
Existence in the Nucleus Incertus of the Cat of Horizontal-Eve-
Movement-Related Neurons Projecting to the Cerebellar Flocculus

GUY CHERON, SVEN SAUSSEZ, NICO GERRITS, AND EMILE GODAUX
Laborcttorl of Neurosciences, [Jniversity of Mons-Hainaut, Mons-Hcrinctut, Belgiutl; antl Department ctf 7,n61,,11111y,.
Era.sntus University of Rotterdam, Rotterdam, The Netherlands

S U M M A R Y  A N D  C O N C L U S I O N S

1. Propert ies of nucleus incertus (NIC) neurons project ing to
the cerebellar f locculus were studied in aler-t  cats by using chronic
unit and eye movement recording and antidrornic act ivat ion. pro-
jection of these neurons onto the flocculus was verified with retro-
grade transport of horseradish peroxidase after injections in the
floccnlus.

2. Bipolar st irnulat ion electrodes were implanted into the ,,rnid-

dle" zone of each f locculus because this zone is known to be
involved in tlre contlol of horizontal eye movements. The dor-
somedial aspect of the pontine tegmentum was explor-ed with mi-
croelectrodes during st ir lulat ion of both f loccul i .  The rnajori ty of
nel lrons antidlomical ly act ivated from the f locculus were for-rnd in
thc caudal part of the NIC.

J. Of the 69 neurons activated frorn the flocculus. 44 were
classif ied as burst-tonic (BT) neurons; 34 dischar-ged in relat ion
with horizonlal movements of the eye, l0 in relat ion with vert ical
movements. Of the l4 rernaining neurons,6 were not related to
eye nrovements and 8 were classif ied as burst neurons. The BT
neurons of the NIC displayed a great sensit ivi ty to both horizontal
eye posit ion and horizontal eye velocity.

4. This study demonstrates the presence of a new gr.oup of
horizontal eye ntovelnent related BT neurons situated in the NIC.
The fact that they project to the horizontal floccular zone empha-
sizes the importance of the functional special izat ion of the di l ferent
Purkinic cel l  zones.

I i . v T R O D U C T I O N

Although the flocculus has been extensively stuclied in
different species (Graf et al. 1988; Ito et al. 1977; Noda and
Suzuki  1979;  Waespe et  a l .  lgSl  ) ,  i ts  mode of  in forrnat ion
processing rentains unknown. In contrast with this unsatis-
fying observation, the neuroûnatomic organization of the
flocculus is well known (Gerrits and Voogd 1982; Gerrits
et  a l .  1984;  Saro er  a l .  l983a,b;  Tan et  a l .  1995 )  and of ïers a
great opportunity to undertake an electrophysiological input-
output approach toward the different f loccular Purkinje cell
zones.

In the flocculus, three longitudinal Purkinje cell zones
have been described that respond selectively to large-field
visual pattern rnovernent. Thus Purkinje cells in a centrally
located zone control horizontal eye movements, whereas
those in the flanking zones contl.ol vertical eye movements
( Sato and Kawasaki 1990 ). The central position of the "ho-

rizontal" zone facil i tares its electrophysiological localiza-
tion. Stirnulation of t l.r is zone was recently performecl to
enabie antidromic identif ication of its r.nossy fiber inputs with
an or ig i r . r  in  the media l  vest ibular  nucleus (MVN) (Cheron
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et  a l .  1995) and the nucleus preposi rus hypoglossi  (NpH)
(Escudero et al. 1995). Although these two nuclei ar.e two
important soLlrces of f locculal mossy fibers (Epema et al.
1990; Tan and Gen'its 1992), several studies have shown
that the pontine reticular fonnation (PRF), including the
raphe nuclei, provides another mossy fiber input (Alley
1977 ;  Sa to  e t  a l .  1983b ) .

The first electrophysiological analysis of these floccular
projections fl'om the PRF, performed in the anesthetized cat
( Nakao et al. I 980 ), showed that electrical stimulation of the
ipsilateral f locculus elicited antidron.ric activation of neurons
located in and around the medial longitudinal bunclle (mlb),
in  the nucleus raphe pont is  (NRaP),  and in the nucleus
reticularis tegmenti pontis. Furthermore it was dernonstratecl
that these PRF neurons plovide the flocculr-rs with eye-move-
menl- re lated i  n forrnat ion.

The explored brain stern region contains a variety of neu-
rons, located in and around the mlb and the adjacent periaq-
ueductal gray. In the latter, a prominent cluster of neurons
is present as the nlrcleus incertus ( NIC ) ( Papez 1929 ) . Until
now, this nucleus has only been implicated is ascending
connections to the medial preoptic area (Vertes 1988) and
the interpeduncular nucleus (Hemmendinger and Moore
1984 ;  Sh iba ta  e t  a l .  1986 ) .

In the preser.rt study we describe the properties of hori-
zontal-eye-movetnent-related neurons in the NIC and the
adjacent dorsomedial PRF with a projection to the flocculus
in the alert cat.

M E l ' H O D S

Four adult cats wel'e prepared for chronic recording of neuronal
activi ty in the brain stetn and the cerebellum and for eye movement
recording (rnagnetic scarch coi l  technique). Undergeneral anesthe-
sia and aseptic condit ions, scleral searcl-r coi ls wer-e irnplanted sub-
coniunctival ly on both eyes, bipolar si lver st imulat ion electrodes
were i tnplanted int l 'acranial ly on each sixth nerve at i ts exit  f t-om
the brain stetr,  and three bolts were cernented to the skul l  to intnto-
bi l ize the head during the cxper-in'rental sessions. Three holes, a
central one and two lateral ones, were rnade in the skul l .  The dura
mater was removed and a dental cement chanrber was constructed
around the holes. Bipolar tungsten rr icroelectrodes were in-rplanted
in  the  midd le  zonc  o f  each f loccu lus  (F ig .  lA) .  Fur ther  c le ta i l s
of this chronic pleparation have been described by Cheron et al.
(  r99-5  ) .

Eight days afÏer surgely, each animal was trained to accept re-
st laining condit ions without stress. Special care was taken to pr-e-
vent any discomfbrt in the anintals. Antidr.ornic f ield potentials
evoked by st intulat ion of the abducens nerve were used to rnap the

0022-f071/95 $3.00 Copyl ight  O 1995 Thc Arrer ican physio lo_qical  Society I  367



ptc.  1.  A :  t ransverse sect ion showing the t rack of  the st imulat ion elec-

trJe, which ends in the middle zone oT the flocculus B: diagrarn of the^

n". .uf  t 'complex (at ter  Geni ts and Voogd 1982) i l lustrat ing the extent  of

the horsera<lish peroxidase (HRP) injection sites (H9924 and C276; hatch-

ing ) anO the clear overlap with the horizontal zone ( black ) ' here represented

as the climbing fiber zone originating in the cau<lal dorsal cap of the inferior

ol ive (Gerr i ts 'and Voogt l  t9 iZl '  Hlr izc 'nta l  l ine:  posi t ion of  the sect ions

fl.o'-r A and c. c: transverse iection through the HRP injection site of

H9924 at  i ts  largest  d ia l reter .

locat ion and extent  of  the abclucens nucleus'  which was used as r

landrnark for further recolcling' The neuronal a,ctivity in the PRF

w:rs explored with glass rniclo-pipettes t t -2 nA! impedance) dur-

i.rg ùipif ut stimulaiion of the^ middle zone of both flocculi' We
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focused our attention only on antidromically activated neut'ons fot

which the latency was reiatively short and constant and fol which

coilision tests were succesful' 
'ihe activity of each identified PRF

n.uron *at recorded 1 ) during spontaneous eye movements ln

ihe light and 2) during horizo-ntai sinusoidal stimulation of the

u..tiuîtoo.utor iefl"x (VoR) in complete darkness (amplitudes of

f ô, ZO,:0, or '40 deg at 0. 1 Hz)'  Idênti f icat ion of the VOR slow

ohases was perfortned automatically, using arn algorithm developed

[; B^l; ; ;  Jt-. i .  i isszl.  The saccâdic velocitv sensit ivi tv (R')-of

the neurons was obtarned by the method of Berthoz et al (1989)'

The sensit ivi ty to eye posit ion during intersaccadic f ixat ion (Ki) '

and the sensit ivi t ies to eye posit ion during the VOR (K') and to

"v. u"fo. i ty during the"VOn tn"l  wele ob,tr ined by a method

;Ë;;; ; ;1";;Û (codou* a'd cl.reron lee3)'  Recording and

stimulation sites were verified and reconstt'ttcted from histological

sections according to micrometer readirrgs and electrolytic 
'lesion

marks. Two addùonal cats were available in which horseradish

o..o*iau." (0.4 pl,  3O7o in sal ine) was injected into the caudal

;;;;';f ;; no."Ii"" in the same position where the stin.rulation

i l . . ,rod., were placed in the other animals (Fig' I  ) '

R E S U L T S

A total of 69 neurons were analyzecl, anticlromically acti-

vated from either flocculus (38 fiom the contralateral and

tô i.o- the ipsilateral side; l2 rleurons were situated in the

rniatin.). The majority (57 neurons) Y9I: 
located in the

Niô fn ig z ,  c  a ia D\ . In the cat ,  the NIC is  a col lect ion

tf rtnott"to medium-sized neurons with an oval-to-fusiform

rfr"p"ief g 2, E andF). They are located in the periaq"i9"i^

tat gtay iirectly dorsal to the rnlb between the stereotactlc

pf" i " t 'p  S.S ana P 1.5 (Papez 1929) ' .Caudal ly '  the NIC

abuts on the supragenual nucleus capping -the 
fàcial genu'

but its lateral ând-rostral borders are indistinct' The re-

maining PRF neurons (12 units) lere located close to the

midlinJin the NRaP and the central superior nucleus of the

raphe (CS) (F ig.  2,  C and D) '^". 'Fii l ;t 'shiws.the 
antidromic activation of a NIC neu-

.on i.o- the contralateral flocculus (/efr) and the laok of

activation of the same unit from the ipsilateral flocculus

(right). The response latency of this neuron was collstall l '

àt ïut the case for all the oth"t n""ons' The variation in

the peak latency was <30 /r's, .11 would be expected fbr

antiâromic activation. Figure 2B il lustrates the coll ision test-

ing between spontaneous spikes and antidromic responses'

The 38 NIC neurons actiïatecl fiom the contralateral floc-

culus had an antidromic response latency of 1'32 -f 0'41

iS;l ;t. For the l9 NIC n"ut'o"t activated from the ipsilat-

àil r ia", the antidromic latency was 1'16 -t 0'34 ms'

Of the 69 PRF neurons activated tiorn either flocculus'

42neu ronsmodu la ted the i r f i r i ng ra tedu r i ngSpon taneous
horizontal saccades and could be divided into two categorles'

ôn" g.orp of 34 neurons changed their f ir ing ratejn a burst-

toniJfashion (BT neurons) ' Another group of eight neurons

modulatecl their burst activity only dr'rring saccades and not

during subsequent gaze holding (B neurons)' The NIC con-

tained 31 BT neurons; 3 BT neurons were located in tl.re

NRap ana the CS (Fig.2,  C and D'  O) '  The BT neurot is

of the NIC were furthËr classifiecl as type I or type II' de-

p."àing on whether their firing rate incieased during hori-

iontat Ëead rorarion toward o. i*uy from the recording side,

respectively. The majority 91'ttr1.É 
neurons were located in

the CS, the NRaP, oi the'mlb (Fig' 2' C and D' À)' On the
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FIG.2.  A:  superposi t ion of  3 recor.c l ing t raccs
showing the antidromic activzttion of a burst-tonic
(  BT) neuron of  the nucleus incertus (  NIC )  fb l low-
ing stimulation of the contralateral flocculus ancl
the lack of  act ivat ion of  lhe same uni t  f iom the
ipsi lateral  f locculus.  B:  col l is ion test ing.  Srar:  ab-
sence of  the ant idromic spike when i t  col l ided wi th
the spontùneous spike.  C and D: local izat ion of
the f loccular  project ing neurons in the pont ine re-
ticular lbrm:rtion ( PRF ) ( see nEsur-'r's for explana-
t i on  o f  s y l nb t ' l s  ) .  E : c l us l c ro l  f e t r . og r t t l c l y  l i be l e r l
smal l  neurons in the contra lateral  NIC (P.1,  Nissl
countersta in) .  F:  retrogradely labeled smal l  oval
and fusiforn.r nellrons in the contralateral NIC
(P3).  G: retrogradely labeled mediunt-s ized
polygonal neuron at the dorsontedial corner of the
medial  longi tudinal  bundle (rn lb)  (P3.5) .  Bar in
E-G: 25 pm. CS, centra l  super ior  nucleus of  r .a-
phe;  NRaP, nucleus raphe pont is ;  CER, cerebel-
lum: V4, fourth ventricle.
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f locculus. and 3 ner,rrons located in the rnicll ine) rcsponcled
to head rotation (27 as type I, zl as type II). Figure 3 i l lus-
trates the spiking behavior of a representative BT neuron
of the NIC activated antidromically from the contralateral
flocculus. Befbre and during rapid eye movements, this ner_r-
ron paused when the eyes moved toward the recording sidc
and burst wl.ren the eyes moved in the opposite direction
(Fig.  3,  A and B).  Dur ing in tersaccadic f ixat ion,  the tonic
discharge rate of this neuron increased with more eccenh-ic

border between the NIC and the mlb, l0 other BT neurons
were fourrd that did not respond to horizontal head rotation
but modulated their activity exclusively during spontaneous
vertical saccades ( Fig. 2, C and D, C ) . Retrograclely labeled
neurons in this location were slightly bigger than the labelecl
NIC neurons (F ig.2G).  The l7 remain ing neurons were not
re lated to eye movements (F ig.2,  C and D,  I ) .

All 34 horizontal-eye-movement-related BT neurons (17
activated frotn the contt 'alateral and 14 from the ipsilateral
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5 s
r tc .3.  A ancl  B:  behavior  of  zr  representat ive BT neuron of  the NIC dur ing spontaneol ls  eye movements (A) and dul ing

the hor izor. r ta l  vest ibuloocular  ref lex (VOR)(B).  ev,  vel t ical  eye posi t ion;  eh,  hor izontal  eye posi t ion;  f . r . .  f i r ' i r rg l r te:  h.
head posi t ion.  Note that  in th is case the phase lead of  the f i r ing rate modulat ion is  l8 'wi th lespcct  to eye posi t ion.  C:  scat ter
plot  of  mean instantaneous t r ing rate of  the sarne BT neuron ovcr hor izontal  eye posi t ion dur ing intersaccadic f ixat ion
pel iods.  The s lope (  Kr )  of  thc l ineal  reglession betr .veen the hor izontal  eye posi t ion and the f i r ing rats (  r -  -  0.8-5 )  cor lcsponds
t o t h e s e n s i t i v i t y t o h o r i z o n t a l e y e p o s i t i o n ( K , : 6 . 6 5 s p i k e s . s  ' ' d " g ' ) . D : s c a t t e r p l o t o f n t e a n i n s t a n t a 8 e o u s f i r i n g r a t e

of  the neuron over vert ical  eye posi t ion.  Note the absence of  any s igni f icant  re lat ion.  E:  analysis of  the eye veloci ty  sensi t iv i ty
(R,)  of th is BT neuron.  The s lope of these di f ferent  late-veloci ty  resressions (R,)  var ied wi th eyc posi t ion f rom l .5 l  to
, 1 . 0 2 s p i k e s ' s - ' ' d c g  ' ' s e c ' . F o r e a c h o f t h e s e l i n e s , t h e f i r i n g r a t e a t 0 v e ) o c r t y , F ( 0 ) , w a s c a l c u l a t e c l  b y i n t e r p o l a t i o n .
I ' :  re lat ionship between F(0) and hor izontal  eye posi t ion.  The data points are wel l  I i t ted by a l incar regression l ine.
The s lope (( , )  of  th is l ine corresponds to the sensi t iv i ty  of  th is neuron to eye posi t ion dr , r r ing the VOR (K, = .1.52
s p r K e s ' s  . d e Ê  ) .



(contralateral side) gaze position (Fig. 3C), but it did not
change as a function of vertical eye position (Fig. 3D).
During sinusoidal vestibular stimulation, the firing rate of
this BT neuron showed a type I sinusoidal modulation
interrupted by burstlike increases and by pauses correspond-
ing to the quick phases, directed away or toward the re-
cording side, respectively (Fig. 3B). For BT neurons in the
NIC, the value of K1@ :24) ranged from 1.70 to l '7.40
sp i kes . s - r . deg - r  w i t h  a  mean  - f  SD  o f  8 .68  +  4 .55
s p i k e s . s - ' . d e g  ' .  T h e  v a l u e  o f R .  ( n :  1 l )  r a n g e d  f r o m
2 . 3 8  t o  1 2 . 4 3  s p i k e s . s - r . d e g - t . s  I  w i t h  a  m e a n  o f  6 3 6
t - 3 . 4 9  s p i k e s ' s  r . d e g - t . s - ' .  T h e  v a l u e  o f  K ,  ( n : 2 4 )
ranged f rom 2.63 to 16.6 spikes.s r .deg-r  wi th a mean of'7 .63 - r  3.57 spikes.s- I .deg- t .  The R,  dur ing the s low
phases of the BT neurons (n : 24) ranged from 0.94 to
17 .03  sp i kes . s - ' . deg .  I ' s - r  w i t h  a  mean  o f  3 .15  - f  1 .98
s p i k e s '  s - '  .  d e g - '  .  s - ' .

D I S C U S S I O N

In the explored region of the PRF, the rnajority of BT
neurons that project to the horizontal zone of either the ipsi-
lateral or contralateral flocculus were located in the caudal
aspect of the NiC. Most of them (877o) responded to hori-
zontal head rotation in a type I fashion. These neurons pro-
vide the flocculus with a signal related to both the velocity
and the position of the eye. The BT neurons in the NIC
that project to the flocculus showed a spiking behavior very
similar to the BT neurons observed in the NPH (Escudero
et al. 1995 ) and the MVN (Cheron et al. 1995), which were
also antidromically activated from the horizontal zone of the
flocculus.

The present study confirms the results of an earlier electro-
physiological analysis of the PRF floccular projection in
the anesthetized cat (Nakao et al. 1980). However, the BT
neurons described in this study were located in the mlb, the
CS, and the NRaP, but not in the NIC. Curthoys et al. ( 1981)
demonstrated that BT neurons in the PRF could not be anti-
dromically activated from the abducens nucleus, which indi-
cates that they cannot be classified as premotor neurons.

The data presented in this study show that the majority of
the horizontal BT neurons with a projection to the flocculus,
recorded in the dorsolateral pontine tegmentum, are localized
in a region hitherto not associated with the oculomotor sys-
tem: the caudal part of the NiC.

Available data on this nucleus have shown that the NIC
parlicipates extensively in projection to the medial septurn
( Vertes 1988 ) and to the interpeduncular nucleus ( Hemmen-
dinger and Moore 1984; Shibata et al. 1986). Moreover,
immunocytochernical studies have demonstrated that neu-
rons in the NIC contain different peptides l ike somatostatin
(De Leon et al. 1992a), neuropeptide Y (Covenas et al.
1990),  neurokin in A (Marcos et  a l .  1993a),  a lpha-neo-en-
dorphine (Marcos et al. 1993b), gastrin-releasing peptides
(Marcos eI al. 1994), substance P (Triepel et al. 1985), and
cholecystokinin (De Leon et al. 1992b).

It remailrs to be determined whether the caudal NIC neu-
rons are a subset of the paramedian tract cell groups associ-
ated with specific aspects of oculomotor behavior (Bûitnrr-
Ennever 1992). The absence of data on the precise connec-
tions of these neurons Dreclude conclusions concernins their
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functional role related to eye movements. Nevertheless, their
high sensitivity for both eye position and eye velocity might
indicate that they provide an efference copy of eye move-
ment commands to the flocculus. The anatomic and physio-
logical characteristics of the NIC neurons show a strong
correspondence with the NPH floccular projecting neurons
(Escudero et al. 1995), i.e., the superficial localization, the
specific projection to the horizontal ffoccular zone and the
spiking behavior. The convergence onto a single floccular
zone of very similar eye-movement-related signals from dif-
ferent brain stem nuclei could represent an important element
in the signal processing of the flocculus.

Furthermore, it remains to be determined whether single
NIC axons collateralize to both cerebellum and basal fore-
brain. Apart from this question, it is important to determine
which type of the efferent NIC neurons contains peptides
and which of the peptidergic neurons are involved in oculo-
motor and cerebellar function.
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