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Auditory-visual Multisensory Neurons and Auditory-visual
Information Integration in Newborn Rat Cortex
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Abstract Conventional extracellular recording electrophysiology techniques were applied to study the auditory-visual
multisensory neurons and the characteristics of auditory-visual information integration in 3-week-old newborn rat
cortex. At the boundary area between the auditory and visual cortex that is the temporal-parietal- occipital associated
cortex a total of 324 neurons were recorded of which 45 were auditory-visual bimodal neurons. Newborn bimodal
neurons were only 13.9% of the total and this percentage was much lower than that in the adult animals 42.8%
According to their different responses to auditory-visual stimuli these bimodal neurons were divided into three types
A-V v-A and a-V neurons. However neurons could be categorized into response enhancement type response
depression type and response modulation type according to their auditory-visual information integration capacity.
Integration effect was related to the interstimulus interval of the combination of auditory and visual stimuli and to the
temporal window within which significant auditory-visual integration were generated. The mean temporal window of

newborn rats is 11.9 ms much shorter than that of adult ones 23.2 ms on average . All these results indicate that
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auditoryvisual bimodal neurons like those unimodal neurons specifically responding to certain modal stimuli go
through a developmental maturation course after birth. This work could provide important experimental data for further
study on the mechanism of neural multisensory integration.

Key words Newborn rat Cortex Auditory-visual bimodal neuron Auditory-visual information integration
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Fig.1 Response patterns of three types of auditory-visual multisensory neurons
A A-V B.v-A C.a-V A Vv n 20
A BF 7.5kHz MT 50.0 dB SPL. B BF 8.5 kHz MT 51.0 dB SPL

Response patterns of three types of auditory-visual multisensory neurons including responses of an A-V neuron A top a v-A neuron

B

middle and an a-V neuron C bottom under auditory visual and auditory-visual combined stimulus conditions. Peri-stimulus histograms

illustrate the responses of each neuron to different stimulus conditions. The electronic trace driving the stimulus  V visual A auditory is shown

above the histograms. The impulses of 20 trials are shown in the number’ n =" for each stimulus condition. The BF kHz and MT dB SPL  of

these neurons are A 7.5 50.0 B 8.5 51.0.
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Fig. 2 Response enhancement of auditory-visual multisensory neurons
A.A-V B.v-A C.a-V A \Y
A+V - n 20 d -
- * P<0.05 »*P<0.01 A BF 6.2 kHz MT 56.0 dB SPL. B BF 14.8

kHz MT 46.0 dB SPL

Auditory-visual multisensory neurons in the third postnatal week could exhibit the capacity to integrate auditory-visual information. Note the
significant response enhancement to the combination of the visual and auditory stimuli of an A-V neuron A top a v-A neuron B middle and
an a-V neuron C bottom .The results of 20 trials are shown for each stimulus condition. Bar graphs on the right summarize the mean response
for each condition A auditory V visual A+ V combination of visual and auditory stimuli as well as the mean auditory-visual interaction.

* P<0.05 *x P<0.01. The BF kHz and MT dB SPL of these neurons are A 6.2 56.0 B 14.8 51.0.
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Fig.3 Response depression of auditory-visual multisensory neurons
A A-V B.v-A C.a-V A \Y
A+V - n 20 d -
- * P<0.05 **x P<0.01 A BF 4.8 kHz MT 65.0 dB SPL. B BF 13.5

kHz MT 45.0 dB SPL

Significant response depression to the combination of the visual and auditory stimuli shown by auditory-visual multisensory neurons in the third
postnatal week including an A-V neuron A top a v-A neuron B middle and an a-V neuron C bottom .The results of 20 trials are shown
for each stimulus condition. Bar graphs on the right summarize the mean response for each condition A auditory V visual A+ V combination
of visual and auditory stimuli as well as the mean auditory-visual interaction. * P < 0.05 ** P < 0.0l. The BF kHz and MT dB SPL of
these neurons are A 4.8 65.0 B 13.5 45.0.
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Fig. 4 Response modulation of auditory-visual multisensory neurons
A-V A v A+V - n 20
d - - * P<0.05
BF MT 7.5kHz  51.0 dB SPL

Response modulation another kind of auditory-visual information integration shown by an A-V neuron illustrate that the response to the
combination of visual and auditory stimuli are significantly stronger than that to visual or auditory stimuli present alone but lower than the
predicted multisensory response based on the sum of the two modality-specific response ~dashed line in bar graph on the right .The results of 20
trials are shown for each stimulus condition. Bar graphs on the right summarize the mean response for each condition A auditory V visual A
+ V combination of visual and auditory stimuli ~ as well as the mean auditory-visual interaction. * P < 0.05. The BF kHz and MT dB SPL

of this neuron are 7.5 51.
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Fig.5 Comparison of temporal windows of auditory-visual information
integration between newborn and adult rats
A. 3 - - B. - -
C. n=32 n =38 - -

A \4 VOA V20A 20 ms * P<
0.05 ** P<0.01
Temporal windows of auditory-visual information integration of auditory-visual neurons are compared between newborn and adult rats. On the top
magnitudes of the multisensory integration generated at different stimulus onset delay of a newborn A-V neuron in the third postnatal week A
and an adult A-V neuron B are shown. V80A indicates that the onset of the visual stimulus preceded the onset of the auditory stimulus by 80
ms while VOA indicates simultaneous onsets and so on.The dash line indicates that there is no interaction at this point. The bar graphs C

compare the mean size of temporal window of auditory-visual information integration of auditory-visual multisensory neurons between newborn n =

32 and adult n =38 rats. ¥ P<0.05 *x P<0.01.
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