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ABSTRACT

Recent experiments (in gerbil, by Brand et al,
2002)call into question the classicalJeffress[1],
place-code,model for low frequency sound lo-
calization that assumes paired (ipsi and con-
tra) excitatory inputs. However , the interaural
time delay (ITD) responsecurve is strongly in-
�uenced by inhibition, shifting its peak into the
contra-leading region and out of the physiolog-

ical range. Meanwhile, the curve's steeply ris-
ing ipsi-leading side is positioned near ITD=0;
a slope-code is suggested. A computational
model (adapted from Rothman et al, 1993)was
shown to agree with the experimental results,
when the brief inhibition is deliver ed just in ad-
vance of ( ���	��

� ms) the contra-excitation.

Using this same HH-type model we explore
the effect of the timing and strength of brief
inhibitory inputs on ITD responses. Some ef-
fects can be demonstrated by considering com-
binations of individual (subthreshold) inputs:
EPSG+IPSGor 2 EPSGs+IPSG.For example, as
in Brand et al, the ITD tuning shifts towar ds the
contra-leading side if the IPSG is timed to just
precede the contra-EPSG. Surprisingly , a sin-
gle subthreshold EPSGmay also elicit a spike
if the timing of a brief IPSG falls within a crit-
ical but more advanced (say � � � ms) brief
time window . This enhancement of the EPSP,

a transient form of postinhibitory rebound or
exaltation (PIE), depends on the model's low-
threshold K+ current. Thus, PIE provides yet
another mechanism for responsivenessto pre-
cisely timed inputs in the auditory pathway.
Correspondingly, PIE also in�uences the ITD
tuning curve for bilateral “tone” inputs (when
conductancesaremodeled by periodically mod-
ulated Poissonspike trains); the suppressiveef-
fect of inhibition on the rising side (ipsi-leading)
is diminished asA increaseswhile the responses
areenhancedon the falling side (contra leading)
due to PIE.
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1 Basic model
� The basicmodel is identical to that of Rothman et al. [2]:
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� The synaptic current is the summation of interaural time-delayed contralateral excitation,
ipsilateral excitation, and inhibition that leads the contralateral excitation by � . Contralateral
input leads for ����� ��� .

� The excitatory and inhibitory synaptic conductances(EPSGand IPSGs)are modeled using
an � -function (with a decay time of ��
�������� ) that takesauditory nerve inputs asperiodically
modulated Poissonspike trains [2].

KLTI

KI

NaI

I leak

� We �rst characterize the model in 2.1 and provide a simple mechanism of postinhibitory
exaltation (PIE) using single excitatory and inhibitory inputs.

� Then we show in 2.2 coincidence detection (CD) using two EPSGs,and illustrate the effect
of inhibition in CD.

� Finally we consider a largenumber of periodically modulated Poissonspike trains and show
that (1) inhibition is more effective on ipsi-leading side for small � , and (2) with a precise
timing, it could enhancethe ITD sensitivity on the cotra-leading side due to the PIE effect.

2 Results

2.1 Firing characteristics of the model neur on
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� The model neuron has phasic �ring prop-
erties.

� Recti�cation occurs in the subthreshold
regime.

� Removing ���! �" converts the cell to tonic
�ring.
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2.2 Postinhibitor y Exaltation (PIE) for single EPSG/IPSG

� A subthreshold EPSG ( #%$
� �&�'

�)(+* )

given at ,
�-�.� ms evokesan action poten-

tial if a well timed IPSG( #0/
�1�.� nS)leads

it (by � falling in the shaded window).
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� Such a � range can be increased or de-
creasedby making a proper choice of #0/

for any given value of #0$ . The arrows in
the shaded region indicate the � range (as
seenabove) for #2/

�3�4��(+* .

2.3 Coincidence detection for 2 EPSGs and an IPSG

CD with two subthreshold EPSGs:

� Two subthreshold EPSGscanact asa coincidencedetector by evoking an action potential for
a small range of ITD values. The ITD responsecurve is symmetric.
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CD with 2 subthreshold EPSGsand an IPSG:

� Inhibition is more effective on the ipsi-
leading side than on the contra-leading
side for small value of � as evidenced by
Brand et al. [3]. 0
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� For longer lead times, however, the PIE effect makes the contra-leading side to have more
chanceto �r e for a range of � .
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2.4 Coincidence detection with many Poisson inputs
� 25 pairs of (contralateral and ipsilateral) excitatory and 25 inhibitory (time locked to the

contralateral) pre-synaptic inputs generated (asdescribed by Rothman et al. [2]) with a 500
Hz modulated Poissonspike train were used in the simulations.

Effect of intensity and timing of inhibition at short � values:

� For small � (0.1ms), the inhibition is more
effective on the ipsi-leading side than it
is on the contra-leading side as was ob-
served by Brand et al. [3].
(Ge = 3 nS,t ex = 0. 1ms,t inh = 0. 1ms)
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� At �xed � the �ring rate decreaseswith in-
creasing inhibitory strengths. At longer �

values, such a decreaseis small, and gen-
erally is at elevated levels.

2.5 Effect of intensity and timing of inhibition at long er 5 : The PIE effect

� The contralateral response is enhanced
due to the PIE effect for longer � values.
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� Such an enhancement occurs beyond a
critical value of � for a range of � val-
ues. This critical value can be tuned by
a proper choice of � -function decay rate,
and the strength of #%$ .

� The dif ference of maximum and mini-
mum of ITD in a window of width of 0.4
ms around �4�6� � � . #

/
and � together

can help increasethe responsedif ference.
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3 Conc lusions
� Two input model of CD capturesthe essential featuresof the effect of inhibition in the MSO

coincidence detection.

� The PIE effect is evident both in the 2 input model aswell asmulti-input Poissonspike train
model.

� The steepness(slope) at the zero-coincidence is controlled by � .
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