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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N

B.   Software Usage: Does your protocol include detailed descriptions of software usage? N

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
2.8, 2.11, 2.12, 2.14, 3.3, 3.6
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
2.14 
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
E.  Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The chronic contractile activity model of exercise is useful to study skeletal muscle adaptations to exercise training stimuli in vivo. In particular, this model elicits the phenotypic adaptations of a 6-week training protocol within 7 days. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. David Hood: This method can help answer key questions in the muscle physiology field, such as mitochondrial biogenesis, autophagy, and many other exercise-associated cellular adaptations. 
1.2. David Hood: The main advantage of this technique is that it allows for the observation of muscle-specific adaptations over a short timecourse of 7 days as compared to other exercise training protocols.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Yuho Kim: The implications of this technique extend toward therapy of muscle atrophy diseases, because chronic muscle stimulation has been shown to have an effect on ameliorating aging-related muscle weakness.  

1.4. Jonathan Memme: Generally, individuals new to this method will struggle because of difficulty landmarking the common peroneal nerve and attaching the electrical coils at either end requires practice and precision.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at York University.
Protocol: (read by voice talent at JoVE)
2. Surgical Insertion of Stimulator
2.1. Begin by anesthetizing the rat under 1 to 3% isoflurane inhalation with oxygen [1-MED] and confirm full sedation by checking the response to a hindlimb toe pinch [2-CU] and observing respiratory depth and rate [3-CU]. 
2.1.1. Talent at the bench in the surgery area with all instruments to hand. Talent places the already anesthetized rat onto an isoflurane nose cone.  
2.1.2. A toe pinch is administered and no reaction is seen. 
2.1.3. A steady respiratory rate with good depth is seen. 
2.2. Apply ocular lubricant on eyes to avoid dryness [1-CU] and place the rat on a heating pad at a low to medium setting [2-MED-over the shoulder]. 
2.2.1. Ointment is applied to the rat’s eyes. 
2.2.2. A heating pad is placed under the rat. The settings of the heating pad under the rat are checked. 
2.3. Gently shave the left hindlimb, as well as a strip around the torso from the back of the neck, around behind of the forelimbs and across the anterior thorax [1-MED]. Gently wipe shaved areas with iodine and ethyl alcohol to disinfect [2-CU].
2.3.1. The rat is shaved as described. 
2.3.2. The exposed skin is wiped with an alcohol pad. 
2.4. With the animal laying on its stomach, use a sterile scalpel with a #10 blade [1-MED] to make a small incision of around 0.5-centimeters on the back of the neck in the center of the shaved region [2-CU]. 
2.4.1. Shot of the bench as Talent’s hand picks up the scalpel. 
2.4.2. The incision is made as described. Videographer: please ensure that only the area of the rat where the incision is made is visible to camera. 
2.5. Then roll the animal onto its right side [1-MED-over the shoulder] and make a two to three-centimeter cut in the skin of the left hindlimb between the dimple of the knee joint and close to the origin of the tail [2-CU].
2.5.1. Talent gently rolls the animal. 
2.5.2. The incision is made as described. Videographer: please ensure that only the area of the rat where the incision is made is visible to camera. 
2.6. Using blunt-tipped curved surgical scissors [1-MED-over the shoulder], dissect the subcutaneous area to around 3.5 to 4 centimeters, separating the skin from the underlying muscle to make a pocket between the opened skin and underlying muscle [2-CU]. 
2.6.1. Talent puts down the scalpel and picks up the blunt-tipped curved surgical scissors. 
2.6.2. The skin is separated from the muscle fascia as described. Videographer: please only show the area of blunt dissection on the rat. 
2.7. Next, use surgical scissors [1-MED] to make a small incision of less than 0.5-centimeters on the biceps femoris muscle, ensuring that the tips of the scissors are cutting directly down through the muscle [2-CU].
2.7.1. Shot of the surgical scissors laying in the clean area as they are picked up. 
2.7.2. The incision in the muscle is made as described. 
2.8. Then gently open the cut area until the internal muscle groups and the common peroneal nerve are visible. Use extreme caution to avoid cutting or damaging the nerve [1-ECU].
2.8.1. *film as written. The common peroneal nerve is indicated with the tips of the scissors when it becomes visible. 
Author comment: Move section 2.9 after 2.11. i.e. new order should be 2.8, 2.10, 2.11, 2.9, 2.12…

2.9. Fix the window by pulling it open with metal retractors until the size of the window is approximately 1.5 squared centimeters with the peroneal nerve lying in the center of the window [1-MED]. 
2.9.1. Two small metal hooks attached to straps and/or rubber bands are already fastened down to the table surface or surgery board, Talent adds two more hooks and fastens each of them to the table. 
2.10. Next, prepare 50 to 60 centimeters of PTFE-coated fine stainless-steel wire [1-MED-over the shoulder] and fold it in half [2-CU].
2.10.1. Talent pulls out the required length of PTFE-coated wire. 
2.10.2. Wire is folded in half. 
2.11. Hook the folded part of the wire into the slit of a 30-centimeter stainless-steel rod [1-CU]. Use the rod to pass the wire through the open pocket of the hindlimb up the leg and along the center of the back in an L-shape pattern, to reach the small incision area at the back of the neck [2-CU]. 
2.11.1. Talent hooks the wire into the stainless-steel rod as described. 

2.11.2. *film as written. 

2.9 Fix the window by pulling it open with metal retractors until the size of the window is approximately 1.5 squared centimeters with the peroneal nerve lying in the center of the window [1-MED]. 
2.9.1 Two small metal hooks attached to straps and/or rubber bands are already fastened down to the table surface or surgery board, Talent adds two more hooks and fastens each of them to the table. 
2.12. Using a scalpel, carefully strip the ends of the wire by 1.5-centimeters [1-CU]. Wrap the stripped wire ends around a blunted 21-G needle five times to make a coil [2-MED]. Once the coils are properly made, release the needle from them [3-CU].
2.12.1. The intact wire end is stripped with the scalpel. 
2.12.2. Talent wraps the stripped ends 5 times around the blunted needle. 
2.12.3. The needle is released and the coil is visible to camera. Critical step.
2.13. Secure each of the coils on either side of the common peroneal nerve with size 6-0 surgical silk [1-CU]. 
2.13.1. *film as written. Critical step. 
2.14. Make a knot at the very end of the coil, and suture it on the left-hand side of the nerve, ensuring that the coil is at 1.5 to 2.5-millimeters from the nerve [1-CU]. To secure the coil, apply two or three additional sutures along the coil [2-MED-TXT]. 
2.14.1. *film as written. Critical step. 
2.14.1.1. Added shot: Make knot with surgical silk around the last ring of the coil.
2.14.1.2. Added shot: Suture Coil to underlying muscle parallel to Peroneal Nerve. 
2.14.2. Talent adds 2 additional sutures to the coil. TEXT: Repeat these steps on the right-hand side of the nerve.
2.15. Yuho Kim: The steps just shown require considerable practice and patience in order to avoid damaging the nerve and underlying muscle, and to achieve consistent stimulation conditions across all animals. It’s best to have one skilled researcher complete all surgical procedures during a study [1-INT]. 
2.15.1. Named Talent speaks the text to camera. 
2.16. Apply two or three drops of antibiotic solution [1-MED-TXT] and then carefully suture the window using size 5-0 silk [2-MED-over the shoulder]. 
2.16.1. Amplicillin solution is dripped onto the surgical area. TEXT: Ampicillin in saline; 132 mg/mL
2.16.2. Talent finishes suturing the window. 
2.17. Loosely wind the remaining slack of wire and push into the subcutaneous pocket above the sutured incision of the biceps femoris muscle above the hip [1-CU].
2.17.1. *film as written. 
2.18. Apply 2 to 3 drops of antibiotic solution and close the opened skin by stapling [1-MED]. 
2.18.1. Talent drips on the antibiotic solution and then adds the staples. 
3. Connecting to the CCA Stimulator Unit
3.1. Next, move the animal to the sternal position [1-CU]… and cut the wire loop coming out of the incision at the top of the neck to create 2 wire ends [2-MED]. 
3.1.1. If possible show the wire ends being connected at the peroneal nerve. Roll the animal onto its stomach
3.1.2. Talent picks up scissors and carefully moves to cut the wire loop. 
3.2. Using a scalpel, strip off the ends of the wires by 0.5-centimeters [1-MED-over the shoulder]. Cut off any frayed wires [2-CU].
3.2.1. Talent uses a scalpel to strip the two ends of the wires. 

3.2.2. Frayed wires are cut from one of the ends.  
3.3. Slowly push the stripped parts of the wires into the hole of the pin sockets [1-MED], and using a soldering iron, solder the wires on the pin sockets [2-MED-over the shoulder].
3.3.1. The two wires are pushed into the sockets one-by-one. 
3.3.2. Talent soldering the wires. 
3.4. Pass the pin connected-wire ends through a 4 cm x 4 cm sterile gauze pad [1-CU]. Then pass the wires through the hole in the base of the stimulator box [2-MED-over the shoulder-TXT]. 
3.4.1. *film as written. 
3.4.2. Talent inserts the wires through the holes in the stimulator box and threads them through to the appropriate place. TEXT: See written protocol for details of stimulator box. 
3.5. Insert the pins into the connection sockets on the CCA unit [1-CU]. Gently put the CCA unit into the chamber using a sticky tack to secure the CCA unit at the bottom of the chamber [2-MED].
3.5.1. *film as written. 
3.5.2. Shot of the chamber with a sticky tack on the bottom as the CCA is gently lowered into the chamber. 
3.6. Use athletic tape or porous surgical tape to fix the chamber around the shaved torso [1-CU]. Close the top of the chamber with three layers of taping [2-MED-over the shoulder] and finish by wrapping tape around the sides of the stimulator box to secure the box [3-MED]. 
3.6.1. The chamber is taped in the usual manner. 
3.6.2. Talent puts 3 layers of tape on the top of the chamber. 
3.6.3. Talent wraps tape around the sides of the stimulator box. 
3.7. Check if the CCA is working by exposing the unit to a single pulse of infrared light emitted by a portable infrared strobe light [1-MED/MED-over the shoulder]. If the CCA is properly working, the hindlimb muscles will contract in response to the infrared light [2-CU-TXT]. 
3.7.1. Talent places a small infrared light into the chamber and turns it on. Multiple takes, shot will be reused once. 
3.7.2.  The hindlimb of the rat contracts. TEXT: See written protocol for recovery and post-operative care instructions.
3.8. Weigh the animals shortly before beginning the CCA procedure to record a baseline measurement to help identify any severe stress or adverse effects by change of body weight after the CCA procedure [1-MED-TXT].
3.8.1. Talent places one rat in the bucket of the weighing scale, records the weight and then places it back in the cage. TEXT: Begin CCA 5-7 days after surgery. 
4. Inducing Chronic Contractile Activity 
4.1. On the day of CCA stimulation, turn on CCA by exposing the stimulator unit to a single pulse of infrared light by a portable infrared strobe light [1-MED-over the shoulder] and apply 3 or 6 hours of 10 Hz CCA stimulation [2-MED]. 
4.1.1. Use 3.7.1. Talent turns on stimulation using a portable infra-red light. 
4.1.2. Talent sets the timer on the stimulator or sets a lab timer and places it near the stimulator. 
4.2. Check the stimulation and animal every 30 to 60 minutes [1-WIDE]. 
4.2.1. Talent enters the shot, examines the animal and the stimulator. 
4.3. Following the desired CCA period, turn off the CCA unit via infrared light exposure [1-MED]. 
4.3.1. Talent applies IR light to the CCA unit and it turns off.  
5. Results: Chronic Contractile Activity is an Effective Tool to Induce Favorable Mitochondrial Adaptations within Skeletal Muscle
5.1. Rats subjected to 7 days of CCA for 6 hours per day display enhanced mitochondrial biogenesis in the stimulated muscle as compared to the unstimulated contralateral hindlimb [1-LM]. This increase in mitochondrial biogenesis is indicated by increased protein expression of PGC-1α [2-LM]. 
5.1.1. LAB MEDIA: 56827_Hood_Figure3A. Video Editor please highlight CCA figure legend when ‘CCA’ is narrated and ‘CON’ when “as compared to the unstimulated contralateral hindlimb” is narrated. 
5.1.2. LAB MEDIA: 56827_Hood_Figure3A. Video Editor please highlight the Pgc-1a figure legend.  
5.2. Examination of permeabilized muscle fibers to measure mitochondrial respiratory capacity reveals that CCA resulted in an increase in the maximal respiratory capacity of muscle relative to control muscle [1-LM]. 
5.2.1. LAB MEDIA: 56827_Hood_Figure3C. Video Editor please place a box around, or otherwise highlight the white bars and ‘CCA’ figure legends under ‘state 4’ and ‘state 3’. 
5.3. Both subsarcolemmal and intermyofibrillar mitochondrial populations increased following 7 days of CCA [1-LM] compared to control unstimulated muscle [2-LM]. 
5.3.1. LAB MEDIA: 56827_Hood_Figure4A. Video Editor please highlight ‘SS’ when subsarcolemma is narrated and ‘IMF’ when intermyofibrillar is narrated. 
5.3.2. LAB MEDIA: 56827_Hood_Figure4B. Show figure. 
5.4. Adaptations to the autophagy and lysosomal systems can also be brought about by CCA. An increase in the protein abundance of transcription factor EB, the principal regulator of lysosomal biogenesis, is observed after CCA at all time points [1-LM]. 
5.4.1. LAB MEDIA: 56827_Hood_Figure5A. Show figure. 
6. Conclusion (said by authors on camera)
6.1. Jonathan Memme: Following this procedure, other methods like general subcutaneous or intraperitoneal injections can be performed in order to answer additional questions like estimation of autophagy flux with colchicine treatment.
6.2. Yuho Kim: After watching this video, you should have a good understanding of how to apply the chronic-contractile activity model in order to examine muscle phenotypic changes following endurance training.    
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 are included in the email accompanying the finalized script.
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