Submission ID #: 52899
Editor Name: Petti Pang
Videographer name: Brandon Marks
Film Date: May 4, 2015
Authors and Affiliations: 

Arnold, W. David

Department of Neurology

Department of Physical Medicine and Rehabilitation

Department of Neuroscience

The Ohio State University Wexner Medical Center

Columbus, Ohio 

William.Arnold@osumc.edu
Sheth, Kajri A.

Undergraduate Neuroscience

The Ohio State University

Columbus, Ohio 

Sheth.56@osu.edu

Wier, Christopher G.

Department of Neuroscience

The Ohio State University Wexner Medical Center

Columbus, OH 43210, USA

Christopher.Wier@osumc.edu
Kissel, John T.

Department of Neurology

The Ohio State University Wexner Medical Center

Columbus, Ohio

John.Kissel@osumc.edu
Burghes, Arthur H.M.

Department of Molecular & Cellular Biochemistry

The Ohio State University Wexner Medical Center

Columbus, Ohio

burghes.1@osu.edu
Kolb, Stephen J.

Department of Neurology

Department of Molecular & Cellular Biochemistry

The Ohio State University Wexner Medical Center

Columbus, Ohio

Stephen.Kolb@osumc.edu
Title: Electrophysiological motor unit number estimation (MUNE) measuring compound muscle action potential (CMAP) in mouse hindlimb muscles
Corresponding Author: W. David Arnold
Co-authors: Kajri Sheth, Christopher Wier, John Kissel, Arthur Burghes, Stephen Kolb 
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N___ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

We will need to show the responses of the supramaximal stimuli (the CMAP) and the incremental stimuli (the increments) on the screen.  We will not outline the step-by-step descriptions of the software as this varies between systems utilized. 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. _____2.1, 2.2, 2.3, 3.2, 4 __

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number._____4_________________

E.  Will the filming need to take place in multiple locations? (Y/N) ___N__ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Authors may submit schematic overview later. Alternatively, suggested shots (as indicated below) could be used.

Conceptual Narrative:
The overall goal of the following experiment is to estimate the number of functional motor units innervating the triceps surae muscles in the mouse in vivo. (Intro)
This is achieved by first measuring the maximal CMAP (pronounced: “see-map”) amplitude from the tricep surae muscles. (P1)
Video editor, use shot 2.1.1. 
Text: CMAP: compound muscle action potential
As a second step, ten submaximal incremental responses are obtained, which are then averaged to give the average single motor unit action potential amplitude. (P2)  

Video editor, use shot 4.4.3
Next, the CMAP amplitude is divided by the average SMUP (pronounced: “smup”) amplitude in order to calculate MUNE (pronounced: “myoo-nee”). (P3)
Video editor, use shot 4.6.2
TEXT: SMUP: single motor unit potential; MUNE: motor unit number estimation
The results provide an in vivo estimation of the number of functional motor units innervating the triceps surae hindlimb muscles. (P4)
Video editor, use LAB-MEDIA: 52899fig4.jpg
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or PowerPoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   

B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. W. David Arnold:  The electrophysiological motor unit number estimation technique presented here can be used to investigate preclinical therapies for disorders and injuries affecting the peripheral nervous system.
1.2. Arthur Burghes:  We first had the idea for this method when we aimed to characterize the SMN∆7 mouse model of spinal muscular atrophy.  This mouse model develops a severe phenotype of motor weakness in the early postnatal period. Therefore we refined this technique to allow assessment of both neonatal and adult mice. 
1.3. Kajri Sheth:  Visual demonstration of this method is critical in order to obtain reproducible incremental responses to allow accurate estimation of the number of functional motor units.  
1.4. Chris Wier:  The main advantage of this technique over other methods of motor unit number estimation in mice, such as techniques based on incremental force measurements, is that this technique is minimally invasive and allows repeated measurements over time.    
1.5. Stephen Kolb:  The ability to perform clinically-relevant, reliable and repeated assessments of motor unit integrity in models of motor neuron diseases and peripheral nerve injury increases the translational potential of these models and will accelerate our understanding of the determinants of motor unit maintenance and health.
Protocol (read by voice talent at JoVE):

2. Recording Setup and Equipment
2.1. To perform CMAP and MUNE recordings, place the active ring electrode on the skin overlying the proximal portion of the hind limb gastrocnemius muscle of an anesthetized mouse [2.1.1-MED-over the shoulder CU-TXT].  Then, place the reference ring electrode on the skin over the mid-metatarsal portion of the foot [2.1.2-CU]. 

2.1.1. *Film as written 
2.1.2. *Film as written
2.2. In order to reduce impedance, coat the skin and residual hair underlying the ring electrodes with gel to maximize electrode-skin contact [2.2.1-MED-over the shoulder CU].  Avoid excessive application of electrode gel as this may cause an electrical bridge between electrodes and prevent accurate recording [2.2.2-CU].

2.2.1. *Film as written
2.2.2. [combined with 2.2.1] *Film as written
2.3. For stimulation of the sciatic nerve, insert an insulated 28 gauge monopolar needle as cathode in the proximal hind limb. Avoid inserting the stimulating electrodes overly close to the sciatic nerve or too deep as it could injure the sciatic nerve or other structure [2.3.1-CU]. Insert another insulated 28 gauge monopolar needle as anode more proximally in the subcutaneous tissue overlying the sacrum [2.3.2-CU].  
2.3.1. *Film as written
2.3.2. *Film as written
2.4. [2.4.1-CU].  After that, place a disposable surface electrode as ground electrode on the contralateral hind limb or tail [2.4.2-CU]. 
2.4.1. [narrative moved to be with 2.3.1] *Film as written
2.4.2. *Film as written
3. Sciatic CMAP
3.1. In this procedure, obtain the sciatic CMAP responses by stimulating the sciatic nerve with square-wave pulses of 0.1 ms duration [3.1.1-MED-over the shoulder].  Acquire CMAP responses with increasing stimulus intensity from 1 to 10 mA until the amplitude of the response no longer increases [3.1.2-MED-over the shoulder].
3.1.1. Talent clicks the computer screen to give stimulation SCREEN
3.1.2. Talent watching the computer monitor as the CMAP amplitude increases until it gets constant SCREEN
3.2. In order to ensure supramaximal stimulation, increase the stimulation to about 120% of the stimulus intensity utilized to obtain a maximal response and an additional response [3.2.1- MED-over the shoulder]. If there is no further increase in the CMAP size, record this response as the maximal CMAP [3.2.2-SCREEN]. 
3.2.1. Talent increases the stimulation to about 120% of the stimulus intensity mis-slated 3.1.2 take 2
3.2.2. Talent saves the response and record it on a data sheet as a numerical value
3.3. Then, record baseline-to-peak and peak-to-peak CMAP amplitudes in mV [3.3.1-LM]. 

3.3.1. LAB_MEDIA: 52899_Arnold_52899fig2.jpg. 
Video editor, please change “A” to “baseline-to-peak” and “B” to “peak-to-peak”
4. Average Single Motor Unit Potential Size and MUNE Calculation

4.1. To determine the average SMUP size, use the incremental stimulation technique by delivering the submaximal stimulation [4.1.1-MED-over the shoulder-TXT], while increasing the intensity in 0.03 mA increments to obtain the minimal all-or-none responses [4.1.2-MED-over the shoulder]. 

4.1.1. Talent watching the responses in the computer monitor. TEXT: SMUP: single motor unit potential; Stimulation: 0.1 ms at 1 Hz
4.1.2. Talent increases the intensity by adjusting the knob
4.2. If the initial response does not occur with the stimulus intensity between 0.21 mA and 0.70 mA, adjust the stimulating cathode position either closer or farther away from the position of the sciatic nerve in the proximal thigh [4.2.1-CU].  If the initial incremental response is obtained, ensure that the initial negative peak of the response is aligned with the negative peak of the maximal CMAP response [4.2.2-MED-over the shoulder]. 

4.2.1. CU the animal as talent adjusting the stimulating cathode position
4.2.2. Talent pointing at the initial negative peak of the response and comparing it with the negative peak of the maximal CMAP response on the monitor. SCREEN
4.3. Next, ensure that each incremental response is stable and without fractionation by superimposing three incremental responses in real-time [4.3.1- MED-over the shoulder].  Each increment should be visually distinct and at least 25 µV larger than the preceding response [4.3.2-SCREEN].  
4.3.1. Talent watching and showing the three incremental responses being superimposed on the monitor. SCREEN
4.3.2. A screen movie to show the increment of at least 25 µV between responses
4.4. When all the criteria are met, record 10 incremental responses [4.4.1-MED-over the shoulder-TXT].  Afterward, assess the increments to ensure that the amplitude of each individual incremental response is smaller than 1/3 of the sum of all 10 increments [4.4.2-MED-over the shoulder].  Next, average the 10 incremental values to give an estimation of the average SMUP amplitude [4.4.3-MED-over the shoulder].
All one SCREEN
4.4.1. *Film as written. Text: 0.03 mA stimulus intensity increment [used this code to mark establishing shot of talent]
4.4.2. Talent assessing the increment by calculating 1/3 of the sum of all 10 increments 
4.4.3.  Talent averages the 10 incremental values on the monitor 
4.5. Here is an example to calculate the individual SMUP: SMUP 1 = peak-to-peak amplitude of increment 1, which is equal to 0.050 mV [4.5.1-LM/SCREEN]. SMUP 2= (peak-to-peak amplitude of increment 2) – (peak-to-peak amplitude of increment 1), which is equal to 0.150 mV-0.050 mV=0.100 mV [4.5.2-LM/SCREEN].
Authors can provide screen movies for 4.5.1 and 4.5.2 instead of using 52899fig3.jpg.
4.5.1. 52899_Arnold_52899fig3.jpg. Show the top left figure (labeled “Increment 1”)
4.5.2. 52899_Arnold_52899fig3.jpg. Show the bottom left figure (labeled “Increment 2”), then show the right figure (labeled “Superimposed increments”)
4.6. Next, calculate each subsequent increment and make an average of the ten increments [4.6.1-SCREEN].  Then, calculate MUNE by dividing the maximum CMAP amplitude by the average SMUP amplitude [4.6.2-SCREEN-TXT] 
4.6.1. *Film as written 
4.6.2. *Film as written.  Text: MUNE=CMAP/average SMUP.
5. Results: Example Sciatic CMAP and MUNE
5.1. In this figure, findings in an adult control mouse [5.1.1-LM] and an adult mouse [5.1.2-LM] 11 weeks following sciatic nerve crush are compared.  Following sciatic nerve crush, MUNE is severely reduced at 50 estimated functional motor units compared with a normal finding of 278 functional motor units in the control mouse. 
5.1.1. 52899fig4.jpg: Show A
5.1.2. 52899fig4.jpg: Show B
5.2. In contrast, the CMAP amplitude in the crushed animal [5.2.1-LM-TXT] shows only mild reduction compared to the control [5.2.2-LM-TXT] due to collateral sprouting.

5.2.1. 52899fig4.jpg: Show D. Text: 39.6 mV baseline-to-peak, 74.9 mV peak-to-peak
5.2.2. 52899fig4.jpg: Show C. Text: 49.0 mV baseline-to-peak, 84.2 mV peak-to-peak
6. Conclusion (said by authors on camera)

6.1. W. David Arnold:  After watching this video, you should have a good understanding of how to perform motor unit number estimation from mouse hindlimb muscles in vivo.

6.2. Kajri Sheth:  Once mastered, this technique can usually be done in less than 20 minutes if it is performed properly.

6.3. Steve Kolb:  We are hopeful that this visual demonstration of the protocol will lead to widespread adoption of this important technique which, we believe, will improve inter-laboratory reliability and accelerate the translation of discoveries in the laboratory to effective therapies in the clinic. Thank you.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.

( 2013, Journal of Visualized Experiments


