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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Y_____  

Can you record movies/images using your own microscope camera? (Y/N)____N_____  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _______Olympus BX51WI______________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y_____ 

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.) ______________2.8 – 2.9 (centering the tips of the ISM and the iontophoretic microelectrode, and setting their spacing), 4.3 (determining the voltage difference between the TMA signal measured in ACSF and brain tissue)________________________

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.) ________2.8 (centering the tips of the ISM and the iontophoretic microelectrode)________________

E.  Will the filming need to take place in multiple locations? (Y/N) __N___ If yes, how far apart are the locations? ___________________________

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 quantify the volume fraction and tortuosity of the extracellular space in brain tissue. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Authors, please fill out the name of the speakers for the following statements. Thanks!

1.1. Author Name: This method can help answer key questions regarding the relationship between extracellular space and brain physiology or disease.
1.2. Author Name: The main advantage of this technique is that it allows for simultaneous quantification of two important ECS parameters, alpha and tortuosity, in real time.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Authors, please fill out the name of the speakers for the following statements. 1.3 and 1.4 should be spoken by different speakers from 1.1 and 1.2. Also, 1.3 and 1.4 should be spoken by different speakers among themseleves. Thanks!
1.3. Author Name: Generally, individuals new to this method will struggle because the iontophoretic electrode exhibits a tendency to change its properties throughout the experiment and frequently requires troubleshooting during experiments.
1.4. Author Name: Visual demonstration of this method is critical as the precise manipulation of an ion-selective microelectrode and iontophoretic microelectrode over multiple steps is required to obtain a successful recording.

Protocol: (read by voice talent at JoVE)
2. Real-Time Iontophoresis in Agarose
2.1. To begin this procedure, run ACSF containing tetramethylammonium, or TMA, through the submersion chamber at 2 mL per minute [1-MED-over the shoulder]. Set the temperature controller to a desired temperature [2-MED] and bubble the ACSF with 95% O2 /5% CO2 for the duration of the experiment [3-CU].

2.1.1. Talent turns on ACSF flow
2.1.2. *Film as written

2.1.3. CU the ACSF as it is bubbled with carbogen
2.2. Next, mount the ground electrode on a holder and submerge its tip into the ACSF running through the submersion chamber [1-MED-over the shoulder]. Then, fill the porous cup with 0.3% agarose containing TMA prepared previously and place it in the submersion chamber [2-MED]. 

2.2.1. Talent lowering the ground electrode into the ACSF running through the submersion chamber
2.2.2. Talent places the porous cup with 0.3% agarose in the submersion chamber
2.3. Now, secure an iontophoresis microelectrode to the pipette holder of one micromanipulator. Connect the iontophoresis microelectrode wire to its head stage of the recording amplifier [1-MED-over the shoulder-TXT]. Next secure a calibrated ISM to the second micromanipulator and connect the ISM to its head stage [2-MED-over the shoulder].
2.3.1. *Film as written. Text: ISM: ion-selective microelectrode
2.3.2.  *Film as written
2.4. Afterward, turn on the electronic setup [1-MED]. In the Wanda GUI, click “Calibrate” [2-SCREEN]. Then, in the Calibration box, fill in the voltages measured during the ISM calibration and click “Fit Data” [3-SCREEN-TXT].
2.4.1. *Film as written split into two shots, A and B
2.4.2. Show that “Calibrate” is clicked in the Wanda GUI NOTE: Authors request a yellow highlight box around the voltages being filled in during step 2.4.2
2.4.3. Show the procedures described
2.5. Following that, click “Accept” in the Calibrate box to automatically transfer the slope and interference generated to the main GUI [1-SCREEN]. On the left side of the GUI, ensure that all the experimental parameters are set in the corresponding entries [2-SCREEN]. 

2.5.1. Show the procedures described

2.5.2. Show the experimental parameters on the GUI

2.6. Next, place a temperature probe in the agar cup [1-MED]. Record the measured temperature in the “Temperature” entry in the “Measuring Electrode” box of the GUI [2-SCREEN]. 
2.6.1. *Film as written

2.6.2. Show the procedure described

2.7. Then, lower the microelectrodes at least 1,000 µm deep into the agarose [1-MED-over the shoulder] and center them in the cup [2-SCOPE]. Visualize them under the microscope using a 10x objective [3-SCOPE].

2.7.1. Talent lowering the microelectrodes
2.7.2. Show that the microelectrodes are lowered into the agarose

2.7.3. Show the view as it is switched to 10x magnification

2.8. On the two-channel amplifier, manually move the ISM channel connector to the voltage subtraction output to set the subtraction ‘on’ between the reference and ISM channels [1-MED-over the shoulder]. [2-SCREEN]. Center the tips on each other in all three directional axes [3-SCOPE]. 

2.8.1. *Film as written

2.8.2. Show that ISM is moved and touches the tip of the iontophoresis microelectrode
2.8.3. Show the procedure described

2.9. Next, zero the relative positions of both microelectrodes on the micromanipulator control boxes, and ensure that the microelectrodes are centered accurately and precisely [1-MED-over the shoulder]. Then, move the ISM 120 µm away from the iontophoresis microelectrode in one axis [2-SCOPE]. Subsequently, start a recording by clicking “Acquire” in the GUI and allow the program for a full recording [3-SCREEN].
2.9.1. Talent zeros the relative positions of both microelectrodes on the micromanipulator control boxes
2.9.2. Show the procedure described
2.9.3. Show that the “Acquire” button is clicked to start a recording Author note: Request this step be followed by 2.9.3b SCREEN Capture in video – Editors I’m not sure how long that is, but please use to cover part of 2.9.3 if possible
3. Agarose Data Analysis 

3.1. In this procedure, open the Walter program on the computer [1-MED-over the shoulder]. In the “0. Records From” menu, click the “Wanda/VOLTORO” button to read the records generated by Wanda [2-SCREEN]. In the next pop-up window, select one or more records to be read and click “Open”. In the “1. Write Excel?” menu, click “Excel 1,3” and follow prompts until the records are automatically graphed [3-SCREEN]. 
3.1.1. Talent opens the Walter program on the computer monitor

3.1.2. Show the procedure described
3.1.3. Show the procedure described

3.2. To begin the fitting procedure, in the “2. Options” menu, click on the “select rec” button [1-SCREEN]. Then in the “Figure 2” pop-up window, use the mouse to move the crosshairs over the first record to be processed and press either mouse button to choose the record [2-SCREEN].

3.2.1. Show the procedure described
3.2.2. Show the procedure described

3.3. After that, click on “fit curve” in the menu and use at least 20 iterations of fitting to obtain an accurate fit of the data [1-SCREEN]. Next, select “all” to fit all data points and select “continue”, the program will fit the displayed curve [2-SCREEN]. 
3.3.1. Show the procedure described
3.3.2. Show the procedure described

3.4. Then, select the option to write the result to the appropriate spreadsheet program by clicking “Excel” in the “7. Results” menu [1-SCREEN]. Name the excel file. Note and record the data generated, which will be used to determine the functionality of the iontophoresis microelectrode [2-MED-over the shoulder-TXT]. If the iontophoresis microelectrode is deemed suitable for the experiment, record the average transport number from all trials in the “Transport Num N” field in the Wanda GUI [3-SCREEN].
3.4.1. Show the procedure described

3.4.2. Talent pointing at the data shown on the monitor. Text: ‘D(E5)’, ‘Reference D(E5)’, ’r,’ ‘r_app’, transport number ‘nt’, ‘Apparent nt’
3.4.3. Show that a button is clicked to record the average transport number 
4. Real-Time Iontophoresis in Brain Slices 

4.1. In this procedure, place a 400 µm-thick brain slice in the recording chamber, ensuring that it is fully submerged in the flowing ACSF [1-MED]. Next, move both the iontophoresis microelectrode and the ISM above the field of interest on the brain slice [2-MED-over the shoulder]. Submerge both electrodes in the flowing ACSF but above the slice [3-SCOPE].
4.1.1. Talent places a brain slice in the recording chamber

4.1.2. Talent moving the electrodes above the brain slice

4.1.3.  Show that both electrodes are submerged in ACSF above the slice

4.2. Then, offset the voltage for both the reference and the ion-sensing channels to “0” mV [1-MED-over the shoulder]. Wait for the voltage in both channels to stabilize [2-CU]. On the chart recorder, mark the voltage measured on the ion sensing channel of the ISM [3-CU]. 

4.2.1. *Film as written

4.2.2. CU the chart recorder to show that voltage in both channels are stable

4.2.3. *Film as written

4.3. Next, place the ISM and iontophoresis microelectrode 200 µm deep in the slice and 120 µm away from each other [1-CU]. Wait for the stabilization of the signal after moving the microelectrode into the brain slice [2-CU]. After that, calculate the voltage difference between the TMA signals measured and input this value into the “Baseline V (mV)” field in the Measuring Electrode box of the Wanda GUI [3-SCREEN-TXT].

4.3.1. Show that the ISM and iontophoresis microelectrode are placed 200 µm deep in the slice and 120 µm away from each other

4.3.2. CU the chart recorder to show the stabilization of the signal

4.3.3. Show the procedure described. Text: TMA: tetramethylammonium

4.4. On the left side of the GUI, ensure that all the experimental parameters are correctly entered [1-SCREEN]. Start the recording by clicking “Acquire” and allow it to take a full recording [2-SCREEN]. 

4.4.1. Show the parameters on the GUI

4.4.2. Show that the “Acquire” button is clicked Author note: Request this step be followed by 4.4.2b SCREEN Capture in video – Editors I’m not sure how long that is, but please use to cover part of 4.4.2 if possible
4.5. Then, move both microelectrodes diagonally back to the surface of the slice, and raise both to at least 50 µm above the slice [1-SCOPE]. Using the chart recorder, determine any change between the Voltage measured now and its measurement from before [2-MED-over the shoulder].
4.5.1. Show that the microelectrodes are raised to 50 µm above the slice
4.5.2. Talent marks the two voltage points directly on the paper and writes down the measured Voltage change directly on the paper.

5. Brain Data Analysis, Checking Transport Number and ISM Calibration

5.1. To analyze the recordings from the brain, repeat the procedures for agarose data analysis using the Walter program [1-MED-over the shoulder]. Write the data onto the spreadsheet program by clicking “Excel” in the Walter menu [2-SCREEN]. Then, record the volume fraction of the brain ECS, tortuosity of the brain ECS, and the non-specific clearance [3-SCREEN].

5.1.1. Talent fits brain data using the Walter program on the computer monitor

5.1.2. Show that the data is written onto the spreadsheet program by clicking “Excel”

5.1.3. Show that the parameters are recorded

5.2. To check the transport number, take new recordings in agarose and repeat the procedures in the Walter program to obtain the transport number [1-MED-over the shoulder]. Inspect the spreadsheet and check if the transport number has changed by more than 10% from the transport number obtained prior to the brain measurements, if so, the data obtained with this iontophoretic microelectrode are not reliable [2-SCREEN].
5.2.1. Talent fits brain data using the Walter program on the computer monitor

5.2.2. Show an Excel sheet with both pre-experiment and post-experiment transport numbers. Differences between the two numbers can be highlighted to demonstrate that these are the important measurements to compare
5.3. Author name: The transport number measured in this step must closely match the transport number of your iontophoretic microelectrode prior to obtaining brain measurements, otherwise the volume fraction cannot be considered accurate [1-MED].

5.3.1. Interview style

Authors, please fill out the name of the speaker for the above statement. Thanks!
5.4. Use newly obtained ISM calibration data as the input in the Wanda Calibrate box [1-SCREEN] and check that the slope value differs by less than 10% from the previous calibration [2-SCREEN].

5.4.1. Show that the calibration data is input into the Walter GUI
5.4.2. Show the calculation of the slope of the ISM calibration curve
6. Results: Curve Fitting Data in Agar and in Brain
6.1. Shown here is the representative data from a single trial obtained in agar demonstrating the concentration curve of TMA [1-LM]. And this is a fitted curve obtained from data processing in Walter [2-LM]. The overlap of the data and the fitted curve demonstrates that the curve fitting done by Walter accurately models diffusion in this trial [3-LM].
6.1.1. Fig 8_2.4.17.ai, Figure 8A: Show the left panel in Figure 8A
6.1.2. Fig 8_2.4.17.ai, Figure 8A: Add the middle panel in Figure 8A
6.1.3. Fig 8_2.4.17.ai, Figure 8A: Add the right panel in Figure 8A
6.2. Here is the Table of agar measurements before experimentation in the brain [1-LM]
6.2.1. Fig 8_2.4.17.ai, Figure 8B: Show Figure 8B
6.3. Here is a summary of measurements taken in a mouse brain slice under the control and experimental conditions. Alpha decreased during a hypoosmolar challenge while tortuosity increased, as expected. Alpha overshot the control values in the recovery conditions [1-LM].

6.3.1. Fig 9_2.4.17.ai, Figure 9E: Show figure 9E
6.4. And here is the Table of agar measurements after experimentation in the brain. The average transport numbers before and after the experiment were within 10% of each other, which indicate that the values recorded in brain were reliable [1-LM].
6.4.1. Fig 8_2.4.17.ai, Figure 8C: Show Figure 8C
7. Conclusion (said by authors on camera)

Authors, please fill out the name of the speakers for the following statements. Thanks!
7.1. Author Name: Once mastered, this technique can be done in 14 hours across 2 days if it is performed properly. On Day 1, ISMs are prepared and calibrated. On Day 2, ISMs are recalibrated and the Real-time iontophoresis experiment is performed.
7.2. Author Name: While attempting this procedure, it’s important to remember to first, be precise in the spacing of your electrodes. Second, accept an experiment only if the transport number of iontophoretic microelectrode remained stable over the course of your experiment.
7.3. Author Name: Following this procedure that quantifies diffusion of a small cation in brain extracellular space, other methods like integrative optical imaging can be performed in order to answer additional questions like “How macromolecules diffuse in brain extracellular space?”
7.4. Author Name: After watching this video, you should have a good understanding of how to use the Real-time iontophoresis method to quantify extracellular space volume and tortuosity in living brain in health and disease.

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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