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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___yes______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: Olympus BX43 microscope
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_yes_______ 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. Tiny Take screen recording software has been installed on the computer that will be used for protocol filming. It has been tested and it works to capture video.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. Sections 2-7 in this document
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. Step 5 may take a long time to complete; we will prepare this prior to filming to speed up the process.
E.  Will the filming need to take place in multiple locations? (Y/N) ____yes___ If yes, how far apart are the locations? __Protocol will be filmed in one location; interview portions will be filmed in another location down the hall in the same building.
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 identify metal oxide nanoparticles in histological samples by darkfield microscopy and hyperspectral mapping. (Intro)
This is accomplished by first identifying a region of interest in a positive control sample containing nanoparticles and capturing a darkfield image. (P1: Show the clip from 2.4.2 of the author looking through the microscope, then have the image Alumina Experimental sample scorneum-DF 100x sb.tiff start as a dot at the microscope stage and have it increase in size to fill the screen.)
The second step is to create a hyperspectral image, or datacube, of the region of interest using the hyperspectral camera. (P2: Show Shot 4.1.2 as an inlay along with Hyperspectral Camera.jpg in a separate inlay.)
Next, a reference spectral library is created from the positive control datacube, which is filtered against a negative control to remove any false positives. (P3: Use clip from 5.2.1)
The final step is to use the reference spectral library to map against experimental samples to identify and locate nanoparticles of the same composition. (P4: Use clip from 6.7.1)
Ultimately, enhanced darkfield microscopy and hyperspectral mapping are used to identify metal oxide nanoparticles in histological samples in a more rapid and less resource-intensive manner than other techniques, such as electron microscopy. (P5: Show Kidney 17-13-DF 40x sb.tiff and Silica- rat lung tissue-DF 100x sb.tiff)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Sara Brenner: This method offers several advantages over conventional nanomaterial imaging and characterization techniques such as electron microscopy, in that sample preparation is typically minimal and non-destructive, image acquisition and analysis is less time and cost-intensive, and it can be applied for nanoparticle imaging in a variety of matrices. 

1.2. Gary Roth: Individuals new to this method will sometimes struggle because the creation of appropriate positive control samples and generation of reference spectral libraries can be challenging and time-consuming.  Once those initial steps are completed, experimental samples may be assessed quickly.  
1.3. Nicole Neu-Baker: While this method can provide insight into cutaneous penetration of nanoparticles, it can also be applied to other biological samples such as bronchoalveolar lavage and blood smears, as well as non-biological samples, such as filters used in occupational exposure assessments.
1.4. Sara Brenner: Demonstrating the procedure will be Pilar Sosa, a medical student, from my laboratory. 
1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):  
2. Initializing the Microscope 
Note there are photos submitted that correspond to this section (see files list on page 11 of this document)
2.1. Begin by plugging in and turning on the light source… the stage controller…the optical camera… the hyperspectral camera… [2.1.1 - MED] and the computer system. [2.1.2 - MED Over the Shoulder]
2.1.1. *Film as written

2.1.2. *Film as written

2.2. Then, raise the condenser to the operating position [2.2.1 - MED] and carefully apply 3 to 5 drops of type-A immersion oil onto the condenser lens. [2.2.2 - CU]  If any bubbles are created, wipe away the oil and reapply it to the lens. [2.2.3 - CU]
2.2.1. *Film as written
2.2.2. *Film as written
2.2.3. Talent wipes off oil w/bubbles and reapplies it.
2.3. Next, position the sample on the stage and slowly raise the condenser until the immersion oil makes contact with the underside of the slide.  [2.3.1 - CU] This will be noticeable through the rapidly brightening ring of illumination where the oil makes contact with the slide.  [2.3.2 - ECU]
2.3.1. *Film as written

2.3.2. Show “brightening ring” as the oil makes contact with the slide.

2.4. With the condenser in place, switch to the 10 x objective [2.4.1 - CU] and then focus and align the condenser to maximize the brightness. [2.4.2 - MED]
2.4.1. *Film as written
2.4.2. *Film as written
2.5. If needed, adjust the condenser alignment knobs to center the bright spot. [2.5.1 - CU]
2.5.1. *Film as written
3. Capturing Images  
3.1. Open the optical imaging software. Focus the sample using the fine objective focus knob, then find a region of interest.  [3.1.1 - MED] Adjust the condenser focus as necessary to equilibrate the illumination.  [3.1.2 - CU]
File “3.1” is the corresponding video screen capture
3.1.1. Talent focuses on sample using the fine focus knob.

3.1.2. Talent adjusts condenser.

3.2. Click on the “Settings” tab in the menu bar and click on “Image Capture Button for capture event”. Select the desired image format and assign a filename for the image. Additionally, select the default time-lapse value and finally click “OK”. [3.2.1 - SCREEN]
3.2.1. Screen Capture video of the above step in the order described.

3.3. Next, go to the “Exposure” menu and select the exposure settings that create the highest contrast image.  Here the level is set to 0.0%, the gain is set to 2.8 dB, and the shutter speed is set to 56 ms. Capture the image by clicking the “Image” button in the menu bar. Change the objective to 40x and 100x, capturing images at higher magnifications.  [3.3.1 - SCREEN]
3.3.1. Screen Capture video of the above step in the order described.
4. Capturing Datacubes  
4.1. Ensure the light guide is directed to the hyperspectral camera [4.1.1 - CU] and then open the hyperspectral imaging software for acquisition of the HSI datacubes.  [4.1.2 - MED Over the Shoulder]
4.1.1. *Film as written

4.1.2. Talent leans over to computer and opens software File “4.1.2” is the corresponding video screen capture
4.2. In the software, open “Hyperspectral Microscope” in the menu bar and select “HSI Microscope Controls”. Here, set the objective magnification and the save path. [4.2.1 - SCREEN]
4.2.1. Screen Capture video of the above step in the order described.
4.3. Next, change the area capture in settings by adjusting the field of view or the number of lines to 720.  Finally, set the exposure time to 0.25 seconds. Leave everything else to default, and click on “Preview HSI” to view the image. [4.3.1 - SCREEN]
4.3.1. [combined with 4.2.1] Screen Capture video of the above step in the order described.
4.4. Observe the resulting intensity graph representing the intensity of the highest wavelength as the user moves across the X-axis of the center of the camera’s field.  Move the cursor to generate an accurate outline of the graph.  This will cause a numerical intensity indicator to appear on the left.  [4.4.1 - SCREEN]
4.4.1. Screen Capture video of the above step in the order described.
4.5. Focus the image based on this preview by adjusting the fine objective focus to sharpen the peaks in this image.  [4.5.1 - Med Over the Shoulder] Next, optimize the light intensity by adjusting source brightness, condenser focus, or cancel the preview and adjust the exposure time in the software. [4.5.2 - SCREEN]
4.5.1. Talent focuses on the sample while watching the screen to sharpen the peaks.

4.5.2. Screen Capture video of the above step in the order described.
4.6. Click “capture” and observe as four new windows with the names: “Available bands list”, “#1zoom”, “#1scroll” and “#1 RGB band” appear. Maximize the “#1RGB band” window as this is the datacube which will be used for all future references. [4.6.1 - SCREEN]
4.6.1. Screen Capture video of the above step in the order described. Text overlay should be added, indicating that this step takes time (upwards of 5min, depending on the sample and settings)
4.7. Right click this datacube, save it as a TIFF file, and click “OK”. [4.7.1 - SCREEN]
4.7.1. Screen Capture video of the above step in the order described.
5. Creation of Reference Spectral Libraries  
5.1. Right click in the datacube image window, and left click on “Z-profile spectrum”.  When the pop-up “Spectral Profile” window appears, left click on the pixels of interest on the datacube.  Target the brightest ones or those that can be confidently identified as representing the material of interest. [5.1.1 - SCREEN]
5.1.1. Screen Capture video of the above step in the order described.
5.2. Under the “Particle Analysis” menu, select the “Particle Filter” tool to identify particles present in the datacube. In the new pop-up window, set the “Spectral Max Must Exceed” value so it is higher than background pixels, but lower than the materials of interest.  The “Valid Data Max” is 16,000. In the “Particle Filter Review Tool” window, click “Select All”, then click “Export” to Spectral Library and assign a name for your Spectral Library.  [5.2.1 - SCREEN]
5.2.1. Screen Capture video of the above step in the order described.
5.3. After selecting a sample to serve as a negative control, obtain several datacubes from the sample using the hyperspectral camera. At least one is required, but more can be captured to increase selectivity. [5.3.1 - MED Over the Shoulder]
5.3.1. Talent adjusts the sample and begins to take more images using the computer.
5.4. With the negative control datacube open, click "Filter Spectral Library" under the Analysis menu, located on the main program toolbar. Click "Open"; "New File" and select the spectral library created previously for the positive control as the Input file. Click "OK". In the “Filter CytoViva Spectral Library” window, click on “Image” and choose the output file name for the Reference Spectral Library and click “OK”  [5.4.1 - SCREEN]
5.4.1. Screen Capture video of the above step in the order described.
5.5. Next, click on the file name of your negative control datacube as a source image. The software will analyze the spectral library and remove each spectrum that matches any spectrum of the negative control datacube. [5.5.1 - SCREEN]
5.5.1. [combined with 5.4.1] Screen Capture video of the above step in the order described. End by showing result. (break into 2 if necessary)
6. Image Analysis: 
Spectral Angle Mapping
6.1. Obtain datacubes from the experimental samples.  [6.1.1 - MED Over the Shoulder] With the experimental datacube open, click on the spectral menu. In the mapping methods submenu, open the “Spectral Angle Mapper”. [6.1.2 - SCREEN]
6.1.1. Talent sitting at computer opens software

6.1.2. Screen Capture video of the above step in the order described.

6.2. Select the name of the experimental datacube in the pop-up window and click “OK”. If no file names are listed, click “open”, “new file”, and choose the experimental datacube, then click “OK”.  [6.2.1 - SCREEN]
6.2.1. [6.2.1 to 6.4.1 combined] Screen Capture video as talent selects file, hovers cursor on the “OK” button, then proceeds to click through to open file not listed.
6.3. In the pop-up window called “Endmember Collection:SAM”, click “Import” in the menu bar, then select “from Spectral Library file”. Open the Reference Spectral Library previously created and click “OK”. [6.3.1 - SCREEN] [2 takes for S-A-M and SAM]
6.3.1. Screen Capture video of the above step in the order described.

6.4. In the new pop-up window named “Input Spectral Library”, click “Select All Items”, click “OK”, and then right click on “Color” and select “Apply default colors to all.”  Click “Select all,” followed by “Apply” and then choose the output file name and click “OK”.  [6.4.1 - SCREEN]
6.4.1. Screen Capture video of the above step in the order described.

6.5. Open the overlay menu in the datacube window and select “Classification”, then navigate to the output file name and click “OK”. [6.5.1 - SCREEN]
6.5.1. [6.5.1 to 6.8.1 combined] Screen Capture video of the above step in the order described.
6.6. In the “Interactive Class Tool Window” menu, open the option menu and select the “Merge Classes” to create a unified color scheme in order to make it easier to analyze the data using other software. [6.6.1 - SCREEN]
6.6.1. Screen Capture video of the above step in the order described.
6.7. Select a single spectrum from the “base class” list, then select all classes except “unclassified” to merge into the base. Then click “OK”. Next, click on the base color selected and all matching spectra will be shown in that color. [6.7.1 - SCREEN]
6.7.1. Screen Capture video of the above step in the order described.
6.8. To obtain a dichromatic image that will show the matching spectra over a black background, cIick on the “unclassified” colors box, which is black by default. [6.8.1 - SCREEN]
6.8.1. Screen Capture video of the above step in the order described.
7. Results: Hyperspectral Microscope can Positively Identify Nanoparticles
7.1. The most significant advantage of the technique is its ability to identify metal oxide nanoparticles in histological samples by darkfield microscopy and hyperspectral mapping. These images demonstrate this process using histological skin samples.  While some particles are readily obvious in the darkfield optical image, additional particles are detected using hyperspectral imaging.[7.1.1 - LM]
7.1.1. Figure 3 (Alumina and Silica) (Video Editor: Remove the top labels, instead replace the left label with “Brightfield Image”, the 2nd label (EDFM) with “Darkfield Image”, (HIS) with “Hyperspectral Image”, and Mapped with “Hyperspectral - Control”.   Highlight column 2 (EDFM) with the words “darkfield optical image” and columns 3 (HSI) and 4(Mappe) with the last part of the 3rd sentence.  
7.2. Shown here is porcine skin tissue. In the epidermis layer, which was exposed to alumina nanoparticles, a high contrast cluster of nanoparticles was found deposited over the stratum corneum. [7.2.1 - LM] [2 takes for alternate pronunciations of “porcine”]
7.2.1. Figure 3(Alumina only) (Columns 1-3) (Video Editor: Remove the top labels as before and replace (Brightfield) with “Brightfield Image”, (EDFM) with “Darkfield Image”, and (HIS) with “Hyperspectral Image”. Emphasize the regions in the EDFM and HIS sample that are pointed to by the arrow with the words “a high contrast cluster of nanoparticles was found”.)

7.3. In the dermal layer, which was exposed to silica nanoparticles, multiple high contrast nanoparticles can be seen deposited over the connective tissue. [7.3.1 - LM]
7.3.1. Figure 3(Silica) (Columns 1-3) (Video Editor: Label the columns as in 7.3.1 and emphasize the regions in the EDFM and HIS sample that are pointed to by the arrow with the words “multiple high contrast nanoparticles deposited over the connective tissue”.)

7.4. Finally, in the subcutaneous tissue, which was exposed to the ceria nanoparticles, multiple high contrast dispersed nanoparticles can be seen deposited along the adipocytes. [7.4.1 - LM]
7.4.1. Figure 3(Ceria) (Columns 1-3) (Video Editor: Label the columns as in 7.3.1 and emphasize the regions in the EDFM and HIS sample that are pointed to by the arrow with the words “multiple high contrast dispersed nanoparticles deposited along the adipocytes”.)
7.5. Nanoparticle identification using this method in other tissue samples, such as lung, liver, spleen, kidneys and lymph nodes is possible. [7.5.1 - LM]
7.5.1. Figure 4 (Alumina 97-001) (Video Editor: Add text label “Lung”; also remove the small text below the figure. Place this figure along with all the other figures below on the screen simultaneously with all of their respective added text labels. Omit the figures that were crossed out below.) The lung tissue of rats exposed to inhaled alumina nanoparticles shows high contrast elements deposited in alveolar macrophages. 

7.5.2. Figure 5 (Silica 10-003). High contrast elements contained in alveolar macrophages are seen in the lung of silica exposed rats. 

7.5.3. Figure 6 (Ceria 33-009). High contrast particles are seen deposited in alveolar macrophages in the lung of ceria exposed rats. 

7.5.4. Figure 7 (Liver 41-23) (Video Editor: Add text label “Liver”)  In the liver of a rat exposed via inhalation to silica nanoparticles, we distinguish multiple high contrast elements along the hepatic sinusoids. 

7.5.5. Figure 8 (Kidney 17-13) (Video Editor: Add text label “Kidney”)  a high contrast element is found in a distal tubule in the cortex of a the kidney  of a rat exposed via inhalation to alumina nanoparticles. 

7.5.6. Figure 9 (lymph node 17-17) (Video Editor: Add text label “Lymph Node”)  multiple high contrast elements are found over the adipose tissue surrounding a mediastinal lymph node of a rat exposed to alumina nanoparticles,
7.5.7. Figure 10 (spleen 17-21) (Video Editor: Add text label “Spleen”)  multiple high contrast elements are seen within the red pulp of the spleen in a rat exposed to alumina nanoparticles via inhalation.  

7.5.8. Figure 11 (CNT 3 mg) multiple carbon nanotubes are visualized on mixed cellulose ester filter membranes used for occupational exposure assessment. 

Do not record as VO in the subheadings above.
(Note to Editor/Ryan – Authors added this section to the results post-shoot. Michael and I agree that this adds too much length to the results (especially if that’s supposed to be VO that goes with each substep). However, it could work if we just show all the figures indicated at once. Please see me if there is any confusion. –Alycia)
8. Conclusion (said by authors on camera) 
8.1. Gary Roth: Following this procedure, image analysis can be performed in order to answer additional questions such as particle count and location. 
Nicole Neu-Baker: Certain considerations and drawbacks, such as the need for highly specialized controls and limitations on the resolution of photonic imaging, must be weighed with those of conventional methods when selecting the most appropriate analytical methods to investigate specific research questions.

8.2. Sara Brenner: We chose to demonstrate this particular application because it has the potential to complement current and future nanotoxicology research. It can also inform research regarding nanoparticle absorption, distribution, metabolism, and excretion throughout organs and tissues.  
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.
7.2 – (composed of all of the following)

1. Alumina Experimental sample scorneum-BF 40x.tif – Brightfield image of alumina cluster over s.corneum at 40x 

2. Alumina Experimental sample scorneum-DF 100x sb .tif – Darkfield of previous image at 100x

3. Alumina Experimental sample scorneum-HSI 100x sb.tif – Hyperspectral of previous image at 100x

7.3 – (composed of all of the following)

1. Silica Experimental sample dermis-BF 100x.tif – Brightfield image of silica nanoparticles over dermis at 40x

2. Silica Experimental sample dermis-DF 100x sb.tif - Darkfield of previous image at 100x

3. Silica Experimental sample dermis-HSI 100x sb.tif– Hyperspectral of previous image at 100x

7.4 – (composed of all of the following)

1. Ceria Experimental sample subcutaneous tissue-BF 40x.tif- Brightfield of ceria nanoparticles over subcutaneous tissue at 40x.

2. Ceria Experimental sample subcutaneous tissue-DF 100x sb.tif- Darkfield of previous image at 100x

3. Ceria Experimental sample subcutaneous tissue-HSI 100x sb.tif– Hyperspectral of previous image at 100x

Note: Power point with ALL images above for Porcine Skin is named: “Figure 3.ppt “

Other files for step 2 of the protocol:

1. Applying of immersion oil.tiff

2. CytoViva condenser and focus knob.tiff

3. EDFM & HSI system.tiff

4. Hyperspectral camera.tiff

5. Light source.tiff

6. Microscope and XY controller view 2.tiff

7. Microscope and XY controller.tiff

8. Microscope immersion lens oil.tiff

9. Oil making contact with slide view 2.tiff

10. Oil making contact with slide.tiff

11. Optical camera.tiff

12. Porcine skin tissue histology slides.tiff

13. System parts with labels.tiff

Video screen captures of specific protocol steps:

1. 3.1 screen capture

2. 3.2.1 screen capture

3. 3.3.1 screen capture

4. 4.1.2 screen capture

5. 4.2-4.3 screen capture

6. 4.4 screen capture

7. 4.5 screen capture

8. 4.6 screen capture

9. 4.7 screen capture

10. 5.1 screen capture

11. 5.2 screen capture

12. 5.4-5.5 screen capture

13. 6.1 screen capture

14. 6.2-6.4 screen capture

15. 6.5-6.8 screen capture

Each of these files corresponds to the steps listed in the protocol for filming above.
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


