Submission ID #: 52303

Editor Name: Bridget Colvin
Videographer name:

Film Date: 
Authors and Affiliations: Camélia Makhloufi1, Pascal Weber1, Sreekanth Dasari1, Erica Lopez2, and Claire-Lise Forestier1, 1INSERM 1095, URMITE, University of Aix-Marseille, 13005 Marseille, France and 2 University of Aix-Marseille, U.F.R de Médecine,13005 Marseille 
Title: Intravital microscopy imaging of the liver following Leishmania infection: an assessment of hepatic hemodynamics
Corresponding Author(s): Claire-lise.forestier@inserm.fr 
Co-author(s): maria-erica.LOPEZ@univ-amu.fr, dasari_sreekanth@yahoo.co.in, pascal.weber@univ-amu.fr, camelia.makhloufi@hotmail.fr 

A.  Will you require JoVE to record video microscopy through a microscope? 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 individual steps (not sections) of your protocol will viewers benefit most from having filmed? 2.2.-2.4.; 5.1.-5.8.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  6.1. The critical point is to select a blood vessel that shows a perfect labeling such that measurement of the blood flow speed will be possible using the xt scanning mode. To do so staining of the plasma need to be bright and internalization of the plasma reagent dye into the endothelial cells should be prevented. Thus the rapidity in the acquisition process and selection of the blood flow is critical. 

E. Will the filming need to take place in multiple locations? Y, 3 floors apart (animal facility and confocal microscopy room)

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

Procedural Narrative:
The overall goal of this procedure is to perform intravital microscopy imaging of the mouse liver to measure the blood flow speed within individual hepatic vessels. (Intro) This is accomplished by first exposing the liver (P1) and then visualizing the liver sinusoids and the erythrocytes travelling into them by confocal microscopy in real time. (P2) The hepatic vessels of interest are then selected for measurement of their blood flow velocity. (P3) In the final step, movies of the liver blood flow are acquired at high speed and resolution. (P4) Ultimately, the blood flow speed within individual vessels of different diameters under normal physiological conditions and following Leishmania infection can be quantified. (P5)
From Graphics JOVE-3.pptx

(P1) Show supine mouse, then “open” mouse exposing liver (slides 3-12 [without gauze]) and have gauze and coverslip appear over liver (slide 23)
(P2) move mouse onto microscope stage/objective (slide 24)
(P3) show computer monitor screen with sequential vessel imaging (slide 24: first top red, then middle vessel, then bottom close up vessel)
(P4) Movie 1.mp4
(P5) Figure 5 revised.psd
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Dasari Sreekanth: The main advantage of this technique over existing methods, like Doppler ultrasound and Optical Coherence Tomography, is that it provides a higher spatial and temporal resolution combined with the capacity to image several other parameters at the same time in vivo. 

1.2. Makhloufi Camélia: Though this method can provide insight into the hemodynamics of the liver during microbial infections, it can also be applied to other systems, including the study of organ physiology in cancer and autoimmune disease.
1.3. Weber Pascal: Visual demonstration of this method is critical, as it is difficult to properly expose an uninjured liver and to rapidly choose the blood vessels exhibiting the correct fluorescent plasma membrane reagent staining without practical experience.   
Protocol (read by voice talent at JoVE):
2. Surgical procedures
2.1. Before beginning the procedure, disinfect the workspace with a biocidal disinfectant spray and all of the surgical instruments with 70% ethanol for 30 minutes.
2.1.1. WIDE: Few seconds Talent wiping down workspace

2.1.2. MED: Talent placing instrument(s) into EtOH/washing at least one instrument with EtOH, with EtOH container label visible in frame if possible
2.2. Then, after confirming the appropriate level of anesthesia by lack of response to toe pinch, shave the animal’s abdomen and clean the surgical area with Povidone-Iodine.
2.2.1. ECU: Shot of animal’s toe being pinched (TEXT: Anesthesia: 125 mg/kg Ketamine + 12.5 mg/kg of Xylazine ip)
2.2.2. CU: Few seconds abdomen being shaved

2.2.3. CU: Few seconds surgical area being cleaned, with Povidone-Iodine container label visible in frame if possible
2.3. Next, make a small incision in the skin and musculature under the thoracic cage on the left side of the abdomen and place a piece of moist gauze just below the opening.
2.3.1. CU: Few seconds incision being made

2.3.2. CU: Gauze being placed
2.4. Extract the liver and place it on the gauze, placing a second piece of moist gauze just above the tissue.
2.4.1. CU: Liver being placed onto gauze

2.4.2. CU: Second piece of gauze being placed
2.5. Then place a 24 x 60 mm, 150 micrometer thick coverslip, cyanoacrylate-bonded to a metal frame, on top of the liver, flip over the mouse on your palm hand and cover the animal’s eyes with another piece of wet gauze.
2.5.1. CU: Coverslip being placed

2.5.2. CU: Gauze being placed over at least one eye both eyes
3. Intravital microscopy imaging of the liver architecture and blood flow speed measurement 
3.1. To measure the liver blood flow speed, open the Leica application system software and select the resonance scanner mode. 
3.1.1. WIDE: Few seconds Talent at microscope computer, opening software

3.1.2. SCREEN: Resonance scanner mode being selected
3.2. Next, click on the configuration tab and select “Laser” and “Helium Neon 633 laser”. Then click “Settings” and select “12 bits resolution”.
3.2.1. SCREEN: Configuration tab being clicked, then laser, HeNE 633 laser being selected

3.2.2. SCREEN: Settings being clicked then 12 bits resolution being selected
3.3. Now click on the “Acquisition menu” and in the “Beam pathway settings” window, select the “63X objective” and set the “633 laser” power to 100%. 
3.3.1. SCREEN: Acquisition menu open/being opened, then “63X objective” being selected and 633 laser power being set
3.4. To activate the signal gain and off-set parameters, from the Photo Multi Tube 3 drop down menu select “Alexa-633”. In the acquire tab, select the "xyt" acquisition mode and set the format width to 1024 x 1024. 
3.4.1. SCREEN: Shot of PMT3 menu and Alexa-633 being set

3.4.2. SCREEN: Shot of opened acquire tab, then xyt acquisition being selected and format width being set
3.5. Set the speed to 8000 Hz and select a pinhole of 3 Airy units and a zoom factor of 3.
3.5.1. SCREEN: Speed being set and pinhole and zoom factor being selected (TEXT: Do not select bidirectional mode)

3.6. Then, for intravital imaging of the liver architecture, place the mouse on the stage of the inverted confocal microscope with the coverslip and liver face down on the objective. 
3.6.1. MED: Talent placing mouse on stage (Videographer: More Talent than mouse in shot) (TEXT: See text for suggested microscope parameters)
3.6.2. CU: Shot of coverslip/liver being positioned
3.7. Set the temperature of the thermostatic controlled chamber to 29°C and adjust the focus through the microscope binocular using the liver autofluorescence. 
3.7.1. CU: Temp being set to 29°C/at 29°C

3.7.2. MED: Few seconds Talent adjusting focus of microscope, with image on microscope monitor visible in frame if possible OR SCREEN: Few seconds liver coming into focus
4. Quantitative analysis of RBC velocity using xyt images
4.1. To quantify red blood cell velocities using xyt images, first click on the "Live" icon to visualize the blood flow in the live mode. 
4.1.1. WIDE: Talent clicking on Live icon

4.1.2. LAB MEDIA: Movie 2 blood flow.mp4
4.2. Next, choose the area of interest and select a specific blood vessel for analysis. Adjust the "X", "Y" and scan field rotation co-ordinates on the USB control panel to adjust the vessel into a horizontal position. 
4.2.1. SCREEN: Shot of an area of interest being chosen
4.2.2. SCREEN: Specific blood vessel being selected (comment: we do not remember if this step has been filmed but it is redundant with 4.2.3)
4.2.3. SCREEN: Few seconds x, y, and scan field rotation co-ordinates being adjusted
4.3. Then stop the "Live" mode and change the format set width to 1024 x 256 in the acquisition mode setting window. Set the line and frame averages to 1 and set the “stacks” to 150 at this time as well.
4.3.1. SCREEN: Shot of vessel in horizontal position, then Live mode being “stopped”

4.3.2. SCREEN: Format width being set to 1024 x 256, then line and frame averages being set to 1 and stacks set to 150 

4.4. Click "start" to acquire the images. 
4.4.1. SCREEN: Start being clicked then few seconds at least one image being acquired
4.5. When all of the images have been obtained, open the ImageJ software and the file of interest.
4.5.1. SCREEN: Few seconds ImageJ being opened

4.5.2. SCREEN: File of interest being opened
4.6. Then, under the plugin menu, select the LOCI (Pronounce: LOW-sigh) and Bio-formats import options. Set the stack viewing parameters to "hyperstack" and select the “xyzct” (Pronounce: X-Y-Z-C-T) option. A window will open containing all of the acquisition series information.
4.6.1. SCREEN: LOCI and Bio-formats import options being selected

4.6.2. SCREEN: Stack viewing parameters being set to "hyperstack", then xyzct being selected

4.6.3. SCREEN: Shot of window containing acquisition series information
4.7. Under the "Plugins" menu again, select the MTrackJ (Pronounce: M-track-J) option, click the "add” icon, and select a red blood cell to track. 
4.7.1. SCREEN: MTrackJ being selected, then icon being “added”

4.7.2. SCREEN: RBC being selected
4.8. Click on the same red blood cell in each of the consecutive frames and then click on the "measure" icon to measure the speed of the cell.

4.8.1. SCREEN: Few seconds RBC being clicked on in a few frames

4.8.2. SCREEN: Measure icon being clicked, then few seconds speed of cell being measured

4.9. Track a minimum of 5 red blood cells per vessel, analyzing a minimum of three individual vessels of the same size. 

4.9.1. LAB MEDIA: Figure 2A.psd

4.9.2. LAB MEDIA: Figure 2B.psd
5. Quantitative analysis of RBC velocity using xt line images: method 2
5.1. To quantify red blood cell velocities using xt line images, click "Live" to visualize the blood flow in the Live mode and select a specific blood vessel for analysis. 
5.1.1. WIDE: Talent clicking on Live

5.1.2. SCREEN: Specific blood vessel being selected
5.2. Move the vessel of interest into a horizontal position as just demonstrated and then stop the "Live" mode once the vessel is in place.
5.2.1. SCREEN: Few seconds vessel being moved into horizontal position

5.2.2. SCREEN: Live mode being stopped
5.3. Now select the "xt" scanning mode and set the central lumen of the selected vessel along the line scan. 
5.3.1. SCREEN: xt scanning mode being selected, then central lumen being set along line scan
5.4. Set the format width to 1024 x 512, the speed to 8000 Hz, the line average to 32, and the time to 512. Then click "start" and acquire the xt line images.
5.4.1. SCREEN: Format width, speed, line average and time being set

5.4.2. SCREEN: Start being clicked, then few seconds at least one image being acquired
5.5. To generate streaks for quantifying the red blood cell velocity, open the Leica application system-advanced fluorescence software, select “Experiments”, open the .lif file, and select the image of interest. A kymograph showing an xt line image will automatically open. 
5.5.1. SCREEN: .lif file of interest being selected/opened

5.5.2. SCREEN: xt line image of interest being selected/opened
5.6. [moved to 5.5] Then, in the Leica application system-advanced fluorescence software, select “Experiments”, open the .lif file, and select the image. A kymograph will automatically open. (comment: this sentence was merged with the 5.5 sentence)
5.6.1. SCREEN: LAS-AF software opening

5.6.2. SCREEN: Experiments being selected, the lif file being opened and image being selected

5.6.3. SCREEN: Shot of kymograph
5.7. Using the “draw line” tool, draw a line horizontal to the streak, noting the distance in micrometers and the time in seconds generated in the results tab.
5.7.1. SCREEN: Few seconds horizontal line being drawn 

5.7.2. SCREEN: Shot of generated results tab (Video Editor: if possible, please indicate the distance and time in the results tab when mentioned)

5.8. Then use these values to calculate the velocity as the distance divided by the time.
5.8.1. LAB MEDIA: Figure 3D .psd (TEXT: Quantify ≥5 particle streaks/xt image; analyze ≥3 vessels)
6. Results: Representative RBC velocity analyses
6.1. Using the MTrackJ plugin for ImageJ software, quantitative analysis of the velocity of these individual red blood cells in a single vessel demonstrated that the velocity of a red blood cell migrating through small liver vessels averages between 25-35 mm/s.  
6.1.1. LAB MEDIA: Figure 2 revised.psd (Video Editor: with “these … cells” please indicate bottom left image; with “velocity … mm/s” please indicate right graph/data in right graph)
6.2. Repeated scanning along a line parallel to the vessel wall and centered in the lumen of the vessel, however, …
6.2.1. LAB MEDIA: 52303_Forestier_Figure 3A Authors: please submit this image
6.3. … allows the use of the orthogonal projections on the X and Y axes to calculate the velocity of the individual red blood cells with a similar accuracy to the MTrackJ method.

6.3.1. LAB MEDIA: Figure 3D .psd (Video Editor: add/highlight the data points)
6.4. In these images, a typical example of a suboptimal experiment is shown, in which the rate of internalization of the plasma reagent into the endothelium lining the blood vessel was not considered. Note the altered quality of the streaks in the xt image, rendering the red blood cell velocity within these vessels un-interpretable.
6.4.1. LAB MEDIA: Figure 3C .psd (Video Editor: with “altered … image” please highlight the right image)
6.5. In this final representative experiment, the blood flow in the liver of L. donovani-infected animals was evaluated. Note the significant increase in the blood flow velocity observed as early as 1 hour and up to 24 hours post-infection, validating the use of the xt line image method for gaining new insights into the influence of pathological conditions on liver hemodynamics. 
6.5.1. LAB MEDIA: Figure 5 Revised.psd (Video Editor: with “as early as 1 hour” please indicate/highlight the 1 h pi data points; with “up to 24 hours post-infection” please indicate/highlight the 24 h pi data points)

7. Conclusion (said by authors on camera)
7.1. Weber Pascal: Once mastered, this technique can be complete in 2-3 hours if it is performed properly.

7.2. Makhloufi Camélia: After its development, this technique paved the way for researchers in the fields of physiology and pathophysiology to explore organ-specific hemodynamics in mice in vivo under physiological and pathological conditions.
7.3. Dasari Sreekanth: After watching this video, you should have a good understanding of how to perform the surgery for exposing the liver and how to measure the blood flow velocity in individual hepatic blood vessels following the injection of a plasma reagent dye.
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.  

2.1. Movie 1.mp4

2.2. Movie 2 blood flow.mp4

2.3. Figure 2 revised.psd

2.4. Figure 2A.psd

2.5. Figure 2B.psd

2.6. Authors: please submit this file 52303_Forestier_Figure 3A

2.7. Figure 3D .psd
2.8. Figure 3C .psd
2.9. Figure 5 Revised.pdf
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


