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Abstract: Neurodevelopment, a complex multifactorial process, is influenced by genetic factors, environmental factors and 

the interaction between them. Among various environmental factors, prenatal or postnatal phthalate exposure are gradually 

attracting great attention. The plasticizers phthalate are widely used in various products. Since they do not form covalent bonds 

with the polymer matrix, they may leach or outgas into the environment and enter the human body, even affect the development 

of the fetus or newborn through the placenta or breast milk. In recent years, increasing evidences have shown that maternal 

phthalate exposure can interfere with the development of fetal central nervous system, resulting in neurodevelopmental disorders 

in postnatal children. However, the specific relationship between maternal phthalate exposure and fetal neurodevelopment and its 

mechanism have not been clearly studied. At present, the known possible mechanisms include disruption of thyroid homeostasis, 

alteration of calcium signal transduction, disturbance of lipid metabolism, interfering with the action of sex hormones, influence 

of the Rho-GTPase pathway, induction of epigenetic and oxidative stress, etc. As the problem has gradually become the focus of 

attention all over the world, new research results are still emerging. In order to provide references for further study of the 

etiology and pathogenesis, the latest research progresses and mechanisms of phthalate exposure on neurodevelopment were 

reviewed in the following article. 
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1. Overview of Phthalates 

Phthalates are a group of common plasticizers which are 

widely used in various daily necessities, such as plastic 

containers, medical equipment and food packaging [1]. 

According to their molecular weight and chemical properties, 

phthalates are usually divided into two types of different 

application and toxicological properties [2]. The high 

molecular weight phthalates (MW≥50 Da), such as di 

(2-ethylhexyl) phthalate (DEHP), are often added to products 

to enhance their flexibility and strength. The low molecular 

weight (LMW) phthalates (MW﹤250 Da), such as di-n-butyl 

phthalate (DnBP) and diisobutyl phthalate (DiBP), are 

commonly used in personal care products, medical supplies, 

cosmetics and packaging materials [2, 3]. Because these 

compounds do not form covalently bound to the polymer 

matrix, they may be released and migrate into the surrounding 

environment [4]. The human body may be exposed to them by 

skin contact, ingestion, inhalation and also transfer from the 

mother to the fetus or newborn through placenta or 

breastfeeding [5]. Phthalates have a short biological half-life, 

ranging from several hours to several days, and their 

metabolites are detected in human blood, urine, feces, breast 

milk and amniotic fluid [6, 7]. 

The concentration of phthalate metabolites in urine is 

currently used as an evaluation index of exposure [8]. In 
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general, the level of phthalate metabolites in urine of children 

is higher than that of adults, while the level of phthalate 

metabolites in urine of women is significantly higher than that 

of men [6]. Because of its wide range of application and easy 

accesses into the human body, the biological impact of 

phthalates and their metabolites has gradually become a hot 

issue for researchers and the public. In this review, we 

describe recent research progress on the mechanisms of 

phthalates' influence on neurodevelopment that provide the 

basis of prevention. 

2. Environmental Factors and 

Neurodevelopmental Disorders in 

Children 

Neurodevelopmental disorders are a group of diseases 

characterized by social delay or mental retardation, including 

specific language delay, autism spectrum disorders (ASD), 

attention deficit hyperactivity disorder (ADHD), learning 

disabilities and motor delays. In the early stage of 

development, human brain is sensitive to environmental 

neurotoxins. Epidemiological studies have found that 

exposure to environmental toxins during embryo stage causes 

neurodevelopmental disorders, particularly when the pregnant 

women smoke or persistently exposed to plastic-derived 

toxins (such as phthalates). In addition, there is evidence that 

environmental toxins cause epigenetic changes, such as DNA 

methylation [9]. If the prenatal brain during a period of rapid 

growth is exposed to environmental toxins, especially the 

endocrine disruptor chemicals, it may result in 

neurodevelopmental disorders related diseases such as ASD 

and ADHD [10]. 

3. Effects of Phthalates on 

Neurodevelopment 

Phthalates and their metabolites in the environment affect 

the neurodevelopment of fetuses and infants [11]. Studies 

have reported that prenatal exposure to phthalates associated 

with children's neurobehavioral difficulties [12]. A cohort 

study in Taiwan showed that higher concentrations of DBP 

and DEHP in mother’s urine samples were associated with 

children's development of conduct problems and ADHD 

related symptoms [13]. In addition, there is a positive 

correlation between the concentration of DEHP metabolites in 

urine and the symptoms of ADHD [14]. Choi and colleagues 

evaluated the relationship between prenatal phthalate 

exposure and comprehensive assessment of executive 

function (EF) in 262 preschool children with clinically 

significant/subthreshold ADHD symptoms and 78 typically 

developing children, and found that exposure to mono-benzyl 

phthalate (MBzP) during pregnancy was associated with 

poorer EF in both sexes [12]. 

Testa and colleagues evaluated the level of the primary and 

secondary metabolites of DEHP in 48 ASD children and 45 

healthy controls. Compared with the control group, the urinary 

5-OH-MEHP and 5-oxo-MEHP concentration significantly 

increased in children with autism. In addition, the urinary 

5-oxo-MEHP (fully oxidized form) showed 91.1% specificity 

in identifying children with ASD [15]. These findings 

suggested for the first time an association between phthalate 

exposure and ASD. 

4. Possible Mechanisms of Phthalate 

Affecting Neurodevelopment 

4.1. Disruption of Thyroid Homeostasis 

Thyroid hormones are essential for the neural development 

of prenatal fetus and postpartum newborn. The maturation of 

the brain, such as the migration of granular and pyramidal 

cells in the cortex, are regulated by thyroid hormones [14]. 

Epidemiological studies have found that early life phthalate 

exposure may influence thyroid function in school-age 

children. Villanger and colleagues examined the relationships 

between concentrations of 12 urinary phthalate metabolites 

and 6 plasma thyroid function biomarkers among 1072 

Norwegian pregnant women, and found that mono-butyl 

phthalate (MBP) was associated with increased total 

triiodothyronine (TT3) and free T3 index (fT3i), while DEHP 

was associated with a decrease in TT3 and fT3i [16]. 

4.2. Alteration of Intracellular Calcium Signal 

Transduction 

Intracellular calcium plays an important role in 

neurotransmitter releases, excitability regulation and gene 

expression of nerve cells [10]. In the nerve terminals of rat 

pituitary glands and pheochromocytoma cells, low dose 

(800nM) of DEHP increases the intracellular calcium level 

[17]. In the testis of zebrafish Danio rerio, acute exposure to 

bis (2-ethylhexyl) phthalate (BEHP) disrupts testicular Ca
2+

 

homeostasis by increasing Ca
2+

 influx [18]. In human cell 

lines, BBP and DBP metabolites interfere with calcium signal 

transduction coupled with nicotinic acetylcholine receptors 

(nAChRs) [10, 19]. 

4.3. Disturbance of Lipid Metabolism 

DEHP may inhibit myelination by affecting lipid 

metabolism and distribution [20]. Development of normal 

fetal brain depends on appropriate levels of lipids and their 

fatty acid substituents, including docosahexaenoic acid 

(DHA) and arachidonic acid (AA) [10, 21]. Maternal 

exposure to DEHP from day 0 to day 19 of pregnancy 

reduced the concentration of essential lipids that synthesize 

DHA and AA [20]. In liver and hepatocytes, DBP exposure 

could induce liver lipid metabolism disorder and other 

hepatic toxicity through the peroxisome proliferator 

activated receptor (PPARα) signal pathway [22]. Similarly, 

the effects of DEHP on fetal lipid metabolism also are 

mediated by PPAR activity. 
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4.4. Androgen Effect of DEHP 

The antiandrogenic effects of several phthalates such as 

DEHP, BBP, DnBP and DiBP may affect neurodevelopment. 

Both animal and epidemiological studies have found that 

phthalate exposure interfere with homeostasis of the sex 

hormones (progesterone, androstenedione and testosterone) 

in vivo [7, 23]. Phthalates interfere with aromatase activity. 

Aromatase is an enzyme that plays an important role in 

reproduction and neuroprotection. When rats were exposed 

to LMW phthalates such as DBP, aromatase in hippocampus 

was up-regulated and estrogen receptor β was down 

regulated, thus reducing the expression of cAMP response 

element binding protein (CREB) and brain derived 

neurotrophic factor (BDNF) [24]. Although evidence of 

some cases is weak or indirect, the importance of phthalates' 

anti-androgen effects on brain development cannot be 

ignored [25]. 

4.5. Dysregulation of the Neurotransmitter System 

In mammalian brains, the inhibitory transmitter 

gamma-aminobutyric acid (GABA) plays an extremely 

significant role in critical neurodevelopmental stages. The 

balance between GABA mediated inhibition and L-glutamate 

(Glu) mediated excitation is of crucial importance in the brain 

by affecting connectivity and synapse pruning [26]. It has 

been reported that postnatal exposure to DEHP significantly 

reduces GABA concentration in the hypothalamus [27]. 

Dopamine is another neurotransmitter which closely related to 

cognition, emotion, learning and memory. Studies have found 

that the expression of dopamine receptor D2 was decreased in 

in striatum of the female mice after pubertal exposure to 

DEHP, which might be associated with the DEHP-induced 

changes of social behavior [28]. 

4.6. Influence of the Rho-GTPase Pathway 

Chronic exposure to DBP in vivo leads to the impairment of 

spatial learning and memory in adult male mice, while acute 

incubation of DBP in vitro inhibits neurite growth and 

migration in neuron cells. DBP exposure inhibits 

Rac1/PAK1/LIMK1 activity in the Rho-GTPase pathway of 

the small G protein family and activate RhoA/ROCK/LIMK2 

signal transduction simultaneously. Finally, it stimulated the 

phosphorylation of cofilin and inhibited the cofilin-mediated 

turnover of F-actin, thus severely inhibiting the growth of 

neurites [29]. 

4.7. Other Aspects 

DEHP and DBP have epigenetic toxicity. Maternal 

exposure to DEHP increases DNA methylation and the 

expression levels of DNA methyltransferase in the testes of 

mice, and the epigenetic changes may also affect behavior 

[30]. 

DEHP is metabolized to mono-2-ethylhexyl phthalate 

(MEHP). Therefore, the effect of MEHP may represent the 

toxic effect of DEHP. The rat pheochromocytoma (PC12) 

cells are used as neuronal differentiation model due to their 

responses to nerve growth factor (NGF). Choline 

acetyltransferase (ChAT) and tyrosine hydroxylase (TH) are 

markers of cholinergic neurons and dopaminergic neurons, 

respectively. MEHP can up-regulate ChAT mRNA level, 

while down-regulate TH mRNA level, indicating that MEHP 

exposure regulates neuronal differentiation [31]. The results 

suggest the effects of phthalates, especially MEHP on 

midbrain dopaminergic neurons, the later are known to 

associated with ADHD or schizophrenia [32]. 

Oxidative stress is one of the major causes of neuronal 

damage, which might be a chemically induced process. 

Ponsonby and colleagues investigated the interplay between 

maternal prenatal phthalate levels, infant genetic vulnerability 

to oxidative stress, and child neurodevelopment, and found 

that prenatal phthalate levels and infant oxidative 

stress-related genetic vulnerability are associated with adverse 

neurodevelopment [33]. Consistently, animal experiment 

showed that neurobehavioral changes induced by DBP may be 

mediated by oxidative damage in the mouse brain [34]. 

5. Summary and Outlook 

To sum up, the possible mechanisms of phthalate esters on 

neurodevelopment include disruption of thyroid homeostasis, 

alteration of calcium signal transduction, disturbance of lipid 

metabolism, interfering with the action of sex hormones, 

influence of the Rho-GTPase pathway, induction of epigenetic 

and oxidative stress, etc. 

In addition, epidemiological and laboratory studies on the 

relationship between phthalate exposure and 

neurodevelopmental disorders in children are not completely 

consistent. The potential reasons for heterogeneity are the 

following inconsistencies in the experimental design: sample 

size; time point and frequency of measurement; phthalate 

metabolites; neurodevelopmental testing methods and age of 

children at the time of evaluation. This requires future 

researchers to be more complete and comprehensive in 

experimental designs. 

Phthalates are ubiquitous in our daily life. Although people 

have gradually paid attention to the various health hazards that 

they may cause, the exposure to phthalates seems unavoidable 

at present. Therefore, it is still an urgent problem to fully 

understand the relationship between phthalates and 

neurodevelopmental disorders. Further studies of the 

toxicological mechanisms will help us to find out the cause of 

neurodevelopmental disorders and propose corresponding 

preventive measures. 
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