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Thalamic asymmetry is related to acoustic signal complexity
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Abstract
Hemispheric asymmetries in response to speech sounds are well documented. However, it is not known if these
asymmetries re¯ect only cortical hemispheric specialization to language or whether they also re¯ect pre-conscious
encoding of signals at lower levels of the auditory pathway. This study examined differences in neural representations
of signals with acoustic properties inherent to speech in the left versus right side of the thalamus. Speci®cally, 2000 Hz
tone bursts, clicks and synthesized forms of the phoneme /da/ were presented to anesthetized guinea pigs. Evoked
responses were recorded simultaneously from aggregate cell groups in the left and right medial geniculate bodies.
Results showed an asymmetric response to complex auditory stimuli between the left versus right auditory thalamus,
but not to the simple tonal signal. Moreover, asymmetries differed in male versus female animals. q 1999 Elsevier
Science Ireland Ltd. All rights reserved.
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In humans, the specialized role of the left hemisphere in
speech perception is well documented [3,13,14,21,23].
There is also evidence across different species of anatomical
and physiological asymmetries between the left and right
side of the brain at cortical as well as sub-cortical levels
[4,12,25]. However, little is known about right versus left
asymmetries in the physiologic representation of the acoustic structure of sound, especially acoustically complex
signals. Physiologic data from human subjects indicate
that a left-side specialization exists to encode speech at an
elemental acoustical level [10,22,27]. The extent to which
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Why use human speech signals for guinea pigs instead of
other sounds such as a species-speci®c communication call?
Left hemisphere dominance in response to species-speci®c
communication calls has been documented in mice [8], but it
is not known if this is a result of basic encoding differences in
stimuli or if the dominance is due to some meaningful interpretation of the signal. In this experiment, an acoustically complex
signal is presented to an anesthetized guinea pig and responses
to this signal are recorded at a pre-conscious level. The stimulus
does not need to be meaningful to the guinea pig, but it must
have complex acoustic properties (as do guinea pig communication calls) in order to provide insight into processing of the
elemental acoustics of complex auditory signals that is common
among many animals, including humans.

these asymmetric responses occur pre-consciously and at
sub-cortical levels of the auditory pathway is unknown.
Our aim was to determine whether there was a right-side
versus left-side difference in the representation of acoustic
signals in the auditory thalamus in the guinea pig and
whether this difference varied with different types of acoustic stimuli, including both speech and non-speech signals 1.
Also of interest was whether sex differences were evident in
neurophysiologic responses. Behavioral differences
between males and females in different species have been
noted in auditory perception of tonal information [3,11], but
little is known about gender speci®c perception of more
complex auditory signals and the underlying neurophysiology. In this study, we were motivated by the expectation
that this work could provide a basic biological link between
normal representation of speech-like sounds and abnormal
speech-sound perception and lateralization seen in certain
clinical populations [7,9,17±19,24].
Subjects were 12 pigmented guinea pigs (six males, six
females), each weighing between 300±400 g. Animals were
anesthetized with ketamine hydrochloride and xylazine
(dosage by weight) and maintained with additional injections, typically given every hour. High impedance (500 kV)
recording electrodes were placed within the left and right
medial geniculate bodies (MGB). Recording locations were
approximately 4.8 mm rostral to the interaural line, 4.0 mm
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Fig. 1. Amplitude of onset responses were asymmetric at the
level of the auditory thalamus. Degree and direction of asymmetry was determined for each animal by subtracting the right MGB
onset amplitude from the left MGB onset amplitude and dividing
by the sum of those two values [(L 2 R)/(L 1 R)]. Onset responses
showed larger amplitudes for the left side compared with the
right side in 10 of 12 animals, indicating a left-side dominance.
The remaining two animals showed larger onset amplitudes for
the right versus left, indicating a right-side dominance. These
data represent an average of all three stimulus conditions.
(Note: animal #1 did not show any asymmetry for the ipsilateral
condition).

lateral to the sagittal suture and 7.2 mm ventral to the
surface of the brain. Following each experiment, recording
locations were marked with electrolytic lesions (35 mA for
10 s). Brains were cut in 17-mm sections and stained with
Luxol Fast Blue and Cresyl Violet to show cell bodies as
well as ®ber pathways. For each animal, left and right MGB
recording locations were required to be within 500 mm of
each other, within the same subdivision of the nucleus, and
approximately 0.5 mm from the edge of that subdivision in
order to be included in the study. (Note that by using a 500
kV electrode, the recording region was approximately 1
mm 3 in area). Recordings were from the ventral subdivision
of the MGB in nine animals and from the caudomedial
subdivision in three animals.
All stimuli were presented to the right ear, left ear and
binaurally at 85 dB SPL. Signals were delivered through
hollow earbars in a stereotaxic device using ER-3 insert
earphones. The 2000 Hz tone burst and the /da/ were 100
ms in duration. The tone burst had a 5 ms rise/fall (Blackman ramp). The /da/ was a ®ve-formant synthetic speech
syllable produced with a Klatt cascade-parallel formant
synthesizer. The click was 100 ms in duration (rarefaction).
All stimuli were presented at a rate of 1.7/s with 1000 repetitions per stimulus for each animal. The recording window
was 200 ms post-stimulus with a 75 ms pre-stimulus baseline. Responses were low-pass ®ltered at 500 Hz and highpass ®ltered at 0.05 Hz.
In order to be certain that the same physical stimulus was
delivered to both ears and that hearing was the same

between ears, the following procedures were employed.
First, ABRs were recorded to click stimuli from the posterior midline of the scalp in all animals. In order to be
included in the data set, it was necessary that each animal's
responses be present down to 10 dB HL and symmetric
between ears. Second, prior to any data collection, the
signals were delivered through each transducer and calibrated using a B&K sound level meter with an insert
earphone coupler. Halfway through the experimental series,
the earphone transducers were switched so that half the
animals received right ear stimulation with the right transducer and half the animals received right ear stimulation
with the left transducer.
Responses were recorded simultaneously from the left
and right MGB to 2000 Hz tone bursts, clicks, and synthesized syllables (/da/). Onset responses showed larger amplitudes for the left side compared with the right side in 10 of
12 animals (two-tailed binomial test, P , 0:038). The
remaining two animals showed larger onset amplitudes for
the right versus left. A measure of asymmetry was determined for each animal, regardless of side of dominance.
Degree of asymmetry was computed by subtracting the
right MGB onset amplitude from the left MGB onset amplitude and dividing by the sum of those two values [(L2R)/
(L1R)]. Thus, completely symmetric responses would have
a value of zero and asymmetric responses would be positive
for left side dominance and negative for right side dominance. Fig. 1 shows that the degree of asymmetry varied
across the animals, but all animals showed a large degree of

Fig. 2. Degree of asymmetry varied for different acoustic stimuli.
Degree of asymmetry for each acoustic stimulus (2 kHz tone,
click, and /da/) was determined by subtracting the non-dominant
(or smaller) MGB onset amplitude from the dominant MGB
onset amplitude and dividing by the sum of those two values
[(d 2 nd)/(d 1 nd)]. This procedure allowed the inclusion of the
two right-side dominant animals in the statistical analysis. A 1 £
3 repeated measures ANOVA revealed a signi®cant stimulus
effect (F  7:26, P  0:004). Post-hoc tests using paired ScheffeÂ
comparisons revealed that the 2 kHz tone was signi®cantly different from the /da/ (P , 0:01). Although only the experimental
condition using contralateral stimulation is shown, the pattern
of results, where the responses to /da/ stimuli show a greater
asymmetry than the responses to the 2 kHz tones and the clicks,
is the same for the ipsilateral and binaural conditions.
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Fig. 3. The pattern of asymmetry across different acoustic
stimuli was different for males and females. A 2 £ 3 split-plot
ANOVA (comparing sex £ stimulus) revealed a signi®cant effect
for the stimuli (F  9:03, P  0:002) and a signi®cant interaction
(P  0:04). Follow-up testing using ScheffeÂ comparisons
revealed that the 2 kHz tone was signi®cantly different from the
click and the /da/ (P , 0:01) and that the click was signi®cantly
different from the /da/ (P , 0:05) for the females. For the males,
only the tone was signi®cantly different from the /da/ (P , 0:05).
Although only the experimental condition using contralateral
stimulation is shown, the pattern of results, where females
show a more asymmetric response to /da/ than the males, is
the same for the ipsilateral and binaural conditions.

asymmetry in at least one of the stimulus presentations
(contralateral, ipsilateral or binaural).
The degree of asymmetry or dominance was found to be
stimulus dependent (Fig. 2). The responses to the 2000 Hz
tone burst showed the least degree of asymmetry while the
responses to /da/ showed the greatest degree of asymmetry.
Responses to the click fell somewhere in between.
However, while the onset amplitudes to the tone burst
were signi®cantly different from those elicited by the click
and the /da/, the click and /da/ onset responses were not
signi®cantly different from each other. These ®ndings indicate that the more complex the acoustic signal, the greater
the asymmetry. In turn, those asymmetries may be evolutionary precursors to asymmetric language processing in
humans.
Although both males and females showed hemispheric
asymmetries, these asymmetries were signi®cantly greater
in female animals (Fig. 3). Males and females displayed
approximately the same degree of asymmetry to the tone
burst. However, females showed larger onset amplitude
asymmetries than the males to both the click and /da/
stimuli.
To our knowledge, these ®ndings are the ®rst to demonstrate a lateralized dominance for the neurophysiologic
encoding of the elemental acoustics of speech in the auditory thalamus in an anesthetized animal model. Consequently, hemispheric asymmetries to speech sounds must
re¯ect, at least in part, pre-conscious differences in the
encoding of the basic acoustic structure of complex auditory
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signals. The larger amplitude responses recorded in the
dominant (mainly left) medial geniculate nucleus may be
a result of a greater number of neuronal ®rings and/or better
neural synchrony to the stimulus onset. This hemispheric
asymmetry likely underlies perception of complex acoustic
signals in normal listeners and may provide insight into the
biological bases for symmetry abnormalities seen in children with learning problems [7,16].
The degree of asymmetry re¯ected in the neurophysiology, and possibly the behavioral perception, of an auditory
signal is dependent on the acoustic structure of that signal.
The relationship between the responses to the tone burst,
click and speech signals indicates that there is a gradient
in the degree of asymmetric lateralization across stimuli,
with the tone burst eliciting the greatest similarity between
left-right responses (i.e. showing the least asymmetry) and
the speech syllable eliciting the greatest difference (i.e.
showing the most asymmetry). It appears that these acoustically simple stimuli are processed differently from more
complex signals like those inherent in speech. This pattern is
consistent with known perceptual de®cits observed in
patients with cortical lesions who lose their ability to understand speech but retain their ability to discriminate simple
stimuli [1,20].
Meaningful interpretation of the sex differences noted in
this study are dif®cult in light of the con¯icting ®ndings
published to date [5,26]. However, what we do know is
that the incidence of learning and attentional problems is
much higher in boys than girls [2,15]. In addition, the
pattern of hemispheric asymmetry re¯ected in behavioral
perception is disrupted in children with learning problems
[6,16,19]. The possibility of a link between sex differences
noted in the physiology and reported differences in learning/
attentional problems is worth further examination.
In conclusion, an asymmetric neural code exists between
the left and right sides of the auditory thalamus in guinea
pigs. This asymmetry is greater for complex speech-like
signals than for tones. Furthermore, the pattern of asymmetry is different for males and females. These ®ndings
provide evidence that the left side of the brain, traditionally
associated with language processing, codes the acoustic
structure of complex auditory signals differently from the
right side of the brain. It can be hypothesized that impaired
populations may have abnormalities in the basic neurophysiologic representation of acoustically complex signals,
even at subcortical levels of the auditory pathway, which
result in perceptual language de®cits.
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