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Action Potentials in
Neuromuscular Disease Models

This paper, produced in collaboration by Scantox and iWorx Systems,
highlights the application of action potential-based metrics to evaluate
neuromuscular dysfunction in SOD1 mice, with emphasis on
translational research applications.

Introduction

Electrophysiology enables direct assessment of neuromuscular function by recording the
electrical activity of nerves and muscles. At its core is the action potential, a transient electrical
impulse that reflects ion channel activity and governs communication between motor neurons
and muscle fibers. The shape of an action potential provides information about the health and
function of the tissue being studied, with a typical waveform consisting of a depolarization
period, a repolarization period, and a hyperpolarization period. The shape and timing of these
signals provide sensitive indicators of neuromuscular health and dysfunction.

 waximum In preclinical research, electrophysiological
measurements such as Compound Muscle

Stimulus

are powerful tools for quantifying disease

Baseline

\ of neurodegeneration. The SOD1 mouse, a

——

widely used model of amyotrophic lateral
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Figure 1: Action potential waveform.
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In standard analysis, CMAP recording is the simplest and most
common approach for assessing neuromuscular function. In animal
studies, CMAP recordings are acquired under anesthesia using a
minimally invasive approach, allowing for precise placement of
electrodes and control over stimulus delivery. Mice (B6.SOD1-G93A
transgenic mice compared to wild type controls) are anesthetized
using Isoflurane/O; inhalation including buprenorphine analgesia.
CMAP can also be measured longitudinally in the same animal without
detrimental effects if done correctly. Platinum needle electrodes are
commonly used for stimulation and recording, although silver button
electrodes may also be utilized depending on the application.

Stimulation electrodes are positioned
subcutaneously on either side of the sciatic
notch, with one placed near the spine and the
other positioned distally, approximately 1 cm
apart toward the hindlimb. The recording
electrode is inserted subcutaneously at the
gastrocnemius muscle, typically at the muscle
 Recording belly, while the reference electrode is placed

Flectrodes

subcutaneously near the Achilles tendon.

A ground electrode can be positioned
subcutaneously on the contralateral side of

Figure 2: Platinum needle electrode placement for sciatic

nerve stimulation.

the back relative to the measurement site.

The stimulation parameters used prterences Dicg (0] [-] x
Channel Stimulator Views Macro Options Events Hardware Square wave
were one square wave pulse of e ol el o beay 092 (2] oulse of 0115

0.1 ms with an amplitude starting
at 4 mA, increasing in small
increments until the maximal CMAP
response was achieved. These
parameters are commonly used in
standard CMAP studies. Stimulation “
was controlled using LabScribe
software (iWorx Systems).

Figure 3: Example stimulation parameters

set in the preferences dialog window of i

LabScribe software.
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The LabScribe Action Potentials Module enables detailed analysis of

Compound Muscle Action Potentials by using a stimulus marker and slope-

based detection to identify the peak start and peak stop. Measured

parameters include amplitude, latency to peak start and peak maximum, rise

time, peak duration, and the maximum and minimum first derivatives (dV/dt)

before and after the peak.
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Measuring the latency period is a critical

component of CMAP analysis. Latency refers

to the time interval between the onset of

the electrical stimulus and the initial

deflection of the CMAP waveform (peak

start), as well as the time to the waveform’s

maximum (peak maximum). These values

reflect the speed of signal conduction

along the motor nerve and across the

neuromuscular junction. Prolonged

latencies may indicate demyelination,

nerve compression, or synaptic

transmission abnormalities, making latency

a key diagnostic and research parameter in

studies of neuromuscular function.
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Figure 4: LabScribe
Action Potentials Module

for advanced analysis of
CMAP data.
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Figure 5: Action potential measurements defined in the software.



Indications

CMAP is highly indicative of neuromuscular disorders
and is used to quantify disease severity, track
progression, and assess responses to therapy. It is
commonly used in studies of several conditions:
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—> Pompe Disease (glycogen

storage disease) is a genetic
condition where thereis a
deficiency of a digestive
enzyme called a-glucosidase.
Glycogen builds up in the
body’s cells, resulting in severe
muscle weakness.*

Figure 5: Longitudinal CMAP Analysis. Displayed are max
amplitude (A), latency to start (B), latency to peak (C), and
duration (D) repeatedly measured by stimulation of the sciatic
nerve and measurement in the gastrocnemius of B6.50D1-
G93A transgenic (tg) mice compared to wild type (wt) controls
at 8, 14, and 20 weeks of age. Two-way ANOVA with genotype
as main factor, followed by Bonferroni's post hoc test. Mean *
SEM. *p <0.05; **p <0.01; ***p <0.001. n=16 per group.


https://www.mayoclinic.org/diseases-conditions/amyotrophic-lateral-sclerosis/symptoms-causes/syc-20354022
https://my.clevelandclinic.org/health/diseases/23202-lambert-eaton-myasthenic-syndrome-lems
https://www.mayoclinic.org/diseases-conditions/guillain-barre-syndrome/symptoms-causes/syc-20362793
https://my.clevelandclinic.org/health/diseases/15808-pompe-disease

Motor Unit
Number
Estimation
(MUNE)

Motor Unit Number Estimation (MUNE) is an electrophysiological
technique developed in the early 1970’s to estimate the number of
functional motor units in a muscle. It provides a way to quantify motor
neuron loss in neuromuscular disorders.” Accurate electrode
placement is critical in MUNE studies, as the technique relies on clearly
visible signals with low noise. Studies start with low amplitude
stimulation (typically around 0.2 mA) to identify the smallest detectable
motor unit potential above baseline. The stimulation amplitude is
gradually increased in fine increments to observe corresponding
changes in response, each reflecting the recruitment of an additional
motor unit. This process is time-consuming and requires careful
observation and technical expertise, particularly in models where
motor unit activity may be inconsistent. The averaged difference in
resulting amplitudes is referred to as the Motor Unit Action Potential
(MUAP), which represents the electrical activity of the muscle fibers
innervated by a single motor neuron.

Indications

MUNE is an early diagnostic tool by design. It can be more insightful
than standard nerve conduction studies by detecting motor unit loss
when muscle pathology might still be masked by re-innervation by
other motor units. It is used in studies of neurodegenerative disorders
including ALS, spinal muscular atrophy (SMA), and diabetic neuropathy.
However, if pathology is already affecting CMAP amplitudes, motor unit
estimation becomes inaccurate. Here, MUAP can be used to highlight
the pathological decrease in motor unit size itself, rather than the
estimated number of motor units.
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https://www.sciencedirect.com/topics/medicine-and-dentistry/motor-unit-number-estimation

Repeated stimulation is used to assess neuromuscular transmission.
Repeated P

Stimulation

It involves delivering high frequency repetitive stimulation to the
motor nerve and recording the resulting muscle responses.

Tech niq ues This method places stress on the neuromuscular junction (NM)),

>
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challenging its ability to maintain consistent neurotransmitter release
over time. Repeated stimulation can be useful for uncovering subtle
defects in synaptic transmission that might not be apparent during
single-pulse stimulation.

Indications

These stimulation techniques are applied in models of
neurodegenerative disease, such as ALS, and neuromuscular junction
disorders, such as LEMS, and botulism studies. In ALS models,
comparing CMAP amplitude of transgenic mice to wild type controls
reflects an impaired ability to sustain neurotransmission over time.
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Figure 7: Longitudinal repeated stimulation. Displayed are the percent change in
amplitude during a 10-pulse simulation between 1¢t and 5t (A), 5" and 10t (B), and 1¢t
and 10t stimulation, repeatedly measured by stimulation of the sciatic nerve and
measurement in the gastrocnemius of B6.50D1-G93A tg mice compared to wt controls
at 8, 14, and 20 weeks of age. Two-way ANOVA with genotype as main factor, followed by
Bonferroni's post hoc test. Mean * SEM. *p <0.05; **p <0.01; ***p <0.001. n= 16 per group.




Advanced Analysis

Nerve Conduction Velocity (NCV)

Nerve Conduction Velocity (NCV) quantifies
how quickly an action potential travels between
two points on a nerve. In motor NCV studies, a
mixed or motor nerve is stimulated at two
separate sites (proximal and distal), and the
resulting CMAPs are recorded from the
corresponding muscle. The distance between
the stimulation sites is divided by the difference
between the proximal and distal latencies to
calculate conduction velocity. In sensory NCV
studies, such as those performed on the tail
nerve in mice, the response is recorded directly
from the sensory nerve rather than the muscle.

Proximal Stimulation

Distance

Distal Stimulation

Recording

In this case, latency can be directly converted
into conduction velocity based on the distance
between the stimulation and recording
electrodes. Assessing both motor and sensory
conduction provides complementary
information, as motor NCV primarily reflects
motor neuron and neuromuscular junction
integrity, whereas sensory NCV evaluates
axonal and myelin health in afferent
pathways. Slower than normal conduction
suggests myelin damage or loss, whereas
preserved conduction with reduced CMAP
amplitudes may indicate axon degeneration.®

(distance between stimulation sites [mm])

Nerve Conduction Velocity (m/s) =

(proximal latency - distal latency [ms])



https://www.researchgate.net/publication/326863800_Nerve_conduction_studies_basic_principal_and_clinical_usefulness

Hoffman Reflex

The Hoffman Reflex (H-reflex) is commonly used to test reflex responses, assessing the excitability
of the spinal cord reflex pathway, particularly the dorsal root ganglion. It is an indicator of spasticity,
which is an involuntary muscle stiffness or tightness caused by disrupted communication between
the brain and spinal cord. The H-reflex is elicited by electrically stimulating a mixed peripheral nerve,
causing both afferent (sensory) and efferent (motor) action potentials. The resulting M-wave
represents direct activation of motor fibers, while the H-wave reflects afferent stimulation of sensory
neurons that synapse onto motor neurons within the spinal cord, resulting in a motor reflex.

The amplitudes of the M-wave
and H-wave vary significantly
«— M with the level of stimulus
intensity.” In healthy animals,
the H-wave is suppressed
during high-frequency
stimulation. However, in cases
of spasticity, such as in models
of peripheral neuropathy,
H nerve lesions, or Parkinson'’s
/ disease, the H-wave is
apparent, indicating abnormal

reflex pathway excitability.

Other Measurements

In addition to Compound Muscle Action Potentials and

related electrophysiological assessments, supplemental
measurements can provide further insight into
neuromuscular and cardiac function. These
measurements include basal activity, electrocardiography,
assessment of other nerves and muscles, sensory nerve
action potential (SNAP) and conduction velocity, and
evoked action potentials.



https://www.sciencedirect.com/science/article/abs/pii/S0165027008001192
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