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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) ____N_____ If yes, please list make and model of your microscope: 
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__Part 2 “Cannulating the Placenta” (step 2.3 – 2.12)________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Having no leak in the fetal circulation, this depends on the integrity of the human tissue we get, unfortunately we can’t do anything to guarantee this, but it doesn’t matter for the filming.
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 study the transport of nanoparticles or xenobiotics across the placenta using the ex vivo human placental perfusion model. (Intro) This is accomplished by first cannulating one fetal artery and one fetal vein of the placenta immediately after delivery. (P1) In the second step, the placenta is fixed in the perfusion chamber. Blunt cannulae are then introduced into the intervillous space on the maternal side and a single tube is installed to return the venous drain. (P2) Next, the whole system is rinsed with perfusion media in an open circulation to flush out the remaining blood and to allow the tissue to recover from the ischemic phase after delivery. (P3) In the final step, the two circuits are closed and the fluorescently labeled nanoparticles or the xenobiotic of interest are added to the maternal circulation. (P4) Ultimately, the samples of the fetal and maternal circulation obtained during the six hours of perfusion can be analyzed for the concentration of the nanoparticles or xenobiotic of interest by measuring the fluorescence. (P5)
From procedural narrative_overview.ai

(P1) show P1, with “one fetal artery” please highlight the fetal artery indicated by the black arrows, “attach” black arrow to artery and show the “Fetal artery” text; with “one fetal vein” please highlight the fetal vein indicated by the black arrows, “attach” black arrow to vein, and show the “Fetal vein” text
(P2) P2: with “placenta … chamber” please have the red lobular placenta lower into/appear in grey outline “perfusion chamber” as in image; with “Blunt cannulae … maternal side” please have black “maternal artery” text and accompanying arrows/lines appear and “attach” to placenta; with “single tube .. drain” please have black “maternal vein” text and accompanying arrows/line appear in “perfusion chamber”
(P3) show P3, have yellow “perfusion media” move through grey lines in direction of arrows into placenta and back out again into waste on both sides
(P4) show P3, with “the two circuits are closed” remove grey lines into waste buckets as well as waste buckets so image looks like P4; with “fluorescently .. are added” have red “Nanoparticles or Xenobiotic” text and little black arrow appear
(P5) Figure 4A_überarbeitet.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. Stefanie Grafmüller: The main advantage of this technique over existing methods, like animal experiments or cell culture models, is that placental transport studies can be done in a complete organ and directly on human tissue, which is especially important for the human placenta as the anatomy of the tissue  varies strongly between different species.   

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. Preparing the Perfusion System 
2.1. After setting up the perfusion system, consisting of a water bath, a perfusion chamber, two columns for oxygenation, two peristaltic pumps, two bubble traps, two flow heaters and one pressure sensor,
2.1.1. LAB MEDIA: Figure 1.psd (Video Editor: with “water bath” please indicate component 1; with “perfusion chamber” please indicate component 2; with “two columns for oxygenation” please indicate both 4 components; with “two bubble traps” please indicate both 3 components; with “two flow heaters” please indicate both 5 components)
2.2. Connect these components with tubing sections composed of polyvinyl chloride according to this scheme: 
2.2.1. LAB MEDIA: Figure 2.ai.pdf
2.3. Then turn on the water bath, the flow heaters and the heating for the perfusion chamber. 
2.3.1. WIDE: Talent turning on water bath (TEXT: 37 °C for each component)
2.3.2. CU: Shot of one flow heater and perfusion chamber being switched on
2.4. As the perfusion media is pre-warming in the water bath, consecutively rinse the arterial systems of the fetal and maternal circuits at a flow rate of 15-20 ml/min. Then connect the fetal cannula to the fetal arterial tubing, and rinse the arterial systems of the fetal and maternal circuits with pre-warmed perfusion media until all the tubes contain media. 
2.4.1. MED: Few seconds of one arterial system being rinsed with one of the rinsing reagents (TEXT: 200 ml dH2O; 50 ml 1% NaOH; 1% H3PO4; 200 ml dH2O)  
2.4.2. MED: Few seconds of fetal cannula being connected to fetal arterial tubing (TEXT: Ø 1.2 mm; blunt needle attached to modified winged needle infusion set) 
2.4.3. MED: Last few seconds of one arterial system being rinsed with perfusion media, then if possible, a shot of all tubes containing media (TEXT: Flow rate: 15 - 20 ml/min)
2.5. While the tubes are filling, fill the bubble traps, remove all the bubbles downstream of the trap, and then stop the pumps. 
2.5.1. CU: Shot of one bubble trap being filled

2.5.2. Slated as 2.5.3 CU: Shot of pumps being stopped
2.6. Now turn on the gas flow and start the recording of the pressure sensor.
2.6.1. MED: Talent turning on gas flow (TEXT: Maternal circuit: 5 % CO2, 95 % synthetic air; fetal circuit: 5% CO2, 95% N2) 
2.6.2. CU: Pressure sensor recording being started
3. Cannulating the Placenta
3.1. [Spoken by Talent, interview style (looking just off camera)]: ”Cannulation of the placenta is a critical step! During perfusion, every small disruption in the tissue can lead to a leak between the maternal and fetal circulation. So, work carefully.”
3.1.1. 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.)
3.2. After obtaining intact placentae from uncomplicated term pregnancies after primary cesarean section, select an intact cotyledon at the marginal zone of the placenta without visible disruptions on the maternal side. Find the same cotyledon on the fetal side. At the chorionic plate, tie up both branches of the umbilical artery and vein (which supply the chosen cotyledon) upstream of the later cannulation site.
3.2.1. 3.2.1a CU: placenta fetal side and umbilical cord at the lab table (TEXT: Obtain placenta within 30 min after delivery)
3.2.2. CU: Intact cotyledon at marginal zone (maternal side) being indicated with Talent’s finger/dissecting needle/other appropriate instrument
3.2.3. a CU: same cotyledon at the fetal side
3.2.3b CU: suture at the artery and vein supplying the cotyledon
3.3. Begin by placing a suture around the fetal artery at the chorionic plate. Then, holding the vessel with forceps, cut the artery carefully and put the small cannula in the artery. Tie the suture with two knots. 
3.3.1. CU: Shot of suture being placed around the fetal artery at chorionic plate (TEXT: Fetal placental arteries = smaller/thinner than veins)
3.3.2. CU: Shot of artery being held with forceps, then artery being cut (Videographer: Combine 3.3.2. and 3.3.3. as appropriate)

3.3.3.  CU: Last few seconds of cannula being placed in the artery on the placenta (Videographer: Combine 3.3.2. and 3.3.3. as appropriate) (TEXT: Cannula: Ø 1.2 mm)
3.3.4. CU: Last few seconds of second knot being tied in suture

3.4. Using a bigger cannula, proceed with the fetal vein in the same manner. Then turn on the fetal pump. If there is no visible leak and blood emanates out of the fetal vein cannula, slowly increase the flow up to 4 ml/minute. Observe the pressure in the fetal artery, confirming that is does not exceed 70 mmHg. 
3.4.1.  CU: Last few seconds of cannula being placed at end of fetal vein (TEXT: Cannula: Ø 1.5 - 1.8 mm; blunt needle attached to modified winged needle infusion set) 
3.4.2. MED: Talent turns on fetal pump (TEXT: Flow rate: 2 ml/min), then slowly increases flow to 4 ml/min
3.4.3. CU: Few seconds of perfusion fluid flowing through fetal vein (TEXT: If fluid leaks at cannulation site fix with another suture or start again with another cotyledon).
3.5. Next place the placenta on the tissue holder with the fetal side up and pull the placental membrane and tissue over the spikes. The perfused cotyledon should be in the middle of the hole in the tissue holder. Then, using a silicone membrane, stabilize the tissue where only the membrane holds the placenta. 
3.5.1. MED – over the shoulder: Talent places placenta on tissue holder fetal side up, then pulls placental membrane/tissue over at least one spike
3.5.2. CU: Shot of placenta placed/spiked in tissue holder, Talent indicates cotyledon in middle of hole with finger/dissecting needle/other appropriate instrument 

3.5.3. CU: Few seconds of placenta being stabilized with silicone
3.6. Now assemble the complete tissue holder. Be certain that the venous and arterial cannulae are not pinched but instead lay in the small channels of the tissue holder. Then tighten the screws and trim any overhanging tissue. The placental tissue holder is now fully assembled.
3.6.1. a MED: placing the channels for the tubes; 
3.6.1b MED: Talent tightens at least one screw
3.6.2. MED: Few seconds of overhanging tissue being trimmed
3.6.3. CU: Overhead shot of fully assembled placenta/tissue holder (Video Editor: if possible, please indicate cannulae with arrows or other appropriate indicators when mentioned)
3.7. Then turn the tissue holder upside down, place it into the perfusion chamber, and cover the chamber. Confirm that the fetal circuit is still intact and that the media is flowing out of the fetal vein tubing.
3.7.1. MED: Talent holding tissue holder upside down over perfusion chamber (TEXT: Maternal side at top), then places tissue holder into perfusion chamber, 
3.7.2. MED: place cover
3.7.3. CU: Shot of media flowing out of fetal vein tubing
3.8. Now turn on the maternal pump. Then introduce the three blunt cannulae at the end of the maternal artery tube into the intervillous space by penetrating the decidual plate. 
3.8.1. MED: Talent turns on maternal pump (TEXT: Flow rate = 12 ml/min)
3.8.2. CU: Few seconds of three blunt cannulae (TEXT: Cannulae: Ø 0.8 mm), then cannulae being introduced into intervillous space/penetrating decidual plate
3.8.3. CU: show perfused cotyledon of the placenta from the maternal side with the three blunt cannulae
3.9. To return the perfusate to the maternal circuit, place a tube connected with the maternal pump in the lowest position in the upper part of the perfusion chamber to act as a venous drain. Then connect the fetal vein cannula to the fetal vein tube.
3.9.1. MED: Talent puts one tube as venous drain, then connects fetal vein cannula to fetal vein tube (Videographer: Split action into separate steps as necessary)
3.9.2. CU: show perfused cotyledon of the placenta from the maternal side with the three blunt cannulae and the venous drain
4. Executing the Pre- and Experimental Phases of Perfusion
4.1. To allow the tissue to recover from the ischemic period after delivery and to flush out the blood in the intervillous space, flush the maternal and fetal vessels with perfusion media for 20 minutes, collecting the fetal and maternal venous outflow in a bottle. 
4.1.1. WIDE: shot of the experiment during open pre-phase including reservoir with perfusion media(TEXT: Open pre-phase)
4.1.2. CU: Shot of outflow being collected into one bottle
4.2. To assess the integrity of the perfusion, perform another pre-phase of 20 minutes in a closed circuit using two separate reservoirs with perfusion media for the fetal and maternal circuits. Close the circuits by leading the fetal venous outflow back into the fetal reservoir and the maternal venous outflow back into the maternal reservoir.
4.2.1. MED: Shot of perfusion platform setup with separate reservoirs in place (Video Editor: Please indicate reservoirs with “Perfusion media reservoirs” text, possibly also arrows)
4.2.2. MED/CU: Shot of at least one circuit being closed/one outflow being directed back into one reservoir (TEXT: Closed pre-phase)
4.3. For the main perfusion experiment, prepare two flasks with 120 ml each of perfusion media for the maternal reservoir the fetal reservoir. Add the radiolabeled antipyrine and the desired fluorescently labeled xenobiotic or nanoparticles to the flask for the maternal reservoir, mixing the maternal perfusate well.
4.3.1. MED: Talent adding last bit of perfusion media to second flask next to first flask already full of perfusion media
4.3.2. MED: Talent adds xenobiotic or nanoparticle to maternal reservoir flask, then mixes perfusate
4.4. Finally, start the experiment by exchanging the pure perfusion media with the two prepared flasks. 
4.4.1. MED: Talent exchanging at least one pure perfusion media reservoir with at least one prepared flask (TEXT: Perfuse 6 hrs taking samples regularly)
4.5. The volume of the fetal and maternal reservoir should remain equal during the 6 hours of perfusion. A fetal volume loss greater than 4 ml per hour indicates a leak and the perfusion has to be stopped. The success rate of a perfusion for 6 hours without leak is about 15 – 20 %.

4.5.1. CU: show equal volume levels of the maternal and fetal reservoirs. (2 x filmed, one in the water bath, one outside; second shot (outside the water bath) is probably the better to see the fluid levels)
4.5.2. WIDE: show complete perfusion set-up which will run now for 6 hours
5. Results: Determination of the Transport rate of Xenobiotics and Nanomaterials across the Placenta using the Ex Vivo Human Placental Perfusion Model
5.1. In this first graph, the perfusion profiles of small, 80 nm, polystyrene particles, which were transported across the placenta, compared to bigger, 500 nm, polystyrene particles that were not transferred to the fetal compartment, are shown. For polystyrene nanoparticles the placental transfer is size-dependent. After 3 hours of placenta perfusion, already 20-30% of the initially added 80 nm polystyrene particles were transferred from the maternal to the fetal circuit, while the 500 nm polystyrene particles did not appear in the fetal circuit even after 6 hours of perfusion.
5.1.1. LAB MEDIA: Figure 4A_überarbeitet.tif [Video Editor: with “small 80 nm .. placenta” please highlight the “80 nm M” and “80 nm F” texts in the figure key; with “bigger … compartment” please highlight the “500 nm M” and “500 nm F” texts; with “after 3 hours .. circuit” please highlight the blue data line/points for the 80 nm F data only (open circles) from 0 min to 180 min; with “while .. perfusion” please highlight the entire red data line/points for the 500 nm F data only (open triangles)]
5.2. Antipyrine is a small lipophilic molecule that is distributed over the placental barrier via passive diffusion and serves as control for the integrity of the circuits. After 4 - 6 hours of perfusion, equilibrium between the fetal and maternal antipyrine concentration should be built. To assess and compare the placental transport rate of xenobiotics, the fetal-to-maternal drug concentration ratio is usually displayed.
5.2.1. LAB MEDIA: Figure 5.tif (Video Editor: with “after .. built” please highlight the white anti-pyrine data bars; with “to assess .. displayed” please highlight the y-axis and text)
5.3. Here a characteristic perfusion profile of the radiolabeled antipyrine is depicted.
5.3.1. LAB MEDIA: Figure 4B.tif
5.4. Through the analysis of placental hormone production
5.4.1. LAB MEDIA: Figure 6B.tif (Video Editor: with “placental hormone production” please highlight the “Human choriongonadotropin” text and white data bars)
5.5. as well as glucose consumption and lactate production, the viability and functionality of the placental tissue during the perfusion can be monitored.
5.5.1. LAB MEDIA: Figure 6A.tif (Video Editor: with “glucose consumption” please highlight the “Glucose consumption” text and white data bars; with “lactate production” please highlight the “Lactate production” text and black data bars)
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. Stefanie Grafmüller: After watching this video, you should have a good understanding of how to perform an ex vivo human placental perfusion which is a valid and reliable method to predict the in vivo passage of various endogenous and exogenous substances.
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.  

procedural narrative_overview.ai
2.1.1 – Figure 1.psd – picture of ex vivo human placental perfusion set-up

2.2.1 – Figure 2.ai – schematic illustration of the ex vivo human placental perfusion model

3.1.1 – Figure 3.ai – working procedure of an ex vivo human placental perfusion experiment

5.1.1 – Figure 4A_überarbeitet.tif – perfusion profiles of polystyrene particles

5.2.1 – Figure 4B.tif – perfusion profile of 14C-antipyrine

5.3.1 – Figure 5.tif – F/M ratios

5.4.1 – Figure 6B.tif – placental hormone production in the perfused placenta

5.5.1 – Figure 6A.tif – glucose consumption and lactate production in the perfused placenta

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


