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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___Y______ If yes, please list make and model of your microscope: _Leica S6D_________________________
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__2.2, 2.8, 5.3, 6.1, 6.3, 7.2______

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The most difficult aspect of this procedure is ensuring that all of the experimental procedure can be conducted quickly to avoid having the samples dry out or otherwise behave differently than they would in vivo. Experimental planning, organization, and practice are key to the success of this experiment. For example, the implant samples were specifically designed to be easy to handle for insertion, explantation, and efficient loading into the microtensile tester.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to quantify the change in stiffness on a poly vinyl acetate based nanocomposite structure as a function of time implanted in tissue. (Intro)

This is accomplished by first patterning the polymer nanocomposite samples and adhering them to acrylic holders for insertion into tissue and micromechanical testing. (P1, JoVE_Hess_Intro_P1.tif, the yellow line attaches as in the 2nd image)
The second step is to prepare a microtensile tester environment to mimic the physiological environment ex vivo using a humidity source and a radiant heat source. (P2, JoVE_Hess_Intro_P2.tif, add the grey “pencil” and blue cloud at “humidty.” Add the yellow/brown cylinder and yellow rays at “radiant.”)
Next, the implant sample is inserted into tissue and removed after a specified duration. (P3, JoVE_Hess_Intro_P3.tif, blue goes down onto pink)
The final step is to load the sample into the environmentally-controlled microtensile tester and perform the mechanical testing to determine the Young’s modulus of the material after the specified implant duration. (P4, JoVE_Hess_Intro_P4.tif, blue moves off pink from P3 and is placed into position in P4. Then the left-hand structure is moved away from the right-hand structure as the “applied strain” and arrow appear.)
Ultimately, this environmentally-controlled microtensile testing is used to show the changes in mechanical stiffness, as measured by Young’s modulus, as a function of time exposed to the physiological environment.(P5, figure 6)
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!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   
· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Author name Allison Hess: The main advantage of this technique over existing methods of measuring variable mechanical properties, like dynamic mechanical analysis, is that it can be applied to microscale samples, and the humidity and temperature can be controlled..   

1.2. Author name Kelsey Potter: This method can help answer key questions in the neural interfacing field, such as how the inflammatory response to an implant is affected by the stiffness of the implant material.  
Protocol (read by voice talent at JoVE):
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     
2. Sample Preparation
2.1. First, obtain poly vinyl acetate-based nanocomposite film with a thickness of 25 to 100 micrometers produced with a solution casting and compression technique.
2.1.1. MED: Talent at bench with sample of film in hand.

2.1.2. CU: Sample of film
2.2. Next, adhere the film to a silicon wafer by heating on a hot plate at 70 degrees centigrade for two minutes.  This promotes intimate contact between the film and the wafer, and ensures the film remains flat for micromachining.

2.2.1. MED over the shoulder: Talent placing sample on hot plate.

2.3. Now, use laser micromachining to pattern the film into the desired test sample geometries. The direct-write laser micromachining parameters are set to a power of 0.5 watts, a speed of 56 millimeters per second, and 1000 pulses per inch. 
2.3.1. MED: Talent placing film in micromachining setup.

2.3.2. CU: Controls or other visual of micromachining.
2.4. Machine samples that will be used to establish environmental conditions, called “setup samples”, into dogbone-shaped structures with lateral pad dimensions of 1.5 millimeters by 1.5 millimeters, and lateral beam dimensions 300 micrometers by 3000 micrometers.  The thickness matches that of the film throughout. 

2.4.1. LAB MEDIA: Figure 2 (Video editor, please indicate the lengths when mentioned) 

2.5. Machine the samples for ex vivo experiments, referred to as “implant samples”, into beams 300 micrometers by 6 millimeters, with a thickness matching that of the film.  
2.5.1. LAB MEDIA: Image of implant sample. (Author: Can an image of this be provided?)
2.6. After removing the wafer from the micromachining setup, use a razor blade and tweezers to carefully release the samples from the wafer.
2.6.1. MED: Talent retrieving wafer from micromachining setup.-Take 1
2.6.2. CU: Talent releasing samples from wafer with razor blade and tweezers. -Take 1
2.7. To handle the samples, prepare acrylic holders designed to serve as part of the grip system in the microtensile tester.  In this experiment, each holder is 11 mm by 7 mm with a thickness of 2.2 mm and has two holes to align with bolts in the microtensile tester. Laser-etched markings show the centerline of the holder and 1.5 millimeters from the end.  Each implant sample requires one acrylic holder. 

2.7.1. MED over the shoulder: Talent displaying an acrylic holder. -Take 1
2.7.2. ECU: Acrylic holder held by talent. -Take 1
2.7.3. LAB MEDIA: Figure 3, an image of an acrylic holder.  (Author: Do you have an image of a holder without an attached beam?)- -Yes, will upload this image
2.8. Place a small amount of cyanoacrylate gel-based adhesive on the centerline of the acrylic holder and carefully adhere a 1.5 millimeter length of the implant sample to the holder, overlapping the marked centerline.  Be careful to ensure that the adhesive gel remains only along the 1.5 millimeter length of the poly vinyl acetate-based nanocomposite being adhered to the acrylic holder.

2.8.1. MED over the shoulder: Talent working at bench, applying adhesive and attaching beam. -Take 1
2.8.2. SCOPE: Adhesive being applied to holder and beam being attached. -Take 1 or 2
2.8.3. SCOPE/LAB MEDIA: Final assembly (If LAB MEDIA, Figure 3)
3. Establish Environmental Conditions
3.1. Begin by loading a dry setup sample into the microtensile tester, first clamping between the mobile grips, then between the fixed grips. 

3.1.1. MED over the shoulder:  Talent at microtensile tester preparing to load sample. -Take 1
3.1.2. CU: Sample being loaded into microtensile tester. -Take 2
3.2. Mount an air brush with a water-filled reservoir into a fixed position with the nozzle directed toward the microtensile sample.  Connect the air brush to an air compressor via plastic tubing.  With the air brush nozzle completely closed, turn on the air compressor.  
3.2.1. MED over the shoulder: Talent adjusting position of air brush and nozzle, keep sample in view.

3.2.2. MED over the shoulder: Talent connecting or checking connection to air compressor. -Take 1
3.2.3. MED over the shoulder: Talent closing air brush nozzle and turning on compressor. -Take 1
3.3. Begin the cyclic microtensile testing procedure, alternating between tensile strain and compressive strain being applied to the sample.  The test should remain in the linear elastic region of the stress-strain plot.  In this case the applied strain is limited to less than 2 percent.  In these experiments the strain rate was controlled while the required force to achieve that strain was measured.

3.3.1. MED over the shoulder: Talent at controls of tester beginning testing. -Take 1
3.3.2. SCREEN: Stress-strain curve being generated.

3.3.3. SCREEN: Show the applied strain being limited to less than 2 percent.

3.4. To determine the desired humidity conditions, gradually increase the flow from the air brush nozzle, and monitor the slope of the stress-strain plot as a function of the amount of flow from the air brush.  The maximum flow that does not cause a significant reduction in Young's modulus over a period of sixty seconds is the level that will be used for the ex vivo experiments. 
3.4.1. MED over the shoulder: Talent adjusting the flow from the air brush nozzle. -Take 1
3.4.2. SCREEN: Stress-strain curve showing little effect.

3.4.3. MED over the shoulder: Talent adjusting the flow from the air brush nozzle. (REUSE 3.4.1 if no chance for confusion (for example, no flow rate readout should be in view))

3.4.4. SCREEN/LAB MEDIA: Stress-strain curve showing significant reduction of Young's modulus.
3.5. Finally, measure the temperature near the sample.  An ideal setup would include a thermocouple with a digital readout, and measurements would be performed while the airbrush is operating.  Set the intensity and distance of a radiant heat source such that the sample temperature is held at 37 degrees C, to match physiological conditions. 

3.5.1. MED over the shoulder: Talent reading temperature. -Take 1
3.5.2. CU: Thermocouple used in experiment. -Take 1
3.5.3. MED over the shoulder: Talent adjusting setting and position of heat source. -Take 1
4. Compare Environmental Control to Non-Environmental Control
4.1. The control comparison begins by immersing the setup samples for at least 30 minutes in phosphate buffered saline, or PBS. [TEXT over video: Samples immersed for 30 minutes.] to reduce it to its minimum Young's modulus.  
4.1.1. MED over the shoulder: Talent retrieving sample from immersion container.

4.2. Quickly load a sample into the microtensile tester and begin cyclic microtensile testing, with the air brush off, while the sample dries under ambient conditions.  The Young's moduli found from this data will indicate how quickly the sample dries under non-controlled conditions.

4.2.1. CU: Sample being loaded into microtensile tester. -Take 1
4.2.2. MED over the shoulder: Talent ensuring air brush is off, then starting testing. -Take 1
4.3. Next, load a second PBS-saturated setup sample into the microtensile tester and begin cyclic microtensile testing with the air brush on.  Here the calculated Young's moduli will indicate how quickly the sample dries under controlled humidity conditions. 

4.3.1. MED over the shoulder: Talent putting first sample aside, and beginning to load a second sample taken from immersion container. -Take 1
4.3.2. MED over the shoulder: Talent turning on air brush and starting testing. -Take 1
5. Probe Implantation into and Explantation from Cortical Tissue
5.1. Secure a sample of cortical tissue. In this demonstration, the explanted tissue is kept hydrated in a bath of artificial cerebral spinal fluid maintained at 37°C before and throughout the experiment.

5.1.1. MED over the shoulder: Talent putting tissue sample and necessary equipment into place. -Take 1
5.1.2. CU: Tissue sample in bath. -Take 1
5.2. Next, attach an implant sample on its holder to a micromanipulator clamp.   Position the probe so it is orthogonal to the cortical tissue. 

5.2.1. MED over the shoulder: Talent attaching implant sample and holder to clamp. -Take 1
5.2.2. CU: Final assembly of clamp/holder/sample. -Take 1
5.2.3. CU: Assembly in position over cortical tissue. -Take 1
5.3. Lower the polymer sample into the cortex using the micromanipulator hand controls.  Leave the sample in the cortical tissue until the target implant time has elapsed, between 1 and 30 minutes.  Take precautions against the tissue drying during this time.

5.3.1. CU: Sample being lowered into tissue. -Take 1
5.4. While the probe is implanted in the cortex, prepare the microtensile tester by setting the drive rod to the zero-displacement position of 3 millimeters from the stationary clamp.  Also, set the air brush nozzle flow setting and the radiant heat source power setting to the values determined previously.

5.4.1. MED over the shoulder: Talent working with microtensile tester. -Take 1
5.4.2. CU: Drive rod being placed 3 mm from stationary clamp. -Take 1
5.4.3. MED over the shoulder: Talent turning on air brush nozzle and heat source. -Take 1 or 2 (2 might be better for continuity)
5.5. At the end of the specified implant time, raise the probe out of the cortex using the micromanipulator hand controls.  Immediately and carefully remove the sample from the micromanipulator clamp and take it to the microtensile tester to begin testing within two minutes.

5.5.1. MED over the shoulder: Talent at micromanipulator setup. -Take 1
5.5.2. CU: Probe being raised from tissue. -Take 1
5.5.3. CU: Sample holder being released from micromanipulator clamp-Take 1
5.5.4. MED over the shoulder: Talent moving toward microtensile tester. -Take 1
6. Microtensile Testing of Implant Samples
6.1. Immediately after explantation [TEXT: The humidity and temperature are being held at predetermined values.], load the sample between the two sets of microtensile tester clamps.  Since the sample holder is designed to serve as the top half of one clamp, place the implant sample assembly on the mobile grip, sample side down. The sample must be mounted to the center of each clamp, and the clamps must be level with respect to one another.  This ensures that strain is only applied along the length of the probe.

6.1.1. MED over the shoulder: Talent at microtensile tester loading the sample between the clamps. -Take 1
6.1.2. CU: Holder/sample assembly being loaded sample side down. -Take 1
6.1.3. CU: Show sample in the center of the clamps and show that the clamps are level with each other. -Take 1(order should be flipped with 6.1.2)
6.2. Now, adjust the sample position such that the distance between the clamps is 3 millimeters, and the end of the probe is placed into the fixed clamp.  The 3 millimeter length between the clamps is the gauge length of the sample to be used in later calculations.

6.2.1. CU: Sample position being adjusted as talent uses a ruler to measure 3 mm distance between clamps. -Take 1 (order should be flipped with 6.1.3)
6.3. Immediately after securing the sample between both clamps, and within two minutes of explantation from the neural tissue, activate the motor in the tensile direction to elongate the sample at a constant rate.  The rate here is 10 micrometers per second.  Simultaneously measure and record elongation of the sample and the associated force required to strain the sample.

6.3.1. MED over the shoulder: Talent starting test. -Take 1
6.3.2. SCREEN/CU: Show that elongation rate is set to 10 um/sec.

6.3.3. SCREEN: Data being collected on the elongation of the sample and the associated force being used.

6.4. Halt the microtensile test upon mechanical failure of the sample, or when the drive rod range is reached.  Export the collected data for analysis.

6.4.1. SCREEN: Some indication of halt condition being met, either visual or in data. –can’t see the sample break, will need screen shot
6.5. Repeat the microtensile testing for each sample and/or implantation condition. 

6.5.1. MED over the shoulder: Talent at tester removing old sample and preparing new one. -Take 1
7. Data Analysis
7.1. Plot the stress vs. strain curve for each sample using software.

7.1.1. MED over the shoulder: Talent sitting at computer with software visible on monitor. -Take 1
7.1.2. SCREEN: Option to generate a stress-strain curve is selected, then show the resulting stress-strain curve on screen.
7.2. Next, isolate the linear elastic portion of the plot. The isolated portion of the plot should include at least 10 points, and should be taken from the section of the plot where the slope is greatest.  Now use software-based curve fitting tools to find the best fit line to this portion.  The slope of the best fit line corresponds to the Young's modulus of the sample. 

7.2.1. SCREEN: The linear elastic portion of the plot is selected. 
7.2.2. SCREEN: A best-fit line is generated.

7.3. For the setup samples that have been tested in cyclic mode, determine the Young's modulus for each cycle.  Once this is done, plot the Young's modulus of each cycle versus time. 

7.3.1. SCREEN: Young's moduli is determined for each cycle of the setup samples. 

7.3.2. SCREEN: Young's modulus of cycles versus time.
8. Results: Young's Modulus and Stress-Strain Measurements of Control and Ex Vivo Samples
8.1. This plot shows the Young's modulus as a function of time as measured during cyclical tensile tests to determine the correct air brush settings for controlling the environment. The shaded region is the time during which the air brush was turned on. At the air brush settings used, the Young's modulus does not change significantly over time.  This suggests that the amount of water absorbed by the setup sample from the air brush is not enough to contribute to a reduction in stiffness. 

8.1.1. LAB MEDIA: Figure 5

8.2. Here is the Young's modulus versus time for water-saturated samples in both moisture controlled and non-controlled tensile testing environments.  The recovery of the initial Young's modulus is much slower in the controlled environment.   This demonstrates the increase in the time required for the sample to dry in this environment. This extra time can be used to perform mechanical tests on samples that have been implanted. 

8.2.1. LAB MEDIA: Figure 6  (Video editor: please use arrow or other indicator to point out controlled/non-controlled points when voiced)

8.3. These are representative plots showing the stress-strain curves for a dry sample and a wet sample that had been implanted in a rat cortex for 30 minutes. The Young's modulus, which corresponds to the slope of the stress-strain plot in the linear elastic region, is clearly much greater for the dry sample.  Both samples were strained to break. 

8.3.1. LAB MEDIA: Figure 7 (Video editor: please use arrow or other indicator to point out dry/wet (ex vivo) points when voiced)

8.4. In this final plot is the Young's modulus versus implant duration for the samples placed in the cortex.  After about 5 minutes of implantation, the sample displays little change in the Young's modulus.  This suggests that the sample reaches saturation and minimum stiffness within this period of time. 
8.4.1. LAB MEDIA: Figure 9
INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
9. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
9.1. Author name Kelsey Potter: While attempting this procedure, it’s important to remember to plan ahead to ensure that physiological conditions in both the tissue and ex vivo testing environment can be maintained..

9.2. Author name Allison Hess: Following this procedure, this method can be used to assess the mechanical behavior of other materials with environment-dependent properties, including biodegradable materials, and can be performed in order to assess the degradation rate or mechanical stability of polymeric materials in vivo.
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.  

2.4 -- Figure2.tif – PVAc-NC sample for determining the correct air brush/heat lamp settings

2.7 – Figure3.tif – PVAc-NC sample adhered to an acrylic holder

3.3 – Figure 4.tif – Schematic of microtensile tester

8.1 – Figure 5.tif – Plot showing minimal reduction in Young’s modulus while air brush is in the optimal state.

8.2 – Figure 6.tif – Plot showing difference between recovery of initial Young’s modulus with and without environmental control.

8.3 – Figure7.tif – Stress-strain plots for dry and implanted PVAc-NC samples.

8.4 – Figure8.tif – Demonstration of how to isolate the linear elastic portion of the stress-strain plots.

8.5 – Figure9.tif – Example plot of Young’s modulus vs. time implanted for PVAc-NC samples.

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.
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