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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  No, but there is a possibility of filming the final slice under the microscope.
If Yes, can you record movies/images using your own microscope camera?
Yes, if there is need.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Filming location: Will the filming need to take place in multiple locations?  No. It will almost all be in the single corridor. Entering adjacent room with the microscope might be a possibility.

Protocol length 
18 steps, 49 shots


SKIPPED NOTE: Can the videographer get a shot of the building where the lab is?
Yes, but we need explicit, written permission from Stanford to be able to film this shot and use it in your video. Please notify me if you will be able to get permission for this. 


Introduction
1. Introductory Interview Statements


REQUIRED: 
1.1. Maja Djurisic: The protocol presented here diminishes excessive hypoxic damage during preparation of adult and aging mouse hippocampal slices, thus removing a major obstacle for studying function of mature and aging neural circuits. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Maja Djurisic: Introduction of hypothermia and sodium-free solutions results in hippocampal slices that are healthy for up to 10 hours after slicing, cutting and appropriate for both long-term field-recordings and patch-clamp studies.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


OPTIONAL: 
1.3. Maja Djurisic:  This method of preparing hippocampal slices could be particularly relevant for animal models of neurodegenerative diseases that by definition require an aging brain preparation.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Maja Djurisic: The most critical step in this protocol is introducing hypothermia via transcardial perfusion with an ice-cold solution. With some practice, researchers will be able to reliably execute this step.

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Videographer: This statement is optional. If you don’t have time, don’t film it.


Ethics Title Card
1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Stanford University 

Protocol
2. Setup
2.1. Begin by preparing 1 liter of 1 X aCSF (pronounce ‘A-C-S-F’) solution for the recovery chamber and subsequent recordings. Then, prepare 300 milliliters of NMDG-aCSF for the transcardial perfusion and cutting steps [1-TXT]. 
2.1.1. WIDE: Establishing shot of talent finishing preparing the NMDG-aCSF solution, with the already prepared aCSF solution in the shot. TEXT: See Manuscript for recipes
2.2. Place the vibrating microtome cutting tray and mounting disk in a -20 degrees Celsius freezer [1]. To prepare the recovery chamber, fill it to just above the slice-holding mesh [2] and start the bubbler, keeping the chamber on the bench at room temperature [3].
2.2.1. Talent setting the cutting tray and mounting disk to -20 degrees. 
2.2.2. Talent filling the recovery chamber and starting the bubbler.
2.3. Chill the entire 300 milliliters of NMDG-aCSF in a freezer, until ice crystals start to form on the surface and the walls of the bottle [1-TXT]. Place the bottle with chilled NMDG-aCSF on ice [2] and bubble it, keeping the solution between 0 and 2 degrees Celsius [3].
2.3.1. Talent taking the solution from the freezer, with the container labeled. TEXT: Do NOT over-freeze!
2.3.2. Talent placing the solution on ice. 
2.3.3. Talent bubbling the solution. 
2.4. Take the tissue-mounting disk out of the freezer and wipe it dry if needed [1]. Cut out a block of 5% agar about the size of a mouse brain [2] and glue it in the center of the disk using a thin layer cyanoacrylate glue [3]. Place the disk with glued agar on ice and cover it with paper towels until ready to use [4].
2.4.1. Talent taking the disk out of the freezer and wiping it dry. 
2.4.2. Talent cutting out the block of agar.
2.4.3. Talent gluing the agar to the disk.
2.4.4. Talent placing the disk on ice and covering it with a paper towel.
2.5. Take the cutting tray out of the freezer [1], place it into the microtome, then surround it with ice and load the blade [2].
2.5.1. Talent taking the cutting tray out of the freezer. 
2.5.2. Talent placing the tray in the microtome, adding ice, and loading the blade.
3. Transcardial Perfusion and Brain Extraction
3.1. Prepare all tools ahead of time for the brain dissection [1]. Before continuing, confirm that the mouse is at a surgical plane of anesthesia by performing a toe pinch. The mouse should be unresponsive [2].
3.1.1. Tools for brain dissection.
3.1.2. Talent performing a toe pinch. This step was moved to between 3.3.3. and 3.3.4.
3.2. set-up the peristaltic pump for transcardial perfusion. Insert one side of the pump tubing into the bottle with iced NMDG-aCSF [1] and fit the other side with a 27-gauge needle [2].  
3.2.1. Talent inserting the pump tubing into iced NMDG-aCSF.
3.2.2. Talent fitting the needle. 
3.3. Set the pump speed to approximately 3.5 milliliters per minute [1]. At this speed, the outflow of NMDG-aCSF is a fast drip, not a continuous flow [2]. Place the mouse on its back on a diaper [3] and tape down its front and hind legs so that the chest and abdomen are exposed [4]. Videographer: This step is important!
3.3.1. Talent programming the pump speed. 
3.3.2. Flow of the solution from the needle. 
3.3.3. Talent positioning the mouse on the diaper. 
3.3.4. Talent taping down the mouse’s legs.
3.4. Cut out a large patch of the skin on the chest, going from below the sternum to the throat [1]. Grab the sternum with forceps, lift it gently, and start cutting through the rib cage on both sides until the chest cavity is exposed [2].
3.4.1. Talent cutting the patch of skin.
3.4.2. Talent grabbing the sternum and cutting through the rib cage.
3.5. Cut through the diaphragm, leaving the flap of the rib cage attached via a thin piece of muscle [1]. It should be possible to set it aside without having it fall back onto the exposed chest cavity [2]. Check that the heart is still beating [3] and ensure that most of the liver is visible [4]. Videographer: This step is difficult and important!
3.5.1. Talent cutting through the diaphragm. 
3.5.2. Talent setting the rib cage to the side. 
3.5.3. Beating heart. 
3.5.4. Visible liver.
3.6. Insert the needle into the left ventricle, which looks lighter in color than the right. To stabilize the needle, drive it through the remaining ribs on the left side of the body [1]. Locate the dark red-colored right atrium and cut through it with small scissors. The blood should start flowing out [2]. Videographer: This step is difficult and important!
3.6.1. Talent inserting the needle into the left ventricle.
3.6.2. Talent cutting through the right atrium.
3.7. Start the pump and observe the liver, which will change color from red to brown [1]. Monitor the liver color and continue perfusion until the liver turns pale brown. Run the pump for a few more minutes [2]. The body temperature of the animal should fall to 28 to 29 degrees Celsius and its nose should be cold to the touch [3]. Videographer: This step is important!
3.7.1. Talent starting the pump. 
3.7.2. Liver turning from red to brown. 
3.7.3. Talent checking the temperature or the nose of the animal.
3.8. Decapitate the mouse with large decapitation scissors [1], then use a scalpel with a number 10 blade to cut open the skin on top of the skull [2]. With small angled scissors, cut the skull at the midline [3].
3.8.1. Talent decapitating the mouse. 
3.8.2. Talent cutting open the skin on top of the skull.
3.8.3. Talent cutting the skull.
3.9. Next, use the number 3 forceps to pry away the right and left halves of the skull, being careful to take the dura away with it [1]. Remove the brain, which should be an off-white color, by scooping it out with a small spatula [2] and drop it into the NMDG-aCSF solution on ice. Leave it there for up to a minute [3]. Videographer: This step is important!
3.9.1. Talent prying away the skull halves. 
3.9.2. Talent scooping out the brain. Videographer: It is important to show the proper color of the perfused brain. 
3.9.3. Talent putting the brain in the solution. 

4. Slicing and Recovery
4.1. Take the brain out of the NMDG-aCSF and place it on a piece of filter paper [1]. Cut and remove a 60-degree wedge of tissue with a 60-degree tool centered at the midline from the rostral end of the forebrain [2]. Use the cut sides as the mounting surface as it provides the proper angle for hippocampal slices [3].
4.1.1. Talent placing the brain on the filter paper. 
4.1.2. Talent cutting the tissue. 
4.1.3. Properly cut tissue.
4.2. Separate the hemispheres down the midline with the scalpel and glue them onto the mounting disk [1]. Take the mounting disk from the ice and wipe it dry if needed [2]. Then, glue each hemisphere in front of the agar block, cut side down [3].
4.2.1. Talent cutting the brain hemispheres.
4.2.2. Talent taking the mounting disk from the ice.
4.2.3. Talent gluing the brain halves to the agar block.
4.3. Ensure that the ventral sides of both hemispheres are touching the agar block and that the dorsal sides of both hemispheres are facing the blade. When glued on the cut side, each hemisphere should be oriented relative to the blade in a way that ensures transverse slices of the dorsal hippocampus in situ [1]. Videographer: This step is important!
4.3.1. Properly glues brain hemispheres.
4.4. Submerge the disk with the hemispheres into a cutting chamber containing ice-cold carbogenated NMDG-aCSF [1]. Cut a 400-micrometer section [2], then use a disposable transfer pipette with a cut-off tip to transfer the slice to a recovery chamber containing carbogenated aCSF at room temperature [3]
4.4.1. Talent submerging the disk.
4.4.2. Talent cutting a section.
4.4.3. Talent transferring the slice with the pipette.
4.5. Continue cutting the rest of the sections and transferring them to the recovery chamber, taking no more than 10 minutes to cut a total of 8 to 10 slices from the dorsal hippocampus region [1]. Incubate the slices at room temperature for approximately 2 hours before recording [2].
4.5.1. Talent cutting another section.
4.5.2. Slices incubating in solution.




Results
5. Results: Patch-clamp and Synaptic Plasticity Measurements in Hippocampal Slices from Mice at P120‒180 
5.1. This protocol was used to generate hippocampus slices from adult mice [1]. Large numbers of pyramidal cells in the CA1 field [2] and subiculum [3] appear in low contrast, a hallmark of healthy cells, when observed under infrared differential contrast microscopy [4].
5.1.1. LAB MEDIA: Figure 21 A and B.
5.1.2. LAB MEDIA: Figure 21 A and B. Video Editor: Emphasize A. 
5.1.3. LAB MEDIA: Figure 21 A and B. Video Editor: Emphasize B.
5.1.4. LAB MEDIA: Figure 21 A and B.
5.2. Patch-clamp recordings can be obtained from CA1 neurons of mice that are over 6 months old [1]. In the example experiment here, the frequency of miniature excitatory post-synaptic currents was measured after NMDA-LTD was induced, relative to control conditions [2]. 
5.2.1. LAB MEDIA: Figure 2 C.
5.2.2. LAB MEDIA: Figure 2 C. Video Editor: Emphasize the mEPSC frequency bar graph.
5.3. The frequency of miniature excitatory post-synaptic currents was lower in neurons after NMDA-LTD induction, indicating activity-dependent pruning of synapses in CA1 [1]. Changes in amplitude were not detected [2].
5.3.1. LAB MEDIA: Figure 2 C. Video Editor: Emphasize the mEPSC frequency bar graph. 
5.3.2. LAB MEDIA: Figure 2 C. Video Editor: Emphasize the mEPSC amplitude bar graph.
5.4. [bookmark: _GoBack]During mEPSC recordings, CA1 cells were also filled with biocytin. An intact dendritic arbor and healthy cell habitus of the pyramidal neurons can be seen here. A robust distribution of the fluorescent dye throughout the cell allows analysis of dendrites and dendritic spines allows for routine evaluation of dendritic spine properties under different conditions [1].
5.4.1. LAB MEDIA: Figure 2 D. 
5.4.2. LAB MEDIA: Dendritic spine figure uploaded on 8-11-20
5.5. Long-term potentiation, or LTP, of CA3-CA1 synapses of approximately 170% was observed, suggesting that maintenance of signaling cascades needed for LTP is present in slices prepared from adult mice [1]. A robust field excitatory postsynaptic potential signal suggests that network connectivity was also preserved [2].
5.5.1. LAB MEDIA: Figure 2 E and F.
5.5.2. LAB MEDIA: Figure 2 E.




Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Maja Djurisic: Two critical aspects of the protocol are transcardial perfusion with an ice-cold solution to induce hypothermia, and the use introduction of NMDG as of a sodium ion substitute in solutions to prevent cytotoxic edema. 

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.5.1, 4.4.1.

6.2. Maja Djurisic: Using these precautions, aAcute slices obtained using these precautions can be prepared from any brain region. Moreover, sSlices made in this manner can also be used for Ca2+- and voltage-imaging using two-photon or wide-field microscopy.

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

6.3. Maja Djurisic: This protocol could provide a basis for a standardized preparation for acute hippocampal slices from aging animals, and thus facilitate comparisons across studies in the context of neurodegenerative disease mechanisms.

6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Videographer: This statement is optional. If you don’t have time, don’t film it. 
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