
Submission ID #:  50956

Editor Name:  Linda DiBella
Videographer name:

Film Date: 

Authors and Affiliations: 
AnneMarie Levy
Department of Psychology, 
University of Guelph
Guelph, Canada
alevy01@uoguelph.ca

Cheryl L. Limebeer, PhD
Department of Psychology, 
University of Guelph
Guelph, Canada
limebeer@uoguelph.ca

Justin Ferdinand 
Department of Psychology, 
University of Guelph
Guelph, Canada
jferdina@uoguelph.ca

Ucal Shillingford
Department of Psychology, 
University of Guelph
Guelph, Canada
ushillin@uoguelph.ca

Linda A. Parker, PhD
Department of Psychology, 
University of Guelph
Guelph, Canada
parkerl@uoguelph.ca

Francesco Leri, PhD
Department of Psychology
University of Guelph
Guelph, Canada
fleri@uoguelph.ca
Tel: 1 (519) 824-4120, Ext 58264
Fax: 1 (519) 837-8629

Corresponding Author: Francesco Leri, PhD
Title: A Novel Procedure for Evaluating the Reinforcing Properties of Tastants in Laboratory Rats: Operant Intraoral Self-administration
Authors, please fill out the brief questionnaire below.   
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)?  NO
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? NO
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps. Steps: 3.5, 3.7, 3.11, 4.7, 4.13
D.  What is the single most difficult aspect of this procedure?  Performing the surgeries (steps 3.5, 3.7, and 3.11). 

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:
Introduction

The overall goal of this procedure is to apply principles of operant intravenous (IV) drug self-administration to the investigation of operant self-administration of sweet solutions delivered by intraoral (IO) infusion.

This is accomplished by first by surgically implanting rats with an IO cannula and a head cap (P1).
The second step of the procedure is to select the sugar of interest and prepare appropriate concentrations of the solution for self-administration in operant chambers (P2).
The third step of the procedure is to place rats in the operant chambers, attach their IO cannulas to the appropriate tubing, and allow the animals to self-administer IO infusions of the sweet solution using different concentrations and different schedules of reinforcement (P3).
The final step of the procedure is to remove the rats from the operant chambers and flush their cannulas with water in preparation for the following self-administration session (P4).

Ultimately results can be obtained that show that rats will acquire and maintain self-administration of sweet solutions and that their behaviour is sensitive to changes in the concentration of the solution and the schedule of reinforcement employed through IO self-administration (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.   
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.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Author name Francesco Leri: The main advantage of this technique over existing methods, like drinking a solution from a spout or operant responding for solid pellets is that this method allows testing of any concentration and any volume of any water-soluble food additive. More importantly, we can deliver passive IO infusions of controlled quantities of these solutions without any action required on the part of the animal. This makes it possible to measure orofacial responses of “liking” using taste reactivity tests, and in studies of relapse, passive IO infusions can be used to study priming-induced reinstatement, as well as potential cross reinstatement between sweet solutions and drugs of abuse. 
1.2) Author name AnneMarie Levy: This method can help answer key questions in the food addiction and obesity fields, such as identifying the neural substrates responsible for the acquisition, maintenance, and relapse to compulsive sweet seeking as well as the development of diet induced obesity. In addition, it will be possible to study genetic and epigenetic factors involved in the development of compulsive food seeking. 

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.     

2. Surgical Materials Preparation
2.1. TEXT on White Background: All experiments are approved by the Animal Care Committee of the University of Guelph, and are carried out in accordance with the recommendations of the Canadian Council on Animal Care.
2.1.1. TEXT of the above statement

2.2. To construct the IO cannula, cut a piece of polyethylene plastic tubing ~130 mm in length.
2.2.1. WIDE Talent at bench picks up tubing and scissors/razor

2.2.2. CU Talent cuts piece of tubing ~130 mm in length - have ruler visible to show length

2.3. To create a flanged end for securing in the oral cavity, use a soldering iron to heat the end of the tube for 2-5 seconds and then immediately flatten the heated edge of the tube against a flat surface.

2.3.1. CU Talent picks up iron and stands on bench

2.3.2. CU Talent heats end of tube for 2-5 seconds

2.3.3. CU/ECU Talent flattens tube against flat surface

2.4. Cut a surgical mesh disc ~6-7 mm in diameter and thread it onto the length of the tube until it rests against the back of the flanged end of the cannula.

2.4.1. CU Talent finishes cutting surgical mesh disc

2.4.2. CU Talent threads disc onto tube against back of the flanged end of cannula

2.5. For each IO cannula, cut one additional surgical mesh disc ~8mm in diameter and three 6 x 6mm squares of an elastic band.  For at least 24 hours prior to surgery, sterilize the IO cannula, surgical mesh discs, and elastic squares in an antibacterial solution.

2.5.1. LAB MEDIA Figure 1 (authors are submitting a better quality image)

2.5.2. CU Talent places the cannula, mesh discs, and squares in antibacterial solution

3. Analgesia, Anesthesia, and Surgery

3.1. Approximately 30 minutes prior to surgery, administer a subcutaneous injection of the antibiotic Depocillin and the analgesic Meloxicam (TEXT: Depocilin, 0.33 mg/kg; Meloxicam, 5 mg/kg).

3.1.1. MED/CU Talent disinfects injection site then injects antibiotic and analgesic

3.2. After using isoflurane to induce general anesthesia according to the text protocol, and verifying sedation with a toe pinch, use a cotton-tipped swab to administer a topical anesthetic along the inner left cheek where the cannula will be implanted.  

3.2.1. MED/CU Talent places sedated rat on clean surgical area

3.2.2. CU Talent performs toe pinch

3.2.3. CU Talent administers topical anesthetic along inner left cheek 
3.4A
Next, shave a 10x10 mm patch of hair at the base of the neck.  

3.4.1
CU Talent finishes shaving base of neck

3.9
After shaving a 10 x 20 mm strip of hair along the midline of the head, use sterile gauze to swab and cleanse the shaved area as shown earlier for the cheek.

3.9.1
CU Talent uses sterile gauze to clean strip of shaved head
3.3. Then, inject a local anaesthetic such as lidocaine HCl at the incision site for the biopsy needle (base of neck) and the head cap (scalp).  Apply lubricating eye ointment to both eyes.  

3.3.1. CU Talent injects anaesthetic at base of neck

3.3.2. CU Talent injects anaesthetic on scalp

3.3.3. CU Talent applies lubricating ointment to both eyes

3.4. Use sterile gauze to swab and cleanse the area with antibacterial soap, followed by 70% alcohol, and finally Betadine.
3.4.1. [moved] CU Talent finishes shaving base of neck
3.4.2. CU Talent swabs area with antibacterial soap, 70% alcohol, and Betadine

3.5. Then insert a 15-gauge stainless steel needle at the base of the neck and move it subcutaneously around the ear to the left cheek.  Position the needle tip and pass it through the cheek behind the first molar inside the oral cavity.  

3.5.1. CU Talent inserts 15-gauge needle at base of neck and moves around the ear to left cheek - then positions needle tip to pass it through the cheek behind first molar inside oral cavity

3.6. Pass the IO cannula through the tip of the protruding needle and then remove the needle leaving only the cannula.

3.6.1. [accidentally slated 3.7.1] CU/ECU Talent passes IO cannula through the tip of the protruding needle and removes the needle, leaving only the cannula

3.7. Thread one surgical mesh disc followed by three square elastic discs onto the exterior portion of the cannula and slide them to the exposed skin at the back of the neck to stabilize it.  Then use antibacterial oral rinse to flush the IO cannula.

3.7.1. CU Talent threads surgical mesh disc and three square elastic discs onto the cannula and slides them to the skin at the back of the neck to stabilize it

3.7.2. CU Talent flushes cannula

3.8. Prior to surgery on the top of the head, modify a nylon bolt by removing its head and then carve a 2 mm groove along the length of the thread.

3.8.1. LAB MEDIA Figure 2 (authors will provide an updated Figure 2)

3.9. [moved] After shaving a 10 x 20 mm strip of hair along the midline of the head, use sterile gauze to swab and cleanse the shaved area as shown earlier for the cheek.

3.9.1. CU Talent uses sterile gauze to clean strip of shaved head 

3.10. With a surgical scalpel, make a 20 mm-long incision along the sagittal suture.  Then use a hand drill to make 4 holes, 2 on each side of the suture.

3.10.1. CU/ECU Talent make incision along sagittal suture

3.10.2. CU Talent drills two holes on either side of suture

3.11. Finally, use jeweler’s screws and dental cement to mount the bolt to the skull.

3.11.1. CU/ECU Talent uses jeweler’s screws and dental cement to mount the bolt to the skull
3.12. After surgery, house the rat in an individual cage and monitor for 24 hours. Refer to the text protocol for additional care and cleaning of the IO cannula.

3.12.1. MED/CU Rat moving around in cage
4. IO Self-administration
4.1. For experiments conducted in the operant chamber described in the text protocol, using reverse osmosis water, make 8%, 25%, and 50% dilutions of 55% high fructose corn syrup, or HFCS (TEXT: refer to text protocol for details).

4.1.1. MED/CU Talent pours 50% HFCS into labeled bottle that is sitting on bench next to 8% and 25% 
4.2. After weighing the rat and transferring it in its home cage to the testing room, remove food or bedding that can accumulate in the IO cannula, by using a 12 ml syringe fixed with a 16-gauge needle and 50 mm of polyethylene tubing to pump air through the cannula. 

4.2.1. MED/CU Talent removes the rat from its cage in the testing room

4.2.2. CU Talent uses syringe and needle with tubing to pump air through the cannula

4.3. In the operant chamber, use a 20-gauge needle as a shaft to connect the IO cannula to Tygon tubing.  Affix the lower portion of the tubing within the groove of the belt and connect the upper portion to a swivel protected by a swing.  Then connect the base of the spring to the thread of the bolt mounted on the head of the rat.

4.3.1. MED/CU Talent uses 20 gauge needle to connect IO cannula to Tygon tubing

4.3.2. CU Talent affixes lower portion of tubing within grove of belt and connects upper portion to a swivel

4.3.3. CU Talent connects base of spring to bolt mounted on head of rat

4.4. Allow the rat to acclimate in the chamber for five minutes and then begin the self-administration session by activating the house light, introducing the two retractable levers, and illuminating the light stimulus above the active lever for 30 seconds.

4.4.1. MED Talent places rat in chamber and it begins to move around

4.4.2. MED/CU House light comes on and retractable levers are introduced (also filmed with Go PRO camera)
4.4.3. CU Light stimulus above active lever comes on (also filmed with Go PRO camera)
4.5. For the progressive ratio, or PR Test I and all subsequent PR tests, use the PR schedule described by Richardson and Roberts where the response ratio escalation is equal to 5 times ‘e’ raised to the injection number x 0.2 minus 5 (TEXT: response ratio escalation = (5e(injection number x 0.2) - 5)).  

4.5.1. TEXT on WHITE BACKGROUND - Editor, use the TEXT shown above

4.6. For acquisition sessions one through 10, use a continuous schedule of reinforcement whereby each press on the active lever results in the delivery of an 80 (L infusion of the test solution over 2.5 seconds.

4.6.1. MED/CU Rat approaches active lever and presses and gets delivery of infusion of test solution (also filmed with Go PRO camera)
4.7. To allow sufficient time for ingestion, impose a time-out period of 27.5 seconds during which the active lever is retracted and the stimulus light is activated.  Do not impose a limit on the number of infusions available within each IO self-administration session.

4.7.1. CU Active lever is retracted with stimulus light still activated (also filmed with Go PRO camera)
4.7.2. MED/CU Rat press active lever and receives an infusion (also filmed with Go PRO camera)
4.8. If the rat does not respond to the active lever for 20 consecutive minutes, prime the rat by facilitating it to press once on the active lever (TEXT: up to 5 times/session on 1st 3 d).
4.8.1. MED/CU Talent facilitates the rat to press once on active lever

4.9. Following self-administration sessions, remove the rat from the operant chamber, use 2 ml of water to flush the IO cannula, and return the rat to its home cage in the colony room.  Follow the feeding schedule found in the text protocol.

4.9.1. MED Talent removes rat from operant chamber

4.9.2. CU Talent uses water to flush cannula

4.9.3. WIDE Talent places rat in cage on colony room and gives food

5. Representative Results-(second to last section) 
5.1. This figure shows operant responding on the active and inactive levers during self-administration of 8, 25, or 50% HFCS for 10 consecutive sessions. Rats acquire IO self-administration of HFCS within the first three sessions and maintain stable active lever responding for the remainder of acquisition. Concentration-dependent differences in active lever responses are also evident. For example, compared to 25% HFCS, responding is significantly lower in rats self-administering 50% HFCS. The rats maintain an intermediate level of operant responding when given 8% HFCS and demonstrate greater individual variability of intake. 

5.1.1. LAB MEDIA Figure 3

5.2. Active lever responses and breakpoint, which is defined as the last infusion received due to a lack of responding on the active lever for at least one hour, are presented in these graphs, respectively.  In PR Test I, there is a modest frequency of response for all concentrations of HFCS.  However, group differences emerge in Test II, where higher concentrations elicit more responses and higher breakpoints.

5.2.1. LAB MEDIA Figures 4 and 5, Editor, show both figures side-by-side, for PR test I, point out the white bars on both graphs and for PR test II, point out the black bars on both graphs
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/index/Details.stp?ID=1597
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.
6.1 Author name AnneMarie Levy: While attempting this procedure, it’s important to frequently observe the animals for leaks by checking for fluid build-up on the head cap during the 3 hour IO self-administration session. It is also important to note that, attrition in these experiments should be minimal as the cannulation surgery can be performed a second time to replace an IO cannula if the animal pulls it out and or chews it off between self-administration sessions.

6.2 Author name Francesco Leri: After watching this video, you should have a good understanding of how to modify surgical procedures and operant chambers to perform intraoral self-administration experiments in laboratory rats.

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 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.

3.5 – Figure 1.tiff   - color image of IO cannula and mesh discs and elastics

3.8 – Figure 2.tiff   - color image of bolt with groove 

(Dear Linda – would it be possible for us to submit higher quality TIFF files for Figures 1 and 2?)
5.1 – Figure 3.tiff  - black and white graph: acquisition of IO self-administration

5.2 – Figure 4.tiff  - black and white graph: PR results prior to self-administration

5.2 – Figure 5.tiff  - black and white graph: PR results following IO self-administration
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.

( 2010, Journal of Visualized Experiments


