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Title: 
A Visual Description of the Dissection of the Cerebral Surface Vasculature and Associated Meninges and the Choroid Plexus from Rat Brain
Corresponding Author: John F. Bowyer
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______ If yes, please list make and model of your microscope: ______________________________
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___Pretty Much the Whole Procedure from Step 2 – Step 5____________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ____Initial dissection of the large vasculature and meninges around the circle of Willis (brain arterial circle) and ventral portions of the forebrain from the brain proper is most important for success. Patience, practice, decent manual dexterity and good near vision__________________________
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 efficiently and expeditiously dissect the pial and arachnoid portions of the meninges and the associated arterial vasculature overlaying the surface of the forebrain, as well as to harvest the choroid plexus from the lateral ventricles. (Intro)
This is accomplished by first removing the pineal gland and separating the meninges and arterial “trees” caudal to the forebrain. (P1)
Second, the arteries and arterioles on the cortical surface are carefully removed, so that the pial and remaining arachnoid membranes stay attached to the vasculature, making sure to minimize the harvesting of adjacent cortical surface tissues . (P2)
Next, the cortex and commissural fibers are dissected away from the septum and hippocampus, exposing the lateral ventricles to allow the harvesting of the choroid plexus.  (P3)
Finally, the arteries and arterioles on the cortical surface are removed so that the pial and remaining arachnoid membranes remain attached to the vasculature. (P4)
Ultimately, the integrity and specificity of the dissected meninges and the associated arterial vasculature as well as the choroid plexus can be determined by comparing the gene expression profiles of each of these regions. (P5)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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. Author name __John Bowyer__: This method can help answer key questions in research related to the vasculature supporting brain function.  This includes similarities and differences in the function of the choroid plexus compared to the meninges and its associated arterial vasculature with respect to control of blood flow, CSF function, response to neurotoxic insults and brain trauma.  
1.2. Author name _ John Bowyer__: I/We first had the idea for this method, when I _wanted to evaluate the effects of amphetamine on cortical surface arteriole and meninges function at the genomic expression level in a rat model of amphetamine neurotoxicity that damages the striatum and other forebrain regions.  (one statement per author on screen here; suggest using first statement.)
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.     

Authors, I have listed most shots of the dissection below as close ups (CU).  If any steps are done under a microscope, please indicate.   Thanks - 

2. Removal of the pineal gland
2.1. To begin this protocol, place brains just removed from rats immediately after they were euthanized, into ice-cold normal saline for 5 min.  It is important to allow the brain to cool for this amount of time prior to dissecting so that the forebrain meninges and associated arterial vasculature, or ‘M-A-V’ (narrator, say each letter) can be separated from the surface of the cortex. 
2.1.1. MED: researcher places a brain into ice cold saline.  
2.1.2. CU: show the brain sitting in the saline as it cools.  
2.2. Next place the brain in the bottom of a glass Petri dish resting on ice with 1 cm of ice-cold normal saline or 0.1M sodium phosphate-buffered saline at a pH of 7.4.  All dissection should be done with the brain mostly immersed in saline.
2.2.1. MED: researcher places the brain in the bottom of a glass Petri dish resting on ice with 1 cm of ice-cold normal saline.
2.2.2. CU: show as the brain is placed in the saline (on ice)  - showing that it is mostly immersed in saline.  
2.3. To begin dissection, place the brain dorsal side up in the Petri dish, and locate the pineal gland, which is at the most caudal ventral region between the two hemispheres just rostral to the cerebellum, and just below or at the surface of the meninges, over the colliculi. 
2.3.1. MED: researcher places the brain dorsal side up in the Petri dish,
2.3.2. CU: using forceps, researcher indicates the location of the pineal gland.
2.4. Remove the pineal gland using two small bent tip forceps.  Note that the pineal gland is pink in color like the cortex, but is often surrounded in remnants of residual blood and vasculature from the brain removal. 
2.4.1. CU: show removal of the pineal gland with two small bent tip forceps.
2.4.2. CU: show the removed pineal gland with remnants of vasculature. 
3. Removal of the MAV
3.1. Next, flip the brain over “upside down” in the Petri dish, then separate the vertebral artery and smaller arteries and meninges covering the pons from the meninges and vasculature of the forebrain. 
3.1.1. MED: researcher flips the brain over in the dish.
3.1.2. CU: researcher separates the vertebral artery, smaller arteries and meninges.
3.2. Next, start the removal of the ‘M-A-V.’ It is important to start ventrally in the dissection process, with the major arteries of the circle of Willis, middle cerebral arteries, and anterior arteries. 
3.2.1. CU: researcher re-orients the brain to start ventrally to remove the MAV.
3.2.2. CU: show as researcher starts working on removing the circle of Willis. 
3.3. These arteries are strong and serve as scaffolding for smaller superficial arteries and arterioles of the pial membrane, which can then be removed from the cortex along with the remainder of the meninges.
Sections 3.3.1 and 3.3.2 are out of sequence! They are actually the same as 3.5.1  They should be removed. GO FROM 3.3 DIRECTLY TO 3.4! 
3.3.1. CU: as ‘scaffolding’ is pulled away, show adjacent smaller superficial vasculature (perhaps these are indicated with forceps). Then: 
3.3.2. CU: show as smaller superficial vasculature is removed from the cortex along with the remainder of the meninges. (perhaps these are one shot)
3.4. Next, starting with either hemisphere, use small bent tip forceps to sever the posterior communicating artery just posterior to the internal carotid juncture, thus separating the more anterior and posterior arterial trees of the forebrain. Then repeat the same process for the contralateral hemisphere.
3.4.1. CU: researcher uses small bent tip forceps to sever the posterior communicating artery just posterior to the internal carotid juncture.
3.4.2. MED: researcher turns brain to perform above for contralateral hemisphere. 
3.5. Now, gripping the MCA and the anterior artery with the forceps, pull gently in an anterior-dorsal direction so that the ‘M-A-V’ covering the ventral anterior cortex is lifted over and around the remainder of the olfactory bulb. This removes much of the ‘M-A-V’ covering the anterior cortex.
3.5.1. CU: gripping the MCA and the anterior artery with the forceps, researcher pulls so that the MAV covering the ventral anterior cortex is lifted over and around the remainder of the olfactory bulb
3.6. Turn the brain at a 45 to 90° angle to the Petri dish, so that the lateral, more anterior regions of ‘M-A-V’ surrounding the lateral cortical regions can be freed from the cortex. Grip the MCA and associated arteries and gently pull dorsally along the cortex.  If necessary, the ends of the forceps can be used to lift and free the major arteries from the cortex during dissection. 
3.6.1. MED over the shoulder: researcher turns the brain at a 45 to 90° angle to the Petri dish. Section 3.6.1 is combined with 3.6.2
3.6.2. CU: show brain at this angle in the dish, then researcher grips the MCA and associated arteries and gently pulls dorsally along the cortex.
3.6.3. CU: show researcher using the ends of the forceps to lift a major artery. 
3.7. Now remove the more posterior lateral regions of the ‘M-A-V’.  Note that it is best to switch from one hemisphere to the other during this harvesting process to ensure that the ‘M-A-V’ remains cold and hydrated. Also switch hemispheres if any resistance in freeing the ‘M-A-V’ from the cortex is encountered. 
3.7.1. CU: show removal of the more posterior lateral regions of the MAV.
3.7.2. CU: researcher switches from one hemisphere to the other while performing above.
3.8. Finally, to remove the most dorsal regions of the ‘M-A-V’ surrounding the primary somatosensory and motor cortex, turn the brain dorsal side up. To free this section from brain, use the ends of the forceps along the sagittal sinus.
3.8.1. CU: turn brain dorsal side up, then uses ends of the forceps along the sagittal sinus.
3.9. This portion of the harvested ‘M-A-V’ can be either kept temporarily in ice cold saline until needed for testing and analysis, or frozen for later processing.  Often the ‘M-A-V’ covering the most posterior/caudal regions of the cortex remains attached.  Its removal is shown in a subsequent section of this video. 
3.9.1. MED: Researcher places this portion of the MAV in ice cold saline.
3.9.2. CU: show the remainder of the MAV that is still attached to the brain.  
4. Removal of the choroid plexus 

4.1. To remove the choroid plexus, first position the brain dorsal side up and hold it in place with the larger forceps.  Then push the smaller forceps down through the midline between the hemispheres, and use the ends to puncture through the cortex and corpus callosum, into the top of the midline of the hippocampus.
4.1.1. MED: researcher positions the brain dorsal side up and holds it in place with the larger forceps.
4.1.2. CU:  Researcher uses smaller forceps pushed down through the midline, then uses the ends puncture through the cortex and corpus callosum.
4.2. Next, use the forceps to pull the cortex with callosum away from the dorsal hippocampus and septum, exposing most of the lateral ventricle.  The choroid plexus can be located and identified by the wavy red line demarcating the major artery that runs its length. 
4.2.1. CU: Researcher uses forceps to pull the cortex with callosum away, exposing most of the lateral ventricle.
4.2.2. CU: show the choroid plexus with ‘wavy red line’
4.3. Use the two ends of the forceps to pry the lateral walls of the third ventricle and enlarge it at the very anterior region between the septum and caudate/putamen region. Then, using the small forceps, pull this end of the choroid plexus free.  Next use the forceps to enlarge the most caudal end of the third ventricle and pull the choroid plexus free at this end as well.
4.3.1. CU: researcher uses the two ends of the forceps to pry the lateral walls of the third ventricle and enlarge it.
4.3.2. CU: small forceps used to pull this end of the choroid plexus free.
4.3.3. CU: researcher uses forceps to enlarge the most caudal end of the third ventricle
4.4. Also perform the same procedure on the contralateral hemisphere to obtain the second remaining choroid plexus. Again this tissue can be either kept temporarily in ice cold saline, or frozen for later processing. 
4.4.1. MED over the shoulder: researcher performs above on contralateral hemisphere.
4.4.2. MED: Show as tissue is placed in ice cold saline.  
5. Removal of the remaining MAV, & tissue processing.
5.1. To remove the remaining ‘M-A-V’ covering the most posterior-caudal regions of the cortex, first remove the entire hippocampus from both hemispheres, exposing the ‘M-A-V’ over the thalamus and colliculi.  Note that the removal of this portion of the MAV will be much less difficult than its removal from the cortex. 
5.1.1. MED: researcher just begins working on the remaining MAV.
5.1.2. CU: researcher removes the entire hippocampus from both hemispheres exposing the ‘M-A-V’ over the thalamus and colliculi.
5.2. Starting with either hemisphere, pull the remaining tissue free by grasping the larger vasculature overlying the anterior portion of the thalamus and gently pulling caudally.  This vasculature is connected to the supra collicular network and supplies blood to the dorsal hippocampus and dorsal thalamus network. 
5.2.1. CU: researcher grasps the larger vasculature overlying the anterior portion of the thalamus and then gently pulls caudally, carefully pulling remaining tissue free. 
5.3. Pull caudally away and eventually the supracollicular network will be freed, and the last portions of the caudal arterial circle vasculature can then be reached. 
5.3.1. CU: show as the supracollicular network is freed.  
5.4. At this point, more care must be taken to remove the final portion of the ‘M-A-V’ on the surface of the granular retrosplenial, primary auditory and visual cortices.  As with the other section, this section covering the more anterior portions of the cortex can be either kept temporarily in ice cold saline or frozen. 
5.4.1. MED: researcher removes the final portions of the MAV on the surface of the granular retrosplenial, primary auditory and visual cortices.
5.4.2. MED: researcher places this portion in iced saline.  

5.5. Next, to compare gene expression profiles between the striatum, parietal cortex and M-A-V regions under control conditions, gene expression analysis can be performed using Agilent-014879 Whole Rat Genome 4x44K 60mer oligonucleotide arrays. Further details in processing, scanning and initial data storage can be found in Thomas et al.  
5.5.1. MED: researcher setting up to perform gene expression analysis.  (authors, assuming that we don’t want to film the details of gene analysis here, so I’ve just added a few shots to show that it is done) In this scene/section we show the cyanine 3-labeled amplified cRNA hybridization samples are loaded on to the Whole Rat Genome 4x44K array slides for overnight hybridization.  
5.5.2. MED: show Agilent-014879 Whole Rat Genome 4x44K 60mer oligonucleotide arrays. In this scene/section we show the hybridized Whole Rat Genome 4x44K array slides being washed for immediate scanning.
5.5.2.2?  Showed slides being taken into a low-ozone biobubble (<1 ppb ozone) for scanning on an Axon 4000B scanner (Molecular Devices Corporation, Sunnyvale, CA).  
5.5.3. MED over the shoulder: researcher ‘performing analysis” - either at the bench, working with equipment OR - using a computer to ‘analyze’ results (perhaps just view data).   TEXT ON SCREEN, appears when “Thomas” is spoken: Thomas, M. et al., Synapse 64 (8), 579 (2010).  We have supplied the actual visual scan of one of the Rat Genome 4X44K array slides 
6. Results:  Tissue specimen appearance and gene expression  (note to videographer, there are shots to be filmed within this section)
6.1. When the dissection is executed correctly, the resulting ‘M-A-V’ tissues should be in two intact entities weighing about 35 to 45 mg total. The initially dissected M-A-V’ surrounding most of the cortex should weigh about 25 mg,  and that covering the thalamus, colliculi and occipital cortex should weigh about 15 mg. Tissue should be slightly pinkish in color from the residual blood in the vasculature.  
6.1.1. MED: show two intact entities on the resulting MAV. (If possible, on scale, showing weight.) In this section we show the meninges dissected first (covering most of the cortex) being removed from saline and frozen for later array analysis
6.1.2. CU: show just the initially dissected M-A-V this section is not necessary (covered in 6.1.1)
6.1.3. CU: show just the MAV from the thalamus, colliculi and occipital cortex. We show the meninges dissected second (from the thalamus, colliculi and occipital cortex) being removed from saline and frozen for later array analysis
6.2. The harvested bilateral choroid plexus should be in two intact tissue samples, each weighing 1 to 2 mg, as seen here. 
6.2.1. CU: show the bilateral choroid plexus; in two intact tissue samples. We show both of the choroid plexuses being removed from saline and frozen for later array analysis.
6.3. Here we see a comparison of gene expression profiles in the striatum, parietal cortex and ‘M-A-V’, under control conditions. The top plot shows the expression in the striatum compared to the parietal cortex, while the bottom plot shows expression in the ‘M-A-V’ compared to the parietal cortex.  It can be seen that the striatum and parietal cortex are much more closely related to each other than the ‘M-A-V’. 
6.3.1. LAB MEDIA:  (show figure 1) Arrow to indicate top plot when spoken, arrow to indicate bottom plot when spoken.  
6.4. Here we see the differential gene expression in ‘M-A-V’ in response to hyperthermia compared to control (top panel), in response to amphetamine compared to control (middle panel), and in hyperthermia versus amphetamine (bottom panel). 
6.4.1. LAB MEDIA: (Show figure 2) arrows appear as each plot is mentioned.  
6.5. Finally, here we see genes with greater than 15-fold expression in ‘M-A-V’ compared to parietal cortex and striatum, categorized by function.  Many of these genes are related to the vascular system and/or the immune system. Other genes with very large fold changes are; extracellular matrix proteins, solute transporters, and lipid and retinoic acid metabolism.   
6.5.1. LAB MEDIA: show Table 1.  Perhaps have the words ‘vasculature’ and ‘immune’ highlight on screen within the table (right column) as they are spoken.  
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 
7. 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.
7.1. Author name __John Bowyer__: While attempting this procedure, it’s important to remember to be patient while removing the M-A-V,  and to have the whole brain submersed for most of the dissection process in isotonic or phosphate buffered saline. Also, it is advised to practice the M-A-V dissection on at least 4 or 5 rats prior to obtaining tissues for generating experimental data.
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


