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A.  Will you require JoVE to record video microscopy through a microscope? N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document: 2.4, 2.8, 2.9, 3.1, 3.8, 3.12
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  2.9 (super enrichment), although 3 is most difficult. However we want to emphasize the environmental manipulations
E. Will the filming need to take place in multiple locations? Y same floor, different rooms

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to provide controlled environmental situations that stimulate brain plasticity and behavioral changes in mice. (Intro) This is achieved by housing mice in male-female pairs versus male-male and female-female control pairs to study the effects of prolonged gender pairing on the brain. (C1) As an alternative, mice may be housed together in cages filled with different objects for exploring and playing versus standard house cages to study the effects of environment enrichment on the brain. (C2) Other treatments, such as drug administration, can be added to these environmental stimulations to help identify the mechanisms behind the observed brain and behavioral changes. (C3) The results show that these environmental enrichments and treatments induce changes in the number of midbrain dopaminergic neurons that are dependent on midbrain GABA-ergic synaptic transmission. (C4)

From Tomasetal_conception_animation.pptx
(C1) from slide one, with “male-female pair” have bottom right male and bottom left female mouse come together as a “pair” in middle of middle “column”; with “male-male” have top male move down next to bottom left male mouse to left of male-female pair; with “female-female” have top female move down next to bottom right female mouse to right of male-female pair to form 3 pairs of mice across the screen
(C2) from slide two, show empty cages, then with “mice … cages” have mice appear in cages as in slide; with “different objects … playing” please add the wheels and other objects/toys in the middle and right cages and accompanying texts; with “standard house cages” please add the “standard housed (SH)” text under the left cage
(C3) with “drug administration” please add a vial labeled “GABAA receptor antagonist” and/or drops of “drug” onto the head of at least one mouse in each cage or other appropriate animation
(C4) from slide 3, with “environmental … induce” please flash top black arrow; with “induce … neurons” please add/flash/animate the neurons in the middle box; with “dependent … transmission” please flash the bottom arrow OR other appropriate animation(s)

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Emma Burrows: This method can help answer key questions in the field of Neuroscience, such as what kinds of brain plasticity underlie learning or memory or recovery of function following brain disease or injury in natural environments?  
1.2. Tim Aumann: The implications of this technique extend toward the therapy of midbrain hypodopaminergic states such as depression or Parkinson’s disease, as most of the brain plasticity effects identified thus far increase the number of midbrain dopamine neurons.  
1.3.  A Prijanto: We first had the idea for this method when we noticed that the number of midbrain dopamine neurons was changing in response to the invasive treatments that perturbed midbrain neuronal activity driven by synaptic inputs.
1.4. Doris Tomas: Visual demonstration of the osmotic pump and brain infusion cannula implantation is critical, as the implant steps are difficult to learn from written descriptions.   

Protocol (read by voice talent at JoVE):
2. Environmental manipulations
2.1. For gender pairing, group-house sexually mature, age-matched male and female mice by gender.
2.1.1. WIDE: Talent removing cage from mouse rack
2.2. Avoiding littermate pairing, randomly place each mouse in a male-male pair, a female-female pair, or a male-female pair in a clean cage in isolation with ad libitum access to food and water. 
2.2.1. MED: Talent removing mouse from cage and place mouse into cage with one other mouse
2.2.2. CU: Camera panning across 3 cages of mice with labels visible that indicate male-male, female-female, and male-female pairing (TEXT: n=2 male-male pairs, n=2 female-female pairs, and n=4 male-female pairs) 
2.2.3. CU: Water and/or food being added to one cage
2.3. Here and throughout the gender pairing, keep all extraneous environmental stimuli constant or equally distributed to all of the mice and house the animals continuously in pairs for 7 days.
2.3.1. MED: Talent adding same water or food as 2.2.3. to at least one of the other 3 cages (TEXT: e.g. ambient temperature, light:dark cycle, food, water, handling and cleaning) 
2.3.2. MED: Talent placing last of 3 cages onto rack or similar housing structure (TEXT: Perform all routine husbandry equally to all pairs).
2.4. For environmental enrichment, randomly assign sexually mature, age-matched male or female mice to one of 3 groups: standard housed, running wheel, or environment enriched for at least 3 days. 
2.4.1. MED: Talent adding second mouse to standard housed cage
2.4.2. CU: Second mouse being added to running wheel cage
2.4.3. CU: Second mouse being added to environment enriched cage (TEXT: Keep all extraneous environmental stimuli equal between pairs)
2.5. Keep them this way with ad libitum access to food and water for 14 days.
2.5.1. MED: Talent transferring first or second mouse into clean cage
2.5.2. CU: Few seconds of 6 mice roaming around cage, with shot of food and water in frame if possible (TEXT: e.g. 27 cm x 42 cm x 16 cm rat-holding cages may be used)
2.6. During the environmental enrichment, the standard housed cage should contain only litter, the running wheel should contain litter plus 2 running wheels, and the environmental enriched should have litter, 2 running wheels, and toys.
2.6.1. CU: Shot of inside of standard house cage with mice with litter
2.6.2. CU: Shot of inside of running wheel cage with mice with litter and 2 running wheels
2.6.3. CU: Shot of inside of environment enriched cage with mice with litter, 2 running wheels, and toys
2.7. Subject the environmental enriched mice to additional ‘super-enrichment’ by placing them together in a larger cage containing novel toys for 1 hour/day at the same time each day for 5 days/week. Return the mice to their environmental enriched cage after each session.
2.7.1. MED: Talent placing at least one mouse into larger cage (TEXT: e.g., 46 cm x 69 cm x 40 cm) 
2.7.2. CU: Few seconds of mice roaming around inside larger cage/playing with toys
2.7.3. MED: Talent placing mouse back into EE cage, with larger cage visible in frame if possible
2.8. Maintain the novelty by presenting a different set of toys for each session, cleaning any toys that are to be re-presented to the mice with soapy water and 80% ethanol to remove any scents.
2.8.1. MED: Talent placing toy(s) into cage, with other toys visible in frame if possible
2.8.2. MED: Few seconds Talent washing same toy with water and/or ethanol, with soap and ethanol visible in frame as possible
2.9. Displace the standard housed and running wheel groups in the same way for a similar period of time each day as well, but without the addition of the super-enrichment materials.
2.9.1. MED: Talent placing at least one mouse into larger cage, with SH or RW cage label visible in frame if possible
2.9.2. CU: Few seconds mice roaming around larger cage without SE materials
3. Osmotic pump and brain infusion cannula implants for drug infusion
3.1. The day before the implantation, using sterile technique, fill each sterile osmotic pump, connecting tube and cannula with sterile drug or vehicle solution according to the manufacturer’s instructions.
3.1.1. WIDE: Few seconds Talent filling osmotic pump with drug/vehicle
3.1.2. CU: Few seconds tube and/or cannula being filled with drug/vehicle, with drug/vehicle container label visible in frame
3.2. Then connect the pieces together and incubate them overnight in sterile saline at 37°C.
3.2.1. CU: Few seconds pieces being connected
3.2.2. CU: Pieces being placed into sterile saline (TEXT: Incubate drug and vehicle pieces separately)
3.3. On the day of the surgery, after confirming sedation by toe pinch, apply eye ointment to the animal and place it supine on a heat pad.
3.3.1. ECU: Shot of toe being pinched  (TEXT: Anesthesia: 1-2% isoflurane in air), 
3.3.2. ECU: Ointment being applied to at least one eye
3.3.3. CU: Mouse being placed supine
3.4. Next, using sterile technique, make a midline incision through the skin, starting from 2 cm posterior to the back edge of the skull and finishing between the eyes.
3.4.1. ECU: At least few seconds incision being made starting from near the back edge of skull and finishing between eyes to back edge of skull
3.5. Blunt dissect the skin away from the underlying fascia down the back of the mouse, creating a subcutaneous ‘pocket’ large enough to comfortably fit the pump and connecting tube. 
3.5.1. ECU: Few seconds skin being blunt dissected
3.5.1.1. Added shot: CU: Skin blunt dissected down back to create ‘pocket’
3.5.2. ECU: Shot of ‘pocket’
3.6. Then scrape the fascia clean from over the dorsal aspect of the skull, and use an approximately 1.5 mm diameter dental burr to drill down into the skull at the appropriate stereotaxic coordinates until a thin, flexible layer of bone remains. 
3.6.1. ECU: Few seconds fascia being scraped away (included in 3.5.1)
3.6.2. ECU: Few seconds skull being drilled
3.6.3. CU: Shot of thin, flexible layer of bone
3.7. Peel this layer away with fine forceps. Once the skull is cleaned of any blood and bone fragments and there is no further bleeding, use a cannula holder to place the pump and connecting tube into the just created pocket.
3.7.1. ECU: Few seconds bone being peeled with forceps
3.7.2. CU: Few seconds skull being cleaned
3.7.3. CU: Few seconds pump being placed into pocket
3.8. Now position the tip of the cannula at the appropriate stereotaxic coordinates on the surface of the brain, and then carefully lower the tubing into the brain 1 mm short of the required depth. 
3.8.1. CU: Few seconds cannula tip being positioned
3.8.2. ECU: Few seconds cannula being lowered into brain
3.9. Ensure the surface of the skull is clean and dry once more, and then use a toothpick to smooth freshly-prepared dental acrylic over the entire exposed area of skull, including into the burr-hole around the cannula. 
3.9.1. CU: Few seconds skull being cleaned
3.9.2. [3.9.2 to 3.10.1 combined] CU: Few seconds acrylic being spread over skull
3.9.3. ECU: Few seconds acrylic being spread into burr hole
3.10. Before the acrylic hardens, lower the cannula tip the remaining depth into the target.
3.10.1. ECU: Few seconds cannula being lowered into targe
3.11. Then, when the cannula is in place, carefully layer a second coat of freshly prepared dental acrylic onto the skull, as well as over the white plastic support for the cannula, fixing the cannula in place.
3.11.1. CU: Few seconds second layer of acrylic being applied
3.11.2. [combined with 3.11.1] ECU: Few seconds acrylic being applied over plastic support (TEXT: Repeat w/ additional acrylic as necessary)
3.12. Once the acrylic has hardened, carefully remove the cannula holder and use a heated scalpel blade to melt through the plastic cannula tab.
3.12.1. CU: Few seconds holder being removed
3.12.2. CU: Few seconds tab being removed with scalpel
3.13.  Then suture the skin closed over the entire implant, apply antiseptic ointment to the skin margins, and administer an anti-inflammatory to the animal. 
3.13.1. CU: Few seconds skin being sutured
3.13.2. CU: Few seconds ointment being applied
3.13.3. CU: Meloxicam being injected (TEXT: e.g. Meloxicam, 3mg/kg s.c.)
3.14. Finally, remove the mouse from the frame, place it under a heat lamp, and monitor the animal until it is fully recovered.
3.14.1. MED: Talent removing mouse from frame (Videographer: More Talent than mouse in shot)
3.14.2. MED: Talent placing mouse under heat lamp (Videographer: More Talent than mouse in shot)
3.14.3. MED: Talent placing fully recovered mouse into cage OR MED: Talent looking mouse in cage under heat lamp (Videographer: do not show sluggish mouse; only shots of fully recovered mice OR show no clear shots of mouse) (TEXT: Resume environmental manipulation(s) >24 h)

4. Results: Representative environmental manipulation effects on substantia nigra pars compacta (SNc) tyrosine hydroxylase immunopositive (TH+) neurons

4.1. Adult male mice paired with female adult mice for 7 days have approximately 12% more midbrain TH+ (Pronounce: T-H-positive) SNc (Pronounce: S-N-C) area neurons than males paired with males. By contrast, females paired with males have approximately 12% fewer TH+ SNc neurons than females paired with females.

4.1.1. LAB MEDIA: Tomasetal_Figure1.tif 

(Video Editor: with “12% more” please highlight the blue data bar; 

with “males paired with males” please highlight the lilac data bar; 

with “females paired with males” please highlight the red data bar; 

with “females paired with females” please highlight the rose data bar)

4.2. The number of TH+ SNc and ventral tegmental area neurons is also increased in adult male mice subjected to an environmentally enriched pairing plus super enrichment for 14 days, with environmental enriched plus super enrichment with vehicle infusion animals exhibiting approximately 14% more TH+ SNc neurons than standard housed animals infused with vehicle. 

4.2.1. LAB MEDIA: Tomasetal_Figure2.tif (Video Editor: with “environmental enriched … 14% more” please highlight the blue EE vehicle data bar; with “standard housed with vehicle infusion” please highlight the lavender SH vehicle data bar)

4.3. Animals subjected to environmental enriched plus super enrichment housing with GABAA receptor antagonist infusion, however, do not exhibit this increase. 

4.3.1. LAB MEDIA: Tomasetal_Figure2.tif (Video Editor: please highlight the right 2 EE data bars)

5. Conclusion (said by authors on camera)
5.1. A Prijanto: While attempting the environmental manipulations, it’s important to remember to minimize any disturbances to the mice, such as keeping noise to a minimum and avoiding cage changes too often. If interruptions are necessary, the best time to do so is during the diurnal phase, when the mice are less active.
5.2. Emma Burrows: After its development, this technique paved the way for researchers in the field of Neuroscience to explore brain plasticity mechanisms in mouse models of health and disease.
5.3. Tim Aumann: After watching this video, you should have a good understanding of how to manipulate the environment of adult mice to bring about changes in the brain and behavior.
5.4. Doris Tomas: Don't forget that working with drugs can be extremely hazardous and precautions such as personal protective equipment should always be taken while preparing the osmotic pump and the brain infusion cannula for implantation.   

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.  

Tomasetal_conception_animation.pptx
Tomestal_Figure1.tif
Tomestal_Figure2.ti


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, as well as an introduction to your videographer, closer to your filming date.
 2013, Journal of Visualized Experiments

