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In tro d u c tio n

T h e  existence o f asso c ia tiv e  connections b e tw een  re la tiv e ly  d is ta n t reg ions 
of th e  cerebellar c o rte x  (D o w  an d  M oruzzi; 3) is genera lly  assum ed  especially  
by  physio log ists. E x a c t  an a to m ic a l in fo rm a tio n  is, how ever, lack in g  as to  th e  
ty p e s  o f  neurons an d  p a th w a y s  th a t  m ig h t be invo lved  in  such assoc ia tive  
connec tions. T here is o f course am ple o p p o r tu n ity  for re la tiv e ly  d irec t e x tra -  
ce reb e lla r p a th w ay s , e spec ia lly  over v e s tib u la r  nuclei and  th e  b ra in  s tem  r e t i ­
cu la r fo rm atio n  w hich  b o th  have  cerebello fugal as well as cereb e llo p eta l 
co n n ec tio n s, b u t  obv io u sly  th e se  are  n o t su ch  ty p e s  of connec tions th a t  are 
u su a lly  m ean t u n d e r  in te rc o r tic a l cerebellar a ssoc ia tion  sy stem s. A n o th e r n o t 
q u ite  d ire c t th o u g h  in tra c e re b e lla r  associa tion  sy s tem  could  he conveyed  o v er 
the  cereb e llar nucle i i f  th e  a ssu m p tio n  of c o rtic o p e ta l fib res a rising  from  these  
n ucle i an d  te rm in a tin g  in  th e  cerebellar c o rte x  as c lim bing  fib res w ould  hold 
tru e  (Ca r r e a , R e is s ig  and  M e t t l e r ; 2). I t  h a s , how ever, been  show n re c e n tly  
(S zen tá g o t iia i an d  R a jk o v it s ; 11) th a t  th e  c lim bing  fib res  are  te rm in a tio n s  
o f th e  o livocerebellar sy s tem  an d  th e re  are  no  fib res  re tu rn in g  from  th e  cere­
b e lla r  co rtex . —  I f  th e re  a re , th e re fo re , tru e  associa tion  sy s tem s, we h av e  to  
find  th e ir  d irec t o rig in  in  th e  cerebellar c o rtex  itse lf. F ro m  th e  n eu ro n a l ele­
m en ts  o f  th e  co rtex  th re e  n eu ro n  ty p e s  m ig h t he supposed  to  e s tab lish  asso ­
c ia tiv e  connections w ith  m ore  rem o te  reg ions o f th e  cereb e llar co rtex , (i) 
b a sk e t cells; (ii) Golgi I I  ty p e  n eu ro n s, and  (iii) co lla te ra ls  o f P u rk in je  n eu ro n s . 
T he o u te r  s ta r  cells o f  th e  m o lecu la r zone w ith  th e ir  sh o rt axons ram ify in g  in 
im m ed ia te  n e ig h b o u rh o o d  o f th e  cell bo d y  can  safely  be d isca rd ed , as well 
as also  th e  axons o f  th e  g ra n u la r  cells —  th e  p a ra lle l fib res —  w hich , accord ing  
to  th e  in v es tig a tio n s  o f F o x  an d  B a r n a r d  [4], h av e  a m ax im u m  le n g th  o f  
a b o u t 3— 4 m m . A ccord ing  to  u n p u b lish ed  in v es tig a tio n s  by  S z en ta g o t h a i 
[10] on th e  d eg en era tio n  o f  b a sk e t cell ax o n s a f te r  superfic ia l lo n g itu d in a l 
incisions of ce rebe llar fo lia , th e  m ax im u m  le n g th  o f these  connec tions does n o t 
exceed  a few m illim eters so th a t  th e y  c a n n o t su p p ly  an y  assoc ia tive  c o n ta c ts  
w ith  regions m ore d is ta n t  th a n  som e p a r t  o f th e  im m ed ia te ly  a d ja c e n t fo lium .
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A lth o u g h  Cajal  [1] d esc rib ed  som e Golgi cells w hose ax o n  m ig h t reach  regions 
o f  th e  c o rte x  ra th e r  re m o te  fro m  th e  cells o f o rig in , n e ith e r  Ca ja l  h im se lf nor 
a n y  o th e r  au th o r has g iv en  m ore d e ta iled  d esc rip tio n  or i l lu s tra tio n  o f such 
n e u ro n s . L a n d a u  [6] d esc rib ed  u n d e r th e  te rm  “ sy n a rm o tic  cells”  som e Golgi 
I I  t y p e  ce l's  w hich are su p p o sed  to  bridge tw o  oppo site  sides of th e  sam e folium , 
b u t  th e s e  d istances are s ti l l  fa r  to o  sm all to  be considered  even as a m ed ium  
ra n g e  associa tion . T hus we a re  le f t w ith  th e  re c u rre n t co lla te ra ls  o f th e  P u rk in je  
n e u ro n s  m ost ex ac tly  d e sc rib ed  by  Ca ja l  an d  severa l o th e r  a u th o rs . T here  is 
a s in g le  observation  a v a ila b le  in  th e  w hole l i te ra tu re , th a t  b y  J a n s e n  [5] 
a c c o rd in g  to  w hich, as ju g d e d  from  M archi d eg en e ra tio n , th e  P u rk in je  co lla­
te ra ls  m a y  reach the  th ird  n e ig h b o u rin g  fo lium  in th e  ra b b it .  T his is o f course 
n o t a lo n g  distance asso c ia tio n  co n n ec tio n , b u t  ta k in g  in to  acco u n t th e  fallacies 
o f  th e  M arch i m ethod  w hen  ap p lied  to  such  q u estio n s, th e re  is a fa ir  p ro b a b il­
i ty  t h a t  such connections m ig h t prove m uch  longer if  in v e s tig a te d  w ith  
a p p ro p r ia te  m odern m e th o d s  u sing  axon  d eg en era tio n . I t  seem ed th e re fo re  
in te r e s t in g  to  in v estiga te  th e  prob lem  b y  th e  ax o n a l d eg en era tio n  m e th o d  an 
a c c o u n t o f  which will be p re se n te d  in  th e  fo llow ing pages.

M ateriü l and m ethods

A d u l t  ca ts were used in  th e  in v es tig a tio n . U n d e r e th e r  an aesth es ia , in  th e  p o ste rio r 
v e rm is , e sp ec ia lly  the  lobule V II В  o f  L a r se l l  [7], su p erfic ia l co rtica l ab la tio n s  w ere p e rfo rm ed  
w ith  th e  a id  o f  th e  knife. In  som e cases sm aller su p erfic ia l an d  ex te n d ed  th erm o co ag u la tio n s 
w ere m a d e . — In  th e  h em isp h eres su p e rfic ia l lesions o f th e  p o ste rio r p a r t  o f th e  an sifo rm  lobe 
w ere  p ro d u c e d .

T h e  an im als were le ft to  su rv iv e  fo r 5 d ay s p o s to p e ra tiv e ly  and  th en  sacrificed  by  
p e rfu s io n  w ith  n eu tra l fo rm ol u n d e r  e th e r  an aesth es ia . A d jacen t an d  d is ta n t p a r ts  o f th e  
c o r te x  w e re  inv estig a ted  in  f ro ze n  sec tions s ta in e d  acco rd ing  to  th e  N auta  — Gy g a x  [9] 
te c h n iq u e .

R esu lts  and  conclusions

T h e  degenera tion  of p re te rm in a l axon  b ran ch es  e n te rin g  th e  cereb e llar 
c o r te x  ev en  in  its rem o te  reg io n s can  easily  be observed  in  N a u ta  p re p a ­
ra t io n s  as seen in Fig. 3. T h e  course of th e  d eg en e ra ted  p re te rm in a l fib res  is 
v e ry  c h a ra c te r is tic . T hey  a p p ro a c h  th e  la y e r  im m ed ia te ly  below  th e  P u rk in je  
cell b o d ie s  and  p a r tic ip a te  h e re  in  a ta n g e n tia l  p lexus w hich  can  easily  be 
re c o g n iz e d  as the  in frag an g lio n ic  p lexus of C ajal. Some of th e  d eg en e ra ted  
e le m e n ts  sw itch  over to  a n o th e r  ta n g e n tia l p lexus im m ed ia te ly  above  the  
P u rk in je  cells, a t ab o u t th e  leve l of th e  h o rizo n ta lly  ru n n in g  m ain  d en d rite s  
o f th e s e  cells. Thus th is  lo c a liz a tio n  of th e  d eg en e ra ted  e lem ents co rresponds 
e x a c tly  to  the  su p rag an g lio n ic  p lexus o f C ajal. T ho u g h  th e  te rm in a tio n  
b y  m e a n s  o f te rm ina l knobs o f  th e  d eg en era ted  co lla te ra ls  on th e  m ain  d en d ritic  
b ra n c h e s  o f the P u rk in je  n e u ro n s  could n o t be v isu a lized , th is  c h a ra c te ris tic  
co u rse  o f  th e  d egenera ted  f ib re s  show s b ey o n d  d o u b t t h a t  th e y  are in  fac t
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F ig. /. D eg en era tio n  o f  m ossy a ffe re n ts  in th e  ce reb ellu m  a f te r  lesion of sp in o c e re b e lla r  system s

Fig. 2. P re te rm in a l d eg en era tio n  o f c lim b in g  f ib re s  a f te r  olivary  lesion ( a f te r  S zen tág o th a i
a n d  R a jk o v its )

Fig. 3. D eg en era tio n  o f re cu rre n t P u rk in je  axon co lla te ra ls

Fig. 4. S u p erfic ia l lesion  (circle) o f  lobu le  V I I В causes degeneration  of P u rk in je  a x o n  co lla terals
as fa r as lo b u le  VA (arrow s)

All sections s ta in e d  acco rd in g  to  N a u ta  and G ygax
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c o lla te ra ls  of th e  P u rk in je  cells w hich h ad  been  d e s tro y e d  in  the  lesioned re g io n s  
o f th e  c o rtex . The signs o f  d eg en era tio n  o f m o ssy  f ib re s  being know n fro m  th e  
in v e s tig a tio n s  of M is k o l c z y  [8], those of c lim b in g  fib res  from  the  f in d in g s  o f  
S z e n t ÁGOTHAI an d  R a j k o v it s  [11], n e ith e r  o f  th e i r  cha rac teris tic  p a t te r n s  
o f d eg en e ra tio n  could  be  m is ta k e n  for, or co n fu sed  w ith , th e  d eg en era tio n  seen 
in  o u r m a te ria l (F ig . 1, 2). H ow ever th o ro u g h ly  we looked  for any  o th e r  ty p e  
o f a x o n a l and  p re te rm in a l d eg en era tio n  even in  fo lia  im m ed ia te ly  a d ja c e n t to  
th e  d e s tro y e d  region o f  th e  co rtex , no o th e r ty p e  o f  d egenera ted  fib res  cou ld  
be observ ed .

B y  carefu lly  m a p p in g  in  all cases th e  d is t r ib u t io n  of degenera tion  in  th e  
w hole co rtex , we cou ld  d e te rm in e  the  d is tan ces  a n d  directions of a s so c ia tiv e  
co n n ec tio n s estab lish ed  b y  P u rk in je  axon c o lla te ra ls  o rig in a tin g  from  th e  p o s­
te r io r  verm is and  som e p a r ts  o f  th e  hem ispheres. W e c a n n o t of course be  c e r ta in  
w h e th e r  th e  associa tive  co n n ec tio n s of o th e r re g io n s  o f  th e  cerebellar c o r te x  
are  s im ila r  to  those w h ich  w e have  in v es tig a ted .

T h e  findings can  be su m m arized  b rie fly  as fo llow s. A ssociative co n n ec ­
tio n s  in  tra n sv e rsa l d ire c tio n  are  ra th e r  poor. E v e n  ex tensive  lesions on o n e  
side o f  th e  verm is y ie ld  d e g e n e ra tio n  sym p to m s n o t  fa r th e r  th a n  2— 3 m m  in  
tra n s v e rs a l d irec tion  m e a su re d  from  the  b o rd e r o f  th e  lesion. A lm ost no d e g e n ­
e ra tio n  sy m p to m s can  be  seen  in  the  p a ra m e d ia n  lo b e  and  none in  th e  h e m i­
sp h eres . C onversely ev en  la rg e  co rtica l lesions o f  th e  hem ispheres do n o t y ie ld  
an y  signs of d eg en era tio n  in  th e  verm is, n o t to  sp e a k  o f those in th e  o p p o site  
h em isp h ere . O ur m a te r ia l is n o t  su ffic ien t, h o w ev er, to  m ak e  general s ta te m e n ts  
co n cern in g  all p a rts  o f th e  h em ispheres, n o t h a v in g  in v es tig a ted  regions o th e r  
th a n  th e  po ste rio r p a r t  o f th e  ansiform  lobe.

In  s a g itta l d ire c tio n  assoc ia tive  co n n ec tio n s estab lish ed  by  re c u r re n t 
P u rk in je  axon  co lla te ra ls  a re  rem ark ab ly  m ore a b u n d a n t  and m uch lo n g e r 
th a n  ex p ec ted . The signs o f  d eg en era tio n  are o f  co u rse  m ost a b u n d a n t in  th e  
folia im m ed ia te ly  a d ja c e n t to  th e  lesioned reg io n  o f  th e  co rtex , b u t  th e y  a re  
o n ly  v e ry  g rad u a lly  d im in ish in g  as one p roceeds fa r th e r .  We had  e x p e c te d  
th a t  som e connections m ig h t be  found also in  m o re  d is ta n t  folia be long ing  to  
th e  sam e m ain  b ran ch  o f th e  w h ite  m a tte r . M uch to  o u r  surprise a fte r a su p e r­
fic ia l lesion  o f L a r s e l l ’ s lo b u le  V IIB , we could o b se rv e  clear signs of d e g e n e ra ­
tio n  in  lobu le  VA of th e  a n te r io r  verm is w hich belo n g s to  th e  an terio r lobe an d  
th is  to  th e  an te rio r p r in c ip a l lam ella  of th e  w h ite  m a t te r  (Fig. 4). —  T h o u g h  
th e  s itu a tio n  is less c lea r in  th e  hem ispheres, i t  n ev erth e less  appears t h a t  
a sso c ia tiv e  connections a re  m u c h  longer in s a g itta l ,  th a n  in  any o ther d ire c tio n .

T h u s , in v es tig a tio n  w ith  th e  aid of a x o n a l d eg en e ra tio n  m ethods has 
rev ea led  q u ite  s tro n g  an d  lo n g  association  sy s tem s  b e tw een  different reg io n s 
of th e  cereb e lla r co rtex . T h e y  a p p e a r  to  be e s ta b lish e d  exclusively  by th e  re c u r­
re n t c o lla te ra ls  of P u rk in je  a x o n s  being th u s  o f m o n o sy n a p tic  ch a rac te r. T h e  
poor asso c ia tiv e  connec tio n s in  tran sv e rsa l d ire c tio n , w h en  com pared w ith  th e
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fa irly  d is ta n t  an d  rich  connections e s tab lish ed  in th e  sa g itta l p lane, a re  su g g es­
tive  of a p re d o m in a n tly  sa g itta l  o rgan iza tion  o f  th e  cerebellum  for w h ich  n u m e ­
rous fu r th e r  o b se rv a tio n s  also seem to  sp eak .

Sum m ary

D ire c t c o rtica l assoc ia tion  system s of the  ce reb e llu m  h a v e  been in v e s tig a te d  in th e  
c a t  w ith  the  a id  o f th e  axo n al degen era tio n  (N auta  a n d  G y g a x ; 9) m ethod . A ssocia tive  
co n n ections m ore d is ta n t  th a n  to  th e  im m ed ia te ly  a d ja c e n t  fo liu m  are estab lished  ex c lusively  
by  the  k n o w n  re c u rre n t co lla te ra ls  o f P u rk in je  a x o n s . T h e  connections in tra n sv e rsa l 
d irec tio n  are  r a th e r  poor in n u m b er and  can  b ridge  d is ta n c e s  o f  no t m ore th a n  a few  m m . 
In  th e  s a g itta l  p lane  th e  asso c ia tiv e  connections e s ta b lish e d  by P u rk in je  ax o n  c o lla te ra ls  
a re  b o th  fa ir ly  a b u n d a n t  a n d  o f q u ite  u n ex p ec ted  le n g th .  C onnections be tw een  n o n -n e ig h ­
b o u rin g  lo bu li o f th e  tw o p rin c ip a l lobes o f th e  v e rm is  h a v e  even  been estab lish ed .
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A S S O Z IA T IO N SV E R B IN D U N G  D U R C H  P U R K IN J E S C H E  A X O N K O L L A T E R A L E N  
Z W IS C H E N  V E R S C H IE D E N E N  G E B IE T E N  D E R  K L E IN  H I R N R I N D E

J . F R E Z IK

Es w u rd e n  die d irek ten  A ssozia tionssystem e d e r K le in h irn rin d e  von K a tze n  u n te r s u c h t .  
N ach  o b e rfläch lich e r L äsion  des L arsellschen L ap p e n s  V IIB  [7] ließen sich m it d e r A xon- 
d e g en e ra tio n sm eth o d e  von N auta  — Gy ga x  e n ta r te te  F a se rn  nachw eisen , die b is zu  den  vom  
lä d ie rte n  L ap p e n  in g roßer E n tfe rn u n g  b e fin d lich en  B lä t te rn  verfo lg t w erden  k o n n ten . 
Diese A sso z ia tio n sv erb in d u n g  w ird d u rch  zu rü ck b ieg en d e  K o lla te ra len  aus P u rk in je -Z e llen  
herg este llt, ln  Q u e rrich tu n g  ist diese V erb in d u n g  z iem lich  spärlich  u n d  ü b e rb rü c k t  eine 
E n tfe rn u n g  v o n  n u r  einigen m m . S ag itta l is t sie je d o c h  re c h t  s ta rk  und lang. N ach  d e r L äsion  
<les zum  V erm is in ferio r g ehörenden  L appens V IIB  ließ en  sich  auch im L appen  VA  des V erm is 
su p e rio r d eg en e rie rte  F a se rn  nachw eisen.
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АССОЦИАЦИОННАЯ СВЯЗЬ МЕЖДУ РАЗЛИЧНЫМИ ОБЛАСТЯМИ КОРЫ  
МОЗЖЕЧКА, СОЗДАННАЯ КОЛЛАТЕРАЛЯМИ ИЗ АКСОНОВ ПУРКИНЬЕ

Й. Ф РЕ ЗИ К

Автор исследовал прямые корковые ассоциационные системы мозжечка кошек. 
После поверхностного повреждения дольки VII В по Ларселю он при помощи метода 
дегенерации аксонов по Наута—Гигаксу выявил перерожденные волокна, которые 
удалось проследить до весьма отдаленных от поврежденной дольке пластинок. Данная 
ассоциационная связь создается коллатералями из клеток Пуркинье. В поперечном на­
правлении эта связь довольно скудна, и соединяет расстояние только в нескольких мм, 
однако, в сагиттальном направлении она весьма сильна и длинна. После повреждения 
дольки VII В, принадлежащей к нижнему червю, в дольке V А верхнего червя также 
были обнаружены перерожденные волокна.

l ) r .  Jó zse f F r e z i k , Pécs, D isch k a  G y. u . 5. H u n g ary
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