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Abstract
The auditory conditioned stimulus (CS) pathway that is necessary for delay eyeblink conditioning
was investigated with induced lesions of the medial auditory thalamus contralateral to the trained
eye in rats. Rats were given unilateral lesions of the medial auditory thalamus or a control surgery
followed by twenty 100-trial sessions of delay eyeblink conditioning with a tone CS and then five
sessions of delay conditioning with a light CS. Rats that had complete lesions of the contralateral
medial auditory thalamic nuclei, including the medial division of the medial geniculate,
suprageniculate, and posterior intralaminar nucleus, showed a severe deficit in conditioning with the
tone CS. Rats with complete lesions also showed no cross-modal facilitation (savings) when switched
to the light CS. The medial auditory thalamic nuclei may modulate activity in a short-latency auditory
CS pathway or serve as part of a longer latency auditory CS pathway that is necessary for eyeblink
conditioning.
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Pavlovian conditioning paradigms are optimal for establishing the neural structures that are
necessary and sufficient for learning (Thompson, 1976). The amygdala and cerebellum have
been implicated as sites of learning-induced plasticity that form associations among stimuli
during fear and eyeblink conditioning, respectively (Fanselow & Poulos, 2005; Thompson,
2005). These learning centers receive converging information from both conditioned stimuli
(CSs) and unconditioned stimuli (USs) to form the association that is necessary for producing
a conditioned response (CR). Stimulus information is thought to be relayed to learning centers
by neural pathways that are distinct for different types of CRs.

Neural pathways for an auditory CS in fear-motivated conditioning include the medial division
of the medial geniculate nucleus (MGm), posterior intralaminar nucleus (PIN), suprageniculate
nucleus (SG), and their projections to the lateral and basolateral amygdala (Bordi & LeDoux,
1994; Campeau & Davis, 1995; Edeline & Weinberger, 1992; Gabriel, Saltwick, & Miller,
1975; LeDoux, Farb, & Ruggiero, 1990; LeDoux, Sakaguchi, & Reis, 1983; McCabe,
McEchron, Green, & Schneiderman, 1993; McEchron, McCabe, Green, Llabre, &
Schneiderman, 1995; Supple & Kapp, 1989). The MGm is also involved in appetitive
conditioning (Birt & Olds, 1981; Disterhoft & Olds, 1972; Olds, Disterhoft, Segal, Kornblith,
& Hirsh, 1972). The medial auditory thalamic nuclei (MGm, PIN, and SG) provide CS input
to the amygdala but are also activated by aversive USs (Bordi & LeDoux, 1994; Edeline &
Weinberger, 1992; Lennartz & Weinberger, 1992). Auditory conditioning produces learning-
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related facilitation of neuronal activity in the MGm, which might be due to convergence of CS
and US inputs in the MGm (Birt & Olds, 1981; Bordi & LeDoux, 1994; Edeline & Weinberger,
1992; Gabriel et al., 1975; Lennartz & Weinberger, 1992; Love & Scott, 1969; McEchron et
al., 1995; Ryugo & Weinberger, 1978; Supple & Kapp, 1989; Wepsic, 1966) or to CS–US
convergence in the amygdala with feedback to the MGm (Maren, Yap, & Goosens, 2001;
Poremba & Gabriel, 2001). Although the medial auditory thalamic nuclei have been shown to
play a role in many of the most commonly used auditory conditioning paradigms, very little
is known about their contributions to eyeblink conditioning.

Auditory CS information in eyeblink conditioning is conveyed to the pontine nuclei via a
monosynaptic projection from the cochlear nuclei (Steinmetz et al., 1987; Steinmetz &
Sengelaub, 1992). The pontine nuclei then provide the cerebellum with auditory CS
information through their mossy fiber inputs via the middle cerebellar peduncle, primarily to
the contralateral interpositus nucleus and granule cell layer of the cerebellar cortex (Brodal,
1981; Mihailoff, 1993; Shinoda, Sugiuchi, Futami, & Izawa, 1992; Steinmetz & Sengelaub,
1992). The projection from the cochlear nuclei to the pons constitutes a unilateral short-latency
auditory CS pathway. Abundant evidence indicates that the pontine mossy fiber projection is
the proximal part of the necessary and sufficient CS pathway in eyeblink conditioning (Bao,
Chen, & Thompson, 2000; Freeman & Rabinak, 2004; Freeman, Rabinak, & Campolattaro,
2005; Hesslow, Svensson, & Ivarsson, 1999; Steinmetz, 1990; Steinmetz et al., 1987;
Steinmetz, Rosen, Chapman, Lavond, & Thompson, 1986; Tracy, Thompson, Krupa, &
Thompson, 1998). Less conclusive data have been reported regarding the various auditory
nuclei that could contribute to processing of an auditory CS in eyeblink conditioning.

The short-latency pathway clearly provides auditory CS information to the pontine nuclei, but
the monosynaptic pathway may not be sufficient for conditioning. Neurons in the pons that
receive input from the cochlear nuclei show a response latency of 3−5 ms after the onset of a
brief acoustic stimulus (Gould, Sears, & Steinmetz, 1993; Steinmetz et al., 1987). However,
an interstimulus interval (ISI) greater than 50 ms is required for acquisition of eyeblink
conditioning (Smith, Coleman, & Gormezano, 1969). Other auditory structures may be
critically involved in relaying tone CS information after 5 ms to the pontine nuclei to support
eyeblink conditioning. Evidence for the involvement of auditory areas other than the cochlear
nuclei in eyeblink conditioning comes from studies that used stimulation of the ventral division
of the medial geniculate, inferior colliculus, superior olive, auditory cortex, and cochlear nuclei
as an effective CS to support conditioning (Knowlton & Thompson, 1992; Knowlton,
Thompson, & Thompson, 1993; Nowak, Kehoe, Macrae, & Gormezano, 1999; Patterson,
1970). Single-unit activity in the medial geniculate recorded during differential auditory trace
conditioning in rabbits showed CS- and CR-related facilitation in the dorsal and medial nuclei;
the strongest facilitation occurred in the medial nucleus (O'Connor, Allison, Rosenfield, &
Moore, 1997). The stimulation and unit recording data suggest that auditory areas that are
efferent to the cochlear nuclei might play a role in eyeblink conditioning.

Lesion studies have provided further evidence for which of the auditory areas mentioned above
might be relaying auditory CS information to the cerebellum. Decerebrations rostral to the red
nucleus do not prevent retention of auditory eyeblink conditioning, and decortication does not
prevent acquisition or retention, indicating that auditory cortex is not essential (Mauk &
Thompson, 1987; Oakley & Russell, 1972, 1977). Mauk and Thompson decerebrated rabbits
following initial conditioning with a tone CS by first aspirating the cerebral cortex and
hippocampus and then sectioning the brain stem rostral to the red nucleus. This decerebration
procedure might have spared the caudal end of the medial auditory thalamus. It is possible,
therefore, that the medial auditory thalamic nuclei play a role in auditory eyeblink conditioning
through direct or indirect projections to the pons. The current experiment examined the
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possibility that the contralateral medial auditory thalamic nuclei are involved in the acquisition
of delay eyeblink conditioning with a tone CS.

Method
Subjects

The subjects were 39 male Long-Evans rats (250 − 400 g). The rats were housed in the animal
colony in Spence Laboratories at the University of Iowa (Iowa City, IA). All rats were
maintained on a 12-hr light–dark cycle, with light onset at 7 a.m., and were given ad libitum
access to food and water.

Surgery
Two weeks before training, rats were removed from their home cages and anesthetized with
an intraperitoneal injection of sodium pentobarbital (60 mg/kg). Rats were given injections of
atropine sulfate (0.45 mg/kg) to reduce respiratory tract secretions during anesthesia. After the
onset of anesthesia, the rats were fitted with differential electromyograph (EMG) electrodes
that were implanted in the left orbicularis oculi muscle in the upper eyelid. The reference
electrode was attached to a stainless steel skull screw. The EMG electrode leads terminated in
gold pins in a plastic connector. A bipolar stimulating electrode (Plastics One, Roanoke, VA)
for delivering the shock US was implanted subdermally, caudal to the left eye. A 30-gauge
stainless steel infusion cannula was lowered into the right MG in three sites. The infusion
cannula was connected to polyethylene tubing (PE 10; 100 cm), which was connected to a 10-
μL gas-tight syringe (Hamilton, Reno, NV). The syringe was placed in an infusion pump
(Hamilton Apparatus, Holliston, MA), and either 0.25 μL (MG) or 0.10 μL (MGm) of ibotenic
acid (10 mg/ml, pH 7.4) or sterile saline (pH 7.4) was infused at each coordinate. The infusion
rate was 2.0 ml/hr for MG lesions and 1.0 ml/hr for smaller lesions targeting the MGm; the
infusion cannula was allowed to sit for 7 min before being raised to prevent upflow. The
stereotaxic coordinates for the MG lesion taken from bregma were 5.0, 5.5, and 6.1 mm
posterior; 3.3, 3.4, and 3.6 mm lateral; and 5.9 mm ventral to the skull surface. The coordinates
for the MGm lesion were 5.1, 5.5, and 5.9 mm posterior; 2.9, 2.8, and 3.1 mm lateral; and 6.0
and 6.1 mm ventral to the skull surface. The plastic connectors housing the EMG electrode
leads, the bipolar stimulating electrode, and two skull screws were secured to the skull with
dental acrylic (Dentsply International, York, PA). Animals were maintained on 0.006%
Sulfatrim (Alpharma, Baltimore, MD) in water for 4 days after surgery.

Apparatus
The conditioning apparatus consisted of seven small-animal sound-attenuating chambers
(BRS/LVE, Laurel, MD). Within each sound-attenuating chamber was a small-animal operant
chamber (BRS/LVE), in which the rats were kept during conditioning. One wall of the operant
chamber was fitted with two speakers that independently produce tones of up to 120 dB (sound
pressure level) with a frequency range of approximately 1,000 to 9,000 Hz. The middle of the
back wall of the sound-attenuating chamber was equipped with a small 4-W house light, and
the corner was equipped with a 6-W light CS. An exhaust fan on one of the walls provided a
65-dB masking noise. The CSs used in training were a 2,000- or 8,000-Hz pure tone (88 dB;
range in conditioning chamber = 83−88 dB) and a 6-W white light flash. The electrode leads
from the rat's head stage were connected to peripheral equipment by lightweight cables that
allowed the rat to move freely during conditioning. A desktop computer was connected to the
peripheral equipment. Computer software controlled the delivery of stimuli and the recording
of eyelid EMG activity (JSA Designs, Raleigh, NC). One circuit controlled the delivery of a
shock stimulus through a stimulus isolator (Model 365A; World Precision Instruments,
Sarasota, FL). Another circuit differentially amplified (gain = 2000; sampling rate = 250 Hz),
filtered (500−5,000 Hz), and integrated (time constant = 20 ms) eyelid EMG activity. The
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intensity of the shock US was set at two times the threshold for eliciting a discrete eyeblink
(range of final current intensity = 2−5 mA).

Conditioning Procedure
The rats were allowed to adapt to the training environment for 5 min before each training
session. They were then given delay eyeblink conditioning using a tone CS (2 or 8 kHz) for
20 days followed by 5 days of delay conditioning with a light CS. Daily training sessions
consisted of 10 blocks of 9 paired CS–US presentations and 1 CS-alone trial. The stimuli were
presented with a pseudorandom distribution of intertrial intervals between 18 and 42 s that
averaged 30 s. The 500-ms tone or light CS coterminated with a 25-ms shock US, yielding an
interstimulus interval of 475 ms. The values relayed to the computer software from the EMG
integrator were units of voltage of integrated EMG activity. The CR threshold was set at 0.4
V above the amplified and integrated EMG activity during baseline. The EMG baseline was
usually zero (except for the direct current offset), because the orbicularis oculi muscle does
not produce spontaneous or tonic activity (Hesslow, 1994; Pellegrini & Evinger, 1997).
Integrated EMG responses exceeding the threshold value during the first 80 ms of the CS period
were startle responses; responses that exceeded the threshold value during the last 395 ms of
the CS but before the US were CRs; and responses that exceeded the threshold after the onset
of the US were URs.

Histology
After training, the rats were euthanized with an injection of sodium pentobarbital (150 mg/kg)
and transcardially perfused with ∼100 ml of physiological saline followed by ∼300 ml of 10%
buffered formalin. After perfusion, the brains were postfixed for a minimum of 24 hr,
cryoprotected in 10% and 30% sucrose in phosphate-buffered saline, and subsequently
sectioned at 50 μm with a sliding microtome. Sections were then stained with cresyl violet or
thionin. The location and size of the lesions were then examined with a light microscope (Leica
DMLS, Wetzlar, Germany) and a stereotaxic brain atlas (Paxinos & Watson, 1998).

Groups
The rats were initially assigned to one of three groups: lesion (n = 25), saline-infused control
(saline, n = 8), or behavioral control in which training took place only with the light CS (light
acquisition, n = 6). The lesion group was subsequently subdivided on the basis of histological
assessment of the lesions (see the Results section) into two groups: rats that had complete
lesions of the MGm, PIN, and SG (complete, n = 14) and rats that exhibited sparing of at least
one of those nuclei (n = 11).

Results
Figure 1 shows examples of complete and incomplete ibotenic acid lesions of the medial
auditory thalamic nuclei. Lesions were designated as complete if they included total cell loss
in the MGm, PIN, and SG (n = 14). Lesions that spared the MGm, PIN, or SG were considered
to be incomplete (n = 11). Other areas were damaged in some of the rats including the medial
CA3 and ventral CA1 areas of the hippocampus; dorsal and ventral divisions of the medial
geniculate, peripeduncular nucleus, pretectal nucleus, and the dorsolateral substantia nigra
(Figure 2). These areas were not damaged consistently in rats with complete lesions, but more
rats in the complete group (n = 5) sustained hippocampal damage than in the incomplete group
(n = 2). Therefore, the behavioral data from rats with hippocampal lesions were not used in
the statistical analyses.

Rats with complete lesions of the medial auditory thalamus were severely impaired on
conditioning to a tone CS compared with rats in the incomplete and saline groups (Figure 3;
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Sessions 1−20). When rats in the complete group were switched to conditioning with a light
CS, their rate of acquisition was the same as the light acquisition group (Figure 3; Sessions 21
−25). In contrast, the incomplete and saline groups showed cross-modal facilitation (savings)
relative to the light acquisition group when switched from the tone to a light CS.

Unpaired control groups to assess nonassociative changes in eyeblink responses were not used
in the current study. It is unlikely, however, that nonassociative effects contributed to the
pattern of results. The percentage of CRs in the group with complete lesions was similar to the
percentage of CRs typically seen in rats given unpaired training in our laboratory (e.g., Kleim
et al., 2002). It is possible that some of the eyeblink responses in the group given incomplete
lesions were due to nonassociative responding, but the rate of acquisition and CR timing
suggest that the conditioning observed in this group was associative.

We performed a repeated measures analysis of variance (ANOVA) on the percentage of CRs
during acquisition of tone conditioning for the complete, incomplete, and saline groups
(Sessions 1−20), which revealed a significant interaction of the group and session variables,
F(38, 437) = 8.51, p < .0001. Post hoc tests (Tukey–Kramer) indicated that the incomplete and
saline groups produced more CRs during all tone sessions (Sessions 1−20) than did the
complete group (all comparisons, p < .05). The incomplete group showed fewer CRs than did
the saline group on Sessions 2, 11, and 13 of tone conditioning (all comparisons, p < .05).

A repeated measures ANOVA was also performed on the percentage of CRs during subsequent
light conditioning for the complete, incomplete, saline, and light acquisition groups (Sessions
21−25), which revealed a significant interaction of the group and session variables, F(12, 112)
= 6.80, p < .0001. Post hoc tests indicated that the complete and light acquisition groups showed
fewer CRs on Sessions 21 and 22, as compared with the incomplete and saline groups (both
comparisons, p < .05). The complete and light acquisition groups did not differ significantly
during any of the light conditioning sessions. The incomplete and saline groups also did not
differ significantly during any of the light conditioning sessions. The absence of cross-modal
facilitation in the complete group indicates that they acquired no conditioning during tone
training.

Separate ANOVAs were performed on UR amplitude and UR peak latency during the first day
of training for the saline, complete, and incomplete groups. The UR measures were taken on
the first day of training because there were fewer CRs that would contaminate measurement
of the UR than during the subsequent sessions. There was no group effect for either UR
amplitude, F(2, 23) = 0.25; p < .78, or UR peak latency, F(2, 23) = 0.40, p < .68, indicating
that motor performance was intact in the rats that failed to show auditory eyeblink conditioning.

Discussion
Complete lesions of the medial division of the medial geniculate, suprageniculate, and posterior
intralaminar nuclei (the medial auditory thalamic nuclei) contralateral to the trained eye
severely impaired acquisition of eyeblink conditioning with a tone CS. Lesions that did not
completely destroy the medial auditory thalamic nuclei had little effect on acquisition of
eyeblink conditioning. Rats with complete lesions of the medial auditory thalamic nuclei
acquired eyeblink conditioning with a light CS but showed no evidence of cross-modal
facilitation relative to a control group that was only trained with the light CS. Rats with
incomplete lesions and rats in the control group showed facilitated acquisition of conditioning
when switched to the light CS. Rats with complete lesions did not exhibit deficits in the
amplitude or latency of the unconditioned response, suggesting that the lesions did not affect
motor performance.
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Cross-modal facilitation like that observed in the control and incomplete lesion groups has
been investigated in detail in rabbits (Kehoe, 1988). The facilitation of conditioning seen when
the CS modality is changed is not due to primary stimulus generalization; it is most accurately
characterized as more rapid acquisition due to previously established plasticity within the
neural circuitry underlying conditioning (Kehoe, 1988). The absence of cross-modal
facilitation in the rats with complete lesions indicates that the impairment in conditioning seen
during tone training is due to a learning deficit and cannot be attributed to a deficit in
performance of the CR. The rats with complete lesions, therefore, failed to acquire associative
plasticity during the 2,000 trials of tone conditioning.

A somewhat unexpected finding of the current experiment is that bilateral lesions of the medial
auditory thalamic nuclei were not necessary to produce the conditioning impairment. It may
be that the contralateral medial auditory thalamic nuclei are selectively engaged when a
unilateral US is presented. Evidence for unilateral neural processing with a unilateral US has
been demonstrated recently for measures of fear conditioning in which a periorbital shock was
used as the US (Blair et al., 2005). Fear conditioning with a bilaterally applied US such as foot
shock requires the amygdala in both hemispheres, but fear conditioning with a unilateral US
such as periorbital shock requires only the contralateral amygdala (Blair et al., 2005).
Alternatively, unilateral thalamic contributions to auditory associative learning may be unique
to eyeblink conditioning. A follow-up study to the current experiment will examine the effects
of unilateral medial auditory thalamic lesions on fear and eyeblink conditioning with a within-
subjects design.

The precise role of the medial auditory thalamic nuclei in relaying acoustic CS information to
the cerebellum in eyeblink conditioning is not known. It is possible that two pathways are
involved in relaying the necessary and sufficient auditory CS information to the pontine nuclei:
the well-documented short-latency projection from the cochlear nuclei to the pons and a longer
latency parallel pathway through the medial auditory thalamus and directly or indirectly to the
pons (Figure 4). The medial auditory thalamic nuclei project directly to the pontine nuclei
(Campolattaro & Freeman, raw data) and indirectly through a feedback projection to the
inferior colliculus, which then projects to the pons (Kawamura, 1975). Another indirect
pathway from the auditory cortex to the pontine nuclei is probably not an essential component
of the auditory CS pathway because decortication does not abolish conditioning using an
auditory CS (Oakley & Russell, 1972,1977). The longer latency pathway could modulate
activity in the short-latency pathway or be part of the essential auditory CS pathway. In the
absence of physiological data, it is difficult to form a plausible hypothesis for how the longer
latency pathway could modulate the short-latency pathway, but a reasonable possibility is that
the longer latency pathway increases the gain of the short-latency pathway. Accordingly,
lesions of the longer latency pathway would diminish gain in the short-latency pathway and
thereby decrease its input to the cerebellum. It is also possible that lesions of the medial auditory
thalamus impair conditioning by producing abnormal activity in the eyeblink conditioning
circuitry, which has been shown following lesions of the septum (Solomon, Solomon, Vander
Schaaf, & Perry, 1983). Alternatively, the medial auditory thalamic nuclei could be part of the
essential auditory CS pathway. The present data do not distinguish between these possible roles
for the medial auditory thalamus in eyeblink conditioning.

Although the current findings suggest that the auditory CS pathway is more complex than
previously thought, it appears to be simpler than the visual CS pathway. Bilateral lesions of
the lateral geniculate or pretectal nuclei or superficial layers of the superior colliculus did not
prevent acquisition of nictitating membrane conditioning with a light CS (whole-field
illumination) in rabbits (Koutalidis, Foster, & Weisz, 1988). Combined bilateral lesions of
these nuclei, however, completely blocked acquisition of conditioning to a light CS but did not
impair acquisition to a tone CS. The effects of unilateral combined lesions of the visual nuclei
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have not been reported. The findings of the Koutalidis et al. (1988) study suggest that there are
parallel pathways by which visual stimulation can reach the cerebellum. The auditory CS
pathway might also involve parallel pathways to the cerebellum, with separate projections from
the MGm, PIN, and SG providing sufficient input for conditioning. Most of the incomplete/
ineffective lesions in the current experiment spared only the PIN or the SG, suggesting that
each spared nucleus was capable of supporting conditioning to a tone CS. The main difference
between the auditory and visual CS pathways seems to be that the latter has parallel projections
from collicular and thalamic nuclei to the pons, whereas the former probably includes a serial
circuit from the inferior colliculus to the medial auditory thalamic nuclei and then parallel
thalamic inputs to the pons. Neuroanatomical tract tracing and neurophysiological studies are
needed to conclusively determine whether the auditory CS pathway involves parallel inputs to
the pons from the MGm, PIN, and SG that are independently sufficient for auditory eyeblink
conditioning.

Auditory CS pathways for eyeblink conditioning and fear-motivated conditioning may be more
similar than previously thought. The auditory CS pathway for fear and eyeblink conditioning
includes the medial auditory thalamic nuclei. The inferior colliculus is an essential source of
auditory input to the medial auditory thalamic nuclei in fear-motivated conditioning (Heldt &
Falls, 2003; LeDoux et al., 1983; LeDoux et al., 1990). It is likely, therefore, that the inferior
colliculus is also necessary for eyeblink conditioning. Future studies will examine the
neuranatomical connections among the medial auditory thalamic nuclei, inferior colliculus,
and the eyeblink conditioning circuitry. A better understanding of the neural substrates that
these different forms of associative learning have in common is important for elucidating neural
mechanisms that underlie behavioral adaptations to aversive stimuli.
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Figure 1.
Images of nissl stained sections of the contralateral medial auditory thalamus, which includes
the medial division of the medial geniculate (MGm), the posterior intralaminar nucleus (PIN),
and the suprageniculate nucleus (SG) in a control rat (A), two rats with incomplete lesions (B,
C), and three rats with complete lesions (D, E, and F). The dorsal (MGd) and ventral (MGv)
divisions of the medial geniculate are also labeled. Dotted lines indicate the borders of the
lesions, and dashed lines indicate the borders of the nuclei.
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Figure 2.
Drawing of coronal sections of the rat brain depicting the smallest (black regions) and largest
(gray regions) lesions in rats with complete (upper) or incomplete (lower) lesions of the medial
auditory thalamus, which includes the medial division of the medial geniculate (MGm), the
posterior intralaminar nucleus (PIN), and the suprageniculate (SG). APT = anterior pretectal
nucleus; LPMC = lateral posterior thalamic nucleus, mediocaudal division; MGd = dorsal
division of the medial geniculate; MGv = ventral division of the medial geniculate; OT = optic
tract nucleus; PPT = posterior pretectal nucleus; RN = red nucleus; SN = substantia nigra. The
number to the right of the drawings indicates the anterior–posterior stereotaxic coordinate
relative to bregma. From The Rat Brain in Stereotaxic Coordinates (Figure 42) by G. Paxinos
and C. Watson, 1998, New York: Academic Press. Copyright 1998 by Academic Press.
Adapted with permission.
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Figure 3.
Mean (±) standard error of the mean conditioned response (CR) percentage over twenty 100-
trial sessions of delay eyeblink conditioning with a tone-conditioned stimulus (CS) and five
sessions of conditioning with a light CS in rats with compete lesions of the medial auditory
thalamic nuclei (complete), incomplete lesions (incomplete), saline-infused controls (saline),
and controls that were given training only with a light stimulus (light).
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Figure 4.
(A) The short-latency auditory CS pathway for eyeblink conditioning, which includes the
cochlear nuclei (CN), the pontine nuclei (PN), and their mossy fiber inputs to the cerebellar
cortex (CTX) and interpositus nucleus (IPN). (B) A possible long-latency auditory CS pathway
for eyeblink conditioning, which includes the inferior colliculus (IC), medial auditory thalamic
nuclei (MATN), and their projections to the PN.
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