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ABSTRACT: A striking property of the auditory system is its capacity for the stimulus-specific adaptation (SSA), which is the
reduction of neural response to repeated stimuli but a recuperative response to novel stimuli. SSA is found in both the medial
geniculate body (MGB) and thalamic reticular nucleus (TRN). However, it remains unknown whether the SSA of MGB neurons is
modulated by inhibitory inputs from the TRN, as it is difficult to investigate using the extracellular recording method. In the present
study, we performed intracellular recordings in the MGB of anesthetized guinea pigs and examined whether and how the TRN
modulates the SSA of MGB neurons with inhibitory inputs. This was accomplished by using microinjection of lidocaine to inactivate
the neural activity of the TRN. We found that (1) MGB neurons with hyperpolarized membrane potentials exhibited SSA at both
the spiking and subthreshold levels; (2) SSA of MGB neurons depends on the interstimulus interval (ISI), where a shorter ISI results
in stronger SSA; and (3) the long-lasting hyperpolarization of MGB neurons decreased after the burst firing of the TRN was
inactivated. As a result, SSA of these MGB neurons was diminished after inactivation of the TRN. Taken together, our results
revealed that the SSA of the MGB is strongly modulated by the neural activity of the TRN, which suggests an alternative circuit
mechanism underlying the SSA of the auditory thalamus.

KEYWORDS: Stimulus-specific adaptation (SSA), medial geniculate body (MGB), thalamic reticular nucleus (TRN), oddball procedure,
intracellular recording, long-lasting hyperpolarization

H INTRODUCTION the MGB is composed of ventral (MGV), dorsal (MGD), and

The ability for mammals to detect a novel object or stimulus medial subdivisions (MGM) based on response latency, firing

has been demonstrated at the single neuron level in several patterns, and frequency-tuning properties, as well as different

different sensory systems;'”’ these systems function as a expression levels of neurotransmitters and neuromodula-
sensory filter or gain control in processing sensory information. tors.*"**47>* Intracellular recording studies have revealed
Stimulus-specific adaptation (SSA), defined as the selective that MGV neurons respond to acoustic stimulation with
reduction of neural response to repetitive stimuli (standard excitatory postsynaptic potentials (EPSPs) superimposed with
stimuli) and recuperative response to a novel stimulus (deviant spikes at the peak of depolarization, whereas MGD neurons
stimulus), has been proposed to be related to novelty detection exhibited spikes followed by inhibitory postsynaptic potentials

and plays an important role in sound processing.” The SSA is
strong and widespread in the auditory system, being found in
most auditory neurons along the ascending auditory pathway ]
from the midbrain up to the auditory cortex, such as the Received: Mar'Ch 10, 2021
inferior colliculus (IC),”°”" medial geniculate body Accepted:  April 12, 2021
(MGB),”?° thalamic reticular nucleus (TRN),*”*® and Published: April 26, 2021
auditory cortex.”>?7°

The MGB is the last obligate relay station in the auditory
system, which comprises several subdivisions.””~* In general,

(IPSPs) or long-lasting IPSPs alone without a spiking response
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Figure 1. [llustration of experiment design. (A) Intracellular recordings in MGB of anesthetized guinea pig before and after inactivation of TRN via
microinjection of lidocaine. The location of TRN was identified by extracellular recordings. The glass pipet for microinjection was glued to the
tungsten electrode. The distance between the tips of the glass pipet and the tungsten electrode was less than 0.5 mm. The left top shows the relative
location of MGB and TRN in the coronal plane. (B) Schematic illustrations of two oddball sequences, which consisted of standard and deviant
tones; the frequency and ratio of the two tones are described in the Methods section.
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Figure 2. Adapting and nonadapting neurons in MGB. (A) An example MGB neuron demonstrating SSA in a spiking response with ISI of 200 ms
and less adaptation as ISI is increased. (B) Firing rate of the neuron in part A to standard and deviant stimuli in all repeated trials (n = S trials,
paired Student’s ¢ test, p < 0.05). (C) An example of a nonadapting neuron in MGB, which showed a similar amplitude of a spiking response to
standard and deviant tones regardless of ISI. (D) Firing rate of the neuron in part C to standard and deviant stimuli in all repeated trials, bars

indicate SD (n = S trials, paired Student’s t test, p > 0.0S).

to acoustic stimulation.”"”*” Previous studies found SSA in the
MGM and MGD?” and very low levels of SSA in the
MGV 22-24

The thalamic reticular nucleus (TRN) is a major source of
inhibitory inputs to MGB neurons in addition to inferior

colliculus (IC) y aminobutyric acid (GABAergic) neurons and
local thalamic inhibitory neurons.”” The TRN is a thin, shell-
shaped nucleus composed of GABAergic neurons, located
between the thalamus and the cortex so that all the fibers
passing either way between thalamus and cortex pass through
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Figure 3. Adapting and nonadapting neurons at ISI of 200 ms. (A1—A3) Adapting neurons with inhibitory inputs. (B) Adapting neurons with
excitatory inputs. Nonadapting neurons with inhibitory inputs (C1) and excitatory inputs (C2).

the TRN.**~” However, the TRN sends inhibitory projections
only to MGD instead of the cortex,”” which functions to
modulate signals going through the thalamus and control the
internal attentional searchlight.“’57 In contrast to moderate
SSA of MGB neurons, neurons in the auditory sector of the
TRN exhibit stronger SSA.””*>*” In addition, previous studies
showed that the response of TRN neurons to a deviant
stimulus either enhanced or suppressed MGB neural responses
to the succeeding auditory stimulus,”” which suggests that the
SSA of the TRN influences the sound processing of MGB
neurons. However, it remains largely unknown whether and
how the SSA of MGB neurons are modulated by the neural
activities of the TRN. As the TRN sends only inhibitory
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projections to MGB neurons,”>****? it is difficult to study

TRN modulation of SSA of MGB neurons by extracellular
recordings, which cannot detect the subthreshold membrane
potential changes. In the current study, we used the
intracellular recording to study the SSA of MGB neurons,
especially those with long-lasting inhibitory inputs, and
examine the SSA of those neurons before and after inactivation
of the TRN.

Bl RESULTS AND DISCUSSION
MGB Neurons Exhibit SSA at the Spiking Level.

Intracellular recordings were performed in 49 MGB neurons of
18 anesthetized guinea pigs (Figure 1A). These neurons were

https://doi.org/10.1021/acschemneuro.1c00137
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Figure 4. SSA index of MGB neurons with different subthreshold response. (A) SI of MGB neurons with EPSP and spikes. (B) SI of MGB neurons
with IPSP and spikes. (C) Mean SI of these two types of neurons, bars indicate SD (n = 12, ANOVA with repeated measures, p > 0.0S).

examined using a general oddball paradigm with a combination
of two tones presented as standard and deviant stimuli,
respectively (Figure 1B). The example MGB neuron
responded to the first standard tone with spikes followed by
long-lasting IPSPs, and thus, it adapted to subsequent standard
tones as indicated by a decrease of spike response (Figure 24,
left). However, when a deviant tone was presented, the neuron
showed a recuperative spike response and vice versa when the
two tones were swapped. In contrast to the SSA with longer
interstimulus intervals (ISIs), the SSA was strongest when the
ISI was 200 ms. Decreased SSA occurred as the ISI was
increased (Figure 2A, middle and right). The average spike
response to deviant stimuli was significantly larger than the
response to the same tone when presented as standard with an
ISI of 200 ms (Figure 2B, n = S trials, unpaired Student’s ¢ test,
p < 0.05). These neurons were identified as adapting neurons.
Another group of MGB neurons responded robustly to the
tone regardless of whether it was standard or deviant, even
when the ISI was as short as 200 ms (Figure 2C). Additionally,
for these MGB neurons, no significant difference of spike
response was found between deviant and standard tones
(Figure 2D, n = $ trials, unpaired Student’s ¢ test, p > 0.05).
These neurons were identified as nonadapting neurons.

Because SSA was stronger at a shorter ISI, we next examined
the SSA of MGB neurons at an ISI of 200 ms (Figure 3).
Notably, we observed the SSA at a spiking level for not only
MGB neurons with excitatory inputs but also those with
inhibitory inputs (Figure 3A,B). Some MGB neurons with
inhibitory inputs did not show SSA even when the ISI was 200
ms (Figure 3C). We examined the SSA of MGB neurons with
EPSP inputs (n = 12, Figure 4A) and IPSP inputs (n = 12,
Figure 4B), respectively, via oddball stimuli with different ISIs
and quantified them with the SSA index (SI; see Methods/
Data Analysis sections). The SI of these two types of MGB
neurons decreased with increasing ISIs and no significant
difference of SI between these two types of MGB neurons
(Figure 4C, n = 24, ANOVA with repeated measures, p >
0.05).

MGB Neurons with Long-Lasting IPSPs Exhibited an
SSA at Subthreshold Levels. Some MGB neurons
demonstrated long-lasting IPSPs without any spikes in
response to acoustic stimuli. We found that the amplitude of
hyperpolarization evoked by the first tone was larger than
those evoked by succeeding tones when the ISI was 200 ms;
however, this was not observed for an ISI of 1000 ms. For
these MGB neurons, we presented oddball stimuli with a
combination of two tones as standard and deviant stimuli,
respectively. As shown in Figure 5B, the first standard tone
elicited a large hyperpolarized response, and the subsequent
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standard tones elicited hyperpolarized responses with a smaller
amplitude. However, when the deviant tone was presented, the
example MGB neuron demonstrated an evoked subthreshold
response with larger and longer-lasting IPSPs again, as
indicated by the black arrow in the trace. We quantified the
subthreshold response by area of hyperpolarization for
standard and deviant tones, respectively. The area of
hyperpolarized response to the deviant tone was significantly
larger than that to the standard tones even when the ISI was
800 ms (Figure SC, n = 4 trials, unpaired Student’s ¢ test, p <
0.05). These neurons showed a decrease in the SI of IPSPs, as
the ISI was increased (Figure SD, n = S).

We recorded a total of 49 MGB neurons, which were
examined by oddball stimuli. Of the neurons recorded, 37%
(17/49) were nonadapting neurons, whereas 63% were
adapting neurons. Among the adapting neurons, 26% (12/
49) were those with depolarized response, while 26% (12/49)
were those with a hyperpolarized response and spikes;
meanwhile, 11% (5/49) were those with only a hyperpolarized
response.

Long-Lasting IPSPs of MGB Neurons Originate from
the Neural Activity of the TRN. Previous studies showed
that the inhibitory inputs that MGB neurons receive have three
different sources: IC GABAergic inhibitory neurons, MGB
local inhibitory neurons, and the TRN.*® We hypothesized that
the long-lasting hyperpolarized response of MGB neurons
originated mainly from the neural activity of the TRN.
Extracellular recordings were conducted in the TRN
simultaneously with intracellular recordings in the MGB to
test this hypothesis. These simultaneous recordings showed
that the long-lasting IPSPs of the MGB neurons synchronized
with the burst firings of the TRN neurons (Figure 6A). Burst
firings of the TRN neurons elicited by acoustic stimuli
preceded the long-lasting hyperpolarized responses of MGB
neurons by about 10 ms (Figure 6B, n = 6, paired Student’s ¢
test, p < 0.001). Next, we inactivated the neural activity of the
TRN by microinjection of lidocaine, confirmed by the
diminished burst firing of TRN neurons at the injection site.
In this case, we found that long-lasting IPSPs of the MGB
neuron in response to acoustic stimuli decreased after the TRN
was inactivated (Figure 6C). Interestingly, the hyperpolarized
response elicited by acoustic stimuli changed to small
depolarized responses in the same MGB neuron recorded
intracellularly. These results indicate that the long-lasting
hyperpolarized response of MGB neurons originates from
inhibitory inputs of the TRN.

SSA of MGB Neurons with Long-Lasting IPSPs
Weakens after Inactivation of the TRN. Next, we
examined whether the SSA of MGB neurons with long-lasting

https://doi.org/10.1021/acschemneuro.1c00137
ACS Chem. Neurosci. 2021, 12, 1688—1697


https://pubs.acs.org/doi/10.1021/acschemneuro.1c00137?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acschemneuro.1c00137?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acschemneuro.1c00137?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acschemneuro.1c00137?fig=fig4&ref=pdf
pubs.acs.org/chemneuro?ref=pdf
https://doi.org/10.1021/acschemneuro.1c00137?rel=cite-as&ref=PDF&jav=VoR

ACS Chemical Neuroscience

pubs.acs.org/chemneuro

Research Article

A

Ly

[ [l |I||I| 1/ 1 11 ]

PTI

|E
R E

10s

1ISI=200 ms
' WW'>
g
Tttt 11 250ms

ISI=1000 ms

ALiddet

s L1rrrrrrn
]
Q
e
c F1 F2
’(71\ *
£18 . B
c
£14 22
o S0
£ 1.0 9
5 4
00l b
<02
800 800
ISI (ms)

v

o
5 N I I O
£
e !
W* W
€
1=
NN | | s
D
0.5 .
0.41
o 0.31
0.2
0.1 § .
0.0 : .
500 800
ISI (ms)

Figure 5. SSA of MGB neurons with long-lasting IPSPs. (A) An example MGB neuron exhibiting long-lasting IPSPs to repeated tone stimuli; traces
in red boxes are enlarged at the bottom. (B) An example adapting neuron with long-lasting IPSPs. Responses to two repetitions of oddball stimuli
at ISI 800 ms are presented. Black arrows indicate response to the deviant stimuli. (C) Normalized response amplitude of the long-lasting IPSPs to
standard and deviant tone, respectively. F1 and F2 represent tones with different frequencies (1 = 4 trials, paired Student’s ¢ test, p < 0.0S). (D) SI
of MGB neurons with IPSPs (n = S) in response to oddball stimuli at ISIs of 500 and 800 ms, respectively.

IPSPs was affected by the neural activity of the TRN. We
tested the SSA of MGB neurons with oddball stimuli before
and after TRN inactivation. Similar to the results above, long-
lasting IPSPs of the example MGB neuron were synchronized
to the burst firings of TRN neurons (Figure 7A). When
oddball stimuli were presented, the example MGB neuron
demonstrated strong adaptation to the repeated standard tones
as indicated by a decreased spiking response (Figure 7A). The
firing pattern of the example MGB neuron changed from
hyperpolarized response to depolarized response with spikes,
and the SSA of this neuron weakened as indicated by robust
spikes to both the standard and deviant stimuli, after the TRN
was inactivated (Figure 7B). The firing rate of the MGB
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neuron significantly increased (Figure 7C, n = S trials, unpaired
Student’s t test, P < 0.01). Moreover, the averaged spike
response to the deviant tone was slightly lower than that to the
standard tone after TRN inactivation. The result revealed that
the SSA of MGB neurons weakened after the TRN was
inactivated, as shown by the SSA index, SI (Figure 7D, 0.56 +
0.35vs —0.21 + 0.42, n = § trials, unpaired Student’s t test, P <
0.05).

In the present study, we applied intracellular recordings to
examine the SSA of MGB neurons with inhibitory inputs at
both spike and subthreshold levels in anesthetized guinea pigs.
We further investigated the circuit mechanism underlying the
SSA of MGB neurons by using microinjection of lidocaine to

https://doi.org/10.1021/acschemneuro.1c00137
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Figure 6. Long-lasting IPSPs of MGB neurons diminished after inactivation of TRN. (A) Simultaneous recordings in the MGB (intracellular
recording, upper trace) and TRN (extracellular recording, middle trace) to oddball acoustic stimuli (lower trace). Different colors represent tones
with different frequencies. (B) Onset response latencies of TRN and MGB neurons to tone stimuli (n = 6, paired Student’s £ test, p < 0.001). (C)
Long-lasting IPSPs of the example MGB neuron diminished after inactivation of TRN by microinjection of lidocaine. The data presentation is the
same as that of part A. The rectangle indicates the time window of microinjection.

inactivate the neural activity of the TRN. In contrast to
previous studies, our intracellular recordings reveal that MGB
neurons with long-lasting IPSPs have an SSA not only at the
spiking level but also at the subthreshold level. We also showed
that these long-lasting hyperpolarized responses originated
from neural activities of the TRN. Moreover, inactivation of
the TRN resulted in a change of response pattern of MGB
neurons and thus weakened the SSA of the MGB neurons.
The SSA is important for mammals to detect a novel object
or sensory stimulus. It is especially important in the auditory
system, where the SSA is strong and widespread. Previous
studies have shown that the SSA in subcortical stations is
linked to the nonlemniscal pathway and is mostly absent in the
lemniscal pathway.® The primary auditory cortex (A1) is the
first lemniscal station where the SSA is widespread.””” Taking
inferior colliculus (IC) as an example, SSA was found in the
external nucleus and dorsal regions of the IC, and a low level of
SSA was found in the central nucleus of the IC.”'?
Extracellular recordings in MGB showed that neurons in the
medial and dorsal subdivisions (nonlemniscal pathway)
showed a stronger SSA than that of neurons in the ventral
division (lemniscal pathway).””***” In this study, we found
that a substantial proportion of MGB neurons with long-lasting
hyperpolarized membrane potential showed adaptation at both
the spiking and subthreshold levels. The MGB neurons we
recorded are most likely located in the nonlemniscal pathway
as previous studies revealed that both the dorsal and medial
thalamus receive inhibitory inputs from the TRN through the
corticothalamic loop.sg_(’1 Thus, our results confirm the view
that the SSA in the subcortical levels is linked to the
nonlemniscal pathway. So far, the mechanisms underlying
the SSA remain unclear. It is believed that synaptic depression
plays an important role in the generation of SSA at the spiking
level, whether on the feedforward path or in recurrent
circuits.”> In the current study, we found that the SSA of
MGB neurons is dependent on the ISI, which supports the
view that synaptic depression underlies the generation of SSA.
Moreover, we found that the SSA of MGB neurons is
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modulated by long-lasting inhibitory inputs from the TRN,
revealing an alternative circuity mechanism underlying the
SSA.

In contrast to that of the MGB, TRN neurons showed a
stronger SSA, which was stimulus specific.””*® A previous
study found that deviance detection in TRN neurons could
either enhance or suppress MGB neuronal responses following
auditory stimulus.”” The deviance detection feature of the
TRN was proposed to induce an attention shift to a novel
stimulus at the dorsal thalamus, echoing the old “searchlight”
hypothesis by Crick.”> In the present study, we performed
intracellular recordings in MGB neurons to examine whether
and how SSA in MGB neurons is affected by inhibitory inputs
from the TRN, a question that cannot be answered using
extracellular recordings. Our study shows that the SSA of MGB
neurons with long-lasting hyperpolarized membrane potentials
is altered after inactivation of the TRN, via which the cortex
implements the corticofugal inhibitory control. Several other
studies have examined whether the SSA observed in the MGB
originates from the auditory cortex, possibly as a higher-order
sensory process transmitted to subcortical nuclei in a top-down
manner.””>***%* On one hand, cortical inactivation by
application of the GABA, agonist indicates that SSA in the
ventral division of the MGB is mainly regulated by the
corticofugal system,”* which sheds light on the view that the
SSA of the MGB may originate from the auditory cortex.”* On
the other hand, another study showed that the SSA of MGB
neurons was not altered after cooling the auditory cortex of an
anesthetized rat.”’ Because the cortical neurons of the
anesthetized rat were already suppressed, further studies may
be necessary to examine the corticofugal modulation effect on
the SSA of MGB neurons in behavioral animals via cortical
inactivation through implanted drug cannula.

In summary, our study reveals the SSA at both the spiking
and subthreshold levels in MGB neurons with long-lasting
hyperpolarized responses. Simultaneous extracellular record-
ings in the TRN indicate that the long-lasting hyperpolarized
response of MGB neurons originates from the activity of TRN
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Figure 7. SSA of MGB neurons weakened after inactivation of TRN. Simultaneous recordings in the MGB (intracellular recording, Top) and TRN
(extracellular recording, Middle) to oddball acoustic stimuli (Bottom) before (A) and after (B) inactivation of TRN. Responses to two oddball
sequences are presented in each plot. (C) Firing rate of the example MGB neuron in response to oddball stimuli at ISI of 200 ms before and after
inactivation of the TRN (n = 3 trials, unpaired Student’s ¢ test, P < 0.01). (D) SI of the example MGB neuron before and after inactivation of the

TRN (n = 3 trials, unpaired Student’s ¢t test, P < 0.05).

neurons. Most of the long-lasting hyperpolarized responses of
MGB neurons were diminished, and thus, the SSA with
inhibitory inputs was weakened in the MGB after the TRN was
inactivated. Our results suggested that the SSA in the MGB
was strongly modulated by the inhibitory inputs from the
TRN, which offers an alternative circuit mechanism of SSA in
the auditory thalamus.

B METHODS

Procedures. All experimental procedures were approved by the
Hong Kong Polytechnic University Animal Care and Use Committee
as well as the Zhejiang University Animal Care and Use Committee.

Animals. Eighteen adult guinea pigs (8—10 weeks, 350—700 g) of
both sexes were used.

Surgical Procedure. Animals were initially anaesthetized with
pentobarbital sodium (Nembutal, Abbott, 40 mg/kg, ip.) and
maintained by the same anesthetic (5-10 mg/kg/h, i.p.) during the
surgical procedure and recording. Details of animal preparation for
intracellular recordings were the same as those described
previously.”>® In brief, the animal was paralyzed with Gallamine
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Triethiodide (initially 50 mg/kg, maintained at 5—10 mg/kg/h, im.)
and artificially ventilated. After the animal subjects were mounted in a
stereotaxic device, a craniotomy was made to allow for access of the
MGB in the right hemisphere. Cerebrospinal fluid was released at the
medulla level. Throughout the intracellular recording experiment, an
electroencephalogram (EEG) was continuously monitored to assess
the level of anesthesia. The body temperature of the animals was
maintained at 37—38 °C.

Intracellular Recordings. Intracellular recordings from MGB
neurons were performed using glass micropipettes filled with 3.0 M
KAc (pH 7.6). The pipet resistance was 40—90 MQ. The electrode
was advanced vertically with a motorized manipulator (DM 1510,
Narishige). After the electrode was inserted to a depth of 4—5 mm,
the cortical exposure was sealed with low melting point paraffin.
When the electrode was moved to the desired depth above the MGB,
it was slowly advanced by 4 pm steps. Brief capacitance over-
compensation (30 ms) was applied to generate a small vibration of
the electrode tip, which facilitated the penetration of the cell
membrane and displayed an immediate drop of the recorded
potential. After the micropipette was stabilized for a few seconds
inside the cell, we started to play sounds and record the membrane
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potentials and firing patterns of recorded neurons. The electrical
signals were amplified by an amplifier (Axon 2B, Molecular Devices),
digitized (Digidata 1322A, Molecular Devices), and stored in the
computer using AxoScope software (Axoscope 9.0, Molecular
Devices). Data from neurons with a resting membrane potential
lower than —50 mV were used.

Extracellular Recordings. Tungsten microelectrodes with
impedances of 2—7 MQ (Frederick Haer) were used to record the
neural activity of the TRN accessed from the top of the brain. The
vertical coordinate of the electrode was measured from a point slightly
above the cortical surface. The signal recorded by the microelectrode,
together with the acoustic stimulus signal, was amplified by OpenEX
(Tucker-Davis Technologies) and stored by Axoscope software
(Axoscope 9.0, Molecular Devices).

Acoustic Stimuli. The experiments were performed in a double-
wall sound-proofed chamber. Acoustic stimuli were generated digitally
by a computer-controlled auditory workstation (Tucker-Davis
Technologies system) and delivered to the left ear of the subjects
via a coupled electrostatic speaker (EC1, Tucker-Davis Technologies)
through a hollow ear bar. The sound pressure level (SPL) of the
output was calibrated over the frequency range 100—3S kHz with a
condenser microphone (Center Technology). Repeated noise bursts
(50 dB SPL, 5 ms rise/fall time, 100 ms in duration, 1000 ms interval)
were used to search for MGB neurons. A frequency tuning curve of
the recorded neurons was examined by scanning pure tones at
different frequencies (50 dB SPL, S ms rise/fall time, 100 ms in
duration, 500 ms interval, and S repetitions at each frequency) before
a specific oddball paradigm was set for each neuron.

Oddball Procedure. To examine the SSA of MGB neurons, we
selected two frequencies, fl and 2 (fl < f2), with the central
frequency (f2 X f1)1/2 having a fixed value close to the BF of the
recorded neuron. Stimulus intensity was set to S0 dB. We presented a
block of pure-tone stimuli consisting of f1, f1, ...f1, f1, and 2. Then, f1
and f2 were swapped (f2, £2, ..£f2, f2 and f1), as shown in Figure 1B. In
most cases, the standard and deviant stimuli occurred at a pulse
number ratio of 9:1. Otherwise, this ratio was 6:1, as specified. Each
set of the above stimuli was repeated 5—10 times. In addition, as most
neurons in the MGB did not show SSA when the ISI was 1000 ms, we
varied the interstimulus interval (ISI) systematically in the range
1000—200 ms by 200 ms steps. In a few cases, ISI values were 800
and 500 ms, respectively.

Inactivation of the TRN. Neural activity of the TRN was
deactivated by microinjection of lidocaine (0.3—0.5 xL/20 mg/mL)
which was administered in nine animals using a microinjection system
(Hamilton). A tungsten microelectrode was glued to the injection
glass pipet to monitor the neural activity of the TRN. The distance
between the two tips was approximately 200 pm.

Data Analysis. Neuronal signals were continuously digitized and
saved onto a computer storage drive during each stimulus
presentation. Both the membrane potential and spike data were
analyzed offline using pCLAMP 9.0 (Molecular Devices). Spikes were
detected online by setting a threshold of at least 30 mV above the
baseline of the membrane potential using custom software
implemented in Matlab (Mathworks). The magnitude of the
subthreshold response was measured by the area of depolarization
or hyperpolarization over the stimulus duration. The spiking or
subthreshold responses to all nine stimuli in the standard-stimulus
train were first averaged together and then further averaged among
repetitions. Data were averaged if there were multiple repetitions. All
values are expressed as mean + SD unless otherwise specified.
Differences between standard and deviant stimuli were analyzed with
an unpaired Student’s t test. Results obtained before and after
inactivation of the TRN were analyzed with ANOVA. The p values
with p < 0.0001, p < 0.001, p < 0.01, or p < 0.05 were considered
statistically significant in respective tests, as indicated where
appropriate.

The SSA index for each frequency was used as the frequency-
specific index SI (i), which was calculated using the equation SI(fi) =
(D(f)) — S(£1))/(D(fi) + S(fi)), where D(fi) and S(fi) were spiking

responses to the deviant and standard frequency, respectively.
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