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The caudal part of both fastigial nuclei (cFN) plays a crucial role
in the ability to foveate a static or moving visual target. In the BILATERAL HYPOTHESIS

monkey, an unilateral inactivation of cFN by local injection of ELECTRICAL MICROSTIMULATION INACTIVATION
muscimol impairs the horizontal component of saccadic eye
movements. An ipsilesional gaze offset is also observed while a
target is being fixated or pursued. In the head-unrestrained
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ELEMENTS FOR A CONTROVERSY NEURONAL RECRUITMENT HYPOTHESIS TYPICAL EXPERIMENT

In a computational study, Eggert, Robinson & Straube (2016)

. . 1 T T T T
reported more variability in saccade endpoints after cFN A —r— From the demonstration that larger current enhances the size ol -
. . . . . | I 68% I . . A
inactivation than before., and interpreted this effect as altered || e and velocity of saccades evoked by electrical cFN S \,{ y &
. . . . . . . . — 05 1 1 1 1 1 thi = I AN s
putative "noises" in brain activity: planning noise and/or signal : microstimulation (Fig. 3), we propose that the variability of c 10| e -
: : : R i i i i 9o - i
dependent motor noise. Unfortunately, they did not consider 5 saccade endpoints reflects the variable size of the active = i F ]
05 . . . [ . el sonela ]
H H H O 0 | o srminsrmmdie '-ﬁ" 7]
the fact that after cFN inactivation, the monkeys have . . population of cFN neurons contributing to the movement Q 0 wsen?® s _
. . . T . ' ! i © [ .
difficulties to foveate a visual target. The variability in saccade D S R generation. S B XY
] ] . 45 -1 05 0 05 1 1. 1 w05 0 05 1 15 2 : : : . - B o e "‘3-."*;‘;'}\ .
endp0|nts can |ndeed result from the fact that Saccades dld not Hor. pos. [°] Hor pos. [°] |ﬂd€€d, |f dunng the pharmaCOIOgK:al eXperImentS, the g ,ﬂﬂM ..5' A \":'%
. .y . . Spatial distribution of dwell times before (A) and after (B) inactivation of the right FOR. 1 1 1 — 2 "f
Sta rt from the Same Sta rtl ng pOSItlons (Ta ble 1 d nd Flg 1) Each area encloses the 5, 68, and 98% (from darkest to lightest) of the total fixation pertu rbatlon 1S nOt €Xa Ctly Cente red In CFN' the num ber Of -20 N v I(\Z/Iontrpl | ]
. . time during an experiment. After muscimol injection in the right FOR, the primary i i i i i - uscimo
Moreover; When we IOOk at the Ilteratu re; we do nOt flnd any saccade (either hypometric or hypermetric) brings the eyes to the ipsilesional side. |naCt|Vated neurons ShOUId INCrease as the mUSCImOI dlffuses’ T
. . . . .r: . A contralesional saccade is prompted for improving target foveation, but its amplitude i i i i i i -20 -10 0 10 20
partICUIar INCrease In the Varlablllty Of ampIItUdeS However; is smaller than required to accurately place the target image on the same region of the reSUItlng Ina dysmetrla that INCreases Wlth tlme' . | ey °
f- . ff b . . h f fovea as before the injection. Ipsilesional saccades can also be observed even before Horlzonta pOSItlon ( )
we Ind dl erences etween expe”ments- t e amount O gaze reaches the target. Consequently, gaze dwells longer in the ipsilesional side. After muscimol injection in the left caudal fastigial nucleus, the
i i i i . . . . . horizontal component is hypermetric for ipsilateral (leftward)
dysmetria varies between the experiments (Fig. 2). from Guerrasio, Quinet, Biittner & Goffart J Neurophysiol (2010) Fig. 3 e el e fa e ateral (heftmors) scrcodes
* Vertical saccades also exhibit a leftward deflection in their
Ta b I e 1 . trajectory.
Fig. 2 Contralateral movements
TABLE 1. Comparison of the horizontal and vertical position of the eve prior to the saccade toward the target LED before and after . . * . 30 - - r- o r-
muscimol injection in the cFN Ipsilesional saccades Contralesional saccades 800 A = s =B %
— ra 7’
orizontal Eye Position fertical Eye Position . ':Sf I ® d ot i ’ [
Hortzontal Fye Post Yerical Bye Post Overall saccade amplitude = 600 | oo o B ena L ° o — r ]
Experiment Injection Session ] Mean Range Difference Mean Range Difference ) . o ® ’ E:- ® ’ L o
. : _ - . - - - N 23 A * [ Contral 237 B 1 Conirol o i * ;’J = i }} (- I O(&%leo@ 6,0 Lo . ° ]
o). Left cFN (0.4 pl)  Control 378 —05+06  [-19:13] .24 0006 [-15 18] 0.4* B Mool B Moccimol ® 7 et ° ’ O 10k o o o °© -
Muscimol 6ld 1.7+ 1.0 [—6.9; 2.4] 04 £ 06 [—1.6; 3.0] an L # = 400 - o @ 4 =) 400 ) ,"" o— | €« ® % 1
o2 Left cFN (0.4 pl) Control 605 06+ 06 [—1.1: 2.4] 2.4* 02 +07 2.2; 2.3] 0.1 NS = e - .’4’ x ® v®e0 ® ot @
Muoscimol 502 18+ 16  [-66 40] 01+16 [—60;6.1] 2 - G,’} = - C'. ® 8 ° °
03 Left cFN (0.8 pl) Control 782 00 0.7 [ l.‘J: _‘-.._?:I 1.2* 0.1 =07 [ ;.ﬁ; 24] 0.3 T,-. W S {;‘6 S ol ]
Muscimol 1071 12+12 [-72;27] 02+06  [-3.0; 2.6] z 200 - ps @ Horizontal o 200 Ie @ Horizontal
= Right cFN (0.6 pl) Control il 02+ 1.0 3523 2.0# 0309 3.0 3.1 0.2* r- ) Vertica - I Vertical G
. = a MLJ::L'imnl Eh] 18+13 { 3.5; ml 0.1 + 0.8 { 3.1-__1.3} 5 - . vertes! - I ﬁﬁ veres 3
51 Left cFN (1.0 pl) E;mup] | :i} {J]E : [|].(l1 [ [I;4 T4| 1.4* F.? : Hr [-L.7; |.:}] 0.1 N§ N e T N /R g ol :
Muscimo : A4 x| 4 L L& * 0.6 2.2; A0 - B 7
52 Left cFN (0.6 ul)  Control 199 0.1+07 { L1 |.9I 3+ 05+ 04 { 17, [].g% 0.4* 0 200 400 G0 E0O 0 0 400 60O 80O N | 0500 il @ oS ]
Muscimol 378 1208  [-3.4:346] 08 =04 [-24,09] 0 0 : P Peak velocity @ 1xT (°/s) Peak velocity @ 300pps (°/s) B 5o 'o@c.(jb‘a)d?g, Ctrl M
53 Right cFN (06 ) Control 438 00 =08 E 23 _EI 0.4* 0005 E 12, :9% 0.2+ Q1 Q2 Q3 Q4 S1 S2 S3 84 S5 Q1 Q2 Q3 Q4 S1 82 S3 S84 S5 T 0l . ° 1
54 Right cFN 8wl Comrol 396 01+06  [-24: 17 0.8+ 00+04 [-1217] Lo* Experiment Experiment Effect of increased fastigial activity on peak velocity of contralateral saccades. The W T e :
- _ _ Muscimol 422 09 +07 [-23;5.2) 1004  [-22:07] effects of doubling the stimulation current (A) and frequency (B) on the average [ ] O ® 16DOWN
- Left cEN (08 ub E;LTS:W _:,{]4]; E{; ; Hi { '? EEI o H:{]] : H: E H: TH o Mean amplitude of horizontal ipsilesional (A) and contralesional (B) saccades recorded hqr iZO”t?/ (filled circles) qnd vertical peak velocities (open Cir'cles) are shOva. In A, the 30 L ! ! I L '
I Right ¢FN (1.2 pl) Control 88 03=08  [-20:25] 0.3* 0104  [-12;17] 0.2* before () and after (m) muscimol injection in the cFN. Saccades were initiated from st/'mulatl_on current was mc'reasedf rom 17 to 27 (15 tested s't‘?s)’ whereas in B, the 0 100 200 300 400 500
Muscimal 154 06=1.0 [-1.6; 3.8] 0.1 +08 [—1.4; 2.5] the central fixation LED and aimed at a 12° eccentric target LED. The error bars stimulation frequency was n?creasedfrom 300 to 600 pps (8 s:te.s). .
Difference was tested with a Student’s t-test for independent samples: NS: no statistically significant difference; *P < 0.05. LED, light-emitting diode; CFN, represent the SDs. from Quinet & Goffart J Neu"OPhVSIO/ (20 15) Tr|a| num ber
caudal fastigial nucleus. N.S.: no statistically significant difference; *P < 0.05 (Mann Whitney U test). - j l l ) I .
. int t j jti
from Goffart, Chen & Sparks Journal of Neurophysiology (2004) from Goffart, Chen & Sparks J Neurophysiol (2004) ipsfle,:ir;nZ?Isr:chaojesa():e;ZZf/fcgluzg)cfiz :;t gﬁﬁilggicrgsgiffalin

_Injection inleft cFN ._ _ .I.".j‘.eft.i‘.".' '" ."..gh.t,c.F.A.’ . EXAMPLE OF EXPERIMENT WITH TIME-DEPENDENT HYPOMETRIA

20 R Muscimol _| 20 F Muscimol ] Injection in right cFN
T —TT —TT —TT —TT ™ ——TT ——TT ——TT ——TT ——TT ——TT | | |
: [ ! ! ! ! ! - i I I I I I T 1 MNagonist 1 MNagonist 1 MNagonist
5 I Iﬂaln::n ‘ . t m&. * ° ’ (%O % ] 20 ] 20 _ 5 i : : :
~— - ~— i o O i i ] - & T
10 ° - 10 - 8 . . e - 1 — | o o @8& - | | |
C c oM. - ° o o) ®
S I ] 6 | : S oo T ag =S & A X L 2 80o¢ 0 1 A = A = A
o — o — | | ~— _ - Oa0 .
Sl o 1 5 | _ c 10} 8 O 10f . 00l . esn ey | FBY esn ey | EBN gy esn BN | FEN gy
9 o-n&‘ o‘%* 1 S O0r &O@Q)O b‘? 4 9O . 3 = el - | o | .,
L - - b L 3 . . * ‘ T -- . \\ 4
I ] I ] = - o oo e : p
—_— —_— (Vp] - - %" o . % -7
(T i (C : : o) = cago® @ o ' Q I AL D . ’
.-'% o .4% i | S O [ @ OCX@? - TU O . L 5 o
(]L) -10 0 G%E . 7 GL) -10 B 0% o o8 ] o . "E o OOO o0& : muscimol | I
> [ o * u{?ﬂ g t- = [ ‘ &8 @O o 2 ] o) o QOO co®] | | |
[ o %ﬂ i ] € -10 8 ] E -10 0900 o® o - contra l l l
20f ] 20F . 9 * E o 1 6 LA ERES S : CFN | | |
- A26jun15 5 A - A090ct15 5 1 N ] T | @ O J I I I
[T S (NN SN TN SO TN (NN TR TN SO NN NN SN NN SN SR AN TR TN SR MO SN N B U I W WO U T T VT S NN TR TR S S N S S SN T N - L J | | |
-20 + - = - dsC idli dscC idli dscC idli
20 10 0 10 20 20 10 0 10 20 | o 207 pra—— midine midiine midiine
HOI"iZOntaI osition (o) HOFiZOntal osition (o) S — e e e L e For some injection, the size of hypometria increased with the trial number.
p p -20 -10 0 10 20 Ctrl M 0 100 200 300 400 500 600 EXPLANATION : The drug diffuses with the trial number. As the drug diffuses, the number of inactivated neurons increases
Endpoints of saccades before (®) and after muscimol injection in the left (same injection as in the previous panel) or in : i o o) . (= the number of active neurons diminishes). The reduced number of active neurons diminishes the peak velocity without
the right cFN (O) of the same monkey. The next panel to the right show that the hypometria of contralesional saccades Horlzontal pOSItIOﬂ ( ) . g o WN Trlal number compensatory increase in saccade duration, leading to hypometric saccades.
increased during the experiment (top).

ANOTHER EXAMPLE OF EXPERIMENT EXAMPLE OF EXPERIMENT WITH TIME-DEPENDENT HYPERMETRIA

WITH STABLE DYSMETRIA njection i left cFN o
iaction in ri o 1 O B A LA B B S B LML LA BLELELEL BLELRLELE BLALELELE B ELRLALELE ELELELEY ""MN__ .
Injection in right cFN T T T T T T T - - - | . | agonist
! ; I . L o (. TP EY Paed o 0 -
I ] [ QAR - o &
20 000 ° . : ] Do )

— S S0aPRoR b ° ] __ 201 &8, ® o 1] T 00 08e"2 2, ;
= ®olecoe & o _© ] °_ i ] - 880~ o°
c I ’, o« )f. e c s O . ° 2 IBN
© 10 ¢ s, A . 7 o 10 - 'S O eg gt (ot ¢®? v %o%y -
= ) < 0O st [ = _ A
> _ e . A : ] @) [ @)G&) @@ %(%
o I . O oF Cp@) o . e N ok 10 F o®o i
Q- O — '-.‘. o o O CS) % - (@R - i TU L
-IT3 Ooo on Z)Ocz) O oo O 73 | ] E (Q.'~C~" R S A | | I
c - Y o8 o S®o S 10 F ] O 20F - contra v ipsi i |
S 1ol i = : o & ] = [ § . I cFN ! ‘ CFN ! :
C:) [ % am s e .0,0 ; > [ %Q»Q ‘ 8@@ ’ . ] O - %%C%O@ P : ' muscimol I I

L [ o | | |
B i i e 20 F 4 T -30f W - | ! !

20 : dscC midline dscC midline dsc midline
AO2oct15 5 A Ctrl M Yo 1 SV R S I B B0avrid Y/ [ PSP A S I I DI I B For some injection, the magnitude of hypermetria increased with the trial number.
IS A S A S S A A S S S S o EXPLANATION : The drug diffuses with the trial number. As the drug diffuses, the number of inactivated neurons increases
O 100 200 300 400 500 600 ° 8 16DOWN -30 -20 -10 0 10 20 30 ctrim 0 100 200 300 400 (= the number of active neurons diminishes). The reduced number of active neurons removes the drive that cFN neurons
Tri I b Horizo ntal po sition (°) 8 Tr‘ial num ber exert upon neurons (IBNs) inhibiting the agonist motoneurons. This disinhibiting effect increases the peak velocity and/or
rial numper ® O 16DOWN does not prevent the excitatory EBN input from continuing to drive the motor neurons, leading to hypermetric saccades.

CONCLUSION

There is no need to appeal to various kinds of noise in the brain to explain the variability of saccades after cFN inactivation.

The number of active neurons contributes to the dynamics of saccades

The different evolutions of ipsilesional and contralesional dysmetria suggest that these two deficits are unrelated

Between the topographical and temporal "codes", instead of appealing to a negative feedback loop that reduces a mismatch between internal signals encoding kinematic parameters (desired versus current displacement as
estimated from the integration of velocity commandes), we propose that a saccade is the outcome of a process that restores symmetry of activities between commands exerting opposite movement tendencies.

The orienting movement is saccadic for no teleological purpose; it is saccadic merely because the flow of activity from the retinal to the motor neurons involves neurons whose pattern of firing is bursting and also because
of fast-twitch properties of extraocular muscles.

CURRENT FRAMEWORK ALTERNATIVE FRAMEWORK

Spatio-temporal transformation

Resettable [
Integrator symmetry |—Q— l

TOPOGRAPHICAL "code” || :CfD [ oo TEMPORAL "code” i
(e.g. deep Superior Colliculus) DD 4~ ME | Generator (e.g. motoneurons) RESTORATION OF
TOPOGRAPHICAL "code" > TEMPORAL "code"
negative fEEdbaCk IOOp (e.g. deep Superior Colliculus) Bﬁ:éibl:::l/f-FYD (eg motoneurons)

DD : desired displacement

CD : current displacement Bilateral Cerebe”al’ adju.Stment

ME : motor error




