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Time Course of Cerebellar Flocculus Visual Complex Spike Responses
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Abstract: It is well known that the fiocculus complex spike (CS) is driven by retinal slip. We

s.tudied the time course of visual CS responses in the anesthetized and paralyzed cat. Onset of

contralaterally-directed constant-velocity vlsual-pattern rotation evoked an initial increase in the

CS rate, which gradually decreased but continued to remain above the spontaneous activity level

d[uring rotation periods as loltg as 5es (onset response). Then, cessation of the rotation caused a

cltecrease in the CS rate, which gradttally retumed to the spontaneous rate (cessation i"esponse).

Ipsiversive rotation caused a similar CS time course witl} an inverse response-polarity. The

duration ofthe cessation response increased with increases in the stimulus duration. Acceleration

and deceleration of retinal slip velocity did not affect the time cottrse ofthe responses. Thus, the

flocculus CS is modulated time-depeRdently during the onset and cessation phases of retinal slip

regardless of retinal-slip stimulus paraiineters such as velocity and acceleration. It is concluded that

the flocculus CS encodes time iltformation of the retinal-slip onset and cessatiolt but does not

evncode precise quantitative information of the retinal-slip velocity and acceleration.

]SXey words: cat, cerebellum, climbing fiber response

INTRODUCTION

  There are two distinct affereltts in the

cerebeRlar cortex: the mossy fiber affereRts

which evoke the siraple spike (SS) ef the

Purki"je cells and the climbing fiber afferents

which elicit the complex spike (CS) of the cells.

Because the CS rate is appreximately ten times

as low as the SS rate, the CS rate itself does not

contribute s{}bstaittially to £he output of the

Purkinje cell, The CS activity coRtributes to

transient modulatiofl of the Purkiaje cell by

affecting SS activity for less £han lee ms after

£he CS occurrence}'4'5'7). For a better uRdey-

standing of the transient CS fuRctien, we must

ekicidate the stimulus-parame£ers and condi-

tioRs that generate the CS activity in detail.

  The flocc}.}lus CS is known to be driven by
retinal slip. Previous studies2'S'8) showed direc-

tion aRd velocity prefereRce, ocular domi-

nance, and receptive field proper£ies ofthe CS

responses, btit did not focus ()n the tin)e course

of CS responses. The present study describes

the time cotirse of the CS activity du}'intg ("md

after retinal slip in the cat.
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METKeDs

  EleveR adult cats were tised. Most aspects of

experimeRtal procedures were described in a

p}"eviotis paperL'). Ir} brief, undey ketamine

(20-30 raglkg im) and pentobarbi£al (<2e-SO

mg/kg iv) anesthesia, the cats were l)repai'ed

for unitary recordlng, frotn the flocculus Pur-

kioje cells. Durii}g recorcling sessions, aResthe-

sia was supplemeRtecl every 2 hr by adminis-

tratioR of ketamine hydrochloride (IO-20 mg/

kg iv), and the cat was immobilized with

pancuronium bromide and artificially venti-
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1. Time course of complex spike (CS) activity in response to constant-velocity (20fs) visual pa{tern

   rotation. In CS density histograms (A-C, 5 repetitions, binwidtk ls) and CS modulation histo-

   grams (D-E, 5 repetition, binwidth 10s) the horizontal line with an arrow indicates sp()ntaneous

   level. Open and black bars show the cluration of contralaterally and ipsilaterally directed stimu--

   li. Absence of a bar uRder the histogram shows the stationary phase of the visual-pattern.

lated. The CS was isolated from the simple

spike (SS). For visual stimulatioR, a raRdom

dot pattem was projected on to a halfcylinder

screen (1520X500). At the end of each experi-

ment, the animal was deeply anesthetized with

pentobarbital and perfused with 10% forma-

lin. The experiment was performed in accord-

ance with Guidelines for ARimal experiments,

Toyarr}a Medical and Pharmaceutical Uni-

verslty.

REsuLTs

  We recorded the CS activity of 29 Purkiaje

cells that responded to horizontal rotation of

the visual pattern at a constant velocity of 201s

(velocity step by IOOOIs2 acceleration altd decel-

eration). In accordance with Fushiki et aL `-'), the

cells responded directioR-selectively to the

rotation: CS firing increased during contra-

laterally directed rotation and decreased dur-

lng ipsilaterally directecl rotatioR. The CS time

course is shown in Fig. 1. 0Rset of contra-

laterally directed rotation evoked an initial

transieBt increase in the CS rate, which gra-

dually decreased but continued to remaiR

above the spontaneous activity level during

rotation periods as loi}g as 50s (coRtra-onset

response) (Fig. IA). Then, cessatioR of the

contralaterally directed rotation ca{ised a

pause iR CS activity, which gradually returne{il

to the spontaneous level (coktra-cessatieR re-

spoRse) (Fig. IA). However, onset of ipsi-
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   IO 20 30 40 so o lo 2o 3o 4o se duratlOnofstlmuli<s)
   timefremstimulusonset(s) timefromstimuluscessation(s)
Poptdation clata sl"iox,viiitg tin}e course of ()S inodula{ioi'i ii') response to constant veloci{'.y (201s)

visual-pattern i'o{ation. A-L: norinalized CS-inodulatioi] histograins (5 re})etitions, binwidth IOs

for A, B, G, H; 25 repetitions, binwidth 2s for C, D, I, J; 50 repetitions, binwi(lth Is for E, l?,

K, L) in response to contralaterally (open bar) and i})silaterally (black bar) directed rotation {'or

the indicated stiniulus duration. 09Z･, lto CS niodulation; 200%,, 200% increase above the spon--

taneous level; -100%, 1009(1･ decrease ({:iring pause) below the spontaneous level. M: Bornial-

ized tii'ne course of CS naoclulation during contralaterally and ipsilaterally directed stiinuli. N:

normalized tiine course of CS medulation after cessation of cont.ralatei'ally and ipsilaterally

directed stimuli (cessatioi'i respoiise). O-P: half reduction time of the cessa{ion responses plotte(l

against the stiinulus duration.

laterally directed rota£ion caused a pause in the

CS rate, which gradually increased btit con-

tinued to rernaiR below the spontaneot}s level

dtiring the rotRtion period (ipsi-onset re-

spoRse) (Fig. IB) Then, cessation of the ip-

slversive }'otation evoked an increase in CS

activity, which gradually returned to the spon-

taneous level (ipsi--cessa£ion response) (Fig.

IB). This modulatioR in CS activity above and

below the spontaReo"s level (mean CS rate h}

Fig. IC) is illustrated in Figs. ID aRd IE, which

were constructed from Figs. IA aRd IB,
respectively.

  Fig"res 2A-L show average modtilation in

CS activity above and below the spoRtaneous

level at various stinitil{is durations (50, 20, 8, 4,

2, ancl ls). From data in Figs. 2A (stimulus

duration, 50s), 2C(8s), and 2E(2s), average

time coui'ses ofthe contra--onset response were

evaluated aixl are shown in Fig. 2M. Excitatory

modulation was large (199% increase above

t}Aie spontairieous activity level) oidy at 0-ls

after stimulus-start, and decreased rapidly to

approximately 100% at 5s, and thei3 decreased

gradually to 26% at 45s. Frorn data ln Figs. 2G

(stimulus duratioR 50s), 2I(8s), and 2K(2s),
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Fig. 3.

    O 50          degls

rlrime course of CS modulation in response to velocity

changes of visual pattern movement. The horizontal line

"Tith arrow shouis the spontaneous level, A: CS-
modulation kistogram (5 repetition, binwidth 10s) in re-
sponse to 101s2 acceleration and deceleration o{] the visual

patterlt. B: CS density histograms (10 repetition, bin-

wiclth. Is) during contralaterally (open bar) directed sti--

muli for indicatecl stimulus velocities. C: velocity-ttming

curves of the CS activity. D: CS-inoc{ulation histograms

(5 repetition, binwidth 10s) in response to velocity-step
of 501s during 201s during 201s constant velocity stimuli.

average time course of the ipsi--oRse{ response

were evalua£ed ik Fig. 2M. Inhibitory modttla--

tion was large (-96%) at O-l s after stimulus

ei3set, theR decreased gradtially to -26% at

45s.

  The cessation response was present at all

stimulus durations testecl (Figs. 2A-- L), suggest-

ing that the response was not due to a
prololtged stii/r}ulation-period of 50s. From

data in Figs. 2A-F and 2G-L, average time

courses of the contra- and ipsi-cessation re-

spoRses a£ each stimulus duration were evalu-

ated, respectively, afld were shown in Fig. 2N.

The duration of the cessation responses
tended to iBcrease with increase in the stimulus

duration. Half reduction time of the ipsi- and

contra-cessation respoltses was calculated from

Fig. 2N, and was preseRted as the function of
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the stinmlus cluration iR Fig. 20 and 2P,

respectively. The half reductien time teRded to

increase with the increase ilt stimulus duration.

  The time course of the CS modulatioR in
response to ti'iangle velocity stimuli (IO!s2

acceleration aRd deceleration) was s£udied
(Fig. 3 A). A large transient increase in CS rate

at stimelus onset was followed by a rapid

adaptatioR of the response during the accel-

eratior} phase. The CS rate tencled to increase

dtiring the deceleratioR phase. DuriRg bo£h

stimulation-phases, the CS rate remained
above the spontaneoLis level. I7inally, stirRulus

cessation causecl the CS rate to decrease below

the spontaReous level. "I"he velocity sensitivity

IR this unit was checked by applying various

censta nt-velocity stimuli (2, IO, 20, 5001s) in the

contraiateral direc£ion (Fig. 3B). By averaging

CS rates duriRg each stimultation, a velocity-

turniltg curve was drawn in Fig. 3C. The CS

activity during the triangle velocity stimuli

(Fig. 3A) was below the velocity-aming curve

level(Fig. 8C) except for that during the ii}itial

IOs. These results suggest that l) t}'ansient

responses at the onset and cessation ofvelocity-

step stimuli are not due to large (10eOls2)

acceleration aRd deceleratioB componeRts of

the stinaLdi, and 2) the quick adaptation in CS

respoitses during stimulation period is Rot due

to the constant velocity component of the

stimuli. "rhe stimulus velocity suddenly (1000f
sL' acceleration aRd deceleration) chaRged

from 201s to 501s, and theR £o 20/s (Fig. 3D), but

this did not evoke p}"ominent changes in the

time cotirse of CS modulatioR (Fig. 8D),

suggesting that the CS responses are not

affected by sudden velecity changes during

}"etinal image movement. Similar results were

obtained in 3 other cel}s tested.

               DIScussloN

  The present study demonstrated £hat l) the

fiocculus CS response is well characterized by

lts timee dependency dui"iRg retii3al slip stim{di,

that is, the CS is strongly modulated oRly

during the onset aRcl cessation phases of
retinal slip and 2) retikal-slip parameters such

as velocity aBd acceleration do not a£'fect the

time depeltdency. In conclusion, £he flecc"lus

CS encodes time informatien of the rtinal-slip

onset and cessation but does not encode

precise quantitative infbrmatioR of the re£inal

slip velocity and acceleratioR.

  It has beeR reportecl that the flocculus is
responsible for reducii]g retir}al slipL') by its eye

movement control mechaRisms5). The time

lkformatioR of the CS may contribu£e to
floccular eye movement control mechanisms;")

at onset and cessatlon of the retinal slip.
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