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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)  No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)  YES
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps 2.7, 2.11, 3.3, 3.5, and 3.8.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  2.11  Tail vein injection of ICG. The best way to ensure success is to practice before the experiment.



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 detect abnormalities in the choroidal vasculature in mouse models of age-related macular degeneration using time-course indocyanine green angiography. (Intro)
This is accomplished by first preparing the animals and dye for injection. (P1: Place the tail of the mouse that will be used for P2 (tail vein injection) into a beaker of warm water at a temperature of 40 °C. (show thermometer/digital))

The second step is to perform tail vein injections of indocyanine green. (P2: Use stock animation of tail vein injection. If possible make the liquid that is injected appears green.)

Next, images of the eye are acquired in the early, middle, and late phases of indocyanine green angiography which are then expored and analyzed. (P3: Zoom in on the mouse’s eye and have it transform into the “Early” eye image in the left panel.  Then, add each additional panel as it is mentioned.) 

Ultimately, time-course indocyanine green angiography may be used as a standard procedure for characterizing various types of lesions in the choroid of age-related macular degeneration mouse models. (P5: Show Figure 2 highlighting the circled regions with mention of the word “lesions”.)





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)

1.1. Sandeep Kumar: The main advantage of this technique over existing methods, like intraperitoneal injection of indocyanine green, is that it provides high quality time-course images that are comparable to human studies.   



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.     

2. Tail Vein Injection of Indocyanine Green Angiography
2.1. To begin the procedure, dress in the proper attire for working with animals.  This includes putting on surgical gowns, sterile foot covers, hair bonnets, facemasks, and gloves.
2.1.1. MED: Talent puts on the gown, foot covers, bonnet, facemask and gloves.
2.2. Then, prepare the heating pad to be used during imaging by turning on the system, setting the temperature to 37 °C, and covering it with a sterile blue pad.
2.2.1. MED: Talent turns on the heating pad and covers it with a sterile pad.
2.3. Next, turn on a hot plate and heat a beaker of water to 40 °C.
2.3.1. MED: Talent places a beaker of water onto a hotplate and places a thermometer into the water.
2.4. Prepare the imaging system prior to the tail vein injection by pre-warming the laser and mounting a 55 degree lens onto the machine. 
2.4.1. MED: Talent turns on the imaging system and laser.
2.4.2. CU: Talent mounts the 55 degree lens.
2.5. Then, open the imaging software and input the identifying information of the mouse for imaging under a new patient’s sheet… Under “device type”, choose Infrared mode. 
2.5.1. MED Over the Shoulder: Talent inputs identifying information of the mouse.
2.5.2. SCREEN: Talent selects infrared mode under device type.
2.6. With the imaging system set up, dilate the mouse’s eyes with a 1% Tropicamide ophthalmic solution and wait 5 min.
2.6.1. MED: Talent grasps the mouse and gets it into position to apply the eye drops.
2.6.2. CU: Talent drips the ophthalmic solution into the mouse’s eye.
2.7. During this time, weigh the mouse to determine the amount of anesthesia that is required. 
2.7.1. MED: Talent places the mouse onto a scale that has been “zero’d”.
2.7.2. CU: Shot of the digital weight numbers increasing as the mouse is placed on the scale.
2.8. Then, inject a mixture of Ketamine, Xylazine, and Acepromazine intraperitoneally as described in the accompanying text protocol and wait about 5 minutes until the mouse is fully anesthetized. 
2.8.1. CU: Talent draws up the anesthetic into a syringe and removes any air bubbles from the syringe.
2.8.2. MED: Talent places mouse back into its cage following the injection.
2.9. Instead of covering the eyes of the anesthetized mouse with eye ointment, apply sterile PBS to the eyes every two minutes, or insert specialized contact lenses to prevent them from drying out and developing cataracts.
2.9.1. MED: Talent opens a bottle/tube of sterile PBS and loads a dropper/pipette/other with some of the PBS.
2.9.2. CU: Talent drips the PBS into the mouse’s eyes.
2.10. Once anesthetized, place the tail of the mouse into 40 °C water for 20 to 30 seconds in order to dilate the tail vein. 
2.10.1. CU: Talent performs pinch test on the mouse’s foot to make sure it’s anesthetized.
2.10.2. MED: Talent lifts the mouse and places its tail into warm water.
2.11. Then, use a 1 mL syringe equipped with a 32-gauge needle to draw up 2 microliters per gram of body weight of a 1 mg/mL indocyanine green solution. Be careful not to introduce any air bubbles into the syringe.
2.11.1. CU: Talent draws up ICG solution into syringe.
2.11.2. MED: Talent taps syringe and ejects a drop to check for air bubbles.
2.12. Next, hold the tail with one hand so that the lateral tail vein is upward and wipe the tail with an alcohol swab to sterilize the area to be injected.
2.12.1. CU: Talent holds the tail and wipes it with an alcohol swab over the injection site.
2.13. Then, inject the needle about 2 mm into the vein at a minimal angle with the bevel of the needle facing upward. 
2.13.1. CU: Talent injects the needle about 2 mm into the vein at a minimal angle with the bevel of the needle facing upward.
2.14. Draw back on the syringe slightly and look for traces of blood flow into the needle hub, indicating that the needle was successfully inserted into the vein. Then, slowly inject the indocyanine green solution. There should be minimal resistance when injecting. 
2.14.1. CU: Talent draws back on the syringe (blood mixes in the syringe to show it’s inserted correctly), pause for a few (4-5) seconds, and then slowly inject the solution.
2.15. Following injection, remove the needle and apply an alcohol swab directly to the injection site for 5-10 seconds to stop any bleeding. The mouse is then ready for imaging. 
2.15.1. CU: Talent removes the needle and applies the alcohol swab to the injection site.  After a few seconds, check to make sure the mouse has stopped bleeding, then apply pressure for a few more seconds.
3. Indocyanine Green Angiography
[bookmark: _GoBack](*Note to Videographer: The SCREEN shots in this section can be acquired in 2 ways (Author Suggested).  Either use a tri-pod and focus on the computer or obtain the .avi files from the authors of the video.  The imaging device does not have an eye-piece or a camera port to fit an external camera.)
3.1. Following tail vein injection, quickly transfer the mouse to the previously prepared imaging system to take images during the early phase of the choroidal filling. 
3.1.1. MED: Talent lifts the mouse and places it on the imaging setup.
3.1.2. CU: Talent positions the mouse and secures it into place. 
3.2. First, set the image focus on the vasculature of interest.  Focus between 35 and 45 diopters for the retinal vasculature… and between 10 and 15 diopters for the choroidal vasculature.
3.2.1. CU: Talent focuses on the different layers in the eye.
3.2.2. SCREEN: Talent focuses on the retinal vasculature (TEXT: 35-45 Diopters: Retinal Vasculature)
3.2.3. SCREEN: Talent focuses on the choroidal vasculature (TEXT: 10-15 Diopters: Choroidal Vasculature)
3.3. Then, control for brightness using the control module.  Adjust the values for focus and brightness digitally, and once set, keep them constant for that shot type. Also, keep the distance from the mouse eye to the camera constant to ensure reproducible image quality. 
3.3.1. MED Over the Shoulder: Talent adjusts the brightness using the control module. (Videographer: Leave room for a small inlay from 3.3.2 into this shot.)
3.3.2. SCREEN: Repeat the change in brightness from shot 3.3.1, but this time show it from the scope view. (Video Editor: Inlay this image into the above shot (3.3.1)).
3.3.3. CU: Show distance between the camera and the mouse’s eye as the talent adjusts the distance.
3.4. Perform the initial screening by imaging the entire posterior of the eye from different angles. Start by aligning the circle-shaped luminescence emitted by the indocyanine green dye with the camera’s field of view. 
3.4.1. MED Over the Shoulder: Talent images the posterior of the eye from different angles showing the output screen in the background. (TEXT: Initial Screening)
3.4.2. SCREEN: Talent aligns the luminescence with the camera’s field of view.
3.5. To accomplish this, make left-to-right, up-and-down, and in-and-out adjustments of the camera position until the entire image is in focus and has no dark areas. Record the optimal device settings for repeat procedures.
3.5.1. MED Over the Shoulder: Talent adjusts the camera position until the entire image is in focus and has no dark areas.
3.5.2. MED Over the Shoulder: Talent records the optimal device settings.
3.6. Once the vasculature is in focus, capture the image frames by pressing the round black button on the acquisition module. This button can also be used to reduce or enhance the signal of indocyanine green for best image quality. 
3.6.1. SCREEN: Talent focuses on the vasculature.
3.6.2. MED Over the Shoulder: Talent presses the button and captures a slightly dark image, then enhances the signal and takes another image with better contrast.
3.7. To examine a particular lesion area based on the previous screening results, set up the imaging system using the optimal angle and device settings previously determined. Keep the position of the eye, view angle, focusing depth, and other device settings fixed for the entire time-course. 
3.7.1. MED: Talent secures a mouse into place and sets up the device by looking at recorded settings. (TEXT: Examination Based on Previous Screening Results) (Video Editor: Add the text to the bottom of the screen.)
3.7.2. CU: Close up view as talent sets the view angle and position of the eye.
3.7 early phase, middle phase, and late phase shots added
3.8. Save the images by pressing the acquire button on the touch screen panel of the acquisition module. Continue to acquire images in the early phase until retinal and choroidal circulations are at maximum brightness.  This can take up to 4 minutes.
3.8.1. MED Over the Shoulder: Talent acquires a number of images in the early phase.
3.8.2. SCREEN: Image the early phase for the entire 4 minutes (or however long it takes). (TEXT: Time Lapse of Early Phase: #x Normal Speed) (Video Editor: Show this as a time lapse and add text to the bottom to indicate the speed (#) at which it was played so that it fit within the required time.)
3.9. Then, continue to acquire images in the middle phase at 6 to 15 min post-injection.  As can be seen here, the choroidal vessels become less distinct in this phase and appear as diffuse fluorescence.  Additionally, choroidal lesions exhibiting hyperfluorescence emerge.
3.9.1. SCREEN: Image the entire middle phase. (TEXT: Time Lapse of Middle Phase: #x Normal Speed) (Video Editor: Show this as a time lapse and add text to the bottom to indicate the speed (#) at which it was played so that it fit within the required time. Add the arrows as described by the talent representing the vhoroidal vessels. If any lesions are pointed out by the talent, outline the lesions during the timelapse.) (Videographer: Have the talent point out a few of the choroidal vessels in the video using arrows. If any chorodial lesions are shown in this stage of the captured video, have the talent provide still images with the lesions circled for the video editor to copy onto the timelapse video.)
3.10. Next, acquire images in the late phase at 17 to 25 min post-injection.  During this phase, the hyperfluorescence fades and vessels are no longer visible. Also, the optic nerve head becomes black and the choroidal lesions have maximal contrast with the fading background.
3.10.1. SCREEN: Image the entire late phase. (TEXT: Time Lapse of Late Phase: #x Normal Speed) (Video Editor: Show this as a time lapse and add text to the bottom to indicate the speed (#) at which it was played so that it fit within the required time.  When the optic nerve head is mentioned, point it out with an arrow. A good example of what it should look like can be seen in Figure 2.  If any lesions are pointed out by the talent, outline the lesions during the timelapse.)   (Videographer: If any chorodial lesions are shown in this stage of the captured video, have the talent provide still images with the lesions circled for the video editor to copy onto the timelapse video.)
3.11. After finishing the acquisition of images, apply a clear lubricant eye gel to the mouse eyes and leave the mouse on a heating pad for recovery.  Once they have regained some movement, return mice to their cages and holding area. 
3.11.1. CU: Talent applies the lubricant to the mouse’s eye
3.11.2. MED: Talent places the mouse onto the heating pad.
3.11.3. MED: Talent picks up a mouse from the heating pad and places it in its cage.
3.12. Finally, export all the images as image files or video files for further analysis.   
3.12.1. MED Over the Shoulder: Talent exports the files.
4. Results:  ICGA Improves Imaging of Choroidal Lesions
4.1. Shown here is a comparison of sodium fluorescein-based fluorescein angiography and indocyanine green angiography in imaging mouse retinal and choroidal vasculature. While retinal vessels can be seen using both FA and ICGA, choroidal vessels can only be seen with ICGA.
4.1.1.  LABMEDIA: Figure 1 (Video Editor: Highlight “FA” and the top row with mention of sodium-fluorescein based fluorescein angiography and “ICGA” and the bottom row with mention of indocyanine green angiography. Then, highlight the left column with the second sentence and the right column with the third sentence.)
[image: ]

4.2. Here are images taken of the choroidal vasculature following tail vein injection of indocyanine green.  In the wild type mouse, no dilations or lesions were found at any of the imaging stages.  In the HTRA1 transgenic mouse, however, both dilations and cluster type polypoidal lesions were found in the early stage, and several more lesions appeared in the middle phase and became clearer in the late stage.
4.2.1. LABMEDIA: Figure 2 (Video Editor: Highlight the top row with the 2nd sentence.  Then highlight the bottom left box with the 3rd sentence up until “early stage” is mentioned.  While the box is highlighted, add the red arrow (or highlight it) with mention of “dilations” and highlight the red circle with mention of “cluster type polypoidal lesions”.  Highlight the bottom middle box from the mention of “early stage” to the mention of “middle phase” and highlight the yellow circles with mention of “several more lesions”.  With the rest of the statement, highlight the bottom right box and again highlight the yellow circles in this box with mention of “clearer”.)
[image: ]
4.3. To compare between tail vein and intraperitoneal injection of the indocyanine green on imaging quality, two additional HTRA1 transgenic mice were imaged following IP injection. The choroidal vasculature is mostly invisible 5 min after injection for both mice and is invisible more than 12 min for the mouse in the lower panels.
4.3.1. LABMEDIA: Figure 2 and 3 (Videographer: Shrink and move Figure 2 to the left half of the screen and add Figure 3 on the right.  Add HTRA1 labels to both the top and bottom rows of Figure 3.  Then, highlight the first column of figure 3 with the first half of the last sentence and the bottom middle square with the last half of the last sentence.)
 [image: ]
4.4. In addition to the route of injection, pigment color also influences the quality of images.  Here, a pigmented and albino mouse were compared using time course IV-indocyanine green angiography. The albino mouse had much sharper images of both big and small choroidal vessels at the early and middle phases and would provide a good breeding background for further studies in this area.
4.4.1.  LABMEDIA: Figure 4 (Video Editor: Highlight the top row with mention of “pigmented” and the bottom row with mention of “albino”
[image: ]

  			 



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) 

5.1. Zachary Berriochoa: After its development, this technique paved the way for researchers in the field of vision research to explore choroid abnormalities in mouse models.

       

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.  

Insert your media filenames here.


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.
 2012, Journal of Visualized Experiments
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