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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) _YES_ If yes, please list make and model of your microscope: _It will show up on the computer screen, but it’s a LaVision MITAS
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___NO___ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__3.4, 3.6, 3.8, 3.9, 3.10______
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ____3.6, setting up calibration and finding the middle of the channel, this simply takes practice and patience___
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 _measure the velocity profile of a blood solution in a microchannel using micro-particle image velocimetry. (Intro)

This is accomplished by first calibrating the system using a Newtonian solution in the microchannel to set the scale, adjust image timing, and to find the center plane of the channel. (P1: start with upper left-hand rectangle and text, then add center line, then add the dotted lines and the upper right-hand image. )
The second step is to introduce the blood solution into the channel set-up and to ensure that there are no microbubbles. (P2, This is supposed to show blood moving through the channel. Make the “side view” image disappear. Maybe you can animate red blood moving through the center. The blood starts with a flat front (leading) edge, then acquires the indicated front (leading) edge as it moves into the channel. When it moves all the way across, then the channel is filled with flowing red.
Next, the blood flow is imaged at the desired planes in the channel using pairs of images from a pulsed camera, or video from a high speed camera. (P3, the left-hand black/white/red image)
The final step is to cross-correlate between the image pairs or the video sequence to obtain the displacement vector field within the channel. (P4: velocity vectors)
Ultimately, the displacement vector field can be averaged across the channel and over the time frame of the measurement to obtain an indicative velocity profile.  This profile can be further analyzed or used for calculations.  (P5: velocity profile)
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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)

· Please review these comments; they have been edited.   

1.1. Author name Katie: This method can help answer key questions in the biomedical and biofluids field, such as the shape of the velocity profile and the shear rate at the wall of a microvessel. Generally, individuals new to this method will struggle because of the difficulties of working with biological samples such as blood, and the complexities involved in taking an accurate measurement.
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.     

Video Editor: Note from Author: “Andrew kept track of the where the numbering of the shots was flipped on accident twice.  He will notify you.” Please check for videographer notes.
2. Microchip and Blood Preparation
2.1. The first step is to acquire a microchannel in poly-dimethylsiloxane, PDMS.  The microchannels in this experiment are approximately 50 microns deep and 150 microns wide. Expose the fluid contacting side of the PDMS and the glass slide on which it will be bonded to oxygenated plasma for 45 seconds.  Then press them together firmly to achieve a permanent bond. 

2.1.1. MED: Talent at work bench holding a microchannel.

2.1.2. Detail of microchannel

2.1.3. MED: Talent preparing materials for plasma exposure, then starting exposure.


2.1.4. MED: Talent taking materials out of plasma and starting to press them together

2.1.5. CU: Surfaces being pressed together and close up of final assembly.

2.2. In this experiment, freshly collected porcine blood is used. To prepare it, add 0.5 g of EDTA to 2 mL of water.  Then add the solution to 1 L of warm whole blood. Agitate it gently 10 times and allow it to cool to room temperature. 

2.2.1. WIDE: Talent arriving at bench with blood, placing it among other materials.

2.2.2. MED: Talent adding EDTA to water, then adding solution to blood and stirring

2.2.3. MED: Talent placing blood to cool, then walking away from bench
2.3. When the blood is at room temperature, centrifuge 50 mL blood samples at 3000 RPM for 10 minutes.  Once this has been done, use a pipette to remove the plasma.  Then slowly introduce a pipette to remove the buffy coat, so as to not mix it back into the blood. 

2.3.1. MED: Talent placing samples in centrifuge and starting centrifuge

2.3.2. MED: Talent removing a sample from the centrifuge and beginning to work with it

2.3.3. ECU or CU: Plasma being removed

2.3.4. ECU or CU: Buffy coat being removed

2.4. After the buffy coat has been removed, add about 20 mL of phosphate buffered saline, PBS, (TEXT: phosphate buffered saline–PBS) and mix it gently.  Repeat the centrifugation, removal of plasma and buffy coat, and addition of PBS twice more.(TEXT: Repeat steps twice more)   After the final centrifugation, remove the PBS along with the remaining buffy coat.

2.4.1. MED: Talent adding PBS and mixing it gently

2.4.2. MED: Talent placing sample in centrifuge

2.4.3. CU: Removal of PBS and buffy coat after final centrifugation

2.5. Take the cleaned red blood cells and suspend them in PBS or plasma at the desired concentrations.  The sample here has 10% red blood cells, or a hematocrit of 10.  Then add 1 micron fluorescing tracer particles to the blood samples at the desired concentration, about 30 µL per 1 mL of blood in this system. Also, at this point, make a calibration solution with de-ionized water and the fluorescing particles. 


2.5.1. MED: Talent preparing to add PBS or plasma to sample 

2.5.2. CU: Sample of red blood cells as PBS is added, then as tracer particles are added 

2.5.2A.  Extra: A shot of the end of 2.5.2. (the author made a mistake so they reshot the 2nd half of 2.5.2)

2.5.3. MED: Talent putting aside blood sample and preparing water solution
3. Micro-Particle Image Velocimetry
3.1. The data for this experiment are collected using a LaVision laser imaging system with a pulsed camera.  This is coupled with a Nd:YAG laser. Before collecting data, take all necessary safety precautions for laser work. 

3.1.1. WIDE: Imaging system (Shot should encompass entire experiment set-up)

3.1.2. WIDE: Talent approaching imaging system appropriately attired and starting to work with equipment

3.2. Prepare the microchip by attaching it to the syringe system using the smallest syringe possible, here 50 µL, and the shortest amount of tubing.  Seal the tubing to the syringe and the chip with glue, PDMS or Vaseline to reduce fluid leakage and air intake.  Be careful to avoid potential contamination of the fluid. 
3.2.1. MED: Talent working with with microchip, syringes and tubing

3.2.2. ECU or CU: Talent attaching tubing and sealing the tube

3.2.3. CU: Complete assembly
3.3. To calibrate the system, first use the calibration solution.  To fill the micro-syringe, first fill a standard syringe with the solution of water and fluorescing particles. Remove the plunger from the micro-syringe. Use the standard syringe to inject the calibration solution into the output of the microchannel.  This will cause fluid to fill the micro-syringe and escape its open end.

3.3.1. MED: Talent filling syringe with calibration solution, placing it near microchip, then starting to work on micro-syringe

3.3.2. CU: Plunger being removed from micro-syringe, standard syringe brought into place, and fluid being injected and flowing into and out of micro-syringe.

3.4. Continue injecting the fluid until no microbubbles are in the microchip, tubing or micro-syringe.  To verify the absence of microbubbles, replace the micro-syringe plunger and examine the system with a microscope.  Examples of microbubble are shown here.  When no microbubbles are in the system, unplug the standard syringe and replace it with a syringe to collect outflow.
3.4.1. CU: Injection of calibration fluid continuing, then stopping. The micro-syringe plunger being replaced.

3.4.2. MED: Talent placing microchip on microscope and examining it

3.4.3. Image of a microbubble/several microbubbles 

3.4.4. CU: Standard syringe being unplugged; outflow syringe being attached
3.5. Next, attach the micro-syringe with calibration fluid to the syringe pump and level the pump so the tubing is horizontal.  Program the syringe pump to the desired flow rate.  Place the microchip on the LaVision microscope stage and start the pump.

3.5.1. MED: Talent putting micro-syringe in syringe pump

3.5.2. CU: Syringe being placed and pump being leveled

3.5.3. MED over the shoulder: Talent programming flow rate

3.5.4. MED: Talent placing microchip on microscope stage and starting the pump

3.6. Now, calibrate the system.  First measure the velocity profile in the center of the channel.  Also, calibrate the time between pulsed images. The particles should move between 5 and 10 pixels between frames for a good correlation.  Be careful to measure in the middle of the channel.

3.6.1. MED: Talent working at imaging system

3.6.2.  Calibration of velocity profile to find the middle profile.
3.6.3. Calibration of image timing

3.7. Once calibration is done, remove the micro-syringe plunger and outflow syringe and rinse the system with plain water. Then, fill the system with the prepared blood by using a standard syringe to inject it into the output of the microchannel.  Continue until there are no microbubbles as confirmed by microscope, then replace the micro-syringe plunger.

3.7.1. MED: Talent working with microchannel and syringes

3.7.2. CU: Talent removing plunger and syringe and rinsing system by injecting water

3.7.3. CU: Talent setting up and injecting blood through the output.

3.7.4. CU:  Plunger of micro-syringe being replaced

3.8. Next, place the micro-syringe with blood in the syringe pump and level it.  Keep the pump setting the same. Place the microchip on the microscope stage and start the pump.  Begin collecting data.  To guard against red blood cells settling in the syringe, refill it after every one or two runs.

3.8.1. MED: Talent setting up syringe pump: placing syringe with blood in it and leveling the tubing

3.8.2. CU: Level syringe pump and microchip on microscope stage

3.8.3. MED: Talent starting and monitoring experiment
4. Results: Sample image data and velocity profiles
4.1. Once all the data has been collected, the images are as shown here.  This is raw data obtained for 10% red blood cell concentration and a flow rate of 10 µL/hr.  The top image is the first; the bottom image was taken one hundredth of a second later. These images are pre-processed to remove background noise.    
4.1.1. LAB MEDIA: Figure2_new.tiff

4.2. After pre-processing, cross-correlation between the images is done to obtain velocity fields. This is an example of a resultant velocity profile from a system with 10% red blood cells and a flow rate of 10 µL/hr. Note the vertical axis is the velocity.

4.2.1. LAB MEDIA: Figure3.tiff

4.3. By using different cameras and data acquisition systems, high speed images can be taken. This can be useful for visualizing the cell-free layer in the channel, and for quantifying aggregation.  These images are of samples with 20% red blood cells.  In the top image, the flow rate is 1 µL/hr and the blood cells are suspended in PBS, which removes their ability to aggregate.  In the bottom image, the flow rate is 0.5 µL/hr and the blood cells are suspended in native plasma.  In this case, aggregation is visible.

4.3.1. LAB MEDIA: Figure5.tiff

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
5. 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.
Please review these comments; they have been edited.
5.1. Author name _Katie: While attempting this procedure, it’s important to remember that clear, in-focus images will result in the best correlation between pairs of subsequent images.  After watching this video, you should have a good understanding of how to apply the technique of micro-particle image velocimetry to blood flows, despite the inherent difficulties of blood as a working fluid.
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.  

1.0 – pitts-procedural.tiff – Procedural schematic
1.0 – set-up_with_highspeed.tiff – schematic of set-up, replaces Figure1_fixed.tiff

4.1 – Figure2_new.tiff – example of pulsed image (raw data) with flow direction drawn in red 

4.2 – Figure3.tiff – example resultant velocity profile from pulsed data 
4.3 – Figure4.tiff – example 3D velocity profile (replaced with the image below)

4.4 – Figure5.tiff – examples of high speed images, (I can also substitute this with an .avi file of the high speed movie if that works better.)

All images are compiled in JoVE figures – Dec 11, 2012.pptx, as a powerpoint slideshow.
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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