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Many investigators have already estab:bhed that the cerebellum may exert either a facilitatory or an inhbitory 
influence on spinal reflexes [7, 11, 18, !9]. By recording potentials intracelInlarly from extensor motor-neurones 
stimulated mono~fnapdcally, antidromieaIly,or direcdy, Tetzuolo [21] showed that inhibitory effects which were 
facilitated by tetanic ~:irmAation of uhe cerebellum were a~eA:.ated with hyperpoladzadon of the membrane of an 
inhibitory cell. In nhis even the s~e  of the monosynapde excitatory po~-~ynaptie potentials shov,'ed no Change. The 
effects observed on stimulation of uhe eea~ diffe~ from segmental motoneurone reactions. Further, there have 
been reports of the characteristic action of certain substances, for example sw]chnin e [7, 8, 15,171 on the activ:~, 
of the spinal cord during stimulat:on of uhe cerebellum or other suprasegmental structures. 

It  will be interesting to ca,r]  out further study of the physiotogica-I mechanisms of eerebellar inhibition and. 
facilitation, and to determine the influence on these proce~e~ of various dru~. We have investigated the inhibito~ 
and faeLIitatory effect~ developed in response to tingle or tetan:e stimuli applied to the anterior cerebellar lobe as 
shown by the response of motet no .ones  and internuncial cells of :he spinal cord, which were either firing spon- 
taneously o~ were activated polysynapdcagy cr antidxomically; we have also studied the infIuenee on these effects 
of variou~3 drUgS having an exe i t~c :y  or depresso: ~etion. T:~e p h a r m a ~ l % ' c a l  results will be presented :n separate 
articles. 

Experimental Method 
The expedmen~ were carrie~l out on eats. The o p e r a , r e  procedares were performed under nembutal aneso 

thesia (85-45 mg/kg inLrapedtaneally). T~e operation consisu~d of laminectomy, division of ~e posterior and an~ 

tedor ~oo~, and exposure of the eesebetlum; af:e~ tile operation aid before the experiment 5-8 ha~s w~e allowed 
to elarx.e,whieh wa~ waffieient for recovo~ry of retie:." aedviv/.  At the svart of uhe experimem ~he animat~ were im~ 
moN2Lzed with m~cu;a~ rdaxan~3 uNeh exerted no ap.preeiable influence en synoptic transmisdon in ~ e  cord [2]. 
Stimulation of ~ e  angrier  Ce:ebellar lobe was rnad-e with ~ : p o l a r  silver electrodes and supramazh~al pulse stimvli, 
The frequency was 0.5-390 =~Lmuli per secc:id, and the duration 0.5-1 rnsecond. Potentials from the motor and [ri- 
ternur~c~l neurcn~ of the ~evenfn lumbar and first ~ r a l  segr:en~ were led off in~raeetlularly by eapillary mie~x>~ 
electzodes l~vieg a tip diametex le~ ~ n  ! ~. DeLailed de :~ !pdom [3-S1 of the midroelee~ode ~ec?-n:que ~nd 
mear~ of identification of the cellular elem.en.rs have been g~-,.~n 1 ..... : ~  o 

We ~ecorded ~ p ~ n e o  ,m rhythmic ac~iviv] of :e~.~on~ ~ re:~po~::e to ~.ynap:ie and antld:omic z~mulat:o~. 
Stlmuti ~om ~n e:ec~on:c s:imula:o~ we:e ~:=:pli~d ::d:.o&~:n:ea!i 7 te  the ce:::r.al end~ of abe cut posterior teen.  
Division of the rceu between ~:e ~th luS~b.ar ~:d :~t ~:,c::,l :aS .:~ :Z w~; c;>'x'ied out in oNer to exct::'.de :c~:v:;ticn 
of r~e g~mma-~y::.:.~m d;::-5~:g r :;:~;:~i.:::a;:c : [ i0 ,  152o 

A1:%~1:. ::..:. :2 ;. :'~ 2:; :,:~::ra :::::,:::'::::::::::: ( t ~  .~ n::c~:; :::.d'- ~:': F" :~--:c:::::: :1 ~:::::u:',?:?~); the effect:, o~c:~::',::'.~ i:clvded 

affec:~d b] ce:e:::i::r' ~tg::;.::: t:~:: )?.,5,.~ ::-;:. :s.:,:::l: cc :::'.:..< :; :: C.:: ;.:.:::e]~, 
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Fig. 1, Example~ of i n h i h i ~ z a  of motone~cne.~ caused by c e : e h , i ! : ~  ~dmm, 
fatten. A, ~, and C) eac2n ~qua~e rep:e~er;~s ~:<~ respe~_se of  dif/~:~n~ ceih~ 
D, E, F)  a l l  squa.~es represen~ ~he re~ponse~ of a si~gle eelI ,  T e t a M e  ~fimu~ 
la t ion of the ce rebe l lum ~ s h ~ m  by a hotizd.nmi l ina ,  ~l t tar , r  SC.~Mi by 

poln~. 

Inhibi t ion of  M.cteneuron~ was observed in  119 Cells. In 99 cel ls  inhibi t ion ef  ~'~Avity oceu~ed in association 

with hype rpo ia : i zadon  of the membrane ,  in !9  k .hibRicn wa~ nc:~ acCom~aaied by any ~p~tec~able change of  polari~ 
za t fon of  the ce i l .  and in 8 ce th  there was de~i~L~ation. 

Inhibitory cerebeI lar  influence wa~ m ~  e~::ily demeritS'areal when co: :needon was made wkh celts in a con- 
di t ion of sustMned rhythmic a e d v i  V .  A consigesable  p rcp~ t ion  of  ~ a  a?cerA~ncous!y a ~ i v e  neGones (47 ce~l~) 

lowing spon~a~azu~ peaks, The h y p e : p o l a r i z a ~ c n  dev~l~p~d 5o~ with ~ f h ~  i:~i~.~enr Y ~:.eta.n!c : :d :na:agen m~d f~: 
~espome to i~ola~ed sr./muli (Fig. I A), For a g~o:.:en tn~e;~iV ~:f cv :e i :~ :  : r  5 ~ t  <:i.-':~,::: znd a par : i , i~ ,  r~?~.e of d[S~ 

" "" - -  e , " d " :~e~/s l igh  r,:d.,c~ii~'a ia f:e~ charge o~ different  motcneu~ones the e:'~te~?g 0s :?:e s~:~-r~.::nve D~:.:~:,>::c. v ~ , , e  m~-m ~ . 

Wa~ eo~p1~l~ely ~upo:e~ed the eve ~ -. d i, :s;en:: : in no way : :hi.~,i::.a::d, evea  v&:e.~ :Sey hod ~eca ehei:e:J  hi,' 
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associated with it was greatest at the onset of stimulation. Subsequently, despite the continued tetanization of the 
cerebellum the inhibitory effect waned, and we observed that the rhythmic activity of the celt escaped completely 
from cerebella~ influence. 

By me of occasional stimuli applied to the cerebellum ~ e  magnitude of the subsequent inhibitory post-synaptic 
potentials was also greatly reduced during the e~ume of stimulation (see Fig. 1, A). The effects observed resembled 
inhibition of background activity by rhythmical sthmulation of the afferent pathways of the spinal cord [4]. With suf- 
ficiently prolonged eerebellar tetantza~ion (for hundreds of  mi11~econds) the hyperpolarization developing inn  ceil 
was frequently not a continuous proce~ but wa~, as it were, broken upinto a separate inhibitory postsynapde p~tential 
whose frequency was much lower (5-10 per sec).than the rhythm of cerebellar stimulation (300 per see). This effect 
was observed both in the spontaneously active and ir~ the "silent" nenrones (Fig. 1, B), The "rebound" phenomenon 
quite often developed after cessation of cerebellar stimulation. 

Inhibition of background discharge by cerebellar stimuladcna was not always associated with hyperpolartzation 
at a level above that of the repolarlzadon observed after each sl>~ntaneous peak. This kind of inhibition was found 
in 30 spontanecudy active net,aon~ (Fig. 1, C). In a portion of the cells of this group, during deveIopment of the 
Inhibitory influence the membrane potential became sr.able at a level corresponding appzoximately to the maximum 
value befc~e cerebellar stimulation. In o~.he~ n e ~ n e s  the rhythmic activity ceased de~pi~e the fact that the m e m -  
b-ane potential remained at a level dose  to the critical level fo~ generation of an action potential. The charac-- 
tedztic feature of this kind of inhibition i~ the marked reduction in the rate of ~owth of uhe prepomndals preceding 
the action potentials. This momen~ ia kn0~n to be extremely in':por~ant in relation to the course of the spontaneous 
rhythm in nerve and muse2e ce11~ [ t ,5 ,  22]. Apparently in this ea~e the inhibition i~ brought about by IPSP whose 
amplltude does not exceed the level of the ~fte>hyperpoladzarie~ but which effectively reduee~ the rate of depola- 
rization of the no .one .  

Inhibition of the evoked potenda~ of the motone~rone~ may develop in association with hypevpolarization of 
the cell,  cr it may occur without nodc:eab!e change of the membrane potential, or together with depolarization, 
In many cases inhibition was a~c la~ed  with a reduction in amplitude of the EPSP. This show~ that the inhibitory 
cerebellar influence may depend upon internuncial neu~one~ takLug part in the activation of motor cells. Depolarl~ 
zation of the membrane somedmea ob~-ved during i~hi~tdon of evoked potendala may be related to a combined 
tnltibitoty-facflkatory effect [1'2]: one and the same sdmu!~  cauae~ de~'oladzatbn of a motoneurone and inhibits 
its discharge tt-atough supp~ead~n of poly~/napr~ie p~thways thrm:~h which i~ is activated as a result of ~egmental 
stimulation. With dfffeten~ ~pe~ of inhibition of evoke~ motceeu~one reactions the phenomenon of escape from the 
inhibitory cerebella~ infl~ence wa~ clea~ty ~baerved (Fig, 1, D). 

As in the study of spontaneously active eell~ or of ceDs ~h.m+:ing no background activity, inhibitor] effects 
were mo~  easily achieved by tetae~e ce~ebellar stito~lar~on at  a ,f~equeney of about 300 per see. The~e resulu agree 
with others that have been published [12], Ho,~r c~rtatn no . ones  could be inhibited even with s~gle  stimuli 
applied to the cerebellum. An example of the inhibition oftootcneuroneresponse~ to polysynaptie stimulation under 
the influence of i~olated inhibi tor/s~muti  is d:own in Fig. 1, E. The cause of the ird~ibito~/effect was in this case 
IPSPs evoked by c~ebel lar  stimulation. The ex~en~ of the inhibition depended upon the interval between uhe in- 
hlbitory stimulu~ and ~he evoked response, which wa~ related to the duration of the cerebel!ar IPSP and to il~ latent 
period. 

In~dme toomneu~one~ a f ea t~e  of the develop~men~ of f~e I~.2dbitory action was the gradual reduction of the 
amplitude of ~ e  evoRed action po~:e~lal.., an effec~ wlz~ch could be explained�9 on the asae.mption that the i~ tb i to :y  
influence sprea0a chiefly to the dendti~ea of the motone~.~rone, ~=d in thta ,way impede~ the Spread of the action 
po~cndab from the cell body on to ~ e  neigh~odr~g par~ of the ~endzi~e~. 

Hypegpota~a~ion of a membr~=e eau~ed by te.tae~zation ef  ~.e cerebellum mme~ime~ a ~ d ~  a tevel suffieien~ 
to block the spread of act%-n p~tendal~ cn to tee c d t  >c:~y, E:k.'.~ eT~ee! I~. m~i~t easily observed d:u~n~ =h~::mir .~nd- 

of th~ a.c~fon po~:e~.~i.a.i is m e "  gf~~ ~a~:~>Ste{ ia ff~e r%?,c:~ of the dc~:,:":i~e~ a*ld >'~ r~qe netgh~>z::~; g ~>:~ of t!:e 
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Fig. 2..Examp!es of excitation of motoneurones on cerebellarst imulation.  
A, B. C, D) each�9 square show~ the responses of different cells; E) all the 
squares show the respomes of a single cell. Tetanie s~imulation of the 
cerebellum is shown by a hor~ontal  line. 

cell body. Near to the axon hillock the suppressive influence appears to be !e~ marked. This view is in line with 
the fact  that changes of the membrane  potential evoked by cerebeltar stimulation have a characteristically slow 
rise, a more gradual decline, and a long duration. Atoned:rig to ~oo7~ e: al. [9] suprasegmentat influences on 
motonearones are a!~o mediated prima~!y t,~ough the de,&item. 

Facilitation wan found in 71 of  the motone~ones.  I ~ t  like ~nhibkory in~iuence~, faciH~a~ov] e f fecu  of the 
ce reb~ lum were always most easily manifested in ret,~io~, to sp.onL~neou~iy active cel!a, The f~etIitation wasshown 
by an increased frequency of  d~cha~.,:~ ;~nd was .a~r with a rn-a:ked de~.~!arization, of tI,~ .,~,o-e.,.. With pro~, 
longed ~e~;~:~-~ior~ of t~e cerebelh:::: '.:i::~ i~te~ity of t}~ r ;~d t!'~e ~ociated i~2ea~ed frequency of 

active .or hq a syaapKc::~,i?' a e  : ed  cv:!i ::cc;.,r:ed c i /  ~ vhe very ataz~ of r e'~r s:{mvl :~!.~ (Fig, 2, B), !n 

apOi~ :h/f:::n(~ig, 2, A, 2L " > :  : ~ e . .  c y e '  ~}. ~hT~hre'21c . r e ~ : : , :  -:i.~. ;.c< <:r z~- 77e ~5.>>v:~ afre-. 
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t e tan iza t ion  caused a continuous pla teau of depolar izat ion,  and on it there was ei ther  no action potent ia l  or one 
which arose 0nly a t  the very start of st imulation.  One of the manifestations of the  faci l i ta tory effect of the cerebel -  
lum was the development  of action potentials in cells where the EPSP had not reached the cr i t ica l  l imi t  for genera-  
tion of the former (Fig. 2, C). During a n r i ~ o m i e  s t imulat ion of a motoneurone,  depolar iza t ion  which produced a 
facil i tator,]  effect  increased the number of act ion potent ials  spreading on the ce l l  body (Fig. 2, D). 

Some of the motoneurones are able to respond to EPSPs by at taining the tbxeshold for generation of act ion po- 
tent ia ls  in response to a solitary or occasional  (5 per sac) cerebel lar  stimuli.  As a rute the abi l i ty  of these cells to 
reproduce a given frequency of rhythmic  stimlAation was"not great.  A very smut1 increase of stimulus frequency Ied 
to the drop in the subsequent response~, Substanc~ with an exc i t a to ry  act ion (strychnine:  corasole) apprec iab ly  in-  
creased the abi l i ty  of ~he cells to respond by producing action potentia!s at higher, rates (up to 80-60 per see). We 
may compare  the extent  to which one part icular  ce l l  responded to cerebel lar  s t imulat ion,  s t imulat ion of  the afferent 

pathways, or tO ant idromic st imuli  capab!~ o f  generat ing spontaneous discharges (Fig. 2, E); it can be seen that  the 
ampl i tude  and duration of the act ion potentials wi~h different types of ac t iva t ion  was approximate ly  the same. The 
dis t inct ive  features of the r~pop~es produced by eerebel la r  s t imulat ion were the i r  long�9 la tent  period (18-28 msec) 
and the t ime  course of the EPSP. The l age r  show a character is t i6al ly  slope rise and have a considerable duration 
(up to 20-100 see). Because of the shatlow siope of  ~ e  ascending phase of the EPSP, the discharge which it evokes 
develops several  mlll iseconda after the onset of the postsynaptie ~eaponse, white the c r i t i ca l  value of the depolar i -  

za t ion  is con~iderabiy g'xeater (15-25 m y )  than it is with monosynapde act ivat ion.  There thus develops an addi t ional  
delay between the onset of tlne excitatory postsynap~ir potential  and the act ion potent ia l ,  a de.lay which is consider-  
ably longer than with segmental  poly~ynaptic ac t iva t ion ,  and far grea~er than w i ~  monosynaptie  ac t iva t ion .  In 
some cases it is as long as 8~5 rosen, in thi~ connect ion the Intern period o f  the ac t ion potentials  was even ionger  

than the l a t en t  period of  the pos~ynap~ic p o t e n t i a l  Because of ~ e  duration of the la t ter  i t  was on!y very slightly 
suppre~ed by the act ion potent ia l  which developed.  TE~-~ circumstance,  the feature~ of the t ime  course of theEPSP, 
and the result~ which we have quo.:ed .allow Ug to conclude that ac t ivat ion of cel ls  by cerebel lar  s t imulat ion is 
brought about chiefly by changes in the ~egion of  the dendrites. 

When considering faci l i ta tory influences exerted by the cerebe l lum on motoneurones i t  is important  to note that  

Ihe fac i l i ta t ion  of  segmental  reactions was very  frequently additive, i . e , ,  responses from the cerebel lum were shown 

only when superimposed on sdmuia t ion  of segmenta l  pathways. 

The Influence of the Cerebel lum cn the Ac t iv i ty  of tha Internuncial  Neurones. With in t racel lu lar  recording 
from inrernunciaI ne,.aonas, in mo~  cases (30 cell~) there was fac i l i ta t ion ,  and only in 6 cases was the ac t iv i ty  of 

the  internuncial  cells  inhibited by cerebelIar,  s t im,~at iom Characteristically" thea~ finding~ agree with those ob-  
ta ined in connection with an investigation of special  influences on internuncial  e lements  of the spinal cord by the 

reticular: nucle i  of the brain stem [16]. 

St imulat ion of II~e cerebel lum act ivated berth spontaneously ac t ive  and %ilent  ~ internuncial  nautches. Cel!s 
showing no sponraneo~ act ivi ty  res.ponded to simu!i  appl ied to the ceaebel lum either by so!itary or mul t ip le .d i s -  
charges. In most cases the inte~nuncial neurone~ exci ted  by the ce rebe l lum aIs.o responded r0 s imulat ion of  the af- 
ferent pathways, and the response to the lat~er was more intense, This was ghown by the greater  duration of  the muat  
~esponse and by. the. ~fa~. ~'--,eater facility, to follow ~he te tanic  stimulus ~ate. The effectiveness, of ce rebe l la r  influence~ 

increased sharply render the influence of the st.imulant~ strychnine, corasole,  and caffeine,  

Lu~'~n~ncfal cells  capabte  of mMntaining a spontaneous disch~rF.-e reac ted  to cerebe1!ar-~timulation in various 

ways: there could be .an inceeaae of thv S~ontaneeus. rate,  a c '~ .... .~,~.~e. from mul t ip le  d'xscha:5~ ..... to discharges. ' " ~ 
mm ~,p,e dlscha....,,~$, o ~ mul ~ were single but main ta ined  a~ a higher rate ,  an increased o.~,: . rap ...... :on frequency of  the ' "  ' " " ~  

t~ple discharges might  ~eplace the single ae~.ion po:ential~ (Fig. 3, A), A change in the spontaneo~.~ .Exs ra'.e of 
the inte~nunci.al n o . o n e s  depended u?on r~e du~at~c~ ~r~a f~equ~,~%.~ ~ . . . .  ~ ,  of c..r~b~ ~ . . . . .  ~ r  s t imulat ion.  The ~pon~neous 
condi t ion wa~ one in whieA~ the. ~ ..~.~a.~e,~ " ' ~  ~,~ ~h:,~2~.~ ....... .~ ccn~[~ted ~.~'~ . . . . . .  ~". :.oaa.-~ of a fixed nem~e~ of action po ten t i ah , each  

group ,:ep~za~.~d. from ~he n<xt .... *"", ..... ', " �9 ' . .... ~2ere 

a-'.aSa~..-~*.a~ae c~:::nge ~. ~ ~.. ti~e crack.,:>.: ca: ocv:.':::i<w, a~ v-;,~ce~; ~.r~ e~v,,#e:~-:.~ ~?.8 :?:  .:::.:".., ..... (g~:,:, {~aB}, 
As atgrp, aiiav'ioIa cc c~}:: ' -*! 'C?e ,'. , :v e cc~ .? .: ~ > :- ;.:: :7.2; ~r.'::i:";' g.:'. ~ :::': L)' ;; i "..-:--d, "2'~<,. "~;c,~:,: ? ~2 ; ~;:: ~ k ,  ':~ ~,.: r co~i:~o 

h . " . . . . .  - : :~ ::.~,cv �9 t&e~Sa W2,.'. a ~e~{g;i ~0 .L2e ~e-,:,~t[al a7}; c f , .  . ~, 
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