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Short Abstract:  This article describes a procedure for surgical preparation and eyeblink conditioning in adult rats.
Long Abstract:  Eyeblink conditioning is one of the most well-studied forms of mammalian learning and memory. Much is known about the behavioral properties of eyeblink conditioning.  Delay eyeblink conditioning, in which a tone or a light conditioned stimulus (CS) precedes, by about half a second, and overlaps with an eye blink eliciting unconditioned stimulus (US), requires a discrete brainstem-cerebellar circuit for acquisition and retention of eye blink conditioned responses (CRs) to the CS.  More complex forms of eyeblink conditioning, such as trace conditioning, additionally engage forebrain areas. This article describes a procedure for surgical preparation and eyeblink conditioning in adult rats.  Details are provided on fabrication of electrodes for recording eye blinks in the form of changes in eyelid muscle electromyographic (EMG) activity and for delivering electrical stimulation to the eyelid to elicit an eye blink, surgical implantation of electrodes, behavioral testing, and post-testing analysis of data.
Protocol Text:

1. Preparation of EMG electrodes

1.1) Cut a section of a ITT-Cannon Centi-loc strip connector so that there are 3 holes
1.2) Use a surgical blade to scrap off about 5-mm of teflon insulation from one end of two 3-cm pieces of 0.003” teflon-coated stainless wire (A-M Systems)

1.3) Solder the de-insulated end of each of these wires onto a separate male gold pin connector (Newark)
1.4) Solder a 3-cm piece of 0.008” bare stainless steel wire (A-M Systems) onto a male gold pin connector (Newark)

1.5) Push each gold pin through one of the holes in the cut ITT-Cannon strip connector so that the complete taper of the “male portion” of the gold pin is exposed.

1.6) Cement these in place on the side where the wire exits the strip connector with Fastray dental cement (Henry Schein) and let dry
2. Preparation of bipolar stimulation electrode

2.1) Separate about 3-mm of the two ends of a 2-cm bipolar electrode (Plastics One) so that the tips are about 2-mm apart

2.2) Use a scalpel blade to scrape off about 2-mm of the insulation off the ends.  Be careful not to scrape off insulation on the twisted portion of the bipolar electrode.
3. Preparation for surgery
3.1) The following surgical instruments are used and should be autoclaved before use: 

8” microspatula (Fisher)

14 cm probe/spatula (Fine Science Tools)

2 fine forceps (Fine Science Tools)

scalpel handle

4 vascular clamps

fine scissors

curved hemostats

package of cotton-tipped applicators (Fisher)


3.2) The following can be soaked in Nolvasan before use:



EMG connector



bipolar electrode



3 0-80 skull screws (Small Parts)

4. Surgery

4.1) Besides surgical tools, electrodes, and skull screws, the following items are needed for surgery:


electric clippers



small drill

1.35 mm drill bit
non-puncture 450 ear bars
small animal stereotaxic device

#10 sterile scalpel blade (Fisher)

2” x 2” gauze sponges (Fisher)

small Philips screwdriver

sterile Nitrile gloves (Fisher)

heating pad

2 18” x 20” versi-dry pads (Fisher)

small beaker of distilled water

Fastray Regular Set Kit (Henry Schein)

3% hydrogen peroxide (local drug store)
opthalmic ointment (Henry Schein)

povidone ointment (Fisher)

Betadine surgical scrub (Fisher)

Betadine solution (Fisher)

1” sterile 22G needle (Fisher)

1-ml syringe with 26G needle (Fisher) filled with 0.3 ml of 0.05 mg/ml buprenorphine

1-ml syringe with 26G needle (Fisher) filled with 1.0 ml of Lactated Ringer’s solution

1-ml syringe with 26G needle (Fisher) filled with 0.1 ml of 5.0 mg/ml bupivacaine

4.2) Place the heating pad on the stereotax where the rat will lay and turn it on to its lowest setting.  Cover the heating pad with one of the versi-dry pads.  Cover the rest of the surgical table with the second versi-dry pad and lay out all instruments and tools.

4.3) Weigh rat and fill out a surgical sheet with surgeon’s name, the date, the rat number, and the rat’s age in days.  There should also be an area for documenting post-surgical analgesia and monitoring recovery (daily weight, activity, general food and water intake, presence of feces).
4.4) For anesthesia we use 3% isoflurane in oxygen set to a flow rate of 2 liters/minute at 50 psi.  A mixture of ketamine and xylazine, along with pre-treatment with atropine, can be used instead.

4.5) Once the rat is anesthetized, shave the top of the head with the electric clippers.

4.6) Place the rat in the ear bars and the bite bar of the stereotax.  Make sure the head is secure and stable, as putting in skull screws will put some pressure on it.  Precise leveling the head is not necessary for this surgery but it will help if the head is roughly level.

4.7) Apply opthalmic ointment to the eyes, to keep them moist.

4.8) Clean the shaved scalp by putting wiping with Betadine scrub applied to a gauze pad followed by 95% alcohol applied to a gauze pad.  Repeat this sequence twice more and then do a final wipe with Betadine solution applied to a gauze pad.
4.9) Using a #10 scalpel blade in a scalpel handle, make a single, midline longitudinal scalp incision beginning from between the eyes and ending between the ears.

4.10) Using the 14 cm probe/spatula, scrape away tissue from the scalp until the top of the skull is completely exposed and clear.  There will be a limit to how far you can scrape tissue away laterally.

4.11) Use the 4 vascular clamps to hold the skin away from the skull.  Clip each vascular clip to the skin (two on the left side of the rat, two on the right) and allow it to dangle on the side of the rat’s head.

4.12) Clean blood from the skull with sterile cotton-tipped applicators.

4.13) Apply hydrogen peroxide to a cotton-tipped applicator and swab the skull.  Clean off with a dry cotton-tipped applicator.  This will help to dry the skull, which is imperative from a strong headcap.

4.14) Drill 3 holes in the skull for the 3 skull screws.  Make sure to place each hole in a different skull plate (i.e., separated by a skull suture), keeping away from the back left side of the head (which is where the bipolar electrode will terminate).  If the screws are too close together, the headcap will not be strong and is likely to be lost during conditioning.

4.15) Using forceps to hold a screw in place over a hole, screw in the 0-80 skull screws using the small Philips screwdriver.  The screws should only be put into the skull up to half of their length because much further will start to penetrate the dura mater.

4.16) Once all 3 skull screws are in, apply a second wash of hydrogen peroxide to the skull with a cotton-tipped applicator and wipe away with a dry applicator.

4.17) Take the ITT-Cannon connector out of the Nolvasan, rinse in the beaker of distilled water, and wrap the uninsulated .008” ground wire in a figure-8 around 2 of the 3 skull screws.  Make sure the make a record of which of the 3 gold pins of the connector corresponds to the ground wire.
4.18) Push a 1” long 22G needle through the upper left eyelid (where the palpebral part of the orbicularis oculi muscle meets the orbital part of the orbicularis oculi muscle) slightly forward of the center-top of the eyelid.  Feed one of the .003” teflon-coated wires into the needle and gently pull the needle back out of the eyelid.  The wire should now be through the eyelid.  Repeat this for the second wire, which should be positioned in the eyelid about 2-3 mm caudal to the first wire.
4.19) Using a pair of forceps, pull the skin away from the head in the caudal portion of the rat’s head.  Take the fine scissors and insert them, curved side towards and against the skull, into the skin and slowly move them towards the rear of the left eye.  You should be able to see the tip of the scissors under the skin and just dorsocaudal to the left eye.

4.20) Take the bipolar electrode out of the Nolvasan, and rinse in the beaker of distilled water.  Using the forceps again, pull the skin of the left side of the rat’s head away from the head so that the hole you just made is visible.  Slowly insert the bipolar into the hole by holding the white pedastal and inserting the tips.  Keep moving the electrode tips under the skin towards the left eye.  You should be able to see the tips of the electrode under the skin just dorsocaudal to the left eye.  Then, twist the upper portion of the bipolar electrode so that it is curved against the skull and the white pedestal is towards the center-back of the skull and vertically oriented.  This is how you’ll want it to look once it’s cemented into place.

4.21) Mix up a small amount of the Fastray dental cement.  We’ve found that a small metal cat water dish works nicely, as the dried cement can be easily popped off.  You’ll want it to be moderately “soupy” on this first mix so that you can cover the skull.  Use a flat spatula to cover the skull with a thin layer of cement.  Make sure you keep cement off the upper half of the white pedastal of the bipolar electrode and off of the 3 gold pins of the strip connector.  As the cement starts to dry, use the spatula to smooth any rough edges that might be in contact with skin.  Continue this process until you’ve cemented the bipolar electrode and the strip connector in place.  You’ll have to keep adjusting the position of the bipolar electrode so that the white pedastal is oriented vertically when the cement dries.  The cement should cover no more than the lower half of the white pedastal, since you’ll need to connect the upper half during training.
4.22) Once the dental cement is completely dry, finish positioning the eyelid wires.  Gently pull one of the eyelid wires taut with a pair of fine forceps and very gently scrape the portion of the wire in contact with the eyelid muscle with a #10 scalpel blade in a scalpel handle by pushing back against the eyelid with the flat side of the scalpel blade to make sure some of the exposed wire will be in the orbicularis oculi muscle.  Two scrapes will do it;  any more and you risk damaging the wire.  Now, while still holding the wire taut with one pair of fine forceps, use a second pair to gently pull off the teflon insulation where you scraped.  You should be able to see it peel off.  If you have trouble, give one more scrape with the scalpel and try again.  Cut the wire so that there is about 1-cm of wire sticking out of the eyelid.  Grab the end of the wire with the fine forceps and curl in around the tip of the forceps until it is flush against the eyelid.  Repeat this entire procedure with the second eyelid wire.
4.23) Apply povidone ointment around the headstage.

4.24) Make three approximately 0.03 ml injections of bupivacaine (for local anesthesia) into the incised skin around the headstage

4.25) Inject 0.3-ml (0.05 mg/kg) of buprenorphine (for analgesia) subcutaneously.

4.26) Inject 1.0-m of Lactated Ringer’s solution (for hydration) subcutaneously.

4.27) Place the rat in it’s home cage under a heat lamp.  Once the rat is conscious and able to stand on its own, return it to the colony.

4.28) Rats should be given approximately 7 days to recover.  Give two 0.3-ml injections of buprenorphine 8 hours apart, the day after surgery.  Monitor the rat’s recovery (daily weight, activity, general food and water intake, presence of feces).  It is normal for the rat to lose 10-15% of its body weigh up to about 3 days after surgery.  Animals should return to pre-surgical weight by the 4th day after surgery.

5. Conditioning

5.1) A tether/commutator system is essential for rodent eyeblink conditioning, since rodents don’t easily tolerate restraint without significant training.  The commutator spins as the rat moves and maintains electrical contact with peripheral equipment.  We have the commutator mounted above a Med Associates operant testing chamber.  A hole is cut in the ceiling of the chamber and the tether comes through the hole.  This keeps the commutator mechanism away from the rat.  It is helpful to have a modular tether/commutator system where you can disconnect the tether from the commutator.  Tethers eventually wear out with use but are easy to rebuild. Make the bipolar cable slightly shorter than the EMG connector, this helps keep both connected to the rat during conditioning since the bipolar cable connector screws into place and rarely comes unplugged. Hold the rat firmly in one hand and use the other hand to first plug in the bipolar cable, and then plug in the EMG cable. The use of a protective for the restraining hand is recommended.  Be sure that the EMG cable connector is oriented correctly, in terms of which pin on the rat’s head corresponds to ground.
5.2) CED Power 1401 and Spike2 software is used to control stimulus delivery and to record responses.  Stimulus delivery is initiated by the Power 1401 and routed through a custom-built relay box.  The amplified EMG signal is routed to a computer running Spike2 and is rectified and smoothed by Spike2.  The rectified and smoothed EMG signal is used for analysis.  It is useful to monitor the raw amplified EMG on an oscilloscope during conditioning.  If the rat comes unplugged from a tether, pause conditioning and reconnect.  This event is easy to spot in the raw EMG, as you will not long see muscle “spikes”.  For delivery of the unconditioned stimulus, we use battery-powered, bipolar stimulators from WPI.  Stimulators that plug into the wall can sometimes generate electrical interference in the EMG signal.  We typically watch the rat’s eyeblink to the stimulation on the first few trials of conditioning.  If the bipolar electrode is not placed close enough to the eye during surgery, the rat will not blink to the US and will not condition properly.
5.3) A custom script written in the Spike2 programming language is used to convert the Spike2 files to an Excel-compatible format.  When the converted file is opened in Excel, each trial of conditioning is assigned a row, and each column of that row represents EMG activity during a small time bin.  For example, we divide our trials into 0.5 ms bins, so column 1 would represent EMG activity in the first 0.5 ms of a trial, column 2 would represent EMG activity in the next 0.5 ms of a trial, and so on.  A custom written Matlab program analyzes the files for eyeblink conditioned responses.  The time window to analyze for CRs  (e.g., between CS onset and US onset) and how a CR is defined (e.g., an increase in EMG activity of 0.5 above a baseline established before CS onset) is input manually.
Representative Results:  If the protocol is followed carefully, the unconditioned stimulus should elicit a clear eye blink and the eyelid EMG should remain stable for many weeks.  We have conditioned rats for up to month after surgery with no problems.  See Figures 4 and 6 from Thanellou, Schachinger, and Green (2009) for examples of good EMG signals.
Discussion: Critical steps in the surgical preparation include placement of the skull screws, having a dry skull for anchoring the head cap, placement of the eye wires, and placement of the bipolar electrode.  The procedure could be adapted for eyeblink conditioning in weanling rats or mice by using skull anchors other than screws and by using smaller connectors.  There are other options for a stimulus delivery system, including a Med Associates system.
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Table of Specific Supplies:

Name of supply





Company


Catalog number

Probe/spatula, 14 cm 





Fine Science Tools

10090-13
Forceps, fine 






Fine Science Tools

11223-20
Forceps, hemostatic curved, 10 cm



Fine Science Tools

13003-10
Scapel handle, #3





Fine Science Tools

10003-12
Clamps, bulldog





Fine Science Tools

18050-35
Scissors, extra fine Bonn curved, 8.5 cm


Fine Science Tools

14085-08
Micro-drill, rechargeable with cord



Fine Science Tools

18000-17
Drill bits, dental (pack of 6), 1.35 mm dia.


Stoelting


514555
Lab standard stereotaxic with 45o ear bars


Stoelting


51650
Screws, 0-80 x 1/8", MS SS Phillips pan (bag of 100)
Small Parts


MPX-0080-02P-C
Fastray Regular Set Kit White 1lb/Ea



Henry Schein


2500227
Ophthalmic ointment, 3.5g tube



Henry Schein


1023286
Bipolar electrode, 2 cm below pedestal, twisted

Plastics One


MS303/2-B

Bipolar electrode cable, 80 cm w/spring


Plastics One


305-000

Centi-loc strip connectors, 0.100" contact center spacing
Onlinecomponents

144-9615-060
Male gold pin connectors (package of 100)


Newark Electronics

39F1400

Female gold pin connectors (package of 100)

Allied Electronics

719-5805

Wire, .003" teflon-coated stainless steel (100')

A-M Systems


791100

Wire, .008" bare stainless steel (100')


A-M Systems


792900
Modular operant test chamber w/modified top

Med Associates

ENV-007CT

Stainless steel grid floor




Med Associates

ENV-005

Filler panel package





Med Associates

ENV-007-FP

Blades, #10 sterile (case of 150)



Fisher



08-9158
Microspatula, 8” (pack of 12)




Fisher



21-401-10
Cotton-tipped applicators, non-sterile, 6” (case of 1000)
Fisher



NC9475927
Gauze sponges, 2” x 2”, non-sterile (pack of 200) 

Fisher



22-362-178
Gloves, nitrile, medium (pack of 100)



Fisher



19-149-863B
Versi-dry pads, 18” x 20” (case of 350)


Fisher



14-206-38

Betadine surgical scrub




Fisher



19-027132
Betadine solution





Fisher



NC9377061
Needle, 1” sterile 22G (pack of 100)



Fisher



14-826B
Syringe, 1-ml with 26G needle (pack of 100) 

Fisher



14-829-10F
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