
Submission ID #: 58219
Editor Name: Bridget Colvin
Videographer Name: Jun Photo Studio
Film Date: 8/8/18
Submission Link: http://www.jove.com/files_upload.php?src=17756843
 
Authors & Affiliations: Baozhen Zhang1, Zhilong Chen1,2, Jinyu Han1,3, Mengxia Li1, Nihar R Nayak4#, and Xiujun Fan1

[bookmark: OLE_LINK247][bookmark: OLE_LINK248]1Laboratory for Reproductive Health, Institute of Biomedicine and Biotechnology, Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences
2College of Veterinary Medicine, Hunan Agricultural University
3Key Laboratory of Chemical Engineering Process and Technology for High-efficiency Conversion, College of Chemistry and Material Sciences, Heilongjiang University
4Department of Obstetrics and Gynecology, Wayne State University School of Medicine

[bookmark: OLE_LINK153][bookmark: OLE_LINK154][bookmark: OLE_LINK150][bookmark: OLE_LINK151][bookmark: OLE_LINK152][bookmark: OLE_LINK158][bookmark: OLE_LINK159][bookmark: OLE_LINK160][bookmark: OLE_LINK161][bookmark: OLE_LINK162]Title: Comprehensive Evaluation of the Effectiveness and Safety of Placenta-Targeted Drug Delivery Using Three Complementary Methods

Corresponding Author:
Xiujun Fan
xj.fan@siat.ac.cn 

Nihar R. Nayak
nnayak@med.wayne.edu 

Co-authors: bz.zhang2@siat.ac.cn, zl.chen@siat.ac.cn, jy.han@siat.ac.cn, limx@siat.ac.cn 

A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? Y 
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C. Which steps of from the protocol section below will viewers benefit most from having filmed? 
2.4., 3.3., 3.6., 3.9., 4.7.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.3., 3.6.
E. Will the filming need to take place in multiple locations? Y, same building different floors

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Baozhen Zhang: This method can help answer key questions in the nanomedicine field about the effectiveness and safety of drug-loaded nanoparticle delivery to the mother and fetus.
1.2. Baozhen Zhang: The main advantage of this technique is that it facilitates an accurate biochemical measurement of the amount of drug delivered to the placenta.

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Jinyu Han: The implications of this technique extend toward the therapy of placenta-mediated pregnancy complications, because it is important to ensure a precise targeting of the drug delivery to the placenta.
1.4. Zhilong Chen: Visual demonstration of this method is critical, as high-frequency ultrasound evaluation of embryonic development requires patience and experience to master.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences.


Protocol: (read by voice talent at JoVE)
2. [bookmark: OLE_LINK634][bookmark: OLE_LINK635]In Vivo Fluorescence Imaging

2.1. [bookmark: OLE_LINK562][bookmark: OLE_LINK569][bookmark: OLE_LINK567][bookmark: OLE_LINK568][bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK88]For intravenous nanoparticle injection, transfer an embryonic day 14.5 pregnant mouse with heat-dilated tail veins into a restrainer [1-WIDE] and clean the tail with an alcohol swab [2-CU].

2.1.1. Talent placing mouse into restrainer (Videographer: More Talent than mouse in shot)
2.1.2. Tail being cleaned

2.2. Then insert the needle tip of a 28-gauge insulin syringe into a dilated tail vein [1-ECU] and slowly depress the plunger over 5-10 seconds with even pressure to deliver the nanoparticles into the tail vein [2-CU-TXT].

2.2.1. Needle being inserted
2.2.2. Nanoparticles being injected (TEXT: See text for INP/plCSA-INPs preparation details) 

2.3. [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK198][bookmark: OLE_LINK199][bookmark: OLE_LINK203][bookmark: OLE_LINK111][bookmark: OLE_LINK112][bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK667][bookmark: OLE_LINK648][bookmark: OLE_LINK649][bookmark: OLE_LINK650][bookmark: OLE_LINK657][bookmark: OLE_LINK658][bookmark: OLE_LINK659][bookmark: OLE_LINK660][bookmark: OLE_LINK661][bookmark: OLE_LINK662][bookmark: OLE_LINK663][bookmark: OLE_LINK664][bookmark: OLE_LINK665][bookmark: OLE_LINK15][bookmark: OLE_LINK16]Thirty minutes after the injection, place the anesthetized pregnant mouse into the imaging chamber of an in vivo fluorescence imaging system in the supine position [1-MED-TXT].

2.3.1. Talent placing mouse into chamber (TEXT: Anesthesia: 2-4% isoflurane)
[bookmark: OLE_LINK119][bookmark: OLE_LINK120]
2.4. Select 2D-fluorescence and the appropriate photographic parameters for imaging the indocyanine green fluorescence signals [1-MED-over the shoulder] and set the exposure to “Auto” and the excitation and emission wavelengths to 710 and 820 nm, respectively [2-SCREEN].

2.4.1. Talent setting parameters, with monitor visible in frame [Shots 2.4.1 and 2.4.2 combined] (Author Comment: The two steps were merged into a single screen capture named “Screen Record_2.4.1)
2.4.2. *To be provided by Authors: Exposure being set to Auto and excitation and emission wavelengths being set

2.5. Then image the animal [1-SCREEN/LM] and return the pregnant mouse to its cage [2-MED].

2.5.1. 58219-requested-Figure1.tif: no animation
2.5.2. Talent placing mouse into cage (Videographer: More Talent than mouse in shot)

2.6. Forty-eight hours after the injection, use Graefe forceps, Graefe tissue forceps, and dissecting scissors to collect the fetuses and placentas [1-MED-TXT] and image the harvested tissues as just demonstrated for the whole animal [2-SCREEN/LM].

2.6.1. Talent placing tissue into collection container (Videographer: No need to show mouse in shot) (TEXT: Euthanasia: Anesthesia + cervical dislocation)
2.6.2. 58219-requested-Figure2.tif: no animation
[bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK636][bookmark: OLE_LINK637][bookmark: OLE_LINK638][bookmark: OLE_LINK611][bookmark: OLE_LINK612][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK30]
3. [bookmark: OLE_LINK207][bookmark: OLE_LINK208]High-Frequency Ultrasound (HFUS) Embryonic Development Evaluation

3.1. For high-frequency ultrasound evaluation of embryonic development, 24 hours after nanoparticle injection, secure the anesthetized pregnant dam onto a 37-42 °C-preheated ultrasound imaging platform in the supine position [1-WIDE] and place the 40-megahertz transducer into the mechanical arm [2-MED].

3.1.1. Talent securing mouse (Videographer: More Talent than mouse in shot)
3.1.2. Talent placing transducer into arm
[bookmark: OLE_LINK3]
3.2. Then adjust the transducer position to obtain longitudinal images of the fetus and placenta with the region of interest within the focal zone [1-CU].

3.2.1. Position being adjusted/images being obtained

3.3. For B-Mode imaging and analysis, select the B-mode [1-MED] and lower the transducer over the abdomen until the fetus and placenta come into view [2-CU SCREEN].

3.3.1. Talent selecting B-mode
3.3.2. Transducer being lowered The fetus and placenta come into view on the screen. This shot could reflect transducer’s moving. (Editor: The author’s comments were not clear, but seem to suggest that this might be replaced with a screen capture. It may still be a shot, and they just used the wrong term.)

3.4. Click “Scan-Freeze” to initiate and stop the imaging [1-MED-over the shoulder], “Cine store” to store the cine loop, and “Frame store” to store the frame images [2-SCREEN].

3.4.1. Talent pressing Scan/Freeze, with monitor visible in frame
3.4.2. *To be provided by Authors: Cine store being pressed/loop being saved, then frame being stored

3.5. [bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK66]Then click “Measure” to analyze the gestational sac length, fetal crown rump length, biparietal diameter, abdominal circumference, placental diameter, and placental thickness [1-LM].

3.5.1. Movie 1.mkv: Video Editor: please just show enough measurements to get a general idea (any representative measurements from 00:16-01:56, i.e. GS: 00:16; CRL: 00:28; BPD: 00:45; AC: 01:07; PD 01:27; PT: 01:53)

3.6. [bookmark: OLE_LINK288][bookmark: OLE_LINK289]For pulse-wave Doppler imaging and analysis, using the same scan projection, first, click “Color” then select pulse-wave [1-MED] and place the sampling volume box in the center of the umbilical artery [2-CU].

3.6.1. Talent selecting Color and PW
3.6.2. Box being placed into center of umbilical artery

3.7. Click “Scan-Freeze” to initiate imaging and “Cine store” to collect the umbilical artery images [1-SCREEN].

3.7.1. *To be provided by Authors: Scan-Freeze being clicked, then Cine store being clicked

3.8. [bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK69]Then click “Measure” to calculate the umbilical artery peak velocity [1-LM].

3.8.1. Movie 1.mkv: 02:14-02:24

3.9. For color Doppler mode imaging and analysis, using the same scan projection, click Color [1-MED-over the shoulder] and adjust the transducer position to obtain images of the fetal heart as demonstrated [2-CU].

3.9.1. Talent clicking Color
3.9.2. Transducer position being adjusted The fetal heart comes into view on the screen. (Editor: The author’s comments were not clear, but seem to suggest that this might be replaced with a screen capture. It may still be a shot, and they just used the wrong term.) 

3.10. [bookmark: OLE_LINK67][bookmark: OLE_LINK68]Then click Measure to calculate the fetal heart rate of the stored Cine image loop [1-LM].

3.10.1.  Movie 1.mkv: 01:59-02:09

4. [bookmark: OLE_LINK127][bookmark: OLE_LINK128]High Pressure Liquid Chromatography (HPLC) Analysis

4.1. For high pressure liquid chromatography, or HPLC, analysis, first inject an embryonic day 14.5 pregnant mouse with a single dose of nanoparticles as demonstrated [1-WIDE-TXT].

4.1.1. Talent injecting mouse (Videographer: More Talent and end of mouse in shot as possible) (TEXT: MNPs or plCSA-MNPs)

4.2. After 24 hours, perfuse the heart of the pregnant animal with 50 mL of ice-cold 0.9% saline for 10 minutes to remove any unbound nanoparticles [1-CU-TXT] and collect the fetuses and placentas for -80 °C storage [2-MED].

4.2.1. Heart being perfused (TEXT: Euthanasia: Avertin 240 micrograms/kg i.p.)
4.2.2. Talent placing tissue into tube

4.3. [bookmark: OLE_LINK131][bookmark: OLE_LINK132]On the day of the analysis, add 500 microliters of freshly-prepared homogenization solution to each 200-mg tissue sample [1-MED-TXT] and homogenize the samples two times at full speed for 30 seconds per dissociation [2-CU].

4.3.1. Talent adding homogenization solution to tissue (TEXT: See text for all homogenization solution preparation details)
4.3.2. Tissue being homogenized

4.4. After the second homogenization, centrifuge the samples [1-MED-over the shoulder-TXT] and filter the supernatants through a 0.45-micrometer syringe filter into an HPLC vial [2-CU].

4.4.1. Talent placing tube(s) into centrifuge (TEXT: 20 min, 14,000 x g, 4 °C)
4.4.2. Supernatant being filtered into vial

4.5. Place the sample vials into an autosampler tray for injection [1-MED] and turn on the HPLC degasser to remove air from the system [2-CU].

4.5.1. Talent placing sample vial(s) into tray
4.5.2. Degasser being turned on (Author Comment: Screen Record_4.5.2)

4.6. [bookmark: OLE_LINK133][bookmark: OLE_LINK134]Next, turn on the flow to equilibrate the column with the mobile phase for 30 minutes to reduce the baseline noise [1-MED] and set the temperature of the column to 25 °C [2-CU].

4.6.1. [bookmark: OLE_LINK25]Talent set mobile phase stop time at 30 minutes and turning on flow (Author Comment: Screen Record_4.6.1)
4.6.2. Temperature being set to 25 °C (Author Comment: Screen Record_4.6.2)

4.7. [bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Then inject 20-microliter sample volumes at a 1 mL/min flow rate within 30 minutes [1-CU] and click “Run Method” to begin the analysis [2-MED-over the shoulder SCREEN].

4.7.1. Sample(s) being injected (Author Comment: Sample was in an autosampler, so we could not show it being injected)
4.7.2. Talent clicking Run Method, with monitor visible in frame Talent sets equipment procedure of 1mL/min flow rate, run time set 30 minutes, and inject 20-microliter sample volumes, then click “Run Method” to begin the analysis (Author Comment: Screen Record_4.7.2)

4.8. [bookmark: OLE_LINK625][bookmark: OLE_LINK626][bookmark: _GoBack]When the runs are complete, manually change the mobile phase to HPLC-grade acetonitrile [1-MED] and run the acetonitrile for approximately 15 minutes to protect the system [2-CU SCREEN].

4.8.1. Talent changing phase to/adding acetonitrile
4.8.2. Acetonitrile running through system Talent set mobile phase stop time at 30 minutes and turning on flow (Author Comment: Screen Record_4.8.2)
 
5. Results: Representative Placenta-Targeted Drug Delivery Analyses

5.1. [bookmark: _Hlk516669699]In vivo imaging reveals strong idocyanine green signals in the uterine 30 minutes after placental chondroitin sulfate-bound, fluorescence-conjugated nanoparticle injection [1-LM], while the unbound nanoparticles mainly localize to the liver and splenic regions [2-LM].

5.1.1. 58219-requested-Figure1.tif: Video Editor: please emphasize lower area fluorescence in pICSA-INP image
5.1.2. 58219-requested-Figure1.tif: Video Editor: please emphasize fluorescence in INP image

5.2. Forty-eight hours after injection, fluorescent signal is observed in the placenta of placental chondroitin sulfate-bound-nanoparticle injected animals [1-LM] with no signals detected within the fetus [2-LM].

5.2.1. 58219-requested-Figure2.tif: Video Editor: please emphasize pICSA-INP “P” images
5.2.2. 58219-requested-Figure2.tif: Video Editor: please emphasize pICSA-INP “F” images

5.3. High-frequency ultrasound monitoring of placental chondroitin sulfate-bound, fluorescence-conjugated nanoparticle injected animals reveals a significant decrease in key fetal [1-LM] and placental developmental landmarks [2-LM].

5.3.1. 58219-requested-Figure3.tif: Video Editor: please add/emphasize asterisks for red data lines for original graphs 2A, 2B, 2C, 2D, 2G, and 2H
5.3.2. 58219-requested-Figure3.tif: Video Editor: please add/emphasize asterisks for red data lines for original graphs 2E and 2F

5.4. Interestingly, treatment with methotrexate-bound nanoparticles also slightly impairs fetal and [1-LM] placental development, indicating that the nanoparticles might improve the delivery of methotrexate to the placenta via the enhanced permeability and retention effect [2-LM].

5.4.1. 58219-requested-Figure3.tif: Video Editor: please add/emphasize asterisks for green data lines for original graphs 2A, 2B, 2C, 2D, 2G, and 2H
5.4.2. 58219-requested-Figure3.tif: Video Editor: please add/emphasize asterisks for green data lines for original graphs 2E and 2F

5.5. The measurement of methotrexate concentrations by HPLC indicates a retention time of 7 minutes within the placentas of methotrexate-bound nanoparticle-injected mice [1-LM].

5.5.1. Figure3.tif: Video Editor: please emphasize green peak at 7 min

5.6. Twenty-four hours after injection, the placental methotrexate levels in the methotrexate-bound nanoparticle-injected group are significantly lower [1-LM] than that measured in the placental chondroitin sulfate- and methotrexate-bound nanoparticle group [2-LM], with no methotrexate detected in the fetuses of the latter [3-LM]. 

5.6.1. Figure5.tif: Video Editor: please emphasize blue placenta 24 h MNP data bar
5.6.2. Figure5.tif: Video Editor: please emphasize blue placenta 24 h pICSA-MNP data bar
5.6.3. Figure5.tif: Video Editor: please emphasize lack of red fetus 24 h pICSA-MNP data bar

5.7. Methotrexate can still be detected in the placenta 48 hours after placental chondroitin sulfate- and methotrexate-bound nanoparticle injection [1-LM], demonstrating that placental chondroitin sulfate- and methotrexate-bound nanoparticles cannot cross the placenta, thus minimizing potential adverse effects on the fetus [2-LM].

5.7.1. Figure5.tif: Video Editor: please emphasize blue placenta 48 h pICSA-MNP data bar

6. Conclusion (said by authors on camera):
6.1. Xiujun Fan: While attempting this procedure, it’s important to remember that the placenta begins to form around embryonic day 9.5 and therefore the in vivo imaging experiment is better performed on embryonic day 10.5 or after.
6.2. Xiujun Fan: Following this procedure, other methods, like immunofluorescence staining and analysis, can be performed to answer additional questions about the localization of the nanoparticles within the placenta.
6.3. Xiujun Fan: After its development, this technique paved the way for researchers in the field of reproductive medicine to explore the possibility of placenta-targeting treatments in pregnancy complications.
  

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 
3.1.2. Figure2.tif - dual color imaging of tumor angiogenesis at 100X

[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6]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. 

58219-requested-Figure1.tif - in vivo fluorescence imaging of pregnant mice
58219-requested-Figure2.tif - fluorescence imaging of fetus and placenta 
58219-requested-Figure3.tif - quantification of embryonic growth by HFUS.
Figure 3. tif 
Figure5.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 in the email accompanying the finalized script.
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