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A.  Microscopy: (N) Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Authors, you marked ‘no’ on this in the questionnaire. Are there any steps where it would be useful to get a shot of a region of interest through the microscope? Yes, when delineating the area of interest to check the tissue thickness (section 4.2), and when counting BrdU-positive neurons in a disector. Dear Authors, because the dissector will not be visible when looking through the oculars, the use of screen shots is more suited to this section.  Best, Jo
B.   Software Usage: (Y) Does your protocol include detailed, step-by-step, descriptions of software usage? Authors – you marked ‘no’ to this in the questionnaire but it looks to me that section 4 involves manipulation of software and will require screen captures to be taken. Could you please let me know what you envision for this section if not screen captures? This is correct. We need to capture screen shots in section 4. However, we prefer to capture screen shots of the neuronal counting in section 5. Dear Authors – I think that the still images work well for the cell counting section and so have listed them below. If after submitting the screen captures for the steps listed as such in the script, you wish to take live images of the counting then these could be included instead. Jo
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.5; 3.2; 4.3; 4.4; 5.1; 5.3.
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ?? 
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? N_(however, we will use three different rooms in one laboratory)
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this stereological study, using the optical fractionator, is to obtain quantitative information such as the total number of cells in a specific brain area using methods based on unbiased principles (Intro). 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Mikkel Vestergaard Olesen: This method can help answer key questions in the field of quantitative analysis, such as estimation of total number of cells in a complete structure of interest. 
1.2. Bente Pakkenberg: The main advantage of this technique is that it provides accurate estimates with a fixed and predetermined precision.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Mikkel Vestergaard Olesen: Demonstrating the procedure will be Esther Kjær Needham, who is a co-author of the article. 
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.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been performed in accordance with the Danish Animal Experimentation Inspectorate and approved by the local ethical committee for Experimental Animals.
Protocol: (read by voice talent at JoVE)
2.  Brain Tissue Processing
2.1. Begin with a fixed and frozen rat brain [1-MED-TXT]. Using a scalpel, separate the right and left hemispheres along the midline of the brain [2-CU] and then choose one or the other hemisphere randomly [3-MED]. 
2.1.1. Talent pours rat brain from the tube into the lid or similar for cutting. TEXT: See written protocol for details. 

2.1.2. The cut along the midline of the brain as made as described. 

2.1.3. Talent picks up one hemisphere with forceps or the implement usually used by the lab for this purpose. 
2.2. Then use mounting medium [1-CU] to mount the chosen hemisphere onto a specimen disc with the long axis perpendicular to the disc. [2-CU].
2.2.1. Talent places a small amount of mounting medium on the specimen disc. 
2.2.2. The hemisphere is mounted as described. 
2.3. Next, place numbered multi-dish containers into the cryostat for pre-cooling [1-MED-over the shoulder]. When the hemisphere is mounted on the disc, place a tube around the hemisphere and fill it with tissue-tek to completely cover the hemisphere [1A-CU].
2.3.1. *film as written.
2.3.1.A: Tube (aroung the hemisphere) is filled with tissue-tek [CU] 
2.4. Then mount the specimen disc into the cryostat [1-MED] and cut the entirety of the hippocampus, starting randomly, into 80-micron-thick sections in the coronal plane [2/1A-MCU-TXT]. 
2.4.1. Talent finishes mounting the disc into the cryostat. 
2.4.1.A: Extra shoot of cutting a section [MED].
2.4.2. Show the blade of the cryostat making a cut through the hippocampal region. (MCU = medium close up. Somewhere between a MED and CU shot to include the whole region of action without either background or very fine detail). 
2.5. While cutting, place all sampled sections consecutively in the cooled multidish containers to ensure that the sections are kept in cutting-order [1-MED].
2.5.1. Talent removes a section from the blade of the cryostat and transfers it to the container in the cryostat. 
2.6. When the whole hippocampus has been sectioned [1-MCU], cover the sections with cryoprotectant [1A-CU], and keep the containers at -20 °C until further use [2/2A-MED].
2.6.1. Cryoprotectant is added to two or three wells of the multidish container.
2.6.1.A: Cryoprotectant added to the container [CU]. 
2.6.2. Talent places the containers with the section in the -20 freezer. 
2.6.2.A: Extra shoot of talent placing the container in the freezer [MCU].
3. Immunostaining 
3.1. When ready to begin immunostaining, allow the sections to come up to room temperature [1-MED-over the shoulder]. 
3.1.1. Show the sections on the bench at room temperature. Cryoprotectant should be liquid. 
3.2. Then use a paintbrush to transfer every 5th section from a series of hippocampal sections to 25-well staining nets placed in petri dishes filled with PBS [1-MED-TXT]. There should be 8 to 12 sections per hippocampus for staining [2-CU]. 
3.2.1. Talent selects an appropriate section from the multidish container and transfers it to a staining net. The action is repeated once or twice. Two or three other Petri dishes with staining nets containing sections are visible. TEXT: Randomly choose a different starting section to sample for each individual experiment. NOTE from Author: “A random start is applied when cutting the sections. We then start with selecting section one, that will be a random selected section, and take every 5th.  
3.2.2. Show the transferred sections when they are ready for staining. 8-12 sections should be visible. 
3.3. Transfer the staining nets containing the sections to matching glass dishes containing PBS [1-MED] and wash the sections twice for 10 minutes in PBS [2-MED-over the shoulder]. Then incubate in 3% hydrogen peroxide for 20 minutes [3-MED]. 
3.3.1. Talent transfers the nets to prepared Petri dishes that are placed on a stationary orbital shaker. 
3.3.2. Talent turns on the shaker.
3.3.3. Talent transfers the nets to a container marked 3% H2O2. 
3.4. After washing, move the sections through three hydrochloric acid solutions [1/A/B/C-MED/MED-over the shoulder-TXT]. Then neutralize in 0.1 M sodium tetraborate at RT for 20 minutes [2-MED]. 
3.4.1. Videographer please film talent putting the nets into appropriately labeled containers of hydrochloric acid in the box of ice, on the room temperature and in a lab incubator. Video Editor: if possible please edit this footage and that in shots A,B and C into a brief montage to convey the three different temperatures for the hydrochloric acid incubations (box with ice, room temp, incubator). TEXT: 1 M at 0 °C for 10 min, 2 M at RT for 10 min, and 2 M at 37 °C for 20 min.
3.4.1.: 1 M at 0 OC for 10 min [MED].

3.4.1.A: 2 M at RT for 10 min [MED-over the shoulder].

3.4.1.B: Transfer from 2 M at RT to 2 M at 37 oC [MCU].

3.4.1.C: Transfer to incubator [MED].

3.4.2. Talent places the nets containing the sections into an appropriately marked container of 0.1 M borax on an orbital shaker on the lab bench. 
3.5. After three 10 minute incubations in changes of washing buffer, transfer the sections to blocking solution for 1 hour at room temperature [1-MED-over the shoulder-TXT]. 
3.5.1. Talent lifts the nets out of the container marked PBS, shakes off excess buffer and then transfers it to a container labeled ‘blocking solution’. TEXT: Wash: 1% Triton X-100 diluted in PBS. Block: 1% Triton X-100 diluted in PBS + 10% fetal bovine serum. 
3.6. Then incubate the sections in mouse-anti-BrdU diluted 1:100 in blocking solution for 48-hours at 4 °C [1-MED]. 
3.6.1. Talent places the nets containing the sections into a container on an orbital shaker in the fridge and turns it on. 
3.7. After the primary antibody incubation, wash three times for 10 minutes each in washing buffer [1-MED], then incubate for 48 hours in horse radish peroxidase diluted 1:10 in washing buffer [2-CU]. 
3.7.1. Talent  places the nets in a container marked ‘wash buffer’ on the orbital shaker at RT. 
3.7.2. Talent then transfers the container to a labeled container marked ‘HRP’ or similar and turns on the shaker. 
3.8. 48-hours later, transfer the sections to PBS for 10 minutes, and repeat for a total of 5 washes [1-MED]. After washing, transfer the sections to DAB solution for 7 minutes [2-MCU-TXT], then transfer to DAB solution containing 0.02% H2O2 for 10 minutes [3-MED-over the shoulder]. 
3.8.1. Talent (wearing something different again to signify that it is another day) transfers the nets from one labeled container of PBS into another. 
3.8.2. The nets containing the sections are immersed in DAB. TEXT: 0.01% diaminobenzidine diluted in PBS. (Important to show appropriate PPE for DAB steps). 
3.8.3. Talent transfers the sections from the container of DAB to a container labeled ‘DAB + 0.02% H2O2’. 
3.9. After a series of washes [1-MED-TXT], mount the sections in numerical order on microscope slides [2-CU]. Allow to dry for approximately 30 minutes [3-MED-over the shoulder]. 
3.9.1. Talent uses a paintbrush to lift a section from one of the nets in the container with the last wash. TEXT: 2 × 10 min in PBS and 2 × 10 min in phosphate buffer without sodium chloride. 

3.9.2. A section is mounted on a microscope slide. Other sections are visible on the slide. 

3.10. Then, air dry the slides by placing them into a slide rack. [1-MCU] Next, rehydrate the samples for 10 minutes in a slide staining dish containing distilled water [2-MED-over the shoulder]. Then transfer the slides to 0.02% cresyl violet in distilled water for 15 minutes [3-MCU].
3.10.1. Talent finishes placing the slides in a slide rack. 
3.10.2. Talent immerses the rack in the staining dish of distilled water. 
3.10.3. The rack is immersed in the cresyl violet solution. 
3.11. After repeating the cresyl violet stain, rehydrate the sections through an ethanol series [1-MED-over the shoulder-TXT]. 

3.11.1. Talent transfers the slides in the carrier from one labeled container of ethanol to another. TEXT: 96% for 5 min and 99% for 2 × 2 min. 
3.12. Then, clear the sections in xylene twice for 15 minutes each time [1-MED].  
3.12.1. Talent transfers the sections from one labeled container of xylene to another. 
3.13. Finally add rapid drying mounting medium and cover slip the slides [1-MCU]. 
3.13.1. Mounting medium is added to one of the slides and the cover slip is placed. 
4. Estimation of Total Number of BrdU-Labelled Neurons using the Optical Fractionator
4.1. After 24 hours, the slides can be used for microscopy [1-MED]. Begin by checking the thickness of the tissue, by first placing the slides on the motorized stage of the microscope [2-MCU] and then opening the stereology software [3-MED-over the shoulder]. 
4.1.1. Talent brings slides to microscope. 
4.1.2. Talent places a slide on the microscope stage. 

4.1.3. Talent at computer opening the software (detail not required). 
4.2. Delineate the area of interest using a low-magnification objective [1-SCREEN-TXT] before changing to a 100× oil-immersion objective [2-CU]. 
4.2.1. SCREEN CAPTURE: The area of interest is delineated using the software. TEXT: 2× or 4×. Alternatively, Figure 2A (without the magnified image of the cells on the right) can be used here. 
4.2.2. The carousel of objectives moves away from the low power objective to the 100x which settles into an oil drop on the slide. 
4.3. Then, pick a specific point in a counting frame [1-MED], for example an area adjacent to a corner, and locate the top of the section by moving along the focal plane until some feature of the section appears in focus. Register this z-position as zero [2-SCREEN].
4.3.1. Talent touches the computer screen at a specific point in a counting frame. 
4.3.2. SCREEN CAPTURE: The counting frame is on the screen, the image moves through different focal planes until a cell or other feature of the section comes into focus. The software is then manipulated to set the point of focus to zero. 
4.4. Next, move the focal plane down through the tissue until the last z-level of tissue is in focus, then mark this position. The local tissue thickness is defined from 0 to this endpoint and can be read on the z-axis. Register the tissue thickness [1-SCREEN] [2-MED]. 
4.4.1. SCREEN CAPTURE: The focal plane moves down through the tissue as describes and then the relevant on screen button is clicked with the mouse pointer to mark the position. Mouse pointer then moves over the z-axis to indicate the local tissue thickness.  
4.4.2. Not filmed
4.5. After fixing the height of the disector and guard zones [1-MED-over the shoulder-TXT] begin counting the BrdU-positive neurons at a final magnification of 2000-3000× [2-SCREEN]. 
4.5.1. BROLL Talent working at computer, looking the screen and using the mouse. TEXT: See written protocol for details. 
4.5.2. SCREEN CAPTURE: The software moves to the first position for counting. Alternatively, Figure 2A with the magnified image of the cells on the right can be used here. 
4.6. Identify BrdU-positive neurons in each counting frame, but do not count those that touch the red exclusion line [1-LM]. 
4.6.1. LAB MEDIA: 55737_Olesen_Figure2B_0.0. Video editor please flash the arrowhead. Fade to…
4.7. Count those BrdU-positive neurons that touch the green inclusion line [1-LM] and those that fall within the boundary of the counting frame [2-LM]. 
4.7.1. LAB MEDIA: 55737_Olesen_Figure2B_7.5. Video editor please flash the arrows. 
4.7.2. LAB MEDIA: 55737_Olesen_Figure2B_12.5. Video editor please fade to this image. 
4.8. Only count BrdU-positive neurons when the feature of interest is clearly recognized within the disector height. The semi-visible neurons shown here are not counted. 
4.8.1. LAB MEDIA: 55737_Olesen_Figure2B_20.0 Video Editor please just fade to this image from 4.7.2. 
5. Results: Total Number of BrdU-positive Neurons in the GCL/SGZ of the Rat Hippocampus. 
5.1. This image shows the total number of BrdU-positive neurons in the hippocampal granule cell layer and subgranular zone of the rat hippocampus [1-LM-TXT]. The horizontal bars represent the mean values [2-LM]. Following electroconvulsive stimulation there is an immediate 260% increase in the formation of new BrdU-positive neurons compared to untreated controls [3-LM]. In this pool of newly generated neurons there is 40% attrition from day one to three months [4-LM], with nearly 50% of the newly formed neurons surviving 12 months following treatment [5-LM]. 
5.1.1. LAB MEDIA: 55737_Olesen_Figure3. Show image. TEXT: ****p<0.0001, ***p<0.001 and *p<0.05 versus control. n=11-12 per group.
5.1.2. LAB MEDIA: 55737_Olesen_Figure3. Show image. Video Editor please bold or otherwise highlight the 8 horizontal bars in the main portion of the graph. 
5.1.3. LAB MEDIA: 55737_Olesen_Figure3. Show image. Video editor please place a box around, or otherwise highlight, the collection of black circles above ’24 h’. 
5.1.4. LAB MEDIA: 55737_Olesen_Figure3. Show image. Video editor please place a box around, or otherwise highlight, the collection of black circles above ‘3 m’. 
5.1.5. LAB MEDIA: 55737_Olesen_Figure3. Show image. Video editor please place a box around, or otherwise highlight, the collection of black circles above ’12 m’. 
6. Conclusion (said by authors on camera)

6.1. Bente Pakkenberg: After watching this video, you should have a good understanding of how to use the optical fractionator to obtain unbiased estimates of the total number of cells in a given structure of interest.

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.
4-2-1_Screen capture.mov - Delineation of area of interest at ??X.

4-3-2_Screen capture.mov - Counting frame on screen, focus down through focal planes, point at zero at 100X.

4-4-1_Screen capture.mov - focal plane down through tissue, click with mouse, mouse to tissue thickness at 100X.

4-5-2_Screen capture.mov – Software to first position for counting at 100X.
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 are included in the email accompanying the finalized script.
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