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1. Microscopy: Does your protocol re
quire JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 

2.3.2, 3.1.2., 4.2.1., 4.3.1., 4.6.1.

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 

4.2.1. Preparing solution-stock curcumin solution needs to be dissolved in methanol and working solution needs to be dissolved in 70% ethanol.

4.3.1. Staining duration is critical-5-10 minutes is optional-more than 30 minutes leads to decrease in signal-to-noise ratio.

5. Will the filming need to take place in multiple locations (greater than walking distance)? Y, Saginaw Valley State University and Field Neurosciences Institute (4 miles apart)

Section - Introduction

Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.
1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Gary Dunbar: This protocol is the most efficient and cost-effective method for accurately labeling amyloid-beta plaques as compared to amyloid-specific antibodies, which are currently the gold standard for labeling these plaques [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.2. Panchanan Maiti: This technique takes less time and is as equally effective as any of the commonly used amyloid labeling methods [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Gary Dunbar: Curcumin strongly binds to amyloid plaques and can be used as an imaging probe during PET scans of the brain and for relatively non-invasive screenings using retinal scanning [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.4. Panchanan Maiti: Curcumin also binds to neurofibrillary, or tau, tangles observed in Alzheimer’s disease, alpha synuclein in Parkinson’s disease, and mutant huntingtin protein in Huntington’s disease [1]. 

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
Introduction of Demonstrator (Said by you on camera):

1.5. Gary Dunbar: Demonstrating the procedure with Panchanan Maiti will be Zackary Bowers, a graduate student, and Alexandra Plemmons, a research scientist, from my lab [1][2].  

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.6. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC), at Saginaw Valley State University and procedures involving human subjects have been approved by the Institutional Review Board (IRB) Brain Bank at the Banner Sun Health Institute in Arizona.
Section - Protocol
2. Perfusion
2.1. After confirming a lack of response to pain reflex in an anesthetized, 12-month-old Alzheimer’s disease model mouse [1-TXT], place the mouse in the supine position on a surgery tray [2-TXT] and make an incision into the abdomen and through the diaphragm [3].
2.1.1. WIDE: Talent pinching toe Videographer: More Talent than mouse in shot TEXT: i.e., B6SJL-Tg APP SwFlLon, PSEN1*M146L*L286V, 1136799Vas/J (5×FAD) mice
2.1.2. Talent placing mouse into position Videographer: More Talent than mouse in shot
Incision being made

2.2. Insert a 21-gauge perfusion needle into the incision [1] and make a small incision at the right auricle to allow the perfusion fluid to drain from the body [2].

2.2.1. Needle being inserted

2.2.2. Incision being made

2.3. Use a gravity-fed perfusion system to allow ice-cold, 0.1-molar PBS fluid [1] to flow into the needle for 5-6 minutes at a 20-25 milliliter/minute flow rate [2].

2.3.1. Talent adding PBS to system/starting system or similar

2.3.2. Heart being perfused Videographer: Important step
2.4. If the perfusion is performed correctly, a clear liver will be observed [1].

2.4.1. Shot of clear live

2.5. Zackary Bowers: A proper animal perfusion is essential, because if the blood is not removed completely, curcumin may bind to the blood vessels, resulting in a green fluorescent background signal [1].

2.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
2.6. When all of the PBS has been delivered, switch the buffer valve to an ice-cold 4% paraformaldehyde solution for 8-10 minutes [1-TXT] before using scissors and forceps to free the brain from the skull [2].

2.6.1. Talent switching buffer TEXT: Tremor followed by hardened or stiff limbs indicates good fixation
2.6.2. Skull being cut

2.7. Then use a spatula to place the brain into a vial of 4% paraformaldehyde at least 10 times the tissue volume for 4-degree Celsius storage until processing [1].

2.7.1. Brain being lifted out of skull and/or being placed into dish

3. Tissue Processing 
3.1. To obtain sections for cryostat sectioning, sequentially immerse the brain in graded sucrose solutions at 4 degrees Celsius for 24 hours per concentration [1-TXT] before using a cryostat at negative 22-degrees Celsius to obtain 40-micrometer sections [2], placing 10-20 sections per well in a 6-well plate containing PBS supplemented with 0.02% azide as they are obtained [3].

3.1.1. WIDE: Talent placing brain into sucrose, with other concentrations visible in frame TEXT: 10% -> 20% -> 30% sucrose
3.1.2. Talent at cryostat, sectioning (or mock sectioning) tissue Videographer: Important step
3.1.3. Section(s) being placed into well, with PBS + azide container visible in frame

3.2. When all of the samples have been acquired, store the sections at 4 degrees Celsius until further processing [1].

3.2.1. Talent placing section(s) at 4 degrees Celsius

3.3. To obtain sections for paraffin sectioning, dehydrate post-fixed perfused brain tissue with sequential graded alcohol solutions for 2 hours per concentration [1-TXT] followed two, 1-hour 100%-alcohol immersions [2] and two 1-hour, xylene immersions, at room temperature [3].
3.3.1. Talent placing section whole brain into alcohol, with other concentrations visible in frame TEXT: 50% -> 70% -> 90% alcohol
3.3.2. Section(s) Brain being placed into 100% alcohol, with 100% alcohol label and/or container visible in frame

3.3.3. Section(s) Brain being placed into xylene, with xylene label and/or container visible in frame

3.4. After the last xylene immersion, penetrate the tissue with a 1:1 xylene: paraffin solution two times for 1 hour per incubation at 56 degrees Celsius in a glass conical flask covered with aluminum foil [1] before immersing the tissues in 56-degree Celsius paraffin for 4-6 hours [2].

3.4.1. Tissue being placed into xylene: paraffin flask, with xylene: paraffin container label and foil visible in frame

3.4.2. Tissue being placed into paraffin

3.5. At the end of the incubation, use a rotary microtome at room temperature to obtain 5-micrometer-thick sections [1], placing the sections in a 45-degree Celsius tissue water bath as they are collected [2].

3.5.1. Talent cutting (or mock cutting) sections

3.5.2. Section(s) being placed into water bath

4. Histochemical A-Beta Labeling of Cryostat Tissue Sections
4.1. For curcumin labeling of amyloid-beta plaques in cryostat tissue sections, rinse the sections with PBS three times for 5 minutes per wash [1] before immersing the sections in 70% ethanol for 2 minutes at room temperature [2].

4.1.1. WIDE: Talent placing section(s) into PBS

4.1.2. Section(s) being added to ethanol, with 70% ethanol container visible in frame

4.2. While the sections are incubating, dissolve 1 millimolar of stock curcumin in methanol [1] and dilute the solution to a final working concentration of 10 micromolar with 70% ethanol [2].

4.2.1. Curcumin being added to methanol, with curcumin and methanol containers visible in frame Videographer: Important/difficult step
4.2.2. 70% ethanol being added to solution, with ethanol container visible in frame

4.3. At the end of the incubation, immerse the sections in the working curcumin solution [1] for 10 minutes at room temperature at 50 rotations per minute [2].
4.3.1. Section(s) being placed into solution, with solution container visible in frame Videographer: Important/difficult step
4.3.2. Sections on shaker

4.4. At the end of the staining period, discard the curcumin solution [1] and wash the sections with three, 2-minute washes in 70% ethanol [2].

4.4.1. Talent discarding solution

4.4.2. Talent adding ethanol to sections (or sections to ethanol), with ethanol container visible in frame

4.5. After the last wash, transfer the sections to poly-L-lysine coated glass slides [1] and mount a coverslip onto each slide with an appropriate organic mounting medium [2]. 
(Author Comment: This should be revised to say: Sections were placed on poly-L-lysine coated glass slides, dried for 2 days at 4-degree Celsius and then the dried sections were stained with Curcumin. Therefore, this point was omitted during video shoot.)
(Editor: I left 4.5 here for reference, but it looks as though it should be entirely removed if the “point was omitted” during filming. If they did film something, the VO will have to be rewritten to conform to JoVE’s style guidelines, since a past tense explanation of what was done is not acceptable)
4.5.1. Section being placed onto slide. After 70% ethanol treatment, tissue was treated with 90%, 100% ethanol for 2 min each and followed by xylene for 5 min. 
4.5.2. Coverslip being placed onto mounting medium on slide

4.6. Then view the sections on fluorescence microscope using a 10- or 20x objective and the appropriate excitation and emission filters [1].

4.6.1. Talent at microscope, looking at section(s) Videographer: Important step
5. Histochemical Labeling of Paraffin-Embedded Tissue Sections
5.1. For histochemical labeling of deparaffinized tissue sections, immerse the 5-micrometer-thick sections in xylene two times for 5 minutes at room temperature per immersion [1] followed by rehydration with graded, 1-minute alcohol solution immersions [2-TXT].

5.1.1. WIDE: Talent placing section(s) into xylene, with xylene container visible in frame

5.1.2. Section(s) being placed into alcohol, with other alcohol containers visible in frame TEXT: 100% -> 80% -> 70% alcohol
5.2. [1] [2].

5.2.1. Talent adding section(s) to water

5.2.2. Talent adding curcumin to section(s), with curcumin container visible in frame

5.3. At the end of the incubation, wash the sections with graded alcohol solutions for 2 minutes per concentration [1-TXT] followed by clearing with two, 5-minute xylene immersions [2].

5.3.1. Section(s) being placed into alcohol, with other alcohol containers visible in frame TEXT: 70% -> 90% -> 100% alcohol
5.3.2. Section(s) being placed into xylene, with xylene container visible in frame

5.4. After the second xylene immersion, mount each section on a microscope slide with a coverslip and an appropriate mounting medium for fluorescence microscopy imaging as demonstrated [1].

5.4.1. Coverslip being placed onto section, with mounting medium container visible in frame 

6. A-Beta-Specific Antibody Labeling

6.1. For labeling of cryostat-sectioned specimens with anti-A-beta antibodies, wash the samples three times with fresh PBS per wash in individual wells of a 12-well plate [1] before blocking any non-specific binding with 10% normal goat serum in PBS and 0.5% Triton-X-100 for 1 hour at room temperature [2].

6.1.1. WIDE: Talent placing section(s) into PBS, with PBS container visible in frame

6.1.2. NGS being added to section(s), with NGS container visible in frame

6.2. At the end of the incubation, discard the blocking solution [1] and incubate the samples with A-beta-specific antibody overnight at 4 degrees Celsius and 150 rotations per minute [2-TXT].

6.2.1. Solution being discarded

6.2.2. Antibody being added to section(s), with antibody container visible in frame TEXT: See text for Ab preparation details
6.3. The next morning, wash the sections with three, 10-minute washes in fresh PBS per wash [1] followed by incubation with an appropriate secondary antibody conjugated with a red fluorophore for 1 hour at room temperature protected from light [2].

6.3.1. Talent adding PBS to section(s), with PBS container visible in frame

6.3.2. Antibody being added to section(s), with antibody container visible in frame
6.4. At the end of the incubation, wash the sections three times with PBS [1] followed by one wash with 70% alcohol [2].

6.4.1. Talent adding PBS to section(s), with PBS container visible in frame

6.4.2. Talent adding alcohol to section(s), with alcohol container visible in frame

6.5. After the alcohol wash, incubate the sections with 10-micromolar curcumin for 10 minutes at room temperature [1] followed by three, 1-minute 70% alcohol washes [2].

6.5.1. Curcumin being added to section(s), with curcumin container visible in frame

6.5.2. Alcohol being added to section(s), with alcohol container visible in frame 

6.6. After the last wash, dehydrate the sections with 90% and 100% alcohol for 1 minute per concentration [1] and clear the sections two times for 5 minutes per immersion with fresh xylene per incubation [2].

6.6.1. Talent adding alcohol to section(s), with alcohol containers visible in frame

6.6.2. Talent adding xylene to section(s), with xylene container visible in frame

6.7. Then mount and image the sections as demonstrated [1].

6.7.1. Talent at microscope, looking at slide

7. Intracellular Amyloid-Beta Protein Colocalization

7.1. For intracellular amyloid-beta colocalization, stain the sections with anti-amyloid-beta antibody [1] followed by staining with curcumin at room temperature and 50 rotations per minute protected from light as demonstrated [2].

7.1.1. WIDE: Talent adding antibody to section(s), with antibody container visible in frame

7.1.2. Talent add curcumin to section(s), with curcumin container visible in frame

7.2. At the end of the incubation, counterstain with an appropriate nuclear dye for 10 minutes at room temperature and 50 rotations per minute protected from light [1] followed by three washes in PBS [2].

7.2.1. DAPI or Hoechst being added to section(s), with nuclear dye container visible in frame

7.2.2. PBS being added to sections, with PBS container visible in frame

7.3. Then mount and image the sections by fluorescence microscopy as demonstrated [1].

7.3.1. Talent at microscope, looking at slide

Section – Results

8. Results: Representative Curcumin-Amyloid Plaque Labeling and Imaging 
8.1. Although increasing the incubation time with curcumin slightly increases the fluorescence intensity of the A-beta plaques [1], the number of observed plaques is not significantly different between 1 and 5 minutes of staining time [2].

8.1.1. LAB MEDIA: Figure 1: JoVE Video Editor please sequentially emphasize images from top middle to top right to bottom left to bottom right
8.1.2. LAB MEDIA: Figure 1: JoVE Video Editor please add bracket and n.s. text over data bars in graph or similar “not significantly different” animation
8.2. Curcumin can be used to stain A-beta plaques in cryosectioned [1], paraffin-embedded [2], and human Alzheimer’s disease tissue samples [3].

8.2.1. LAB MEDIA: Figures 2A and 2D: JoVE Video Editor please emphasize Cryostat section image
8.2.2. LAB MEDIA: Figures 2A and 2D: JoVE Video Editor please emphasize Paraffin section image
8.2.3. LAB MEDIA: Figures 2A and 2D: JoVE Video Editor please emphasize AD image
8.3. Labeling with A-beta-specific antibody [1] before curcumin staining [2] reveals that the curcumin is completely co-localized with A-beta at the same plaques that bind the antibody [3].

8.3.1. LAB MEDIA: Figure 2C: JoVE Video Editor please emphasize red signal indicated by white arrow in 6E10 image
8.3.2. LAB MEDIA: Figure 2C: JoVE Video Editor please emphasize reen signal indicated by white arrow in Cur image
8.3.3. LAB MEDIA: Figure 2C: JoVE Video Editor please outline 6E10 + Cur and Merged images and emphasize yellow staining in Merged image
8.4. After staining with curcumin-labeled A-beta oligomers, curcumin colocalization with the oligomers can be observed in A-beta plaques [1].

8.4.1. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize yellow signal in bottom right image
8.5. Similarly, curcumin also colocalizes with the A-beta-specific antibody in intracellular spaces, confirming that the stain can label intracellular A-beta [1].

8.5.1. LAB MEDIA: Figure 3B: JoVE Video Editor please emphasize yellow/red signal cluster in 6E10 + Cur + DAPI image indicated by arrow
8.6. Curcumin labeling is also more prominent than conventional amyloid binding dyes [1].

8.6.1. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize curcumin image column
8.7. Curcumin derivatives found in turmeric extracts label A-beta plaques comparatively to curcumin in human Alzheimer’s disease brain tissue [1], regardless of the type of mounting medium used [2].

8.7.1. LAB MEDIA: Figure 5A: JoVE Video Editor please emphasize third and fourth image columns
8.7.2. LAB MEDIA: Figure 5B: JoVE Video Editor please emphasize signals as indicated by white arrows in both images
8.8. In addition, curcumin immunofluorescent signals and counterstaining intensity are maintained even after staining with typical nuclear stains and other cell markers [1].

8.8.1. LAB MEDIA: Figure 5C: JoVE Video Editor please emphasize bright yellow signal indicated by white arrow
Section - Conclusion

9. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
9.1. Panchanan Maiti: Remember that the cryostat sections should be thinner than 40 microns, the staining procedure should be kept under 30 minutes, and the optimal curcumin concentration is 1-10-micromolar [1].
9.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
9.2. Panchanan Maiti: Double-labeling with other biomarkers can be performed on the same tissue and can provide a greater specificity of which types of brain cells are being labeled [1].

9.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
9.3. Gary Dunbar: Given that curcumin can reduce the amyloid plaque load, the precise mechanisms of how this process occurs is currently being investigated at both the cellular and molecular levels [1].

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