащение дыхания наступает не сразу, причем, 
само по себе учащение выражено меньше, чем у интактных животных ( рис. 1 ) .  
В общем, у животных, перенесших перегрузки, компенсаторная реакция 
дыхания на разрежение атмосферы более вялая и менее продолжительная. 
Уменьшение частоты и расстройство ритма дыхания наступает у опытных 
животных раньше, чем в контроле, однако, не так резко. Дальнейшее тече
ние гипоксии может быть различным — либо наступает смерть животного, 
либо происходит своеобразная перестройка — дыхание становится более
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частым и ритмичным, иногда имеет выраженную периодичность (рис. 2  и 3 ) .  
При этом температура тела падает до 32—34° С. Появление этого периода 
сказывается на увеличении продолжительности жизни. Следует отметить, 
что для опытных животных такое течение гипоксии более типично. На 
нашем материале такая перестройка у опытных животных наблюдалась в 
66%, у контрольных — только в 30%. Именно этим объясняется перекрест 
кривых дыхания, который можно видеть на рис. 1 — сначала частота дыха
ния в контроле выше, чем в опыте, а на 10 км это соотношение изменяется в 
пользу опытных животных.

Р и с .  3 .  Периодическое дыхание у опытного животного на высоте 10 км

Что касается изменений пульса, то нетрудно заметить, что и здесь 
наблюдаются подобные же соотношения. На рис. 1 видно, что у животных, 
подвергшихся вращению, частота пульса перед подъемом в барокамере не
сколько меньше, чем у контрольных крыс. Во время подъема компенсаторное 
учащение пульса отсутствует как у контрольных, так и у опытных. По мере 
развития гипоксии происходит уменьшение частоты сердечных сокращений, 
однако, у вращающихся животных это расстройство происходит более 
постепенно, и на 9000 м наблюдается перекрест кривых, свидетельствую
щих о том, что у опытных брадикардия прогрессирует медленнее.

Температура тела вращающихся животных также падает во время 
опыта в барокамере. В результате эти крысы погибают при более низкой 
температуре, чем интактные животные (33—34°).

Нам казалось интересным сопоставить реакцию со стороны внешнего 
дыхания с продолжительностью жизни животного в барокамере. При этом 
оказалось, что, несмотря на более вялую компенсацию, у опытных живот
ных продолжительность их жизни не снижается, а повышается. В данной 
серии в среднем она равна 5 мин. 20 сек. против 3 мин. 5 сек. в контроле,
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Таблица!

Продолжительность жизни контрольных животных и животных, 
подвергшихся действию перегрузок, в условиях пониженного баромет

рического давления

Врем я
года

Май

Май

Январь

Февраль

Ф иксаци я ж ивотного

Степень 
разреж е

н и я  атмос
феры в мм 
р т  столба

Скорость 
разреж е

н ия атмос
феры мм 

рт.
ст./мин.

К-во ж и 
вотных: 
Общее 
К -О г Г

С ред н яя  продол
ж ительн ость  

ж и зн и  К  — Оп

Степень
достоверности

Не фиксировано

О2

166 23
13-10

4 ’15”—6’51” р <  0,01

Не фиксировано 200 168 9
6 - 3

8’45”— 11*15” р >  0,3

Фиксировано 200 280 6
3 - 3

1’40”—3 ’26” Р <  0,01

Фиксировано 200 270 14
5 - 9

4 ’10”—7’ 18” р >  0,05

причем, если только 15% контрольных животных жили более 3 минут, то 
среди опытных — 85% животных жили более этого срока. В таблице I  
представлены данные о продолжительности жизни контрольных и опыт
ных животных в условиях пониженного барометрического давления. Опыты 
ставились в различное время года, при этом вариировали степень и скорость 
снижения атмосферного давления. Из этих данных следует, что средняя 
продолжительность жизни вращавшихся животных выше таковой в кон
троле.

Учитывая, что во время вращения в центрифуге температура опыт
ного животного падает на 1,0—1,5°, мы сочли необходимым поставить до
полнительный контроль с охлаждением крыс другим способом, не подвер
гая их действию радиального ускорения, и посмотреть их реакцию на раз
режение атмосферы. В результате 5—7 минутного охлаждения в рефриже
раторе температура крыс падала на 1 — 1,5°. В отличие от крыс, перенесших 
вращение, эти животные восстанавливают свою температуру сразу после 
прекращения охлаждения, что сопровождается интенсивной мышечной дро
жью. Кроме того, если у вращающихся крыс частота дыхания уменьшена 
по сравнению с нормой, а также уменьшена реакция внешнего дыхания на 
разрежение атмосферы, то у крыс после 5-минутного охлаждения наблю
дается увеличение частоты дыхания и увеличение компенсаторной реакции 
внешнего дыхания на остро развивающуюся гипоксию (рис. 4 ) .  Создается 
впечатление, что 5-минутное охлаждение оказало стимулирующее влияние 
на защитные реакции организма. Вероятно, поэтому охлажденные животные 
жили в барокамере дольше интактных — 7 мин. 26 сек. против 3 мин. 30 сек.
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Р и с .  4 .  Изменение частоты дыхания при разрежении атмосферы в контроле (сплошная
линия) и у животных, подвергшихся охлаждениею (прерывистая линия).

Черное и белое поле ~  разброс в контроле и в опыте

О б с у ж д е н и е

В опытах на белых мышах было установлено, что эти животные после 
вращения в центрифуге при 30 ед. в течение 3 минут живут в условиях 
острой гипоксии и перегревания более продолжительное время, чем конт
рольные. Выживаемость после электротравмы и введения стрихнина была 
выше в группе опытных животных, чем в контроле. Дополнительные опыты 
были поставлены для того, чтобы выяснить влияние ускорений на компен
саторные возможности организма.

Известно, что у крыс в механизмах защиты при понижении содержа
ния кислорода во вдыхаемом воздухе большую роль играет учащение дыха
ния. Наши данные свидетельствуют о том, что под влиянием радиального 
ускорения у животного ослаблены защитные реакции со стороны внешнего 
дыхания при последующем действии острой гипоксии.

Возникает вопрос, каким образом вращение в центрифуге привело 
организм в гипореактивное состояние.

Обращает на себя внимание то обстоятельство, что у животных, пере
несших вращение, температура снижена на 1 — 1,5° и в течение всего опыта 
в барокамере была ниже, чем в соответствующие моменты у контрольных 
животных (рис. 1 ) .  В отдельной серии опытов мы создавали гипотермию 
такой же степени другим способом, не подвергая крыс вращению. При этом 
наблюдались изменения, противоположные тем, которые наблюдаются после 
вращения. По литературным данным (П. М. Старков 1957, Б. А. Сааков 
1957) начальное снижение температуры тела на 1—2° само по себе вызы
вает состояние возбуждения и гиперреактивности. Изучая сосудистые реф
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лексы на введение вазопрессивных веществ, Б. А. Сааков наблюдал их 
повышение в начальном периоде охлаждения.

Нам кажется, что гипотермия в той степени, которая возникает у 
крыс при 2-минутном вращении при 30 ед., не может быть причиной наблю
даемого гипореактивного состояня и понижения чувствительности орга
низма к кислородному голоданию.

В литературе есть указания на то, что перегрузки являются сильным 
раздражителем для центральной нервной системы, в результате чего в ней 
развивается запредельное торможение. Эти данные получены на основании 
изучения условных и безусловных рефлексов и биоэлектрической актив
ности коры головного мозга. Нам кажется, что в наших опытах тоже содер
жатся данные, свидетельствующие о развивающемся торможении — умень
шение частоты дыхания и сердечных сокращений, уменьшение рефлекса 
дыхательного центра на разрежение атмосферы, общая двигательная затор
моженность. По-видимому, снижение температуры во время вращения и 
прогрессирующее снижение ее после вращения тоже может в некоторой 
степени зависеть от центрального расстройства терморегуляции. А из ли
тературы известно, что запредельное торможение снижает чувствитель
ность организма к недостатку кислорода.

Торможением нервной системы можно легко объяснить, почему белые 
мыши после вращения оказались менее чувствительными к повреждающему 
действию электрического тока. Ведь исход электротравмы зависит от исход
ного функционального состояния нервной системы.

Причину того, что вращавшиеся животные не погибают от смертель
ной дозы стрихнина и лучше переносят перегревание еще предстоит под
робно изучить. Во всяком случае, состояние нервной системы может влиять 
на исход и этих патологических процессов.
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Ü B E R  DIE W IR K U N G  D E R  R A D IA L E N  B E SC H L E U N IG U N G E N  
A U F D E N  A B L A U F  E IN IG E R  PATH OLO G ISCH EN PROZESSE

Von

N . K. SlMEONOWA

Vorliegende Arbeit en th ä lt  Angaben über die R eaktiv ität der Tiere, welche außer der 
Beschleunigungswirkung, der Einwirkung verschiedener pathogener Faktoren ausgesetzt 
waren.

D ie Versuche w urden an  Nagetieren — 115 Mäusen und 116 R atten  — durchgeführt. 
D ie radiale Beschleunigung wurde m ittels einer Zentrifuge m it einem  H albm esser von  90 cm  
erreicht.

D ie Versuche zeigten , daß bei der B eendigung der Drehbewegung die Körpertem peratur 
der T iere um  1 — 2° C niedriger war als zu B eginn  des Versuches und diese Senkung h ielt 
dann noch 20 — 30 M inuten an.

W eiße Mäuse, w elche au f die Dauer von  drei M inuten einer radialen Beschleunigung  
v o n  30 E inheiten au sgesetzt waren, lebten  unter Bedingungen der akuten H ypoxie und  
H ypertherm ie länger als d ie K ontrolltiere. D iese Tiere zeigten eine größere Überlebungs- 
quote bei Elektrotraum en u n d  bei der Einführung von  Strychnin.

B ei R atten, w elche a u f  die Dauer von  zw ei M inuten einer dreißigfachen Überlastung  
ausgesetzt wurden, waren die kom pensatorischen R eaktionen seitens der äußeren A tm ung  
verringert, doch die Ü berlebungsquote war größer.

E ine solche H ypotherm ie, die durch zw eim inutige Um drehungsdauer von  30 E in
h eiten  bei Ratten au ftr itt, kann nicht der Grund eines hyporeaktiven Zustandes und einer 
Verm inderung der E m pfind lichkeit des O rganism us einer H ypoxie gegenüber sein.

Man kann annehm en, daß die W irkung der Drehung in der Zentrifuge bei großen 
Ü berlastungen der E ntw ick lu ng einer supram arginalen H em m ung im  zentralen N erven
sy stem  Vorschub le iste t, w elche ihrerseits die E m pfindlichkeit des Organismus gegenüber 
der späteren Wirkung verschiedener pathogener Faktoren, u. a. H ypoxie, verm indert.

H. К. СИМ ЕОНОВА
Кафедра патологической физиологии, Киевского медицинского 
института, Киев
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By

G . B Á L I N T

IN STITU TE OF PHARMACOLOGY, U N IV E R S IT Y  M EDICAL SCHOOL, SZEGED 

(Received December 30, 1963)

The effect on blood pressure of Hydergin, promethazine and levomepromazine 
has been studied in anaesthetized cats.

In harmony w ith the data in the literature it has been found that promethazine 
does not affect blood pressure appreciably, while levomepromazine is a hypotensive 
agent.

It has also been shown that, as regards their action on blood pressure, distinction 
can be made between two groups of phenothiazine derivatives, one enhancing, the 
other antagonizing, the effect of Hydergin. The most representative drugs of the two 
groups are promethazine and levopromazine, respectively.

It has also been demonstrated th at, if  injected following administration of Hyder
gin, the phenothiazine derivatives reduce blood pressure, while when these derivatives 
are given first, the effect of Hydergin is reversed, and it  will increase blood pressure.

H y d e rg in  is a w ell-know n sy m p a th ic o ly tic  d rug , w hich  para ly ses th e rm o 
reg u la tio n  an d  has sed a tiv e  and a n a e s th e s ia -p o te n tia tin g  ac tions, b u t  is 
devoid o f  th e  side effects o f ch lo rp rom azine  ( H a u s c h i l d  1956; I s s e k u t z  

1959; R o t h l i n  1934, 1950). F o r th is  re a so n  i t  has been  recom m ended  as a 
su b s ti tu te  o f  ch lo rp rom azine  in Laborit an d  H uguenard 's  classical “ co ck ta il 
ly tiq u e ”  ( B e n z e r  e t  al. 1955a, 1955b; H u g u e n a r d  1954; V é g h e l y i  1960) 
and  now  H yderg in  is o ften  applied in  c o m b in a tio n  w ith  th e  various p h e n o 
th iaz ine  de riv a tiv es .

As i t  has a lread y  been  show n ( B á l i n t  1964), w ith  resp ec t to  th e ir  
p o te n tia tin g  a c tiv ity  th e  p h en o th iaz in e  d e riv a tiv e s  fa ll in to  tw o g roups 
on th e  b as is  of how th e y  a c t w hen co m b in ed  w ith  H yd erg in .

T he d rugs of g roup  1, especially lev o m ep ro m azin e , m ark ed ly  a n ta g o n 
ized H y d e rg in , while th e  d rugs of g roup  2, th e  m ost re p re se n ta tiv e  o f w h ich  
w as p ro m e th az in e , show ed a strong  sy n e rg ism  w ith  H y d erg in .

In  th e  p resen t s tu d y  we have u n d e r ta k e n  to  d e te rm in e  w h e th e r th is  
du a l e ffec t o f the  p h en o th iaz in e  d e r iv a tiv e s , h ith e r to  n o t rep o rted  b y  o th e r  
au th o rs , w o u ld  be m an ife s t also on th e  a c tio n  on b lood  pressure.

Materials and Methods

A tota l of 30 cats of either sex, weighing 1800 to 3500 g was used. As an anaesthetic, 
a mixture of chloralose and urethane, 1 : 7, prepared by the method of Thuránszky  and 
Szeghy (K ovach 1954) in a 50 per cent aqueous solution, was injected intravenously in doses 
of 0.4 ml/kg body weight.

25 Acta Physiologica XXVI/4.
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Blood pressure was measured by means of an electromanometer attached to a poly
ethylene cannula inserted into the femoral artery, and was recorded by a H e ilig e  multiscriptor 
(T h u r á n sz k y  1962).

The drugs used and their doses were, Hydergin (Sandoz, Basel), 40 /tg/kg; levo- 
mepromazine (Nozinan, Specia, Paris), 2 mg/kg; promethazine (Phénergan, Specia, Paris), 
2 mg/kg. The drugs were injected into a femoral vein.

F ig .  1 . Hydergin, 40 /tg/kg, reduced blood pressure by 15 to 20 mm Hg, for about 10 to  15
minutes

F ig .  2 . Levomepromazine, 2 mg/kg, reduced blood pressure by about 80 to 100 mm Hg for 
i/j to 1 minute, then blood pressure remained stable at a level 40 to 50 mm Hg lower than the

initial, for 25 to 30 minutes

F ig .  3 . Promethazine, 2 mg/kg, caused an about 80 to 100 mm Hg drop in blood pressure 
for about !Д, min, then it persisted at the initial, or a 5 to 100 mm Hg lower level

F ig .  4 . The response to Hydergin (40 /tg/kg) followed by 2 mg/kg levomepromazine, was essen
tially the same as the response to íevomepromazine alone, except that normalization

resulted sooner, in 5 to 10 minutes

In the first step, we examined the blood pressure response to 40 /tg/kg Hydergin, 
2mg/kg levomepromazine and 2 mg/kg promethazine, in 2 animals each.

These results are shown in F ig s  1 , 2 ,  and 3 .
Subsequently, we set up groups of four animals each, and determined the blood pressure 

response to the following combinations.
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hydergin phenergan 
iOpg/kg 2mg/kg

F ig .  5 . When the 40 /ig/'kg dose of Hydergin was followed by the injection of 2 mg/kg pro
methazine, after the initial 80 to 100 mm Hg fall lasting about half a minute, blood pressure 
returned to the initial level for a while, then decreased, to stay for about 25 to 30 minutes 

at an approximately 40 to 50 mm Hg lower level, then it slowly rose

F ig .  6 . The injection of 2 mg/kg of levomepromazine produced the lasting hypotensive response 
described above. When 40 ,ug/kg of Hydergin was then administered, the effect of the latter  
was reversed and blood pressure rose to the initial, or to an about 5 to 10 mm Hg higher level

2 mg/ kg kOpg/kg

F ig .  7. About 3 minutes after the effect of 2 mg/kg of promethazine was over, 40 /ig/kg 
o f Hydergin did not influence blood pressure which was the same as that measured before 

the administration of promethazine, or increased it by 5 to 10 mm Hg

25*



Table I

No. Drug
N um ber of 

animals
Direction of 

change of blood 
pressure

In terval between 
adm inistration 

o f drugs, 
m inutes

D uration 
of m axim um  fall 
of blood pressure, 

m inutes

Size of
m axim um  fall in 
blood pressure, 

mm Hg

Size of
m aximum rise 

of blood pressure, 
mm Hg

Effect

l . Hydergin 10 15 ____

2. Hydergin 15 25 —

Hydergin, total 2 10— 15 15—25 — reduced

3. Levomepromazine 1 25 40 (100) —

4. Levomepromazine 30 50 (80) —

Levomepromazine, total 2 25—30 40— 50 — reduced

5. Promethazine 1 t V. (80) —

6. Promethazine 1 (100) 5— 10

Promethazine, total 2 V-,-1 (80— 100) 0— 10 —

7. Hydergin +  levomepromazine 3 5 40 (60) —

8. Hydergin -f- levomepromazine 1 t  ? 3 8 45 (80) —
9. Hydergin +  levomepromazine 3 10 55 (iUU) —

10. Hydergin +  levomepromazine 3 11 50 (80)

Hydergin +  levomepromazine, total 4 3 5— 10 40— 50 — antagonistic

11. Hydergin -f- promethazine 3 25 40 (60) —

12. Hydergin +  promethazine 1 t  l 3 27 45 (70) —

13. Hydergin +  promethazine 3 30 50 (100) —
14. Hydergin +  promethazine 3 30 50 (80)

Hydergin +  promethazine, total 4 3 25—30 40—50 — synergistic
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15.
16.
17.
18.

Levomepromazine +  Hydergin 
Levomepromazine +  Hydergin 
Levomepromazine +  Hydergin 
Levomepromazine +  Hydergin

4 t
3
3
3
3

3
3
3
3

40 (80) 
50 (100) 
50 (80) 
50 (100)

5
10

5

Levomepromazine -|- Hydergin, total 4 3 3 40—50 0—5— 10 reversed

19. Promethazine +  Hydergin 3 1 (80) —

20. Promethazine +  Hydergin 4 t 3 7* (100) 10
21. Promethazine +  Hydergin 3 V* (80) 5
22. Promethazine +  Hydergin 3 1 (100) 5

Promethazine +  Hydergin, total 4 3 l/2- l (80— 100) 0—5— 10 reversed

23. Hydergin 4" levomepromazine 1 (80) ____

24. Hydergin +  levomepromazine 4 t 4 (60) —
25. Hydergin -j- levomepromazine 7 (80) —
26. Hydergin +  levomepromazine 5 (100) —

Hydergin +  levomepromazine, total 4 1— 5 (80— 100) — antagonistic

27. Hydergin +  promethazine 30 45 (80) ____

28. Hydergin +  promethazine 4 t 4 27 50 (100) —

29. Hydergin +  promethazine 25 55 (80) —

30. Hydergin +  promethazine 28 50 (75) —

Hydergin +  promethazine, total 4 25—30 45— 50 — synergistic
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a )  Hydergin, 40 /ig /k g , follow ed 3 m inutes later by levom eprom azine, 2 m g/kg, or 
prom ethazine, 2 m g/kg.

b)  Levom eprom azine, 2 m g/kg, or prom ethazine, 2 m g/kg was injected  3 m inutes 
before the adm inistration o f H ydergin (40 /tg/kg).

c)  Hydergin (40 /ig/'kg) was injected  together w ith  2 m g/kg levom eprom azine, or  
2 m g/kg prom ethazine.

The results ob ta ined  in  these experim ents are show n in Figs 4, 5, 6 , 7, 8 and 9.

О

nozinan+hydergin 
2 mg/kg + A0pg/kg

F ig .  8. The response to  the com bined adm inistration of 40 //g/kg H ydergin  and 2 m g/kg  
levom eprom azine w as sim ilar to , but more protracted than , the response to  prom ethazine  

in  th at there was no lasting hypotensive response

Fig.

. t ciL
hydergin + phenergan  

40f<g/kg + 2m g /k g
9. On the com bined adm inistration of 40 ,ug/kg H ydergin and 2 m g/kg of prom ethazine  

blood pressure w as reduced b y  about 50 m m  H g for about 25 to 30 m inutes

R esults

The resu lts  a re  p resen ted  in  d e ta il in  Table I .
I t  m ust be em phasized  th a t  th e  changes o f blood p ressu re  in  th e  d iffe re n t 

g ro u p s were a lw ays id en tica l w ith in  th e  lim its  o f no rm al physio logical v a r ia 
tio n s , i.e. th e  te n d e n c y  of th e  changes w as alw ays the  sam e in  th e  in d iv id u a l 
an im a ls  of th e  sam e  group.
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D iscussion

A ccord ing  to  d a ta  in  th e  l i te ra tu re , p ro m eth az in e  has h a rd ly  a n y  ac tio n  
on  th e  au tonom ic  cen tres an d  v e g e ta tiv e  functions, a n d  th u s  does n o t sign if
ic a n tly  in fluence b lood  pressure  ( Specia  1960b, V é g h e l y i  1960). T h is has 
been  confirm ed  b y  ou r re su lts , since p ro m eth az in e  b y  itse lf  d id  n o t  reduce  
b lood  p ressu re  s ig n ifican tly  and  la s tin g ly  in any  o f th e  cases.

O u r resu lts  confirm  also th e  o b se rv a tio n  ( Specia  1960a, V é g h e l y i  1960) 
th a t ,  b o th  levom eprom azine and  H y d e rg in  are h y p o ten siv e  agen ts.

P ro m eth az in e , w hich  o therw ise in fluences b lood  p ressu re  fo r a sh o rt 
tim e  on ly , if  in jec ted  to g e th e r  w ith , o r im m ed ia te ly  a f te r , H y d erg in , p ro d u ced  
a  su b s ta n tia l and  la s tin g  fall in  b lood  pressure.

I t  was rem ark ab le  th a t ,  i f  g iv en  before th e  in jec tio n  o f H y d erg in , 
p ro m e th az in e  d id  n o t low er blood p re ssu re . W h a t re su lte d  w as a s lig h t increase  
o f  b lood  p ressure , a rev ersa l o f th e  H y d e rg in  effect. T h e  sam e w as observed  
in  th e  case of levom eprom azine.

T he la s tin g  an d  m ark ed  h y p o ten s iv e  response to  levom eprom azine  w as 
abo lished  b y  H yderg in  in  every  case, an d  blood p ressu re  re tu rn e d  to  th e  
in itia l or to  a s ligh tly  h ig h er level. T h is  reversion  o f th e  H y d erg in  effect w as 
m uch  m ore m arked  in  th e  case of levom eprom azine  th a t  in  th a t  of p ro m eth az in e .

W hen  H yderg in  and  levom eprom azine  were in jec ted  to g e th e r , th e  
re sponse  w as sim ilar to , b u t  m ore p ro tra c te d  th a n , th e  response g iven  to  
p ro m e th az in e  alone, i.e. th e  la s tin g  h y p o ten siv e  effect o f levom eprom azine  
w as a b se n t, an d  blood  pressure  soon re tu rn e d  to  th e  in itia l level.

W hen  levom eprom azine was in je c te d  a fte r  th e  a d m in is tra tio n  o f H y d erg in  
th e  response  was sim ilar to  th a t  g iven  to  levom eprom azine  alone; th e  in jec ted  
h u t  c e rta in ly  n o t y e t b ro k en  dow n H y d e rg in  d id  no t m o d ify  th e  lev o m ep ro m a
zine effec t, only its  d u ra tio n  was g re a tly  reduced .

F ro m  th e  resu lts  th e  follow ing conclusions m ay  be draw n.
(i) O ur earlie r observ a tio n  t h a t  th e  p h en o th iaz in e  d e riv a tiv e s  e ith e r  

en h an ce  or an tagon ize  th e  effect o f H y d e rg in  has been  confirm ed  as to  th e  
effect on b lood p ressure , i f  th e  d e riv a tiv e s  w ere in jec ted  to g e th e r  w ith , o r a f te r , 
H y d erg in .

(ii) W hen  th e  p h en o th iaz in e  d e riv a tiv e s  are in je c te d  f irs t, th e  effect of 
H y d e rg in  is reversed ; i t  th e n  increases b lood  p ressu re , b u t  th e  increase  does 
n o t exceed , or exceeds only  s ligh tly , th e  level m easu red  in  in ta c t  an im als.

T hese fac ts  seem  to  co rro b o ra te  o u r w ork ing  h y p o th es is  th a t  th e  p h en o 
th ia z in e  de riv a tiv es , a lth o u g h  v e ry  close ly  sim ilar in  chem ical s tru c tu re , m ay  
be d iv id ed  in  a t  leas t tw o groups on th e  basis of th e ir  m ode of ac tio n .

F u r th e r  stud ies are  in  progress to  c la rify  th is  p ro b lem .
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SOME PHARMACOLOGICAL EFFECTS 
OF N-ALKYL- AND N-ARALKYL-NOR-TROPINE
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(Received Janu ary  8, 1964)

The peripheral anti-acetylcholine ac tiv ity  of various N -alkyl-nor-tropine  
derivatives, such as N a-n-propyl, isop rop y l, n-butyl, 4-brom obenzyl and 4-phenyl- 
benzyl, has been investiga ted  and com pared w ith the effect o f  lower hom ologues of 
the series.

The a n tic h o l in e r g ic  a c t iv i ty  of com pounds having substitu en ts in  the N a steric  
position  decreased in  the following order: m ethyl >  isopropyl >  ethyl >  n-propyl.

From the poin t o f  view  of the g a n g l io n  b lo c k in g  a c t io n  th e  com pounds in v e stig 
ated can be d ivided in to  two groups. O f those having a h igh ly  space-filling group  
in  Njj position , the N a-eth y l hom ologues ex h ib it the greatest a c tiv ity , while the cor
responding N a-isopropyl derivatives are considerably weaker in  effect. I f  the N 5 group  
is a m ethyl radical, i t  is the N a-isopropyl derivatives which are more active ganglion  
blockers than the N a-eth yl members o f the series.

P a r a ly z in g  e f fe c t  o n  m o to r  e n d - p la te s  showed no unequivocal changes w ith  
alterations in  chem ical structure.

S evera l h u n d red s  o f  new  tro p in e  d e riv a tiv e s  have b een  sy n th e tized  an d  
in v e s tig a te d  in  th e  p a s t  decades. T hese com pounds co n ta in ed  th e  m ost v a ry in g  
e th e r or e s te r  g roups an d  d iffe ren t s u b s ti tu e n ts  on th e  tro p an e  sk e le to n . 
I n  th e  case o f q u a te rn a ry  de riv a tiv es , th e  su b s titu e n t on  th e  n itrogen  a to m  
m o stly  occupies th e  so-called  N b-ste ric  p o s itio n , i.e. i t  is o rien ted  to w a rd  th e  
py ro lid in e  ring  of th e  m olecule. O n ly  few  com pounds a re  know n in w h ich  
th e  q u a te rn a ry  group h as  th e  N a s te ric  p o sitio n , in o th e r  w ords in  w hich  th e  
orig inal m e th y l g roup  o f  th e  tro p an e  sk e le to n  is su b s ti tu te d  b y  a m ore sp a c e 
filling  a lk y l or a ra lk y l g roup  o rien ted  to w a rd s  th e  ester g ro u p  o f th e  m olecule.

E v e n  th o u g h  sev e ra l com pounds o f  th is  ty p e  h ad  b een  described  ( B r a u n  

1920) th e y  w ere sca rce ly  sub jec ted  to  pharm aco log ical analysis . T he f ir s t  
N -a lk y l-n o r-tro p in e  d e riv a tiv es  w ere sy n th e tiz e d  by  K e a g l e  and  H a r t u n g  

(1946) b u t  these  com pounds have b een  iden tified  chem ically  w ith o u t a n y  
d e ta iled  in v es tig a tio n  in to  th e ir  s te r ic  s tru c tu re . T he f i r s t  large series o f 
N -a lk y l-n o r-tro p in e  d e riv a tiv es  w h ich  w ere stu d ied  also  ste reochem ica lly  
have  been  p rep a red  in  th is  la b o ra to ry  ( N á d o r  et al. 1962).

M ore recen tly , F r i e d m a n  and S m i t h  (1959) have described  th e  p h a rm a 
cological ac tions o f  N -a lly l-benzy l-no r-trop ine-H C l. W hen  com pared  w ith  its  
m e th y l analogue, th is  com pound  p ro v e d  to  be w eaker in  its  an ticho linerg ic  
ac tions b u t  ex h ib ited  a h igher local a n a e s th e tic  a c tiv ity  a n d  its  to x ic ity  w as 
also h ig h er. S u b seq u en tly , several te a m s  have a tte m p te d  th e  syn thesis  o f
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N -a lly l-n o r-a tro p in e . W e were th e  f ir s t  to  describe th e  p re p a ra tio n  o f th is  
c o m p o u n d  b y  m ean s o f  th e  N -ca rb o b en zy lo x y  m e th o d  (N á d o r , Gy ö r g y , 
D ó d a  1961a); i t  p ro v e d  to  he som e 20 tim e s  w eaker th a n  a tro p in e  in  i ts  
ch o lin o ly tic  ac tio n . T h e rea fte r , So y k a  a n d  U n n a  (1961), as well as D al  R i 
a n d  S chm idt  (1961) also sy n th e tized  N -a lly l-n o r-a tro p in e ; th e ir  p re p a ra tio n , 
h o w ev er, was an  oil-like n o n -c ry sta llin e  su b s ta n c e  p ro b a b ly  n o t com plete ly  
p u re . M ost re c e n tly , D e c si an d  N á d o r  (1963) have  d raw n  a tte n tio n  to  th e  
in te re s tin g  cen tra l n erv o u s (hallucinogen ic?) effects o f th e  com pound.

C ontinu ing  o u r earlie r in v es tig a tio n s  in to  th e  s tru c tu re -a c tiv ity  re la 
tio n sh ip  of tro p a n e  d e riv a tiv e s , th e  p re se n t p a p e r  deals w ith  th e  questio n  o f 
ch an g es b ro u g h t a b o u t in  p e rip h era l ch o lin o ly tic  a c tiv ity  on su b s titu tin g  th e  
o rig in a l N -m eth y l g roup  of th e  tro p a n e  sk e le to n  by  v a rio u s  N -alky l rad ica ls . 
In  earlie r in v es tig a tio n s  we have s tu d ie d  a series of te r t ia r y  benzylic acid  
e s te rs  and  found  th a t  th e  cho lino ly tic  a c t iv i ty  was m a rk e d ly  reduced  a f te r  
rep lac in g  th e  m e th y l g roup  b y  an  N -e th y l rad ica l, b u t  s lig h tly  increased  in  
th e  case of s u b s ti tu tio n  w ith  an  N -iso p ro p y l group. In  q u a n tita tiv e  te rm s , 
th e  an ti-ace ty lch o lin e  a c tiv ity  of th e  m e th y l com pound  am o u n ted  to  306 
p e r cen t, th a t  o f th e  e th y l analogue to  5 p e r  cen t, and  th a t  o f th e  isop ro p y l 
d e r iv a tiv e  to  18 p e r c en t o f th e  a c tiv ity  o f  a tro p in e  (Gy ö r g y , D ó da , N á d o r  
1960).

A trop ine  p -b ip h en y ly lm e th y l b ro m id e  w as show n b y  Gy e r m e k  a n d  
N á d o r  (1957) to  h a v e  a ganglion b lo ck ing  ac tio n  26 tim es s tro n g e r th a n  t h a t  
o f  T E A . T he N -ste reo isom er o f th is  c o m p o u n d , N a-p h en y lb en zy l-N b-m e th y l 
a tro p in iu m  b rom ide  (N-731) possessed o n ly  50 p er cen t o f  th e  a c tiv ity  o f th e  
o rig in a l com pound  (N á d o r , Gy ö r g y , D ó d a  1961b). C om parison  o f N -731 
w ith  its  N a-m e th y l analogue, a tro p in e  m e th y l b rom ide revealed  a n o th e r  
im p o r ta n t  fea tu re  in  s t ru c tu re —a c tiv ity  re la tio n sh ip , as com pound  N-731 w as 
fo u n d  to  be tw ice as ac tiv e  as a tro p in e  m eth o b ro m id e  in  b locking  ganglion ic 
tran sm iss io n . T h is o b se rv a tio n  in d ica tes  t h a t  th e  ganglion  b locking  a c tiv ity  
o f  a  tro p in e  d e riv a tiv e  can  be increased  b y  au g m en tin g  th e  space-filling  o f 
th e  a lk y l group n o t on ly  in  th e  N b s te ric  p o sitio n  b u t  also in  th e  case o f an  
N a-su b s titu e n t. S u b s titu tin g  th e  N a-m e th y l rad ica l b y  an  N a-e thy l g roup  in  
a la rg e  n u m b er o f  com pounds re su lted  in  a su b s ta n tia l increase  in  gang lion  
b lo ck in g  p o ten cy , an d  tw o  d e riv a tiv es  w ere found  to  he  a b o u t a h u n d re d  
tim e s  m ore p o te n t th a n  T E A  (D ó d a , Gy ö r g y , N ádo r  1963). I t  was th o u g h t 
t h a t  these  changes w ere due to  th e  e le c tro n -d is tr ib u tin g  e ffec t exerted  on th e  
n itro g e n  a to m  b y  m e th y l and  e th y l g ro u p s , respective ly .

U n til now  a lim ited  n u m b er o f long  carb o n -ch ain  N a-alkyl analogues, 
m a in ly  te r t ia ry  d e riv a tiv e s , has on ly  b een  in v es tig a ted , so th a t  th e  d a ta  
av a ila b le  do n o t p e rm it any  fina l conclusion  concern ing  th e  re la tio n sh ip  
b e tw een  chem ical s tru c tu re  and  p h arm aco lo g ica l a c tiv ity . T h e  p resen t p a p e r  
d ea ls  w ith  th e  co m p ariso n  o f th e  p e r ip h e ra l an ticho linerg ic  ac tions o f h ig h e r
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N a-alky l hom ologues (such as p ropy l, b u ty l ,  benzy l, etc.) o f v a rio u s  tro p in e  
esters.

M ethods

The anti-acetylcholine action  of the com pounds was m easured on blood pressure, 
ganglion blocking a c tiv ity  on the superior cervical ganglion, by registering the n ictita tin g  
membrane contractions on electrical stim ulation o f cervical sym pathetic, and their curare
like effect on the anterior tib ial m uscle. A ll experim ents were performed on cats anaesthetized  
w ith  chloralose-urethane, as described earlier ( G y ö r g y , D ó d a , N á d o r  1961). A ctiv ities have  
been expressed in per cent o f the atropine, T E A  and d-tubocurarine effect, respectively. 
A tenfold decrease in the sensitiv ity  to acetylcholine was produced in  our experim ents by  
0.005 m g/kg o f atropine. M edium effective doses o f  T E A  and d-tubocurarine were 1.5 and
0 . 18 m g/kg, respectively. The com pounds to be in vestiga ted  were injected into the fem oral vein .

R esults and  D iscussion

T he re la tio n sh ip  betw een  chem ical s tru c tu re  and  pharm aco log ical 
a c tiv ity  o f 18 new ly sy n th e tized  n o r-tro p in e  de riv a tiv es  has been ex am ined . 
O n th e  n itro g en  a to m , th e  com pounds h a v e  in  N a s teric  position  v a rio u s  
a lky l rad ica ls  of a space-filling  h igher th a n  th a t  o f an  e th y l group . F o r th e  
sake of com parison , Table I  shows n o t o n ly  th e  a c tiv ity  of these  com pounds 
b u t  also co n ta in s  som e earlier d a ta  for e th y l  an d  m eth y l deriv a tiv es .

T he f ir s t  question  to  be d ea lt w ith  is th e  an ti-ace ty lch o lin e  effect o f th e  
com pounds. I f  th e  d e riv a tiv e s  w ith in  th e  sam e este r g roup  are  d iv id ed  in  
sub -g roups accord ing  to  th e  ch a ra c te r  o f  th e  N b-rad icals th e  follow ing co n 
clusions can  be d raw n. W ith  th e  ex cep tio n  o f  tw o  com pounds i t  is, as a ru le , 
the  N a m e th y l group w hich y ields th e  m o s t ac tiv e  d e riv a tiv es . T his is u su a lly  
follow ed b y  th e  isopropy l and  th e n  b y  th e  e th y l analogues. T he n -p ro p y l 
d e riv a tiv e s  e x h ib it, as a ru le , w eaker a c tiv ity . I t  is an  in te re s tin g  fe a tu re  
th a t  th e  N -isopropy l d e riv a tiv es  are  a lw ays m ore effective th a n  th e  N -n- 
p ropy l analogues; th u s , th e  cho lino ly tic  a c t iv i ty  of th e  fo rm er com pounds 
in  in d iv id u a l este r groups is 13, 31, 73 a n d  92 tim es, resp ec tiv e ly , h igher th a n  
th a t  of th e  N -n -p ropy l d e riv a tiv es . F o r in s ta n c e , com pound  N -1044 is seven  
tim es m ore  p o te n t th a n  a tro p in e . T he N a ben zy l, 4 -b rom ohenzy l an d  b u ty l  
d e riv a tiv es  are , as a ru le , w eak  cho lino ly tic  ag en ts  irresp ec tiv e  of th e ir  te r t ia ry  
or q u a te rn a ry  ch a rac te r.

As to  th e  in fluence o f N a su b s titu e n ts  on th e  ganglion b locking  ac tio n , 
th e  f irs t  f in d in g  to  be m en tio n ed  was th a t  th e  effect on ganglionic tran sm iss io n  
does n o t go h a n d  in  h an d  w ith  th a t  ex e rte d  on p a ra sy m p a th e tic  end -o rgans,
1. e. th a t  th e  an tim u scarine and a n tin ico tin e  effec ts do n ot ch an ge in p ara lle l. 
In  som e cases, such  as w ith  N b m eth y l q u atern ary  b en zy lic  acid  esters, th e  
ch aracter o f  th e  N a su b stitu e n t in flu en ces b u t scarcely  th e  gan glion  b lo ck in g  
effec t, th e  a c t iv ity  o f  m eth y l, e th y l, n -p ro p y l, and  isop rop yl an alogues b e in g  
p ra ctica lly  id en tica l. A s described  earlier (D ó d a , Gy ö r g y , N ádo r  1963), 
in tro d u ctio n  o f  an e th y l group in N a ster ic  p osition  in to  a com p oun d  h a v in g
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Table I
Structure and activity o f  the compounds

R, R.,Name or Code Nr. (Na position) (N^ position.) Acyl

Atropine - C H 3 H
N -678 — C2H5 H
N -840 — C3H ,(n) H
N -839 — c 3H ,(i) H

N -746 H я
о

N-761 Br — / — CH2 H

4 /

1м
я
и

Atropine m ethyl 
bromide

- C H 3 - C H 3 \/
N -960 - C 2H5 — CH, я
N-1059 - C 3II,(n ) - C H 3 u
N -838 - C 3H ;(i) - C H 3 1
N -732 Br— N — CH2 — CH3

N-731 o-o»= - C H 3

Homatropine - C H 3 H
N -608 — СЛ1, H
N -630 - C 3H ,(i) H

Novatropine
N -763
N-1043

— CH3 
— C,H5 
- C 3H 7(i)

— CH3 
— CH3 
— CH, о я\/о

N -239
N-781
N-1041

- C H 3-
- C 2H3
- C 3H ,(i)

B r /  ^ C H 2— V
я
о
1

/ .

N -310 - C H 3
N -760
N-1035

- C 2H5
- C 3H ,(i) 0-0CH=

N -719 - C 4Ha(n)

Na-154 - C H 3 H
N-679 - C 2H5 H
N-966 - C 3H 7(n) H
N-661 - C 3H 7(i) H HH
N-963 — C,H9(n) H лл
Na-158 — CH3 — CH3 ии
N-990 — c 2H5 - C H 3 \ /
N-1062 — C3H 7(n) - C H 3 \/
N-1044 - C 3H ,(i) — CH3 о1
N-611
N -790
N-717

— CH3 
— C,H5 
- C 5H „ (i)

B r / -

Na-148
N -676

- C H 3 
— C„H.,

H
H

N-1045 — C3H 7(i) II о>
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X -
A nti acetylcholine 

effect,
A tropine = 1 0 0

Ganglion blocking 
effect,

TEA  =  100

Curare-like effect, 
dTc =  100 References

so 4 100 40
Br 3.8 4
Cl 1.75 0 0
Br 54 < 4 0 0
Br 0.8 0 0

Br 0.6 0 0

Br 930 660 7.3 4

Br 107 46 2.7 4
Br 2.9 208 2.1
Br 210 160 4.3
Br 0.17 1 930 7.3

Br 0.6 1 300 + 2 .0 +  13

Br 2.0
Br 0.15 0 0 4
Cl 0.58 30 0 9

Br 3.8 450 1 + +  7
Br 12.5 120 3.4 4
Br 2.36 386 á  1.8

Br 1.5 1 900 12 7
Br 0.27 2 380 6 4
Br 0.06 640 appr 3.7

Br 1.5 4 000 7
Br 0 10 400 11.6 4
Br 0.14 600 appr 2.5
Br 0.03 150 20

Br 306 0 0 10
Br 4.5 0 0 4
Br 1.4 <  50 0
Br 18 — 0 9
Br 0.12 <  50 < 1 .8

Br 2880 160 4.4 10
Br 100 100 appr 2.4 4
Br 7.9 102 2.2
Br 724 112 2.8

Br 0.57 150 1 10
Br 1.25 446 15.5 4
Br 0 50 1 5 - 2 0

Br 4.5 0 0
Cl 0.06 0 0 9
Cl 0.62 <  35 0
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a sm a ll N b su b s titu e n t fu r th e r  decreases th e  o rig inally  w eak gang lion  b locking  
a c t iv i ty .  On th e  o th e r  h an d , th e  sam e su b s titu tio n  in  com pounds possessing 
a h ig h ly  space-requ iring  N b s u b s ti tu e n t  increases th e  orig inally  h ig h  p o tency . 
T h u s , am ong th e  m an d e ly l esters, th e  N -e th y l hom ologues are  th e  m o st active 
co m p o u n d s even in  th e  case o f tw o  d iffe ren t q u a te rn a ry  g roups (N-781 and  
N -760). C orrespondingly , th e  N b m e th y l d e riv a tiv es  o f N a-e th y l-n o r-tro p e in es  
a re , as a rule, w eak  ganglion  b lo ck in g  agen ts, fo r in s tan ce  th e  a c tiv ity  o f 
N -960  only am o u n ts  to  46 p er c e n t o f th a t  of T E A . Two o f th e  isopropyl 
hom ologues, co m pounds N-838 an d  N -1043, are m ore effective th a n  th e  e th y l 
d e riv a tiv e s . No m a rk e d  difference h as  been  fo u n d  betw een  th e  effects o f 
iso p ro p y l and n -p ro p y l d e riv a tiv es .

In  these series, i t  was p a r tic u la r ly  in te re s tin g  to  s tu d y  th e  p a r t  p layed  
b y  th e  N a rad icals in  ensuring  a m ax im u m  ganglion  b lock ing  p o ten cy . T he 
p o te n c y  of com pound  N-760 could  n o t be increased  fu r th e r ;  in  fac t, su b 
s t i tu t io n  of the  N a-e th y l group b y  iso p ro p y l or p ro p y l rad ica ls  led  to  a d im in u 
t io n  in  ac tiv ity . (Som e fu r th e r  N a-a ra lk y l d e riv a tiv es  o f th is  series are now  
b e in g  syn the tized  in  th is  la b o ra to ry .)  If , how ever, th e  N b q u a te rn a ry  group 
is a  m e th y l rad ica l in s te a d  of th e  h ig h ly  space-filling  4 -p h en y lb en zy l group 
p re s e n t  in  com pound  N-760, in te re s tin g  a lte ra tio n s  in  g an g lion  b locking  
p o te n c y  can be p ro d u c e d  b y  fu r th e r  increasing  th e  space-filling  o f th e  N a 
g ro u p . O f the  tro p y l e s te rs , i t  is co m p o u n d  N-732, th e4 -b ro m o b en zy l hom ologue, 
w h ic h  exhib its th e  m ax im u m  p o te n c y . T he N -isom er o f th is  d e r iv a tiv e  N a- 
m e th y l-N  -b rom obenzy l a tro p in iu m  b ro m id e  (N -243), is a co m p o u n d  som ew hat 
w e a k e r  in  a c tiv ity  th a n  com pound  N -732 (1550 an d  1930 p e r  c e n t of T E A  
a c tiv i ty ,  resp ec tiv e ly ; G y ö r g y , D ó d a , N á d o r , to  be p u b lish ed ). T h is is an  
in te re s tin g  fea tu re  as in  th e  case o f  a tro p in e  b ip h en y ly l-m e th y l-b ro m id e  th e  
in v e rs io n  of N a a n d  N  b rad ica ls re su lte d  in  a 50 p e r cen t decrease  o f th e  g an 
g lion  blocking a c t iv i ty  (N á d o r , G y ö r g y , D ó d a  1961b) w hile, in  th e  p resen t 
case , th e  sam e in v ers io n  of th e  s p a tia l  a rra n g e m en t of N -su b s titu e n ts  led 
to  a sligh t increase o f  p o ten cy  (F ig . 1 ) .

_ v CH,
\  +

A H , CH,

INT
N

A tropine p -b iphenylylm ethyl bromide

2600%  T E A

к
N-731

1300% T E A

Br{ \C H 2
X-  \ + /C H 3 

ГГ
К

N-243

1550%  TEA

CH3 pit  /  \ Br\  +  / C t l 2. /D r
XN X

К
N-732

1930% TE A
Fig. 1
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In  th e  above series, m ax im um  a c t iv i ty  was e x h ib ite d  b y  th e  4 -b rom o- 
benzy l d e riv a tiv e  (N -732). In te re s tin g ly  enough, th e  h ig h ly  ac tiv e  m e th y l 
analogue is followed b y  th e  w eak ly  e ffec tive  e th y l, p ro p y l and  iso p ro p y l 
d e riv a tiv e s , an d  th e n  b y  th e  h ighly  a c t iv e  N -732. The q u es tio n  of th e  g e n e ra li
za tio n  rev ea led  b y  th is  p ecu lia r b e h a v io u r  m u s t be decided  b y  fu r th e r  in v e s tig 
a tio n s. T h e  fina l conclusion  to  be d ra w n  from  the p re se n t o b serv a tio n s is 
th a t ,  in  each  series, m ax im u m  ganglion  b lock ing  effectiveness is ach ieved  b y  
d iffe ren t su b s titu e n ts  a n d  th a t ,  in  th is  g ro u p  of com pounds, i t  is m uch  m ore  
d ifficu lt to  explore an y  d efin ite  ru le  in  s tru c tu re -a c tiv ity  re la tio n sh ip  th a n  
in  th e  series con ta in ing  N b su b s titu e n ts  (G y e r m e k  a n d  N á d o r  1953; D ó d a , 

G y ö r g y  a n d  N á d o r  1963).
T he p a ra ly z in g  effect o f m e th y l-q u a te rn a ry  tro p y l es te rs  on m o to r n e rv e  

endings, goes to  a ce rta in  degree w ith  th e i r  ganglion b lo ck ing  a c tiv ity . A tro p in e  
m e th y l b ro m id e  and com p o u n d  N-732 a re , also in  th is  re sp ec t, th e  m ost ac tiv e  
m em bers o f th e  series. O n th e  o th e r h a n d , am o n g  th e  4 -phen y lb en zy l q u a te rn a ry  
d e riv a tiv e s  o f  th e  h o m a tro p in e  series th e  w eak est ganglion  b locker, co m p o u n d  
N -719, show s th e  h ig h est cu rare-like a c t iv i ty .  W ith  th is  com pound , ju s t  like 
w ith  com p o u n d  N -717, th e  ganglion b lo c k in g  and  cu rare -lik e  ac tiv ities  show  
no p a ra lle lism . S im ilar d ifferences in  in d iv id u a l ac tion  occur w ith  th e  n -p ro p y l 
an d  iso p ro p y l analogues, w here  th e  l a t t e r  are  m ore ac tiv e . These d ifferences 
are , how ever, by  fa r  n o t  as g rea t as th o se  in  an ti-ace ty lch o lin e  a c tiv ity . 
I t  is to  be  n o ted  th a t  w eak  p ropy l a n d  s tro n g e r iso p ro p y l deriv a tiv es  occur 
as well. T h is change in  m o lecu lar s t ru c tu re  o ften  leads to  a rem ark ab le  increase  
in  ganglion  blocking a c tiv ity , a t  le a s t in  com pounds w ith  a skele ton  o th e r  
th a n  tro p a n e  (W i n b u r y  1952; C usic  a n d  R o b i n s o n  1951).

On th e  basis o f e le c tro n -th eo re tic a l considera tions i t  has been p o in te d  
o u t b y  us m ore  th a n  te n  y ea rs  ago t h a t  in  th e  case o f th e  hom ologous series 
o f TM A an d  T E A  ty p e  i t  is th e  e lec tro n -rep e llin g  (such as m e th y l an d  iso 
p ropy l) or th e  e le c tro n -a ttra c tin g  (such  as e thy l) c h a ra c te r  of th e  N -a lk y l 
g roup  w hich  d e te rm in es, w h e th e r a g an g lio n -ex c ita to ry  or a ganglion- 
in h ib ito ry  ac tio n  is ex e rted  b y  th e  m o lecu le . In  our op in ion , i t  is th is ty p e  o f 
in v es tig a tio n s  an d  th is  ty p e  o f c o n sid e ra tio n s  w hich sh o u ld  be k e p t in  v iew  
if  one rea lly  w ishes to  ex p lo re  u n eq u iv o ca lly  th e  re la tio n sh ip  betw een  chem ical 
s tru c tu re  an d  pharm aco log ical a c tiv ity .
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STUDIES ON THE ACUTE CARDIAC ACTION 
OF STROPHANTHIN IN THE DOG BY MEANS 

OF CARDIAC DENERVATION
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(R eceived February 7, 1964)

The acute effects o f Strophanthin on the innervated and denervated heart 
have been studied in  the dog. After h alving th e  sternum , the heart was tota lly  denervated  
b y  cu ttin g  the plexuses running to the heart, leaving in ta c t the vagal trunk and  the  
sym p athetic  chain. In response to Strophanthin, blood pressure and cardiac o u tp u t  
did n ot change significantly. In the denervated heart Strophanthin induced no brady
cardia, disturbance of conduction or arrhythm ia; inversion of T and depression o f  ST, 
characteristic o f the digitalis effect, were on ly  slight, and n ot constant. On th e  basis  
of th e  results obtained and in the ligh t o f  th e  data in  the literature, the m ode o f action  
o f Strophanthin on the heart has been discussed.

T he ca rd iac  glycosides ex e rt th e ir  in fluence  on h e a r t  fu nc tion  in  tw o  
w ays, viz. ( i )b y  ac tin g  on th e  e lec tro ly tes a n d  m etab o lism  o f th e  m y o ca rd iu m ; 
an d  (ii> b y  ac tio n  m ed ia ted  th ro u g h  th e  n e rv o u s  system . In  sp ite  of th e  ex te n s iv e  
in v es tig a tio n s  carried  o u t in  th is  field , i t  is s till u nc lear w h ich  of th e  s ig n if ic a n t 
an d  c h a ra c te r is tic  card iac  effects are b a se d  on a d irec t ac tio n  on th e  h e a r t ,  
an d  w h ich  a re  b ased  on ac tion  upon  th e  n erv o u s sy s tem . T he cause o f  th e  
d ivergence  o f th e  resu lts  is to  be soug h t in  th e  f irs t  p lace  in  differences in  th e  
m eth o d s o f  ex am in a tio n . One of th e m  inv o lv es  th e  u se  o f su rv iv in g  h e a r t  
and  h e a r t- lu n g  p rep a ra tio n s . This m e th o d  h as  th e  d isa d v a n ta g e  th a t  i t  y ie ld s  
re su lts  ap p licab le  only  w ith  re stric tio n s to  th e  liv ing  organ ism  (p re p a ra tio n  
m ay  p ro fo u n d ly  a lte r  th e  m etabo lism , e le c tro ly te  an d  w a te r  household  an d  
th e  re a c tiv i ty  o f th e  h e a rt) . A n o th er m e th o d  is to  sec tion  or p ara lyze  p h a rm a 
cologically  th e  b ran ch es o f  th e  vagus a n d  sy m p a th icu s  nerves su p p ly in g  th e  
h e a r t. T h e  m o st serious shortcom ing  o f th is  m e th o d  is t h a t  in  th is  w ay  n e rv o u s  
im pulses can  be  e lim in a ted  only p a r tia lly . I n  our p rev io u s  ex p erim en ts  we 
used  a new  m eth o d , th e  in jec tion  o f S tro p h a n th in  in to  th e  iso la ted  c ra n ia l 
c ircu la tio n , for s tu d y in g  th e  acu te  effect o f  S tro p h an th in  ex e rted  th ro u g h  th e  
nervous sy s tem . In  th e  p re sen t ex p e rim en ts  we s tu d ie d  th e  d irec t c a rd ia c  
effects o f  S tro p h an th in , b y  to ta l  d e n e rv a tio n  o f  th e  h e a r t .

M ethods

The heart was to ta lly  deprived of its  nerves b y  the m ethod o f Cooper el al. (1961). 
The essence o f  th is procedure is th at after opening th e  pericardium the periadventitial nervous 
plexuses are rem oved in the proxim al parts o f th e  aorta, pulm onary artery, vena  cava, 
pulm onary v e in s. Likewise, the periadventitia o f th e  blood vessels running in  the pulm onary

26 Acta Physiologica XXVI/4.
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hilum  is  rem oved. The phrenic nerves, as w ell as th e  nervous branches running in  the anterior 
and posterior m ediastinum  and pericardium are d iv ided . The m ethod has the particular  
ad van tage  of leaving in ta c t th e  vagal and sym p athetic  trunks, and by stim ulating the cervical 
v a g u s or sym pathetic i t  can  be ascertained w hether cardiac denervation has been successful.

Dogs weighing 10 to  15 kg were used. A n aesthesia  was m aintained w ith  chloralose  
(25 m g/kg, intravenously) and  ether-oxygen under pressure. On the basis o f results obtained  
in  prelim inary experim ents, th e  chest was opened b y  halving the sternum , the pericardium  
w as incised and a 2 per cen t solution of procaine w as introduced in to  th e  pericardial sac, 
to  dim inish the ex cita b ility  o f  the heart. Then the heart w as denervated, penicillin and strep to
m y c in  were applied lo ca lly , and the chest was closed  b y  layers. To control the effectiveness  
o f cardiac denervation, th e  cervical vagus was stim u la ted  electrically, recording sim ultaneously  
th e  E E G . (Prior to  cardiac denervation , eletrical stim u la tion  of the vagus causes bradycardia  
and often  an atrioventricular block. After denervation  vagal stim ulation does not affect th e  
h ea rt.)  To study the acute  cardiac effect o f Strophanthin, a large dose (0.75 m g) was in jected  
slo w ly , intravenously. I t  is  nam ely  known th a t in  response to high doses o f the drug the  
characteristic cardiac e ffec t develops w ithin 1/2 hour, and th at dogs are less sensitive to Stro
ph anth in  than hum ans.

W e studied the acute  effects o f Strophanthin in  11 dogs w ith denervated heart and in  
10 control dogs. The ECG w as recorded by m eans of a direct-writing Cardiomat  apparatus 
and needle electrodes. B lood  pressure was m easured in  the femoral artery. In som e cases 
th e  cardiac output w as determ ined b y  the d ye-d ilu tion  technique, using Evans  blue for th is  
purpose.

The ECG w as recorded before and 5, 10, 15 and  30 m inutes after the injection  o f  
Strophanthin, then a t 30-m inute intervals. (In a few  control experim ents a dose of 0.5 m g w as 
used ; the ECG changes corresponded com pletely w ith  those induced b y  the 0.75 m g dose, 
e x cep t that the changes developed at a slower ra te  in  both  the innervated and denervated  
hearts.)

R esu lts

The resu lts  o f  o u r experim en ts h a v e  been  ta b u la te d . In  th e  c o n tro l 
an im als  w ith  in n e rv a te d  h e a r t ( Table I )  th e  ch a rac te ris tic  ECG  signs w ere  
in  p rac tica lly  ev e ry  case:

1. P ro lo n g a tio n  o f  a tr io -v e n tr ic u la r  co n d u c tio n  (P — Q distance) a n d  o f 
in tra v e n tr ic u la r  co n d u c tio n  (QRS com plex).

Fig. 1. Innervated  heart 
Above: Before Strophanthin
Below: 90 m inutes follow ing the adm inistration  of Strophanthin. H eart rate is reduced, 
marked inversion o f  T, depression of ST



STUDIES ON THE ACUTE CARDIAC ACTION OF STROPHANTHIN 3 7 9 .

2. S h o rten in g  of th e  Q T d is tan ce  (elec trica l systo le).
3. In v e rs io n  o f T  an d  depression  of ST (u sua lly  in  th e  lead  w ith  th e  

ta lle s t R ).
4. E x tra sy s to lia .
5. R ed u c tio n  of h e a r t r a te .
Follow ing card iac d e n e rv a tio n  (Table I I )  th e  response w as s ig n ifican tly  

d ifferen t. T he m o st conspicuous change w as th e  absence o f  b ra d y c a rd ia . 
E x tra sy s to lia  w as n o t observed , e ither. T he changes o f T a n d  ST w ere m u ch  
less m arked  th a n  in  th e  co n tro ls  an d  ap p eared  in  a sm all p ercen tag e  o f  th e  
cases. T he red u c tio n  of QT d is tan ce  was also less m ark ed  a n d  less fre q u e n t. 
T he sam e w as th e  case w ith  co n d u c tio n . No s ig n ifican t change was n o te d  in  
b lood  p ressu re  an d  card iac o u tp u t ,  e ither.

A few  ch a rac te ris tic  E C G  changes are  show n in F igs 1 to  3.

Fig. 2. Denervated heart
Above: Before Strophanthin
Below: 90 m inutes following the adm inistration o f Strophanthin. N o change in  heart 
rate. Inversion of T. Slight depression of ST in  leads II and III

Fig. 3. Innervated heart 
Above: Before Strophanthin
Below: 90 m inutes following the adm inistration of Strophantin. H eart rate is reduced; 
sinus block in lead III; marked inversion of T

2 6 *



Table I

Acute action o f  Strophanthin on the innervated heart

No. Period Heart
rate

Blood
pressure

PQ
sec

QHS
sec

QT
(electric

al
systole)

sec

Change 
of T wave

Change
of ST segment Arrhythmia Disturbance 

of conduction

l . A 128 no 0.12 0.05 0.28
В 110 110 0.11 0.05 0.27 Inversion o f T2T 3 Depression of ST2ST3 Ventricular ES —
C 100 105 0.10 0.05 0.26 Inversion of T2T 3

2. A 118 95 0.09 0.04 0.30
В 110 100 0.10 0.05 0.27 Inversion of T2T 3 Depression of ST2 ST3 Atrial ES —
C 100 95 0.11 0.05 0.26 Inversion of T2T 3 Depression of ST2 ST3 Atrial ES

3. A 110 100 0.09 0.05 0.28
В 96 95 0.10 0.05 0.26 Inversion of T ,T 2 Depression of STL — —
C 90 100 0.11 0.05 0.26 Inversion of T 1T, Depression of STt

4. A 144 105 0.11 0.04 0.24
В 100 110 0.14 0.05 0.24 Inversion of T2T 3 Depression of ST„ ST3 Ventricular ES Temporary AVblock
C 96 0.14 0.05 0.22 Inversion of T2T 3 Depression of ST2 ST3 Ventricular ES Temporary AY block

5. A 132 90 0.11 0.05 0.26
В 120 90 0.13 0.05 0.24 Inversion of T2 Depression of ST., — — .
c 110 85 0.13 0.06 0.24 Inversion of T2 Depression of ST2ST3
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6. A
В
C

118
100

98

100
100

0.09
0.11
0.12

0.04
0.06
0.06

0.28
0.25
0.25

Inversion of T2T 3 
Inversion of T2T 3

Depression of ST2 ST3 
Depression of ST2ST3

Ventricular ES 
Ventricular ES —

7. A 128 105 0.10 0.05 0.27
В 100 — 0.14 0.07 0.26 Inversion of Т гТ 3 Depression of STt ST2 Atrial ES Temporary AV block
C 90 105 0.16 0.07 0.24 Inversion of T ,T 3 Depression of ST, ST2 Atrial ES Temporary AY block

8. A 136 105 0.10 0.04 0.25
В 120 105 0.12 0.05 0.24 Inversion of T2T 3 Depression of ST2ST3 — —

C 116 105 0.12 0.06 0.24 Inversion of T2T 3 Depression of ST2ST3 Ventricular ES

9. A 130 105 0.09 0.05 0.26
В 114 100 0.11 0.05 0.24 Inversion of T jT 2 Depression of ST, ST2 Ventricular ES —

C 110 95 0.11 0.06 0.24 Inversion of T ,T 2 Depression of ST, ST2 Ventricular ES

10. A 140 100 0.10 0.05 0.25
В 110 105 0.12 0.06 0.26 Inversion of T2T 3 Depression of ST2ST3 Ventricular ES

Periods: A =  before Strophanthin
В =  30 m inutes after Strophanthin 
C =  90 m inutes after Strophanthin
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Table II

A c u te  c a r d ia c  e ffe c t  o f  S tr o p h a n th in  o n  th e  d e n e r v a te d  h ea r t

No. Period Heart
rate

Blood
pressure

PQ
sec

QRS
sec

QT
(electrical
systole)

sec
Change of T wave Change of ST segment Arrhythmia

Disturbance
of

conduction

l . A 110 100 0.11 0.05 0.26 _ _ ___
В 116 100 0.10 0.05 0.26 — — — —
C 108 95 0.11 0.05 0.25 Inversion of T , — — —

2. A 132 90 0.09 0.06 0.24 __ •__ — __
В 128 95 0.09 0.06 0.24 Inversion of T2 T 3 

increased
— — —

C 130 100 0.09 0.06 0.26 Inversion of T2 T 3 
increased

3. A 124 90 0.10 0.04 0.26 __ __ — —
В 120 — 0.11 0.044 0.25 — Depression of bT2 S'1'3 — —
c 124 90 0.11 0.04 0.25 — Depression o f ST2 ST3 — —

4. A 108 95 0.09 0.05 0.28 __ __ __ —
В 110 90 0.10 0.06 0.26 Inversion of T2 T'3 

increased
— — —

c 106 — 0.09 0.06 0.26 — — — —

5. A 136 100 0.10 0.05 0.26 __ — — —
В 130 — 0.10 0 .0 4 0.26 — — — —
C 140 — 0.10 0.05 0.26 — — — —

6 . A 118 110 0.09 0.03 0.29 _ __ __
В 120 100 0.09 0 .0 3 0.29 — Slight depression of 

ST2 ST3
— —

C 120 100 0.09 0 .0 3 0.29 Slight depression of 
ST2 ST3
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7. A 108 105 0.10 0.05 0.28
В 110 95 0.10 0.05 0.28 — — — —
C 111 100 0.10 0.05 0.28 — — — —

8. A 120 100 0.12 0.05 0.26 ____ ____ _ь ____

В 124 100 0.12 0.05 0.26 — — — —
C 120 100 0.12 0.05 0.26 — — — —

9. A 124 ____ 0.10 0.04 0.29 ____ ____ — __
В 128 — 0.10 0.04 0.27 — — — —
C 124 — 0.10 0.04 0.27 — — — —

10. A 116 95 0.09 0.06 0.29 ____ ____ ____ ____

В 120 90 0.09 0.06 0.28 — — — —
C 124 95 0.09 0.06 0.28 — — — —

11. A 140 110 0.11 0.04 0.28 ____ ____ ____ —

В 148 105 0.11 0.04 0.26 — — — —
C 136 100 0.11 0.04 0.26 — — — —

Periods: A 
В 
С

a f te r  h e a r t  d en erv a tio n  
30 m inu tes a fte r  S trophanth in  
90 m inu tes a fte r  S trophanth in
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D iscussion

O n the  basis o f  o u r  ex p e rim en ts  w ith  iso la ted  ce reb ra l perfu sio n  i t  w as 
assu m ed  th a t  S tro p h a n th in  ac ted  on h e a r t  ra te  (ch ro n o tro p ic  effect) an d  
m y o ca rd ia l e x c ita b ility  (b a th m o tro p ic  effect) th ro u g h  th e  n e rv o u s  sy stem , 
in  th e  f irs t place. T h e  p re se n t re su lts  seem  to  confirm  th a t  co n ten tio n . F ollow 
in g  card iac  d en e rv a tio n  S tro p h an th in  h a d  no  n eg a tiv e  ch ro n o tro p ic  and  po sitiv e  
b a th m o tro p ic  early  e ffec t. H e y m a n s  et al. (1932) could  p re v e n t in  dogs w ith  
d e n e rv a te d  ca ro tid  s in u s  an d  a o rtic  arc  th e  b ra d y c a rd ia  cau sed  b y  O ubain . 
S im ila r  observations h a v e  been  m ad e  in  th e  r a b b it  b y  Zip f  a n d  E h r l ic h er  
(1951). All these te n d  to  in d ica te  t h a t  th e  ea rly  b ra d y c a rd ia  indu c in g  effect 
o f  ca rd iac  glycosides is o f  n erv o u s orig in  (m ed ia ted  m a in ly  b y  th e  ca rd iac  
b ra n c h e s  of the  v ag u s). T he early  b a th m o tro p ic  effect, to o , seem s to  be p re 
p o n d e ra n tly  of n e rv o u s  origin. I f  in jec ted  in to  th e  iso la ted  ce reb ra l c ircu la tion , 
S tro p h an th in  p ro m p tly  induces e x tra sy s to lia , w hile follow ing d en erv a tio n  o f 
th e  h e a r t  even h ig h  doses o f th e  d ru g  cause no a rrh y th m ia .

W e in b e r g  et a l. (1955) fo u n d  th a t  S tro p h an th in  in je c te d  in to  a 
c e re b ra l ven tric le  o f te n  p ro d u ced  e x tra sy s to lia , w hich could  be  p rev en ted  b y  
th e  a d m in is tra tio n  o f  h ex am é th o n iu m .

It appears th a t the inh ibitory effect o f Strophanthin on conduction  
(negative drom otropic effect) is also based on an indirect cardiac action. 
In  response to the in jection  o f Strophanthin into the isolated cerebral circula
tio n , prolongation o f  P Q , and even atrioventricular block and a broadening  
o f th e  QRS were observed. These were prevented to a great ex ten t by bilateral 
vagotom y. Follow ing cardiac denervation  the negative drom otropic effect 
w as slight and infrequent. B u r s t e in  et al. (1948) found th at digitalis increased  
th e  P Q  interval on ly  slightly  after the nerves running to  the heart had  
b een  cut.

T he sh o rten in g  o f  th e  e lec trica l sy sto le  a n d  th e  changes o f  rep o la riza tio n  
b ro u g h t abou t b y  S tro p h a n th in  a re  b ased  m ain ly  on th e  d ru g ’s d irec t ac tio n  
o n  th e  hea rt. T his is in d ic a te d  b y  th e  fa c t th a t  these  changes develop in  th e  
d e n e rv a te d  h e a r t, to o . In  response  to  d ig ita lis  (s tro p h a n th in )  card iac  m e ta 
b o lism  is know n to  in c rease  an d  th e  r a te  o f  e n try  of p o ta ss iu m  in to  th e  h e a r t  
m u sc le  slowed dow n ( th e  in tra c e llu la r  p o ta ss iu m  level decreases). The changes 
o f  rep o la riza tion  a n d  th e  sh o rten in g  o f th e  QT in te rv a l m ig h t p ro b ab ly  be 
one to  th is  effect s till, in  th e  d e n e rv a te d  h e a r t  s tro p h a n th in  causes only slig h t 
ch an g es of th e  T  a n d  ST segm en ts sug g estin g  a role o f  n e rv o u s  in fluences. 
T h e  increase of th e  w o rk  of th e  h y p o d y n am ie  h e a r t  in  re sp o n se  to  d ig ita lis  
is b a sed , of course, decisively  u p o n  th e  d ru g ’s d irec t a c tio n  on th e  h e a rt.
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Recensiones

Biophysik

Volum e 1, Num ber 1, 1963. Springer Verlag, Berlin  

E ditor: B. Ra jew sk y

The experts o f  biophysics have done excellent work, particularly since the m iddle  
o f the past century, b u t allowed, for reasons quite unclear even now , their branch of science  
to he pushed in  th e  background by other disciplines. N evertheless, there have been workers 
who were untiring in  their efforts to em phasize the role o f prim ary im portance biophysics 
has to  play in  the creation  of exact b iological science, and am ong them  Professor Ra je w sk y , 
Director of the M ax P lanck Institu t für B iophysik  (Frankfurt a. M.) is undoubtedly  an outstand
ing personality.

R ecently , the significance of b iophysics has been re-discovered and as a result o f th is , 
th e  International O rganization of Pure and Applied B iophysics has been founded. R a jew sk y  
is on the directorial board and is the Chief E ditor o f the new  periodical entitled  “ B iophysik” . 
This periodical had to  be published, because papers on biophysical problem s have been  
increasing in  num ber, and in the lack o f special journals th ey  had to  appear dispersed in  
different periodicals, m aking a com prehensive view  m ost d ifficult. According to the announce
m ent, the m ain fie ld s o f interest o f  the new  periodical are radiological biophysics, m olecular 
biophysics, biophysics o f  the electrom agnetic fields, clim atological biophysics and m edical 
physics, as w ell as th e  technical aspects o f  biophysics. Papers w ritten  in  English or French  
are also accepted, b u t every original paper is published in  German; once in  a while com pre
hensive surveys are also published.

We accept g lad ly  this new biophysical periodical and extend  our congratulations to  
Professor R a je w sk y , who, after 50 years o f scien tific  work and w ith  70 years on his shoulders, 
did not hesitate to accept the responsibilities o f Chief E ditor, ensuring thereby a high scien tific  
standard for the periodical.

J. E r n st

Acta H istochem ica (S u p p lem en tb an d  III)  

G ustav F ischer, Jena 1963 

281 pages, 114 illustrations 

Price: DM. 56.50

The volum e contains the m aterial o f the 7th Sym posium  of the German “A rbeits
gem einschaft für H istochem ie” , held a t M ünster, October 1 9 —21, 1961, on the histochem istry  
of m ineral substances.

In the first part papers concerning the m ain subject, in  the second part papers on  
other topics are presented.

The introductory paper (E . S c hütte , B erlin-D ahlem ) surveys the role p layed in  
m etabolism  b y  m ineral (m ainly inorganic) substances, as the build ing-stones o f  the organism . 
Then follow  a num ber of lectures on th e  deposition of m ineral salts in to  the cartilage and  
bones under norm al and pathological conditions (E . E g er , G öttingen, autoradiographic 
studies; K . H . K n e s e , K iel, electronm icroscopic studies; F. H en ck , K iel, R . M. F r a n k , 
Strasbourg). Com parative histochem ical studies have been m ade to  dem onstrate the com m on  
features of atherosclerosis and hone form ation in  vivo and in  vitro  (J. L in d n e r  et al., H am -
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burg). On the basis of deta iled  histochem ical and electronm icroscopical studies the dem onstra
tio n  of heavy m etals in  tissu es is described (E . L in d n e r , Düsseldorf; R . B ä ssler , Mainz; 
F . T imm, Gottingen; G. Lack  and R . N e t h , H am burg; P. Ged ig k , Marburg). The occurrence 
of zinc in  Paneth’s cells in  th e  intestines (M. E d e r , Munich) and in  the eosinophilic granules 
of th e  blood and bone m arrow cells (D . R askovic  et al., Belgrade) has been investigated  
b y  histochem ical m ethods. There are detailed reports on elem ent analysis by m icroincineration  
(I. K ruszynski, L iverpool) and by X -rays (A . E ngström, Stockholm ). Short reports deal 
w ith  the electronm icroscopic exam ination o f th e  spodogram (M. A rnold  et al., G öttingen), 
th e  use of the form am ido procedure (H . E in b r o d t , G öttingen) and the results o f m icroauto- 
radiographic m icroincineration of skin sections (G. K. Steig led er , Frankfurt a. M.).

The free papers dea l w ith  the fo llow in g  problems. Q uantitative autoradiographic 
stu d ies in sections of w hole anim als (H . K utzim , Cologne); the Schiff-type reagents and their 
uses (F . H. K a sten , College Station, T exas and  Giessen); the significance of the star-shaped  
silver  nitrate precipitate in  the presence o f  A T P (A. M. D aleg , Brussels); increase in the  
a c tiv ity  of lysosom al enzym es following ph agocytosis of m acrom olecular substances (A. E. 
Me ije r  and R. G. J. W illig hagen , Leiden); quantitative h istochem ical studies b y  the “ two  
w ave lengths” m ethod (M. J . H ardonk  et a l., Leiden); the role o f m etals in  form azon chelate  
form ation (H . H . Pf e if f e r , Brem en); dem onstration  of free am ino acid groups (H . G. Goslar, 
Tübingen); exam ination o f m aterial transport in  expiants by fluorochrom e (G. H . M. Gott- 
SCHEWSKI, Mariensee); th e  chem istry of m ucoid  glands (H . H arms, Leverkusen); liver 
phosphatase following different treatm ents (H . P etzold, Leipzig).

The papers d iscussing the m ain su bject are clearly outlining the possibilities o f the  
histochem ical exam ination o f inorganic tissu e  building-stones and supply som e inform ation  
as to  their role. The evidence presented is m o st valuable in th is fie ld  of h istochem istry, which  
is  probably the oldest, b u t in  m any respects s t ill rather obscure.

Printing and illustrations are good. I t  is  a p ity  that the work has been published two  
years after the sym posium , because the valuab le subject m atter has lo st m uch of its  actuality .

Z. PÓ SA LA K Y

Anichkov, S. V ., B elen k ii, M. L.:

Pharm acology of the Carotid Body Chemoreceptors

Pergam on Press, 1963.

225 pages, 33 illustrations, m any tables

The volum e is  th e  E nglish  translation  (by  R. Craw ford) of the R ussian original 
published in 1962. The m onograph deals w ith  the pharm acology and biochem istry of the  
carotid body, as well as th e  physiological significance of the reflexes in  which the chem o
receptors play the role o f m ediators. The data  o f the literature are discussed in  great detail; 
b u t the principal feature o f  the book is th a t i t  presents a com plete survey of the evidence  
accum ulated dmring th e  p a st 30 years in  th e  Sov iet Union, collected in  part by the authors 
and their closest associates.

The monograph consists o f three m ain parts.
In the introduction  and  the f ir s t  p a rt th e  m ethods and the data relative to the anatom y  

and physiology of the carotid body are surveyed . Most o f the investigations were carried 
o u t in  cats, by  the iso lated  perfusion of the sinus region (Mo y seyev ’s m ethod), in  situ . In other 
studies the carotid bod y w as perfused in  vitro  and the changes in  the action potentials of the  
H ering  nerve in  response to  chem icals were recorded (K rilov’s m ethod). A further, m ost 
in teresting m ethod consists in ligating th e  blood vessels o f th e  sinus region, suturing the  
com m on carotid artery in to  a Leersum  loop; th is allowed the authors to  m ake studies after 
wound healing, in unanaesthetized  anim als.

In general, the anatom ical and physio logical data presented are wellknown, except 
for the Soviet works on th e  changes in the sen sitiv ity  of the chem oreceptors o f the carotid  
b od y  in  the course of phylo- and ontogenesis. These data ind icate th at the chem oreceptors 
o f the area studied have an increasing physio logical im portance w ith  the advance of phylo
genetic and ontogenetic evolu tion , as opposed to  the claim m ade b y  S chmidt and his school 
th a t the carotid body is  a rudim entary organ and under norm al conditions the reflexes con
nected  w ith  it  have no sign ificant role to  p lay.
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In  the second and m ost volum inous part, th e  e ffect of various pharm acological agents  
on the chem oreceptors is discussed. The drugs te sted  are divided in to  tw o  m ain groups. From  
am ong the agents causing tissue hypoxia the e ffec ts o f cyanide, su lphides and acides on the  
chem oreceptors are discussed in  great detail, togeth er  w ith  the reflexes evoked by them . 
A s far as the la tter  are concerned, the authors deal n o t on ly  w ith  the generally  known circulatory  
and respiratory reflexes, but also w ith  the reflex erythrocytosis, w ith  th e  reflex changes in  
the functions o f the adrenal m edulla, pituitary-adrenocortical system , neurohypophysis and  
gastrointestinal tract. In the group of substances influencing cholinergic and adrenergic 
processes, the authors describe the effects on th e  chem oreflexes o f acetylcholine, the ethers  
and esters related to it , the quaternary am m onium  bases (tetram ethyl-, tetraethylam m onium , 
hexam éthonium ), the alcaloids o f the nicotine group (n icotine, anabasine, coniine, lobeline, 
cytis in e, sparteine, etc.), the syn thetic  cholinolytic agen ts, anticholinesterases, as well as o f  
the catecholam ines. Finally, in  the last chapter o f th is  part, inform ation relative to the su b 
stances not included in the above groups (veratrine group, papaverine, xanth ine derivatives, 
inorganic ions, narcotics, h istam ine, serotonine) is  presented.

In the th ird part the authors analyse the m echanism s, significance and physiological 
role o f chem oreception. After a critical discussion o f th e  theories published in  the literature, 
th ey  describe their experim ents involving the use o f various reducing agents, com pounds 
influencing carbohydrate m etabolism , and high-energy phosphate esters, and on the basis 
of the results obtained they  suggest a new solution  o f  th e  problem  raised  at the beginning o f  
the chapter. According to  the authors, the m ost im p ortan t role o f chem oreceptors is to relay  
inform ation to  the central nervous system  about sh ifts  in  the energy balance of peripheral 
tissu es in  the unfavourable, catabolic  direction. T he ton ic  nature of carotid body fun ction  
suggests an unstab le energy balance of the chem oreceptor cells, and i t  is  due to this la b ility  
th a t the chem oreceptors “ inform ” th e  nervous sy stem  n o t when serious m etabolic  disturbances 
have already developed, but th ey  are capable of signalling by their im pulses even the tendencies  
to  unfavourable changes in  m etabolic  equilibrium . A ll the reflex reactions connected w ith  
chem oreception are aimed at a norm alization o f  tissu e  m etabolism . F in ally , conditioned  
reflex  data ind icating a cortical control o f chem oreceptor function are presented.

The m onograph is fascinating and the reader m u st feel th a t th e  authors were r igh t 
w hen stating in  the foreword th a t the volum e w ill be  o f in terest not on ly  for those concerned  
w ith  theoretical sciences or bio logy, hut also for th e  clinicians.

A. E r d é l y i

Crabbé , J.:

The Sodium -Retaining A ction o f Aldosterone

Arscia S. A ., Brussels, 1963. 119 pages; preface b y  G. W . T horn

The finer analysis of the m ode of action of horm ones is one of the fundam ental problem s 
of up -to-date m edical science. This problem arises also in  the case o f aldosterone, a horm one  
playing a role in  the m aintenance o f electrolyte ba lan ce, an essential part o f the basic v ita l  
activ ities.

J . Cr a bbé  has selected for finer analysis th e  iso la ted  urinary bladder and skin o f the  
frogs Bufo m arinus and Rana ridibunda. He has m ade m any experim ents w ith  the bladder 
o f the former species, in the first place. E ven the choice o f the m odel is ingenious; in  the sim ple  
structure not thicker than 200 ft the  author could  stu d y  m any such phenom ena as could  
hardly have been studied in  higher, more com plicated organism s. And w hile reading the hook , 
we never forget th a t we are dealing w ith  an experim en ta l m odel, for w h ich  the credit goes 
to  the sound judgem ent of the author in  presenting h is subject m atter.

In the introduction the author deals concisely w ith  the history o f th e  discovery and the  
biological significance of aldosterone.

Then experim ents are described carried o u t n o t only b y  the author, but m ainly b y  
other workers, as regards the effects o f aldosterone on renal and extrarenal sodium  m etabolism . 
The pertinent hypotheses and theories are outlined, som e o f which are s till subject to contro
versies. W e then  learn that the aim  is  to study one o f  th e  m any effects o f aldosterone, the one  
b y  which i t  influences active sodium  transport.

In  m ost experim ents the m igration of sodium  is  recorded together w ith  the sim ultaneous  
changes in  electrical potentials. T he close correlation betw een bioelectrical phenom ena and  
N a-flux  from the works of U ssing  is now confirm ed. In  the part dealing w ith  the m ethods, 
both the basic experim ental object and the applied m odern m ethods are described in detail.
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In Chapter 1, describing the results o f th e  experim ents, th e  author m akes i t  clear 
th a t  the species o f frog used , as compared w ith  higher anim als, show  a significant aldosterone  
production and blood aldosterone levels. The b iological role o f a ldosterone is illustrated  by  
th e  fact th a t the frogs m aintained in  d istilled  w ater produce m ore o f th is horm one th a n  th e  
frogs kept in  sodium  chloride solution. The response to  the adm inistration  of aldosterone, to o , 
depends on the environm ent; the anim als kep t in  d istilled  water and having more endogenous 
aldosterone respond less m arkedly. The author stu d ied  the effect o f  aldosterone n o t on ly  
in  vivo, but also in  vitro, b y  adding the horm one to  surviving preparations (C hapter 2 ) .  
In  th is case, too , the a ctive  N a-flux  increased. T he experim ents in  v itro  m ade i t  possib le to  
observe m any interesting law s, for exam ple th e  la ten cy  observable also in  vivo  the  N a -flu x  
changes only 1 hour after th e  aldosterone has been  added to the system . The duration o f  the  
la ten cy  does not depend on th e  concentration o f  aldosterone, thus it  is  n o t caused b y  a gradual 
accum ulation of aldosterone. The antagonistic e ffects of sp ironolactones and other steroids, 
to o , could be observed.

Chapter 3 is one of th e  m ost in teresting parts o f the book. In  th is we learn abou t the  
fa te  o f the aldosterone added to the surviving preparation. A ldosterone is  not m etabolized  
to  any appreciable ex ten t, nor does it  com bine irreversibly w ith  th e  preparation. I t  can  be 
recovered at the end o f the experim ent, y e t i t  exerts its  effect. B o th  th is  part and the ex p eri
m ents relative to  the in teraction  w ith  vasopressin  (Chapter 4 )  are discussed in  detail.

The hook ends w ith  a general d iscussion and w ith the conclusions drawn from  the  
obtained  results.

The described experim ents m ay be m ost helpfu l in the so lution  of this very im portant 
problem  and m ay w iden th e  v iew  of those concerned w ith such problem s.

214 references, m any figures and tables increase the value and usefulness o f th is  book.

P. V e c se i
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ACTA PH YSIO LO G ICA

ТОМ  X X V I -  В Ы П . 4

Р Е З Ю М Е

ВЛИЯНИЕ КОРМЛЕНИЯ, ГОЛОДАНИЯ И АДРЕНАЛИНА НА АКТИВНОСТЬ 
ГЛЮКОЗА-6-ФОСФАТАЗЫ ПЕЧЕНИ

Д ь. Б О Т , к. А Н Д Р А Ш Ш И , И. П О РЧ А Л М И  и Д ь . В Е Р Е Б

Авторы исследовали изменение активности глюкоз-6-фосфатазы под влиянием 
различных режимов питания и голодания. Они установили, что активность глюкоза-6- 
фосфатазы повышается не только после голодания, но и под влиянием таких диет, которые 
не содержат глюкозу или декстрин.

Авторы выявили, что активность глюкоза-6-фосфатазы в период между кормле
ниями значительно изменяется, спустя несколько часов после кормления активность 
снижается, а затем повышается, и глюкоза-6-фосфатаза сохраняет свою высокую актив
ность также во время следующего кормления.

Установлено также, что адреналин может повысить активность глюкоза-6-фосфа- 
тазы печени в том случае, если эта активность была низкой.

ФЛЮОРЕСЦИРУЮЩИЕ КОМПОНЕНТЫ В ЭЛАСТИНЕ
И. ВА Н ГА , Й . П А Л А Д Ь И -М А Й Л А Т  и А. Й О Б Б А Д Ь

Авторы исследовали растворимость флюоресцирующего вещества и гидролизате, 
полученном при помощи щавелевой кислоты по методу Партриджа, а также его флюоре
сценцию, измеряемую на фильтре 365. После взбалтывания с растворителями липоидов 
прибл. 4/5 часть флюоресценции находилась в водяной фазе, а 1/5 часть в фазе липоидных 
растворителей. После гидролиза в соляной кислоте флюоресценция не прекратилась, а 
даже усиливалась, значит, она не происходила от полипептида. — Так как свойства иссле
довавшегося флюоресцирующего вещества и так называемого «желтого пигмента» не были 
одинаковыми, авторы пришли к заключению, что они измеряли флюоресценцию не цвет
ного вещества. По их мнению молекула эластина, содержит несколько флюоресцирую
щих компонентов.

ДЕЙСТВИЕ ПРОГЕСТЕРОНА НА СЕКРЕЦИЮ КОРТИКОСТЕРОНА И 
АЛЬДОСТЕРОНА НАДПОЧЕЧНИКАМИ КРЫС-САМОК

Д ь. Т Е Л Е Г Д И  и К . Л И Ш Ш А К

Авторы исследовали действие различных доз прогестерона на секрецию корти- 
костерона и альдостерона надпочечниками in vitro и in vivo.

Установлено, что при дачи 1,5 мг/100 г прогестерона в течение 6 дней достоверно 
повышается секреция кортикостерона надпочечниками. После дачи более высоких доз 
(3 и 5 мг/100 г) не удалось выявить значительного отклонения по сравнению с контро- 
лями, в то время как после дачи 10 мг/100 г прогестерона выделение кортикостерона зна
чительно снижается.



В отношении секреции альдостерона после дачи 10 мг/100 г прогестерона отме
чалось повышение.

Изменения веса надпочечников соответствует секреции кортикостерона.
В условиях in vitro при повышении количества прогестерона временно повышается 

также синтез кортикостерона и альдостерона. При дальнейшем повышении количества 
прогестерона синтез альдостерона снижается в значительной степени, в то время как 
секреция кортикостерона снижается в меньшей мере.

ЛОКАЛИЗАЦИЯ РЕФЛЕКСОВ ВЫЗВАННЫХ СО СТОРОНЫ КОРОНАРНЫХ 
АРТЕРИЙ В ЦЕНТРАЛЬНОЙ НЕРВНОЙ СИСТЕМЕ

Ш. Ю Х А С -Н А Д Ь, М. С Е Н Т И В А Н Ь И , И . Х О Р К А Й  и Б . ВАМОШ И

У собак, наркотизированных морфином и хлоралозой, авторы локализировали 
нервные центры вазомоторных рефлексов, вызываемых со стороны коронарных сосудов, 
методом пересечения ствола мозга на различном уровне. Они исследовали

а )  рефлекс со стороны венечного синуса сердца (S. С. Ш.), вызываемый вдуванием 
баллона, введенного в синус, при обеспечении ненарушенного оттока крови;

б )  депрессорный рефлекс со стороны коронарных сосудов (С. D. R.), вызванный 
повышением общего давления в коронарных сосудах, созданным при помощи прекра
щения оттока крови из синуса, и

в )  хеморефлекс со стороны коронарных сосудов, вызываемый протовертатрином.
В случае повреждения вазомоторного центра продолговатого мозга исследо

ванные рефлексы не проявлялись. Если пересечение проводилось между понтобуль- 
барной границей и верхней третью среднего мозга, С. D. К. удалось вызвать — подобно 
рефлексу со стороны пазухи сонной артерии — также после пересечения, в то время 
как S. С. R. никогда не появился, его удалось вызвать только в случае неповрежденности 
всего среднего мозга. Хеморефлекс венечной артерии удалось вызвать, или он отсутст
вовал при пересечении на таком же уровне, как и в случае S. С. R. Из проведенных экс
периментов авторы делают тот вывод, что стабилизация кровообращения, вызванная
S. С. R. осуществляется в более дифференцированных нервных структурах, чем эффект 
С. D. R, который можно хорошо обособлять от S. С. R.

ДАННЫЕ К МЕХАНИЗМУ ГИПОТАЛАМИЧЕСКОЙ РЕГУЛЯЦИИ СЕКРЕЦИИ 
ТИРЕОТРОПНОГО ГОРМОНА; ЭКСПЕРИМЕНТЫ IN VITRO

М. В ЕРТ ЕШ  и Ш. К О В А Ч

Авторы исследовали действие вытяжки гипоталамуса, вытяжки задней доли гипо
физа и синтетического окситоцина на выделение тиреотропина, а также на поглощение 
Р32 и потребление кислорода срезами передней доли гипофиза собак и крыс.

Было установлено, что при действии вытяжки гипоталамуса, вытяжки задней доли 
гипофиза секреция тиреотропина срезами передней доли гипофиза в значительной мере 
повышается. О подобном действии синтетического окситоцина авторы сообщили уже в 
прежней статье.

Вытяжка гипоталамуса, вытяжка задней доли гипофиза и синтетический окси- 
тоцин, наряду с повышением секреции тиреотропного гормона в значительной мере по
вышают также и поглощение Р32 и потребление кислорода срезов передней доли гипофиза.

ДЕЙСТВИЕ ДЕГЕНЕРАЦИИ И РЕГЕНЕРАЦИИ НЕРВОВ НА ОСВОБОЖДЕНИЕ 
КАЛЬЦИЯ В ПОСТЮНКЦИОНАЛЬНОЙ ЦИТОПЛАЗМЕ ДВИГАТЕЛЬНОЙ

ПЛАСТИНКИ

Б . Ч И Л Л И К  и Д . Ш А ВА И

Надчелюстное раздражение, а также инъекция карбаминоилхолина или антихо
линэстераза вызывают в постсинаптической протоплазме мионеврального соединения, 
типичное цитологическое изменение (грануляцию). Согласно гистохимическому иссле-



дованию эта грануляция является признаком освобождения кальция. При дегенерации 
двигательного нервного волокна освобождение кальция в постсинаптической прото
плазме прекращается, и происходит более слабая, локализующая на поверхности мышеч
ных волокон, затяжная линейная реакция. Эта реакция продолжается до тех пор, пока 
двигательное нервное волокно не регенерируется, после чего начинается реакция осво
бождения кальция нормального размера и нормальной интенсивности, ограничиваю
щаяся на двигательную пластинку. Авторы полагают, что грануляция (освобождение 
кальция) является индикатором зоны, чувствительной к ацетилхолину, а появляющаяся 
при денервации линейная реакция отражает повышенную чувствительность мышцы к 
ацетилхолину (расширение зоны, чувствительной к ацетилхолину).

ПРОСТОЙ АППАРАТ ДЛЯ РЕГИСТРАЦИИ ДВИЖЕНИЙ СВОБОДНО 
ДВИГАЮЩИХСЯ ЖИВОТНЫХ

И . СА БО , Л . К Е Л Л Е Н Ь И  и Д . КАРМ ОШ

Дается описание прибора, пригодного для регистрации фазовых движений сво- 
Оодно двигающихся подопытных животных. Аппарат состоит из небольшого магнита, 
фиксированного на тонкой пружине над индукционной катушкой. В ходе фазовых дви
жений животного магнит перемещается и индуцирует ток в катушке, который можно 
усиливать любым биологическим усилителем и одновременно отводить с электрическими 
импульсами мозга. Наблюдаемые осцилляции собственной частоты системы затухаются 
жидкостью, не обладающей электропроводимостью (парафиновое масло). Чувствитель
ность прибора можно установить в широких пределах, соответственно актуальным тре
бованиям, и это предоставляет возможность для регистрации самых тонких, невооружен
ным глазом даже незаметных движений животного, например вибраций от мурлыканья 
или сердцебиения. Аппарат для отведения импульсов закрепляется на голове живот
ного. Вес аппарата небольшой (5 г) и не мешает движению и поведению животных.

О ДЕЙСТВИИ ГИДЕРГИНА И КОМБИНАЦИЙ ЛЕКАРСТВ С СОДЕРЖАНИЕМ 
ПРОИЗВОДНЫХ ФЕНОТИАЗИНА НА КРОВЯНОЕ ДАВЛЕНИЕ

Г. Б А Л И Н Т

Автор исследовал действие Гидергина, прометазина (Фенергана) и левопромазина 
(Нозинана) на кровяное давление наркотизированных кошек.

Он установил, что, в полном согласии с литературными данными, прометазин не 
оказывает существенного влияния на кровяное давление, в то время как левопромазин 
имеет гипотенсивное действие.

Установлено и то, что в отношении их действия на кровяное давление производ
ные фенотиазина можно разделить на две группы: одна группа оказывает синергическое, 
а другая группа антагонистическое действие на Гидергин. Наиболее характерными 
представителями этих групп являются прометазин и левопромазин.

В ходе исследований автор установил также, что после введения Гидергина 
производные фенотиазина оказывают гипотенсивное действие, в то время как после пред
варительной дачи этих производных действие Гидергина изменяется и становится гипер- 
тенсивным.

О НЕКОТОРЫХ ФАРМАКОЛОГИЧЕСКИХ ДЕЙСТВИЯХ И-АЛКИЛ- N -АРАЛКИЛ-
НОР-ТРОПИНОВЫХ ЭФИРОВ
Л . Д Ь Ё Р Д Ь , М. Д О Д А  и  К . Н А Д О Р

Авторы исследовали периферическую антихолинергическую активность нескольких 
производных N-алкил-нор-тропина (Аа-прогтил, изопропил, n-бутил, 4-бромбензил, 4- 
фенилбензил), сравнивая ее с активностью более низких гомологов.

Порядок силы антиацетилхолинового действия на основании заместителя в поло
жении Na как правило, следующий: метил >  изопропил >  этил >  п-пропил



В отношении силы парализирующего ганглии действия эти соединения можно раз
делить на две группы: наиболее активными членами серий, содержащих в Nb положении 
группу с большим пространственным заполнением, являются производные Уа-зтила. 
Действие аналогов Na-изопропила значительно слабее. Если Nь-группа является мети
лом, наблюдается обратное положение: производные Na-изопропила более активны, чем 
тем, которые содержат метиловую группу.

Вышеприведенные заместители влияют на действие, парализирующее концевой 
аппарат поперечнополосатой мышцы, не однозначно, а в различных направлениях.

ИССЛЕДОВАНИЕ ОСТРОГО КАРДИАЛЬНОГО ДЕЙСТВИЯ СТРОФАНТИНА 
ПОСЛЕ ДЕНЕРВАЦИИ СЕРДЦА У СОБАК

Ф . Ш О Л Ь Т И , М. ИШ КУМ  и Ю . Н А Д Ь

В опытах на собаках исследовалось острое кардиальное действие строфантина в 
случае иннервированного и денервированного сердца. После вскрытия грудной клетки 
сердце совершенно денервировали путем парасечения нервных сплетений, идущих к 
сердцу, при сохранении ствола блуждающего нерва, а также ствола симпатического 
нерва. При остром действии строфантина кровяное давление не показало существенных 
изменений. В исследовавшихся случаях минутный объем также не изменился. На денер- 
вированном сердце после дачи строфантина брадикардии, расстройства проведения и 
аритмии не развивалось. После денервации сердца характерные для действия напер
стянки инверсия зубца Т и депрессия отрезка ST также развивались лишь в незначи
тельной мере и не оказались прочными. На основании проводившихся экспериментов и 
литературных данных авторы обсуждают механизм действия строфантина на деятель
ность сердца.
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