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Abstract The electrophysiological responses of 162 tec-
tal cells to computer-generated visual stimuli were extra-
cellularly recorded from 24 homing pigeons before and
after injecting either lidocaine or N-methyl-D-aspartate
(NMDA) into the nucleus isthmi pars magnocellularis
(Imc) or the nucleus isthmi pars parvocellularis (Ipc).
Micro-injections of lidocaine into Imc resulted in a sig-
nificant reduction of firing rate in 80% of tectal cells,
whose excitatory receptive fields (ERFs) were localized
within the ERF of the Imc cell where the lidocaine was
injected. In contrast, when lidocaine was injected into
Ipc under identical circumstances it had no effect on the
visually driven activity of 68% of tectal cells. However,
when the excitatory amino acid NMDA was injected into
Ipc it produced a significant reduction in the visually
driven firing of 75% of tectal neurons when their ERFs
were within the isthmic ERF, while similar application
of NMDA into Imc had no effect on the visually driven
response of 94% of tectal neurons. When the ERFs of
tectal cells were localized outside the ERF of the isthmic
cell where the chemical was injected, Imc-injected lido-
caine had no effect in 9 out of 10 tectal cells, whereas
Ipc-injected NMDA increased firing in 7 out of 17 tectal
cells. Therefore, it is suggested that the Imc-tectal fibers
participate in a positive feedback pathway and the Ipc-
tectal fibers are involved in a negative feedback pathway.
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Introduction

Electrophysiological studies have shown that the nucleus
isthmi (NI) in teleostean fish (Williams etal. 1983;
Northmore 1991) and amphibians (Vinogradova and
Manteifel 1977, 1979; Glasser and Ingle 1978; Gruberg
and Lettvin 1980; Wang et al. 1981a, b, 1982; Felix et al.
1985; Wiggers and Roth, 1991), the nucleus isthmi pars
magnocellularis (Imc) in reptiles (S.R. Wang et al.
1983), and the nucleus isthmi pars parvocellularis (Ipc)
and its magnocellular partner in birds (Yan and Wang
1986; Wang and Frost 1991). as well as its mammalian
analogue, the parabigeminal nucleus (Sherk 1978,
1979a, b) are all visual nuclei containing a retinotopic
map. This nuclear complex receives its visual informa-
tion from the ipsilateral tectum or superior colliculus by
means of the tectoisthmic pathway or the colliculopara-
bigeminal pathway. These neuronal pathways are excita-
tory and possibly use acetylcholine (Hunt et al. 1976;
Felix et al. 1985; Wang et al. 1985, 1986a; Li et al. 1987)
and/or glutamate (Wang et al. 1985) as their physiologi-
cal neurotransmitters.

This nucleus, or its subdivisions, primarily projects
back to the tectum ipsilaterally in teleosts (Ito et al.
1981, 1982; Sakamoto et al. 1981: Sas and Maler 1986)
and birds (Hunt and Kiinzle 1976; Hunt et al. 1977), or
bilaterally in amphibians (Grobstein et al. 1978 Gruberg
and Udin 1978; Gruberg and Lettvin 1980; Udin and
Keating 1981; Y.T. Wang et al. 1983; Wiggers and Roth
1991), reptiles (S.R. Wang etal. 1983; Kiinzle and
Schnyder 1984), and mammals (Graybiel 1978: Baley-
dier and Magnin 1979; Watanabe and Kawana 1979:
Mendez-Otero et al. 1980; Linden and Perry 1983; Rol-
dan etal. 1983: Jen etal. 1984: Kiinzle and Schnyder
1984). It also has neural connections with the nucleus
pretectalis (Ito etal. 1981, 1982) and the torus
semicircularis (Sas and Maler 1986) in teleosts and with
the anterodorsal tegmental nucleus in amphibians (Udin
1987), with the nucleus profundus mesencephali in rep-
tiles (S.R. Wang et al. 1983). and with the dorsal tateral
geniculate nucleus and the pulvinar nucleus in mammals



(Graybiel 1978; Harting et al. 1986; Hashikawa et al.
1986; Diamond etal. 1992). However, very little is
known about the physiological function of the isthmic
efferents, especially those constituting the isthmotectal
pathway.

It has been shown that the NI is the main source of
cholinergic activity in the optic tectum or the superior
colliculus (Ricciuti and Gruberg 1985; Wang etal.
1986a, b; Mufson et al. 1986; Desan et al. 1987; Li et al.
1987; Zottoli et al. 1988; Wallace et al. 1990), suggest-
ing that the nucleus could modulate tectal activity via the
cholinergic isthmotectal pathway. However, electrophys-
iological data about the functional role of acetylcholine
in the tectum are in disagreement (Stevens 1973; Hock
1983; Fite and Wang 1986, Wang et al. 1986b). Behav-
ioral tests with bilateral lesions of the amphibian NI have
produced somewhat contradictory results (Collett and
Udin 1983; Caine and Gruberg 1985; Gruberg et al.
1991). Furthermore, electrolytic lesions of the NI led to
disinhibition of tectal cells, implying that the isthmotec-
tal pathway is inhibitory (Glasser and Ingle 1978). This
is consistent with the finding that the isthmotectal path-
way may also contain inhibitory GABAergic and gly-
cinergic fibers (Hunt and Kiinzle 1976; Reubi and Cue-
nod 1976; Hunt et al. 1977; Kiinzle and Schnyder 1984).
Recently, Wang and Matsumoto (1990) have shown us-
ing intracellular recording and staining techniques, the
electrical stimulation of the NI exerts inhibition on near-
ly 70%, and excitation on about 30% of the tectal cells
recorded from bullfrogs. Therefore, it has been suggest-
ed that there exist at least two feedback loops between
the tectum and the NI: a positive one which could pro-
vide an augmentation of certain activated loci, and a neg-
ative one that may inhibit other regions within the tectum
(Sereno and Ulinski 1987; Wang and Frost 1991). Avian
species may provide a useful model system to under-
stand isthmic functioning because morphologically dis-
tinct neurons are segregated into separate nuclei.

In birds, there exist reciprocal projections between the
tectum and the Ipc (Hunt and Kiinzle 1976; Hunt et al.
1977), but the Imc circuitry is less clear. Although it is
known that this latter subnucleus is visually responsive
(Yan and Wang 1986) and projects to the ipsilateral tec-
tum (Wang and Wang 1990), its afferent input is not
known. Recently, Nealey et al. (1991) have shown that
microinjection of lidocaine is a useful way to selectively
block specific neuronal pathways in the visual system
and thus determine their specific physiological role. In
order to reveal the functional action of the Ipc and the
Imc on tectal cells in pigeons, we studied visual respons-
es of tectal cells before and after injecting lidocaine into
either the Ipc or the Imc. Since lidocaine produced a sig-
nificant decrease in visual responsiveness in tectal cells
only when applied to Imc, the potent excitatory amino
acid N-methyl-D-aspartate (NMDA) was used to reveal
the differential role of Imc and Ipc on tectal responsivity
to visual stimuli.
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Material and methods

The experiments were performed on 24 adult homing pigeons (Co-
lumbia livia) anaesthetized with ketamine hydrochloride (initially
40 mg/kg then 20 mg/kg per h) and xylazine (initially 4 mg/kg
then 2 mg/kg per h). The bird was placed in a stereotaxic appara-
tus and its body temperature maintained at 41° C by a heated wa-
ter pad. The left optic tectum was surgically exposed and the dura
removed. The pigeon was rotated so that it faced a large tangent
screen 40 cm distant from the it’s right eye. The pecten was plot-
ted onto tracing paper attached to the screen by the reversing oph-
thalmoscope technique, and the midline projection of the bird’s
beak and the horizon were marked as well.

Using coordinates from the atlas of the pigeon’s brain (Karten
and Hodos 1967) a tungsten-in-glass microelectrode (exposed tip
7-10 pm, impedance 4-5 M Q) was advanced into either the Ipc
or the Imc and a single visual cell was isolated. From our previous
work (Wang and Frost 1991), we were able to recognise the char-
acteristic response patterns and receptive field (RF) characteristics
of Imc and Ipc units. The excitatory receptive field (ERF) of the
isthmic cell was then precisely plotted on the tracing paper screen.
The metal electrode was then replaced by a micropipette (20-30
pm tip diameter) filled with either lidocaine hydrochloride (2%) or
NMDA (50 mM, pH 7.0). In some experiments, the micropipettes
were loaded first with a saturated solution of Fast Green dye, then
a thin layer of liquid paraffin was used to separate the dye from
the lidocaine or NMDA located in the electrode tip. The micropi-
pette was connected to a Pico-injector (Medical Systems Corp), so
that the chemicals to be tested could be injected into the isthmic
site where the visual unit was located, in volumes ranging from 10
to 50 nl. In several cases a normal saline solution was used as a
control. At the conclusion of some experiments, Fast Green dye
was injected for histological confirmation of the injection site.

Tungsten-in-glass microelectrodes were also used for isolating
tectal cells whose visual ERFs were located within the larger ellip-
tical ERF of the isthmic cell, and then their RFs were also mapped
on the tracing paper screen. The visual stimulus used to character-
ize and quantify the tectal cell’s response was a 2° black spot pro-
jected on the screen by an Electrohome ECP 4000 High Resolu-
tion projector controlled by a Silicon Graphics IRIS 4D/310 GTX
graphics computer. This spot was moved through the ERF of the
isolated tectal cell at a velocity of 10-15°/s and randomly present-
ed in eight directions (0, 45, 90, 135, 180, 225, 270 and 315 de-
grees relative to the temperonasal direction). An interval of 3 s oc-
curred between consecutive presentations of the visual stimulus.
Three stimuli were presented for each direction in a randomly in-
terleaved sequence. The random presentation of directions in com-
bination with the 3-s inter-trial interval was sufficient to prevent
habituation of the tectal cell. Electrophysiological responses were
fed through a microelectrode AC amplifier (A-M systems, Model
1800) into a digital storage oscilloscope (Dynascan Corp, Model
2520) and a window discriminator (Neuro Feedback Instruments)
connected with a custom-made data-collecting system which
transferred the interspike intervals to the IRIS graphics computer
after each stimulus presentation, and these accumulated responses
were used to produce peri-stimulus-time histograms, and direc-
tional tuning curves.

At the end of some experiments, the Fast Green dye was pres-
sure-injected into the isthmic site where the pharmacological
agents had been applied. The brain was immediately removed
from the skull, fixed in formaldehyde (10%) overnight and then
immersed in 30% sucrose solution for several hours. Frozen sec-
tions of the brain blocks were cut at 80 pm thickness and counter-
stained with neutral red to histologically verify the position of mi-
cropipette tips in the isthmic area.

Results

A total of 180 units were extracellularly isolated in the
optic tectum of 24 pigeons. Of these units, 162 were



378

Table 1 Classification of effects on tectal cells (n number of cells)

Site Drug Effect
Increase in Decrease in
activity activity No effect
n (%) n (%) n (%)
Lidocaine 2(4) 41 (80) 8 (16)
1(10)2 0 9 (90)2
Imc NMDA 1(6) 0 16 (94)
(] 0 6 (100)
Lidocaine 3(12) 5 (20%) 17 (68)
Ipc NMDA 0 27 (75) 9(25)
9 (53 1(6)2 7 (41)

2 The number of cells whose receptive fields were located outside
of the receptive field of the isthmic cell where the drug injections
were made

Fig. 1 A The histograms show
the visual response of a typical
tectal cell during control, ad-
ministration of N-methyl-p-as-
partate (NMDA) into nucleus
isthmi pars parvocellularis
(Ipc), and recovery (10 min af-
ter injection). Arrows under-
neath the figure indicate the di-
rections of a 2° black spot
moving through the excitatory
receptive field (ERF) of the
cell. Note that the visual re-
sponses were almost totally in-
hibited by microinjection of 10
nl NMDA (50 nM, pH 7.0) into
Ipc. U, D, N, T represent up,
down, nasal and temporal
directions, respectively. B A to-
tal of 36 tectal cells were re-
corded whose ERFs were con-
tained within the ERFs of Ipc ]
cells where the NMDA was ap-
plied. Responsivities of these
tectal cells during NMDA ad-
ministration and recovery (Re-
cov) are plotted against the
control level (pre-drug applica-
tion) firing rate. It is clear that
these tectal cells decreased
their firing rate by an average
of 80% (slope=0.20) following
injection and recovered to 89%
(slope=0.89) of the control fir-
ing rate after 10 min. However,
administration of NMDA into
nucleus isthmi pars magnocel-
lularis (/mc) had no effect on
17 tectal cells, as shown in C
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Fig.2 A The visual response 2A

of a tectal cell during control,
administration of lidocaine into
Imc, and recovery (10 min after
injection). Note again that the
visual responses are dramati-
cally reduced following micro-
injections of 10 nl lidocaine hy-
drochloride (2%) into Imc. B A i
total of 51 tectal cells were re-
corded whose ERFs were locat-
ed within the ERFs of Imc cells
where the lidocaine was ap- i
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percentage change of total number of spikes; the average
percentage change was 14%, with a maximum of 25%.
Therefore, we used a criterion of 30% change in total
spike number to represent an index of change in a unit’s
activity.

It was our initial intention to selectively inactivate
neurons in either Ipc or Imc by the local injection of li-
docaine. Preliminary observations revealed that while li-
docaine produced measurable changes in tectal unit ac-
tivity when applied to Imc, it produced very little or no
change in tectal activity when applied to Ipc. Conse-
quently NMDA, a potent excitatory amino acid, was ap-
plied to Ipc and it was found that NMDA alone produced
dramatic changes in tectal activity. The following experi-
ments systematically explored this double dissociation
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etfect on tectal cells, between microinjections of lido-
caine and NMDA, into either Imc or Ipc. :

Modulation of tectal activity by Ipc

The effects of Ipc injections of lidocaine (six pigeons)
and NMDA (six pigeons) on 78 visual units in the optic
tectum were examined (Table 1). Of 36 tectal units
whose ERFs were located within the isthmic ERF, 27
units (75%) decreased their firing rate by an average of
8(1% following injections of NMDA into the Ipc.

In some units, the response to the visual target mov-
ing through the ERF in all eight directions was com-
ptetely abolished (Fig. 1A). The firing rate of these units
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Fig. 3A-B The feedback effects were related to the topographic
relation between ERFs of tectal cells and NI ERFs. A The results
from an experiment on one bird where NMDA was injected into
Ipc. Excitation of 1pc-tectal feedback by NMDA strongly inhibited
the visual response of tectal neurons whose ERFs were located
within the Ipc cells’ ERFs; otherwise, there were either no effects
or even slight increases in the responsivity of tectal cells. B The
results from another pigeon where lidocaine was injected into Imc.
Removal of the tectal feedback pathway from Imc by lidocaine, on
the other hand, significantly reduced the excitability of tectal cells.
This figure shows that the effects were again topographically relat-
ed. There was no effect on those cells whose ERFs were located
outside of the Imc cells’ ERFs. P, pecten; a, optic axis; the hatched
ellipses symbolize the excitatory receptive field of the isthmic
cells

returned to 89% of the original level 1015 min after in-
jection. A few tectal units completely recovered from the
depression produced by the NMDA injection into Ipc.
Another nine units (25%) did not respond to the Ipc in-
Jection of NMDA, suggesting that they received no input
from the injected region. Figure I1B shows the effect of
NMDA on the visually driven response of all 36 tectal
cells whose ERFs were located within the isthmic ERF,
and their subsequent recovery. The effect of NMDA on
17 tectal units whose ERFs were located outside the isth-
mic unit ERF was varied; nine units increased their firing

rate by an average of 45% (range 31% to 78%); seven
units showed no obvious change; and one decreased its
firing rate. The positions of micropipettes used to deliver
NMDA were marked in the final penetration in five of
six pigeons, and all were located within the Ipc (Fig. 4).
Figure 1C shows that, in contrast, NMDA injected into
Tmc had little effect. Figure 3A shows the results from an
experiment on one bird where NMDA injected into Ipc
decreased the activity of tectal cells whose ERFs were
within, or close to, the Ipc ERF, but for those tectal cells
that were outside the ERF it had either no effect or in-
creased their activity.

When lidocaine injections were made into the Ipc un-
der identical conditions to those described above, 17 tec-
tal units (68%) showed no responses to lidocaine injec-
tions. Five units (20%) decreased firing rate to the visual
stimuli by an average of 54% (range 37-69%), while
three units (12%) increased their firing rate by an aver-
age of 88% (range 48—112%). In two pigeons where Fast
Green was injected at the final site investigated, the dye
marking showed that the lidocaine-injected micropipette
tips were located within Ipc (Fig. 4).

Modulation of visual activity by Imc

Eighty-four tectal units were tested for changes in their
visual responsivity after lidocaine or NMDA injections
into the Imc (eight pigeons) (Table 1). Of 51 tectal units
whose ERFs were located within the ERF of the isthmic
unit, 41 units (80%) decreased their visual responses by
an average of 75% within 10-20 s after the injection of
lidocaine. In some units, visual responses to all directions
of target motion were completely abolished (Fig. 2A).
These tectal units recovered their excitability by 92%
(range 40-110%) 10-15 min after injection. Figure 3B
shows the results from an experiment on one bird where
lidocaine was injected into Imc. When the tectal ERFs
were located within the Imc EREF, all cells showed a dra-
matic decrease in their firing rate, but when the tectal
ERFs were outside the Imc ERF no change was noticed.

Some units took a shorter time (5 min) and others a
longer time (45 min) to return to about 92% of their con-
trol firing level. Eight units (16%) showed no change to
lidocaine injected in the Imc, suggesting that these units
did not receive any input from the injected part of Imc.
Two units (4%) increased their visually driven firing rate
by 60% and 110%, respectively. Data for the effect of li-
docaine on all 51 tectal units whose ERFs were located
within the Imc ERF are presented in Fig. 2B. Of 10 tec-
tal units whose ERFs were located outside the isthmic
ERF, nine units were not affected by Imc lidocaine injec-
tions. The remaining unit increased its firing by 50%, but
this unit was spontaneously bursting. Figure 2C shows
that in contrast, lidocaine injections into Ipc have mini-
mal effect. Fast Green markings in five pigeons whose
tectal units were examined for the effects of lidocaine
showed that the micropipette tips were all positioned
within the Imc (Fig. 4).



Fig. 4 Histological confirma-
tion of some injection sites in
the Ipc and Imc where lido-
caine (squares) and NMDA
(circles) were applied (AP ante-
rior-posterior, Cb cerebellum)

A series of control observations were made in one pi-
geon to determine whether the pressure injection itself
into either Ipc or Imc might modify the tectal neurons’
responses. Whereas the visually elicited firing rate of the
first three tectal units encountered was depressed by an
average 90% after lidocaine was injected into the topo-

- logically overlapping area of Imc, when a saline solution
(0.9%) was injected through the same micropipette, at
the same site, no modulation of visually driven tectal fir-
ing rate was found. For example, the number of visual
spikes produced by one of these units was decreased sig-
nificantly, by 98%, following the injection of 10 nl of li-
docaine into Imc, but this unit was not affected at all by
50 nl of saline injected at the same site. Similar saline in-
jections made in the Imc produced no effects on another
five (well-isolated) tectal units in three penetrations. This
indicates that pressure itself did not produce the effects
reported here. The position of the micropipette tip for in-
jecting both lidocaine and the saline solution was marked
by Fast Green and histologically verified to be located
within the Imc at AP 3.00 and ML 5.5 mm (Fig. 4).

The visual responsivity of 23 tectal units in three pi-
geons was studied following NMDA microinjections into
the Imc. Of 17 units whose ERFs were located within the
ERF of the isthmic unit, 16 units (94%) were not affect-
ed by the drug. One unit (6%) slightly increased its firing
rate by 34%. These data are presented in Fig. 1C for
comparison. Six other units, whose ERFs were located
outside the isthmic unit ERF, did not respond to the ap-
plication of NMDA to the Imc. The dye markings made
in two of these pigeons showed that the injection sites
were localized in the Imc (Fig. 4).
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Discussion

The present study shows that microinjections of lido-
caine in the Imc and of NMDA in the Ipc potently de-
press visual responses of tectal units, which receive their
input from the same retinotopic area of Imc or Ipc. In
contrast, microinjections of lidocaine into Ipc and
NMDA into Imc under identical conditions had little or
no effect on the visually driven responses of tectal neu-
rons. Collectively, these results lend strong support to the
notion that Imc provides positive feedback to the tectum
while Ipc provides negative feedback to the tectum.
These effects are not due to hydraulic pressure or diffu-
sion of the injected drugs. Firstly, the control experi-
ments showed no effects (on tectal units) of saline solu-
tion injected at even five times the volume of the drugs.
Secondly, latencies (10-15s) were too short for the
drugs to diffuse from the injection site to the recording
site, which was located at least 3000-3800 um away.
There was also no dye visible on the tectal surface near
the entry point of the micropipette, or at the even more
remote tectal recording sites, when Fast Green was in-
jected into Imc or Ipc in much larger volumes. Thirdly,
there was a strong retinotopic relationship between the
receptive fields at the NI injection sites and the location
of tectal units responding to microinjection of drugs,
even though these sites were very remote from each oth-
er. Generally speaking, the tectal units whose ERFs were
outside the isthmic ERF showed no effect or an opposite
response, implying that the action of the drugs was re-
stricted to a very circumscribed region around the injec-
tion site.

The specificity, reproducibility and reversibility of the
effects of these drugs on visually elicited responses lend
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very strong support to the notion that these drug actions
are pharmacological and not toxicological. It is known
that lidocaine is a local anaesthetic which operates as a
Nat channel blocker, and NMDA is a more potent exci-
tant than L-glutamate in the nervous system. This study
shows that lidocaine has a dramatic effect on the tectal
cells when injected into the spatially corresponding visu-
al area in the Imc but not in the Ipc, while NMDA func-
tions as an excitatory amino acid in the Ipc but not in the
Imc. The most plausible explanation why NMDA is ef-
fective only in the Ipc, is the possible existence of
NMDA receptors on the isthmotectal projection neurons
and/or interneurons intrinsic to the Ipc. A recent study
lends strong support to this suggestion by showing that
96% of the recorded Ipc cells in urethane-anaesthetised
pigeons were sensitive to iontophoretically applied
NMDA, whereas the proportion in Imc was only 9% (Wu
et al. 1994).

The most plausible explanation for observing no ef-
fect on the visual responsiveness of tectal cells when li-
docaine is injected into Ipc is that Ipc-tectal connections
are inhibitory and therefore lidocaine blockage of nerve
conduction results in no observable effect when tectal
cells are visually stimulated. However, lidocaine block-
ade of the excitatory Imc-tectal pathway, in contrast, re-
sults in the reduction of visually driven activity in tectal
cells. This is somewhat analogous to the finding that li-
docaine blockade of the lateral geniculate nucleus (LGN)
reduces cortical responses by 28-42%, suggesting that
cortical elements receive substantial excitatory drive
from the LGN (Nealey et al. 1991).

One question that arises from this study is why the
anaesthetic ketamine, one of the non-competitive NMDA
antagonists, did not block NMDA receptors in Ipc and
render our local microinjections ineffective. One possi-
ble reason is that NMDA receptors in this nucleus might
be particularly resistant to blockage by the anaesthetic,
while another explanation could be that repeated applica-
tions of NMDA might accelerate the recovery of re-
sponses from ketamine blockage (for review see Kemp et
al. 1987). In any event, the fact that similar results to
those reported here have been obtained in pigeons under
urethane anaesthesia (Felix et al. 1994) suggests that
they are unlikely to be the result of the anaesthetic agent
or its differential effect on these two structures.

The main result of this study suggests that the major-
ity of visual neurons in the avian optic tectum may re-
ceive an excitatory input from the Imc and an inhibitory
input from the Ipc. When the excitatory Imc-tectal path-
way is blocked by lidocaine, it reduces the visual res-
ponsivity of many tectal cells. In contrast, when the in-
hibitory Ipc-tectal pathway is blocked by lidocaine, tec-
tal cells retain their visual responsiveness. On the other
hand, when the Ipc-tectal pathway is activated by the
application of NMDA, there is a reduction of visual res-
ponsivity of tectal neurons. It is known that in birds, the
Ipc receives its input from the ipsilateral tectum and
projects back ipsilaterally (Hunt and Kiinzle 1976; Hunt
etal. 1977), while the Imc projects its output to the

deeper layers of the ipsilateral tectum (Wang and Wang
1990); however, the pathway afferent to the Imc is still
not clear. It appears from our data that the Imc efferent
fibers are directly or indirectly connected with tectal
neurons or optic terminals. Several electrophysiological
studies (Yan and Wang 1986; Wang and Frost 1991)
have indicated excitatory input from the tectum to both
the Imc and the Ipc. Therefore, our data lend consider-
able support to the suggestion that there exist both a
positive feedback loop and a negative feedback loop be-
tween the optic tectum and NI (Sereno and Ulinski
1987; Wang and Frost 1991). This hypothesis is also
consistent with the findings that the isthmotectal path-
way may contain inhibitory GABAergic and glycinergic
fibers (Hunt and Kiinzle 1976; Reubi and Guenod 1976;
Hunt et al. 1977; Kiinzle and Schnyder 1984), as well as
excitatory cholinergic fibers (Ricciuti and Gruberg
1985; Fite and Wang 1986; Mufson et al. 1986; Wang et
al. 19864, b; Desan et al. 1987; Li et al. 1987; Wallace
et al. 1990) and glutamatergic fibers (Stoop et al. 1989).
Wang and Matsumoto (1990) have recently demonstrat-
ed the existence of both excitatory and inhibitory path-
ways from the NI to the optic tectum in bullfrogs. Inter-
estingly, recent studies on pigeons have shown that elec-
trical stimulation of Ipc exerts inhibition on tectal cells,
which can be blocked by iontophoretically applied bicu-
culline, a GABA antagonist, while activation of tectal
cells by Imc stimulation can be blocked by either CPP
(NMDA antagonist) or atropine (acetylcholine antago-
nist) (Felix et al. 1994).

It has been proposed that the NI may play a critical
modulatory role on visual processing within the optic
tectum, possibly involving delayed inhibition effects
(Bagnoli etal. 1979) or delayed, prolonged excitation
(see Sereno and Ulinski 1987). It has also been suggest-
ed that interaction between the retinotectal and the isth-
motectal visual map could be used to calculate the
three-dimensional trajectories of moving objects, such
as prey (Wiggers and Roth 1991). The present study
shows that the two subnuclei of the avian NI, the Ipc
and the Imc, have differential modulation effects on tec-
tal cells. These findings are quite consistent with the
view that the positive feedback loop and the negative
feedback loop may work together in a “winner-take-all”
network to permit the bird to orient (“attend”) to only
one of several competing moving visual stimuli simulta-
neously present in the visual field (Sereno and Ulinski
1987; Wang and Frost 1991). This notion should be fur-
ther examined by electrophysiological recordings and
behavioral tests.
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