Original Paper

Brain, Behavior
and Evolution

Brain Behav Evol 2000:56:287-292

Modulatory Effects of the Nucleus of the
Basal Optic Root on Rotundal Neurons in

Pigeons

Yuan Wang Yong Gu Shu-Rong Wang

Laboratory for Visual Information Processing, Institute of Biophysics, Chinese Academy of Sciences, Beijing, China

Key Words
Electrical stimulation - Lidocaine - Modulation - Nucleus
rotundus - Nucleus, basal optic root - Pigeon

Abstract
The present paper reports for the first time in birds the
modulatory effects of the nucleus of the basal optic root
(nBOR) on visual neurons in the nucleus rotundus in par-
ticular and those of the accessory optic system on the
tectofugal pathway in general. Pharmacological block-
ade of the nBOR by lidocaine led to a decrease or
increase in visual responsiveness of rotundal cells, sug-
gesting excitatory or inhibitory actions of the nBOR on
rotundal cells. These results were confirmed by changes
in the excitability of rotundal cells following electrical
stimulation of the nBOR. Response latency measure-
ments implied that there might be at least two pathways
from the nBOR to the nucleus rotundus, one being a
direct excitatory pathway and the other an indirect
inhibitory pathway possibly mediated by the subpre-
tectal nucleus and the interstitio-pretecto-subpretectal
nucleus, which have been thought to send inhibitory
afferents to the nucleus rotundus. Taken together with
previous neuroanatomical and immunocytochemical
studies, it is suggested that modulatory interactions
might exist between the nBOR and the nRt in particular
and between the accessory optic system and the tecto-
fugal pathway in general in birds.

Copyright © 2001 S. Karger AG, Basel

Introduction

The visual system in birds consists of the thalamofugal,
tectofugal and accessory optic pathways. In the thalamofu-
gal pathway, retinal fibers contralaterally project to the
nucleus geniculatus lateralis, pars dorsalis, which bilaterally
projects to the visual wulst of the telencephalon [Guntirkiin
et al., 1993]. In the tectofugal pathway, retinal fibers project
to the contralateral optic tectum, whose layer 13 neurons
project to the rotundus nucleus (nRt) [Karten et al., 1997;
Deng and Rogers, 1998a, b; Hellmann and Guintlrkin, 1999].
This nucleus projects ipsilaterally to the telencephalic ecto-
striatum [Engelage and Bischof, 1993]. In the accessory
optic pathway, displaced ganglion cells in the retina project
axons to the nucleus of the basal optic root (nBOR) [Karten
et al.,, 1977; Reiner et al., 1979; Fite et al., 1981; Nickla et
al., 1994]. It sends diverse projections to various regions in
the mesencephalon, diencephalon and cerebellum, includ-
ing the contralateral nBOR, the nucleus lentiformis mesen-
cephali, reticular formation, central gray, pontine nuclei,
vestibulocerebellum and oculomotor complex [Brecha et
al., 1980; Gioanni et al., 1984; Telford and Frost, 1989;
Wylie and Linkenhoker, 1996]. In addition to these projec-
tions, a few terminals also could be seen in the nRt, the
subpretectal nucleus (SP) and the interstitio-pretecto-sub-
pretectal nucleus (IPS) after injecting a tracer into the nBOR
[Wylie et al., 1997]. The latter two nuclei possibly send
inhibitory efferents to the nRt [Deng and Rogers, 1998b;
Mpodozis et al., 1996; Témbdl et al., 1994, 1999]. There-
fore, a question arises concerning possible actions the acces-
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sory optic neurons can exert on rotundal neurons througied, whose 100 um-exposed poles were 600 um apart. In these cases,
these pathways. the nBOR was located first with a single pipette according to its stereo-

. : : ic coordinates [Karten and Hodos, 1967] and visual responses, and
Physiological studies have shown that the nBOR ﬁ; pipette was then replaced by the bipolar electrode. Electrical stim-

involved in generating optokinetic nystagmus [McKenngation was delivered by passing rectangular pulses of 0.1 ms in dura-
and Wallman, 1985] which stabilizes an object image on tgh, 100-500 pA in intensity and 0.2-0.5 Hz in frequency. Excitatory
retina by compensatory eye movements and in detectamgl inhibitory responses of rotundal cells to the nBOR stimulation
translational and rotational optic flow [Wylie and Frost'ere superimposed for three (excitation) or ten (inhibition) sweeps.

1990; Wylie et al., 1998]. The nRt is involved in the anal Ag }Zﬁors]tatlstlcal values reported here represent means + standard

sis of geometric pattern, brightness, color and fine spatialgy the end of experiments, the recording sites of visual neurons
detail [Hodos and Karten, 1966; Hodos et al., 1973] as wglthin the nRt and application sites of lidocaine within the nBOR were
as motion in depth [Wang and Frost, 1992; Wang et aharked with pontamine-skyblue, which was ejected by negative cur-
1993]. It is conceivable that nBOR neurons detecting sdght pulses of 10-20 A in intensity and 0.5 s in duration at 1 Hz for

. . : —15 min. In the second series of experiments, the stimulation sites
motion and nRt neurons that detect object motion wo within the nBOR were electrolytically marked by passing positive cur-

functionally interact somewhere in the visual system. Thefgn: of 30-35 pA for 10 s through the active pole. Under deep anesthe-
fore, knowledge about the physiological interaction betwesia, the brain was removed from the skull and fixed in 4% paraformal-

both nuclei is important not only for understanding the fundehyde for 6-12 h, soaked in 30% sucrose solution in a refrigerator
tional significance of these structures, but also for furth@fe_rnight._ Frozen se_ctions were cut at 100 um thickness and counter-
ned with cresyl violet. Sections were dehydrated and covered for

showing an interaction between the accessory optic Sys’%?(i:l'roscopic observation of the recording sites marked in the nRt and

and the tectofugal pathway in general. of lidocaine blockade or electrical stimulation sites marked in the
The present study was therefore undertaken to show tis®R.

effects of the accessory optic nucleus on visual responses of
rotundal neurons by using lidocaine blockade and electrical
stimulation of the pigeon’s nBOR.

Results

Materials and Methods Twenty-nine rotundal cells were recorded and the effects
of either lidocaine-blocking or electrically stimulating the
The experiments were performed on 15 adult pigéGatumba g y g

livia) of either sex, weighing 300-450 g, under guidelines regardiHEOR_ on ,these cells were examined. The dye-ma}rkgd
the use of animals approved by the Society for Neuroscience. TR&0rding sites of 27 rotundal cells were all located within

pigeon was anesthetized with urethane (20%, 1 ml/100 g body weigtie nRt (fig. 1A). The drug application sites marked with the

and then placed in a stereotaxic apparatus. Its body temperature ggs and stimulation sites marked with electrolytic lesions in

maintained at 41°C by a heating pad. The caudal forebrain on the @Eigeons were all positioned within the nBOR (fig. 1B).

side was surgically exposed and the overlying dura mater excised. Th . . . .
nictitating membrane of the right eye was removed and the eyeﬁn the first series of experiments, the effects of chemi-

kept open. The left eye was occluded with a cover. A screen of 180_%%“)’ _blocking the nBOR on visu_al responses were exam-
in height and 220 cm in width was positioned 40 cm distant froiied in 16 rotundal cells. Following injection of lidocaine
the viewing eye. For visual stimulation, a black square was genera8@®—100 nl) into the nBOR, visual responses in 9 of 16 cells

by a workstation (SiliconGraphics Indigo 2) and rear-projected or&gG%) examined were enhanced (fig. 2A). Their firing rate
the screen with a three-color projector (Electronome ECP4). The

square measured 1.1-3.2° in dimension and moved at velocitied bf ©SPONSE to visual stimulation _Was .mcr_ea_‘se(_j tol 138.2+
10-40°/s. Luminance of the black square and its white backgrouhd-4% of the pre.—d.rug level after IIQOCalne injection into the
was 0.1 cd/rhand 6.6 cd/rf) respectively. nBOR. The statistics of data obtained by three sweeps for

Action potentials of rotundal neurons were extracellularly recordeghch cells showed a significant increase (t test,t=6.59, n =9,

with a micropipette filled with  sodium acetate and 2% pontaminey, 0.005) in visual firing rate of rotundal cells follow-

skyblue. In the first series of experiments, a two-barrel pipette was . .
used, one of whose channels was filled wittl odium acetate and ing chemical blockade of the nBOR. Judging from the

2% pontamine-skyblue [Hellon, 1971] for both electrophysiologic&Ndth of a path along which target motion kept a cell firing,
confirmation of the nBOR and marking electrode tip positions, and treceptive fields of three of the cells were expanded in size
other filled with 2% lidocaine hydrochloride and connected to a pnefigom 50.7, 61.0, and 85.7° to 67.1, 73.2, and 108.8°, respec-
matic picopump (PV800, Medical Systems Corp.) for drug appfyely when the drug effect was maximal. The other cells
cation. Visual responses and their changes in rotundal cells w r@ t sh h in the si f thei tive field
superimposed for three sweeps obtained from three injections, wh np S _OW gny ¢ ange; In the size ot their receplive Tields
intervals ranged from 1020 min. In the second series of experimdfsthis situation. The visual enhancement started about

on electrically stimulating the nBOR, a bipolar tungsten electrode wab—1.5 min after lidocaine application, and returned to
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Control Lidocaine Recovery

Fig. 2. Histograms showing that visual responses of rotundalAcell
AP 6.5 . AP 45 are increased and those of d@lidecreased by lidocaine (50 nl) in

nBOR. Visual responses are produced by a black square (A33rin

1.9°inB) which is moved at 14.9°/s through the receptive fieldx(28

- . . : : 5°) in the ventrodorsal directioA) or at 40.0°/s through the recep-
Fig. 1. Cross-section drawings of the pigeon brain show topograpl‘?]g ) n o L :
distribution of recording sites of visual cells within the nucleus rotuflY® field (82x 50°) in the dorsoventral directioB). Effects of lido-

dus (nRt) A) and that of lidocaine application (half-filled circles) an(fi:a'ne,in nC?OR on Iroturldal cells re(I:overﬁd ".A%()rfSh@ min after h
electrical stimulation sites (half-filled triangles) in the nucleus of tioPping drug application. Numerals at the right of histograms are the

basal optic root ("\BOR)B). Blockade of nBOR leads to an increasé‘umber of spikes counted for three sweeps. Note that period of time

(empty circles) or decrease (filled circles) in visual responsivenesstf'ng which V'SUE’_“ firing oceurs1s _prolo_ngedﬁrand sho_rtene_d B,
rotundal cells. Electrical stimulation of nBOR also could incread®P!Ying changesmth.e receptive field size. The recprdlng sites of cells
(empty triangles) or decrease (filled triangles) visual responsivenesecﬁndB are Iab_eled with numerals 1 and 2, respectively, in figure 1A.
rotundal cells. Cells al and a)(were examined during lidocaine Scales = 10 spikes, 250 ms.

application at aR). Cells b1 and b2A) were examined when electri-

cal stimulation was applied at B); Visual response histograms of

rotundal cells 1-4 il are shown in figures 2A, B and 3A, B, respec-

tively. Other abbreviations: F = Forebrain; GLv = nucleus geniculatus o

lateralis, pars ventralis; OT = optic tectum; SP = nucleus subpreté€lls shrank in size from 46.0, 53.3 and 85.6° to 16.5, 32.2

talis; T = nucleus triangularis; AP = anterior-posterior levels accordnd 78.3°, respectively, when the drug effect was maximal.
ing to the pigeon brain atlas [Karten and Hodos, 1967]. Scale barRe other cells did not obviously change their receptive
Lmm. fields in size when visual responses were reduced. The
decrease in visual responsiveness started about 0.5 min after
onset of lidocaine injection and recovered to its control level
in 2.5-8 min after ceasing drug application. However, three
control 2.5-15 min after stopping drug application. Seven gffjontaneous cells whose firing rates were respectively 2.0,
these cells were spontaneously active, and two others w&reand 10 spikes/s, and four silent cells did not significantly
silent. Following lidocaine injection in the nBOR, two sponchange their resting activity after lidocaine application.
taneous cells increased their firing rates from 2.5 and 40 toThe recording sites of these rotundal cells were marked
5.0 and 80 spikes/s, respectively, and one silent cell begath dye and all of the sites were located within the nRt
firing at 4 spikes/s. Five other spontaneous cells, whose (fig. 1A), with five being in the rostral, nine in the middle
ing rates were 3.0, 3.0, 3.8, 7.0 and 7.5 spikes/s, and and two in the caudal divisions of this nucleus. Six lidocaine
silent cell did not show observable changes in their activitjjection sites were all marked within the nBOR (fig. 1B),
after drug application. with two sites in the rostral and four in the middle divisions
Visual responses in 7 of 16 rotundal cells (44%) wedd the nucleus.
decreased by lidocaine (30—-100 nl) blockade of the nBORIn the second series of experiments, effects of electrically
(fig. 2B). Their firing rates averaged over three sweeps weatenulating the nBOR on rotundal activity were examined
reduced to 49.6 £ 14.8% of the pre-drug levels when tba 13 rotundal cells. Of these, 8 cells (62%) produced exci-
blockade effect exerted on rotundal cells reached its matgitory responses which were mostly characterized by one
mum. The statistics of data obtained from three sweeps $pike following a single electrical shock (fig. 3A). Their
each cells showed a significant decrease (t=7.73, n =7, average discharge latency was 9.4 £ 2.9 ms, ranging from
0.005) in visual firing rates of rotundal cells after chemicélto 14 ms. Excitatory effects of the nBOR stimulation on
blockade of the nBOR. Receptive fields of three of thetiee visual responses of these cells were not clearly observed.
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The nBOR stimulation did not affect resting activity in thre
spontaneous cells that fired 4.1, 7.3 and 42 spikes/s res|

A B
tively, and in five silent cells.
Visual activity in 5 cells (38%) was inhibited by electri- —+ MM MM
cal stimulation of the nBOR (fig. 3B), with an averag ‘
latency of 47.0 £ 28.0 ms, ranging from 15 to 80 ms. Tt t t L
inhibition lasted for 10-40 ms, with an average value ...
23 £10 ms. Spontaneous firing in two cells that fired 3_.

. . . Fig. 3. Extracellular recordings showing excitatos)(and inhib-
and 12.4 spikes/s, respectively, was completely abOI'Sheditory (B) effects of electrical stimulation of nBOR on rotundal cells.

the nBOR stimulation. Three @A) or ten B) sweeps are superimposed. Note that&llsilent
The dye-marked recording sites of 11 rotundal celand fires one spike following one stimulation, whereasRislspon-

responding to electrical stimulation of the nBOR were Etaneousl_y active and clearly_shovv_s inhipition of vis_ual and spon;a—
located within the nRt (fig. 1A), with one excitatory and tyneous firing by shocks. Electrlc_al stlmu_latlon was dellver_ed‘ by passing
. . L . . rectangular pulses of 0.1 ms in duration and 500 pA in intensity at
inhibitory cells in the rostral division, five excitatory ang 2 Hz. Arrows point to electrical stimulation artifacts. Scales =
two inhibitory cells in the middle division, and one excite2s mv, 2.5 ms irA, and 50 mV, 10 ms iB.
tory cell in the caudal division of the nRt. Three stimulatic
sites marked with electrolytic lesions were located with
the nBOR (fig. 1B), with one site in the rostral and two in
the middle division of the nBOR. The results obtained with lidocaine blockade are con-
In each of 8 animals, more than two rotundal cells wefiemed by our electrical stimulation experiments, which
examined responding to the same drug application or elshew that accessory optic stimulation can excite or inhibit
trical stimulation site in the nBOR. In four of the pigeongptundal cells. Markings confirm that the recording sites are
the same sites produced either excitatory or inhibitolycalized within the nRt, and electrical stimulation sites in
responses in all rotundal cells, and in four others the sathe nBOR. These stimulation sites are marked at the nega-
sites produced different responses from cell to cell (fig. live pole of the bipolar electrode, which has been thought to
be effective for electrical stimulation. The excitatory and
inhibitory responses of rotundal cells to the nBOR stimula-
Discussion tion are unlikely to originate from stimulation of the optic
tract, which lies lateral to the nBOR, for three reasons:
In the present study, both pharmacological blockade afid results obtained using electrical stimulation are consis-
electrical stimulation experiments show excitatory artént with those using lidocaine, which is a local anesthetic
inhibitory actions of the nucleus of the basal optic root da block neuronal transmission [Ferrera et al., 1994; Wang
the avian nucleus rotundus in particular and those of thieal., 1995]; (2) latency of excitatory responses evoked in
accessory optic system on the tectofugal pathway in generaiundal cells by the nBOR stimulation (average 9.4 ms) is
Blockade of the nBOR by lidocaine can decrease or increasech shorter than that of inhibitory responses (47 ms),
visual firing rates of rotundal cells, indicating that accessomhich are likely to be produced via the subpretectal nuclei,
optic cells can excite and inhibit rotundal cells, respectivelyplying that excitatory responses could occur through a
Lidocaine application sites marked with dye are all locatlirect route but not the optic tract-tectum-nucleus rotundus
ized within the nBOR, and dye-marked recording sites pathway, and (3) the active pole of the bipolar stimulating
visual cells are in the nRt, indicating the existence of aftectrode is positioned within the nBOR as shown by elec-
accessory optic-rotundal interaction. Several studies [Fawplytic lesions.
rera et al., 1994; Wang et al., 1995, 2000; Li et al., 1998] These results are supported by a recent anatomical
have shown that lidocaine is an excellent tool for investigditading that, in addition to diverse projections to various
ing interactions between neural structures. First, the speegions in the mesencephalon, diencephalon and cerebellum
ficity and reversibility of lidocaine effects on neuronal actijBrecha et al., 1980; Gioanni et al., 1984; Telford and Frost,
ity indicate that these effects are pharmacological but ri@89; Wylie and Linkenhoker, 1996], a few terminals are
toxicological [Wang et al., 1995]. Second, the action afso seen within the SP, the IPS and nRt on the ipsilateral
lidocaine lasts long enough to examine its effects on vissade after injecting an anterograde tracer into the nBOR
responses elicited by motion [Wang et al., 1995, 2000; Li[g¥ylie et al., 1997]. The SP/IPS complex sends inhibitory
al., 1998]. efferents to the nRt [Deng and Rogers, 1998b; Mpodozis et
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al., 1996; Tombol et al., 1994, 1999]. Therefore, it is sugigeons [Karten et al., 1997] and chicks [Témbdl et al.,
gested that the excitation might be exerted by a dird@99] as well as from the contralateral tectum in the zebra
nBOR-nRt pathway, whereas the inhibition effects afach [Bischof and Niemann, 1990]. Dual actions of the
caused by indirect pathways via the SP/IPS complex. iBOR on rotundal cells through a direct and an indirect
fact, immunohistochemical studies have shown that the niRtthway are similar to those of tectal cells on the nRt. Our
possesses homogeneously-distributed GABA-like terminglgevious studies [Gao et al., 1995; Huang et al., 1998] have
[Domenici et al., 1988, Ngo et al., 1992; Tombdl et akuggested that the direct tecto-rotundal pathway is excita-
1994], which contain flattened vesicles and make synapsay and glutamatergic, and the indirect tecto-rotundal path-
with rotundal cells [Ngo et al., 1992; Témbdol et al., 1994fvay via the subpretectal nuclei is inhibitory and GABAer-
Furthermore, binding sites of GABA-benzodiazepine argic. Therefore, there might be at least two stages where
GABAg receptors have been observed within the avian niettal and accessory optic information could interact: inputs
[Dietl et al., 1988; Veenman et al., 1994]. On the other harfilhgm the tectum and the nBOR interact within the nRt, or
glutamate receptor R4 subunits are heterogeneously disttédztal and accessory optic information interact within the
uted in the nRt, with R4-positive cell density decreasir§P/IPS complex first and then this integrated information is
from the dorsal to the ventral portion of the nucleus [Theissnt to the nRt by inhibitory fibers. In view of the finding
et al., 1998]. This dorso-ventral variation might be related ttmat the nRt is organized into several functionally distinct
a topographical projection from the tectum [Karten et adjvisions where different types of visual information such as
1997; Hellmann and Guinttrkiin,1999] and/or to the funkminance, color and motion in depth are processed [Wang
tional divisions of the nucleus rotundus [Wang and Frosind Frost, 1992; Wang et al., 1993], and that the nBOR can
1992; Wang et al., 1993]. However, our small sample ekert excitatory or inhibitory effects on responses of visual
rotundal cells made it impossible to determine regional vaneurons throughout the nRt as shown by markings in the
ation, if any, of excitatory and inhibitory responses evokgulesent study (fig. 1), it appears that the nBOR could mod-
in the nRt by chemical blockade or electrical stimulation ofate visual responses in several, if not all, functional
the nBOR. This limited sampling was necessary to obtalomains of the nRt. Therefore, the ways in which the nBOR
solid data as we marked every recording site in the nRt affibcts the processing of different types of visual informa-
most drug-application and electrical stimulation sites in ttien within the nRt should be an object of further study.
nBOR.

It has been shown that the nRt receives bilateral projec-
tions from the optic tectum [Bischof and Niemann, 1990; Acknowledgments
Karten et al., 1997; Hellmann and Guntirkiin,1999], and the this work was supported by the National Natural Science Founda-
SP/IPS complex receives input from the ipsilateral tectumtion of China and by the Chinese Academy of Sciences.
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