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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.  (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)  We use Vevo Lazr software for the image's acquisition and then  evaluation of parameters. 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 by their protocol number. 

1.3) - preparation of the animal

2.1) - positioning the animal to obtain image acquisition from temporal view

2.2.4) and 2.2.12) - ultrasonic and photoacoustic brain anatomic and vascular image acquisition (temporal view)

3.1) – positioning for brain occipital acquisition

3.2.3 ) and 3.2.7) - ultrasonic and photoacoustic brain anatomic and vascular image acquisition (occipital view).

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number.

2.2.4) -  2.2.5) - Place the transducer to align it to the virtual axis connecting the ear to the eye (Figure 4a) to obtain an optimal beam focalization.  Acquire different views of the internal brain volume, by clockwise or counterclockwise rotation (Figure 4b and c).
3.2.2 ) - 3.2.3 )  Arrange the transducer to stay almost horizontal, in order to be directed along the anatomical posterior-to-anterior axis of the body. Point it toward the frontal side of the snout and tilt it slightly forward.
E.  Will the filming need to take place in multiple locations? (Y/N) NO.  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:
The overall goal of this procedure is to perform non-invasive high-frequency ultrasound and photo-acoustic based imaging on rat brain to visualize deep subcortical regions and their vascular patterns.  (Intro)
This is accomplished by first preparing the animal for imaging through hair removal and proper positioning of the animal on an ultrasound and photoacoustic imaging station worktop (P1).
Editors, please use “JoVE – Questionnaire – Graphics JoVE – 5216 (2) SECOND PART” for P1.  As this point is narrated, please show the images on page one.  Start with the image of the rat and then animate the squirting out of depilatory cream onto its head.  Then the depilatory cream is removed and the resulting image with the rat and “skull shaved zone” is shown.
The transducer is placed aligning it to the virtual axis connecting the ear to the eye to obtain an optimal beam focalization.  The animal is then positioned for image acquisition from the temporal view. (P2).
Editors, please start with 4a as the first sentence is narrated.  Then show the four images on page 4 of “JoVE – Questionnaire – Graphics JoVE – 5216 (2) SECOND PART.”
Following anatomic image acquisition, vascular images are acquired to visualize internal brain blood vessels as well as determine blood stream velocities and directions.  Blood total hemoglobin content and oxygenation degree can also be determined (P3).
Editors, please show figure 13 for the first sentence.  Then show figure 17 for the second sentence.
The animal is then positioned for image acquisition from the occipital view followed by ultrasonic and photoacoustic brain anatomic and vascular image acquisition. (P4)
Editors, please show figure 9 as P4 is narrated.  
Ultimately, the photo-acoustic method is used to show anatomical brain images and physiological vascular parameters. (P5)
Editors, please show figure 20 as P4 is narrated.  
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. P.G. (Pierangela Giustetto):  The main advantage of this technique over existing methods is that brain anatomy and relating vascular behavior can be studied using photo-acoustic imaging mode without removing the bone skull.
1.1.1. MED:  Pierangela speaks toward the camera, interview style.

1.2. M.C. (Mauro Castano):  This method can help answer key questions in the brain diseases, such as stroke and neurological degeneration since it can give specific information on neurological functions.
1.2.1. MED:  Mauro speaks toward the camera, interview style.

1.3. P.G. (Pierangela Giustetto):  The implications of this technique extend toward therapy or diagnosis of brain neuro disease and rehabilitation after neurological damages because it is a very specific method and able to capture functional neuro activity.
1.3.1. MED:  Pierangela speaks toward the camera, interview style.

Protocol (read by voice talent at JoVE):

2. Preparation of animal
2.1. To begin, place the rat inside the appropriate isoflurane chamber to anesthetize it as described in the text protocol.  Once the anesthesia takes effect, remove the rat and weigh it.
2.1.1. MED:  Talent places the rat inside the isoflurane chamber.
2.1.2. MED-over the shoulder:  Talent weighs the rat. Rat is anesthetized
2.2. Spread a thin layer of water soluble ophthalmic gel on the animal’s eyes to protect them and to maintain ocular physiological hydration. 
2.2.1. CU:  Animal’s eye as talent spreads a thin layer of water soluble ophthalmic gel on them.
2.3. Then, lay the rat down on an ultrasound and photoacoustic imaging station worktop, and quickly position the nose inside the appropriate mask providing a constant anesthesia flow. 
2.3.1. MED-over the shoulder: Talent lies the rat down on an ultrasound and photoacoustic imaging station worktop.
2.3.2. CU:  Rat’s face as talent quickly positions the nose inside the mask for constant anesthesia.
2.4. To shave the animal, spread a consistent layer of hair-removing cream on the head surface, covering areas surrounding the ears and neck.  After allowing the cream to act for several minutes, gently take it out with a spatula.  Softly remove all cream remnants with a wet sponge to accurately clean the skin.
2.4.1. MED:  Talent spreads hair-removing cream on the rat’s head.  Continue action in next shot.
2.4.2. CU:  Rat’s head as talent covers the areas surrounding the ears and neck.
2.4.3. MED-over the shoulder:  Talent removes the cream with a spatula.
2.4.4. CU:  Rat’s head as talent uses a wet sponge to remove all cream remnants.
2.5. To position the rat, arrange the animal in a spread-eagle position.  Lean the paws on the vital parameter sensors on the worktop after applying some drops of electrode cream to monitor the vital signs.  Finally, fasten the limbs with a hypoallergenic artificial silk patch.  
2.5.1. MED:  Talent arranges the rat in a spread-eagle position.
2.5.2. CU:  Paws as talent leans on the sensors after applying some drops of electrode cream. 
2.5.3. MED-over the shoulder:  Talent fastens the limbs with a hypoallergenic artificial silk patch.
2.5.4. [added] Insert rectal probe
2.5.5. [added] CU visualize the temperature monitoring
3. Image acquisition from temporal point of view
Editors, please use a zoom bubble to highlight the actions being performed in the SCREEN capture movies throughout the script.
3.1. To image from the temporal point of view, keep the animal in a prone position, rotate its body slightly on the side, with a tilt angle of about 45 degrees with respect to the sagittal body axis.  Use small cotton gauze rolls as stands to correctly arrange the animal placement.
3.1.1. CU:  Animal as talent rotates its body slightly on the side, with a tilt angle of about 45 degrees with respect to the sagittal body axis.  
3.1.2. MED-over the shoulder:  Talent uses a small cotton gauze rolls as stands to correctly arrange the disposal.
PUT STEP 3.5 HERE
3.2. Raise the animal head and rotate it slightly on one side.  Use a cotton roll as a stand, keeping the snout well inserted into the anesthesia mask.  Incline the worktop at an angle of about 30 degrees with respect to the horizontal plane.  Turn the imaging transducer at an angle of about 30 degrees with respect to the vertical plane.
3.2.1. CU:  Animal head as talent raises it and rotates it to one side and uses a cotton roll as a stand, keeping the snout well inserted into the anesthesia mask.
3.2.2. MED:  Talent inclines the worktop at an angle of about 30° with respect to the horizontal plane. 
3.2.3. MED-over the shoulder:  Talent turns the imaging transducer at an angle of about 30 degrees with respect to the vertical plane. 
3.3. For ultrasonic and photo-acoustic anatomic and vascular image acquisition, turn the imaging scan on, enter the B Mode image acquisition and properly set all image acquisition parameters to respect possible given requirements of the experiment. 
3.3.1. SCREEN:  Screen capture movie as talent turns the imaging scan on, enters the B Mode image acquisition and begins to set all image acquisition parameters to respect possible given requirements of the experiment.
3.4. Set the transmit center frequency as low as possible, in order to have the maximum penetration depth for the transducer.
3.4.1. SCREEN:  Screen capture movie as talent sets the transmit center frequency at 16 MHz.
3.5. [MOVE to 3.1] Then, dispose a consistent layer of hypoallergenic water soluble ultrasound transmission gel on the animal’s head.  Cover the transducer head with a thin layer of the same gel, and put it into contact with the layer on the rat.
3.5.1. MED-over the shoulder:  Talent disposes a consistent layer of hypoallergenic water soluble ultrasound transmission gel on the animal’s head.
3.5.2. CU:  Transducer head covered with a thin layer of water soluble ultrasound transmission gel as it is put it into contact with the layer on the rat.
3.6. Start image acquisition in B Mode and adjust the transducer positioning in real time, by identifying anatomical references and by centering the region of interest to the monitor middle point. 
3.6.1. SCREEN:  Screen capture movie as talent starts image acquisition in B mode and adjusts the transducer positioning in real time by identifying anatomical references and centering the region of interest to monitor the middle point.
3.7. Place the transducer to align it to the virtual axis connecting the ear to the eye to obtain an optimal beam focalization.  Acquire different views of the internal brain volume, by clockwise… or counterclockwise rotation.
3.7.1. SCREEN:  Screen capture movie as talent places the transducer to align it to the virtual axis connecting the ear to the eye to get the optimal beam focalization.  Editors, as this action is being performed, please bring in an inlay of LAB MEDIA: figure 4a.  
3.7.2. SCREEN:  Screen capture movie as talent acquires a view of the internal brain volume by clockwise rotation.  Editors, as this action is being performed, please bring in an inlay of LAB MEDIA: figure 4b.  
3.7.3. SCREEN:  Screen capture movie as talent acquires a view of the internal brain volume by counterclockwise rotation.  Editors, as this action is being performed, please bring in an inlay of LAB MEDIA: figure 4c.  
3.8. Ensure that the cerebral region of interest localizes at 10 mm of depth with respect to the ultrasound laser transducer source in order to receive an optimal photo-acoustic response signal. 
3.8.1. LAB MEDIA:  Figure 5.  Editors, as this point is narrated, please bring (or highlight) in the rectangle and the “Focus Depth: 10mm” label.
3.9. Next, enter Color Doppler Mode to visualize internal brain blood vessels in a highly sensitive way.  
3.9.1. SCREEN:  Screen capture movie as talent enters the Color Doppler Mode to visualize the internal brain blood vessels. (image color Doppler)
3.10. Once the positioning has been set appropriately to visualize the desired regions, activate the respiration gate option to avoid undesired effects related to the movement. 
3.10.1. SCREEN:  Screen capture movie as talent activates the restoration gate option.
3.11. Then, choose the desired acquisition parameter set in Color Doppler Mode.  Acquire images in this modality to distinguish blood stream velocities and directions, until several millimeters of penetration depth. 
3.11.1. SCREEN:  Screen capture movie as talent choose the acquisition parameter set in Color Doppler Mode.  
3.11.2. SCREEN:  Screen capture movie as talent acquires images in this modality until several millimeters of penetration depth.
3.12. Enter Pulsed Wave Doppler Mode and acquire images to detect artery blood pulsation and to differentiate between arteries and veins.     
3.12.1. SCREEN:  Screen capture movie as talent enters pulsed wave Doppler mode and acquires images to detect artery blood pulsation and differentiate between arteries and veins.
3.13. Now, enter Power Doppler Mode and set acquisition parameters to perform a signal quantification on the basis of the number of scattering events caused by the flux movement to evaluate differences in flow rates.
3.13.1. SCREEN:  Screen capture movie as talent enters Power Doppler Mode and sets acquisition parameters to perform a signal quantification on the basis of the number of scattering events caused by the flux movement.
3.14. Next, enter Photo-acoustic Mode and properly refine acquisition parameters to collect data about blood total hemoglobin content or oxygenation degree in a given area.  By producing laser excitation on an entire wavelength spectrum, the absorption of total hemoglobin present in different chemical states inside a tissue can be quantified. 
3.14.0 [added] MED; view of laser impulses from laptop
3.14.0+1 [added] closing door of the photo-acoustic cabinet.
3.14.1. SCREEN:  Screen capture movie as talent enters Photo-acoustic Mode and properly refines the acquisition parameters to collect data about blood total hemoglobin content or oxygenation degree in a given area.  
3.14.2. SCREEN:  Screen capture movie as talent sets the wavelength range to from 680 nm to 970 nm and starts the scan.
3.14.3. [added] SCREEN: Screen capture movies as talent sets Oxygenation and Hemoglobin scan.
4. Imaging from the occipital point of view
4.1. To image from the occipital point of view, keep the animal in a prone position, lower the animal head and use small cotton gauze rolls as lateral stands to correctly arrange the animal’s position.  
4.1.1. CU: Keeping the animal in the prone position, talent lowers the animal head and uses small cotton gauze rolls as lateral stands to correctly arrange the disposal.
4.3.2 [moved] MED-over the shoulder:  Talent spreads ultrasound gel layers on the probe and on the animal nape. Reuse 3.1.1 and 3.1.2 (previously 3.5.1 and 3.5.2)
4.2. Turn the imaging transducer parallel to the transverse plane of the animal head. 
4.2.1. SCREEN:  Screen capture movie as talent turns the imaging transducer parallel to the transverse plane of the animal head.  Editors, as this action is being performed, please bring in an inlay of figure 9.
4.3. For ultrasonic and photo-acoustic anatomic and vascular image acquisition, enter the B Mode image acquisition and set all image acquisition parameters as before.  Spread the necessary ultrasound gel layers on the probe and on the animal nape.
4.3.1. SCREEN:  Screen capture movie as talent enters the B Mode image acquisition and sets all image acquisition parameters.
4.3.2. [moved] MED-over the shoulder:  Talent spreads ultrasound gel layers on the probe and on the animal nape. 
4.4. After arranging the transducer as described in the text protocol, start image acquisition in B Mode and Color Doppler Mode.  Accurately adjust the transducer position and remove air bubbles from the gel coat. 
4.4.1. SCREEN:  Screen capture movie as talent starts the image acquisition in B Mode and Color Doppler Mode.
4.4.2. MED-over the shoulder:  Talent adjusts the transducer position and removes air bubbles from the gel.
4.5. Visualize internal brain blood vessels in Power Doppler Mode by properly setting acquisition parameters.  Localize intensely pulsated arteries by Pulsed Wave Doppler Mode. 
4.5.1. SCREEN:  Screen capture movie as talent visualizes the internal brain blood vessels in Power Doppler Mode and sets the acquisition parameters.  Talent then localizes the intensely pulsated arteries by Pulsed Wave Doppler Mode.
4.6. Collect blood stream velocities data and directions in Color Doppler Mode, by adequately adapting acquisition parameters.
4.6.1. SCREEN:  Screen capture movie as talent sets the acquisition parameters in Color Doppler Mode.
4.7. Finally, complete the deep brain hemodynamic characterization data set by adding chemical blood information obtained through the photo-acoustic acquisition.
4.7.1. SCREEN:  Screen capture movie as talent enters in chemical blood information obtained through the photo-acoustic acquisition. 
5. End of acquisition and animal removal
5.1. After saving all acquired data, turn the laser pulsing off by exiting the Photo-acoustic acquisition mode and distance the transducer. 
5.1.1. MED-over the shoulder:  Talent saves all acquired data, turns the laser pulsing off by exiting the Photo-acoustic acquisition mode, and distances the transducer. 
5.2. While maintaining the animal under the anesthesia effect, start to clean it by gently removing the protective gel from the eyes with a wet cotton swab.  Use a spatula and several paper towels to completely remove the ultrasound gel from the head and the snout.  Then clean them with a wet sponge.  Be careful not to damage the delicate shaved skin.
5.2.1. [5.2.1 to 5.2.3 combined] CU:  Animal as talent starts to clean it by gently removing the protective gel from the eyes with a wet cotton swab.  
5.2.2. MED-over the shoulder:  Talent uses a spatula and several paper towels to completely remove the ultrasound gel from the head and the snout.  
5.2.3. CU:  Animal face as talent cleans with a wet sponge, taking caution not to damage the delicate shaved skin.
5.3. Take out the adhesive patch used to fasten the limbs and disconnect the limbs from the sensors that monitor the physiologic parameters.  Rapidly transfer the animal from the acquisition worktop to a different cage.  Aid the animal in recovery as described in the text protocol.
5.3.1. MED-over the shoulder: Talent takes out the adhesive patch used to fasten the limbs and disconnects the limbs from the sensors.
5.3.2. MED:  Talent transfers the animal from the acquisition worktop to a different cage.
5.3.3. CU:  Happy animals running around cage post-recovery.
6. Results: Non-invasive parenchymal, ultrasound vascular, and metabolic images by ultrasound and photo-acoustic tools
6.1. This method permits deep imaging of both specific anatomic reference structures and blood vessels at relatively high spatial resolution.
6.1.1. Title Card 
6.2. Shown here are resolved images of the Middle Cerebral Artery, or MCA, that arises from the Internal Carotid Artery, or ICA, and further divides into two or more branches, that finally surround cortical lobes.
6.2.1. LAB MEDIA:  Figure 12 

6.3. Doppler-based acoustic imaging reveals small branches, while directional information of blood current is available with Color Doppler acquisition. 
6.3.1. LAB MEDIA:  Figure 13

6.4. MCA artery feature is confirmed by the Pulsed Wave ultrasonic technique.  Shown here is pulsed wave Mode acquisition through the temporal foramen for the individuation of vascular references.   

6.4.1. LAB MEDIA:  Figure 14

6.5. Photoacoustic signal of contained hemoglobin into circulating red blood cells can be detected and analyzed to collect data about its molecular oxidative status and to calculate blood oxygen saturation.  Hematic oxygen content can be correlated to sonic data in order to confirm the discrimination of arterial blood from venous blood. 

6.5.1. LAB MEDIA:  Figure 16
6.5.2. LAB MEDIA:  Figure 17. Editors, please transition to this figure at the second sentence.
6.6. The cerebral parenchymal tissue was also recorded with a photoacoustic modality in the occipital projection to show vascular characterization in the spectral plot.  With this spectrum it is possible to distinguish the signal derived from arterial and venous vessels.
6.6.1. LAB MEDIA:  Figure 20
7. Conclusion (said by authors on camera)
7.1. PG:  After its development, this technique paved the way for researchers in the field of neuroimaging to explore physiological and anatomical structure.
7.1.1. LAB MEDIA:  PG speaks toward camera, interview style.
7.2. MC:  After watching this video, you should have a good understanding of how to record parenchymal and vascular brain properties and how to observe, in real time, Oxygen and Hemoglobin level changes in brain tissue.
7.2.1. LAB MEDIA:  MC speaks toward camera, interview style
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.  

Insert your media filenames here.
JoVE – Questionnaire – Graphics JoVE – 5216 (2) SECOND PART

Figure 4a – authors, please provide as a separate file without the “a” label.
Figure 4b – authors, please provide as a separate file without the “b” label.
Figure 4c – authors, please provide as a separate file without the “c” label.
Figure 5

Figure 9

Figure 12 

Figure 13

Figure 14

Figure 16
Figure 17

Figure 20
SCREEN Capture Movies:

52162_Giustetto_3.3.1_SCREEN:  Screen capture movie as talent turns the imaging scan on, enters the B Mode image acquisition and begins to set all image acquisition parameters to respect possible given requirements of the experiment.
52162_Giustetto_3.4.1_SCREEN:  Screen capture movie as talent sets the transmit center frequency at 16 MHz.
52162_Giustetto_3.6.1_SCREEN:  Screen capture movie as talent starts image acquisition in B mode and adjusts the transducer positioning in real time by identifying anatomical references and centering the region of interest to monitor the middle point.
52162_Giustetto_3.7.1_SCREEN:  Screen capture movie as talent places the transducer to align it to the virtual axis connecting the ear to the eye to get the optimal beam focalization.  
52162_Giustetto_3.7.2_SCREEN:  Screen capture movie as talent acquires a view of the internal brain volume by clockwise rotation.  
52162_Giustetto_3.7.3_SCREEN:  Screen capture movie as talent acquires a view of the internal brain volume by counterclockwise rotation.  
52162_Giustetto_3.9.1_SCREEN:  Screen capture movie as talent enters the Color Doppler Mode to visualize the internal brain blood vessels.
52162_Giustetto_3.10.1_SCREEN:  Screen capture movie as talent activates the restoration gate option.
52162_Giustetto_3.11.1_SCREEN:  Screen capture movie as talent choose the acquisition parameter set in Color Doppler Mode.  
52162_Giustetto_3.11.2_SCREEN:  Screen capture movie as talent acquires images in this modality until several millimeters of penetration depth.
52162_Giustetto_3.12.1_SCREEN:  Screen capture movie as talent enters pulsed wave Doppler mode and acquires images to detect artery blood pulsation and differentiate between arteries and veins.
52162_Giustetto_3.13.1_SCREEN:  Screen capture movie as talent enters Power Doppler Mode and sets acquisition parameters to perform a signal quantification on the basis of the number of scattering events caused by the flux movement.
52162_Giustetto_3.14.1_SCREEN:  Screen capture movie as talent enters Photo-acoustic Mode and properly refines the acquisition parameters to collect data about blood total hemoglobin content or oxygenation degree in a given area.  
52162_Giustetto_3.14.2_SCREEN:  Screen capture movie as talent sets the wavelength range to from 680 nm to 970 nm and starts the scan.
52162_Giustetto_4.2.1_SCREEN:  Screen capture movie as talent turns the imaging transducer parallel to the transverse plane of the animal head.  
52162_Giustetto_4.3.1_SCREEN:  Screen capture movie as talent enters the B Mode image acquisition and sets all image acquisition parameters.
52162_Giustetto_4.4.1_SCREEN:  Screen capture movie as talent starts the image acquisition in B Mode and Color Doppler Mode.
52162_Giustetto_4.5.1_SCREEN:  Screen capture movie as talent visualizes the internal brain blood vessels in Power Doppler Mode and sets the acquisition parameters.  Talent then localizes the intensely pulsated arteries by Pulsed Wave Doppler Mode.
52162_Giustetto_4.6.1_SCREEN:  Screen capture movie as talent sets the acquisition parameters in Color Doppler Mode.
52162_Giustetto_4.7.1_SCREEN:  Screen capture movie as talent enters in chemical blood information obtained through the photo-acoustic acquisition. 
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


