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Introduction

Multiple Sclerosis (MS): Comparison T-statistic P-value Significant (< 0.05) Interpretation
. . . [4] Control vs RRMS_R -12.94546665 1.89E-19 TRUE RRMS_R > Control
which protects and insulates nerve fibers
Control vs RRMS_A -30.62000136 9.43E-38 TRUE RRMS_A > Control
Spasticity: Nerve PPMS vs RRMS_R 10.2559675 4.75E-17 TRUE PPMS > RRMS_R
e Characterized by disruptions in the spinal reflex circuit Affected PPMS vs RRMS_A -5.548578404 2.45E-07 TRUE RRMS_A > PPMS
. C e . by MS - ,
that stem from an eXC|tatory/|nh|b|tory imbalance y RRMS_R vs RRMS_A 16.1340419 7.58E-29 TRUE RRMS A >RRMS_R
caused by both inflammation and demyelination Fig 4: Pairwise t-tests show significant differences in spike counts across all MS conditions (p < 0.05).
_ , , , . F'g 1: Comparlson of a healthy The results highlight how demyelination severity and synaptic imbalance distinctly shape motor neuron excitability in the model.
o Inflammatory chemicals induce glutamatergic excitotoxicity myelin sheath and a myelin sheath
and decrease GABA receptor expression affected by Ms!2] | Average Motor Neuron Spike Count (£SD) Baclofen Administration Effect on Different Forms of MS
] . o @® PPMS @ RRMS_A @ RRMS_R
o Demyelination causes fewer GABAergic signals to reach motor neurons!® -

o Inflammation also alters synaptic connectivity, weakening inhibitory pathways and reinforcing
aberrant excitatory loops.!”]
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Baclofen: K é_ ;a 40 W‘V‘NW-/\/\/\/\/
e Most commonly prescribed drug for spasticity § : 20 Mt ad A0 Adnne diandibdath(
symptoms in MS patients!®! o X 0

® Acts as a GABA, receptor agonist, enhancing 10 20 30 40 50

inhibitory signals in the CNS, therefore reducing

Trial #

Control PPMS RRMS_R RRMS_A

excitatory transmission and dampening motor
y P & Fig 6: Effect of Baclofen on neural spike activity across MS subtypes.

Fig 5: Motor neuron spike counts (mean * SD) across conditions. Baclofen reduced spike counts in all groups, with the greatest

neuron hyperexcitability!®!

L—Iygerixciltabic:itlglRi:/leSIevat.ed.in PPMS and RRMS attack phases compared reduction in RRMS_R, followed by PPMS and RRMS_A. This suggests
o Control an remission. : -
C . varied treatment response based on MS subtype and activity.
Goal: We modeled how demyelination and P vP Y
: : . . C - S N RRMS-A
inflammation disrupt spinal circuits in MS, examining sensory Neuron (CTRL) | ‘ SHERNySI R :
. . . . A et o Bt E { _ 3 n i o4+ ' a4 — - -
the roles of NMDA-mediated excitotoxicity and Fig 2: Comparison of neurotransmitter e | | | | | Lt g | TR l ~,
i i ic inhibition i icitv. release with and without Baclofen! 7 LLLLL ALl LA, AL L] ' : ' ' : ' * | '
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Simulation Protocol Fig 7: Membrane potential traces of the sensory, interneuron, and motor neurons reveal that increasing NMDA conductance and decreasing
* |Clamp on sensory soma (delay, dur) . GABA_Binhibition drive hyperexcitability in RRMS Attack, partial recovery is seen in RRMS Remission, while chronic demyelination in PPMS disrupts
e Add Gaussian noise currents - spike transmission despite preserved sensory input.
@ [ [
r . . w . Discussion/Conclusions
Data Recording and Metrics:
e Record: t, Vm_soma (all cells) 2 Control Key Findings:
o e Spike times via NetCon.record . : . , o .
SABA JJ,L;—» lg-;i’- C ¢ t i t § 0 e Our model shows that demyelination and inflammation increase firing
\.rs: RN 2 - A4S - k4 — . . . .
— e SIpUEE Thotor Spixe Coun , : rates in spinal motor neurons, suggesting a mechanism for
| understanding spasticity in MS.
Fig 3: Flowchart of the computational pipeline: model instantiation, synaptic integration, pathology 0 e When we simulated baclofen by increasing GABA_B conduction,
application, simulation execution, and analysis. R B spiking decreased, demonstrating its role in restoring inhibitory
balance.
2 .
Category Sensory Neuron Interneuron Motor Neuron : Interpretation of Results:
) , RRMS (A) - ® Our findings support the idea that spasticity in MS is driven by an
lon Channels | HH Sodlum (g Na=0.03S/cm )2 Same as sensory neuron Same as sensory neuron imbalance between excitation and inhibition, not just signal loss from
IS-IIH Pc|)<tal.:,5|um (g K=0.01S/cm?) demyelination.
ow K (km) L 9 5 51 52 53 54 5 5 5 58 5 60 ® The model shows how inflammation amplifies motor neuron activity,
Histogram (Frequency Diagram) . . . ope . . .
Membrane C_m = 1.0 pF/cm? (nodes), 0.3 Same as sensory neuron Same as sensory neuron contributing to the hyperexcitability presenting as spasticity
Properties uF/cm? (internodes) symptoms.
R a =100 Q-cm (nodes), 50 Q-cm 5 ® Baclofen’s effect in the model mirrors its clinical use, validating our
(internodes) £ approach.
RRMS (R) Sionifi .
... . ignificance:
Demyelinatio | Convert X% of internodes to: Same as sensory neuron Same as sensory neuron 8
n Model g pas = 1le-3 S/cm? e This model explains how MS-related cellular changes lead to motor
adjusted C_m and Ra based on X 0 41 9 48 M4 H 46 47 8 H %0 symptoms. It can also test the efficacy of treatments virtually and may
(X =21%, 24%, 40% for PPMS, SR Ee g guide development of better therapies targeting synaptic imbalance.
RRMS-R, RRMS-A) o
Limitations:
Synaptic N/A AMPA + NMDA from sensory | NMDA + AMPA from sensory neuron S _ o _ .
Inputs neuron GABA B from interneuron e Our model simplifies real spinal circuits, lacking glial cells or full-body
- g responses
PPMS g e |t also relies on estimated parameters for inflammation and
Stimulation IClamp: delay =2 ms, dur = 2000 | N/A N/A neurotransmission, so results are meant to be exploratory, not
Noise Gaussian noise (0 = 0.05 nA) Gaussian noise (0 = 0.05 nA) Gaussian noise (0 = 0.05 nA) F'g 8: Histograms of the R e A e e Further Directions:
fll"lng rates under Histogram (Frequency Diagram)
varying MS types ® Possible next steps include adding astrocyte signaling and simulating
muscle activation to better link circuit activity to spasticity.
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