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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? N 
C.  Which steps of your protocol will viewers benefit most from having filmed? 5.1, 5.2, 5.3, 5.4, 6.1, 6.2
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 3.1, 3.2
E.  Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to create an optical phantom to mimic light transport in biological tissues and to characterize its optical properties. (Intro)
B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Izumi Nishidate: This method can help address key issues in the biomedical optics field, such as the development of optical methods based on diffuse reflectance spectroscopy.
1.2. Izumi Nishidate: The main advantage of this technique is that diffuse reflectance spectra of living biological tissues in the visible to near-infrared wavelength region can be represented using easily available materials.
C. Optional Interview Statements: N/A
D. Introduction of Demonstrator: N/A
E. Ethics title card: N/A
Protocol: (read by voice talent at JoVE)
2. Preparation of an Acrylic Mold
2.1. The creation of monolayer gel phantoms requires using molds. [1-WIDE] The epidermal phantom mold consists of a 1 millimeter thick acrylic plate cut into a U-shape. [2-CU] There is also a 2 millimeter thick acrylic plate sized to cover the first plate. This plate forms one side of the mold. [3-CU] A second 2 millimeter thick plate forms the other side of the mold. [4-CU] With the components in place, fix them using five clips. [5-CU] 
2.1.1. Talent at bench with the materials for creating an epidermal phantom mold
2.1.2. The U-shaped part of the mold, possibly held by talent. The next steps will show the mold being constructed.
2.1.3. The U-shaped part and the new plate separately, then being brought together
2.1.4. The second plate being placed over the U-shaped plate
2.1.5. The three plates together, secured by clips
2.2. Construct the dermal phantom mold similarly, with a 5 millimeter thick U-shaped acrylic plate between two 2 millimeter thick plates. [1-CU] Fix these pieces with clips. [2-MED] 
2.2.1. Detail of the mostly constructed mold with the thick piece protruding from the between the thinner pieces. After a pause, the thick piece is pushed into the proper position.
2.2.2. Talent placing clips on the mold
3. Preparation of the Base Material
3.1. Producing the base material requires saline solution and agarose powder. [1-WIDE] Put 500 milliliters of saline in a pot. Then, stir while slowly adding 5 grams of agarose. [2-MED-TXT] Add a thermometer and place the pot on a hotplate at a 1000 Watt setting for 5 minutes. [3-MED]
3.1.1. Talent at bench with materials, putting them in position for use
3.1.2. Talent putting saline in pot. Then, starting to stir while adding agarose. [TEXT: 500 mL saline; 5 g agarose]
3.1.3. Talent placing container with mixture on the hotplate
3.2. Once the mixture boils, turn the heat to low heat for 3 minutes. [1-MED] Wait for the mixture to cool to a temperature of about 70 ºC before pouring it into a container. [2-MED-TXT] Keep it in a constant temperature bath at 60 ºC for 30 minutes. [3-MED-TXT]
3.2.1. (Talent not necessarily in the frame) Ideally the frame would have the hotplate and its heat control knob along with the boiling mixture. The talent would then adjust the knob. 
3.2.2. Talent transferring mixture to a container [TEXT: Mixture at 70 ºC]
3.2.3. Talent placing container in a temperature bath. [TEXT: 60 ºC, 30 minutes]
4. Preparation of an Epidermal Phantoms
4.1. The melanin in the epidermis is mimicked by a coffee solution in the epidermal phantom. [1-WIDE] Create this by mixing 4 milliliters of brewed coffee and 16 milliliters of saline in a glass bottle. [2-MED-TXT] Next, put 5 milliliters of lipid emulsion into a transparent plastic cup and add 10 milliliters of the coffee solution. [3-MED-TXT] Stir the mixture while adding 35 milliliters of the base material. [4-MED]
4.1.1. Talent at bench, pouring coffee into glass bottle
4.1.2. Talent adding saline solution to coffee solution in the glass bottle. In this and subsequent shots in this listing involving pouring/mixing/stirring mixtures, the important action is in the containers. Some shots might be CU or have the containers and only talent’s hands. [TEXT: 4 mL brewed coffee (see text protocol); 16 mL saline]
4.1.3. Transparent cup with lipid emulsion. After a pause, coffee solution being added [TEXT: 5 mL lipid emulsion; 10 mL coffee solution]
4.1.4. Talent stirring base material into the transparent cup from 4.1.3  [TEXT: 35 mL base mixture]
4.2. Have the epidermal phantom mold ready and aspirate the mixture into a syringe. [1-MED] Inject the mixture slowly into the mold while avoiding bubble formation. [2-CU] This filled mold is ready to be cooled to create the gel. [3-CU] Take it to be cooled at 20 ºC for 20 minutes. [4-WIDE-TXT]
4.2.1. Talent aspirating mixture from the transparent cup into a syringe. Ideally the mold would be visible nearby.
4.2.2. The mold as the mixture is injected into it
4.2.3. The filled mold. No bubbles should be present.
4.2.4. Talent placing mold in cooler. This will be reused. If possible, take shot from two vantages [TEXT: 20 ºC, 20 minutes]
4.3. When the cooling is over, remove the clips from the mold. [1-MED] Slide one of the acrylic pieces outward to remove it. [2-CU] Take the 1 millimeter thick solidified gel phantom from the mold.  [3-CU] Use a surgical scalpel to cut the phantom to the desired size. [4-MED] Then, place and hold the gel phantom between two glass slides. [5-CU]
4.3.1. Talent at bench, removing clips from the mold 
4.3.2. The mold as talent removes one of the side pieces
4.3.3. The mold as talent removes the gel phantom
4.3.4. Talent cutting the gel phantom
4.3.5. The gel phantom between two glass slides
5. Preparation of Dermal Phantoms Containing Oxygenated or Deoxygenated Blood
5.1. Start with 5 milliliters of lipid emulsion in a transparent plastic cup. [1-WIDE] For oxygenated blood, add whole equine blood. Then, stir the mixture while adding base material. [2-MED-TXT] Have the dermal phantom mold ready and aspirate the mixture into a syringe. [3-MED]
5.1.1. Talent at bench with lipid emulsion in a transparent cup
5.1.2. Talent adding blood to transparent cup, then stirring while adding base material [TEXT: 5 mL lipid emulsion; 0.4 mL, 45%-hematocrit whole equine blood; 44.6 mL base material]
5.1.3. Talent aspirating mixture from cup. Ideally the mold would be visible
5.2. Slowly inject the mixture into the mold and avoid forming bubbles. [1-MED] Here is the mold after it has been filled and is ready for cooling. [2-CU] Take the mold to be cooled at 20 ºC for 20 minutes. [3-WIDE-TXT]
5.2.1. Talent injecting mixture into the mold
5.2.2. The mold after the injection step is over 
5.2.3. REUSE 4.2.4 [TEXT: 20 ºC, 20 minutes]
5.3. Retrieve the mold after cooling and remove the clips and one outer acrylic piece. [1-MED]  Take the exposed 5 millimeter thick solidified gel phantom from the mold. [2-CU] Use a surgical scalpel to cut it to the desired size. [3-MED] Place and hold the phantom between two glass slides. [4-CU]
5.3.1. Talent at bench, working to expose the gel
5.3.2. The exposed gel phantom in the mold, followed by it being taken out of the mold
5.3.3. Talent cutting the phantom 
5.3.4. The phantom between two glass slides
5.4. For a deoxygenated phantom, begin with an oxygenated blood phantom. [1-MED] Use a syringe to drop sodium dithionite solution onto the phantom to deoxygenate the blood. [2-CU-TXT] Place and hold the phantom between two glass slides to prevent it from drying. [3-CU]
5.4.1. Talent preparing to work with a phantom with oxygenated blood
5.4.2. The phantom with oxygenated blood as a solution is dropped onto it [TEXT: 0.05 g/mL of Na2S2O4 in saline]
5.4.3. The phantom between two glass slides
6. Preparation of a Two-layered Phantom
6.1. Obtain an epidermal and a dermal phantom. [1-WIDE] Drop 0.1 milliliters saline solution onto the dermal phantom to aid with optical coupling. [2-CU] Then, place the epidermal phantom on top of the dermal phantom and saline solution. [3-CU]
6.1.1. Talent at bench putting two phantoms into position 
6.1.2. The dermal phantom as saline is dropped onto it
6.1.3. The dermal phantom as the epidermal phantom is placed on top of it
6.2. Stroke the surface to push out any air bubbles between the layers. [1-MED] Hold the two-layered phantom between two glass slides to prevent it from drying. [2-CU]
6.2.1. Talent working to remove air bubbles
6.2.2. The two-layer phantom between glass slides
7. Acquisition of Diffuse Reflectance Spectra and Transmittance Spectra
7.1. Set up the apparatus to measure the reflectance spectra. [1-WIDE] Key to the measurements is an integrating sphere which has a sample holder on one side. [2-MED] On the other side are a light trap and an entrance port for the incident light. [3-MED] A spectrometer collects light with an optical fiber from the sphere’s detector port. [4-MED]
7.1.1. Talent at bench with setup for measuring the reflectance spectra 
7.1.2. The integrating sphere from the side with the sample holder 
7.1.3. The integrating sphere from the side with the light trap and entrance port
7.1.4. The spectrometer
7.2. This schematic provides an overview of the setup. [1-LM] Note that the unused ports are plugged to prevent light from entering the sphere. [2-LM] The light source is 150 Watt halogen lamp with a light guide. [3-MED] Use an achromatic lens to focus the light onto the sample. [4-LM]
7.2.1. LAB MEDIA: Figure1(a).pdf
7.2.2. LAB MEDIA: Figure1(a).pdf (Video editor: Please call attention to one of the symbols labeled “Port plug”)
7.2.3. LAB MEDIA: Figure1(a).pdf (Video editor: Please call attention to the symbol labeled “light source”)
7.2.4. LAB MEDIA: Figure1(a).pdf (Video editor: Please call attention to the symbol labeled “Achromatic lens”)
7.3. Turn on the halogen lamp. As it warms, move to the sample port of the integrating sphere. [1-MED] There, place a standard white diffuser on the sample holder and prepare for a measurement. [2-CU] Adjust the spectrometer integration time and store a reference spectrum. [3-WIDE-TXT]
7.3.1. Talent turning on the halogen lamp, then turning attention to the sample port. If necessary, split this into two shots
7.3.2. Shot demonstrating the diffuser is secured in the holder and then put in position for a measurement
7.3.3. Talent at the controls for the spectrometer [TEXT: Adjust peak signal intensity to 75% of spectrometer intensity maximum.]
7.4. Take one of the phantoms to the sample holder. [1-MED] Place the phantom, still sandwiched between two glass slides, at the sample port and prepare for another measurement. [2-CU] Measure a transmittance spectrum and store the data to a file. [3-MED-TXT]
7.4.1. Talent approaching the sample holder with one of the samples
7.4.2. Shot demonstrating the sample is secured in the holder and then put in position for a measurement
7.4.3. Talent at the controls for the spectrometer [TEXT: See text protocol for additional details.]
7.5. To measure transmittance spectra, alter the setup to be consistent with this schematic. [1-LM] Note that light now enters the integrating sphere through the sample in the sample port. The other ports are plugged. [2-LM] 
7.5.1. LAB MEDIA: Figure1(b).pdf

7.5.2. LAB MEDIA: Figure1(b).pdf (Video editor: Please call attention to the symbol labeled “Sample port” during the first sentence.)
7.6. This is the integrating sphere ready for measuring transmittance spectra. [1-MED] For a measurement, place a phantom sandwiched between two glass slides in the sample holder. [2-CU] Perform the measurement and save the data. [3-MED-TXT]
7.6.1. The imaging sphere in its new configuration
7.6.2. A phantom being placed in the sample holder 
7.6.3. Talent at spectrometer controls [TEXT: See text protocol for details on dark and reference spectra.]
8. Results: Diffuse Reflectance Spectra from Two-layer Skin Tissue Samples and Estimated Absorption and Scattering Properties
8.1. These spectra are from a two-layered phantom with oxygenated blood in the dermal layer that has a concentration of 3%. [1-LM] The spectra are for samples with two different coffee solution concentrations in the epidermal layer. [2-LM] The diffuse reflectance decreases with increasing coffee solution, which mimics melanin. This is particularly noticeable at short wavelengths. [3-LM]
8.1.1. LAB MEDIA: Figure5(a).pdf (Video editor: Please associate the text “Cb = 3%” with this image)
8.1.2. LAB MEDIA: Figure5(a).pdf (Video editor: Please call attention to the values of “Cc” at the lower right of the image)
8.1.3. LAB MEDIA: Figure5(a).pdf
8.2. Here are spectra for a constant coffee solution concentration in the epidermal layer of 7%, and a varying blood concentration in the dermal layer. [1-LM] Strong light absorption of hemoglobin explains the differences in the spectra in the 500 to 600 nanometer range. [2-LM]
8.2.1. LAB MEDIA: Figure5(b)R.pdf (Video editor: Please associate the text “Cc = 7%” with this image.  Call attention to the values in the lower right of the image during “and a varying...layer”.)
8.2.2. LAB MEDIA: Figure5(b)R.pdf (Video editor: Please call attention to the plots in the region of the image between 500 and 600 on the horizontal axis)
8.3. The diffuse reflectance spectra differs with the oxygenation state of the blood. [1-LM] For each of these spectra, the coffee solution concentration in the epidermal layer is fixed at 7%, and the blood concentration in the dermal layer is fixed at 3%. [2-LM]
8.3.1. LAB MEDIA: Figure5(c).pdf
8.3.2. LAB MEDIA: Figure5(c).pdf (Video editor: Please associate the text “Cc = 7% and Cb = 3%” with this image)
8.4. The collected data is useful for estimating optical properties of the phantoms via inverse Monte Carlo simulation. [1-LM] These are examples of the calculated average reduced scattering coefficient spectrum and the absorption coefficient of the epidermal and dermal layers. [2-LM]
8.4.1. LAB MEDIA: Figure3(a).pdf, Figure3(b).pdf (Video editor: Please arrange these images left to right as listed)
8.4.2. LAB MEDIA: Figure3(a).pdf, Figure3(b).pdf (Video editor: Please highlight the left image during “average reduced scattering coefficient spectrum”. Change the highlight to the right image during “Absorption coefficient of the epidermal and dermal layers”.)
9. Conclusion (said by authors on camera)
9.1. Izumi Nishidate: Once mastered, this technique can be done in 6 hours, if it is performed properly.
9.2. Izumi Nishidate: While making the phantoms, it’s important to remember to maintain the base material in a constant temperature bath at 60 °C.
9.3. Izumi Nishidate: Following this procedure, three- or four-layered phantoms can be constructed to explore other topics, like representations of diffuse reflectance spectra for biological tissues with more complicated structures.
9.4. Izumi Nishidate: After its development, this technique paved the way for researchers in the field of biomedical optics to validate newly developed optical methods and systems.
9.5. Izumi Nishidate: After watching this video, you should have a good understanding of how to create an optical phantom that mimics light transport in biological tissues and to characterize its optical properties.
9.6. Izumi Nishidate: Don't forget that working with sodium dithionite can be hazardous, and protective equipment, such as a goggles, gloves and a face mask, should be worn while making a dermal phantom containing deoxygenated blood.   
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.
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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