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Abstract

Electrophysiological studies allow a rational classification of various neuromuscular diseases and are of help, together with neuropathological
techniques, in the understanding of the underlying pathophysiology1. Here we describe a method to perform electrophysiological studies on
mouse sciatic nerves in vivo.

The animals are anesthetized with isoflurane in order to ensure analgesia for the tested mice and undisturbed working environment during
the measurements that take about 30 min/animal. A constant body temperature of 37 °C is maintained by a heating plate and continuously
measured by a rectal thermo probe2. Additionally, an electrocardiogram (ECG) is routinely recorded during the measurements in order to
continuously monitor the physiological state of the investigated animals.

Electrophysiological recordings are performed on the sciatic nerve, the largest nerve of the peripheral nervous system (PNS), supplying
the mouse hind limb with both motoric and sensory fiber tracts. In our protocol, sciatic nerves remain in situ and therefore do not have to
be extracted or exposed, allowing measurements without any adverse nerve irritations along with actual recordings. Using appropriate
needle electrodes3 we perform both proximal and distal nerve stimulations, registering the transmitted potentials with sensing electrodes at
gastrocnemius muscles. After data processing, reliable and highly consistent values for the nerve conduction velocity (NCV) and the compound
motor action potential (CMAP), the key parameters for quantification of gross peripheral nerve functioning, can be achieved.

Video Link

The video component of this article can be found at https://www.jove.com/video/51181/

Introduction

Electrophysiological measurements are an indispensable tool for investigating the functional integrity of peripheral nerves in both clinical and
laboratory environments. In humans, a large number of neuromuscular disorders and neuropathies diagnostically rely on electrophysiological
measurements. By measuring nerve properties as conduction velocity or potential amplitudes of the signal, it is possible to characterize the
rough origin of peripheral nerve diseases.

The nerve conduction velocity is highly dependent on rapid signal propagation enabled by myelination. Therefore, demyelinating processes
generally show decreased conduction velocities4. The compound motor action potential (CMAP) - correlating with the number of functional axons
- is an indicator for axonal damage when significantly reduced5.

Thus, by means of electrophysiological methods the etiology of peripheral nerve damage can be discriminated, such as for hereditary
neuropathies6,7, diabetic neuropathy8,9, chronic inflammatory demyelinating polyneuropathies (CIDP)10, or metabolic neuropathies11.

Normally, in the human application noninvasive recordings on the sural or ulnar nerve are preferred. In mice, it is straightforward to analyze nerve
properties of sciatic nerves, the largest nerve of the peripheral nervous system (PNS) containing both large - and small-caliber axons of the
motoric and sensory system.

The procedure as demonstrated here is a quick, easy and reliable method to measure all standard values relevant for electrophysiology on
peripheral nerves in the intact mouse. By taking recordings from a preserved organism, physiological conditions of the nerve environment are
guaranteed.
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Protocol

The present study was performed according to the Protection of Animals Act of the Federal Republic of Germany (Tierschutzgesetz der
Bundesrepublik Deutschland) and was approved by the Thuringian State Office for Food Safety and Consumer Protection (Thüringer Landesamt
für Lebensmittelsicherheit und Verbraucherschutz).

1. Setting Up the Measurements

1. Anesthetize the mice by isoflurane/O2 inhalation - for initiation of anesthesia 3%, for maintenance 2% isoflurane in 100% oxygen (Figure
1). Confirm sufficient anesthesia by testing simple reflexes such as movement reflexes and testing of sensitivity for low-grade pain. Use of
ointment on the eyes to prevent dryness during anesthesia is recommended but not indispensable because the procedure typically takes just
30 min/animal in total. In case of survival experiments, administer timely longer acting analgesics for managing postoperative pain.

2. Shave the fur covering the hind limbs with an electric razor and perform depilation with a commercially available hair-removal cream while
animals are already under analgesia. In order to maintain pathogen-free status throughout the procedure, wear aseptic gloves and always
use instruments carefully cleaned with 70% ethanol.

3. Control body temperature stability by a feedback controlled heating plate and rectal thermo probe (Figure 2). If necessary, please use
a sterile drape to cover the heating plate between the animals in order to keep a sterile experimental environment. Furthermore, it is
recommended to use a heating plate, which is electronically controlled via an integrated sensor to limit the heating temperature to ≤40 °C in
order to avoid tissue damage.
 

 

Figure 1. Experimental setup showing an anesthetized mouse with shaved hind limbs.
4. Take electrocardiography (ECG) recordings to monitor the heart rate as a vital parameter. Install three electrodes for ECG recordings as

follows: one electrode under the skin of each forelimb and one electrode under the skin in the neck area.
5. Place ring electrodes using contact gel for optimal conductivity / transfer resistance. The sensing electrode (labeled in black) is placed at the

position where the gastrocnemius muscle has its maximum diameter. The reference electrode (indicated in red) is placed just beneath the
sensing electrode.
 

Note: Please see 'Material table' for equipment details.
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6. Mark the correct positions of measurement with predetermined but consistent distances between the proximal and distal sciatic nerve
stimulation and the lead electrode. Experimental proposal: At a distance of 4 mm from the sensing electrode, the distal stimulation will take
place. In a distance of 16 mm to the sensing electrode, the proximal stimulation will be carried out (Figure 2).

 

Figure 2. Representative picture showing the experimental situation just prior to the beginning of the measurements. The white arrow
indicates the position of the sensing (black) and reference (red) electrode at the gastrocnemius muscle of the left hind limb. The stimulation by
needle electrodes will be performed at defined positions in relation to the black sensing electrode. The point of distal stimulation (black mark
with "d.s." at the left hind limb) has a distance of 4 mm from the sensing electrode; the place of proximal stimulation (black mark with "p.s.") is 16
mm away. The red line on the right hind limb shows the approximate anatomical course of the sciatic nerve. Furthermore, the rough positions of
relevant hind limb muscles are shown as landmarks. The asterisk indicates the rectal thermal probe.

2. Measurement

1. Principle: Perform a series of nerve stimulations with repetitively generated single square-wave pulses of 0.1 msec duration by monopolar
disposable 28 G needle electrodes (repetition rate 200 msec; see Figure 3A). For off-line data analysis, it is recommended to simultaneously
acquire stimulation signals together with the neuromuscular function response curve (Figure 3B) due to nerve stimulation. Average a series
of maximal responses ("representative neuromuscular function response") for subsequent data analysis. In order to produce reliable data,
record and later average at least 3 independent, optimal response curves per stimulation site and animal.
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Figure 3. Procedure for data acquisition and analysis (schematic presentation). Repetitively generated pulses are applied to the sciatic
nerve via needle electrodes (upper row in Figure 3A). Simultaneously, several corresponding neuromuscular response curves are recorded
(lower row in Figure 3A). When averaged and magnified, neuromuscular response curves due to stimulation pulses (upper row in Figure
3B) show the following characteristic properties (lower row in Figure 3B): Latency of the signal response as well as duration and amplitude
of the signal are indicated and can be obtained for subsequent calculations and statistics. Irregular signal conduction and / or suboptimal
recordings usually result in various signal deformations with more than just one positive and one negative deflection or signal deformation
(bimodal shape) with reduced amplitude (Figure 3C).

2. Perform proximal stimulation with a needle electrode at determined position ("p.s." in Figure 2).
1. In order to achieve best recording conditions with maximum amplitudes, visualize the actual response curves simultaneous to the

stimulation process. By doing so, the experimenter is able to immediately assess the shape of the response curves as well as the size
of the amplitude.

2. If necessary, slightly and carefully manipulate the position and / or the angle of the stimulation needle with respect to the sciatic nerve.
This gentle optimization of stimulation conditions allows reaching constant amplitudes with the largest possible value and a response
curve of typical biphasic shape (Figure 4).

3. Perform distal stimulation with a needle electrode at determined position ("d.s." in Figure 2).
4. After completion of measurement, transfer the tested mouse to a separate cage until it has regained sufficient consciousness to maintain

sternal recumbency. Do not leave an animal unattended and in the company of other animals until it has fully recovered from anesthesia.
Administer timely longer acting analgesics for managing postoperative pain. Systemic administration of nonsteroidal anti-inflammatory drugs
(NSAIDs) and opioids are recommended for 1-3 days.

5. Alternatively, sacrifice the still anesthetized mouse in a quick and humane fashion without any further pain for the animal, e.g. by neck
dislocation.

https://www.jove.com
https://www.jove.com
https://www.jove.com


Journal of Visualized Experiments www.jove.com

Copyright © 2014  Journal of Visualized Experiments April 2014 |  86  | e51181 | Page 5 of 7

 

Figure 4. Illustration to determine the CMAP recordings with maximum amplitudes. A complete registration series is presented. (a)
Insertion point with minimal CMAP response. (b) Slight stimulation needle movement results in CMAP recordings with maximum amplitudes. (c)
Additional changes in needle placement produce CMAP recordings with different amplitudes including near-maximum amplitudes. (d) Stimulation
needle replacement with serial CMAP recordings of near-maximum amplitudes. Note: Typical decrement in CMAP amplitudes can occur during
repetitive stimulation at optimal stimulation site12,13. Asterisks indicate CMAP recordings with maximum amplitudes depicted for averaging.

3. Analysis

1. Extract nerve conduction parameters based on the representative neuromuscular function response data set using an appropriate software
package (e.g. AtisaPro).
 

Note: Please handle time-related data determination with special care because inflection point determination of compound motor action
potential (CMAP) onset and termination can be difficult. A procedure with verified reproducibility is given in Figure 3B, where tangents on
signal deflections after onset and before termination are used.

2. Calculate 'signal latency' and 'CMAP' values.
1. Latency' represents the time delay between stimulation and CMAP onset, whereas the time span between CAMP onset of initial

negative deflection to initial return to baseline is called 'CMAP duration'. Use the difference between distal and proximal latencies to
calculate conduction velocity together with the distance between distal and proximal stimulation sites.
 

conduction velocity = latency / distance between stimulation sites
2. CMAP' (compound motor action potential) amplitude represents the magnitude between maximum positive and negative turnaround

point of the CMAP signal (given in mV).
 

CMAP = value 'positive turnaround point' - value 'negative turnaround point'

Representative Results

We conducted a series of in vivo electrophysiological measurements on sciatic nerves of 12 mice in total for this study: 6 animals of each gender.
The measurements were performed with the presented protocol and delivered the following results:
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Both male and female mice display a mean sciatic nerve conduction velocity of approximately 20 m/sec (Figure 5). This is consistent with other
measurements in the literature. Furthermore, it shows that there are no relevant differences in nerve conduction speed between males and
females according to our data.

 

Figure 5. Nerve conduction velocities of the sciatic nerve measured for male and female mice in vivo.

Furthermore, we determined the amplitude of compound motor action potentials (CMAP) after proximal and distal stimulation of the sciatic nerve
(Figure 6). Again, we did not find any apparent variances between genders. However, the CMAP amplitudes in response to proximal stimulation
tend to be larger compared to the potential following distal stimulation. This is an expected finding since proximal sciatic nerve stimulation leads
typically to an enhanced motor unit recruitment compared to distal stimulation.

 

Figure 6. CMAP amplitudes after proximal (purple) and distal (red) stimulation of the sciatic nerve in vivo.

Discussion

The described protocol provides an easy and reliable method to determine sciatic nerve conduction properties on anesthetized mice without
the need to expose the nerve of interest. Nevertheless, this experimental procedure causes tissue injury by needle puncture. It is therefore a
reasonable option to sacrifice the animals after finishing the recordings. However, compared to other more invasive procedures, which require
the exposure of the nerve prior to recordings, tissue damage is comparably small 3,14. Therefore, repeated measurements are possible and
depend on the design of the respective study. However, certain points have to be considered in order to assure consistent results.

In order to perform optimal recording conditions, it is important to reduce skin resistance by complete hair removal, extensive skin cleaning and
by using contact gel, all of which permits an appropriately low noise level/contamination during measurements.

Furthermore, it is important to look for optimal, biphasic curve shapes of the detected signals as shown in Figure 3B. Occasionally, we also
detect curves that are obviously a product of irregular signal conduction through antidrome signal spreading or by some nerve branches. This
scenario results in different signal deformations with more than just one positive and one negative deflection or with a split signal shape, reduced
amplitude, and/or broadened signal (Figure 3C). In order to assure the classical orthodrome signal propagation from the point of stimulation to
the muscle, only those recordings should be used for quantifications that display a clear shape as shown in Figure 3B.

It must be taken into account that anesthesia may influence electrophysiological recordings on peripheral nerves. Previous reports indicated that
the use of isoflurane for anesthesia reduces CMAP values markedly, compared to CMAP measurement under nonanesthetized conditions14.
Nevertheless, the herein used procedure has minimal impact on NCV, delivers reproducible data throughout the experimental performance and
is the safest, most effective method of anaesthesia in order to assess peripheral nerve functions in mice15.
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Finally, one has to consider that the sciatic nerve contains both motoric and sensory fiber tracts. A separate analysis of either motor or sensory
components is impossible because of the herein used external supra-maximal nerve stimulation and induced orthodrome signal propagation. In
order to address this issue, we also performed electrophysiological recordings from sural nerve16, a pure sensory nerve that can be stimulated at
the lateral ankle of the mouse’s hind limb. However, the small size of the sural nerve leads to the following problems: First, typically a rather small
potential size during recordings can be obtained which required sophisticated data analysis. Second, a certain number of accidental injuries of
the sural nerve under study due to puncturing cannot be avoided while trying to accomplish recordings.   

In contrast to other protocols17, it is not necessary to extract the nerve of interest – in our case the sciatic nerve – prior to the measurements.
By taking recordings from a preserved organism, physiological conditions of the intact nerve environment are preserved. Furthermore, tissue
damage to the mice is small compared to more invasive procedures.

On the other hand, the lack of nerve exposure using this technique makes consistent reproduction of stimulations more difficult since visible
confirmation of proper electrode placement with respect to the sciatic nerve is not possible. However, simultaneous monitoring of the response
curves during recordings is an easy way to reliably define proper stimulation needle positioning. 

Using this method, various existing and new mouse models of neuromuscular diseases could be properly characterized in terms of nerve
conduction properties: Demyelinating phenotypes can be clearly distinguished from animal models of primarily muscular or axonal diseases, e.g.
as shown in a previous work where the described method has been performed7.  
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