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Short Abstract

This article describes the techniques involved in multiple stereotaxic injections of fluorescent neuroanatomical tracers.  We highlight the newly available fluorescent Alexa Fluor conjugates of Cholera Toxin subunit B, which is a retrograde tracer.  Although we focus on neuroanatomical tracer injections, detailed information and techniques of stereotaxic surgeries are discussed. 

Long Abstract

Neuroanatomical tracers are a vital tool for examining connections between brain regions.  Using multiple tracers allows an investigator to compare different connections within the same brain.  Out of the multitude of tracers available, we highlight a viral tracer that transports in a mostly retrograde manner, Cholera Toxin subunit B (CTB).  Recently, Invitrogen, inc. conjugated their Alexa Fluor line of probes to CTB, which now makes multiple tract tracing possible with CTB.  Of most benefit is that Alexa Fluor dyes are generally more photostable than conventional fluorescent dyes.  Furthermore, since the dye is already attached to the tracer, no additional histology steps are required.  We have optimized this technique for the examination of thalamocortical connections in the rat brain 1.  In this article, we demonstrate the techniques using cortical injections of two conjugates of CTB.  Although we focus on the use of CTB, the procedures can be used with most types of conventional tracers.  We also discuss the basic techniques involved in any type of stereotaxic surgery.
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Protocol 
Equipment setup

1. Determine coordinates for your area of interest using a stereotaxic atlas 2.

2. Prepare operating area by sterilizing equipment and preparing the tracers.  

3. Before surgery, pull a large amount of capillary tubes in a micropipette puller.  

4. To prepare tracers, dilute the solid with sterile neutral phosphate buffer to a final volume as desired (usually a 0.5-1% final working volume).  Gently mix the solution and allow the solid to be completely saturated, but never vortex CTB solutions since this denatures the protein.  Quickly spin the solution in a centrifuge for 1 second to help the mixing.  Once the solution is made, you may store it at 4°C for a week.  For long term storage, you may store liquid aliquots in a freezer (avoid multiple freeze-thaw cycles), but we recommend that you do not do this since we have not experienced good results after using solutions stored in the freezer.  However, the original solid should be stored at -20°C.

5. In preparation for surgeries, allow the solution to warm to room temperature before injecting.  Store the solution at 4°C when performing multiple surgeries over several days.

Surgery
1. All procedures should be conducted under aseptic conditions.  At the very minimum, one is required to use a “tips-only” technique where the sterility of the instrument tips must be maintained.  However, we suggest that you use sterile surgical gloves and other simple aseptic techniques in addition to a “tips-only” technique.   

2. Place the animal in an induction chamber with isoflurane.  Once the animal is sedated, give an intraperiotoneal injection of ketamine (87 mg/kg) and xylazine (13 mg/kg).  

3. Once deep anesthesia is confirmed, shave the top of the animal’s head and place ophthalmic ointment on the eyes.  Scrub the surgical site several times with 10% providone iodine followed by 70% ethanol.  

4. Place the animal into the stereotaxic device by placing blunt earbars into the ears.  

a. First, position a single bar into the right ear canal and tighten.  

b. Hold the animal in place and position the second earbar and tighten.  If positioned correctly, you will not be able to move the animal’s head side to side.  It is very important to ensure that the earbars are secured into the ear canals properly, since pressure is placed on the skull throughout the procedure.  

c. Finally, place the animal’s upper incisors into the mouth holder and secure.  

d. Adjust the settings on the apparatus to ensure that the animal’s head is in a level position.

5. The surgeon should now don sterile gloves and perform another scrub of the surgical site using providone iodine and ethanol.  Drape the operating area using sterile towels.  

6. Incise the skin sagittally along the sagittal suture.  Retract the skin away from the skull using clamps.  Under the microscope, scrape the muscle and periosteum away from the skull using blunt-tipped instruments.  We suggest that you use sterile cotton tipped applicators throughout the surgery to control bleeding.  Continue dissecting and achieving hemostasis until the skull surface is free of tissue and is dry.  Bleeding from the bones of the skull can be alleviated using bone wax or a cauter.

Craniotomy
1. Place an empty pipette into the mount of the stereotaxic device.  Move the pipette into position over bregma and record the coordinates.  Using predefined coordinates from an atlas, add or subtract the bregma coordinates and move the pipette to this position.  Mark this position with a sharp pencil.  Repeat this process for every injection site.  If your injection sites are close to bregma, then “create” a second bregma by moving the pipette to a different position and using this as a calibration point for your coordinates.

2. Perform a craniotomy using a Dremel drill (or equivalent burr drill) with round tip bit.  Ideally, you want to make the burr holes as small as possible, but they also need to be large enough so you can maneuver after you are finished drilling.  In the case of two injection sites that are less than about 5 mm apart, just drill one large burr hole.  Otherwise, drill two separate burr holes and treat them as separate operating sites.  If an injection site is less than 1 mm away from the sagittal suture, be very careful that you do not puncture the sagittal sinus.  

3. Throughout the process, you can use cotton swabs to remove any blood that has leaked into the hole.  Also, you should occasionally wipe the drill bit with a alcohol swab in order to remove any skull fragments.  Continue drilling until you reach the meninges.  At this point, you should expand the diameter of the burr hole so you have more maneuverability, and to create a buffer for the injection site in case you need to modify the coordinates slightly due to the presence of blood vessels.  

4. Ideally, the dura mater should still be intact (no cerebrospinal fluid should be leaking).  If so, excise the dura using microforceps and a #11 scalpel blade tip and retract until the brain surface is exposed.  Repeat this process for the other injection sites.  If there are multiple burr holes, you will now treat them as separate operating fields for the remainder of the procedure.  Therefore, place wet sterile cotton swabs into each of the other burr holes until you are ready to inject the tracers.

5. If at any point you inadvertently rupture blood vessels on the surface of the brain, a good way to control the bleeding is to wet cotton swabs with water and use this to apply pressure to the brain surface.   This will not completely stop the bleeding, but will decrease the severity.  If you have a bipolar cautery with microforceps, you can use this to cauterize any bleeding vessels. 

6. Depending on the drilling, some surgeries can become quite long.  If so, you will need to be ready to inject supplement doses of the anesthetic (5-10% initial dose).  However, you must be very conservative with the supplement doses to prevent any chance of overdosing the animal.

Tracer Injections
1. There are many ways to inject the tracer at this point.  For most cortical injections we recommend that you use pressure injections using a picospritzer (General Valve Corporation).  Some studies use Hamilton syringes for pressure injections, but we have found that picospritzer injections are more effective since the tracer is injected in “bursts” through a small pipette tip.  For injections in subcortical areas, or for injections that require small injection sizes, you can use ionophoresis via a pulsed constant current generator (Kation Scientific).

2. Use a thin gauge Hamilton syringe to load the tracer into a micropipette (be sure that the pipette tip is broken so air can escape when loading).  Note that you should use separate Hamilton syringes for each tracer conjugate.  It is important to load the tracer without introducing air bubbles.

a. In order to prevent air bubbles, load a minimum of 5 µL of tracer into the syringe.  

b. Place the syringe into the pipette until the point of the needle is at the bottom of the pipette.  

c. Slowly and evenly eject the tracer into the pipette from the syringe.  Some of the tracer will stick to the sides of the glass and move to other areas of the pipette.

d. Once loaded, remove the syringe from the back of the pipette.  Usually, this causes some tracer to appear at the top of the pipette.  If this happens, reinsert the syringe back into the pipette and remove any extra tracer.  

e. After loading, quickly rinse the syringe with ethanol and sterile water before the tracer residue dries.

3. Mount the pipette into the apparatus.  If doing ionophoretic injections, you should now place one of the leads into the pipette and ensure that it is immersed in the tracer.  Before injecting, you must determine the settings on the picospritzer.  With a picospritzer, the volume injected is dependent on the pipette tip, PSI of gas, and injection time.  We calculate these settings based on the visual size of a drop created by the settings.  To determine these settings, we do several test injections onto a piece of x-ray film so we can see how large the drops are.  Ideally, you should adjust the tip and picospritzer settings to create the smallest sized drop that will exit the pipette tip.  If the settings create too small of a drop, the liquid will not clear the pipette tip and will instead cling to the glass.  Usually, we use about 20 PSI with 10-15 ms injection duration and then adjust the pipette tip using microforceps until we see our desired drop size.  This means that the picospritzer uses a pressure of 20 PSI to inject for a 10-15 ms long “burst.”  We usually use about 10 bursts over the course of an injection.  Of course, if you want to inject into a small area, you should use a smaller pipette tip.

4. Position the pipette over bregma and recalibrate with your atlas coordinates.  Then, move the pipette to the injection site and ensure that it will not hit any major blood vessels when lowered into the brain.  If so, you will have to adjust your injection coordinates to avoid the vessels.

5. If you accidently hit the pipette, move the arm of the apparatus, or adjust the pipette tip diameter after calibrating, you must recalibrate the coordinates.  

6. When ready to inject, move the pipette into position until it is touching the brain surface and read the DV coordinate.  Slowly lower the pipette into the brain until you are at your desired depth.  Sometimes, the pipette tip does not easily pierce the surface due to the pia mater.  If this is the case, then carefully make a small incision over the injection site.

7. Begin injecting the tracer.  When injecting, always look at the pipette and ensure that the meniscus moves with each injection burst.  Sometimes, the pipette tip will clog with blood on its way down to the injection site.  If this happens, increase the duration of the picospritzer until the meniscus moves, and then change back to your original settings.  

8. The amount you inject will depend on your experiment and will take experience to optimize.  You should inject the smallest amount possible, but enough to see adequate labeling.  Normally, with the settings mentioned above, we use about 10 bursts for cortical injections.  You should wait about 10 seconds between each burst.  

9. If you are doing ionophoretic injections, you should use a continuous negative current (-0.5 µA)when moving the pipette to the desired depth to prevent any tracer leakage.  When ready to inject, use positive 4 µA pulses (on/off in 5 sec intervals) for 30-60 min.  When removing the pipette from the brain, switch back to a continuous negative current.

10. When finished injecting, slowing retract the pipette to prevent a labeling track from forming along the path of the pipette.  Once the pipette has been removed, quickly rinse the surface of the brain with sterile water.

11. Repeat for the other injection sites if applicable.

12. Once all injections are finished, thoroughly rinse the skull surface with sterile water and ensure that all pencil markings are removed.  Place sterile gel foam into each burr hole.  Suture the wound and apply antibiotic ointment.  Inject 5 mL of ringer’s lactate solution and place the animal in a warm recovery area.  

Post-operative Protocols
1. After a recovery of 7 days, perfuse the animal with a cardiovascular perfusion technique.  We found that it is easiest to insert an IV catheter into the left ventricle and then to move the catheter into the aorta through the aortic valve.

2. It is vital that you begin the perfusion while the heart is still beating in order to ensure that there is no clotting.  Any blood left in the brain will autofluoresce under the fluorescent microscope.

3. During the procedure, first perfuse with heparinized saline at physiological temperature.  Once the blood exiting the heart is clear, perfuse with 4% paraformaldehyde.

4. After the perfusion, remove the brain.

5. Cut the brain with your desired method.  We use a frozen sliding microtome system.  If using any sort of frozen cutting, place the extracted brain into a postfix solution of 30% sucrose in paraformaldehyde in order to cryoprotect the cells.

6. Mount sections on glass slides. When dry, coverslip using Fluoromount.

7. With fluorescent CTB conjugates, no additional histology steps are necessary; they may be viewed on a fluorescent microscope immediately after being mounted.  

Discussion
A successful experiment should show a discreet injection site and well defined labeled cells (see 1 for example).  There has been some debate in the scientific community about whether CTB is an anterograde or retrograde tracer 3, 4.  In our experience with this protocol, we have found that it is mostly a retrograde tracer.  However, we tend to see a small amount of anterograde labeling if there is observable tissue damage at the injection site.

Of note is that we have not had overwhelming success with ionophoretic injections, even though studies have reported success with ionophoretic injections 5, 6.  We believe that this may be due to the fact that fluorescent conjugates are less sensitive than brightfield conjugates.  All previous reports that used ionophoretic injections were using non-fluorescent conjugates of CTB. 

Fluorescent tract-tracing is a vital tool that allows for investigators to examine and compare multiple injection sites in the same animal.   Historically, CTB has been demonstrated to be a useful retrograde tracer with HRP conjugates.  Recently, CTB has been conjugated to the Alexa Fluor line of probes by Invitrogen, inc., which allows even more opportunities for multiple tracer experiments.  Furthermore, the Alexa Fluor dyes tend to be more photostable and more intense than other fluorescent dyes.
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