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A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)? Yes. Steps that will require video microscopy are 3.4 to 3.8, 4.1 to 4.4, and 5.1 to 5.6. We will be using an Olympus SZ61 stereomicroscope to demonstrate the dissection. We also have available a portable microscope (Dino-Lite Pro Digital Microscope AM-413T) that could be useful. A Nikon SMZ800 stereomicroscope with two binocular ports and might fit a camera is also available.  

B. Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? No. There might be need to take a computer screen shoot in steps 5.9 and 5.11. 
C. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) Steps 3, 4, and 5.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  

Intubating the animal to control its respiration (step 3). To succeed one has to minimize bleeding and secure the intubation tube to the trachea very well. 

E. Will the shoot take place in more than one location?  (Y/N, specify travel time between locations) Yes. The introduction can be done in my office, located two rooms away from the lab. It takes about 30 seconds to walk from the office to the lab. The surgery is done in the lab. The two-photon microscope room is inside the main lab. Alternatively both, introduction and surgery can be done in the main lab. We can also relocate the stereomicroscope to perform the surgery next to the two-photon microscope.
Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to perform a craniotomy on the ventral skull of rat pups for in vivo electrophysiology or two-photon imaging studies. (Intro)  This is accomplished by first anesthetizing the rat pup on a heated pad (P1) and using a ventilator to control its breathing. (P2)  The  surgery begins with exposing the ventral side of the skull (P3) followed by a craniotomy to expose the brainstem surface. (P4)  This procedure sets up the use of in vivo electrophysiology and two-photon microscopy to analyze structural and functional aspects of neural structures. (P5)
Video editor:

Remove the outer edge from the provided graphics and make the whole background grey – this will make sense due to what’s done for P5.

For P1 – begin with the mouse alone.  Add O2 with and the “Zzzz” at the narrative “anesthetizing” add 37 ºC with narrative “heated pad”,

P2 – fade out the other O2 arrow and add in the one shown in P2.

P3 – Show the image in the upper left of P3 enlarged at center of the screen.

P4 – Now, shrink down the image in P3 to the corner and leave it in the upper left.  It should not had been omitted from the provided P4.    Now fade on the added oval over the throat area and extend the arrow from it to the corner graphic.  Remove the intervening empty oval and 2nd arrow from it to the corner.

P5 – Shrink the graphic to the left side of the screen and add the graphics for P5 on the right side.  The top one should appear with “in vivo” and the bottom one with “two photon” (from the narrative).  The dotted lines, will need to be altered and the background should be grey throughout the whole narration.  
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1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Adrián Rodríguez-Contreras: The main advantage of this technique over existing methods, like acute or organotypic brainstem slices, is that it provides a system to study the dynamics of diverse cellular processes in the mammalian brainstem in vivo.
1.2. Author name Lingyan Shi: Generally, individuals new to this method will struggle because rodent pups are small and the method assumes some proficiency with surgical technique.

Protocol Chapters (read by a voice talent at JoVE):

2. EXTRA TITLE CARD

2.1. (TEXT: The following protocol follows the animal care guidelines established by the Institutional Animal Care and Use Committee at The City College of New York.)
3. Intubation
3.1. This surgery requires mammalian Ringer’s solution, the proper tools, a heating pad and a small animal ventilator.
3.1.1. WID: talent arrives to bench, the surgical site, with the animal AND puts on gloves or begins to handle animal
3.1.2. MED: panning shot over the solutions, tools, heating pad and ventilator at the surgical site
3.2. Take a confirmed, anesthetized animal (TEXT: 5% isoflurane), position it dorsally over a heat pad set to 37 ºC and attach the nose cone to sustain the anesthesia.  (TEXT: 1.5 – 3.0% isoflurane)
3.2.1. CU: placing mouse on heating pad and attaching nose cone for anesthesia, then draping face
3.3. Tape down the limbs and tail and then clean the skin using saline or disinfectant solution. 
3.3.1. CU: taping down the limbs and tail
3.3.2. CU: cleaning the skin
3.4. Now, make a longitudinal cut through the neck epidermis.
3.4.1. MED: talent prepares to make incision viewing mouse with stereoscope (if not through the stereoscope, skip this shot and make the next shot an ECU, then later include this shot when talent starts using the scope)
3.4.2. SCOPE: the first cut through neck
3.5. Then, make four lateral incisions.  Bluntly dissect the skin and move it aside with forceps.  It can then be secured with tape.  Be careful to keep the carotid arteries away from the trachea and to not puncture the arteries.
3.5.1. SCOPE: the next four incisions, across first 
3.5.2. ECU: moving the skin aside and taping it down
3.6. With spring scissors, dissect the longitudinal muscles covering the trachea and, then, under the trachea.
3.6.1. SCOPE: dissecting out muscles around trachea
3.7. Next, position suture threads around the trachea.  Position one thread to secure the ventilation tube and a second to close the trachea rostral, where the ventilation tube will be inserted.
3.7.1. SCOPE: placing threads around trachea to prepare for intubation
3.8. Now, make an incision through a tracheal ring between the ties.   No fluid should be allowed to enter through the hole.  
3.8.1. SCOPE: slicing open trachea
3.9. Insert the tube through the hole and tighten and tie the threads to secure the tube first, then to close the trachea.
3.9.1. CU: talent moving tube towards animal, side view to show angle of tube approach
3.9.2. SCOPE: inserting tube and securing with threads
3.10. Make certain that the tube is able to move without imposing strain on the preparation.
3.10.1. ECU: checking the movement on the tied down tube
3.11. Then, promptly switch the isoflurane supply to the ventilator.  The stroke volume and ventilation rate should be set according to the animal’s age.
3.11.1. MED: attaching anesthesia line to ventilator
3.11.2. CU: setting of the stroke volume on the ventilator
3.12. Finish this portion of the procedure by sealing the exposed, surrounding tissue with an elastomer.
3.12.1. ECU: applying “glue” to the areas surrounding the tube and trachea, sealing them up
4. Performing the Craniotomy
4.1. First, cut the trachea adjacent to the ventilation tube.  Using two more cuts along the muscle wall of the buccal cavity, expose the caudal end of the palate.
4.1.1. WID: establish the talent working at the surgical site, zoom to the mouse
4.1.2. SCOPE: talent cuts the trachea next to tube and puts two cuts into the buccal cavity (have the talent point out features of this structure)
4.2. After cleaning out fat and muscle tissue from the exposed area, the space between the basi-occipital bone and the last vertebra becomes exposed.  Locate the medial wall of the bulla.
4.2.1. SCOPE: exposed basil-occipital bone, vertebrate and medial wall of the bulla – have talent point out each in this order, could use tip of forceps or probe
4.3. Using the microdrill, thin the skull using a D-shaped motion until the underlying arteries can be seen.
4.3.1. MED: talent setting up use of microdrill, show angle of penetration
4.3.2. SCOPE: drilling in a “D” shaped motion to thin the skull – eventually arteries should be visible through thinned skull bone
4.4. Next, gently break the skull using a dissecting chisel and clear the bone chips.  Continue drilling and chiseling until the desired size for the craniotomy is achieved.
4.4.1. SCOPE: breaking open skull and more drilling and breaking until complete
4.5. Clean the area several times with Ringer’s and keep it moist throughout the experiment.
4.5.1. MED: applying solution to the surgery to clean/moisten
4.5.2. ECU: solution moistening/cleaning the exposed skull area
5. Two-photon Imaging

5.1. Under the dissection scope, prepare the animal for the experiment.  Begin by locating the right or left carotid.  Then, bluntly dissect the carotid artery from the surrounding tissues.
5.1.1. WID: like 4.1.1
5.1.2. SCOPE: talent points out the carotid arteries, then dissects one out
5.2. With a hemostat, pick and hold the dissected artery and tie three pieces of suture around it.
5.2.1. SCOPE: ties three threads around artery
5.3. Tighten the thread closest to the heart to stop the blood flow.
5.3.1. SCOPE: tightens one thread
5.4. Then, make a small, 45-degree cut on the artery between the tied and untied threads.  Mop up the blood as needed.
5.4.1. SCOPE: cuts between knotted and unknotted thread AND mops up blood
5.5. Now, cannulate the artery with a tube filled with TRITC-dextran solution.  Insert the tube 5 mm towards the pup’s head.
5.5.1. ECU: preparing to insert cannula of TRITC
5.5.2. SCOPE: inserting the cannula
5.6. Secure the cannula by tightening the other two threads.  Trim excess thread and apply an elastomer to make the cannula more secure. If the cannula is not sealed, the fluorescent dye will leak into the craniotomy.
5.6.1. SCOPE: tightening down the cannula THEN trimming threads
5.6.2. Added shot: SCOPE: THEN trimming threads
5.7. Now, attach the syringe to the pump.  Then, set the speed of the pump to the blood flow rate of the animal.
5.7.1. CU: attaching syringe to the pump
5.7.2. CU: setting speed on the pump and starting pump
5.8. Under a two-photon microscope, view the TRITC-dextran. (TEXT: 800 nm excitation, 607 ( 45 nm band-pass filter) The microscope should be fully warmed up.
5.8.1. WID: talent setting up animal for viewing under the 2-photon scope
5.8.2. MED: talent checking the wavelength parameters 
5.9. With the animal in position and the area of interest in focus through the 5X air objective, inject the fluorescent dextran into the bloodstream.
5.9.1. CU: mouse under the scope, 5X objective adjusting focus on it and mouse being moved into position
5.9.2. MED: turning on the pump
5.10. Next, increase the strength of the objective to 20 or 40X and focus the scope.  Start imaging the area of interest and adjust the parameters to optimally view the fluorescence. Then, collect a time series of images at a fixed focal plane for analysis.
5.10.1. CU: increasing the objective strength, switching them and refocusing
5.10.2. MED: talent adjusting the viewing setting to get better contrast/detail of the fluorescence 
5.10.3. SCREEN CAPTURE: optimal image arrived at, talent starts image acquisition
Authors, please make a screen capture movie of collecting a time series image of the injected dye.  This can be done with software and the resultant movie file should be named according to the shot number and uploaded to your project folder.  Ask if you need assistance.
6. Electroporation of Neural Tracers and Microvessel Permeability
6.1. Using patch clamp pipettes, neural tracer was electroporated at the red dot near the midline, hence labeling decussating afferent axons in the medial nucleus of the trapezoid body, or MNTB, which is boxed out.  These cells were accessed using the described craniotomy, on P1 to P5 pups.
6.1.1. LAB MEDIA: 51350_Rodriguez-Contreras_Figure6a.tif
(TEXT: bas = basilar artery; aica = anterior inferior cerebellar artery)

(TEXT under scale bar: 300 m)
6.2. A two-photon microscope equipped with a high numerical aperture water immersion objective was used to image the fibers reaching the MNTB, including very fine collateral branches, labeled by arrows.
6.2.1. LAB MEDIA: 51350_Rodriguez-Contreras_Figure6b.tif
(TEXT: r = rostral; l = lateral)

(TEXT under scale bar: 45 m)
6.3. Neural tracers were also directly delivered to the MNTB which resulted in labeling of MNTB cells and afferent axons.
6.3.1. LAB MEDIA: 51350_Rodriguez-Contreras_Figure6c.tif
(TEXT: bas = basilar artery; aica = anterior inferior cerebellar artery)

(TEXT under scale bar: 300 m.)
6.4. This was better appreciated from a wider field of view, taken at lower magnification. Individual MNTB cells could be clearly seen.
6.4.1. LAB MEDIA: 51350_Rodriguez-Contreras_Figure6d.tif
(TEXT under scale bar: 90 m)
6.5. Two-photon imaging of vascular permeability was measured using TRITC-dextran, a fluorescent solute, injected into the cerebral circulation via a cannula inserted in the carotid artery.    The pups injected were at the P9 to P10 stage.
6.5.1. LAB MEDIA: 51350_Rodriguez-Contreras_Figure8a.tif 
6.6. After a brief pulse of labeled solute into the blood stream, it was possible to obtain a time-lapse sequence of a region of interest.
6.6.1. LAB MEDIA: 51350_Rodriguez-Contreras_Figure8b.tif
(TEXT under scale bar: 100 m)
6.7. The total fluorescence intensity in the region was measured offline and a model was used to estimate the diffusion of the fluorescent solute from the lumen of the blood vessel into the brain parenchyma.
6.7.1. LAB MEDIA: 51350_Rodriguez-Contreras_Figure8c.tif 
7. Conclusion Interview (spoken by you on camera)

7.1. Lingyan Shi: Once mastered, this technique can be done in an hour if it is performed properly.

List of Provided Media Filenames and Descriptions

6.1 - 51350_Rodriguez-Contreras_Figure6a.tif – surface of venytral brainstem at 4x
6.2 - 51350_Rodriguez-Contreras_Figure6b.tif – z-stack of labeled axons at 40x
6.3 - 51350_Rodriguez-Contreras_Figure6c.tif – surface of ventral brainstem at 4x
6.4 - 51350_Rodriguez-Contreras_Figure6d.tif - z-stack of labeled MNTB cells at 20X 

6.5 - 51350_Rodriguez-Contreras_Figure8a.tif – z-stack of labeled blood vessels at 20X 
6.6 - 51350_Rodriguez-Contreras_Figure8b.tif – single color imaging of region of interest at 20X
6.7 - 51350_Rodriguez-Contreras_Figure8c.tif – Graph of blood vessel permeability
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.

( 2013, Journal of Visualized Experiments


