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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? NO
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? NO 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.)

Parabiosis: 
 - animals, after they are prepared for surgery (after disinfection and after the skin incision has been made)

 - suturing of the body walls to one another

 - animals, after they have been attached (we will have pairs prepared for filming which will be three weeks after surgery have been completed)
Orthopedic:

 - drilling of the tibial plateau

 - insertion of the pin

 - induction of fracture

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
- for parabiosis, animal monitoring post-surgery and during recovery is a critical process (this is not listed in the protocol as this is a method which involves post-surgical maintenance)
- for orthopedic, the process of “pinning” is the most important step

E.  Will the filming need to take place in multiple locations? NO
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of these surgical methods is to observe the effects of trauma on multi-organ dysfunction. Specifically, parabiosis will be used to anastomose a young and old mouse together, resulting in a shared blood supply. One of the mice within this model will then be fractured to observe the regenerative effects and the effect on cognitive function, in relation to the shared system of the young and old mouse. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Niccolo: This method can help answer key questions in many fields related to aging, tissue regeneration, and cognitive function. 
1.2. Niccolo: The main advantage of the orthopedic procedure is the clinical applicability of these findings to common complications following surgery, including delirium and postoperative cognitive dysfunction. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Gurpreet: The implications of this technique extend toward developing novel therapies to safely and successfully curtail excessive inflammation both systemically and in the brain.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care & Use Committee (IACUC) at Duke University.
Protocol: (read by voice talent at JoVE)
2. Preoperative Setup for Parabiosis and Orthopedic Surgery
2.1. Prior to the experiment, keep mice in an air-conditioned environment with 12-h light/dark cycles and proper access to standard food and water. House no more than 5 littermates per cage, and avoid conditions that could encourage fighting [1-MED]. 
2.1.1. Show mouse cage with food and 2 mice inside.
2.2. Use one female mouse at 3 months of age [1-MED] and one old mouse at 17 months of age [2-CU].
2.2.1. Show talent pick up first mouse.

2.2.2. Show second mouse. 

2.3. For parabiosis, acclimate 2 mice together for at least two weeks before surgery [1-CU-TXT]. Check the body condition and overall appearance of mice daily [2-MED]. 

2.3.1. Show mice in same cage. TEXT: Mice are either wild-type C57BL6/J or eGFP+.
2.3.2. Talent checking the mice. 
2.4. To prepare for surgery, weigh the 2 mice [1-MED].
2.4.1. Talent weighs both mice.  

2.5. After administering general anesthesia, place the mice on a heated pad in a supine position [1-CU-TXT]. 

2.5.1. Talent places one mouse on heated pad. TEXT: Refer to text protocol for anesthesia details. 
2.5.2. Talent places rectal probe in the mouse. 

2.6. Finally, maintain correct level of anesthesia for each mouse [1-CU-TXT], and monitor physiologic parameters, such as respiratory rate, oxygen saturation, and heart beat, non-invasively using a pulse oximeter [2-MED-over shoulder]. 
2.6.1. Show anesthetized mouse. TEXT: Isoflurane to 2.0% ± 0.4% in 0.30 FiO2 at a constant flow rate of 300 mL/min
2.6.2. Show talent reading physiologic parameters on machine. Talent adjusts the vaporizer. 
3. Parabiosis Surgery 

3.1. Begin by administering analgesia after induction and before surgical manipulation. Inject 0.25% bupivacaine at the flanks just before opening [1-MED/CU-TXT]
3.1.1. Show talent holding syringe, then show a close up of talent administering analgesia. TEXT: Analgesia: buprenorphine, 0.1 mg/kg subcutaneously, and bupivacaine (0.25% at the site). Talent also gives saline injection.
3.2. Note, for all internal body suturing, use 4-0 polydioxanone suture material [1-CU]. For all external suturing, use 4-0 polypropylene suture material [2-CU].
3.2.1. Talent shows internal sutures.

3.2.2. Talent shows external sutures.  
3.3. Next, shave each of the 2 mice along a contiguous line from the elbow, the flank, and the knee on the side to be joined [1-ECU]. Disinfect with iodine + 70% alcohol skin scrub over 3 alternating cycles in preparation for incision [2-CU].
3.3.1. Show shaving of one mouse as described in narration.

3.3.2.  Show disinfection of one mouse with one cycle of iodine. 
3.4. On each mouse, use a scalpel to make a skin incision along the flank, ranging proximal to the knee to just proximal to the elbow, and without disturbing the muscles underneath the skin [1-CU].
3.4.1. Make skin incision as describe in narration on one mouse. 
3.5. Join the triceps of the animals with 2 interrupted sutures [1-CU].
3.5.1. Talent makes 2 sutures. 
3.6. Then, join the body walls along the flanks with a running, continuous suture of 7–9 passes [1-ECU].
3.6.1. Show 5 sutures complete, and talent makes 2 more. 

3.7. Next, join the quadriceps of the animal with 2 interrupted sutures [1-CU], and close the skin of the 2 parabionts with interrupted sutures [2-CU].
3.7.1. *Film as written

3.7.2. *Film as written
3.8. Allow the mice to awaken in ambient air [1-MED]. 
3.8.1. Show awake mice.

3.8.2. Talent administers buprenorphine.

3.9. House each pair individually [1-MED-TXT], and be sure to monitor the pairs daily, by performing body condition scoring twice weekly, and weighing the pairs twice weekly [2-MED]. 

3.9.1. Show pair in one cage. TEXT: Each pair is housed individually. 
3.9.2. Talent weighs mice pair. 
3.10. Lastly, allow 4 weeks of recovery time to ensure shared circulation between parabionts if performing tibial fracture surgery [1-CU].
3.10.1. Show mice pair in cage. 

4. Tibial Fracture Surgery
4.1. Begin by administering analgesia after induction and before surgical manipulation. Inject 0.25% bupivacaine at the surgical site proximal to the knee just before the opening [1-CU-TXT]. 

4.1.1. Talent injects analgesia into knee. TEXT: Analgesia: buprenorphine, 0.1 mg/kg subcutaneously

4.2. Maintain a sterile surgical field throughout the procedure by using autoclaved instruments [2-CU], and completing the surgery under a dissecting microscope [3-MED]. 
4.2.1. Show drapes over the surgical field.

4.2.2. Show instruments

4.2.3. Show microscope. 
4.3. Next, shave the medial aspect of the right hind limb of the mouse to expose the surgical area [1-ECU], and disinfect with iodine + 70% alcohol skin scrub over 3 alternating cycles [2-CU].
4.3.1. *Film as written

4.3.2. *Film as written
4.4. Use scissors to make a longitudinal skin incision along the medial aspect of the left hind limb proximal to the knee down to the midshaft of the tibia on the left mouse [1-CU].
4.4.1. *Film as written
4.5. Expose the midshaft of the tibia and visually locate the diaphysis [1-CU]. Flex the knee and visualize the tibial plateau using the patella-femoral ligament as a landmark [2-CU].
4.5.1. *Film as written
4.5.2. *Film as written
4.6. Visualize the tibial tuberosity by rolling thumb and index finger above the tuberosity, just beneath and medial to the patellar tendon [1-CU]. Then, manually drill a 0.5-mm hole in the intramedullary canal using a 25-gauge needle [2-ECU].
4.6.1. Talent rolls thumb and index finger above the tuberosity. 

4.6.2. *Film as written 

4.7. Next, insert a 0.38-mm stainless steel pin through the hole about 15 mm into the medullary cavity until resistance is felt [1-CU], and cut flush with the tibial plateau using a wire cutter [2-CU].
4.7.1. *Film as written
4.7.2. *Film as written
4.8. Then, use straight Bonn scissors to fracture the tibia midshaft [1-CU].
4.8.1. *Film as written
4.9. Visually observe the fracture site and adjacent tissues to inspect for stabilization of the fracture sight [1-MED].
4.9.1. Show talent inspecting the fracture site.
4.10.  Then, directly suture the skin with dermal staples [2-ECU-TXT]. 
4.10.1.  *Film as written

4.10.2. Show talent making one suture. TEXT: Sutures may be used in place of dermal staples
4.11. After the surgery is complete, place the mice on heated pads to recover before returning them to a clean home cage [1-MED].
4.11.1. Talent places mice on heated pads.  
4.12. Finally, inject 1 mL pre-warmed normal saline at 37 oC subcutaneously in each mouse for fluid replacement [1-CU].  Check mice daily for signs of lameness, infection, or bleeding [2-MED].
4.12.1. Talent injects saline into one mouse.

4.12.2. Talent inspects one mouse. 
5. Results: Parabiosis surgery leads to rejuvenation of fracture healing, blood-sharing, and donor-cell engraftment
5.1. Radiographs of midshaft fractured tibiae indicated more tissue deposition in the fracture calluses of young mice than in the fracture calluses of aged mice [1-LM]. Further, fracture calluses of young mice contained more bone and less fibrotic tissue than fracture calluses from aged mice [2-LM].
5.1.1. Figure 2A: Highlight dashed lines
5.1.2. Figure 2B (top two graphs): Highlight left column for young when ‘bone’ and ‘fibrotic’ are mentioned in each graph. 

5.2. Tibial fracture surgery induced greater hippocampal neuroinflammation in 20-month-old aged mice compared to 4-month-old mice [1-LM]. 
5.2.1. Figure 3: Highlight ‘old’ on the right. Draw arrows pointing to 2 or 3 of the bright green stains in the bottom right. 
5.3. Additionally, mice after surgery also display impairments in hippocampal-dependent memory function, for example using fear conditioning behavioral assessment [1-LM]. 
5.3.1. Figure 4: Draw circle around a few pink dots on the left control image. Put circles in the same locations on the right image to show they are not there anymore. 
5.4. Exposure to a youthful circulation enhanced bone repair with earlier union, increased bone deposition, and decreased fibrosis [1-LM]. This rejuvenation of bone regeneration occurred independent of the endogenous osteocalcin-positive osteoblasts, but rather relied on CD45-positive cells that migrated from the young parabiont [2-LM].
5.4.1. Figure 5A: Highlight dashed lines

5.4.2. Figure 5C: Highlight brown cells when ‘osteocalcin-positive’ is mentioned in the VO. Highlight blue cells when ‘CD45-positive’ is mentioned in the VO. 

6. Conclusion (said by authors on camera)

6.1. Niccolo: Once mastered, this parabiosis technique can be done in 1.5 hours and the orthopedic surgery in 15 minutes if it is performed properly.

6.2. Niccolo: While attempting this procedure, it’s important to maintain a sterile surgical field, ensure proper placement of the pin and ensuing osteotomy. Finally, remember to carefully monitor mice throughout the length of the study. 
6.3. Gurpreet: After watching this video, you should have a good understanding of how to successfully perform parabiosis and induce fracture in an orthopedic surgery model.
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.  

Insert your media filenames here.

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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