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A.  Will you require JoVE to record video microscopy? N 
B.   Does your protocol include descriptions of software usage? Y

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.
C.  Which steps of your protocol will viewers benefit most from having filmed? 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.2. and 3.6.
E.  Will the filming need to take place in multiple locations? N 
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is quantify the spatiotemporal variations in the in vivo cell-free layer width. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Veena Salim: This method can help answer key questions in the field of micro-hemodynamics to better understand the role of the cell-free layer in microcirculation. 

1.2. Yan Cheng Ng: The main advantage of this method is that the in vivo cell-free layer width can be quantified more consistently and conveniently than previous manual measurement techniques, which were very time-consuming.   

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

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the National University of Singapore.
Protocol (read by voice talent at JoVE):

2. Cell-free layer (CFL) width measurement pre-processing
2.1. Before beginning the cell-free layer width measurement, run the cell-free layer pre-MATLAB (Pronounce: mat-lab) script file [1-WIDE].

2.1.1. Talent at computer, opening/running CFL script file, with computer monitor visible in frame

2.2. Next, click ‘open file’ to select the video file for analysis [1-SCREEN], and adjust the ‘Rotation’ slide to vertically align the walls of a single vessel [2-SCREEN-TXT], using the ‘Zoom’ slide to adjust the zoom level as necessary [3-SCREEN].

2.2.1. *To be provided by Authors: ‘Open file’ being clicked/video file being selected

2.2.2. *To be provided by Authors: Few seconds Rotation slide being adjusted (TEXT: Optional: Select ‘Grid on’ to display grid lines)

2.2.3. *To be provided by Authors: Few seconds Zoom slide being adjusted

2.3. When the vessel is in the appropriate position, click ‘Confirm Editing’ [1-SCREEN]. Then click ‘Set ROI (Pronounce: R-O-I) to crop’ to define the region of interest [2-SCREEN]. The aligned image will be displayed in a pop-up window [3-SCREEN].

2.3.1. *To be provided by Authors: ‘Confirm Editing’ being clicked

2.3.2. [Shots 2.3.2 and 2.3.3 combined, file name 2.3.2.mp4] *To be provided by Authors: ‘Set ROI to crop’ being clicked/ROI being defined

2.3.3. *To be provided by Authors: Shot of pop up window/aligned image

2.4. Adjust the rectangular objective on the image as necessary [1-SCREEN] and double click the objective to confirm the region of interest [2-SCREEN].
2.4.1. *To be provided by Authors: Few seconds objective being adjusted

2.4.2. *To be provided by Authors: Objective being double clicked 
2.5. Then click ‘Extract Images’ to extract all of the edited video frames into consecutive bit map images [1-SCREEN-TXT], which will be found in the folder with the same name as the selected video file [2-SCREEN].
2.5.1. *To be provided by Authors: ‘Extract Images’ being selected/few seconds frames being extracted (TEXT: i.e. 8-bit grayscale bmp)
2.5.2. *To be provided by Authors: Shot of file names in folder with same name as selected video file 
3. CFL width measurement 
3.1. To measure the cell-free layer width, click ‘Select Folder’ [1-WIDE] and click on the folder of images [2-SCREEN].
3.1.1. Talent at computer, clicking ‘select folder’, with computer monitor in frame

3.1.2. *To be provided by Authors: Folder of images being clicked
3.2. The first image frame will appear in the ‘Grayscale image’ panel, along with a corresponding gray intensity histogram in the ‘Image Histogram’ panel [1-SCREEN].
3.2.1. *To be provided by Authors: Shot of image and histogram appearing
3.3. Select the desired image frame from the list box to perform the analysis [1-SCREEN] and click ‘Find Vessel Walls’ to identify the inner vessel wall in the image [2-SCREEN], determined as the location where the light intensity profile peak transits from dark to light over two pixels [3-SCREEN].
3.3.1. *To be provided by Authors: Desired image frame being selected

3.3.2. *To be provided by Authors: ‘Find Vessel Walls’ being clicked

3.3.3. Use 3.3.2. (Video Editor: please outline/indicate area where light intensity profile peak transits from dark to light) 

3.4. Check ‘Median Filter’ to apply a median filter to the image to reduce the ‘salt and pepper’ noise [1-SCREEN].
3.4.1. *To be provided by Authors: ‘Median Filter’ being checked/filter being applied/noise being reduced
3.5. Check ‘Auto Contrast’ for digital adjustment of the image intensities to enhance the image contrast [1-SCREEN].
3.5.1. *To be provided by Authors: ‘Auto Contrast’ being checked/image contrast being enhanced
3.6. Then select a thresholding algorithm in the list box to automatically determine the thresholding value that divides the gray levels into two classes [1-SCREEN] - white pixels with gray levels above the thresholding value [2-SCREEN-TXT] and black pixels with gray levels below the thresholding value [3-SCREEN-TXT].
3.6.1. *To be provided by Authors: Thresholding algorithm being selected

3.6.2. *To be provided by Authors: Shot of image after algorithm has been selected (Video Editor: please outline/indicate white pixels with gray levels about the thresholding value) (TEXT: i.e. CFL)

3.6.3. Use 3.6.2. (Video Editor: please outline/indicate black pixels with gray levels below threshold value) (TEXT: i.e. RBC core)

3.7. To measure the spatial variation of the cell-free layer widths, enter the pixel resolution in the ‘Pixel Resolution’ box [1-SCREEN].
3.7.1. *To be provided by Authors: Pixel resolution being entered
3.8. Then click ‘Calculate’ to obtain the spatial variation of the cell-free layer widths [1-SCREEN] and click ‘Export.csv’ to export the cell-free layer width data in a tabulated format [2-SCREEN].
3.8.1. *To be provided by Authors: ‘Calculate’ being clicked/spatial variation being obtained

3.8.2. *To be provided by Authors: ‘Expost.csv” being clicked/data being exported
3.9. To measure the temporal variation of the cell-free layer widths at a specific analysis line along the vessel, click ‘Temporal Variation’ [1-SCREEN] and enter the frame rate information [2-SCREEN].
3.9.1. *To be provided by Authors: ‘Temporal Variation’ being clicked

3.9.2. *To be provided by Authors: Frame rate information being entered
3.10. Enter the first and last frames of the images for the analysis in the ‘Start Frame’ [1-SCREEM] and ‘Last Frame’ boxes, respectively [2-SCREEN].
3.10.1. *To be provided by Authors: First frame being entered

3.10.2. *To be provided by Authors: Last frame being entered
3.11. Adjust the ‘Analysis Line’ slide bar to select the position of the analysis line along the vessel [1-SCREEN] and confirm the position of the analysis line as illustrated on both the ‘Grayscale’ [2-SCREEN] and ‘Binary’ images [3-SCREEN].
3.11.1. [Shots 3.11.1, 3.11.2, and 3.11.3 combined-file name 3.11.1.mp4] *To be provided by Authors: Analysis slide bar being adjusted

3.11.2. *To be provided by Authors: Shot of analysis line on grayscale image (Video Editor: please indicate analysis line on grayscale image as necessary)

3.11.3. *To be provided by Authors: Shot of analysis line on binary image (Video Editor: please indicate analysis line on binary image as necessary)
3.12. Then click ‘Calculate’ to obtain the temporal variation of the cell-free layer widths [1-SCREEN] and click ‘Export.csv’ to export the cell-free layer width data in a tabulated format [2-SCREEN].
3.12.1. *To be provided by Authors: ‘Calculate’ being clicked/spatial variation being obtained

3.12.2. *To be provided by Authors: ‘Expost.csv” being clicked/data being exported
4. Results: Representative CFL and RBC core measurements
4.1. Here a typical red blood cell flow through an unbranched arteriole in the rat cremaster muscle [1-LM], where the cell-free layer can be observed between the RBC core [2-LM] and the inner vessel wall, is shown [3-LM]. A good contrast between these components is critical for ensuring the accuracy of the cell-free layer width measurements [4-LM].
4.1.1. for_video_Fig2A.tif: no animation

4.1.2. for_video_Fig2A.tif: please add white horizontal line “Left RBC core boundary” and “Right RBC core boundary” texts and accompanying dotted arrows where LCB and RCB texts and dotted arrows are placed in FIG2.tif A
4.1.3. for_video_Fig2A.tif: please add “Left vessel wall boundary” and “Right vessel wall boundary” texts and accompanying dotted arrows where LWB and RWB texts and solid arrows are placed in FIG2.tif A
4.1.4. for_video_Fig2C.tif: no animation
4.2. The initial phase of the image analysis involves the detection of the inner vessel wall [1-LM]. By acquiring the light intensity profile along the analysis line perpendicular to the vessel [2-LM], the location is approximated at the peak that transits from dark to light over two pixels [3-LM].
4.2.1. for_video_Fig2B.tif: please add “Left vessel wall boundary” and “Right vessel wall boundary” texts and accompanying solid black arrows in place of where LWB and RWB texts and add corresponding dotted vertical lines as in FIG2.tif B
4.2.2. for_video_Fig2B.tif: please add “Left RBC core boundary” and “Right RBC core boundary” texts and accompanying dotted black arrows in place of where LCB and RCB texts and add corresponding dotted vertical lines and add “RBC core” text as in FIG2.tif B
4.2.3. for_video_Fig2B.tif: please fill in grey “CFL” areas and add CFL texts
4.3. As red blood cells and the cell-free layer possess different light transmittances, the difference in gray levels can be subdivided into two classes [1-LM]. However, the identification of an accurate threshold value between the two peaks in the image histogram may be restricted by poor image quality and contrast [2-LM].
4.3.1. FIG3.tif: please outline/indicate left RBC core image

4.3.2. FIG3.tif: please trace/outline/indicate left histogram
4.4. To improve the contrast between the red blood cells and the cell-free layer, a blue filter can be used [1-LM].
4.4.1. FIG3.tif: please indicate right histogram and image
4.5. This is even more evident in these images, where the boundaries of the red blood cell cores were more accurately identified with a blue filter [1-LM].
4.5.1. for_video_Fig4_high_resol.tif: no animation or outline/indicate black boundary lines at images in top row/at least one image in top row
4.6. The thresholding algorithm can also influence the cell-free layer width measurement, as apparent in these images [1-LM] in which the different thresholding algorithms resulted in the identification of different red blood cell core boundaries [2-LM] and therefore, different cell-free layer widths [3-LM].

4.6.1. for_video_Fig4_high_resol.tif: please outline/indicate bottom row of images

4.6.2. FIG5.tif: please add/indicate figure key
4.6.3. FIG5.tif: please add “Left CFL width” above left graph and “Right CFL width” above right graph

5. Conclusion (said by authors on camera)
5.1. Bumseok Namgung: The measurement of the in vivo cell-free layer width is very sensitive to the quality of the images. Therefore, be sure to perform the surgery carefully and to use an appropriate optical system to obtain a good quality image.

5.2. Bumseok Namgung: Moreover, it is essential to select the appropriate image thresholding algorithm to ensure an accurate and consistent cell-free layer width measurement.
Provided Media

Authors: Please list all images, movie files, or 3-D rendered animations to be included in the video. 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.  

4.1.1 – for_video_Fig2A.tif – Typical example of RBC flow in an arteriole (vessel diameter = 52 μm)
4.1.2 – for_video_Fig2C.tif – Representative result of the CFL widths measurement along the vessel
4.2.1 – for_video_Fig2B.tif – Light intensity profile obtained along the analysis line in Figure 2A
4.3.1 – FIG3.tif – Grayscale image obtained without blue filter
4.4.1 – FIG3.tif – Image histogram of the grayscale image obtained without blue filter
4.5.1 – FIG3.tif- Grayscale image and its histogram obtained with blue filter
4.6.1 – for_video_Fig4_high_resol.tif – RBC core widths determined by the five different thresholding algorithms 

4.7.1 – for_video_Fig4_high_resol.tif – RBC core widths determined by the five different thresholding algorithms for the image obtained with blue filter 
4.7.2 – Fig5.tif– The CFL widths on left (A) and right (B) vessel walls corresponding to Figure 4B.
2.2.1 – 2.2.1.mp4 – shot for step 2.2.1

2.2.2 – 2.2.2.mp4 – shot for step 2.2.2

2.2.3 – 2.2.3.mp4 – shot for step 2.2.3

2.3.1 – 2.3.1.mp4 – shot for step 2.3.1

2.3.2 – 2.3.2.mp4 – shot for steps 2.3.2 & 2.3.3
2.4.1 – 2.4.1.mp4 – shot for step 2.4.1

2.4.2 – 2.4.2.mp4 – shot for step 2.4.2

2.5.1 – 2.5.1.mp4 – shot for step 2.5.1

2.5.2 – 2.5.2.mp4 – shot for step 2.5.2

3.1.2 – 3.1.2.mp4 – shot for step 3.1.2

3.2.1 – 3.2.1.mp4 – shot for step 3.2.1

3.3.1 – 3.3.1.mp4 – shot for step 3.3.1

3.3.2 – 3.3.2.mp4 – shot for step 3.3.2

3.4.1 – 3.4.1.mp4 – shot for step 3.4.1
3.5.1 – 3.5.1.mp4 – shot for step 3.5.1

3.6.1 – 3.6.1.mp4 – shot for step 3.6.1

3.6.2 – 3.6.2.mp4 – shot for step 3.6.2

3.7.1 – 3.7.1.mp4 – shot for step 3.7.1
3.8.1 – 3.8.1.mp4 – shot for step 3.8.1

3.8.2 – 3.8.2.mp4 – shot for step 3.8.2

3.9.1 – 3.9.1.mp4 – shot for step 3.9.1

3.9.2 – 3.9.2.mp4 – shot for step 3.9.2

3.10.1 – 3.10.1.mp4 – shot for step 3.10.1

3.10.2 – 3.10.2.mp4 – shot for step 3.10.2

3.11.1 – 3.11.1.mp4 – shot for steps 3.11.1, 3.11.2 & 3.11.3

3.12.1 – 3.12.1.mp4 – shot for step 3.12.1

3.12.2 – 3.12.2.mp4 – shot for step 3.12.2

(Author Note: We have uploaded these movie clips to the project folder.)
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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