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21
22  SUMMARY:
23 Here is presented a protocol of ex vivo maternal-fetal vascular perfusion to enable the
24  administration of a test article into maternal vasculature and to evaluate placental transfer of
25 xenobiotic particles or pharmacological agents in addition to alterations in placental physiology.
26
27  ABSTRACT:
28 The placenta is a key organ during pregnancy that serves as a barrier to fetal xenobiotic
29  exposure and mediates the exchange of nutrients for waste. An assay is described here to
30 perfuse an isolated rat placenta and evaluate the maternal-to-fetal translocation of xenobiotics
31 exvivo. In addition, the evaluation of physiological processes such as fluid flow to the fetus and
32  placental metabolism may be conducted with this methodology. This technique is suitable for
33  evaluating maternal-to-fetal kinetics of pharmaceutical candidates or environmental
34  contaminants. In contrast to current alternative approaches, this methodology allows the
35 evaluation of the isolated maternal-fetal vasculature, with the systemic neural or immune
36 involvement removed, allowing any observed changes in physiological function to be
37  attributable to local factors within the isolated tissue.
38
39 INTRODUCTION:
40 By maintaining morphological structure and physiological responsiveness, organ perfusion has
41  been an accepted system- or tissue-based approach for analyzing metabolic function. These
42  perfusion techniques allow for the ex vivo examination of intact tissue responses to a variety of
43  pharmacological and mechanical stimuli. Perfusion of human placenta was initially described in
44 1958 to identify the hormonal effects on the metabolic activity of the citric acid cycle; having


https://www.editorialmanager.com/jove/download.aspx?id=978163&guid=4b24162a-a4ad-4cc4-98e0-202a3f907287&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=978163&guid=4b24162a-a4ad-4cc4-98e0-202a3f907287&scheme=1

45
46
47
48
49
50
o1
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86

previously been identified in tissue homogenates, Troen and Gordon recognized the need to
clarify endocrine activity using a novel physiological approach. In the same era, single-
perfusion (maternal-to-fetal or fetal-to-maternal) strategies were described in large?3 and
small* animal models to understand the placental transfer of sugars, salts, and antipyrine drugs.
In vivo and ex vivo dual-perfusion (coordinated maternal and fetal perfusion) techniques were
described to further characterize placental transfer using in vivo® and ex vivo®® methodologies.
Technological advancements in transmission and scanning electron microscopy allowed
researchers to verify the structural and functional integrity of human placental tissues after
perfusion®.

While perfusion of human placental tissues and individual cotyledon is most relevant, the rapid
development of pharmacological agents and environmental contaminants necessitates the use
of an animal perfusion model for the early screening of xenobiotic transfer across the placental
barrier. This placental perfusion method allows for the evaluation of transfer across the
placental barrier using more easily attainable and physiologically relevant rat placenta. In
addition, fluid flow across the placental barrier over a period of time after an exposure can be
evaluated by measuring the volume of perfusate coming from the umbilical artery. By virtue of
allowing placental perfusion from both the maternal and fetal circulations, this dual-flow whole
organ approach can be advantageous compared to current in vitro and in vivo approaches. This
method allows the administration of a xenobiotic through the maternal aspect to be measured
from perfusate that emerges across the placenta through the umbilical vein, or vice versa. The
protocol presented here will describe the transfer of 20 nm polystyrene (a common nanoplastic
used in food and medical products) from the maternal uterine artery to the fetal compartment
and an associated decrease in fluid flow across the placenta to illustrate the use of this method
in multiple physiological, pharmacological, and toxicological settings to assess placental
transfer, metabolism, and physiological alterations affecting maternal and/or fetal flow.

PROTOCOL:

All experimental procedures were approved by the Institutional Animal Care and Use
Committee of Rutgers University.

1. Preparation before the experiment

NOTE: These steps may be performed within days/weeks prior to the experiment.

1.1. Modify the vessel chamber.

NOTE: Figure 1A,B shows the modified single vessel chamber.

1.1.1. Move the thermistor sensor from beneath the clip and bend it so that it hangs freely in
the perfusion bath (Figure 1B).
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1.1.2. Install two 4-inch blunt-tip stainless steel needles with standard luer connection hubs,
one 25 G and one 23 G secured beneath the thermistor clip and add a 3-way stopcock to allow
for cannulation of the umbilical vasculature (Figure 1 B).

NOTE: The luer connections of different gauge sizes are color coded. This facilitates easy
identification of vessels during and after the experiment.

1.2. Install two 70-100 um glass micropipettes. For further information on these procedures,
please review the following references®!?,

NOTE: The tip diameter commonly used in these experiments is in the range of 70-100 um. Tip
diameters larger than this range may add difficulty to the cannulation process while tip
diameters smaller than 60 um may puncture the vascular wall during cannulation.

1.3. Prepare ties from sterile nylon suture (for proximal and distal ends of the uterine artery)
and from black braided silk non-sterile suture (for the umbilical vessels). Make single ties by
looping suture as to initiate a square knot or tie a shoe, as described previously*®.

NOTE: Single ties are commonly made and kept in a Petri dish filled with a small layer of silicone
rubber to help work on a sticky background.

1.4. Prepare 2 L of physiological salt solution (PSS) containing, in mmol/L, 129.8 NaCl, 5.4 KCl,
0.5 NaH;P0O4, 0.83 MgS04, 19 NaHCOs3, 1.8 CaCly, and 5.5 glucose. Adjust the pH to 7.40 £ 0.02
by slowly adding a few drops of acid (1 M hydrochloric acid) or base (1 N sodium hydroxide) to
the solution and wait at least 20 s before reading the adjusted pH measurement. Store PSS until
ready for use in the refrigerator to reduce contamination but do not store for more than 2
weeks.

1.5. Label microcentrifuge tubes for collecting “maternal” and “fetal” effluents at each time
point, i.e., “MBaseline, M10, M20, ...” up to the 180 min timepoint. Prepare the same for fetal
effluents (FBaseline, M10, M20, ....).

1.6. Calibrate all equipment used within the system, including the circulating bath temperature
and blood pressure monitors associated with maintaining uterine (80 mmHg) and umbilical (50
mmHg) perfusate pressures.

1.7. Prepare a dissection chamber (4” diameter x 1” deep) or a circulating heater dish by filling
a layer (< 0.25”) of silicone rubber. This modification must be done in advance and as it will take

12-24 h for the rubber to dry.

NOTE: Use of a recirculating heater/chilling dish is recommended for novice surgeons, as the
dish will not move and the tissue will maintain a consistent temperature.

2. Preparation of the surgical station and equilibration of equipment
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2.1. Turn on all equipment that supports the perfusion system to check for proper function.
Remove the PSS from refrigeration and warm to room temperature. The PSS will be used as
both a perfusate and a superfusate.

2.2. Place a small bubbling stone to deliver a gas mixture into the superfusate reservoir.
Commonly used mixtures include 21% 02, 8% 02, 3% O, and 0% O,. Turn on the gas to provide
small bubbles to the superfusate solution. Adjust the delivery of gas to avoid splashing.

2.3. Arrange the animal dissecting station by checking anesthetic, arranging surgical equipment,
and preparing suture ties. Prepare the dissecting chamber by collecting dissecting pins, turning
on the chiller (or retrieving ice), and filling the dissecting chamber (lined with rubber silicone)
with cold PSS.

2.4. Gently fill all chambers, needles, glass micropipettes, tubing, and reservoirs with warmed
PSS, carefully watching for and eliminating air bubbles by suctioning them out with a fine tip
transfer pipette. Turn all 3-way stopcocks with “off” facing the direction of the pipette to secure
the fluid within the pipette.

2.5. Place a single tie on each of the two glass micropipettes prepared for uterine cannulation
and on the two blunt tip needles designated for umbilical cannulation. Secure ties to the
pipettes and blunt tip needles in order to prevent loss during chamber movements (Figure 1C).

3. Placental harvesting

3.1. Anesthetize a pregnant female rat on gestational day 20 with 5% isoflurane for about 4 min
or until the animal exhibits labored breathing. Move the animal to the nose cone and
administer 2.5%-3% isoflurane to maintain anesthesia. Confirm unconsciousness by a lack of
toe pinch reflex.

NOTE: The use of a rat at gestational day 20 is presented in this protocol. However, the protocol
remains the same if experimental conditions require placental evaluation to take place earlier
in gestation.

3.2. Identify and isolate the uterine horn (right or left) of choice by lifting out and spreading out
long-ways outside of the rat carcass. Using a braided silk suture, tie off the uterine artery at the
ovary end and vaginal end of the horn. Include the ovary inside of the suture with the uterine
horn.

3.3. Using a surgical scissor, excise away the uterine horn by making cuts on the proximal side
of the ovary tie and distal side of the vaginal tie, leaving the uterine horn tied off with the
sutures on both ends. Transfer the uterine horn into the dissecting dish lined with silicone
rubber and filled with cold PSS. Regardless of whether the right or left horn is chosen, maintain
that same side for selection in each experiment for consistency.
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3.4. Gently push a dissecting pin through the uterine horn into the silicone rubber, with the
ovary side to the left and vaginal side to the right to visualize the uterine vasculature. This will
stabilize the uterus and prevent movement of the tissue during dissection. Select a maternal-
placenta-fetal unit central to the horn and ligate the uterine artery and vein with surgical
scissors.

NOTE: Selection of the maternal-placenta-fetal unit should be based on the length of the
uterine artery segment on either side of the arcuate artery. Longer segments will permit more
successful cannulation. The entire placental unit including the uterine muscle, placenta,
amniotic sac, fetal pup, umbilical cord, and the supporting vasculature may be cut and
removed. The uterine muscle can be retracted by pulling it to the side; it is important to leave it
intact but pull it away from covering the fetal pup.

3.5. Using fine forceps and scissors, remove the amniotic membrane from the fetal surface of
the placenta, taking care to avoid the umbilical cord.

3.6. Unravel and ligate the umbilical cord to separate the fetal pup.

3.7. Identify the umbilical artery (thicker vessel) and vein (thinner vessel). Mark the umbilical
vein for easy identification by cutting it slightly shorter than the umbilical artery.

3.8. Gently separate the umbilical artery and vein from each other.

4. Placental perfusion

4.1. Maintaining the correct orientation of uterine artery anatomical blood flow, place the
placental unit (composed of the uterine vasculature, uterine muscle, placenta, and umbilical

cord) into the modified isolated vessel chamber filled with warm, oxygenated PSS.

4.2. Using a pair of fine forceps in each hand, cannulate the proximal and distal ends of the
uterine artery onto the glass micropipettes.

4.3. Tightly secure the uterine artery using the sterile nylon suture tie previously secured onto
the micropipette.

NOTE: Two-tie loops may be necessary; however, a single tie loop allows for greater
adjustment.

4.4. Cannulate the umbilical artery (fetal-to-maternal blood flow) onto the 23 G (larger) needle
and secure it with black braided silk suture.

4.5. Cannulate the umbilical vein (maternal-to-fetal blood flow) onto the 25 G (smaller) blunt
needle and secure it with black braided silk suture.
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4.6. Move to the placental perfusion station and backfill all stopcocks and tubings to prevent air
bubbles. Connect all tubings according to Figure 2.

4.7. Place small weighing boats under the distal cannulation of maternal uterine artery and the
needle cannulation of fetal umbilical vein to catch the effluent that emerges at each 10-minute
time point. Suction up the effluent by a pipette and save it in a correspondingly labeled
microcentrifuge tube.

4.8. Turn on the peristaltic pump and open the stopcock to permit fluid flow through the tubing
toward the placenta. Slowly increase the pressure to 80 mm Hg and watch for leaks inside the
chamber and around the ties.

NOTE: If the peristaltic pump is running at a high speed, re-evaluate the proximal uterine
cannulation and ties for fluid leaks. If identified, leaks must be remedied. Also note, while the
mean uterine artery pressure will remain constant (set to 80 mmHg), the fluid flow rate may be
variable depending on the vascular and placental physiological responses. Quantification of the
fluid flow may be identified as an experimental variable in response to xenobiotic exposure.

4.9. Turn the stopcock to permit fluid flow into the umbilical artery. Set the pressure to
approximately 50 mmHg, which can be implemented with a peristaltic pump (Figure 3) or a
gravity-fed system.

4.10. Refill all reservoirs (uterine, umbilical, and superfusate reservoirs to maintain fluid volume
throughout the experiment.

5. Mock experiment

5.1. After cannulation and initiation of the PSS perfusion, let tissues equilibrate for 30 min to
allow the vasculature to adjust to the new fluid flow.

5.2. After equilibration, establish the baseline perfusion by collecting effluents for 10 min from
both weighing boats in microcentrifuge tubes and measuring the volume of fluid that emerges
through the uterine artery and umbilical vein.

5.3. Initiate sample collection at 10-minute intervals by collecting the effluents from the distal
uterine artery and umbilical vein. For example, administer a 900 pL bolus dose of 20 nm
rhodamine-labeled polystyrene nanoparticles (8 x 10'* particles/mL) suspended in 0.01%
surfactant to the line perfusing the uterine artery to identify the time course passage of
xenobiotic nanoparticles across the placental barrier.

NOTE: These effluent samples will allow for the measurement of contaminants within the fluid
(either xenobiotic, pharmacologic, or metabolite) and provide the rate of fluid flow through the
uterine artery or across the placenta and into the fetal compartment (Figure 4).
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5.4. After bolus infusion, collect samples from the distal uterine artery and fetal umbilical vein
effluent every 10 min for a total of 180 min after infusion.

6. Cleaning the equipment

6.1. After each experiment, remove the placental unit from the pipettes. All sutures may be
saved to be reused in future experiments. The placental tissue may be saved for additional
histological or mechanistic studies.

6.2. Clean all tubings and cannulas of the perfusion system with 70% ethanol followed by
distilled water and vacuum dry.

NOTE: If tubings or pipettes begin to discolor or appear damaged, replace prior to the next
experiment. Further, after an experimental cohort is complete (e.g., all studies pertaining to a
single contaminant), replace all tubings within the chamber to prevent cross contamination.

REPRESENTATIVE RESULTS:

Figure 5 shows the proof-of-principle experiments using Evan’s blue dye, allowing us to test the
system and visualize appropriate fluid and placental barrier function and to prevent
containment transfer to the fetal compartment. The Evan’s blue dye reached and perfused the
tissue of the placenta within this system (Figure 5A). Upon further investigation, it is clear that
the Evan’s blue dye did not enter the fetal umbilical vein (Figure 5B), which is expected as
Evan’s blue dye is bound to albumin.

Figure 6 shows data for the mock experiment described in this protocol. Effluent samples from
the distal end of the uterine artery and fetal umbilical vein were measured at each 10-minute
segment to evaluate the fluid flow over time after the bolus dose was administered to the
maternal uterine artery (Figure 6). Reduced fluid transfer to the fetal compartment within 10
minutes after polystyrene infusion was identified. To quantify the transfer of polystyrene to the
fetal compartment during the time course when it occurs, 25 plL of the perfused fluid from each
time point was placed in a 96 well plate in duplicate to measure the sample fluorescence.
Fluorescence was determined by spectroscopic reading at 546/575 nm (ex/em) using a
fluorescent microplate reader. Polystyrene transfer to the fetal compartment occurred within
10 minutes and peaked at 20 minutes and continued for 90 minutes (Figure 6B).

A subset of perfused placental tissues were saved for histopathology and morphological
assessments. The tissues were formalin-fixed and hematoxylin and eosin stained and reviewed
by a board certified veterinary pathologist. These experts identified no structural abnormalities
in placentas perfused by only PSS, or PSS with the bolus dose of rhodamine-labeled
polystyrene.

FIGURE LEGENDS:
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Figure 1: The modified single vessel chamber. (A) An overview of the modified chamber. (B) A
close-up image of the blunt-tip needles secured within the vessel chamber. The red arrow
indicates the thermistor clip that has been altered to hold the needles in place for umbilical
cannulation. (C) A representative image of the four cannulas prepared for tissue cannulation.
Red arrows point to each of the four cannulas.

Figure 2: A closer view of the placental perfusion chamber. (A) This represents the tubing
attached to the pressure transducer and cannulated the proximal maternal uterine artery, or
the “inflow”. Pressure is set to a constant 80 mmHg as defined by the literature. (B) This
represents the chamber drain port of the superfusate surrounding the placental tissue during
perfusion. (C) This represents the chamber inflow of the superfusate to bathe the placenta with
warmed PSS during perfusion. (D) This represents the distal maternal uterine port where
effluent from the uterine perfusion may be collected. (E) This represents the temperature port,
where the vessel chamber can be attached to a thermometer and heater to maintain a
consistent temperature throughout the experiment. (F) This represents the umbilical artery
cannulation. The umbilical artery is pressurized to 50 mmHg to allow for countercurrent flow at
the level of the placenta. (G) This represents the umbilical vein effluent collection. Fluid that
flows toward the fetal compartment during perfusion will be collected here. (H) This is the
center of the perfusion system, where the placenta is cannulated and maintained throughout
perfusion.

Figure 3: A view of the placental perfusion system. (A and B) The pressure control system used
to monitor and maintain 80 mmHg of perfusate through uterine artery. (C) This represents the
thermo-regulation of the perfusion chamber. (D) Microscope. (E) Perfusion chamber. (F)
Gravity-fed umbilical artery perfusion set at 50 mmHg. (G) A peristaltic pump used to fill and
drain placental superfusate PSS.

Figure 4: Schematic of the placental perfusion system.

Figure 5: Representative images of proof-of-principle experiments using Evan’s blue dye. (A
and B) Proof-of-principle that Evan’s blue will perfuse the uterine vasculature, uterine muscle,
and placenta but will not cross the placental barrier due to albumin binding. The green arrow
indicates the blue venous drainage from the placenta back to the maternal circulation. The Red
arrow indicates the umbilical vein effluent toward the fetal compartment. Note the lack of blue
dye. (C) A representative image of collecting effluent draining from the umbilical vein. The red
arrow indicates drop formation prior to collection.

Figure 6: Data derived from the mock experiment. Fluorescence measurements of rhodamine-
labeled polystyrene nanomaterials, normalized to baseline fluorescence, through the collection
of (A) uterine artery and (B) fetal umbilical vein effluents. Mean normalized to baseline
fluorescence * standard error (SE). *: p < 0.05 and T: p < 0.1 via analysis of variance (ANOVA).

DISCUSSION:
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This perfusion method allows for rapid assessment of placental barrier and physiological
function of the uterine vasculature and trophoblast layer. Cannulation and perfusion of the
proximal to distal ends of the maternal uterine artery simulates the physiology of maternal
blood flow through this major vessel responsible for sending blood to the developing fetus. This
methodology allows for physiological evaluation of the isolated maternal, placental and
umbilical vasculature, and therefore changes in physiology may be identified as vascular
pathology; the immune and neural innervations are removed in the ex-vivo procedure. To
ensure proper evaluation, it is therefore critical to cannulate these vessels carefully as to not
create any tears or punctures in the vessel walls, and to remove air bubbles. Gas emboli may
cause damage to the endothelial layer of the vasculature or obstruct blood vessels. By
maintaining the vascular connections between the uterus, placenta and fetus during dissection,
the evaluation of fluid and translocation to the fetus can be observed. With the administration
of a xenobiotic, in this case 20 nm polystyrene, kinetics to the distal end of the uterine artery
and through the placenta to the fetal compartment can be evaluated by analysis of effluents
over a time course of 180 minutes.

While a dual-perfusion model was described and the transfer of particles and fluid from the
maternal to the fetal compartment was monitored in this article, assessments can also be made
in reverse from the fetal to the maternal compartment. One limitation of the method described
here is that the distal uterine vein was not cannulated or sampled. In future studies, especially
those focused on the fetal-to-maternal transfer, it will be important to cannulate and sample
the distal uterine vessel. The effluents taken from this mock experiment were used to assess
xenobiotic transfer; however, a wide array of assessments pertaining to endocrine and
molecular placental functions or fetal nutrition may be performed.

The strengths of this protocol far outweigh its minor limitations. The preparation maintains the
physiological structure and integrity of a whole organ to assess experimental conditions. Ex vivo
placental perfusion is a scientific progression from cellular-based in vitro to whole animal
exposure to properly determine reproductive risk assessment. This may be considered to be a
valuable technique for studies evaluating placental pharmacologic drug disposition,
pharmacokinetics, toxicology, physiology, and maternal-fetal medicine.
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Name

Black braided silk non-absorbable surgical suture non-sterile
Fine forceps

Fine scissors

Glass cannula pack

Microcentrifuge Tubes 2.0mL polypropylene graduated tube with locking lid MIXED
Non-serrated fine curved micro serrefine clamps

Perfusate pump

Pressure monitor

Self-heating single vessel chamber

Servo Pump

Stainless steel blunt needle 23 gauge

Stainless steel blunt needle 25 gauge

STERILE Nylon Suture

Stopcock

Temperature Controller
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Living Systems Instrumentation (LSI)
Component Supply Co.

Component Supply Co.

AROSurgical Instruments Corporation
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ltem 1 (check one box): The Author elects to have the Materlais be made available (as described at

http://www.jove.com/author) via:

Item 2 (check one box):

Sta ndard Access ';_

\! Open Access

?.__ : The Author is NOT a United States government employee.

| The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

1

| The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole: “CRC License” means the Creative Commons
Attribution-Non  Commercial-No  Derivs 3.0  Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE"
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’'s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JOVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JOVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JOVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors. Al sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s

ARTICLE AND VIDEO LICENSE AGREEMENT

expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a USS$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Department:
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1) Upload a scanned copy of the document as a pfd on the JoVE submission site;
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3) Mail the document to JoVE / Attn: JoVE Edit

orial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Ms. No. JoVE59412 Ex vivo perfusion of the rodent placenta

Author’s Response to Reviewers:

We sincerely thank you for your time and helpful comments, significantly improving the quality and
clarity of the manuscript. We have responded to each comment highlighting a concern individually
below.

Editorial comments:

Changes to be made by the author(s) regarding the manuscript:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the
submitted revision may be present in the published version.

Thank you for this recommendation, we have proofread the manuscript and corrected for spelling and
grammar errors.

2. Affiliations: Please identify the author that is affiliated with institution c.

Thank you for identifying this oversight. We have removed those institutions, as they are not relevant to
the authors of this manuscript.

3. Lines 79-80: Please expand to describe advantages over alternative techniques with applicable
references to previous studies and include Information to help readers to determine whether the
method is appropriate for their application.

Thank you, the addition to this section reads as: “This placental perfusion methodology allows for
evaluation of transfer across the placental barrier using the more easily attainable and physiologically
relevant rat placenta. By virtue of allowing placental perfusion from both the maternal and fetal
circulations, this dual-flow whole organ approach can be advantageous compared to current in vitro and
in vivo approaches. This methodology would allow administration through the maternal aspect to be
measured from perfusate emerging through the umbilical vein, or vice versa. The preparation depicted
here will describe the transfer of 20 nm polystyrene, a common nanoplastic used in food and medical
products, from the maternal uterine artery to the fetal compartment and an associated decrease in fluid
flow across the placenta to illustrate use in multiple physiological, pharmacological, and toxicological
settings, to assess placental transfer, metabolism, and physiological alterations affecting maternal
and/or fetal flow.”

4. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example,
1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from using bullets,
dashes, or indentations.

Thank you for this point. The manuscript has been reformatted to follow the JoVE numbering outline.

5. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we", "you", "our
etc.).

Thank you for this feedback. We have removed all personal pronouns from the text.

*
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6. Please revise the protocol (lines 158-161, etc.) to contain only action items that direct the reader to
do something (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative
tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,”
and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may
be added as a “Note.” Please include all safety procedures and use of hoods, etc. However, notes should
be used sparingly and actions should be described in the imperative tense wherever possible. Please
move the discussion about the protocol to the Discussion.

Thank you, these suggestions have been addressed. All steps are in the imperative tense or are otherwise
a “Note”.

7. Please add more details to your protocol steps. There should be enough detail in each step to
supplement the actions seen in the video so that viewers can easily replicate the protocol. Please ensure
you answer the “how” question, i.e., how is the step performed? Alternatively, add references to
published material specifying how to perform the protocol action. See examples below.

Thank you for this feedback. We have added more details to steps throughout the protocol.
8. Line 97: Please indicate the unit for 70-100.
Thank you, we have indicated the unit as “um” within the text.

9. Line 107: Please list an approximate volume to PSS to prepare. Also how to confirm pH and what is
done if the pH is not 7.4?

Thank you for this suggestion. We have addressed this commend and have indicated as “Prepare 2,000
mL (2 liters) of physiological salt solution (PSS) at a pH of 7.40 + 0.02 and pH confirm by submerging the
electrode of a pH meter into the solution. If the pH of the solution slightly higher than 7.4, slowly add a
few drops of acid (1 N sodium chloride) or base (1 M hydrochloric acid) to the solution into the solution
and wait at least 20 seconds before re-reading the adjusted pH measurement.”

10. Line 136: How to eliminate air bubbles?

Thank you, we have described how to eliminate air bubbles as “suctioning out with a fine tip transfer
pipette”.

11. Line 144: Please specify the age, gender and type of animal used.
Thank you, we have indicated as “a pregnant female rat on gestational day 20”. Further, a “Note” was
added to this section to indicate placenta may be isolated earlier, with no change to the protocol, if

required by experimental design.

12. Lines 149-151: We need more details for filming this step. For instance, how the uterine horn is
isolated? Please specify all surgical tools used.

Thank you for this feedback. We have included more detail in this step. The additions read “Identify and
isolate the uterine horn (right or left) of choice by lifting out and spreading out long-ways outside of the



rat carcass. By using a braided silk suture, tie off the uterine artery at the ovary end and vaginal end of
the horn. Include the ovary inside of the suture with the uterine horn. Using a surgical scissor, excise
away the uterine horn by making cuts on the proximal side of the ovary tie and distal side of the vaginal
tie, leaving your uterine horn tied off on either end.”

13. Line 204: What is the flow rate?

Thank you for identifying this. The flow rate is not quantified in this version of the protocol. The flow rate
will be modified due to physiological function of the vasculature and placenta and xenobiotic exposure.
However, the mean uterine arterial pressure is set externally at 80 mmHg and the mean umbilical
pressure is set at 50mmHg. We have included this in the text.

14. Discussion: Please discuss critical steps within the protocol.

Thank you for this suggestion. We have included discussion of critical steps in this section. You will find
the addition as “This methodology allows for physiological evaluation of the isolated maternal, placental
and umbilical vasculature, and therefore changes in physiology may be identified as vascular pathology;
the immune and neural innervations are removed in the ex-vivo procedure. To ensure proper evaluation,
it is therefore critical to cannulate these vessels carefully as to not create any tears or punctures in the
vessel walls, and to remove air bubbles. Gas emboli may cause damage to the endothelial layer of the
vasculature or obstruct blood vessels.”

15. Please include a Disclosures section, providing information regarding the authors’ competing
financial interests or other conflicts of interest. If authors have no competing financial interests, then a
statement indicating no competing financial interests must be included.

Thank you, we have included a disclosures section with no declaration of conflict.
16. Figure 6: Please ensure that the panels are of the same dimensions if possible.

Thank you for this recommendation. The panels in Figure 6 have all be formatted to be in the same
dimensions.

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

This manuscript describes an ex vivo approach to simultaneously perfuse a segment of uterus and
placenta for assessing the maternal to fetal transmission of xenobiotics or other pharmacological
compounds. Undoubtedly, this technique will be useful for those wishing to study pharmacokinetics or
nanoparticle toxicity during pregnancy in a physiological manner. Overall, the manuscript describes a
very useful approach in sufficient detail to enable reproducibility in other laboratories. | have no major
concerns, but just a few minor comments to enhance clarity.

Major Concerns:
None.

Minor Concerns:



1. The authors may wish to explain the dual-perfusion system mentioned in the Intro. How is it dual
perfusion? Is it both in vivo and ex vivo at the same time?

Thank you for this feedback. We have clarified this statement by including the following statement, “By
virtue of allowing placental perfusion from both the maternal and fetal circulations, this dual-flow whole
organ approach can be advantageous compared to current in vitro and in vivo approaches.”

2. The pictures in Figures 1, 2, and 4 are of low resolution, making it difficult to see detail and how the
different perfusion lines are connected. Please replace with high resolution images.

Thank you for this concern. We have uploaded new images that will provide greater resolution.

3. A bolus dose of polystyrene nanoparticles were administered in the manuscript, but it is not clear how
or through what lines these were administered. Please clarify.

We appreciate this feedback. We have clarified in the text that the administration of the nanoparticle is
through the maternal uterine artery.

Reviewer #2:

Manuscript Summary:

The manuscript submitted by D'Errico et al., reports the experimental protocol to perform studies on
the transplacental transfer of xenobiotics using an ex-vivo perfusion equipment. In this study
polystyrene NPs are used as model xenobiotic. The manuscript is clearly written. The experimental
model reported is of great interest for the screening of drugs and other substances which might
influence pregnancy.

Minor Concerns:
There are only 2 minor points to clarify:
1. in the affiliation list c and d are not connected with any of the authors

Thank you, we have removed those institutions, as they are not relevant to the authors of this
manuscript.

2. The authors should better explain what they mean with "without any neural or immune mechanisms
involved in the observed changes of physiological function", this sentence appear in the abstract but it is
not discussed further in the discussion section.

This feedback is appreciated. We have added to the discussion “This methodology allows for
physiological evaluation of the isolated maternal, placental and umbilical vasculature, and therefore
changes in physiology may be identified as vascular pathology,; the immune and neural innervations are
removed in the ex-vivo procedure.”

Reviewer #3:

Manuscript Summary:

This manuscript is very nice for researchers about the placental transfer. The researchers, probably
including me, will try to perform placental perfusion using the protocol in this manuscript because this
manuscript describe relatively simple method of perfusion using the vessel chamber. Therefore, this
manuscript will help us to understand the transfer mechanism across the placenta.



Major Concerns:
| have no major comments.

Minor Concerns:
Resolution of figures is too low, and moreover, the pictures are out-of-focus. So images are better to be

replaced.

Thank you for this, the Reviewer #1 had a similar concern. Please see Reviewer #1 comments for how we
accommodated these changes.



