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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) _No__

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

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps____Steps 2-4 below; it’s not possible to separate out individual sub-steps from the integrated whole____

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _Several, but perhaps 3.2 (insertion of the probe).  Handle the animal extensively, and practice!  Remain calm and smooth in motion.___

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:

The overall goal of this procedure is to measure hippocampal metabolism during behavioral testing. (Intro)
This is accomplished by surgically preparing a well-handled animal with a microdialysis guide cannula. (P1)
On the day of testing, a microdialysis probe is inserted into the cannula and the perfusate flow is confirmed. (P2)
Next, the probe is allowed to equilibrate while the animal is sitting in a control chamber. (P3)
After equilibration, behavioral testing is performed as microdialysis measurements continue. (P4)
Ultimately, analytical methods are used to show metabolism levels or neurochemical release throughout the testing period (P5)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Leslie Sandusky (LS): One of the most difficult aspects of this method is the care needed in handling the microdialysis tubing while testing; animals will often chew it or get it tangled if care isn’t taken.

1.2. ECM: I first used glucose microdialysis during hippocampal memory testing during my graduate work, when I was trying to reconcile existing models of brain glucose supply with the existing data on glucose and memory enhancement.  This method allowed us to show directly that the existing models were wrong.

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

Video editor: Note from author: “I believe that we followed the script almost exactly; some shots were taken together, as the process could not be broken down into the elements described (for instance, inserting the microdialysis probe and then placing rat into the holding cage) but that should be indicated on the shotboard prior to each shot, I think.”
2. Cannulation and Set-up
2.1. Following standard surgical procedures, prepare the animal, expose the skull and drill holes for cannula placement.  Insert a cannula at predetermined coordinates and then slowly lower it to the target depth.  
2.1.1. MED: over the shoulder shot of talent drilling holes for the cannula
2.1.2. CU: Talent moves cannula over the hole
2.1.3. CU: Talent inserts cannula
2.2. Once correctly positioned, secure the cannula in place with dental cement. Use a sterile surgical suture to close the wound if needed.  Lastly, insert a stylet to maintain cannula patency.  
2.2.1. CU: Talent secures cannula with dental cement
2.2.2. CU: Talent sutures wound {Comment: No suture was needed, hence this shot was not taken}
2.2.3. CU: Talent inserts stylet
2.3. Next prepare the perfusate to be used for Microdialysis(mD). It should be noted that accurate fluid composition is essential for optimal results.

2.3.1. MED: Talent prepares perfuste

2.3.2. MED: Shot of labeled bottle of perfusate. Text overlay ((Artificial extracellular fluid (aECF): 153.5 mM Na, 4.3 mM K, 0.41 mM Mg, 0.71 mM Ca, 139.4 mM Cl, 1.25 mM glucose, buffered at pH 7.4))

2.4. On the day of testing, bovine serum albumin (BSA) should be added and fully dissolved. After preparation, the perfusate should be filtered through a .2 micron filter. 

2.4.1. MED: Talent adds BSA to perfusate, Text Overlay (BSA= 2% weight/weight)

2.4.2. MED: Talent filters perfusate 

2.5. Next, prepare the treatment that will be administered to the brain, if any, using an aliquot of the prepared aECF.  Here, insulin is prepared for delivery into the hippocampus. 

2.5.1. MED: Talent prepares insulin solution. Text overlay ((Insulin:400nM (66.7 uU/uL)).

2.6. A fresh microdialysis probe and line should be prepared the day before testing. Create two separate lines for “inflow” and “outflow”.

2.6.1. MED: Talent prepares the microdialysis lines

2.6.2. MED: over head shot of the inflow and outflow lines laid out on bench top. Text Overlay labeling of the correct lines (inflow) and (Outflow)

2.7. Use PE50 tubing to connect two 1 meter long pieces of FEP tubing and ensure that there is minimal dead space between the lines. 

2.7.1. MED:  Talent completes the action as described

2.7.2. MED: Talent ensures that there is minimal dead space between the lines, or demonstrates somehow that this has been achieved

2.8. Connect the inflow tubing to a 1 mL Hamilton syringe filled with sterile-filtered, deionised H20 (dH20), and attach the probe to the other end. 

2.8.1. MED: Talent connects the Hamilton syringe

2.8.2. MED: Talent attaches probe

2.9. To allow the animal to move freely while taking measurements connect the inflow and outflow lines to a two-channel swivel.  

2.9.1. CU: Talent connects lines to swivel

2.10. Next, connect the outflow tubing to the pump and run it at 1.5 ul/min until you see dH20 exiting the outflow tube on the probe. Turn the pump off and connect the other line between the outflow tube and a sample collection tube. Run 5 ml through the tube and place the probe in a vial containing sterile dH20 overnight; ensure that the probe tip always remains wet. 

2.10.1. MED: Talent connects the outflow tubing to the pump

2.10.2. CU: shot of dH20 exiting the outflow tube on the probe.

2.10.3. MED: talent turns off the pump and connects the other line between the outflow tube and a sample collection tube.

2.10.4. MED: Talent runs 5 ml through the tube

2.10.5. CU: Talent places probes in a vial containing sterile dH20

2.11. Twenty four hours before testing, pre-probe the test subject by removing the dummy stylet and inserting an mD probe, that is used only for this purpose, for 10 min. Afterwards, replace the dummy stylet and put the rat back into its cage.

2.11.1. MED: Talent removes dummy stylet

2.11.2. MED: Talent inserts mD probe

2.11.3. MED: Talent removes probe, replaces stylet and places rat back in cage

3. Microdialysis set-up and equilibration 
3.1. On the day of microdialysis, fill the Hamilton syringe and scintillation vial with filtered aECF and allow the pump to equilibrate for 1 hr. If needed, fill a second Hamilton syringe with prepared treatment (for example, insulin-aECF) and place into the syringe pump.
3.1.1. MED: Talent sets up the pump as described
3.1.2. MED: Talent sets up second syringe
3.1.3. MED/WIDE: shot of entire set up
3.2. ECM: “The key to success in this procedure is to handle the animals extensively before testing.  Remain calm, move slowly but confidently and above all, practice.” 
3.2.1. Talent says the above {Comment: note that this was shot as a standard ‘talking head’ shot rather than looking up from bench (which would not have fit)
3.3. When equilibration is complete, remove the dummy stylet and gently insert the equilibrated mD probe into the rat's brain via the cannula. Place the rat into a clear plastic box that contains some of the rat’s home bedding.

3.3.1. CU: Talent removes stylet

3.3.2. CU: Talent inserts mD probe

3.3.3. MED: Talent places rat in plastic box

3.4. Make sure to counterbalance the tubing: attach a 1.6 ml microcentrifuge tube filled with water to the tubing outside the cage in such a way that gravity keeps the microdialysis lines unkinked but not taut. 

3.4.1. MED: talent attaches microcentrifuge tube to tubing

3.4.2. MED: Shot of tubing with water filled tube attached demonstrating that it is unkinked and not taut

3.5. Allow the probe and rat to equilibrate for 2 hours. At the start of this period, confirm that flow of perfusate is unblocked. To do this, collect perfusate outflow over a defined period and weigh the sample to confirm that the expected volume is exiting the system.

3.5.1. MED: Overhead shot of the rat with probe attached

3.5.2. MED: Talent collects perfusate

3.5.3. MED: Talent weighs sample

3.6. Before collecting samples, ensure that the correlation between sample dialysis and collection is accurately calculated.   Here, we have a 30 uL volume between the probe and collection point.  At a rate of 1.5 uL/min there is a 20min lag from when the sample exits the brain until it is collected. 

3.6.1.  MED: shot of the length of tubing connected to the probe and collection point.  Text overlay (time = 0) and place an arrow at the location of the probe and then highlight the outflow line from the probe to collection tube.  Text overlay (time = +20 min) and place an arrow at the outflow point.

3.7. After the equilibration period, collect at least three samples while the rat is at rest in the home chamber to establish a stable baseline of measurements

3.7.1. MED: Talent collects a baseline sample

4. Sample collection during behavioral testing

4.1. Ewan McNay: “Before behavioral testing, carefully plan the timing of treatment delivery to the brain.  In this setup, with a volume of 30uL between syringe and probe, the syringe containing treatment-perfusate is changed 20 min before the time the treatment is to begin arriving at the hippocampus.”

4.1.1. Talent looks up from set-up and says the above

4.2. To change syringes, simply disconnect the inflow line from the control-perfusate syringe and rapidly connect to the treatment-perfusate syringe.  This should take no more than 5s to avoid interruption to the perfusate flow.  Take care not to introduce air bubbles that may reduce probe efficiency.

4.2.1. CU: Talent disconnects inflow line

4.2.2. CU: Talent connects treatment-perfusate syringe

4.2.3. CU: shot of the correctly changes syringe with no air bubbles present

4.3. At the appropriate time period after treatment delivery, gently move the rat into the behavioral testing apparatus of choice. Here, spontaneous alternation is measured on a four-arm, plus-shaped maze.

4.3.1. MED: Talent moves rat into test apparatus

4.3.2. MED: Shot of the test apparatus

4.4. Allow the animal to freely explore the maze for 20 min.  Record the sequence and timing of arm entries either using a video recording or by hand.

4.4.1. MED: over head shot of rat in maze

4.4.2. MED: Over the shoulder shot of talent observing rat behavior in maze (and recording by hand?)

4.5. To collect samples during this period, move the outflow tubing to a new collection tube every 5 min.

4.5.1. MED: Talent moves outflow tubing to labeled collection tube

4.6. Hold the tubing such that it moves freely.  It should not hinder the rat’s movement or move in front of the animal and distract it.  Remain still so that your movements do not impact the rat’s behavior. 
4.6.1. MED: Talent holds the tubing in the right position
4.6.2. CU: shot of rat moving freely
4.6.3. MED: Shot of talent from different angle demonstrating their physical location to the maze
4.7. Following testing, remove the rat gently from the maze and return it to the control chamber.  Continue microdialysis sample collection for at least four samples to cover the period of recovery from task performance. 

4.7.1. MED: talent removes rat from maze

4.7.2. CU: talent moves tubing to another labeled collection tube

4.8. After collecting the desired samples, gently remove the probe from the animal’s head and place into a storage vial.  Return the animal to its home cage and observe closely for any post-experimental change in health or behavior.

4.8.1. CU: Talent removes probe

4.8.2. MED: Talent returns rat to homecage

4.8.3. CU: Shot of the rat in its homecage

4.9. Finally, flush the tubing by switching to a syringe containing a solution of Kathon to prevent microbe growth.  

4.9.1. MED: Talent flushes the tubing by changing syringes, Text Overlay “1:10,000 Kathon in dH20”

5. Hippocampal glucose levels during behavioral testing

5.1. This example shows a task-associated dip in hippocampal ECF glucose.  The grey box represents the time the animals spent in the maze.  The purple line shows hippocampal glucose in animals with no maze testing, while the red line represents animals performing the 4-arm spontaneous alternation task.  The orange line shows measurements in animals performing the easier 3-arm version of this task.

5.1.1. LAB MEDIA: figure1.tif

5.1.2. LAB MEDIA: figure1.tif, label the grey box (Animal in maze), the purple line (No maze testing), the red line (4-arm task) and the orange line (3-arm task) as mentioned.

5.2. The changes in hippocampal glucose and lactate after administration of insulin are seen here.   Note that these changes are seen without any behavioral testing, and hence reflect the impact of insulin alone under baseline conditions.
5.2.1. LAB MEDIA: figure2.tif

INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
6. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
6.1. ECM:  While attempting this procedure, it’s important to remember to remain calm. Rats can pick up on an experimenter’s stress and may become agitated. This makes the procedure more difficult and may confound results.

6.2. LS: This combination of techniques has allowed for accurate neurochemical investigation of behavioral processes.  Similar techniques are now also used in human patients.  For example, patients with epilepsy that have electrodes implanted to localise their seizure focus may also have microdialysis cannulae implanted to permit metabolic measurements.

Finally, we would love to involve you in a new promotional project.  During the filming of your intro and conclusion sections, we would like to capture your thoughts and opinions about your personal JoVE experience.   There's need for extra rehearsal time, or memorizing lines; we want your raw insights & observations. By doing this, it will allow us ensure our future clients with satisfaction & professional trust, not only from our JoVE employees, but now also from fellow established authors, like yourself.  Our videographer will plan to record the following questions once your interview segments are recorded:
7.1  What do you expect from a scientific journal?

7.2  In your own words, what makes JoVE's video format special?

7.3  Would you recommend JoVE to your colleagues?
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, 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, as well as an introduction to your videographer, closer to your filming date.

( 2011, Journal of Visualized Experiments


