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A.  Will you require JoVE to record video microscopy through a microscope, such as filming a complex dissection or microinjection technique? Y If yes, please list make and model of your microscope: _Bausch & Lomb stereozoom 7 and specify the steps by number/short description: 1.1.2, 1.2.6, 1.3.4, 1.5.1, 2.3.4, 2.3.5 

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: 1.1.2, 1.2.6, 1.3.4, 1.5.1, 2.3.4, 2.3.5
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  1.2.6
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of the following procedure is to demonstrate the fabrication of a dual element strain gage. (Intro) This is accomplished by first bonding two aligned, individual single-element strain gage components. (P1) In the second step, the connecting wires are assembled and soldered to the bonded elements, taking care not to damage the backing material and the gage element. (P2) The dual element assembly is then embedded between layers of a silicone sheet to form a flexible, water-tight, and reusable strain gage. (P3) In the final step, the gage is combined with a stable connector for secure coupling to a suitable bridge amplifier. (P4) Ultimately, the fabricated gage can be used to record the rate and relative magnitude of in vivo contractions along the digestive tract. (P5)

(P1) 2.3.3. elements being bonded together
(P2) 2.5.2. connecting wires being assembled AND 2.6.2. wire ends being soldered 
(P3) 2.11.2. gage being sandwiched within silicone
(P4) 2.13.2. gage being attached to connector
(P5) Fig 2 JOVE strain gage paper.tif
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Gregory Holmes: Once fabrication of the individual strain gages has been mastered, the gages offer a relatively low-cost option for use within multiple regions of the gastrointestinal tract as specifically targeted by the investigator.
1.2. Emily Swartz: The strain gage technique has several advantages over existing methods, like using balloon manometers, pressure transducers or piezoelectric crystal transmitters and receivers, as the strain gages may be used acutely in anesthetized subjects or may be chronically implanted for long-term recordings in awake, freely behaving animals. 
Protocol (read by voice talent at JoVE):
2. Dual-element strain gage fabrication
2.1. To fabricate the dual-element strain gage, begin by attaching a small, clean, self-adhesive piece of paper with the adhesive side facing up on the workbench. Then secure the elements to the work surface to limit any unwanted movement or contamination of the elements. 
2.1.1. WIDE: Few seconds Talent attaching adhesive to work bench
2.1.2. MED – over the shoulder: Few seconds Talent attaching elements to work surface
2.2. Next, grasp each element in turn with a pair of #5 Dumont forceps and then clean the back of the element films with isopropyl alcohol.
2.2.1. MED: Talent picking up one element with forceps
2.2.2. CU: Few seconds back of one element film being cleaned with alcohol
2.3. After allowing the elements to air dry, use a clean 10-0 camel hair brush under a stereomicroscope to apply a thin film of epoxy-phenolic adhesive to the back of one of the elements. Then immediately place the opposing back of the second element onto the adhesive and align the foil grids. 
2.3.1. MED: Few seconds/shot Talent applying epoxy to element at microscope

2.3.2. SCOPE: Few seconds epoxy being applied to element with camel hair brush

2.3.3. SCOPE: Second element being placed onto adhesive and foil grids being aligned (Videographer: Split action into separate steps as necessary)
2.4. Place the bonded elements in a 50-60°C oven overnight to fully cure the epoxy. The next morning, use a #11 scalpel blade to trim the bonded dual elements to a final size of 3x3 mm, avoiding trimming the top of the elements.
2.4.1. MED: Talent places elements in oven
2.4.2. MED: Few seconds Talent trimming elements

2.4.3. CU: Few seconds elements being trimmed
2.5. Next, disassemble a 30 cm braided strand of a three-conductor wire into its three constituent wires. Then, to make a four wire cable, first pair one of the resulting single wires with the like-colored wire contained within a second 30 cm length of three-conductor wire. 
2.5.1. MED: Few seconds Talent dissembling 3 conductor wire

2.5.2. CU: Shot of dissembled 3 conductor wire, then few seconds 4 wire cable being assembled

2.6. Next, strip approximately 1 mm of Teflon insulation from both ends of each wire and use activated rosin soldering flux and low temperature solder tin to join the wire ends with a soldering pencil. 
2.6.1. CU: Few seconds insulation being removed from at least one end of one wire
2.6.2. CU: Few seconds of wire ends being soldered (Video Editor: if possible, please indicate “Rosin soldering flux” and “Low temperature solder tin” with text and arrow when mentioned)
2.7. Then flux just the solder pads on one side of the bonded dual element with a clean 10-0 brush and solder one single lead and one of the paired common leads to the solder pad. 
2.7.1. SCOPE: Few seconds solder pads being fluxed with clean 10-0 brush 
2.7.2. SCOPE: Few seconds single lead being soldered (Video Editor: Combine 2.7.2. and 2.7.3. as appropriate)
2.7.3. SCOPE: Few seconds paired common lead being soldered (Video Editor: Combine 2.7.2. and 2.7.3. as appropriate)
2.8. After repeating the process on the opposite side, ensuring that the remaining common wire lead is soldered to the pad opposite the original common lead, use a clean brush dipped in resin solvent to remove any residual flux.  
2.8.1. SCOPE: Shot of common wire lead and original common lead soldered in place, then few seconds of residual flux being removed with clean brush
2.9. Following the cleaning procedure, partly cure two-part silicone rubber epoxy resin for 20-30 minutes. Then solder gold socket connectors to the free ends of the wire leads and insulate the solder joints on the element solder pads with a thin layer of the resin. 
Ensure that the (blue) insulating silicone epoxy resin that is mixed for curing is clearly linked to the procedures for the solder joint on the element, and that the gold connectors are shown being insulated with shrink tubing (we filmed both processes).
2.9.1. MED: Talent placing resin for curing

2.9.2. SCOPE: Few seconds gold socket connectors being soldered

2.9.3. SCOPE: Few seconds solder joints being insulated with resin
2.10. Next, cut three pieces of 0.5 mm thick silicone sheet to 15 mm2 squares and clean the silicone with distilled water. Then cut one of the sheets into a U-shape to accommodate the final dual element assembly without deforming the encapsulating silicone. 
2.10.1. MED: Few seconds Talent cutting squares of silicone
2.10.2. MED: Few seconds Talent cleaning square(s)
2.10.3. CU: Few seconds one sheet being cut into U shape
2.11. Coat the inner surfaces of the notch-free silicone sheets with clear silicone adhesive, and then sandwich the dual element assembly within the notch and the aligned outer sheets, gently pressing any excess silicone and air bubbles from the center outward. 
2.11.1. MED: Few seconds Talent coating inner surface of one sheet with adhesive

2.11.2. CU: Few seconds dual element being sandwiched within sheets

2.11.3. CU: Few seconds excess silicone/bubbles being pressed out
2.12. Carefully clamp the encapsulated assembly between two blocks of metal bar stock for 24 hours to ensure a uniform thickness and the absence of deformations. 
2.12.1. MED: Few seconds Talent clamping assembly between blocks of metal bar stock
2.13. The next day, leaving the excess silicone along the boundaries of the assembly, reinforce the solder joint of the gold socket connectors on the individual terminal wire leads with 3 mm of shrink tubing, aligning the tubing within a plastic electrode pedestal. 
2.13.1. CU: Shot of excess silicone along boundary, then few seconds solder joint of gold socket connectors being reinforced

2.13.2. CU: Few seconds tube being aligned with plastic electrode pedestal
2.14. Then secure the electrode pedestal and wires with 0.125- and 0.25-inch diameter shrink tubing to prevent disconnection during the experiment.
2.14.1. CU: Few seconds electrode pedestal and wires being secured with shrink tubing
3. Dual-element strain gage implantation
3.1. To implant the dual-element strain gage, begin by using a #14 taper point 3/8 circle needle to thread the four corners of the strain gage with 4-5 cm lengths of 4-0, or smaller, sterile silk suture. 
3.1.1. WIDE: Few seconds Talent threading gage

3.1.2. CU: Shot of at least one corner being threaded with silk suture
3.2. Next, after performing a laparotomy, section the rectus abdominus musculature along the connecting linea alba to prevent bleeding. Then make a very superficial midline incision in the parietal peritoneum to avoid lacerating the underlying abdominal viscera.  
3.2.1. CU (shot of mouse abdomen only): Few seconds RA musculature being sectioned along linea alba (TEXT: Anesthesia: 100–150 mg/kg Thiobutabarbital i.p.)
3.2.2. CU (shot of mouse abdomen only): Few seconds parietal peritoneum being incised
3.3. Using saline-soaked cotton tipped applicators, carefully place the stomach on a saline-soaked gauze pad at the caudal end of the abdominal incision, keeping the organ in its anatomical position.  
3.3.1. CU (shot of mouse abdomen only): Stomach being carefully placed onto a saline soaked gauze pad
3.4. Align the grid of the encapsulated strain gage in parallel with the circular smooth muscle fibers. Then, using the previously threaded sutures and a #14 taper point 3/8 circle needle, attach the corners of the gage to the ventral serosal surface of the gastric corpus. 
3.4.1. SCOPE: Few seconds grid of gage being aligned in parallel with smooth muscle fibers
3.4.2. SCOPE: ~10-12 s of at least one corner of gage being attached to gastric corpus (TEXT: Caution: Do not perforate superficial blood vessels of stomach)
3.5. Now begin the suture pattern of the gage along the greater curvature of the stomach near the fundus-corpus boundary and proceed along this boundary toward the lesser curvature. To obtain the best results, the serosa underlying the strain gage should neither be slack, as in this image, nor overly stretched, as in this image. 
3.5.1. SCOPE: Few seconds gage being sutured along greater curvature of stomach

3.5.2. SCOPE: Few seconds gage being sutured along lesser curvature

3.5.3. LAB MEDIA: Holmes slack_gap in serosa.tif

3.5.4. LAB MEDIA: Holmes slack_gap in serosa #2.tif
3.6. After placing the suture, use saline-soaked cotton tipped applicators to return the stomach to its anatomical position.  
3.6.1. CU (shot of abdomen only): Few seconds stomach being placed back into animal
3.7. For an acute model, exteriorize the strain gage leads at the caudal end of the midline incision before closing the abdominal incision. 
3.7.1. CU (shot of abdomen only): Few seconds leads being exteriorized

3.7.2. [moved] CU: Few seconds wires being secured

3.8. Then close the rectus abdominus muscles and the abdominal skin with separate 3-0 nylon sutures. Secure the free wires to the animal to provide strain relief during manipulation of the animal or the terminal wire connector.
3.8.1. CU (shot of abdomen only): Last few seconds muscles being closed

3.8.2. CU (shot of abdomen only): Last few seconds skin being closed

3.7.2
CU: Few seconds wires being secured
3.9. Finally, place the animal in a stereotaxic frame to support the head and elevate the upper torso to reduce the respiration artifacts during recording, maintaining the rectal temperature at 37±1°C using a feedback-controlled heating pad.
3.9.1. MED: Few seconds Talent placing animal in frame (Videographer: More Talent than animal in shot)

3.9.2. CU: Shot of supported head and elevated torso

3.9.3. CU: Few seconds temperature being adjusted OR Shot of heat pad temp set at 37°C
4. Results: Representative motility traces generated with fabricated dual element strain gages
4.1. Representative data from a Thiobutabarbital-anesthetized rat are shown in the graph. The top trace represents the gastric corpus contractions from the animal during the brainstem administration of thyrotropin releasing hormone, a known motility-enhancing peptide, and illustrates the baseline contraction levels prior to the increase in the phasic gastric smooth muscle activity. 
4.1.1. LAB MEDIA: LAB MEDIA: Fig 2 JOVE strain gage paper.tif 
(Video Editor: with “The top … activity” please highlight/indicate the top data line”; 

with “during the … peptide” please add/indicate the “TRH 100 pmol” text and accompanying arrow; 

with “illustrates … levels” please indicate/highlight/trace the first data line from the far left of the line until the arrow/addition of the hormone) 
4.2. The second trace demonstrates a reduction in the baseline gastric smooth muscle tone from the same animal in response to the nitric oxide donor, sodium nitroprusside. This voltage signal can then be used to derive the equivalent static load, in grams. These representative data demonstrate the bidirectional capabilities of a dual element strain gage that has been properly attached to the gastric serosa. 
4.2.1. LAB MEDIA: Fig 2 JOVE strain gage paper.tif 
(Video Editor: with “The second … serosa” please highlight/indicate the middle data line”; 

with “reduction … same animal” please draw a line/stretch an arrow from the 2nd data line at the arrow down the vertical part of the data line; 

with “in response … nitroprusside” please add/indicate the “SNP 20 mg/kg iv” text and accompanying arrow) 
4.3. The third trace represents the basal smooth muscle contractions recorded by a sub-miniature strain gage sutured to the serosal surface of the duodenum of a fasted rat. In this representative experiment, the orientation of the strain gage elements was also in parallel with the circular muscle of the duodenum.
4.3.1. LAB MEDIA: Fig 2 JOVE strain gage paper.tif (Video Editor: with “The third … duodenum” please highlight/indicate the bottom data line) 
5. Conclusion (said by authors on camera)
5.1. Emily Swartz: While implanting the strain gage onto the gastrointestinal tract, it’s important to remember to suture the gage with minimal disruption of the serosa and vasculature.
5.2. Gregory Holmes: After watching this video, you should have a good understanding of how to fabricate subminiature strain gages while avoiding some of the early pitfalls associated with the more technically challenging aspects, such as discretely soldering small components, of the process.       
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, 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.  

Slack_gap in serosa.tif - color image of a strain gage with excess serosa bunched up under gage (query from section 3.6)

Slack_gap in serosa #2.tif – side view color image of a strain gage with excess serosa bunched up under gage (query from section 3.6)

Fig 2 JOVE strain gage paper.tif
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.
( 2011, Journal of Visualized Experiments


