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ABSTRACT :The purpose of this study was to determine the effects of lactating propylthiouracil
(PTU) on the thyroid-neural development in rat newborns. PTU was administered to female rats
in drinking water (0.1% w/v) from birth to lactation day (LD) 30. A hypothyroid state was
recorded at LDs 20 and 30 in both dams and their offspring where a marked depression
(P<0.01) was observed in serum thyroxine (T4) and triiodothyronine (T3) levels, while a reverse
pattern was noticed in serum thyrotropin (TSH) level as compared to a control group. Also, the
maternal administration caused a highly significant decrease in the level of neonatal growth
hormone (GH) at postnatal days (PNDs) 20 and 30. This hypothyroid condition produced
inhibitory  effects on 5'-monodeiodinase (5'-DI), and on cholinergic enzymes
butyrylcholinesterase (BuchE) and acetylcholinesterase (AchE) in the neonatal cerebellum at the
studied PNDs. This may also delay partially the development of the cerebellar Purkinje cells
(PCs) via altering the dendritic morphology at both examined PNDs. All tested parameters in the
control group followed a synchronized course of development, and their progress may depend,
largely on thyroid state. Thus, PTU may act as a developmental thyroid-neural disruptor,
causing dyshormonogenesis and cerebellum dysgenesis.
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INTRODUCTION

Propylthiouracil (PTU), an anti-thyroid thioureylene drug, is the U.S. Food and Drug
Administration-approved thionamide that has intrathyroidal action [thyroid hormones (THS)
synthesis] and extrathyroidal action (deiodination, particularly DI) (Tousson et al., 2012; Hassan
et al., 2013). Moreover, PTU alters the levels of TH (Koohestani et al., 2012; Bhanja and Jena,
2013) and adversely affects the developing brain (Zhang et al., 2009; Hassan et al., 2013). These
potential effects resulting in disrupted the cholinergic enzymes (AchE and BuchE)
(Carageorgiou et al., 2007; Ahmed, 2012a; Tousson et al., 2012), the neuronal proliferation and
migration (Hadj-Sahraoui et al., 2000; Zhang et al., 2009), and the growth of the young offspring
(Axelstad et al., 2008; Argumedo et al., 2012). However, the studies focused on the development
of the neuroendocrine system concurrently with transfer of PTU from dams to their pups during
the whole suckling period and on postnatal examinations for neural functions have received only
limited attention.

In the present study, PTU was added to the drinking water of postpartum female rats to
reversibly block TH production in the nursing rat pups from birth until LD 30. This
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developmental stage in the rat models reflects the time period between the third trimester of
gestation to the second postnatal year in the human (Ahmed et al., 2008). Therefore it is
desirable to investigate the effects of suckling PTU on the thyroid markers of rat dams (serum
T4, T3 and TSH) and their pups (serum T4, T3, TSH and GH). Also, the current study extended
to estimate the changes in the cerebellar peripheral metabolism of THs (5'-Dl), the changes in the
cholinergic enzymes (BuchE and AchE) and the changes in the development of the PCs at PNDs
20 and 30.

MATERIALS AND METHODS

Chemicals:

PTU and ethopropazine hydrochloride were purchased from Sigma- Aldrich, St. Louis, MO,
USA. T4, T3, TSH and GH kits were obtained from Calbiotech INC (CBI), USA. All other
reagents were of the purest grades commercially available.

Animals and treatments;

Pregnant white albino rats at gestation day 15 were purchased from the National Institute of
Ophthalmology, Giza, Egypt. They were housed singly in cages until giving birth, after which
litters were culled to 8 pups per cage so that treated mothers could provide sufficient milk for the
pups. The male litters only were randomly divided into control and PTU groups. The animals
were fed on standard rodent pellet diet manufactured by the Egyptian Company for oil and soap
as well as some vegetables as a source of vitamins (El-bakry et al., 2010). Tap water was used
for drinking ad libitum and these animals were exposed to constant daily light/dark periods of 12
h each (lights on at 06:00 h) and 50 + 5% relative humidity (Ahmed and Incerpi, 2013).
Generally, the protocol followed the general guidelines of animal care [CCAC (Canadian
Council on Animal Care), 1993]. All efforts were made to minimize the number of animals used
and their suffering.

0.1% wi/v PTU in drinking water was administrated to lactating mothers up to weaning (30 days),
which was replaced daily with fresh PTU solution. PTU enters the bloodstream, passing through
the mother's breast milk, to the rat pups. For each time point, age-matched control rats received
normal drinking water. At LDs 20 and 30, dams and their newborns were subsequently sacrificed
under mild diethyl ether anaesthesia, and the blood samples from dams and their pups were taken
and centrifuged at 1006.2 xg for 30 min. The neonate’s brains (cerebellum) were placed
immediately in ice-cold normal saline. The clear, non-hemolysed supernatant sera were quickly
removed, divided into three portions for each individual animal, and kept at -30 °C until use for
hormonal examinations. The cerebellums were homogenized by using a Teflon homogenizer
(Glas-Col, Terre Haute, USA) in two buffers: ice-cold PBS (0.15M, pH 7.4) containing 0.25 M
sucrose and 2mM EDTA for 5'-DI assay; and 10% (w/v) isotonic solution (0.9% NaCl) for AchE
and BuchE assay. On the other hand, the cerebellums of the offspring were removed immediately
after a rapid anaesthesia, dropped into potassium dichromate-formalin mixture as a fixative
before further processing and staining with Golgi-Copsch stain.
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The radioimmunoassay (RIA) examination:

T4, T3 and TSH in serum of mothers and their offspring, as well as GH in serum of the
newborns were estimated quantitatively in the Diabetic Endocrine Metabolic Pediatric Unit,
Center for Social and Preventive Medicine, New Children Hospital, Faculty of Medicine, Cairo
University, Egypt, according to the method of Thakur et al. (1997), Maes et al. (1997), Mandel et
al. (1993) and Reutens (1995), respectively.

THE DEVELOPMENTAL AND BIOCHEMICAL EXAMINATIONS IN NEONATAL
CEREBELLUM:

Determination of 5'-DI activity:

5'-DI activity in homogenate supernatant was estimated according to the method of Kahl et al.
(1987), Gupta and Kar (1998) and Ahmed et al. (2010). The method depended on the incubation
of tissue supernatant with exogenous T4 for 1 h in the presence of dithiothreitol (DTT). Also, the
T3 liberated as a result of enzyme action was estimated by the method of Maes et al. (1997).

Determination of cholinesterases activity:

The activities of both AchE and BuchE were assessed by standard spectrophotometric Ellman’s
method. Acetylthiocholine (ATCI) or butyrylthiocholine iodides (BuTCI) were used as an
appropriate substrates and 5,5 -dithiobis-2-nitrobenzoic acid (DTNB) was used as a chromogen
(Ellman et al., 1961). To distinguish the activity of AchE from BuchE, ethopropazine
hydrochloride (10*M) was used as a BuchE inhibitor. BuchE activity was calculated as the
difference between total cholinesterase (chE) and AchE activity. The activities of AchE and
BuchE were expressed as pmole of ATCI/BUTCI hydrolyzed per min per milligram of protein.
All spectrophotometric measurements were done in duplicate. The data were normalized to the
amount of protein measured by the Lowry method, using the Bio-Rad DC protein assay and
bovine serum albumin as the standard.

Golgi-Copsch stain:

The Golgi-Copsch staining was performed according to Tombdol (1967). The cerebellum of each
group was cut into slices. The slices were placed in a 4:1 mixture of 5% potassium dichromate
and concentrated formaldehyde (40%) for 4 days. The slices were transferred to 3.6% potassium
dichromate for 4 days. They were washed in 0.75% silver nitrate and then placed in the same
solution for 4 days. The last two steps were repeated once. The slices were dehydrated and then
placed in xylene for 20 min. Embedding process was made in paraffin wax. After that, serial
sections were made at 50 pm to show the PCs. The de-waxed process was carried out by using
xylene. The sections were mounted in Canada balsam. All sections were evaluated for the degree
of maldevelopment.

Statistical analysis:

Data were analyzed using one-way ANOVA (PC-STAT University of Georgia 1985) followed
by LSD analysis to determine the main effects and compare the groups with each other. F-
probability for each variable expresses the general effect between the groups. The data are
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presented as means + S.E.M., and values of P<0.01 and P<0.001 were considered statistically
highly significant and very highly significant respectively.

RESULTS

Maternal-neonatal thyroid markers:

The present data in lactating rat dams and their offspring showed changes of T4,T3, TSH and
GH, and the effect of PTU administration (Tables 1 and 2). The levels of T3, T4 and TSH in
control dams and their newborns, and neonatal GH were increased profoundly and gradually
from LD 20 to 30.

The administration of PTU led to disruption of this behavioral pattern in dams and their
offspring. In dams, the administration caused a highly significant reduction in both T3 and T4
levels while a highly significant elevation in TSH level was recorded at both examined LDs
relative to control group (LSD; P < 0.01; Table 1). Interestingly, the effect was more severe at
LD 30 when the percentage changes were -26.51%, -61.84%, +91.30%, for T4, T3 and TSH,
respectively. The degree of deviation in maternal T4/T3 ratio was greater in the PTU group with
respect to control during the experimental period (Table 1).

In table 2, the newborns exposed to PTU via their dams during the lactation period exhibited a
highly significant (P<0.01) decrease in the levels of T4, T3 and GH at PND 20 in comparison
with their corresponding control rats. This behavior was more deteriorated at PND 30 (-47.54%,
-53.48% and -45% for T4, T3 and GH, respectively). As noticed in postpartum female rats, the
increase in T4/T3 ratio of their pups was greater in the PTU group (1.98 and 1.6 at PNDs 20 and
30, respectively) in relation to control (1.59 and 1.41 at PNDs 20 and 30, respectively).
Alternatively, at PNDs 20 and 30, a highly significant (P<0.01) increase due to the
administration was observed in the level of TSH (+66.66% and +46.15%, respectively)
compared to the control group (Table 2). Regarding one way ANOVA, the general effect
between both groups at PNDs 20 and 30 was very highly significant (P<0.001) for all tested
hormones in both dams and their pups (Tables 1 and 2).

Developmental and biochemical markers in neonatal cerebellum:

Figure 1 illustrated the activity of neonatal 5'-DI in all experimental groups, control and PTU at
PNDs 20 and 30. During the experimental period, the data showed that the enzyme activity of the
control offspring was gradually increased. LSD test analysis indicated that the 5'-DI activity of
the PTU group was severely decreased (LSD; P<0.01) as the age progressed from PND 20 to 30
as compared with the control group (Fig. 1). As one-way ANOVA test was applied on 5'-DI of
control and PTU groups, the general effect was very highly significant (P < 0.001).

Figure 2 demonstrated the effect of maternal PTU on the activities of neonatal BuchE and AchE
at PNDs 20 and 30. In control newborns, the activities of BuchE and AchE exhibited enormous
and gradual increase from PND 20 to 30. More importantly, during the tested PNDs, the activity
of AchE was higher than BuchE in the control group. The administration induced a pronounced
decrease (LSD; P<0.01) in the activities of these enzymes as compared with the corresponding
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control during both examined PNDs, particularly at PND 30 where the attenuation reached its
lowest level. Concerning the ANOVA test of BuchE and AchE, the general effect between both
groups was very highly significant (P<0.001) throughout the experiment.

Neurogenesis as shown by Golgi-Copsch stain:

Purkinje cells (PCs) in the control and treated groups appeared possessing one main dendrite that
arose from the upper end of the cell body and extended through the molecular layer (ML) at
PNDs 20 and 30 (Figures 3A-D). These primary dendrites branched repeatedly through the ML
into secondary and tertiary dendrites, giving a rich dendritic tree with innumerable tiny spicules
at PND 30 in the control group (Figure 3C). In addition, these arborizations were confined to a
plane perpendicular to the pia matter in the control group at PND 20 (Figure 3A) and reached
their maximum length at PND 30 (Figure 3C). At both PNDs, these cells were large in size and
had long dendrites in the control group when compared with treated ones (Figures 3A-D). These
dendrites had more spicules and nodules in the control group with respect to PTU ones. On the
other hand, in the treated group there was some degeneration in the dendrites of these cells at
PNDs 20 and 30 (Figures 3B and 3D). Other important points at PND 30 can be summarized
(Figures 3A-D): 1) PCs of the control group increased in number as compared with treated ones,
and 2) the density of the dendritic network in the treated group was lesser than that seen in the
control ones.

DISCUSSION

In control dams and their pups, the levels of serum T4, T3 and TSH were obviously progressed
from LD 20 to 30, a known period of THs action. The same pattern was recorded in the level of
neonatal GH. Concomitantly, the levels of serum THs and TSH in dams and neonates were
correlated positively (El-bakry et al., 2010; Ahmed et al., 2010 & 2012; Ahmed, 2011). Also,
THs influence growth in part by altering the secretion and effects of pituitary GH via mRNA or
growth factors (Akin et al., 2009; Saranac et al., 2013), while GH in turn mediates the growth
and function of the thyroid as well as TH metabolism (Ahmed et al., 2008; Ahmed and Incerpi,
2013; Saranac et al., 2013).

In PTU-treated group, a decrease in serum T4, T3 and increase in TSH levels were observed
during the tested days in dams and offspring, as well as GH level was decreased in offspring with
respect to control group. Concurrently, PTU induced hypothyroidism during the development
(Gilbert and Lasley, 2013; Hassan et al., 2013; Khalawi et al., 2013). This can be caused by
reducing the binding of T3 to nuclear thyroid receptors (TRs) (Moriyama et al., 2007), inhibiting
thyroperoxidase activity (which normally oxidizes anion iodide (I1) to iodine (I°) during
thyroxine synthesis in the thyroid gland) within the thyroid gland, blocking the organification of
thyroglobulin, and thus blocking synthesis of THs (Jena et al., 2012). Also, Scott-Moncrieff et al.
(1998) reported that the stimulating effect of PTU on TSH level may be due to the lack of
negative feedback from the THSs. This elevation increased thyroid weight and stimulated the
thyroid follicular cell proliferations (Hood et al., 1999), and this can alter the thyroid growth.
With regard to the GH deficiency due to maternal PTU, the present data are in agreement with
those of Tamasy et al. (1986) and Shibutani et al. (2009) showing that exposure to PTU resulted
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in the growth suppression in rat offspring of both sexes at weaning. Altogether, it is legitimate to
propose that the imbalance in the hypothalamic—pituitary—thyroid axis (HPTA) and TH synthesis
or degradation due to maternal PTU during lactation period may seriously compromise normal
TH actions in dams and their litters.

Reference to the present work, the activity of 5'-DI in neonatal cerebellum of the control group
was increased tremendously during the experimental period. Similarly, Ahmed et al. (2010)
recorded that the elevation in the activity of 5'-DI from the 1% to 3" week after birth was noticed
in neonatal rat cerebellum, cerebrum and medulla oblongata. This elevation may be critical in the
regulations of serum and tissue concentrations of THs (Galton, 2005; St Germain et al., 2005)
and tissue/cellular levels of T3 (Lechan and Fekete, 2005; Takeuchi et al., 2006), and may be
regulated in a complex manner that is related to both T4 and T3 availability in the serum (Ahmed
et al., 2008 & 2010). These findings led to infer that the maintenance of THs and 5'-DI may be
necessary to convert the available T4 to T3 in developing cerebellum during the suckling period.

Regarding the current results, the activity of neonatal 5'-DI in the developing cerebellum of
maternal PTU-hypothyroid group showed noticeable and highly significant decreases with
ageing from PND 20 to 30 in comparison with their respective controls. It was reported that
administration of PTU to the lactating (Tamasy et al., 1984) or pregnant (Sigrun and Heike,
2010) rat caused hypothyroidism via blocking TH synthesis by decreasing the activity of DI
(suppresses the conversion of T4 to T3). Generally, PTU inhibits DI in rat (Nguyen et al., 1998;
Axelstad et al., 2008), mice (Dong et al., 2009) and human (Saberi et al., 1975; Ahmed, 2012a).
Similarly, maternal methimazole (MMI), antithyroid drug, reduced the activity of neonatal 5'-DI
in rat cerebellum (Ahmed et al., 2010). It is conceivable that the drop in neonatal 5'-DI can be
explained by the induction of a hypothyroid state by maternal PTU, and the variations in serum
T3 level may arise from alterations in the monodeiodination pathway of T4. This may delay the
development of neonatal cerebellum.

In this study, the activities of BuchE and AchE in neonatal cerebellum of the control group were
elevated at PNDs 20 and 30 in an age-dependent manner. Muller et al. (1985) postulated that the
activities of BuchE and AchE were increased mostly postnatally in rat brain and prenatally
(before 11 weeks) in human brain. Recently, my group reported that the activity of AchE was
gradually increased in cerebellum of the control rat offspring during the postnatal period (Ahmed
et al., 2010; Ahmed, 2011 & 2012a). Also, the AchE activity in the control group was higher
than BuchE during the examined PNDs. This observation was confirmed in the spinal cord of rat
neonates by Koohestani et al. (2012 & 2013) who noticed that the postnatal AchE increase was a
part of the postnatal proliferation of the synapses of the cholinergic neurons, while the behavior
of BUChE reflected an earlier burst in formation of the non-neuronal cells containing this
enzyme, and a slower postnatal rise in them. Taken together, THs may regulate the cholinergic
transmission in various brain regions of rat (Evans et al., 1999; Ahmed et al., 2008; Ahmed,
2011) through their action on nerve growth factor (NGF) (Munoz et al., 1993). Based on these
results, the viability and normal biological reactions during the postnatal development of rat
newborns may depend, at least in part, on the functional stimulus exerted by THs.
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In the current experimental work, the reduction in the activities of BuchE and AchE in the
neonatal cerebellum, from PND 20 to 30, was more marked in hypothyroid pups, whose mothers
were administrated PTU from LD 1 to 30. Similarly, hypothyroidism due to PTU significantly
reduced total AchE and total BuChE activities in neonatal spinal cord at PNDs 10 and 21
(Koohestani et al., 2012). Legrand et al. (1983) found that total BuChE activity declined at PND
10 and in older pups due to a PTU-hypothyroid state in developing rat cerebellum, while Ahmed
(2012a) suggested that hypothyroidism by MMI could disturb the transformation and maturation
of AchE in developing rat cerebellum at PNDs 7, 14 and 21. These disturbances may be
associated with neurodevelopmental deficits via inhibiting T3 level (Sawin et al., 1998) by
recruitment of its transcriptional corepressors and/or dissociation of coactivators (Moriyama et
al., 2007). Generally, the development of the cerebellar cholinergic system or function was
delayed in neonatal hypothyroid rat (Virgili et al. 1991; Ahmed et al., 2010; Ahmed, 2011).
These observations strengthen the possibility that the maternal administration of PTU affects the
development of the cholinergic system; it may reduce the postnatal development of cholinergic
synapses, thereby influencing the functional development of this brain region. This action may
be mediated by the thyroid axis.

Further, the developmental rate of PCs was increased in its density and complexity with the age
progress from PND 20 to 30 in the present control rat newborns. This increase was associated
with the elevation in the levels of THs, and with the activities of the 5’-DI and cholinergic
enzymes. This explanation was supported by several different lines of evidence. Firstly, THs
regulate the neuronal cytoarchitecture, neuronal growth, and myelination and synaptogenesis,
where their receptors are widely distributed in the CNS (Bernal, 2007; Ahmed et al., 2008;
Leonard, 2008). Secondly, the 5'-DI is the main source of T3 for the developing rat neurons
(Ahmed, 2012a). Thirdly, the cholinergic systems are essential for normal brain development as
a modulator of neuronal proliferation, migration and differentiation processes (Coccini et al.,
2007; Ahmed, 2012b).

In the current study, the neonatal PCs of the maternal PTU-treated group were decreased in their
numbers and dendrites with degenerative changes as compared to the control ones at both
investigated PNDs. The developmental hypothyroidism induced by PTU decreases the number of
PCs, delays the dendritic arborization and synaptogenesis in PCs, and in general impairs the
cerebellar development (Koibuchi, 2009; Wang et al., 2011). Other results showed that the
different models of developmental hypothyroidism in rats can cause retardation in the
morphological maturation of PCs (Shibutani et al., 2009; Gong et al., 2010; Ahmed, 2012a;
Ahmed et al.,, 2012). In hypothyroid mice, a defect of TH levels provoked a decrease of
cerebellum protein concentrations, and this confirmed the histological aspects of cerebellum with
PCs incompletely differentiated (Ben Hamida et al., 2003).

In another instance, the abnormal neuronal development observed during hypothyroidism in rats
may partially result from absence of GH (Savard et al., 1984; Ahmed, 2012a), alter the activity
of 5'-DI (Aus6 et al., 2004; Kester et al., 2004), or change the cholinergic enzymes (Ahmed et
al., 2008 & 2010). These alterations may be mediated by a PTU-hypothyroid state during the
lactating period and may be responsible for the loss of neuronal vital functions. Finally, PTU has
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a developmental thyroid-neural disrupting action via dyshormonogenesis and cerebellum
dysgenesis (Figure 4). These adverse effects depend on the dose, experimental duration,
developmental period and type of biological fraction studied. Future studies to find region-
specific alteration of gene expression should shed light on details of molecular change in
developmental hypothyroidism.
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Legends
1. Tables:

- Table 1. Effect of PTU in thyroid markers [T4 (ng/100ml), T3 (ng/100ml), T4/T3 ratio, and TSH
(ng/100ml)] of lactating rats. Data are expressed as mean £ SE. Number of animals in each group
is six. Values which share the same superscript symbols are not significantly different. ANOVA
(F-probability) expresses the effect between groups and tested PNDs, where P<0.001 is very
highly significant.

- Table 2. Effect of maternal PTU in thyroid markers [T4 (ng/100ml), T3 (ng/100ml), T4/T3 ratio, TSH
(ng/100ml) and GH (ng/100ml)] of their newborns during the postnatal period. Data are
expressed as mean + SE. Number of animals in each group is six. Values which share the same
superscript symbols are not significantly different. ANOVA (F-probability) expresses the effect
between groups and tested PNDs, where P<0.001 is very highly significant.

2. Figures:

- Figure 1. Effect of lactating PTU in 5'-DI (expressed in ng/100mg) activity of neonatal cerebellum
during the postnatal period. Bars represent mean = SE of six animals/group, where the change
between both groups/PND is highly significant (**P < 0.01) as determined by LSD test.
ANOVA (F-probability) expresses the effect between groups and tested PNDs, where P < 0.001
is very highly significant.

- Figure 2. Effect of lactating PTU in BuchE and AchE (expressed in pmoles/min/mg) activities of
neonatal cerebellum during the postnatal period. Bars represent mean + SE of six animals/group,
where the change between both groups/PND is highly significant (**P < 0.01) as determined by
L
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SD test. ANOVA (F-probability) expresses the effect between groups and tested PNDs, where P < 0.001 is very highly significant.

- Figure 3. Sagittal sections in the cerebellar cortex of rat newborns showing the Purkinje cells at PND 20 (A: Control; B: PTU) and at
PND 30 (C: Control; D: PTU). (Golgi-Copsch stain, X400)

-Figure 4. The developmental neuroendocrine toxic effect of PTU.

Table 1.
Periods PTU Serum T4 Serum T3 T4/T3 ratio Serum TSH
LD 20 0 6.75+0.111° 3.15+0.067° 2.14 2.50+0.134°
0.1% wiv 5.75+0.066° 2.10+0.089¢ 2.73 5.60+0.089°
-14.81% -33.33% +124%
LD 30 0 9.05+0.112? 3.80+0.0882 2.38 3.45+0.0.066°
0.1% wiv 6.65+0.101° 1.45+0.110¢ 458 6.60+0.0442
-26.51% -61.84% +91.30%
ANOVA P<0.001 P<0.001
LSD 5% 0.302 0.268 0.266
LSD 1% 0.412 0.366 0.362
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Table 2.
Periods PTU Serum T4 Serum T3 T4/T3 ratio Serum TSH Serum GH
PND 20 0 2.15+0.111° 1.35+0.066° 1.59 1.65+0.101° 1.30+0.089°
0.1% wiv 0.99+0.046 ¢ 0.5+0.044¢ 1.99 2.75+0.064° 0.550.067¢
-53.95% -62.96% +66.66% -57.69%
PND 30 0 3.05+0.0712 2.15+0.1112 1.41 2.60+0.089° 2.00+0.0412
0.1% wiv 1.60+0.087° 1.00+0.043° 1.6 3.80+0.133? 1.10+0.084°
-47.54% -53.48% +46.15% -45%
ANOVA P<0.001 P<0.001
LSD 5% 0.242 0.213 0.306 0.221
LSD 1% 0.330 0.291 0.418 0.301
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Figure 4

Maternal PTU (lactation period)

Dysfunction in the maternal-pups HPTA
(hypothyroidism & GH-deficiency)

.
-inhibit the 5°-DI & cholinergic enzymes

- Delay the development of PC

PTU has a developmental thyroid-neural disrupting action
(Neuroendocrine Toxic Effect;
Dyshormonogenesis & brain dysgenesis)
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