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Prenatal Exposure to Toxins and Delays in Brain Development

Relative hormone concentration

Prenatal growth is marked with multiple distinct and
organized stages of brain and body development that exert o\,,é_»“/&;@
an influence on the health of the child beyond the womb. The
present scientific classification divides prenatal development ,
into three phases: germinal, embryonic, and fetal. The

germinal phase is the shortest as it is approximately 14 days - et
in length and denotes the period during which the fertilized / .- N
egg implants itself into the uterine lining. A successful e 3k =5 5
implantation typically suggests the start of pregnancy and is

accompanied by the release of the human chorionic gonadotropin (hCG) hormone, i.e.,

the hormone that is detected by pregnancy tests (Gianfaldoni et al., 2020).

The embryonic phase of pregnancy lasts eight weeks and is relatively the most sensitive
and critical part of development as this is when important bodily structures begin to form.
Embryonic growth begins with the proliferation of stem cells which are genetically
programmed to transform into specific body parts. Between the fourth and eighth week,
multiple bodily systems are sculpted, including the heart, liver, pancreas, gall bladder,
spleen, eyes, limbs (arms and legs), vascular system, lungs, and ears.

The last phase of prenatal growth is the fetal stage which represents the ultimate part of
pregnancy, lasting up until birth. During this phase, the fetus begins to amass body weight
as the organs continue their development to become more refined and functional for the
external post-birth environment.
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Exposure to Toxic Chemicals throughout Pregnancy

As can be observed from the graph above, specific hormones are released throughout
pregnancy at varying levels as the gestation period progresses. One of the first hormones
released is the human chorionic gonadotropin (hCG) hormone. Recent studies have
shown that endocrine-disrupting chemicals (EDCs) — namely, bisphenol A and para-
Nonylphenol (p-NP) — have deleterious effects on hCG production and could thereby
influence whether or not the pregnancy is maintained, and if so, how the fetus will develop
(Paulesu et al., 2018). Another study that looked at human cell lines also demonstrated
that another EDC, dichlorodiphenyltrichloroethane (DDT), used as an insecticide in
agriculture, inhibited hCG activity and progesterone secretion (Munier et al,, 2021).

Progesterone levels progressively rise throughout pregnancy in an almost uninterrupted
manner. The primary role of this hormone is to promote pregnancy and fetal growth,
develop maternal breast tissue for later lactation, and strengthen pelvic muscles for labor
(Progesterone | You and Your Hormones from the Society for Endocrinology, n.d.).
Disruption in progesterone production during pregnancy is often linked with miscarriages
(Ku et al., 2018), but in cases where the pregnancy is sustained, it can lead to altered fetal
development, or what is coined “defective pregnancies” (Radwanska et al., 1978).

Estrogen is another interesting hormone whose levels also increase linearly during
pregnancy. A group of EDCs are called “estrogen-like compounds” because they are
known to resemble and mimic the effects of naturally produced estrogens. Since these
compounds are foreign to the human body, they are called “xenoestrogens”, and they are
commonly found in plastics, personal and cleaning products, food (via pesticides), and
tap water (Wise et al,, 2011). Despite being similar to natural estrogens, xenoestrogens
produce negative effects on embryonic and fetal development as they interfere with
natural estrogenic activity (Watson et al., 2011). One study with pregnant Danish women
found that exposure to perfluorinated alkyl acids (PFAAs) — a xenoestrogen — was linked
with lower birth weight and size, an event that frequently infers the presence of
developmental delays (Bjerregaard et al., n.d.). Animal studies have also supported the
negative influence of xenoestrogens on pregnancy with evidence that has significance for
human pregnancies and fetal growth (LaPlante et al., 2017; Witorsch, 2002).
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What Happens to Child Brain Development?

So far, we have discussed how pregnancy hormones are affected by toxins and how these
changes affect pregnancy maintenance and fetal development. In this section, we will dive
deeper into the effects of toxic exposures on one specific system: the nervous system,
which includes the body’s nerves, spinal cord, and brain.

The nervous system first develops around the fifth week of pregnancy, but its true
development is jumpstarted around the sixth or seventh week when the brain divides into
its three rudimentary parts: the front brain, midbrain, and hindbrain (Konkel, n.d.). During
the fetal stage of pregnancy, brain volume triples as the organ becomes more
sophisticated, but this is also when the brain is most vulnerable to harmful factors such
as EDCs.
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(Babies Born Early Can Have Brain Injury, n.d.)

The Role of Progesterone. It has been demonstrated that progesterone has a
neuroprotective effect on the fetal brain; thus, lowered progesterone levels (as discussed
in the previous section) can render the brain susceptible to damage (Schumacher et al,

2020). Progesterone has also been found to be involved in the formation of neural circuits
that control mood, memory, and learning in the child (Gonzalez-Orozco & Camacho-
Arroyo, 2019).

Xenoestrogenic Activity. The effect of xenoestrogens on fetal brain development have
been extensively studied on various animal and human organoid' models given the recent

1 Organoids are simplified versions of human organs (e.g., heart, brain, etc.) produced in vitro using human stem
cells. They are used in many different types of scientific experiments as they create good models for studying the
effects of various variables/factors/chemicals on humans without having to involve human participants.
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findings about their toxicity. Primarily, xenoestrogens have been found to disturb the
specialization of neural circuits (Fujiwara et al., 2018; Panzica et al., 2007), generating a
multitude of problems for associated brain functions. Furthermore, many of these
consequences have been found to be long-term, meaning that they affect the organism
beyond their fetal years, and oftentimes, into adulthood.

Concrete Evidence on Observed Delays

By this point, it is clear that toxins negatively modulate brain circuits, but how does this
precipitate in the child? The following points list some observations from human studies
performed in the last two decades.

» Exposure to phthalates —a common ED — during prenatal development correlate
strongly with impaired social behaviour in children from a multiethnic
population (Miodovnik et al., 2011).

» In Swedish children (mean age = 7) exposed to endocrine disruptors prenatally,
researchers found lower IQ scores, especially in boys (Tanner et al., 2020).

» Epidemiological studies have revealed that prenatal exposure to EDCs that
disrupt thyroid function in the mother are often reflected by delays in language
and psychomotor development when the child becomes school-aged
(Ghassabian & Trasande, 2018).

Similar results have been replicated across many studies with the same conclusions being
repeated: toxic exposures during prenatal development cause delays in brain
development and behavioural growth in children.

Read More

Endocrine-disrupting chemicals (EDCs) are ubiquitous in the everyday environment, but
there are ways to avoid them. Read our article on this subject here.
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