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Parallel Pathways Can Conduct Visual CS Information During 
Classical Conditioning of the NM Response 

Olga Koutalidis, Amy Foster, and Donald J. Weisz 
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Single and combined lesions were made to the lateral ge- 
niculate nucleus (LGN), the superficial layers of the superior 
colliculus (SC), and the pretectal nuclei (Ptc) prior to con- 
ditioning of the nictitating membrane (NM) response in rabbit 
with a visual conditioned stimulus (CS). Due to technical 
considerations, lesions of the dorsal LGN were accompanied 
by lesions of the visual cortex, the only output of the dorsal 
LGN, in order to render the dorsal LGN nonfunctional. Single 
lesions to any one of the 3 target systems (LGN, SC, Ptc) 
did not alter the rate of conditioning. Furthermore, double 
lesions to any 2 of the systems did not prevent conditioning, 
although LGN + SC lesions significantly retarded acquisi- 
tion. When all 3 systems were lesioned, however, animals 
never acquired to the visual CS, although they successfully 
conditioned to an auditory CS. The results indicate that in 
rabbit there are parallel visual pathways individually capable 
of supporting the acquisition of conditioned NM responses. 

Over the past few years there has been much progress in iden- 
tifying the neural circuit underlying classical conditioning of the 
nictitating membrane (NM) response in rabbit. Several struc- 
tures, such as the interpositus nucleus of the cerebellum, the red 
nucleus, and the pontine nuclei, have been identified as critical 
for acquisition of the NM conditioned response (McCormick et 
al., 1982; Yeoet al., 1982, 1985a; Haleyet al., 1983; McCormick 
and Thompson, 1983; Rosenfield and Moore, 1983; Lavond et 
al., 1984b; Rosenfield et al., 1985; Lewis et al., 1987). In ad- 
dition, there has been much progress in determining the un- 
conditioned reflex pathway (Cegavske et al., 1976; Berthier and 
Moore, 1983; Harvey et al., 1984; Disterhoft et al., 1985). 

On the basis of these findings, Thompson and colleagues have 
proposed a neural circuit underlying NM response conditioning 
(McCormick and Thompson, 1983; Steinmetz et al., 1985b; 
Woodruff-Pak and Thompson, 1985). According to this model, 
which is consistent with the Marr-Albus theory of cerebellar 
function (Marr, 1969; Albus, 197 I), sensory information re- 
garding the unconditioned stimulus (US) is projected from the 
trigeminal nucleus to the inferior olive and then, via climbing 
fibers (in the inferior cerebellar peduncle), to the cerebellum. 
Information about the conditioned stimulus (CS) is projected 
to the cerebellum via mossy fibers (in the middle cerebellar 
peduncle). The convergence of the US and CS in the cerebellum, 
either in the deep cerebellar nuclei and/or in the cerebellar cor- 
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tex, is thought to be critical for NM conditioning. The cerebellar 
activity, in turn, is projected via the superior cerebellar peduncle 
to the red nucleus and then to the accessory abducens nucleus, 
which controls the NM response. 

While much is known about both the unconditioned and the 
conditioned response pathways, there is relatively little infor- 
mation regarding CS pathways. Skelton et al. (1984) showed 
that large lesions of the superior colliculus and adjacent struc- 
tures partially disrupted retention of NM conditioning to a vi- 
sual CS without affecting conditioning to an auditory CS. La- 
vond et al. (1984a) showed that injection of lidocaine into the 
lateral lemniscus (at its exit from the superior olive) abolished 
NM conditioning to an auditory CS but not to a visual CS. In 
addition, Steinmetz et al. (1986) found that lesions of the dor- 
solateral pontine nucleus (DLPN) abolished conditioned re- 
sponding to an auditory CS but not to a visual CS. Despite these 
important findings, the tracing of CS pathways is still fragmen- 
tary. 

Identification of the CS pathway has important implications. 
First, in order to complete the circuit underlying NM condi- 
tioning, the CS pathway needs to be linked to those central brain 
structures, such as the cerebellum and red nucleus, that have 
already been identified as components of the conditioned NM 
response circuit. Second, the possibility of learning-dependent 
changes within the CS pathway needs to be explored. This in- 
formation would permit a more accurate interpretation of any 
neuronal changes in the cerebellum and red nucleus during NM 
conditioning. 

The CSs used in NM conditioning are generally either visual 
or auditory; consequently, the choice of which CS pathway to 
investigate was between the corresponding neural systems. The 
present study investigates the visual system for 2 primary rea- 
sons. First, the anatomical location of most visual structures 
facilitates the use of both lesion and recording techniques. This 
contrasts with the auditory system, where lesions of brain-stem 
auditory structures are very difficult without severely disrupting 
the motor coordination of the animals (unpublished observa- 
tions). Second, the functional anatomy of most visual structures 
and the specific characteristics of individual cells have been 
studied extensively in rabbit. 

The aim of the present study was to identify the visual struc- 
tures necessary for the acquisition of NM conditioned responses 
when light is used as the CS. The focus was on those visual 
structures that receive direct input from the retina: the lateral 
geniculate nucleus (LGN), the superficial layers (stratum gri- 
seum superficiale and stratum opticum) of the superior colli- 
culus (SC), and the pretectal nuclei (Ptc). Although the LGN is 
composed of 2 divisions (dorsal and ventral), and the Ptc of 4 
nuclei (anterior and posterior pretectal nuclei, nucleus of the 
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Figure I. Mean number of days to 70% 
criterion. Groups are plotted on the ab- 
scissa, and days to criterion are plotted 
on the ordinate. The SEM is plotted for 
each group. Asterisks indicate groups 
that were significantly different from 
controls. 
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optic tract, and the olivary nucleus), the LGN and Ptc were 
treated as 2 unitary structures because of the close physical 
proximity of the various divisions. The decision served in re- 
ducing to 8 the number of possible lesion combinations. 

Materials and Methods 
Subjects. Forty-three male, New Zealand white rabbits weighing 2.2- 
2.8 kg were used as subjects. Animals were housed individually and 
maintained ad libitum on food and water. The animal colony was lighted 
from 7:00 a.m. to 7:00 p.m. 

(6) SC + Ptc (n = 4) (7) LGN + SC + Ptc (n = 4) and (8) control (n = 
9). The 3 primary visual structures (LGN, SC, Ptc) were lesioned 1 at 
a time, 2 at a time, or all 3 in combination. In addition, the visual 
cortex was lesioned in all cases that a lesion was aimed at the LGN. 
Although lesions at the ventral LGN were successful, it was technically 
impossible to make lesions of appropriate size at the dorsal LGN. Since 
the dorsal LGN projects exclusively to the visual cortex, lesions of the 
latter were made in order to render dorsal LGN nonfunctional. The 
lesion of the visual cortex included both visual area 1 and visual area 
2 according to the distinction made in rabbit by Thompson et al. (1950). 
Preliminary work showed that lesions of the visual cortex alone had no 
effect on acquisition of NM conditioning to a visual CS. 

Surgical procedures. There were 8 groups: (1) LGN (n = 5), (2) SC The technical difficulties associated with lesions of the dorsal LGN 
(n = 7), (3) Ptc (n = S), (4) LGN + SC (n = S), (5) LGN + Ptc (n = 4), were as follows. Both electrolytic and chemical lesions were attempted. 

Figure 2. Acquisition curves are de- 
picted for each group. Animals were 
trained until they reached the 70% ac- 
quisition criterion. Once an animal 
reached criterion, a score of 70% was 
assigned for that day and all subsequent 
days. 
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Figure 3. Histological reconstructions of LGN lesions. The column labeled LGN Normal shows the LGN and visual cortex (black) in an intact 
animal. Columns labeled LGN Lesions show the smallest and largest lesions (black) in the LGN group. The labels (e.g., P7) on this and subsequent 
figures indicate the distance (in mm) that each section is posterior to bregma. 

Electrolytic lesions spread beyond the dorsal LGN, resulting in consid- 
erable disruption of adjacent structures and fibers of passage (unpub- 
lished observations). Chemical lesions were made with ibotenic acid, 
which has the property ofdestroying only cell bodies while leaving fibers 
of passage intact. Ibotenic acid lesions were more successful in that they 
were very localized. However, animals that received large ibotenic acid 
lesions at the dorsal LGN did not survive the surgical procedure. Even 
if injections were made in stages, more than 25 pg of acid produced 
severe motor disabilities or death in the animals. An injection of 25 rg 
was not sufficient to disrupt both ventral and dorsal divisions. 

At the time of surgery, each animal was anesthetized via a subcuta- 
neous injection of chlorpromazine (10 mg/kg), followed 1 hr later by 
an injection of sodium pentobarbital(22 mg/kg). Additional injections 
of sodium pentobarbital were administered as needed to maintain sur- 
gical anesthesia. Cornea1 and leg reflexes were monitored to insure that 
deep anesthesia was maintained. The rabbit was placed on a custom 
stereotaxic headholder. The skull was exposed by making a midline 
scalp incision and retracting the scalp and periosteum. The skull was 
cleaned with hydrogen peroxide, and holes were drilled through the 
skull at points dorsal to the structures to be lesioned. 

All lesions were bilateral. In general, multiple injections were made 
in each structure, with no more than 0.5 ~1 of acid injected at any single 
injection site. The ventral LGN and dorsal LGN were lesioned by in- 

jetting a total of 10 and 15 j&l .5 ~1 of ibotenic acid, respectively, on 
each side of the brain. The Ptc was also lesioned with ibotenic acid (25 
&2.5 ~1 on each side). The visual cortex and the SC (superficial layers) 
were lesioned by aspiration. Preliminary work revealed that lesioning 
the SC (superficial layers) either by injection of ibotenic acid or by 
passing anodal current produced relatively small lesions of the structure. 
Aspiration permitted an almost complete removal of the SC (superficial 
layers). This technique, however, required the removal of overlying 
cortex in order to provide access to the SC. Although effort was taken 
to minimize damage to overlying visual cortex, there was always damage 
to the caudal part of this area. 

Following the lesions, a headstage was mounted on the skull with 
dental acrylic and supporting screws. Panalog ointment was applied to 
the skull and to the area of the scalp incision to prevent infection. The 
incision was closed around the headstage with ny!on sutures. As an 
added protection against infection, intramuscular injections of Bicillin 
(300,000 U) were given following surgery. 

Behavioral procedures. The apparatus and methods used for condi- 
tioning are basically those described by Gormezano and colleagues ( 1962). 
Animals were conditioned in a sound attenuated and ventilated cham- 
ber. Each rabbit was restrained in a Plexiglas box with an adjustable 
ear plate and ear clamp securing the head and a second plate over the 
animal’s back to restrict general body movement. A small nylon loop, 
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Figure 4. Histological reconstructions 
of SC lesions. The column labeled SC 
Normal shows the SC (black) in an in- 
tact animal. Columns labeled SC Le- 
sions show the smallest and largest le- 
sions (black) in the SC group. 
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sutured through the animal’s NM, was attached to the shaft of a rotary 
phototransducer, which, in turn, was connected to a headgear mounted 
on top of the animal’s head. In this way, lateral movement of the NM 
was transduced into a DC signal that was monitored on an oscilloscope 
and recorded on tape. 

The CS was either a 600 msec light (whole-field illumination, 28 1 x) 
or a 600 msec white noise (60 dB). These stimuli were presented through 
a white screen (2 x 2 cm), or a speaker, respectively, located 12 cm 
directly in front of the animal. The UCS was a cornea1 air puff (100 
msec) delivered from a gate pressurized to 3 psi. The interstimulus 
interval was 500 msec with the CS and UCS coterminating. The inter- 
trial intervals varied randomly from 35 to 45 set with a mean of 40 
sec. The delivery of stimuli was controlled by a programmable, com- 
puterized system. 

All animals received 2 d of adaptation in the apparatus prior to 
training sessions. A training session consisted of 10 blocks, with each 
block containing one nonreinforced CS-alone test trial and 9 paired CS- 
UCS trials. Animals were trained to a criterion of 70% conditioned 
responses over a day of training or for a maximum of 14 d. Animals 
that did not reach acquisition criterion by the 14th d were further trained 
with an auditory CS (white noise) until they reached criterion. They 
were then given additional training with the light CS for 7 d. 

Behavioral data were analyzed by an Apple II computer system. 
Movement of the NM that exceeded 0.5 mm was considered to be a 
response. An NM response that occurred during the 500 msec ISI in 
paired trials or during 500 msec from the CS onset in CS-alone trials 
was defined as a CR. The maximum amplitudes of the unconditioned 
responses were also calculated. 

Histologicalprocedures. At the conclusion of training, all animals were 
deeply anesthetized by injection of pentobarbital into the marginal ear 
vein and then perfused through the heart with saline (0.9%) and formalin 
(10%). The brains were stored for a minimum of 1 week in sucrose 
formalin. The brains were then embedded in albumin gelatin and frozen. 
Coronal sections were taken through the extent of the lesion at 50 pm. 

The tissue slices were mounted and stained with cresyl violet. Recon- 
struction of the lesions was accomplished by placing the stained slices 
on a photographic enlarger and projecting the sections onto plates from 
the atlas of Urban and Richard (1972). Lesion location was verified 
using a high-power microscope and camera lucida. 

Results 
Behavioral results 
The number of days for each animal to meet criterion (70% 
CRs during 1 d of training) was determined, and group means 
were calculated from these data (Fig. 1). All animals in the 
control, LGN, SC, Ptc, LGN + Ptc, and SC + Ptc groups met 
the acquisition criterion within the initial 14 d of training. Mean 
number of days to criterion for each group was 6.4 (control), 
7.0 (LGN), 5.3 (SC), 9.0 (Ptc), 7.8 (LGN + Ptc), and 8.0 (SC + 
Ptc) (Fig. 1). 

Three (out of five) animals in the LGN + SC group failed to 
reach criterion during the initial 14 d of training. These animals 
reached criterion to the light CS after they acquired to the white 
noise CS. Histological examination of the LGN + SC group did 
not reveal any correlation between the performance of the an- 
imals and lesion sites. The mean number of days to criterion 
for this group was 12.0 (Fig. 1). 

Triple lesion animals failed to meet criterion to the light CS 
during a total of 2 1 d of training (14 initial days and 7 additional 
days following acquisition to the white noise CS). All triple 
lesion animals reached criterion to the white noise CS with a 
mean of 7.0 d. 
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A Kruskal-Wallis test was conducted on the number of days 
to criterion to the light CS of all 8 groups. A nonparametric test 
was chosen since the distributions violated the assumption of 
homogeneity of variance. All animals in the triple lesion group 
failed to reach criterion to the light CS producing a “ceiling 
effect,” and 3 animals in the LGN + SC group reached criterion 
to the light CS after the 14 initial days of training. Statistically 
significant differences were found among groups (H = 20.9, df= 
7, p < 0.01). Pairwise comparisons between the control and 
each other group were subsequently made using the Mann-Whit- 
ney U test. The triple lesion group (Ul = 0, U2 = 36, 4,9, p < 
0.01) and the LGN + SC group (Ul = 4.5, U2 = 40.5, 5,9, p < 
0.05) were found to be significantly different from the control 
group. No other groups were significantly different from the 
controls. 

As the selection of an acquisition criterion is arbitrary, a 
second criterion of only 35% CRs during a day of training was 
chosen to determine whether a more liberal criterion would be 
sensitive to the lesions. The mean number of days to the 35% 
criterion for each group were 6.0 (control), 5.4 (LGN), 3.7 (SC), 
8.0 (Ptc), 10.4 (LGN + SC), 7.0 (LGN + Ptc), 6.8 (SC + Ptc), 
and 14.0 (triple lesion group). A Kruskal-Wallis test was con- 
ducted on the number of days to the 35% criterion of all 8 
groups. Statistically significant differences were found among 
groups (H = 20.5, df = 7, p < 0.01). Subsequent Mann-Whitney 
U tests revealed the same patterns of differences for the 35% 
criterion as for the 70% criterion; that is, the triple lesion group 
(Ul = 0, U2 = 36, 4,9, p < 0.01) and the LGN + SC group 
(Ul = 5, U2 = 40, 5,9, p < 0.05) were significantly different 
from the control group. 

The mean number of conditioned responses in each group 
was determined for each day of training. Because animals were 
trained for different numbers of days, the percentage of condi- 
tioned responses for all days beyond the criterion day was as- 
sumed to be 70% for days plotted. Figure 2 depicts the acqui- 
sition curves for each group. 

The amplitudes of URs were determined for each animal on 
the first day of training. These data were used to determine if 

Figure 5. Histological reconstructions 
of Ptc lesions. The column labeled Ptc 
Normal shows the Ptc (black) in an in- 
tact animal. Columns labeled Ptc Le- 
sions show the smallest and largest le- 
sions (black) in the Ptc group. 

any lesion reduced an animal’s ability to respond. The mean 
UR amplitude for each group was as follows: control, 8.3 mm; 
LGN, 10.8 mm; SC, 9.9 mm; Ptc, 6.8; LGN + SC, 9.0; LGN + 
Ptc, 7.8 mm; SC + Ptc, 9.0 mm; LGN + SC + Ptc, 9.4 mm. 
Analysis of variance revealed no significant differences among 
groups in UR amplitudes (I; < 1). 

Histological reconstructions 

Lesion sites were determined for each animal. Percentage of 
destruction was quantified by overlaying a grid (0.5 cm x 0.5 
cm) on each lesion drawing. The number of squares covered by 
each lesion was counted and divided by the number of squares 
covered by the corresponding intact structure. Table 1 shows 
the mean percentage lesion and range for each group. Figures 
3-5 show the smallest and largest lesions of the single lesion 
groups. Figures 6-8 show the smallest and largest lesions of the 
double lesion groups. Figure 9 shows the smallest and largest 
lesions of the triple lesion group. Figures 10 and 11 show pho- 
tomicrographs of representative ibotenic acid lesions at the ven- 
tral LGN and Ptc, respectively. Ibotenic acid destroyed large 
cells in both structures and created a discrete region of gliosis 
that can be distinguished in Figures 1 Ob and 11 b. 

As can be seen from Table 1, injection of ibotenic acid de- 
stroyed 80-9 1% of the ventral LGN, 2 l-40% of the dorsal LGN 
(only a partial lesion of the dorsal LGN was attempted), and 
aspiration removed 85-93% of the visual cortex in the 4 groups 
that the LGN and visual cortex were the target areas (LGN, 
LGN + SC, LGN + Ptc, and LGN + SC + Ptc). Aspirative 
lesions destroyed 84-95% of the SC (superficial layers) in the 4 
groups that the SC was a target area (SC, LGN + SC, SC + Ptc, 
and LGN + SC + Ptc). Injection of ibotenic acid destroyed 72- 
79% of the Ptc in the 4 groups that the Ptc was a target area 
(Ptc, LGN + Ptc, SC + Ptc, and LGN + SC + Ptc). 

These results indicate that lesions were large, as they covered 
(on the average) 85% of the target areas. They also indicate that 
similar lesions were made to the LGN, SC, and Ptc across the 
various combinations of single, double, and triple lesions, in 
that the variation among groups was approximately only 10%. 
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LGN+SC Lesions 

Figure 6. Histological reconstructions of LGN + SC lesions. Columns 
labled LGN + SC Lesions show the smallest and largest lesions (black) 
in the LGN + SC group. 

Ibotenic acid lesions resulted in little damage to structures 
adjoining the target areas. Injection of ibotenic acid in the LGN 
produced slight damage to the reticular nucleus of the thalamus, 
the zona incerta, and the posterior thalamic complex, including 
the pulvinar in almost all animals. Injection of ibotenic acid in 
the Ptc produced slight damage to the medial geniculate nucleus 
in 2 animals in the Ptc group, in 2 animals in the LGN + Ptc 
group, and in one in the LGN + SC + Ptc group. A very small 
portion of the midbrain reticular formation was damaged in all 
animals in these groups. 

Aspirative lesions resulted in considerable damage to struc- 
tures adjoining the target areas. Aspiration of the visual cortex 
extended to cover approximately 20% of the retrosplenial cortex 
in the LGN and LGN + SC groups. Aspiration of the SC resulted 
in the removal of approximately 30% of the deep layers in all 
groups for which the SC was a target area (SC, LGN + SC, SC + 
Ptc, and LGN + SC + Ptc). In the SC and SC + Ptc groups, 
aspiration of the SC resulted in partial removal of the visual 
cortex (approximately 40%). This damage at the visual cortex 
was approximately half the size of that produced in the LGN, 
LGN + Ptc, and LGN + SC + Ptc groups (the groups in which 
the visual cortex was a target area). 

LGN+Ptc Lesions 
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Pl 

Figure 7. Histological reconstructions of LGN + Ptc lesions. Columns 
labeled LGN + Ptc Lesions show the smallest and largest lesions (black) 
in the LGN + Ptc group. 

Discussion 
The results of the present study indicate that parallel pathways 
can individually conduct information about a visual CS to brain 
areas critical for acquisition of the classically conditioned NM 
response. Single lesions to any one of the 3 target systems (LGN, 
SC, Ptc) did not alter the rate of conditioning. Furthermore, 
double lesions to any 2 of the systems did not prevent condi- 
tioning, although LGN + SC lesions significantly retarded ac- 
quisition. When all 3 systems were lesioned, however, animals 
never acquired to the visual CS, although they successfully con- 
ditioned to an auditory CS. The finding that the combined 
LGN + SC lesion produced a significant slowing of acquisition 
suggests that the pretectal nuclei, although capable of supporting 
conditioning, are not as efficient as the LGN and SC systems 
in transmitting visual CS information during NM conditioning. 

The finding that parallel visual pathways are individually ca- 
pable of supporting NM conditioning to a visual CS is similar 
to the findings of Cohen (1982) who used the heart-rate prep- 
aration in pigeon. Cohen found that single lesions of the prin- 
cipal optic nucleus, nucleus rotundus, and pretectal region did 
not affect conditioning rates. Double lesions of any 2 of the 3 
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Figure 8. Histological reconstructions of SC + Ptc lesions. Columns 
labeled SC + Ptc Lesions show the smallest and largest lesions (blue/c) 
in the SC + Ptc group. 
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Figure 9. Histological reconstructions of triple lesions. Columns la- 
beled LGN + SC + Pfc Lesions show the smallest and largest lesions 
(b&k) in the triple lesion group. 

Table 1. Percentage of visual structures lesioned 

Area lesioned Dorsal LGN Ventral LGN Visual cortex SC Ptc 

LGN 40 84 93 - 

(o-85) (65-100) (90-100) 
SC - - 45 84 - 

(30-70) (75-90) 
Ptc - - - - 79 

(70-U) 
LGN + SC 33 80 88 95 - 

(25-40) (65-85) (80-95) (80-100) 
LGN + Ptc 23 91 85 - 77 

(15-50) (75-100) (80-95) (65-80) 
SC + Ptc - - 35 92 72 

(30-50) (85-100) (65-85) 
LGN + SC + Ptc 21 85 90 90 75 

(10-40) (75-95) (80-95) (85-100) (65-85) 

Mean percentages of target areas lesioned in each group are shown. The range within each group is given in parentheses. 
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Figure IO. a, Photomicrograph of the 
ventral LGN and optic tract (at left side 
of plate) of an intact animal. b, Pho- 
tomicrograph of the ventral LGN and 
optic tract of a lesioned animal. 

structures produced only short-lasting deficits. When all 3 struc- 
tures were lesioned, however, heart-rate conditioning was pre- 
vented. The avian principal optic nucleus and the pretectal re- 
gion are homologous to the LGN and the pretectal area in 
mammals, respectively, and the nucleus rotundus is a direct 
projection site for the optic tectum, which is homologous to the 
mammalian SC. The similarity of the findings with 2 different 
preparations suggests that parallel pathways transmitting CS 
information may be an important structural characteristic of 
visual systems or even of sensory systems in general. 

a 

b 

1 1 

1 .O mm 

Following identification of those visual structures critical for 
conduction of the visual CS, the next step in tracing the circuit 
underlying NM classical conditioning is to link the visual CS 
pathway to those central brain structures that are known to be 
essential components of the circuit. The model proposed by 
Thompson and colleagues (Steinmetz et al., 1985b; Woodruff- 
Pak and Thompson, 1985) states that CS information is relayed 
from primary sensory systems (e.g., the visual system) to pre- 
cerebellar nuclei and then to the cerebellum via mossy fibers 
through the middle cerebellar peduncle. The most likely can- 
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a 

didates among the precerebellar nuclei for the visual CS pathway 
are those found in the ventral pons. These nuclei are the dor- 
solateral pontine nucleus (DLPN, which is dorsal and lateral to 
the pyramidal tract), the rostra1 pontine nuclei (which are ventral 
and medial to the pyramidal tract), and the paramedian pontine 
nucleus (which lies near the midline at the level of the DLPN). 

Evidence implicating these 3 structures comes from both 
physiological and anatomical studies. A significant population 
of cells in the DLPN and rostra1 pons in cat are responsive to 
visual stimulation with onset latencies of 20-26 msec (Mower 

b 

Figure II. a, Photomicrograph of the 
anterior pretectal nucleus of an intact 

I I animal. 6, Photomicrograph of the an- 

0.3 mm 
terior pretectal nucleus ofa lesioned an- 
imal. 

et al., 1979) and approximately 25 msec (Glickstein et al., 1972), 
respectively. The short latencies indicate that the visual input 
is probably projected to these cells directly from primary visual 
structures. Indeed, all 3 pontine areas have been shown to re- 
ceive direct inputs from several primary visual structures. First, 
in cat several areas of the visual cortex project to cells in the 
rostra1 portion of the ventral pons (Brodal, 1972a, b, Baker et 
al., 1975; Mower et al., 1980; Robinson et al., 1984). These 
visually sensitive pontine cells, in turn, project primarily to the 
contralateral cerebellar hemisphere (Brodal and Jansen, 1946; 
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Mower et al., 1980; Robinson et al., 1984). Second, in rabbit, 
cat, and rat, cells in the superficial and deep layers of the SC 
project to the DLPN (Kawamura and Brodal, 1973; Graham, 
1977; Mower et al., 1979; Holstege and Collewijn, 1982), which 
then projects primarily to the cerebellar vermis and ipsilateral 
cerebellar hemisphere (Brodal and Jansen, 1946; Kawamura 
and Brodal, 1973; Hoddevik et al., 1977; Mower et al., 1980; 
Yeo et al., 1985b). Third, in cat and rat, the ventral LGN pro- 
jects to the paramedian pontine nucleus (Edwards et al., 1974; 
Graybiel, 1974b; Swanson et al., 1974; Ribak and Peters, 1975). 
Cells from the paramedian nucleus project to the cerebellar 
vermis in a pattern that is very similar to the projection of the 
DLPN (Mower et al., 1980). Fourth, in rabbit, the nucleus of 
the optic tract, one of the pretectal nuclei, projects to both the 
DLPN and the paramedian nucleus (Graybiel, 1974a; Weber 
and Hatting, 1980; Holstege and Collewijn, 1982). The projec- 
tions of the LGN, SC, Ptc, and visual cortex to the cerebellum 
can be summarized as in Figure 12. 

In sum, the precerebellar areas of the ventral pons (the DLPN, 
the rostra1 pontine nuclei, and the paramedian nucleus) receive 
massive visual input. Furthermore, stimulation of one of these 
areas, the DLPN, can serve as an effective CS during NM re- 
sponse conditioning (Steinmetz et al., 1985a, b). This implies 
that physiological activation of cells in the DLPN by a visual 
stimulus could also serve as an effective CS. Although indirect, 
the aforementioned anatomical and physiological studies indi- 
cate that the DLPN is a probable site through which critical 
visual CS information is relayed to the cerebellum during NM 
response conditioning. The finding that lesions of the DLPN do 
not abolish conditioned responses to a visual CS, however 
(Steinmetz et al., 1986), indicates that this area is not the only 
one involved in transmitting information about a visual CS to 
the cerebellum. Anatomical and physiological studies also in- 
dicate that the rostra1 and/or the paramedian pontine nuclei 
may be involved. Additional information, however, is needed 
before the precise role of these pontine areas can be determined. 
It is necessary to determine if these areas are critical for the 
transmission for visual CS information. That is, will lesions of 

these pontine nuclei prevent acquisition of the conditioned NM 
response to a light CS? If training to a visual CS is blocked by 
lesions to one or more of these pontine nuclei, then it would be 
necessary to determine if visually responsive precerebellar cells 
in the critical areas show learning-dependent changes during 
NM response conditioning. Determining whether leaming-de- 
pendent changes take place in the pons and in their inputs would 
permit a more accurate interpretation of any neuronal plasticity 
in the cerebellum. 

In conclusion, information about a visual CS (whole-field 
illumination) can be projected via multiple pathways to the 
circuit that is essential for classical conditioning of the NM 
response. Consequently, conditioning can occur if at least one 
of the primary visual structures-the LGN, SC, or pretectal 
area-is intact. Although several alternatives exist, one possible 
route for the transmission of visual CS information is from 
primary visual structures to the cerebellum via precerebellar 
nuclei in the ventral pons. 
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