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1 BACKGROUND
A motor neuron can activate hundreds of muscle fibers in synchrony with one single action potential, and the
resulting electric signal is detectable from the muscle itself by electromyography (EMG). When the appropriate
nerve is stimulated electrically, the evoked responses can be measured with surface or needle electrodes at a
distal muscle level. Compound Muscle Action Potential (CMAP) is a measure of the evoked potential frequently
utilized in clinic and research studies. CMAP measurements correlate well with age, severity of condition, and
clinical measures of function. It is minimally invasive and allows assessment of function longitudinally in the same
individual. CMAP is a relevant measure of motoneuron function e.g. in monitoring patients with neuromuscular
disorders, such as amyotrophic lateral sclerosis (ALS). ALS is a progressive neurodegenerative disease that
affects nerve cells throughout the central nervous system. Motor neurons reach from the brain via spinal cord to
the muscles, throughout the body. The progressive degeneration of the motor neurons in ALS eventually leads to
their demise. When motor neurons die, the ability of brain to initiate and control muscle movement is lost.

Peripheral polyneuropathy is damage or disease originating from and affecting multiple peripheral nerves. It has
been featured as several types of paresthesias, such as numbness and allodynia, and dysesthesias such as
burning pain with no apparent cause. Polyneuropathy may be acute or chronic, and it may be evoked by physical
damage or by a number of different diseases, toxins, or viruses. Polyneuropathy and its possible therapy options
may be studied by several animal models, one of which is the Oxaliplatin –induced polyneuropathy (OIPN),
belonging to models of chemotherapy induced polyneuropathies.

Nerve conduction velocity (NCV) studies assess the evoked motor or sensory responses to stimulation of nerves.
NCV studies aid in the localization of nerve, neuromuscular junction, and muscle disease. Furthermore, it allows
for distinction between axonal degeneration and demyelination. Measurements of nerve conduction properties in
vivo exemplify a powerful tool to characterize various animal models of neurodegenerative and neuromuscular
diseases or conditions. Here, we present an easy and reliable method for CMAP- and NCV-measurements, in
which motor aspects of sciatic nerve are electrophysiologically analyzed in anesthetized mice.

2 METHODS 
In Vivo Methods

All animal experiments were carried out according to the National Institute of Health (NIH) guidelines for the care
and use of laboratory animals, approved by the National Animal Experiment Board, Finland. CMAP and NCV
recordings were done under isoflurane anesthesia.

SOD1 (n=9) and C57Bl/6J (WT) mice (n=10) age-matched non-transgenic control littermates were assessed
weekly on 10-18 weeks of age with CMAP, clinical score (CS) and body weight (BW).

In oxaliplatin-induced polyneuropathy (OXP) model, male C57BL/6J mice (n=20) were dosed with six injections of
4.5 mg/kg oxaliplatin i.p. at days: 0, 4, 8, 12, 16 and 20 and control mice (n= 10) were treated with vehicle. CMAP
and NCV were measured on days -4 (baseline), 22, 29, 36 and 43.

CMAP recording: The stimulation was targeted close the sciatic nerve at the proximal hind limb, using 26 G
monopolar stimulation needle. Recording was performed on the skin overlying the proximal portion of the
gastrocnemius muscle. The sciatic CMAP responses were obtained by stimulating the sciatic nerve with square-
wave pulses of 0.1 ms duration and intensity ranging from 1-10 mA. The responses were acquired with
increasing stimulus intensity until the amplitude of the response no longer increased. Then, in order to ensure
supramaximal stimulation, the stimulation was increased to 100% of the stimulus intensity to obtain a maximal
response and an additional response. If there no further increase was observed in the CMAP size, this response
was recorded as the maximal CMAP. Peak-to-peak amplitude was measured from negative peak voltage to
positive peak voltage, and indicated as maximal CMAP amplitude (mV).

NCV recording: The same setup was used as in CMAP recording (see Picture 1).The point of distal stimulation
(d.s.) had a distance of 4 mm from the sensing electrode; The place of proximal stimulation (p.s.) was 13 mm
away. NCV was calculated as the distance (i.e. length between the stimulating and recording electrodes) divided
by latency (i.e. time from the onset of the stimulus to the onset of the response).

Neurofilament Light Chain (NfL) analysis: Cerebrospinal fluid (CSF) samples were collected via cisterna magna
puncture on day 125 (18 weeks of age) in SOD1 mice. Mouse CSF NfL concentration was analyzed using the
Quanterix Simoa NF-Light® assay.

4 CONCLUSIONS
Our data show the progressive decrease of CMAP amplitudes was observed in SOD1 mice.
Current data supports the use of this electrophysiological technique in the preclinical research of
neuromuscular function in phenotyping as well as in future efficacy studies for drug
development. We were able to show a decline in CMAP amplitude SOD1 mice from age week
15 onwards when compared to WT (C57Bl/6J) mice. This data align with the decline in clinical
score and body weight of the SOD1 mice. NfL concentration in the CSF was increased in SOD1
mice CSF compared to WT mice.

The oxaliplatin challenge did not result in deficits in temporal summation in motor units, and
therefore no significant were evoked in CMAP/NCV parameters. However, in this study, motor
nerve function was investigated, which in the OIPN model often are affected to a minor extent.
Although the motor nerve electrophysiology did not reveal significant results in this study, NCV
measurement of a sensory nerve (such as sural - or tail sensory nerve) is a relevant measure
for sensory disorder, and indeed is widely used in studies utilizing polyneuropathy models.

As s summary, these electrophysiological (CMAP and NCV) techniques and NfL assessment
offer a powerful tool to study potential therapies in preclinical testing of motor neuron diseases
at different timepoints.

Figure 1. CMAP Amplitude (mV) in C57Bl/6J (n=10) and SOD1 TG (n=9) male mice at 10-18 wks of age. SOD1 mice 
exhibited a decline in their CMAP values on week 15 onwards unti the end of study (*** p < 0.001; Two-way ANOVA, 
Sidak’s post hoc). Data presented as mean ± SEM.

Figure 2. Clinical Sore (CS) in C57Bl/6J (n=10) and SOD1 TG (n=9) male mice at 10-18 wks of age. SOD1 mice 
exhibited a decline in their CS values at day 109 onwards until the end of study (* p < 0.05; Mann Whitney test). Data 
presented as mean ± SEM.
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Fígure 3. Body Weight (BW) of C57Bl/6J (n=10) and SOD1 TG (n=9) male mice at 10-18 wks of age. SOD1 mice 
exhibited a decline in their BW values at day 109 onwards until the end of study (* p < 0.05; Two-way ANOVA, Sidak’s 
post hoc). Data presented as mean ± SEM.
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Picture 1. Electrode placement in CMAP. The
black “active” electrode (A) and red “reference”
recording electrode (B) were placed over the
gastrocnemius at the proximal portion of the
gastrocnemius at the knee. The stimulating
cathode (black) (C) and anode (red) (D) were
inserted subcutaneously proximal to the recording
electrodes to generate distal responses. A
disposable disk electrode (E) was placed on the
tail as a ground to minimize artifact.
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Figure 6. Motor nerve condutction velocity (NCV) (m/s) in control (n= 10) and OXP  (n= 20)  treated male C57Bl/6J mice at 
11-15 wks of age. No significant differences displayed in NCV values between control and OXP mice (Two-way ANOVA, 
Sidak’s post hoc). Data presented as mean + SEM.
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Figure 4. Correlation of Neurofilament Light Chain (NfL) levels in CSF with CMAP and clinical score (CS) in SOD1
mice at 18 weeks of age. A) NfL and CMAP values have a statistically significant difference (****p<0.0001) between
SOD1 and WT groups (t-test). B) CS values have a statistically significant difference (**p<0.01) between SOD1 and
WT groups and NfL values have statistically significant difference between SOD1 and WT groups (****p<0.0001). WT
control mice (n= 8) and SOD1 mice (n=4). Two SOD1 mice were excluded from the NfL analysis due to too high AEB
value (>30) when the highest standard AEB value was 12.

Figure 5. Compound Muscle Action Potential (CMAP) Amplitude (mV) in control (n= 10) and OXP (n= 20) treated male 
C57Bl/6J mice at 11-15 wks of age. There were no significantodifferences between control and OXP mice in NCV values at 
distal (d.s.) or proximal (p.s.) sites (Two-way ANOVA, Sidak’s post hoc). Data are presented as mean + SEM.
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