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Title: Real-time X-ray Imaging of Lung Fluid Volumes in Neonatal Mouse Lung

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Yes, Zeiss Stemi 2000-C
Can you can record images/videos using your own camera/software? (Y/N) No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) 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.  Yes
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, not your original document:  Steps 4.3 to 4.9
D.  Will the filming need to take place in multiple locations? (Y/N) No
1. Introduction (Schematic Overview and Interview)
The overall goal of this procedure is to determine the rate of alveolar fluid clearance in neonatal mice using real-time X-ray imaging technology. (Intro)   This is accomplished by first setting up an X-ray imaging acquisition protocol with appropriate illumination reference files. (P1)  The second step is to model pulmonary edema by tracheally instilling saline in anesthetized pups. (P2)  Next, the pups are imaged using the acquisition protocol. (P3) The final step is to quantify and compare X-ray image densities as a measure of alveolar fluid volume using molecular imaging software to study treatments and other conditions.  (P4)
Video editor: The images are below are labeled with instructions.
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This is image is for the Intro.  Animate the change from one to the other as best as possible – in the blow-up the O2 out and CO2 in arrows couple with the depletion of blue.
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[image: image4.jpg]



The left image is for P1 and the right image is for P2.  Animate P1 by having the text on screen type on.  Animate P2 by having the needle enter the trachea of the pup and have the plunger push in.   Initially adjust the plunger to be positioned higher up.
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This is for P3.  The CCD camera is indirectly visualizing the X-rays (depicted as green arrow) pass through the off the screen (or not pass through the screen).  The blue cone and green arrows can be flashed on and then off.
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This is for P4.  There’s nothing to animate, except perhaps adding the ROI arrow to the screen.
B.  Introductory Interview (said by you on camera -- don’t forget to smile!)  

1.1. Theresa Gauthier: Hi. Modeling alveolar fluid clearance using this protocol can lead to a better understanding and possible prevention of preterm and newborn lung injury seen everyday in the Neonatal Intensive Care Unit.
1.2. Theresa Gauthier: Visual demonstration of this method is critical as newborn lungs are very small and tracheal instillation of newborn mice can be difficult to master.
1.3. Theresa Gauthier: Demonstrating the procedure will be Phi Trac a student from my laboratory. 

1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

C. The Protocol Section (read by voice talent at JoVE)
2. X-ray Imaging Software Set Up
2.1. To operate the X-ray Imaging software …
2.1.1. WID: establishing shot of talent working with software
2.2. … first establish the settings for a single exposure event.  Select the Capture button directly below the File tab.  Then, in the Settings drop-down menu, select Current Session.
2.2.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
2.3. Then, under Exposure Time select Standard Exposure from the drop-down box.  Set the Exposure Time to two minutes, and number of exposures to one.  Then, set the X Binning and Y Binning to 2 pixels. 
2.3.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
2.4. Next, Select Final Accumulation from the Export Options drop-down menu.
2.4.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
2.5. Under the Illumination settings, select X-Ray in the Illumination Source drop-down menu.  The default KVP is set at 35.
2.5.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
2.6. Now, toggle Autoselect in the Apply Reference File drop-down menu to apply the corresponding X-ray reference file.  
2.6.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
2.7. In the Set Camera To settings, make the f-stop 2.51.  Set the Field of View to 125.64 for PN10 mice, or as needed.  Set the Focal Plane to 13.
2.7.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
2.8. Next, from the drop-down menu beside the Focal Plane slider, select X-Ray.  For X-rays, set the Excitation Filter and the Emission Filter to 0 in the drop-down menu.
2.8.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
2.9. Save the current session by clicking New on the top next to Settings. Enter a name for New Acquire Settings File, e.g. “Jove Single Exposure Event for making a Protocol.”
2.9.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)

2.9.2. MED: talent finishing saving file, working with software as described
3. Establishing an Imaging Protocol with the Software
3.1. To establish the imaging protocol …
3.1.1. WID: another establishing shot of talent at computer
3.2. … click on the Create/Edit Protocols button on the right side of the open window.  As the new Protocol pop-up window appears, click the New button in the upper right-hand corner.
3.2.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
3.3. Enter the name that the protocol will be saved under, for example “Jove Demo Protocol”, and click OK. 
3.3.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
3.4. On the bottom of the Protocol pop-up window in Protocol Steps, check for the following: Step 1 should be highlighted in red text, Capture New Images should be  selected, and in the Before Image Capture drop down menu Do Nothing should be selected. 
3.4.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
3.5. Now, under the Capture Setting, select the recently generated single exposure event.   This is Step 1.
3.5.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
3.6. Then, to add a 3 minute wait time after each 2 minute acquisition, select Wait from the After Image Capture drop-down menu, then click the Edit button, and change the value to 180 seconds, and click OK. 
3.6.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
3.7. To duplicate Step 1, right click the Step 1 tab and select Duplicate Step.  Create 23 duplicates for a 2 hour observation period. 
3.7.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
3.8. For the final step, being Step 24, change the After Image Capture setting from Wait to Do Nothing.  Then, click the Save button and exit the Protocol Editor.
3.8.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
3.8.2. MED: working with software as described
4. Tracheal Preparation and Imaging
4.1. To anesthetize new postnatal day 10 mice (TEXT: 100 mg Ket + 10 mg Xyz / kg), deliver the anesthetic via a 3/10 syringe with a 31 Gauge, 8-mm needle with an intra-peritoneal injection.
4.1.1. MED: filling syringe with anesthetic
4.1.2. MED: Talent attaching needle, preparing for use and providing mouse injection injects mouse pup. 
4.2. Position the mice ventral side up onto a sloped surgical board.  Secure them with surgical tape so their heads are at the top of the incline. 
4.2.1. CU: positioning mouse on board

4.2.2. ECU: taping mouse to board

4.2.3. [added] CU:  wipe mouse with iodine pad.
4.3. Depending on the species, shaving the thoracic area may be required. Make a three millimeter incision in the throat region.  Then, to visualize and access the trachea, move aside the platysma and anterior tracheal muscles using blunted forceps.
4.3.1. SCOPE: film as described [do not use take 1 or 2] 
4.4. From a 31 Gauge, 8-mm needle, instill 3 µL of saline per gram of body mass, through the exposed trachea. 
4.4.1. ECU Scope: pushing needle into mouse

4.4.2. [combined with 4.4.1] SCOPE: ejecting solution, show if there is any leakage at injection site
4.5. Now move the pups to a clear-bottom, removable, animal imaging tray being sure to…
4.5.1. CU: film as described.

4.6. …center the animals so the X-ray will view the thoracic area. 
4.6.1. CU: film as described.

4.7. Then, return the tray to the X-ray imaging cabinet.  
4.7.0 [added] WIDE:  Static shot of In Vivo multispectral Imaging System
4.7.1. MED: loading mouse into imaging cabinet

4.7.2. [added] ECV:  talent inserts mouse nose into anesthesia cone.  Angle cone as needed.
4.8. Be sure that the thermal control unit of the chamber is set to physiological levels. Set the anesthesia vaporizer dial setting to 2%.
4.8.1. CU MED: control for chamber temp

4.8.2. WID: talent moves form checking temp on cabinet to working at computer
4.9. To image the animals, in the software, from the Protocol drop-down menu, click on Capture and select the appropriate protocol, e.g. “Jove Demo Protocol.”
4.9.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
4.10.  Next, click the Execute Selected Protocol button on the molecular imaging software.  A pop-up window will display the program’s status.

4.10.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
4.11. After the two hour imaging session, remove the animals from the imaging tray and return them to their cage. 
4.11.1. WID: gets up from computer control and removes animals from imaging chamber
4.11.2. [combined with 4.11.1] CU: returning mice to recovery cage
5. Data Analysis 
5.1. To normalize X-ray images and quantify intensities in defined regions of interest, first design a region of interest, or ROI, template specific to the study to use on all the tested groups.  
5.1.1. WID: another establishing shot of talent at computer
5.1.2. MED: talent looking at X-ray images on computer, performing some of the actions in the next few steps
5.2. Begin by opening the first and last x-ray image in the 2 hour set.  Then, select the window of the first x-ray image.
5.2.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
5.3. On the Navigation toolbar, select Manual-ROIs and, then, New ROI Set.  Choose to make an ROI Ellipse and create an ROI that adequately covers the mouse’s left lung. The left upper lobe makes an ideal ROI for saline challenges.
5.3.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
5.4. When the ROI is dragged to a different position, it becomes defined by the software.  This is indicated by the region’s border turning blue and gaining an identification number.  Additional ROIs can be made by dragging the blue ROI.

5.4.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
5.5. Now, select Pointer Selection to position the ROIs over each mouse’s left lung, directly under the second rib.  Then, in the top toolbar, click Image Display.
5.5.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
5.6. Check Overlay in the Image Display dialog to overlay the last x-ray image while maintaining the set ROI locations.  If necessary, choose Pointer Selection in the Navigation toolbar to adjust the positions of the ROIs to improve their coverage.

5.6.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s), including the occasionally required step 
5.7. In the manual ROI dialog, select Template and Save to Template.  Then, name the template and click OK.  Following the save, close both images and select No when prompted to save changes. 
5.7.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
5.8. Now, apply the ROI template to each captured X-ray image.  First open all the files and, then, select any open file and click Manual ROIs and Template.  Select the saved ROI template and, then, from the drop down menu click Apply to All Open Documents.
5.8.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
5.9. Now, export the numerical ROI data from the images to a spreadsheet.  In the upper left hand corner, click File … Export Data and ROI.  Check the As Displayed and Auto Open in Excel toggles in the pop-up dialog.  Then, select Export All Open Documents, name the file and click Save.
5.9.1. SCREEN CAPTURE: please create a movie file to visualize the above step(s)
E. The Results Section

6. PN 10 Mouse Lung Image Data 
6.1. PN 10 mouse lungs were imaged after an instillation of saline challenges into the left lobe of the neonatal lungs.   Shown here is the baseline appearance of a lung.
6.1.1. LAB MEDIA: Fig9 - left panel
6.2. The same lung was imaged five minutes after the lung was tracheally instilled with the saline solution. 
6.2.1. LAB MEDIA: Fig 9 – middle panel
6.3. After two hours, the animal had successfully cleared the saline challenge as indicated by a decrease in X-ray opacity in the upper lobe of the left lung. As such, the numerical ROI increased in value. 
6.3.1. LAB MEDIA: Fig 9 – right panel
6.4. A different PN 10 mouse lung was tracheally instilled with a compound containing oxidized glutathione that inhibited alveolar fluid clearance of the saline challenge.
6.4.1. LAB MEDIA: Fig 10 – left
6.4.2. LAB MEDIA: Fig 10 - middle  
6.5. So, the numerical value of this animal’s ROI decreased from the pre-instill and post-instilled X-ray imaged files, indicative of increasing X-ray opacity. The lungs were flooded and stayed flooded.
6.5.1. LAB MEDIA: Fig 10 - right
F. Conclusion Interview (said by you on camera)
7. Conclusion 
7.1. Theresa Gauthier: Once mastered, this protocol can be completed in multiple pups for quick and reliable measurement of lung fluid clearance.  Moreover, the pups typically make a full recovery from this minimally invasive technique, and can be used for longitudinal studies of the lung. Therefore, application of this protocol to animal models of pediatric disease is translationally significant.
G. List of Provided Media (provided by you)
Authors, please carefully read the grey boxes with instructions for SCREEN CAPTURES, LAB MEDIA (above) and on how to list the prepared files names (below).  Then create the files as instructed and list them here as instructed.
Please list all images, movie files (including screen captures) and animations that you are providing to be included in this video.  List the step in the script, the file name and a brief description.  For example:
5.1 –  51234_Figure1_panelA.tif -  dual color imaging of tumor angiogenesis at 40X 

5.2 –  51234_Figure1_panelB.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 NOTES
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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