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A.  Will you require JoVE to record video microscopy through a microscope? Y
 If yes, please list make and model of your microscope: Zeiss STEMI 2000 and specify the steps by number/short description: 1.1.2, 1.1.3, all highlighted sections of step 2 
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: 1.1., 2.2.-2.6.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  2.4) Catheter insertion. Success of insertion is greatly helped by a thorough isolation of the artery (step 2.2), correct placement of sutures (step 2.3), and a well shaped catheter (step 1.1)

E. Will the filming need to take place in multiple locations? N

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to infuse a drug of interest through the carotid artery to analyze the pharmacokinetic profile of the drug. (Intro) This is accomplished by first fashioning a custom catheter from polyethylene tubing, (P1) and then securing the catheter within the mouse carotid artery. (P2) Next, the mouse is attached to an automated infusion pump via the carotid artery catheter. (P3) In the final step, the drug is infused into the mouse at a steady rate and blood samples are collected at regular intervals. (P4) Ultimately, liquid chromatography-mass spectrometry is used to determine the concentration of the drug within the tissue and plasma samples. (P5)
From 51917_HopperBorge_Figure3.ppt

(P1) from (P1), show lit (flickering flame?) bunser burner, then have tubing come down over burner and pull apart and thin in middle like (P1), then have burner move out of frame while zooming in to tube, which pulls apart into to grey tubing/catheter between (P1) and (P2) graphics
(P2) bring mouse tissue schematic graphic from (P2) into frame, and then have tubing turn vertical and enter artery as in (P2)
(P3) show (P3) mouse with grey catheter attached, then have red box with needle and white tubing appear and have white tubing attach to end of grey catheter as in (P3)
(P4) with “drug … stready rate”, if possible, have numbers switch to 0.420 on box and maybe show some kind of liquid moving down from needle through tubing and catheter?; with “blood … intervals” please have tubes appear near mouse and partly fill with blood one at a time [like (P4)]
(P5) Figure 2.jpg (with “tissue” can highlight liver and brain data bars; with “plasma” can highlight plasma data bar)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Joely Jaocbs: The main advantages of this technique over existing methods, like bolus intraperitoneal or tail-vein injection or jugular vein infusion, are that it is representative of the clinical infusion rates as well as generally easier to perform than jugular insertion.   

1.2. Elizabeth Hopper-Borge: This method can help answer key questions in the pharmacology field, such as how are drugs distributed in vivo? Or what is the impact of an inhibitor or modulator on the function of specific proteins of interest?  

Protocol (read by voice talent at JoVE):
2. Tool preparation
2.1. To prepare a catheter for the experiment, first establish a low steady flame on a Bunsen burner. Then hold a piece of tubing close to the flame to soften the polyethylene.  
2.1.1. WIDE: Few seconds Talent lighting Bunser burner or adjusting flame size

2.1.2. MED: Talent holding tubing close to flame

2.2. When the tubing begins to melt, slowly pull apart the two ends to create a thinned section of tubing approximately 0.25 mm in diameter.

2.2.1. MED: Few seconds Talent pulling apart tubing

2.3. Next, cut a beveled end in the tubing approximately 0.75 cm along the thin section and then pass the end quickly through the flame to cause it to become slightly rounded and enlarged. 

2.3.1. SCOPE: Few seconds beveled end of tubing being cut

2.3.2. CU: Tubing being passed through flame

2.4. The tip will hook back slightly, which will help anchor the tubing during the insertion into the artery.

2.4.1. SCOPE: Shot of hooked tip

2.5. Cut the tubing 6.0 cm from the point where it begins to thin to make a catheter, and then fill a syringe equipped with a blunted needle with 200 microliters of heparin solution. 

2.5.1. CU: Few seconds tubing being cut

2.5.2. MED: Few seconds Talent filling syringe with heparin
2.6. Insert the needle into the wide end of the catheter and fill the catheter with heparin, taking care to avoid bubbles. Then store the needle and catheter in a sterile location.

2.6.1. CU: Few seconds needle being inserted into wide end of catheter

2.6.2. CU: Few seconds catheter being filled with heparin

2.6.3. MED: Talent placing needle in sterile location
3. Carotid artery isolation
3.1. To isolate the carotid artery, begin by making a 1 cm longitudinal cut slightly to the right of the midline of the animal’s neck and then use forceps to separate the fat and muscle and expose the trachea; the carotid artery runs parallel to the trachea.  
3.1.1. WIDE: Few seconds Talent at microscope, making incision (TEXT: Anesthesia: 2-3% isoflurane)
3.1.2. SCOPE: Few seconds fat and muscle being separated to expose trachea (TEXT: Carotid artery runs parallel to trachea)

3.2. Next, carefully separate the fascia overlying the artery and then lightly pull the vagus nerve aside. 
3.2.1. SCOPE: Few seconds fascia being separated

3.2.2. SCOPE: Vagus nerve being pulled aside

3.3. Insert the forceps into the space between the carotid artery and the vagus nerve, and gently open the forceps to create a gap in the fascia. 
3.3.1. SCOPE: Forceps being inserted and then opened to create gap

3.4. Carefully pull the nerve away from the artery, clearing a space from the fork in the anterior end near the larynx to the farthest exposed posterior end, isolating at least a 3 mm length of artery.

3.4.1. SCOPE: Few seconds nerve being pulled away

3.5. Then use forceps to draw a silk suture thread under the artery, and tie a secure knot to close the artery off as far toward the anterior end as possible.  
3.5.1. SCOPE: Few seconds suture being drawn under artery

3.5.2. SCOPE: Few seconds knot being secured around artery as far toward the posterior end as possible
3.6. After placing a second thread, tie a retractable knot to temporarily close off the artery as far toward the posterior end as possible. Then use a third thread to tie a very loose knot between the first two sutures to be used to quickly secure the catheter after placement.
3.6.1. SCOPE: Few seconds second thread being tied in retractable knot as far toward the posterior end as possible

3.6.2. SCOPE: Few seconds third thread being tied in knot between already placed sutures

4. Securing of catheter and initiation of blood flow 
4.1. To insert the catheter, grab the lower suture knot to pull the artery slightly taut. Then nick the artery above and very close to the anterior suture, taking care not to cut too deeply.  
4.1.1. WIDE: Talent working at scope

4.1.2. SCOPE: Lower knot being held, then artery being knicked above/close to anterior suture

4.2. Check the slit to make sure the opening is unobstructed. Remove the heparin-filled catheter from the syringe needle, and then, taking care not to create large pockets of air at either end, manipulate the catheter to position the beveled end at a comfortable angle downward and slightly toward the dominant hand.

4.2.1. SCOPE: Shot of unobstructed slit

4.2.2. MED: Talent removing catheter from needle

4.2.3. MED: Few seconds Talent manipulating catheter downward/slightly angle
4.3. Next, while holding onto the suture to keep the artery slightly taut, gently insert the catheter into the slit. 

4.3.1. SCOPE: Shot of held suture, then few seconds catheter being inserted

4.4. Then use the forceps to grab the anterior suture knot and gently pull the artery down over the catheter. 

4.4.1. SCOPE: Anterior knot being grabbed and then artery being pulled over catheter

4.5. Carefully release the catheter and the anterior suture. Then tighten the middle knot to secure the catheter close to the entrance of the catheter into the artery. 

4.5.1. SCOPE: Catheter/suture being released, then few seconds middle knot being tightened

4.6. While taking care not to obstruct the flow through the catheter, make a tight triple knot with the middle suture, and then use the anterior suture to secure the catheter in place below the entrance to the artery.

4.6.1. SCOPE: Last few seconds triple knot being made

4.6.2. SCOPE: Few seconds catheter being tied
4.7. Now use a connector plug to attach a saline lead to the catheter, taking care not to create bubbles. Then grasp the ends of the posterior suture and gently pull it to release the knot. 
4.7.1. CU: Few seconds connector plug being attached to catheter

4.7.2. SCOPE: Posterior suture knot being grasped then released
4.8. Maneuver the suture down the artery and over the end of the catheter without removing the thread. Blood should flow into the catheter. 

4.8.1. SCOPE: Few seconds suture being moved down artery/over catheter

4.8.2. SCOPE: Few seconds blood flowing into catheter (TEXT: Wriggle catheter if no blood)
4.9. When the flow appears unobstructed, use the thread from the posterior suture to tie an additional knot slightly above the middle suture.  
4.9.1. SCOPE: Few seconds knot being tied above middle suture
4.10. Then, flush the catheter of blood, and use a hemostat to clamp the end of the catheter close to the connector plug. 
4.10.1. SCOPE: Few seconds blood/catheter being flushed

4.10.2. CU: Hemostat being clamped at end of catheter

4.11. Replace the connector with a port plug to seal off the end of the catheter and remove the hemostat.
4.11.1. CU: Port plug being placed

4.11.2. CU: Hemostat being removed

4.12. Then use one pair of forceps to hold on to the catheter just below the anterior suture and another forceps to press a kink into the catheter so it will easily bend to the side.  
4.12.1. SCOPE: Shot of forceps being placed on catheter below anterior suture

4.12.2. CU: Few seconds second forceps making kink

4.13. After creating a second kink in the same way, turn the mouse onto its left side and clean the area below and right behind the animal’s ear with 70% ethanol and povidone-iodine.

4.13.1. MED: Talent turning mouse onto left side (Videographer: Get more Talent than mouse in shot)

4.13.2. CU: Few seconds shot of area below mouse’s ear only being cleaned with ethanol or povidone-iodine
4.14. When the area has been disinfected, make a small, 4 mm incision in the skin. Then use forceps to hold open the flap of tissue and work a blunt hollow probe under the skin to create a channel through the cheek to the cavity at the neck.

4.14.1. CU: Shot of cleaned area then few seconds incision being made

4.14.2. SCOPE: Shot of forceps grasping flap/holding flap open, then few seconds probe working under skin/creating channel  (TEXT: Bring probe around salivary gland)
4.15. Use the forceps to carefully free a space for the probe to exit and then gently thread the port plug and catheter through the probe to the exit hole, taking care not to crush or constrict any blood vessels or organs.

4.15.1. SCOPE: Few seconds space being freed with probe

4.15.2. SCOPE: Few seconds plug and catheter being through probe to exit 
5. Infusion
5.1. After the animal has been allowed to recover for 30-60 minutes, attach a blunted needle to one end of a 40 cm piece of polyethylene tubing and a connector port to the other.
5.1.1. WIDE: Few seconds Talent attaching blunted needle to tubing

5.1.2. MED: Talent attaching connector port to tubing
5.2. Then draw the drug of interest into a syringe with a known inner-diameter, attach the needle to the syringe, and load the drug through the needle and tubing.  
5.2.1. MED: Few seconds drug of interest being drawn into syringe

5.2.2. MED: Talent attaching needle to syringe

5.2.3. CU: Few seconds needle and tubing being loaded with drug
5.3. After situating the syringe into the pump according to the manufacturer’s directions, prime the pump so that the drug flows smoothly out of the connector plug.
5.3.1. CU: Last few seconds needle being placed OR shot of needle in place in pump

5.3.2. CU: Few seconds drug flowing smoothly out of connector plug OR CU: Few seconds pump being primed OR MED: Few seconds Talent priming pump 
5.4. Then to connect the animal to the pump, hold the mouse steady and use the hemostat to clamp the catheter close to the port plug.  
5.4.1. MED: Talent holding mouse steady (Videographer: More Talent than mouse in shot)

5.4.2. CU: Hemostat being placed

5.5. Finally, replace the plug with the connector attached to the syringe and tubing. Quickly administer a fast pump to clear the volume of the catheter and then immediately switch to the desired infusion rate.
5.5.1. CU: Few seconds connector replacing plug (TEXT: Blood may start to flow back through tubing) 

5.5.2. CU: Few seconds catheter being cleared quickly

5.5.3. CU: Few seconds drug being applied at normal infusion rate
6. Results: Representative paclitaxel levels during carotid and jugular infusions
6.1. In this first figure, a comparison of the plasma concentration of paclitaxel following jugular vein-infusion and carotid artery-infusion is shown. The drug concentration drops quickly in the first 15 minutes following an initial high volume infusion and then levels off over the next 150 minutes. By comparison, the paclitaxel levels in a poor infusion start off relatively low and hover up and down throughout the assay, most likely due to a blockage in the line early in the infusion.
6.1.1. LAB MEDIA: Figure 1.jpg 

(Video Editor: with “jugular vein-infusion” please highlight the blue data line; 

with “carotid artery-infusions” please highlight the red data line; 

with “drug concentration drops … high volume infusion” please highlight the blue and red data lines from the 2nd data point [~15 min] to the 3rd data point [~25 min]; 

with “and then level … 150 minutes” please highlight the blue and red data lines from the ~25 min data point to the last data point; 

with “in a poor … low” please highlight the 0-25 data points on the black line; 

with “hover … assay” please highlight the black data line from ~25 min - ~175 min)

6.2. Here the relative levels of paclitaxel in the liver, brain, and blood plasma at the end of a 3 hour infusion are shown. As expected, the animal exhibits a high plasma protein binding, coupled with low concentrations of drug in the brain tissue.

6.2.1. LAB MEDIA: Figure 2.jpg 

(Video Editor: with “liver” please highlight the liver data bar; 
with “brain” please highlight the brain data bar; 
with “blood plasma” please highlight the “serum 180” data bar; 
with “high … binding” please draw/flash an arrow pointing to the top of the serum 180 data bar or similar to indicate the high level of drug in the serum; 
with “low … brain” please draw/flash an arrow pointing to the top of the brain data bar or similar to indicate the low level of drug in the brain)

7. Conclusion (said by authors on camera)
7.1. Joely Jacobs: Once mastered, this technique can be done in 45-60 minutes if it is performed properly.

7.2. Elizabeth Hopper-Borge: After watching this video, you should have a good understanding of how to isolate a carotid artery, insert a catheter, and perform an infusion.       
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.  

51917_Hopper_Figure3.ppt – schematic overview. 
Figure 1.jpg

Figure 2.jpg
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.
( 2011, Journal of Visualized Experiments


