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For a developing fetus, the role of the placenta is simultaneously
simple and complex. This ephemeral organ must allow nutrients
and oxygen from the maternal bloodstream to reach the fetus but
keep out pathogens and other harmful compounds. The placenta
also secretes sex hormones, including estrogen and progesterone,
to help direct fetal growth and development.' Certain chemicals,
including endocrine-disrupting chemicals (EDCs), can disrupt
this delicate process. A recent article in Environmental Health
Perspectives suggests that one such EDC, the fungal toxin zeara-
lenone (ZEN),? can readily cross the placenta and enter the fetal
bloodstream.?

The potential impact of disrupting the delicate balance of hor-
mones during pregnancy is one of the major reasons that scientists
are concerned about EDCs. “This work showed, in principle, that
the transfer and metabolism of zearalenone across the placenta is
possible,” says senior author Tina Buerki-Thurnherr, a toxicologist
at the Swiss Federal Laboratories for Materials Science and
Technology.

ZEN, produced by multiple Fusarium species, is found in
a broad range of foods, including cereal- and legume-based

k.
-

products.? It mimics natural estrogens, says Buerki-Thurnherr,
but it is not easily absorbed by the human body, and it is unde-
tectable in the plasma of the majority of the population. A 2019
study found ZEN in the plasma of only 6.5% of participants,
with concentrations of 0.063-0.418 pg/L.* This work is impor-
tant in the context of the hypothesis that environmental expo-
sures early in life can have an outsized impact on adult health.’
Importantly, however, the study did not assess potential health
effects of ZEN exposure and is not intended as guidance for
people to make dietary decisions. “We know the fetus is sensi-
tive to xenoestrogens,” says University of Michigan environ-
mental health scientist Rita Loch-Caruso, who was not involved
in the study, “but we know very little about [the effects of] this
particular mycotoxin.”

Nutrient, gas, and waste exchange between mother and fetus
is both rapid and voluminous, with uterine blood flow reaching
700 mL/min in late pregnancy.® This allows low-molecular-
weight compounds, those without an electric charge, and fat-
soluble substances to cross the placental barrier more readily.’
ZEN has been shown to cross the placenta in rats.® What the

Fusarium culmorum, shown here, is one of several fungal species that produce ZEN. This micrograph shows the fungus’s fibrous white hyphae and globular orange
sporodochia grown on pink medium. The sporodochia, which form from the hyphae, may comprise thousands of spores each. Image: © Lesny Ludek/Shutterstock.
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authors did not know was whether it could cross this barrier in
humans, and if so, how quickly.

Buerki-Thurnherr had previous experience studying the pla-
centa in human cell and tissue models. For this study, her team
used a dually perfused ex vivo human placenta’ to model the
transfer of ZEN and its nine key metabolites from mother to fe-
tus. In this model, cannulae are inserted into blood vessels on
both the maternal and fetal sides of the placenta. Investigators
can then introduce compounds of interest on either side to
observe how they transfer between mother and fetus. The pro-
cess is labor-intensive and often fails due to placental leakage
and other issues. “It’s definitely not high throughput,” Buerki-
Thurnherr says.

The authors successfully perfused six placentas. The maternal
circulation of three placentas received a control solution, and three
were perfused with 1 uM (318 pg/L) ZEN for 6 hours. Both solu-
tions were collected on the fetal side and analyzed using a new
ultra-high-performance liquid chromatography—tandem mass spec-
trometry method developed by members of the team in a previous
study.'” This method allowed the researchers to analyze up to 75
metabolites simultaneously instead of individually.

The new findings showed that two ZEN metabolites, includ-
ing a highly estrogenically active form, were detected in fetal cir-
culation within 15 minutes of being introduced on the maternal
side. After 6 hours of ZEN perfusion, approximately 15% of the
compound was present in the fetal circulation, 31% was present
in the maternal circulation, and the rest was metabolized or pres-
ent elsewhere in the placenta.

The results indicate that ZEN transfer was both fast and effi-
cient, according to Loch-Caruso. She points out that the study is
limited by its small sample size and the lack of demographic data
about the mothers who donated their placentas. Still, she praised
the work as “an important, early first study” in understanding
how endocrine disruptors cross the placenta, with potential to
impact fetal development.
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