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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: ___
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y, they will use over the shoulder shots and filming the screen

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? Please list 4-6 steps using the step numbers listed in this document. _2.1-2.5 Perfusion, 3.1-3.2mounting of specimens, 3.3 examination of specimens, 5.6 analysis___

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.  Cannulating the portal vein, I will make sure we have a couple of animals available__

E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? _

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative: (Authors will provide schematic)
The overall goal of this procedure is to analyse the liver sinusoidal endothelium. (Intro)
This is accomplished by first isolating a liver and perfusing it with fixative. (P1, Editor, begin with the mouse, then ‘remove’ the liver and place it to the right of the mouse as shown.  The bring in the two tubes and attach to the liver with the thin black tube as shown.)
Next, the liver is cut into blocks and dehydrated in preparation for electron microscopy. (P2, Editor, transition to the liver in the Petri dish, then bring in the scalpel and begin to cut the liver into small pieces.)
Then, the liver samples are sputter coated and examined under an electron microscope. (P3, Editor, transition to the Petri dish at the top of slide 2 with the small black cubes, then bring in the small cylinder under the dish and place some of the black cubes on top as shown.)
Finally, the electron micrographs are analyzed and fenestration diameter and frequency, and percent porosity are calculated.  (P4, Editor, bring in Figure 3A for ‘micrographs are analyzed’ and then Table 1 for the rest of the sentence.)
Ultimately, electron microscopy is used to show changes in the liver sinusoidal endothelium under various conditions. (P5, Editor, bring in the 4 panels from Figure 2 one at a time here.)
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!)  
1.1. Author name  Victoria Cogger: This method can provide insight into the morphology and ultrastructure of the liver blood vessels and their endothelium and it can be applied to other organs such as the kidney or brain.
Protocol (read by voice talent at JoVE):

2. Perfusion Fixation of Liver

2.1. TEXT ON WHITE BACKGROUND:  All procedures involving the use of animals are carried out according to the local legislation. This work is approved by the Sydney Local Health District Animal Welfare Committee. The allowed procedures are described in the project license documentation and follow guidelines that ensure the welfare of the animal at all times.  This is a non-survival surgery.
2.1.1. TEXT of the above statement
2.2. After preparing fixative according to the text protocol, warm the perfusion buffer and fixative at 35-37(C.  

2.2.1. WIDE Talent places fixative on bench

2.2.2. MED/CU Talent places perfusion buffer and fixative in water bath

2.3. Once the animal is anesthetized with a single intraperitoneal injection of Ketamine and Xylazil (TEXT:  50 mg/kg Ketamine; 5 mg/kg Xylazil), assess the level of sedation by hind limb withdrawal and a tail pinch.

2.3.1. MED/CU Talent places anesthetized animal on bench

2.3.2. CU Talent performs hind limb withdrawal and tail pinch

2.4. Next, with blunt ended scissors, make a Y incision in the animal’s abdomen to expose the liver and portal vein (TEXT: ensure that equipment is clean).

2.4.1. CU Talent makes a Y incision in animals abdomen and exposes liver and portal vein

2.5. Then tie two very loose sutures around the portal vein; one proximal to the liver, and the other more distally to the liver.  Cannulate the portal vein with an appropriately sized IV cannula (TEXT: 18 G for rats; 22 G for mice).  Then tighten the sutures to secure cannula.

2.5.1. CU With two sutures underneath portal vein and ready to be tied, talent loosely closes the suture proximal to the liver and then the second one distal to the liver

2.5.2. CU/ECU Talent uses IV cannula to cannulate portal vein

2.5.3. CU/ECU Talent tightens the sutures

2.6. Now, using 5-20 ml of PBS warmed to 37(C, begin perfusion at a pressure of 10 cm of H2O.  Avoid air bubbles from entering the liver, which would produce artifacts; and air pressure that is too high, which will damage the liver.

2.6.1. MED Talent removes PBS from water bath or incubator

2.6.2. MED/CU Talent begins perfusion and sets pressure to 10 cm of H2O

2.6.3.  CU/ECU PBS is perfusing into liver; Videographer, get footage of the tubing here to show that there are no air bubbles making their way to the liver

2.7. Sever the abdominal and thoracic vena cava to allow the buffer to exit freely from the liver.  This prevents high back-pressure damage to liver sinusoidal endothelial cells, or LSECs. 

2.7.1. CU/ECU Talent severs the abdominal and thoracic vena cava and buffer exits freely from liver; Videographer get enough footage here for the last sentence too. 
2.8. Once the liver is free of blood, replace the PBS with electron microscopy, or EM, fixative and perfuse until the liver is hardened and very pale; approximately 5 minutes.  Then with a scalpel, cut the liver into 1-2 mm3 blocks. 

2.8.1. CU Liver with buffer exiting that is free of blood

2.8.2. CU Talent replaces PBS with EM fixative and begins perfusion

2.8.3. CU Liver after fixation that is hardened and pale; Videographer, have talent touch the liver with an instrument to demonstrate that it is hardened

2.8.4. CU Talent liver into blocks 

2.9. Use EM fixative to post-fix the tissue at 4(C for 24-72 hours.  Then transfer the tissue into 0.1M sodium cacodylate buffer and store at 4(C for up to 12 months.  

2.9.1. CU Talent adds fixative to blocks of liver tissue

2.9.2. WIDE Talent places tissue into fridge 

2.9.3. MED/CU Talent transfers tissue into 0.1M sodium cacodylate buffer 
3. Specimen Mounting and Analysis

3.1. To mount the specimens for scanning electron microscopy, or SEM, after dehydrating the samples according to the text protocol, label the base of the metal SEM stubs and apply double-sided carbon tape to the top of the stubs.

3.1.1. MED/CU Talent places dehydrated tissue on bench

3.1.2. CU Talent labels base of metal SEM stubs

3.1.3. CU Talent applies double-sided tape to top of stubs 

3.2. Under a dissecting microscope, visualize the samples to identify the surface with the best sinusoids for SEM.  Place the chosen surface facing up onto the carbon tape surface of the stub and stick it firmly on the stub.

3.2.1. SCREEN Talent looking for surface with best sinusoids for SEM

3.2.2. ECU Talent places surface facing up on carbon tape surface of the stub and stick firmly on stub

3.3. After performing sputter coating and SEM according to the text protocol, open an image in ImageJ and use the scale bar embedded in the picture to set the scale.

3.3.1. MED OVER SHOULDER Talent at computer opens ImageJ

3.3.2. LAB MEDIA Screen shot 1

3.4. Using the polygon tool in ImageJ, trace around the entire flat area of the LSEC, including fenestrated and defenestrated areas.  Exclude any large pieces of debris that are on the cell surface that might be obscuring fenestrations.

3.4.1. MED OVER SHOULDER Talent traces around entire flat area of LSEC, including fenestrated and defenestrated areas and excludes large pieces of debris

3.5. To measure the fenestration diameter, trace a line through the longest diameter of each fenestration by selecting the line tool.  Press ‘m’ to measure the line and ‘d’ to permanently draw the line on the picture.  This line is defined as the fenestration diameter and it will now be available in the results box of ImageJ. 

3.5.1. MED/CU Talent selects line tool

3.5.2. CU Talent presses ‘m’ to measure line

3.5.3. MED/CU Talent measures line

3.5.4. CU Talent presses ‘d’

3.5.5. MED/CU Line is permanently drawn on picture

3.5.6. LAB MEDIA Screen shot 2, Editor, bring this screen shot in with the last sentence 

3.6. Measure all gaps, which are larger holes in the LSEC cytoplasm over 250 nm, as well as fenestrations.  Calculate the area of gaps that are not circular by tracing around them and using ImageJ to calculate their area (TEXT: gaps will be excluded).

3.6.1. MED OVER SHOULDER Talent draws lines on gaps to measure

3.6.2. MED OVER SHOULDER Talent traces around a non-circular gap and calculates area

3.7. Paste the data from the results box in ImageJ into an Excel spreadsheet for further analysis.

3.7.1. MED OVER SHOULDER Talent pastes data from ImageJ into Excel

4. Calculations and Presentation of Data
4.1. Use the following formulas for carrying out fenestration calculations:  the average fenestration diameter = the average of all fenestration diameters.  The fenestration area equals (r2, where r is calculated from individual fenestration diameters.  

4.1.1. TEXT ON WHITE BACKGROUND:  Average fenestration diameter = average of all fenestration diameters; Fenestration area = (r2, where r is calculated from individual fenestration diameters.

4.2. The porosity % equals (Sigma ((r2)/the total area analyzed in square microns) x 100.  Exclude the sum area of the gaps from this calculation.

4.2.1. TEXT ON WHITE BACKGROUND:  Porosity % = (Sigma ((r2)/total area) x 100

4.3. To present the data in publications, include fenestration diameter, with a statement confirming what boundary diameters were used to define fenestrations; fenestration frequency, and porosity.  

4.3.1. TEXT ON WHITE BACKGROUND:  1.  Fenestration Diameter (with boundary diameters used); 2.  Fenestration Frequency; 3.  Porosity

4.4. Also include a statement confirming whether gaps were included in the analysis, and a frequency distribution graph of fenestration diameter and the number of livers, blocks, as well as images.

4.4.1. TEXT ON WHITE BACKGROUND:  4.  Statement confirming whether gaps were included in analysis; 5.  Frequency distribution graph of fenestration diameter; 6.  Number of livers, blocks and images
5. Results: Scanning Electron Microscopy Analysis of Liver Sinusoidal Endothelial Cells
5.1. Low magnification by SEM reveals a flat surface of the liver specimen with an exposed area large enough to observe many large liver vessels and sinusoids, including the portal tract and central venules, as shown here.

5.1.1. LAB MEDIA Figure 1A, Editor, for the portal tract, point out the wide valley running vertically through the left side of the block and then for the central venules, point out the smaller circular holes around the portal tract and outside of the portal tract.

5.2. Ensuring correct liver block placement on the mounting stub is essential for obtaining clear images of the sinusoids, and the Glisson’s capsule, which covers all details of the sinusoids of the liver, should be avoided for this reason.
5.2.1. LAB MEDIA Figure 1B
5.3. As shown here, higher magnification allows observation of LSEC fenestrations. The plates of hepatocytes can appear like blood vessels, but features such as the bile canaliculi assist with orientation.
5.3.1. LAB MEDIA Figure 2A, 2B Editor, for the bile caniculi, point out the row of small holes running in between the larger holes.
5.4. This figure demonstrates that high perfusion pressure can cause artifacts, such as large gaps in the endothelium, thought to be caused by coalescence of the LSEC sieve plates that are easily identified under SEM.
5.4.1. LAB MEDIA Figure 2C, Editor, for the large gaps, point out some of the large surface holes 
5.5. Avoiding cell membrane directly above the nuclei that can be seen as a bulge under the surface of the LSEC will assist with accuracy of fenestration density and porosity calculations.
5.5.1. LAB MEDIA Figure 2D, Editor, please add in the 4 black arrows for ‘can be seen as a bulge under the surface…’
5.6. Finally, quantification of LSEC fenestration diameter, density and frequency provide an empirical measurement of fenestrations and allow measurements of changes induced by aging, disease, toxins, or therapies.
5.6.1. LAB MEDIA Figure 3A, B
6. Conclusion (said by authors on camera)

6.1. Author name Victoria_: Following this procedure, other methods like transmission electron microscopy and histology can be performed in order to answer additional questions like mitochondrial structure and overall morphology.

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.  

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.
( 2013, Journal of Visualized Experiments


