
Submission ID #: 50364

Editor Name: Bridget Colvin

Videographer name:

Film Date: 

Authors and Affiliations: Xiaobing Liu,1,2* Toya Terry1,* Su Pan1, Zhongwei Yang1, James T. Willerson1, Richard A. F. Dixon1, and Qi Liu1, 1The Texas Heart Institute at St. Luke's Episcopal Hospital, Houston, TX and the 2Department of Vascular Surgery, The Ninth People's Hospital, Shanghai Jiao Tong University, School of Medicine, Shanghai, China

*The authors contributed equally to this work

Title: Osmotic Drug Delivery to Ischemic Hindlimbs and Perfusion of Vasculature with Microfil for Micro-Computed Tomography Imaging
Author Correspondence: qliu@texasheart.org
Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____Y_____ If yes, please list make and model of your microscope: __Zeiss Stemi 2000-C and specify the steps by number/short description: __Steps 2.4-2.11
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__Steps 3.5-3.6, 3.9, Steps 4.3-4.5_______________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

During the preparation of the mouse for specimen imaging, the ligation of the proximal infrarenal abdominal aorta (infrarenal abdominal aorta ), afterward followed by the injection of the Microfil would present to be the most difficult aspect. In order to ensure success it is important to ensure that all blood is rinsed out of the vasculature after perfusion with heparinized saline, apply consistent pressure at (100 mmHg) and experiment with the compound:diluent ratios of the Microfil to achieve the optimal viscosity for vessel casting.

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:
The overall goal of this procedure is to demonstrate the in vivo insertion of an osmotic pump for local substance delivery to the ischemic hindlimbs of mice and the subsequent hindlimb vasculature perfusion with Microfil for micro-computed tomography imaging. (Intro) This is accomplished by first making an incision in the shoulder and hindlimb of the experimental animal to allow tunneling of sheath tubing along the inside of the back of the animal. (P1) In the second step, a filled and primed osmotic pump and catheter are inserted through the tubing and the pump is sutured into the back of the animal. (P2) Next, the tubing is removed, the femoral vein and artery are double ligated proximal to the femoral bifurcation, and the incision is sutured. (P3) Subsequently, the hindlimb vasculature is perfused with Microfil, a silicone radiopaque imaging agent, through the infrarenal abdominal aorta catheter. (P4) Ultimately, a 3D image of the vascular cast of the mouse ischemic hindlimb, made visible with Microfil, can be imaged. (P5)
(P1-3) Hindlimbs-ischemia-final.mov

(P4) Use 4.6.2. AND 50364_QiLiu_Figure-6.tif

(P5) Slide3.TIF OR 50364_QiLiu_Figure-8.tif

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.    


Enter the name of the individual who will say each line. 


Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.


If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1 Richard A.F. Dixon: Introduction

1.2Qi Liu: The main advantage of this technique over existing methods, like daily drug injections, is that this technique reduces the need for animal handling and ensures the continuous local administration of a substance or agent over the study period. 

1.3
Toya Terry: Additionally, micro-CT imaging of the Microfil casted vessels is advantageous over histological or laser Doppler perfusion imaging due to the ability of micro-CT imaging to render a truly quantitative and volumetric, 3-dimensional analysis that is representative of the vascularity throughout an entire sample.   

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.
Priming the Osmotic Pump
2.1.
Using sterile technique, begin by weighing the empty pump and recording its weight in milligrams. Next, use a 1 cc syringe and blunt-tipped 27G filling tube to fill the pump slowly with PBS (TEXT: Avoid creating air bubbles). When the PBS reaches the top of the pump, stop filling.

2.1.1.
WIDE: Few seconds of Talent weighing pump

2.1.2.
CU: Shot of weight being written down/recorded

2.1.3.
MED: Few seconds of Talent using syringe to fill pump with PBS 

2.1.4.
CU: Shot of PBS reaching top of pump, then PBS fill stops

2.2.
After wiping off any excess solution, weigh the filled pump. Then use a pair of forceps to break the white flange from the flow moderator, being careful not to bend or crush the tube. Cover 3-4 mm of either end of the moderator with a P50 catheter. 

2.2.1.
MED: Few seconds of filled pump being weighed (TEXT: If weight difference between empty vs filled pump =90%, evacuate pump with syringe and refill)

2.2.2.
CU: Shot of forceps breaking off flange

2.2.3.
CU: Shot of one end of moderator being covered by catheter

2.3.
Now use a syringe to fill the catheter and the moderator. Leaving the syringe attached to the distal part of the catheter, begin inserting the flow moderator into the pump. 

2.3.1.
MED: Few seconds of Talent filling catheter/moderator

2.3.2.
MED: Few seconds of Talent inserting moderator into pump

2.4.
When the catheter is flush with the pump surface, remove the syringe from the catheter and incubate the pump in PBS at 37°C overnight (TEXT: Incubate minimum 6 hrs).

2.4.1.
CU: Shot of catheter flush with pump surface, then syringe being removed from catheter (Videographer: Split action into separate shots as necessary)

2.4.2.
MED: Talent places pump in PBS at 37°C

3.
Creating Unilateral Hindlimb Ischemia in the Mouse
3.1.
On the day of the surgery, apply eye ointment on a fully sedated, prone mouse, and then place a fitted nose cone delivering a continuous flow of isoflurane onto the animal.

3.1.1.
WIDE: Talent leaning over mouse, applying eye ointment (Videographer: Please get more of Talent than mouse in shot) (TEXT: Anesthesia: 2-4% isoflurane in 100% O2, flow rate = 0.4 L/min) 

3.1.2.
ECU: Shot of nose cone being fitted over mouse nose (TEXT: Isoflurane: 1.5-2.0%) (Videographer: get only nose and cone in shot)

3.2.
After injecting anesthetic at the incision site, treat the skin with a povidone-iodine solution followed by 70% ethanol. Then make a 4-6 mm incision in the scapulae region to the side of the spinal column. 

3.2.1.
CU: Last few seconds of skin being treated with povidone-iodine (TEXT: Anesthetic = Bupivacaine) then first few seconds of 70% ethanol treatment

3.2.2.
CU (shot of just incision area): 4-6 mm incision being made in scapulae region to side of spinal column (TEXT: All surgical tools must be sterile) 

3.3.
Use fine forceps to separate the subcutaneous membrane. Then after turning the mouse to the supine position, use micro-surgical scissors to make a 0.8-1 cm incision above the knee towards the medial thigh, following the path of the femoral artery. 

3.3.1.
SCOPE: Few seconds of forceps separating subcutaneous membrane

3.3.2.
SCOPE: ~10-12 seconds of surgical scissors making incision above knee towards medial thigh following femoral artery

3.4.
Then use small sheath tubing to tunnel up the side of the torso from the medial thigh to the incision on the back. 

3.4.1.
SCOPE: Shot of sheath tubing (TEXT: 6-French sheath tubing) being tunneled up side of torso to medial thigh (Video Editor: Use just entering thigh to coming out of back if shot is too long)

3.5.
Next, after returning the mouse to the prone position, guide the catheter of the primed osmotic pump through the sheath tubing to the thigh, and then position the pump inside the back of the animal. Close the back incision with a 6-0 prolene suture. 

3.5.1.
SCOPE: Few seconds of catheter being guide into sheath tubing at thigh 

3.5.2.
SCOPE: Few seconds of pump being positioned inside animal’s back

3.5.3.
SCOPE: Few seconds of back incision being closed with suture

3.6.
After placing the mouse in the supine position once again, remove the sheath tubing, leaving the catheter exposed through the incision on the thigh. Secure the leg with surgical tape. 

3.6.1.
SCOPE: Last few seconds of sheath tubing being moved, then shot of exposed catheter, then leg being secured with surgical tape (Videographer: Split action into separate shots as necessary)

3.7.
Next, use a retractor to open the incision and separate the subcutaneous fat tissue to reveal the vasculature. Then use fine-pointed forceps to gently pierce the membranous femoral sheath to access the vascular bundle. 

3.7.1.
SCOPE: Last few seconds of retractor opening incision, then fat tissue being separated, then shot of vasculature 

3.7.2.
SCOPE: Shot of fine-pointed forceps gently piercing membranous femoral sheath

3.8.
Without causing excessive bleeding, carefully dissect and separate the femoral artery from the femoral vein and nerve near the groin. Then place two 8-0 prolene adjacent sutures to interrupt the femoral artery 2-3 mm proximal to the femoral bifurcation at the origin of the profunda femoris and epigastrica arteries.

3.8.1.
SCOPE: Few seconds of femoral artery being separated from femoral vein near groin

3.8.2.
SCOPE: ~15 s of sutures being placed (Video Editor: If possible, please indicate the “profunda femoris” and “epigastrica arteries” with an arrow and the appropriate accompanying text when mentioned)

3.9.
Now cut the catheter to the appropriate length, place the tip at the anterolateral region of the thigh, and secure the tip with a 6-0 prolene suture to the superficial fascia.

3.9.1.
SCOPE: Shot of catheter being cut, then tip being placed at anterolateral region of thigh, then few seconds of tip being secured with suture (Videographer: Split action into separate shots as necessary)

3.10.
Then use a 6-0 running suture to close the leg incision. 

3.10.1.
SCOPE: Last few seconds of suture being placed to close leg incision

4.
Imaging Specimen Preparation
4.1.
To prepare for imaging, place the anesthetized mouse in the supine position and inject 0.2cc of 1000 IU heparin sodium subcutaneously to prevent clotting in the animal’s vasculature. 

4.1.1.
WIDE: Talent approaches mouse under drape on bench (TEXT: Anesthesia: 2-4% isoflurane in 100% O2, flow rate = 0.4 L/min) 

4.1.2.
CU: Shot of heparin being injected sc

4.2.
While the mouse is attached to the nosecone, make an incision large enough to expose the thoracic cavity and the lower abdomen. After moving the abdominal organs to the left side of the animal to expose the infrarenal abdominal aorta carefully separate the aorta from the inferior cava vein. 

4.2.1.
CU (shot of just incision area): Few seconds of incision being made in thoracic/lower abdomen

4.2.2.
SCOPE: Shot of infrarenal abdominal aorta, then few seconds of aorta being separated from inferior vena cava (Video Editor: If possible, when mentioned, please indicate the “infrarenal abdominal aorta” with an arrow and the appropriate text)

4.3.
Next ligate the proximal infrarenal abdominal aorta and use the needle tip to make a small incision on the vessel. Then insert a 27½ G blunt needle attached to a P10 catheter into the infrarenal abdominal aorta and secure the needle with a 6-0 suture.

4.3.1.
SCOPE: Last few seconds of IAA being ligated, then incision being made on vessel

4.3.2.
SCOPE: Last few seconds of needle being inserted into aorta than first few seconds of needle being secured with suture (Videographer: Split action into separate shots as appropriate)

4.4.
Now attach a heparinized-saline-filled 20cc syringe to the needle tip and flush the vasculature for at least 5 minutes, removing the nosecone once the flushing begins. 

4.4.1.
CU: Syringe being attached to needle tip (TEXT: Euthanasia: Cut in right atrium)

4.4.2.
SCOPE: Few seconds of vasculature being flushed (TEXT: Saline, 5 min)

4.5.
[Spoken by Talent, interview style (looking just off camera)]: “The injection of the Microfil is the most difficult step of the procedure. In order to ensure success, it is important to make certain that all the blood is rinsed out of the vasculature after the perfusion with the saline.”

4.5.1.
MED: Talent speaking the above, interview style (Authors: Please change the above words if you’d like. In particular, if there are further tips that you can give to help the viewer with these next few steps, this would be a great time to give it.) [Author’s note: The micro-CT imager is located in another facility so I took pictures of myself doing the procedure and a screenshot of the program from my computer.]
4.5.2  Added shot: SCOPE: Few seconds of vasculature after blood has been cleared from the vessels.
4.6.
Now attach a formalin-filled 20cc syringe to the catheter and pressure-perfuse the vessel for an additional 5 minutes. Finally, slowly perfuse the vessel with the Microfil for 5 minutes. Be careful to apply a consistent pressure when administering Microfil in order to achieve optimal vessel casting. Optionally at this point, the skin can be dissected to view the Microfil-filled vasculature for further en face analysis (TEXT: See text for compound preparation details).

4.6.1.
MED: Talent attaches formalin-filled syringe to catheter, then few seconds of Talent pressure-perfusing vessel with fomalin (TEXT: Formalin, 5 min)

4.6.1a. Added shot: CU: Talent switches formalin-filled syringe to Microfil-filled syringe.
4.6.2.
SCOPE: Few seconds of vessel being perfused with Microfil (TEXT: Microfil, 5 min)

4.6.3  Added: Screenshot to 50364_QiLiu_Figure-6.tif).

4.7.
For polymerization of the contrast agent, place the animal in a container filled with 10% NBF (TEXT: NBF = neutral buffered formalin) and store it at 4(C. 

4.7.1.
MED: Talent placing mouse in NBF (Videographer: Get more Talent than mouse in this shot)

4.7.2.
MED: Talent places mouse/NBF at 4°C

4.8.
After 24 hours, use dissection tools to remove the skin distal to the lower abdominal aorta, refresh the NBF, and place the animal back into the container at room temperature. 

4.8.1.
CU: Few seconds of skin being removed

4.8.2.
MED: Few seconds of Talent adding NBF to container

4.8.3.
MED: Talent setting container (with mouse) at room temp

4.9.
After 4 days, dissect the contralateral and ischemic hindlimbs. To facilitate the bone decalcification, place the specimens in a formic acid solution for 48 hours and then rinse the specimens under running water for 1 hour. 

4.9.1.
CU (shot only of hindlimbs): Few seconds of one hindlimb being dissected

4.9.2.
CU: Shot of hindlimb being placed into formic acid

4.9.3.
CU: Few seconds of hindlimb being rinsed under running water

4.10.
Finally, return the specimens to 10% NBF and proceed with Faxitron and micro-computed tomography imaging.

4.10.1.
MED: Talent places hindlimb into NBF

4.10.2.
SCREEN: 50364_4.10.2-Toya-1.tif 50364_4.10.2-Toya-2.tif 50364_4.10.2-Toya-3.tif Few seconds of Talent at micro-CT imager and program screenshots. [Author’s note: The micro-CT imager is located in another facility so I took pictures of myself doing the procedure and a screenshot of the program from my computer. The micro-CT imager is located in another facility so I took pictures of myself doing the procedure and a screenshot of the program from my computer]
5.
Results: Representative Perfusion of the Vasculature in the Murine Hindlimb Ischemia Model
5.1.
This first figure shows representative laser Doppler images of blood perfusion before and after surgical ligation of the femoral artery in the mouse hindlimb. Ischemia was created in the left hindlimb, as indicated by the arrows. 

5.1.1.
LAB MEDIA: Slide2.TIF (Video Editor: with “blood perfusion before” please highlight the left, pre-ischemia image; with “and after … hindlimb” please highlight the right, post-ischemia image; with “as indicated by the arrows”, please highlight the arrows in both images)

5.2.
After vascular casting with Microfil, a 3D micro-computed tomography image of the vascular network shows that Microfil can fill the vessels effectively. Discontinuities can occur, however, due to various procedural factors, such as air bubbles, a lack of pressure, or the viscosity of the Microfil. The points of discontinuity are indicated by the arrows.

5.2.1.
LAB MEDIA: Slide3.TIF (Video Editor: with “Microfil can fill the vessels effectively” please highlight the image on the left; with “Discontinuities .. Microfil” please indicate the right image; with “points of … arrows” please indicate the arrow in the right image)

5.3.
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. You may revise the given prompts if necessary to better fit your protocol.
6.1.
Toya Terry: After watching this video, you should have a good understanding of how to use an osmotic pump to stably deliver a substance to the hindlimb of a mouse after ischemia surgery. 

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, 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.  

P1- 50364_QiLiu_Figure-4.tif

P1- 50364_QiLiu_Figure-5.tif

P1, P2- 50364_QiLiu_Hindlimbs-Ischemia.mov

P3- 50364_QiLiu_Figure-6.tif

P4- 50364_QiLiu_Figure-7.tif

P5- 50364_QiLiu_Figure-8.tif

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.
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