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A. Will you require JoVE to record video microscopy, such as filming a complex

dissection or microinjection technique? No
B. Does your protocol include detailed, step-by-step, descriptions of software usage? Yes.  Control of the operant and the DBS system requires a screenshot of the software graphical user interface. 

C. Which steps of your protocol will viewers benefit most from having filmed? 2.1, 2.2, 2.3, 2.12, 2,13, 2.14, 2.15,

original: 6.5, 6.6.3, 7.4.
D. What is the single most difficult aspect of this procedure and what do you do to

ensure success?
2.1-2.3, 2.12-2.15: The loading and unloading of rodents in/out of the operant box, are the most challenging portions of this technique.  Success can be achieved by keeping a gentle but firm grip on the rodent's body and quickly and calmly hooking the IV tubing to the rodent's back.
E. Will the filming need to take place in multiple locations? No.  All filming will take place in one building on multiple floors.  
1. Introduction (Experimental Goal and Author Interviews)
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to evaluate the effects of deep brain stimulation that is temporally and spatially separate from the drug-use environment of intravenous methamphetamine, in rodents. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jessica Wilden: This method can help answer key questions in addiction psychiatry, such as, “Can electrical therapy delivered to discrete brain regions decrease drug abuse, and under what circumstances is this therapy most effective?” 
1.2. Jessica Wilden: The main advantage of this technique is that electrical therapy is administered at a different time and in a different setting that the drug-use environment, which closely approximates what will be possible in humans. 
1.3. Jessica Wilden: Demonstrating the procedure will be Dr. Vinita Batra, a post-doctoral fellow from my laboratory and Mr. Glenn Guerin, our head laboratory technician. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Louisiana State University in Shreveport.

Protocol (read by voice talent at JoVE):
2. Intravenous (IV) Methamphetamine Self-Administration
2.1. Preparations for this experiment are outlined in the text protocol. [2.1.1-WID] To begin, load the rats into the operant chambers [2.1.2-MED] as quickly and calmly as possible to minimize behavioral artifacts. [2.1.3-CU] Flush the rat's catheter with 0.1 ml of 0.9% saline solution [2.13.1-MED] to ensure patency of the line prior to beginning the experiment.
2.1.1. establish the setting, talent can arrive to bench where operant chambers are set up with rats to load into themselves

2.1.2. (New step added) flushing catheter with pipette-load

2.1.3. placing one rat into a chamber 

2.1.4. rat exploring the chamber, show chamber details 
2.2. Next, attach a stainless steel spring leash to the guide cannula on the rodent’s back. [CU]

2.2.1. Film as written

2.3. Connect the other end of the cannula to a leak-proof fluid swivel above the operant chamber. [CU] 

2.3.1. Film as written

2.4. In order for the rats to rapidly learn the self-administration task, [2.4.1-WID] run the sessions for six hours per day over four to five consecutive days, and always around the same time of day. [2.4.2-MED]

2.4.1. (Two steps 2.4.1 and 2.4.2 combined) Loading rats into other chambers and performing cannula hook ups on other rats 

2.5. For each active lever press, provide one infusion of methamphetamine [2.5.1-MED] followed by a 30 second time-out where the lever supplies nothing.  [2.5.2-CU]

2.5.1. Programming the IV infusion parameters into control devise

2.5.2. rat in box, performing a lever press (We did several video shoots of different rats but the footage that was done in the dark shows focused lever-pressing the best because the rat is not distracted by the ambient light)
2.6. By the end of the first week, the rodents will be adept at administering themselves methamphetamine. [LM]

2.6.1. Fig 3

2.7. During the second week of training, run the rats on daily two-hour sessions [2.7.1-WID] Monday through Friday to maintain and refine their IV methamphetamine self-administration.  [2.7.2-MED]

2.7.1. setting rats into chambers (May reuse footage of 2.4.1-2.4.2)
2.7.2. attaching to cannula to rats in chambers (May reuse footage of 2.4.1-2.4.2)
2.8. Continue conducting the sessions on a fixed ratio with 30 second timeouts. [MED/TEXT]

2.8.1. talent adjusting or checking the programmed control of the operant chambers, TEXT: FR-1

2.9. Stable, intense responding is reached when the total number of methamphetamine presentations across each three consecutive sessions varies by less than 10%. [LM]

2.9.1. Fig 4

2.10. Another indicator of stable, intense responding occurs when the cumulative number of infusions across the first 30 minutes is greater than the cumulative number of infusions during the second 30 minutes. [LM]

2.10.1. Fig 5

2.11. When the rats develop this drug-loading pattern, [2.11.1-CU] it indicates addictive behavior and not simply casual use. [2.11.2-ECU]

2.11.1. (Combine steps 2.11.1 and 2.11.2) addicted rat in cage, using levers and addicted rat pressing levers in detail (The best footage of a rat that is “high on methamphetamine” is from 2.11.1 Take 1 or Take 3; this rat shows stigmatized behavior of increased locomotor activity and easy distractibility). 

2.12. At the end of each session, prepare a syringe to flush the catheter and disconnect the leash from the rodent’s back.  [CU]


2.13.1 [moved] load 0.1 ml of solution into pipette, label of stock bottle should indicate streptokinase in saline

2.12.1. film as written

2.13. Flush the rat's catheter with 0.1 ml of 0.9% saline solution [2.13.1-MED] containing 800 IU streptokinase to prevent blood clots. [2.13.2-CU]

2.13.1. [moved] loading 0.1 ml of solution into pipette, label of stock bottle should indicate streptokinase in saline

2.13.2. flushing catheter with pipette-load

2.14. Following the flush, insert a sheath onto each guide cannula to prevent clogging. [CU]

2.14.1. film as written

2.15. Then, return the rat to its home cage - not sooner. [MED]

2.15.1. film as written

2.16. See the text protocol on testing the patency of the catheters [2.16.1-MED] and how to address common problems with this experiment. [2.16.2-MED]

2.16.1. removing catheter from next rat (Use 2.12 footage)
2.16.2. flushing and sheathing catheter (Use 2.13-2.14 footage)
3. Brain Stimulation Apparatus and Stimulation Programming
3.1. Prepare ten to twelve Plexiglas boxes for this experiment.  [WID]

3.1.1. (Split shot) a. picking up box to be covered and b. setting up box to be covered on an available counter space

3.2. On each box, cover the outside of three walls with stiff opaque paper to prevent the rats from seeing each other.  [MED]

3.2.1. cutting pieces of paper and attaching to side walls of box

3.3. However, leave the front wall clear to view the animals during the stimulation sessions. [CU]

3.3.1. finishes securing paper to side and back walls, viewing cage from clear front wall

3.4. Next, partially cover the tops of the boxes with a hard panel [3.4.1-MED] to prevent the rats from escaping, but still allowing airflow.  [3.4.2-CU]

3.4.1. (Combine shots 3.4.1 and 3.4.2) attaching top panel to one group of boxes and attaching top panel to next group of boxes, show air holes
3.5. On the top panel, support the commutators for the electrical connection [3.5.1-MED] between the rodent head cap and the stimulation system. [3.5.2-CU]

3.5.1. (Combine shots 3.5.1 and 3.5.2) attaching a communicator to top lid of box and completing communicator attachment

3.6. Use a stimulation system that can deliver constant current to multiple simultaneous animals for the DBS experiments. [MED]

3.6.1. Pan over programmable digital signal processor/communications interface, a stimulator, a stimulator battery pack, a channel splitter box

3.7.  It should include a programmable interface. [MED]

3.7.1. programmable interface being accessed

3.8. With custom-length cables, connect the stimulator’s channel ports [3.8.1-CU] to the superior electronic pedestal of each commutator. [3.8.2-CU]

3.8.1. attaching cable to stimulator channel port

3.8.2. attaching other end of cable to the superior electronic pedestal of commutator

3.9. Then, connect the inferior electronic pedestal of the commutator [3.9.1-CU] to the implanted electrode pedestal on the rodent’s head cap [3.9.2-CU] using 16 inch cables encased in a stainless steel spring.  [3.9.3-MED]

3.9.1. attaching 16” cable encased in a stainless steel spring to communicator, or showing attachment point

3.9.2. (Combine shots 3.9.2 and 3.9.3) attaching 16” cable encased in a stainless steel spring to head cap and set up cable connection showing both ends of cable

3.10. The cables should allow free movement for the rat to every area of the enclosure [3.10.1-CU] without creating significant tension on the head cap. [3.10.2-ECU]

3.10.1. rat, attached to head cap device, moving all around cage – rat will need get into corners

3.10.2. detail of head cap on rat as it moves around cage

3.11. A cable that reaches to where the rat's head could go when it is on four feet is usually long enough. [CU]

3.11.1. cage without rat, talent extends the cable to about as far it would ever be stretched by the rat

3.12. To program the system, use a visual programming language to specify which functions each device will perform to meet the experimental endpoints and which data will be stored and/or projected for viewing in real-time.  [3.12.1-LM] [3.12.2-LM]

3.12.1. To be provided by authors: Screen capture of the above programming  (Screen capture uploaded as a mp4 file labeled 3.12.1)
3.12.2. Figure 1 – still of screen, to be replaced with the screen capture video

3.13. Specify the desired frequency, pulse width, and amplitude into the visual control panel prior to the start of the experiment. Typical parameters for high frequency stimulation in rats are similar to those used in clinical human deep brain stimulation: a frequency of 130 to 180 Hz, a pulse width of 60 to 90 milliseconds, and a current amplitude of 100 to 250 microAmps.  [3.13.1-LM] [3.13.2-LM]

3.13.1. To be provided by authors: Screen capture of the above programming (Screen capture uploaded as a mp4 file labeled 3.13.1)
3.13.2. Figure 2 – still of screen, to be replaced with the screen capture video
4. Deep Brain Stimulation Experiment
4.1. For the brain stimulation experiment, when loading the rats into the boxes [4.1.1-WID] attach the stainless steel spring cable from the commutator [4.1.2-CU] to each electrode pedestal on the head cap. [4.1.2-CU]

4.1.1. removing rat from home cage and loading rat into box

4.1.2. (Combine shots 4.1.2 and 4.1.3) taking hold of the spring cable and attaching cable to electrode pedestal on head cap, attached to rat

4.2. First test the impedance of each electrode [4.2.1-MED] using 5 microAmps of current at 1000 Hz for 2 seconds.  [4.2.2-CU] If an electrode's impedance is equal to or less than 125 kiloOhm, then proceed with the experiment … [4.2.3-CU]

4.2.1. (Combine shots 4.2.1 and 4.2.2) establish talent setting current for test and inputting the test current parameters

4.2.2. (Previously 4.2.3) devise outputing the resistance, < 125 kOhm
4.3. … but if not, consider removing the animal from the experiment [4.3.1-CU] because the electrode’s resistance may truncate the current to potentially sub-therapeutic levels. [4.3.2-MED]

4.3.1. as 4.2.3, with > 125 kOhm

4.3.2. removing a rat from head set connection and returning to home cage

4.4. Start with one or two mock sessions to habituate the rats. [4.4.1-CU] Don't apply any active therapy during these sessions. [4.4.2-MED]

4.4.1. rat in cage, everything attached, rat moving around

4.4.2. talent observing rat, taking notes, not applying current 

4.5. Immediately following each mock session, [4.3.2] transport the rats to the operant boxes [4.5.1-WID] for their daily two-hour session [2.1.2] of IV methamphetamine self-administration. [2.1.3]

4.5.1. moving rat between rooms/locations from head-cap stimulation box(es) to methamphetamine administration box(es)

4.6. For the experiment, counter-balance the rats into two groups: [4.6.1-WID] an active-stimulation cohort and a sham-stimulation cohort that gets mock sessions. [4.6.2-MED] Perform the daily deep brain stimulation sessions for 5 days for three hours a day.  [4.6.3-MED]

4.6.1. setting rats into stimulation boxes

4.6.2. connecting head caps of rats in boxes

4.6.3. pan over several rats in stimulation boxes with head caps attached

4.7. (Previously 4.8) Observe animals carefully during a portion of each stimulation session to note [4.8.1-MED] if the stimulation is causing any clear alteration in behavior. [4.8.2-CU]

4.7.1. (4.8.1) talent observing several rats in DBS, takes notes in logbook 

4.7.2. (4.8.2) writing behavior-related note(s) in logbook, e.g. “no unusual behaviors”, next to rat ID numbers and other info related to the DBS session
4.8. (Previously 4.7) Directly following every deep brain stimulation session, [4.5.1] start the rats' daily [2.7.1] IV methamphetamine self-administration session.  [2.11.1]

5. Results: Deep Brain Stimulation Reduces Operant Methamphetamine Self-Administration in Rats
5.1. Following the placement of intravenous jugular catheters and intracranial deep brain stimulation electrodes, rats acquired and escalated drug self-administration after two days of extended-access to methamphetamine.

5.1.1. Figure 3

5.2. Next, the rats were moved to a daily two-hour schedule of operant training to prevent methamphetamine toxicity and to establish a stable rate of responding that could be manipulated by various therapeutic interventions.  

5.2.1. Figure 4

5.3. By day six of operant training, the rats developed an increased motivation to take the drug, as indicated by the emergence of a “front-loading” pattern of intake.  This pattern was largely sustained over the subsequent sessions.

5.3.1. Figure 5

5.4. Following the establishment of this stabilized drug-abuse pattern, bilateral deep brain stimulation was delivered to a non-drug environment of the rats' brains.  This resulted in a marked decrease of operant IV methamphetamine self-administration.  

5.4.1. Figure 6
6. Conclusion (said by authors on camera)
6.1. Jessica Wilden: Once mastered, this technique can be accomplished in a 2 to 4 week timeframe with 10-12 rats per experiment, which is both cost-effective and ideally suited to test deep brain stimulation effects given the potentially limited lifespan of head caps and IVs in rodents using methamphetamine.
6.2. Jessica Wilden: This procedure may be used to investigate alternate stimulation parameters, brain targets, and delivery patterns as well as combinations of electrical therapy and pharmaceutical agents to exert enduring behavioral modifications.
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, .eps, 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.  

3.12.1.mp4

3.13.1mp4
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 are included in the email accompanying the finalized script.
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