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Introduction
The monosynaptic spinal stretch reflex consists of gluta-
matergic Ia muscle spindle afferents synapsing on α-
motoneuron (α-MN) dendrites. Also, renshaw cells (RC)
mediate a direct recurrent inhibition of α-MNs potentially
via GABAA and glycinergic receptors. The RC synapses are
confined to α-MN dendrites. Several studies have impli-
cated a GABAB receptor mediated pre-synaptic inhibition
of the Ia terminal during reflex generation. Supra-spinal
inputs further modulate the efficacy of the synaptic inputs
to the α-MN, e.g. brainstem nuclei exert a tonic monoam-
inergic inhibition on RCs. Following spinal cord injury
(SCI), hyper-reflexia and motor spasticity occur with con-
comitant α-MN hyper-excitability. The hyper-excitability
has largely been attributed to an enhancement of den-
dritic persistent inward currents (PICs), while inhibitory
pathways may also play a role. However, the effect of a
combination of PIC enhancement and changes in inhibi-
tory inputs on α-MN excitability is yet unclear [1]. In this
study, we use a network model for the monosynaptic
stretch reflex with RC-type recurrent inhibition of the α-
MN to test the hypothesis that GABAergic inputs are
essential for suppressing α-MN hyper-excitability after
chronic SCI.

Methods
We use conductance-based Hodgkin-Huxley formalism to
represent individual neurons within the network. The α-
MN is modeled using separate soma and dendritic com-

partments to signify the dendritic confinement of Ia and
RC synapses and PIC channels. The synaptic variables for
GABAA, glycine and Ia afferent input are modeled as scalar
equations while a constant current input represents the
slower GABAB pre-synaptic Ia inhibition. The rise and
decay rates of GABAA currents are ~3 times slower than the
glycinergic currents. The tonic inhibition to RC is mod-
eled as a constant current. Model simulations are per-
formed using the XPPAUT software.

Results
The model α-MN shows hysteresis in the firing frequency-
injected current (f-I) relationship (A) similar to experi-
ments. Presence of RC inhibition is able to mask the f-I
hysteresis (B). Disinhibiting RC to mimic SCI and elimi-
nating GABAA (C), but not glycine inhibition (Fig. 1D)
recovers hysteresis. An increase in RC inhibition due to
disinhibition may not be sufficient to suppress f-I hyster-
esis. In the presence of Ia input, removal of GABAB inhibi-
tion of the Ia terminal alone unmasks the hysteresis. These
results suggest that GABA-receptor mediated inhibition
and its slower kinetics are integral for control of α-MN
excitability.

Implications
Baclofen (GABAB agonist) treatment after chronic SCI alle-
viates pain and spasticity. Moreover, recent DNA microar-
ray studies suggest down regulation of GABA receptor
genes 7+ days post SCI [2]. Our model prediction support

from Eighteenth Annual Computational Neuroscience Meeting: CNS*2009
Berlin, Germany. 18–23 July 2009

Published: 13 July 2009

BMC Neuroscience 2009, 10(Suppl 1):P343 doi:10.1186/1471-2202-10-S1-P343

<supplement> <title> <p>Eighteenth Annual Computational Neuroscience Meeting: CNS*2009</p> </title> <editor>Don H Johnson</editor> <note>Meeting abstracts – A single PDF containing all abstracts in this Supplement is available <a href="http://www.biomedcentral.com/content/files/pdf/1471-2202-10-S1-full.pdf">here</a>.</note> <url>http://www.biomedcentral.com/content/pdf/1471-2202-10-S1-info.pdf</url> </supplement>

This abstract is available from: http://www.biomedcentral.com/1471-2202/10/S1/P343

© 2009 Venugopal et al; licensee BioMed Central Ltd. 
Page 1 of 2
(page number not for citation purposes)

http://www.biomedcentral.com/1471-2202/10/S1/P343
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/about/charter/


BMC Neuroscience 2009, 10(Suppl 1):P343 http://www.biomedcentral.com/1471-2202/10/S1/P343
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

these experimental observations and provide directions
for further studies to characterize spinal GABAergic mech-
anisms in the control of α-MN excitability chronically
after injury.
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F-I curves; upward and downward arrows represent f-I response for increasing and decreasing currents respectivelyFigure 1
F-I curves; upward and downward arrows represent 
f-I response for increasing and decreasing currents 
respectively.
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