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Questionnaire:

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 

C.  Location: Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________ 
D.  Which steps of your protocol will viewers benefit most from having filmed? 
Steps 3.1, 3.5, 4.3, 4.4, 4.7 and 5.1
E.  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. 

Step 3.5: See step 3.6 for the precautions taken to ensure success.
Steps 4.2 to 4.5 (avoid ligaturing mesenteric vessels): taking the time to identify mesenteric vessels location and carefully place the ligatures away from these structures.
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to describe a step by step method in the creation of multiple intestinal loops in a chicken model. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Martine Boulianne: This method can help answer key questions in chicken necrotic enteritis research field, such as comparing the virulence of specific Clostridium perfringens strains causing this disease. 
1.2. Martine Boulianne: The main advantage of this technique is that it markedly decreases the number of chickens usually necessary for similar in vivo experiments.
1.3. Eric Parent: Though this method can provide insight into Clostridium perfringens strains virulence potential, it can also be applied to other intestinal pathogens, such as Clostridium difficile or Salmonella enterica.
1.4. Eric Parent: Generally, individuals new to this method will struggle because surgical procedures need specific training and should only be accomplished by those who acquired skills such as suturing and ligaturing techniques prior to the experiment 
E.  Ethics title card
1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the Université de Montréal.
Protocol: (read by voice talent at JoVE)
2. Preparations
2.1. After anesthetizing a 10 weeks old specific pathogen free leghorn chicken, [1.WID-TXT] sett up the monitors for vital measurements and [2.MED] start manually removing the feathers from the abdomen by gentle traction.  [3.CU]
2.1.1. Checking the state of anesthesia of the chicken using a reflex check, TEXT: 1 mg midazolam / kg + 4 mg butorphanol / kg / 4 h, + 1.5 – 2.5% isoflurane
2.1.2. Attaching a monitor or two to the chicken

2.1.3. Plucking abdominal feathers
2.2. Next, scrub the surgical site using chlorhexidine gluconate with a soft-bristle brush.  [1.MED] Gently scrub the skin from the center to the periphery for five minutes without reversing course. [2.CU-TXT]
2.2.1. Applying cleaning agent to skin and starting to scrub
2.2.2. Detail of pattern of scrubbing of center to periphery, TEXT: 5 min
2.3. Then, perform three alternative passages on the surgical site with a chlorhexidine gluconate solution [1.MED] and isopropyl alcohol using sterile gauzes. Again, go from the center to the periphery. [2.CU]  Then, drape the chicken. [3.MED]
2.3.1. Adding chlorhexidine gluconate solution to gauze and applying to chicken
2.3.2. Adding isopronol to gauze and applying to chicken
2.3.3. Covering chicken with drape 
3. Extraction of the Small Intestines from the Abdominal Cavity
3.1. Begin by opening the drape above the surgical site. [1.MED]  Then, make an L-shape low-midline skin incision with a number-thee scalpel, starting 1 cm caudal to the sternum and ending at 1 cm cranial to the cloaca. [2.ECU]
3.1.1. Opening the drape with scissors over the surgical site
3.1.2. Making the L-shaped incision as described
3.2. Next, continue the L-shaped incision perpendicular to the first by doing a second incision starting at the caudal end of the first incision and continue 5 cm to the left side of the abdomen by following the pelvis line.   This opening will allow easy extraction of the intestines. [1.ECU]
3.2.1. Continuing the incision as described, then show the access to the intestines
3.3. Next, open the peritoneum and abdominal muscles using the same L-shaped pattern to access the abdominal cavity.  The air sacs will now be exposed and must be kept moist using saline-soaked gauze. 
3.3.1. Making a similar incision that opens the peritoneum, exposing the air sacs and applying gauze to air sacs
3.4. Next, insert a Snook spay hook [1.ECU] into the abdominal cavity by following the left abdominal wall and working the hook around the abdominal air sacs to extract the intestines. [2.ECU]
3.4.1. Detail of Snook spay hook
3.4.2. Using hook to extract intestines as described
3.5. Then, using dry gauze, continue gently exteriorizing the intestines to expose the jejunum. [1.ECU] Spread out the intestines and keep them moist with frequent spraying with saline and by covering them with saline-soaked gauze. [2.CU]
3.5.1. Using dry gauze to exteriorize the intestines
3.5.2. Spraying the exteriorized intestines with saline and covering them with wet gauze
3.6. Eric Parent: It is important to be very gentle while exteriorizing the intestines because excessive tension can rupture the mesenteric vessels, which may lead to intestinal ischemic lesions and greatly compromise the outcome of the procedure. [1.MED/WID]
3.6.1. Interview at bench 
4. Fabricating Intestinal Loops and Injecting them with Pathogens 
4.1. After exteriorizing the intestines, make a series of loops in the intestines, beginning in the jejunum. Each loop can be used for different treatment. [1.LM]
4.1.1. Fig 1 – schematic
4.2. In the proximal jejunum, [1.CU] place a simple ligature with a polyglactin multifilament synthetic absorbable material while avoiding the ligature of major mesenteric vessels. [2.ECU]
4.2.1. Establishing shot of surgical area, centered at prox jejunum
4.2.2. Placing the ligature, as described
4.3. Next, place a distal ligature 2 cm away from the proximal ligature to complete the first loop.  All proximal and distal ligatures should be spaced by about 2 cm. [1.ECU]  Each pair of ligatures makes a “loop”, which is a hermetic segment. [2.ECU-TXT]
4.3.1. Placing the 2nd ligature as described

4.3.2. The two ligatures in the same frame, TEXT: “Loop” hermetic segment
4.4. Next, create an interloop, or a segment of intestine between the loops. Place a simple ligature 0.5 cm aborally to the distal ligature of the first loop.  This ligature is at the middle of the interloop and will decrease possible cross-contamination between loops. [1.ECU]
4.4.1. Placing simple ligature as described
4.5. Now, continue the pattern of creating another loop 0.5 cm aborally from the interloop ligature. [1.ECU] Here, 9 loops and 8 interloops are created, covering 26 cm of intestine.  The number of loops can be adjusted as needed. [2.CU]
4.5.1. Placing the next ligature
4.5.2. Completing the last of the 9 ligatures, showing all 9 in frame
4.6. Next, proceed with injecting strains of Clostridium perfringens into the loops.  [1.MED] 
4.6.1. The syringes being loaded with bacterial strains
4.7. Into the anti-mesenteric side of the loop, use a 26-Gauge needle, at a 45-degree angle, [1.ECU] to inject 0.2 mL of BHI-solution containing one million colony-forming units of bacteria in the mid-log growth phase.  [2.CU]
4.7.1. Detail showing how needle is inserted into the loop for the injection
4.7.2. Injecting the solution and removing the needle from the loop
4.8. In this situation, with 9 loops, five different strains are injected in alternating loops [2.CU] with the intervening loops injected with vehicle alone as negative controls. [3.CU]
4.8.1. Injecting another of the experimental loops
4.8.2. Injecting saline into the control loops
5. Completing the Procedure and Collecting Results
5.1. After injecting the pathogens, [1.MED] gently replace the intestinal tract in the dorsal area of the abdominal cavity, underneath the air sacs. [2.CU]
5.1.1. Establishing shot
5.1.2. Packing intestines back into animal, show that air sacs stay above intestines
5.2. Then, close the abdominal cavity. Suture the peritoneum and abdominal muscles along the pelvis with a simple continuous suture pattern using a polyglactin multifilament synthetic absorbable material. [1.ECU]
5.2.1. Suturing closed the abdominal cavity
5.3. Continue by suturing the peritoneum and abdominal muscles from the sternum to the cloaca using simple continuous sutures. [1.CU]
5.3.1. Suturing closed the peritoneum and abdominal muscles
5.4. Next, the suture of the skin closed using a polyglactin multifilament synthetic material and a simple continuous pattern.  First suture along the pelvis, [1.CU] then suture from the sternum to the cloaca. [2.CU]
5.4.1. Suturing skin above the pelvis

5.4.2. Suturing the skin from sternum to cloaca
5.5. After closing the incisions, keep the chicken under general anesthesia [1.MED] with proper use of analgesics to minimize animal pain during the infection time. [2.CU] Continue anesthetic monitoring to ensure an adequate anesthesia level. [3.MED]
5.5.1. Preparing a syringe with analgesics

5.5.2. Injecting analgesics

5.5.3. Checking the state of anesthesia of the chicken
5.6. After the desired amount of infection time, such as seven hours in the present experiment, [1.MED] euthanize the bird and collect the intestinal tissues. [2.CU] Using a number-three scalpel, cut out a 0.5 to 1 cm loop section.  [3.ECU]
5.6.1. Starting to open the euthanized animal to collect loops

5.6.2. Accessing and removing intestines of euthanized animal

5.6.3. Cutting free a loop section
5.7. Then, transfer the section to 10% formalin [1.ECU-TXT] for overnight fixation and further histopathological analysis. [2.CU]
5.7.1. Placing the loop section in solution, TEXT: 10% formalin, O/N

5.7.2. Labeling the container
5.8. Then, use the same scalpel blade on the same loop to cut out the remainder of the loop [1.ECU] and transfer that tissue to microfuge tube for isolation of the bacterial. [2.CU]  Repeat this procedure for each loop using a new scalpel blade each time. [3.MED]
5.8.1. Cutting additional piece of the same loop

5.8.2. Transferring the piece of tissue to a microfuge tube, labeling the tube

5.8.3. Exchanging dirty scalpel for clean scalpel and taking section from next loop
Videographer: we will be collecting images for part of the results section, 6.4 (below).
6. Results: Identifying Tissue Damage Caused by Pathogens or by Vascular Congestion
6.1. Seven hours after injection, an intestinal loop injected with a control sterile medium, has an intact mucosal brush border with no necrosis. Mild congestion in the intestinal layers of the segments is not uncommon. 
6.1.1. Figure 2a, remove (A)
6.2. Seven hours following injection with a pathogenic Clostridium perfringens, villi tips are eroded with necrotic enterocytes surrounding the tips. [1.LM] In the necrotic material surrounding the villi, there are clusters of large rod-shaped bacteria. [2.LM]
6.2.1. Fig 2b, no arrows and remove (B)
6.2.2. Fig 2b, add arrows point out bacteria
6.3. Sometimes necrosis is due to poor procedural execution and can be misinterpreted as lesions produced by bacteria.  A tell-tale sign is the absence of bacteria in the histological section. Also, the blood vessels in the muscular layer are severely dilated by the accumulation [2.LM] of many degenerating erythrocyte, indicative of vascular congestion.  This was caused by ligated mesenteric blood vessels that likely were ligated due to excessive physical strain on the intestines. [1.LM]
6.3.1. Fig 2c no arrows and remove (C)
6.3.2. Fig 2c add the arrows point out degenerating erythrocytes
6.4. Ischemic loops can be easily identified macroscopically during the surgical procedures. Following severe vascular congestion a few minutes after the ligature, [1.ECU] the serosa will be dark blue instead of its normal pink-reddish coloration. [2.ECU]
6.4.1. General view of loops with severe coagulation – can be taken during filming as the chicken will be under general and terminal anesthesia
6.4.2. Detail of the dark blue color in the loops with sever coagulation
7. Conclusion (said by authors on camera)

7.1. Martine Boulianne: After watching this video, you should have a good understanding of how to create multiple intestinal loops in a chicken model by placing ligatures on the intestines.
7.2. Eric Parent: Once mastered, the surgical procedures, excluding the infection time can be done in less than 3 hours if it is performed properly.

7.3. Eric Parent: While attempting this procedure, it’s important to remember to keep the chicken under deep anesthesia to control the pain by monitoring vital signs during all the procedures, including the surgical part and the following infection time.
7.4. Eric Parent: Following this procedure, other methods like bacterial isolation and strain identification such as gene detection by PCR can be performed in order to answer additional questions like recovery and identification of the initial injected pathogen.

7.5. Martine Boulianne: After its development, this technique paved the way for researchers in the field of Clostridium perfringens pathogenesis to explore necrotic enteritis in chickens.
7.6. Eric Parent: Don't forget that working with live animals can be extremely variable and precautions such as continuous anesthetic monitoring of the chicken should always be done while performing this procedure.   

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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