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Abstract

Proper placental development and function relies on hormone receptors and signaling pathways 

that make the placenta susceptible to disruption by endocrine disrupting chemicals, such as 

phthalates. Here, we review relevant research on the associations between phthalate exposures and 

dysfunctions of the development and function of the placenta, including morphology, physiology, 

and genetic and epigenetic effects. This review covers in vitro studies, in vivo studies in mammals, 

and studies in humans. We also discuss important gaps in the literature. Overall, the evidence 

indicates that toxicity to the placental and maternal-fetal interface is associated with exposure to 

phthalates. Further studies are needed to better elucidate the mechanisms through which phthalates 

act in the placenta as well as additional human studies that assess placental disruption through 

pregnancy with larger sample sizes.
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1. INTRODUCTION

Quality of life has been significantly increased since the Industrial Revolution by technical 

innovations in industrial and agricultural processes [1]. Many of these advances rely on 

synthetic chemical production, which has led to widespread environmental contamination 

due to inappropriate disposal and poor environmental stewardship [2]. Many of these 

environmental contaminants are considered endocrine disrupting chemicals (EDCs) as they 

have been shown to interfere with proper endocrine function [3].
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EDCs are defined as “exogenous chemicals, or mixtures of chemicals, that can interfere with 

any aspect of hormone action” [2]. These chemicals are known to display nonmonotonic 

dose-response curves because hormones interact with and activate their receptors in a 

nonlinear fashion. The intersection of non-linear dose response curves and multiple possible 

mechanisms of action can lead to U-shaped or inverted U-shaped dose response curves [3,4]. 

EDCs are found in a wide range of industrial and consumer products, including plastics, 

personal care products, pesticides, disinfectant products, solvents, and pharmaceuticals [3,5]. 

As a result, humans are constantly exposed to low doses of mixtures of EDCs on a daily 

basis by ingestion, inhalation, and dermal contact and are at risk of detrimental effects on 

hormonal and physiological health [3,4]. Particularly concerning are exposures that occur 

during pregnancy, which may impair maternal health or normal placental function, and lead 

to abnormal fetal development and future disease [6].

During mammalian embryonic development, proper placental function plays a critical role in 

organogenesis and tissue differentiation. The placenta is the principal modulator of nutrient 

supply to the growing embryo during gestation. This period is tightly regulated to result in 

normal fetal organ structure and body formation [7,8]. Previous studies have reported that 

toxicant exposures during gestation can cause adverse outcomes in exposed children, such as 

thalidomide and limb malformations and methyl mercury and Minamata disease [9]. 

Embryogenesis is a critical window of development, characterized by heightened sensitivity 

to environmental factors that may interfere with the fetal reprogramming process. Thus, the 

developmental origins of health and disease (DOHaD) hypothesis posits that an adverse 

environment experienced during development can increase the risk of disease later in life 

[10–12]. Human and other mammalian experimental pregnancy models have reported 

abnormalities as a result of irregular maternal diet, exposure to synthetic hormones, and 

inadvertent exposures to environmental chemicals including EDCs [13–15].

During pregnancy, women and fetuses are exposed to mixtures of chemicals including EDCs 

[13,16,17]. For example, chemicals used in plastics, including phthalates, have been detected 

in high levels in maternal blood or urine, umbilical cord blood, and amniotic fluid 

[13,14,18,19]. Phthalates are synthetic chemicals with ubiquitous human exposure that are 

known to have complex EDC actions [20,21]. Thus, the purpose of this minireview is to 

review recent research on the impact of phthalates on placental morphophysiology. We focus 

on in vitro and in vivo studies, from both human and animal models, of phthalate exposure 

during fetal development. Furthermore, we review the effects of various phthalates on 

placental morphology and physiology and placental factors required for normal fetal 

development.

1.1. PHTHALATES

Phthalates and phthalate esters are a large group of compounds used as non-covalently 

bound plasticizers and solvents found in a wide range of products including polyvinyl 

chloride plastics, coatings, cosmetics, personal care products, medical tubing, building 

materials, food processing equipment, and children’s toys [22,23]. Phthalates have been 

identified as contaminants in indoor air and household dust [24]. Humans are regularly 

exposed to multiple phthalates via dermal exposure from personal care and household 
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products, parenteral exposure from medications, intravenous exposure from blood 

transfusions or pharmacological treatment, oral exposure from drinking and eating food that 

was processed with plastic tubing or stored in cans lined with epoxy resins, and 

environmental exposure from dust in the air [25–27]. Phthalates exhibit structure-activity 

relationships that determine their uses; low molecular weight (LMW) phthalates, including 

diethyl phthalate (DEP), dibutyl phthalate (DBP), and diisobutyl phthalate (DiBP), are 

typically used in fragrances in personal care products, such as perfumes and nail polish as 

well as pharmaceutical formulations, whereas high molecular weight (HMW) phthalates, 

including di(2-ethylhexyl) phthalate (DEHP), benzyl butyl phthalate (BzBP), and di-

isononyl phthalate (DiNP), are used as plasticizers and additives in industrial products 

including adhesives, flooring, plastic toys, and paints [22,24,28] (Figure 1). Thus, with this 

widespread use, over 18 billion pounds of phthalates are produced annually and phthalates 

can be found in the environment, wildlife, and human tissues, justifying public health 

concern and the importance of understanding their toxicologic effects [22,24,29,30].

The United States Environmental Protection Agency suggests a safety level of 0.22 mg/kg/d 

for DEHP, one of the most widely used phthalates, whereas the Health Canada-European 

Medicines Agency suggests the tolerable daily intake as 0.4 mg/kg/d [31,32]. These levels 

are based on traditional regulatory toxicology assessments, which have revealed high no 

observed adverse effect levels for phthalates and do not consider endocrine disruption. In the 

European Union, DEHP, DBP, BBP and DIBP are considered substances of very high 

concern (SVHCs) and are restricted through the Registration, Evaluation, Authorization and 

Restriction of Chemicals (REACH) regulation.

Based on studies performed in the US and Germany, the estimated range of daily human 

exposure to DEHP is ~3 to 30 μg/kg/d, DEP is 2.32 to 12 μg/kg/d, BzBP is 0.26 to 0.88 

μg/kg/d, DBP is 0.84 to 5.22 μg/kg/d, and DiBP is 0.12 to 1.4 μg/kg/d [33,34]. DiNP human 

occupational exposure levels reach up to 26 μg/kg/d, whereas exposure in infants can reach 

levels of up to 120 μg/kg/d [35,36]. Furthermore, occupational exposure to DEHP has been 

estimated to be between 143 and 286 μg/kg/d [33,34]. Even though estimated human 

exposure to phthalates is low compared with safety doses from regulatory agencies, 

significant numbers of studies report that phthalate exposure comparable to human exposure 

levels is associated with significant endocrine disruption effects in human and animal studies 

[3]. Biomonitoring studies of phthalate metabolites in pregnant women’s urine indicate that 

exposure to phthalates in pregnant women in the US and around the world is similar to non-

pregnant women [13,37–39].

Upon oral exposure, phthalates are initially metabolized in the saliva and gastrointestinal 

tract, where esterases and lipases transform the parent compounds into monoester 

metabolites (Figure 1) [40,41]. Importantly, toxicological effects of phthalates are caused by 

these monoester metabolites, not the original parent compounds [42–47]. Several previous 

studies have detected phthalates in different human matrices, including urine, blood, breast 

milk, semen, ovarian follicular fluid, and saliva [48–51]. In addition, the half-life of DEHP 

in human body is on the order of hours, with about 50% of an initial dose metabolized and 

excreted in urine after 44 h as monoesters [52]. Phthalate metabolites have been found in 

maternal and cord blood, placenta tissues, and amniotic fluid, justifying their toxicologic 
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effects and health concern during pregnancy and fetal development [19,53]. Pregnant women 

are a particularly vulnerable group considering that various reports have suggested that in 
utero exposure to these chemicals impairs fetal programming [54].

Although phthalates have short biological half-lives, exposure is continuous and has been 

shown to disrupt normal biological function. Like persistent organic pollutants, phthalates 

are lipophilic, but quick metabolism reduces their bioaccumulation [55]. Phthalates have 

been found to act by genomic, non-genomic, and epigenetic mechanisms of action to alter 

gene expression, cell proliferation, and apoptosis in mammalian tissues [56]. Phthalates act 

as ligands for intracellular receptors, such as estrogen and androgen receptors (ER and AR), 

as well as interfere with peroxisome proliferator-activated receptor (PPAR) signaling [57]. 

Phthalate and metabolite interaction with AR, ERs or PPAR can lead to the impaired action 

of endogenous signal molecules on hormone-dependent tissue [58,59]. For example, their 

interaction with PPARγ signaling impairs placental function [58,60], which can lead to 

adverse pregnancy consequences, such as timing of delivery and spontaneous miscarriage 

occurrence. In addition, similar to other EDCs, exposure to phthalates and their metabolites 

can disrupt steroidogenesis, suppressing or stimulating expression or activity of 

steroidogenic enzymes in gonadal or other steroidogenic tissue in mammals of both sexes 

[20,61].

1.2. PLACENTA

The placenta is a transient, multifunctional organ that forms the interface between the 

mother and developing embryos/fetuses present in female eutherian mammals throughout 

gestation [62,63]. The placenta plays critical roles in gestation, including anchoring the 

developing embryo/fetus to the uterine wall, mediating maternal immune tolerance to 

nidation, providing immune protection by maternal antibodies, mediating gas exchange for 

respiration, providing synthesis and transport of nutrients for the fetus, and removing waste 

products during embryonic development until parturition [64]. In addition, the placenta 

produces/releases a variety of steroids, hormones (such as growth hormone, prolactin, and 

placental lactogens), and cytokines and expresses several receptors including steroid 

receptors and glucose transporters that modulate proper fetal development [65].

Placenta development and morphology are varied among mammals. Differences include 

features such as gross shape, histology of the maternal-fetal interface, and type of maternal-

fetal interdigitation [62,66]. After ovulation, the endometrium of the uterus of mammals 

responds to high progesterone levels from the corpora lutea with changes in the functional 

layer, such as accumulating glycogen and glycoproteins inside of the endometrial glands 

[67]. With fecundation, the production and accumulation of secretory products in the uterine 

glands contribute to the pre-implantation environment of the blastocyst [68]. These 

hormonal and morphological changes in the uterine endometrium are known as 

decidualization [69].

The placenta is a maternal-fetal organ that develops when the outer layer, or trophectoderm, 

of the blastocyst attaches to the endometrial epithelium of the mother. Once adhered, 

trophectoderm cells called trophoblast stem cells (TSCs) differentiate into cytotrophoblasts 

(CTBs), which initiate the invasion process (syncytialization) into the underlying 
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endometrium layer. As pregnancy progresses, the CTBs further differentiate into either 

syncytiotrophoblasts (STBs) or extravillous cytotrophoblasts (EVTs). The endometrial cells 

concomitantly undergo differentiation during pregnancy and are transformed into a 

specialized tissue known as decidua [70,71]. During the first trimester of pregnancy, CTBs 

rapidly proliferate to form primary villi, which consist of a CTB core with an outer layer of 

STB. Soon afterwards, primary villi mature into secondary and tertiary villi, which are 

characterized by the invasion of extraembryonic mesenchymal cells, villous branching, and 

vascularization of the uterine wall. During this process, CTBs start to differentiate into 

EVTs, which migrate into the maternal decidua and myometrium to anchor the placenta to 

the uterus and reach spiral arteries that will supply maternal blood to the placenta. EVTs are 

characterized by their invasiveness and angiogenic activity because they produce 

prostaglandins, metalloproteinases, and angiogenic factors [70,72,73].

In humans, the placenta is functionally mature by 10–12 weeks of gestation. Placental 

growth precedes fetal growth such that the placenta is larger than the fetus until 15–16 

weeks (full term at 40 weeks gestation) [74]. In mice, placentation begins just before mid-

gestation, the definitive placenta is established at embryonic day 11, and the maximum 

placental volume is reached by day 16.5, as determined by stereology analysis (parturition at 

day 19–20) [75,76]. Before proper placenta maturation, secretions of the uterus support 

embryonic development [77,78]. The placentas of rodents and humans present a similar 

discoid aspect and hemochorial maternal-fetal interface (Figure 2). However, rodent 

placentas lack the well-defined villous structures of human placentas [68,79]. Instead, in 

rodents, maternal blood bathes branching structures in a region called the placental labyrinth 

where most nutrient and gas exchange occur [68,79]. The rodent structures analogous to 

human chorionic villi have a trichorial arrangement with two layers of syncytiotrophoblasts 

in contact with the fetal endothelium and a cytotrophoblast cell layer in contact with 

maternal blood [7,75]. The rodent placenta also has a junctional zone which serves an 

endocrine function, comprised of spongiotrophoblasts and glycogen cells [68]. Thus, the 

rodent placenta is composed of the labyrinth zone, the basal zone, the decidua, and the 

metrial gland [80–82]. The labyrinth zone separates the maternal blood from the fetal blood 

vessels, containing a layer of cytotrophoblasts (outer trophectoderm) and layers of 

syncytiotrophoblasts. The basal zone is under the labyrinth zone and contains three types of 

differentiated cells: spongiotrophoblasts, trophoblastic giant cells, and glycogen cells. The 

decidua, formed by endometrial modification during pregnancy, plays an essential role in the 

development of the vascularized decidual-placental interface. The metrial gland is located in 

the mesometrial triangle of the uterus beyond the decidua on the maternal side and is 

composed of stromal cells, inflammatory cells, spinal-shaped arteries, trophoblasts, and 

fibroblasts [83,84].

1.3 PLACENTAL DYSFUNCTION

Environmental chemical disruption of placental development and function during pregnancy 

is associated with negative health outcomes in both the fetus and mother, including preterm 

birth, low birth weight, preeclampsia, and gestational diabetes [3,85]. The placenta is an 

endocrine organ with important hormone signaling function and numerous steroid hormone 

receptors [65], making it especially vulnerable to endocrine disruption effects. Disruptions 
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of placental steroidogenesis and receptor expression are impacts of chemical exposure that 

may be observed in vitro or in animal studies. For example, PPARγ is expressed in the 

placenta and activates the expression of downstream genes involved in nutritional supply, 

hormonal secretion, and inflammation and are important in successful pregnancy [86,87]. 

Phthalates and their metabolites are known to interact with PPARs in various tissues [88,89] 

and have been shown to activate PPAR signaling, especially PPARγ [90,91]. Disruption of 

placental function can also be observed physiologically. Placental weight and thickness and 

the ratio of body weight to placental weight (BW:PW) are studied as markers of placental 

efficiency and health [92]. However, these are crude measurements that are best 

complemented with additional studies at the molecular levels.

Placental epigenetics is a growing area of interest for understanding the impact of 

environmental chemicals on later life health and disease [93]. Epigenetic modifications 

affect gene transcription without altering the underlying DNA code. Epigenetic effects of 

environmental chemicals, including phthalates, on fetal development and pregnancy health 

may involve changes such as DNA methylation and alteration of the expression of 

noncoding RNAs, including long noncoding RNAs (lncRNAs) and micro RNAs (miRNAs). 

Epigenetic changes are very responsive to environmental conditions such as exposure to 

EDCs [94]. DNA methylation is the best-characterized mechanism of epigenetic regulation 

[95,96]. Methylation in mammals involves the addition of methyl groups to cytosine to form 

5-methylcytosine that can be measured in specific genes or repetitive DNA sequences such 

as long interspersed nuclear elements (LINEs) and short interspersed nuclear elements 

(SINEs). Imprinting is a genetic process that silences one parental allele, resulting in 

monoallelic expression of a subset of genes. Most imprinted genes are located in clusters of 

differentially methylated regions including imprinting control regions [97]. Paternally 

expressed genes can promote fetal growth, whereas maternally expressed genes can suppress 

growth, and the placenta is especially susceptible to these parental influences [98]. The 

placental gene cluster IGF2/H19 links imprinting status to altered nutrient allocation and 

poor fetal growth [99]. The fetal epigenome may also be affected by noncoding RNAs that 

act as epigenetic regulators of gene expression such as miRNAs and lncRNAs. MicroRNAs 

are approximately 22 nucleotides in length and can regulate gene expression post-

transcriptionally by alterations in complementarity with a target mRNA, inhibiting protein 

synthesis [100]. Many miRNA clusters within the placenta have been shown to regulate 

placental development and function [99]. Long non-coding RNAs are a heterogeneous class 

of nonprotein coding transcripts longer than 200 nucleotides with important roles that may 

also be involved in the outcomes of EDC toxicity [101].

In the following sections, we discuss the literature on the effects of phthalates on the 

placenta in cell culture, animal studies, and human studies on physiological and molecular 

endpoints, including placenta size and shape, hormone signaling, gene expression, and 

epigenetics.

2. MATERIAL AND METHODS

Articles were selected using PubMed and Google Scholar without restricting publication 

year. Search terms included “phthalates placenta,” “human placenta phthalate exposure,” 
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“endocrine disrupting chemicals placenta,” “phthalates placenta fetus,” and variations on 

these terms with the individual phthalates DEHP, DBP, DiBP, DEP, DiNP, and BzBP. The list 

of identified studies was cross checked with the reference lists of previously published 

reviews on endocrine disrupting chemicals and the placenta [102,103]. Inclusion criteria 

were in vitro and in vivo studies carried out in all mammals, including humans, showing the 

effects of phthalate exposure on the placenta specifically. Epidemiological studies were 

included if they were cohort, case-control, or cross-sectional. Articles were sought with 

details regarding the sex of the exposed animal (if there was maternal or paternal exposure); 

the type of exposure; fetal sex; the phthalate specification and design. No papers were 

excluded based on a positive or negative effect or association with phthalate exposure. 

Papers with exposure to mixtures of different EDCs were excluded unless they had separate 

analyses for phthalates. Articles not written in English and conference papers were also 

excluded from the review.

3. EFFECTS OF PHTHALATES ON THE PLACENTA

3.1. IN VITRO STUDIES

In vitro studies are important for investigating the mechanism through which phthalates alter 

placental development and function and can be performed with immortalized cell lines or 

primary cell cultures. Although convenient, cell lines are less representative of in vivo 
physiology than primary cell cultures [103]. Phthalates are generally not cytotoxic to 

placenta cells at concentrations of 500 μM or less in culture, well above levels of phthalates 

metabolites measured in human samples [104]. Few studies have treated placental cells with 

environmentally relevant doses of phthalates and most used only DEHP and/or its major 

metabolite monoethylhexyl phthalates (MEHP) (Table 1). The majority of studies use a short 

culture period, typically 24 hours.

3.1.1 Studies in cell lines—Commonly used human placental cell lines include JEG-3, 

composed of trophoblast cells, and HTR-8/SVneo, composed of a mixed population of cells 

[105], as well as rodent and primate derived cell lines. Numerous studies have investigated 

the effects of DEHP and/or its primary metabolite MEHP on placental cell lines, but few 

studies have considered other phthalates (Table 1).

Multiple studies have identified placental steroidogenesis as a target of phthalate action. 

DEHP and MEHP treatments (20–500 μM) of JEG-3 cells have been shown to disrupt 

steroidogenesis by altering mRNA and protein levels of steroidogenic enzymes and 

increasing progesterone and estrogen levels in culture media compared to controls [106]. 

BzBP and DBP have been shown to disrupt steroidogenesis by decreasing aromatase activity 

in JEG-3 cells [104]. Diesters with six or fewer carbons, including dicyclohexyl phthalate 

(DCHP) and bis(2-butoxyethyl) phthalate (BBOP), have also been shown to inhibit the 

activity of multiple steroidogenic enzymes in JEG-3 cells [107]. A recent study on thyroid 

hormones showed that HTR-8/SVneo cells treated with DEHP (400 μM) showed reduced 

consumption of thyroid hormones in culture media and downregulation and inhibition of the 

thyroid hormone transport protein transthyretin [108]. Studies by Tetz et al. in HTR-8/

SVneo cells and human macrophage-like THP-1 cells indicate that MEHP disrupts 
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prostaglandin synthesis and release, which are necessary for the initiation of labor, 

suggesting a mechanism through which MEHP may increase risk of preterm birth [109,110].

In HRP-1 rat trophoblast cells, DEHP and MEHP (25–200 μM) have been shown to alter 

expression of PPARγ receptors and fatty acid binding proteins, suggesting that phthalates 

alter fatty acid homeostasis in the placenta [111]. Another study of MEHP (10–200 μM) in 

HTR-8/SVneo cells found that MEHP inhibited extravillous trophoblast invasion and the 

activity of an important regulator of invasion, matrix metallo-proteinase-9 (MMP-9) [58]. 

This effect was rescued by inhibition of PPARγ, suggesting that MEHP acts on MMP-9 via 

PPAR signaling [58]. DEHP and MEHP exposures have also been shown to lead to lipid 

dysregulation in JEG-3 cells [112] and oxidative stress in HTR-8/SVneo cells 

[109,113,114].

One study has examined the effects of phthalates on placental cells using a low dose and 

long window of exposure to most accurately represent human exposure conditions. 

Trophoblast stem cells (line 119-T) from rhesus monkeys were exposed to DEHP (5 μM) for 

four weeks, resulting in decreased expression of genes related to trophoblast development, 

implantation, and immunomodulation [115]. The trophoblast stem cells were more 

significantly disrupted by DEHP and other EDCs than embryonic stem cells from the same 

species under the same conditions, suggesting that trophoblast invasion is more susceptible 

to endocrine disruption than embryonic development [116]. More studies of the effects of 

phthalates on placental cells are needed at low doses and over longer periods of exposure.

3.1.2 Studies in primary cells—A few studies have used primary cultures of human 

placental cells from term placentas or terminated pregnancies. Term primary 

cytotrophoblasts exposed to MEHP (100–150 μM) had altered mRNA and protein levels for 

important regulators of parturition through the non-canonical NF-kB (RelB/p52) signaling 

pathway [117]. RelB/p52 association with genes that promote labor was upregulated in the 

presence of MEHP, but this effect was blocked by silencing the NF-kB signaling pathway, 

suggesting a potential mechanism for MEHP in preterm birth [117]. Another study of term 

primary cytotrophoblasts exposed to low doses of MEHP (0.1–10 μM) resulted in disruption 

of PPARγ activity, altered lipid composition, and decreased human chorionic gonadotropin 

(hCG) production [60]. The effects of MEHP on PPARγ activity had U-shaped dose 

response curves, indicative of a non-monotonic dose response at environmentally relevant 

levels of exposure [60].

In first trimester trophoblast progenitor cells and second trimester villous cytotrophoblast 

cells exposed to environmentally relevant doses of four phthalate metabolites (MBP: 200 

nM, MBzP: 3 μM, MEHP: 700 nM, MEP: 1.5 μM) individually and as a mixture, the 

phthalates had different effects on gene expression, PPARγ levels, and hCG levels [118]. 

The effects differed significantly by the sex of the cells, emphasizing the need to consider 

sex differences in placental studies [118].

3.2. IN VIVO STUDIES

Rodents are popular models for animal studies of placental development and function due to 

their small size and quick development as well as the opportunity to study sex-specific 
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effects as each pup develops with its own placenta [103]. Similar to the in vitro studies, the 

majority of rodent studies of the effects of phthalates on the placenta have focused on DEHP 

(Table 2). Importantly, no studies identified for this review used environmentally relevant 

doses of phthalates and the majority employed gavage as the method of dosing, which is 

stressful for the animals and less representative of human exposure compared to other 

methods of oral dosing [119]. Additionally, few studies examined sex differences. Thus, 

significant opportunities for investigators interested in environmentally relevant (μg/kg/day) 

levels of exposure via oral dosing exist to examine sex differences in placental effects.

Prenatal exposure to high doses of DEHP (50–1000 mg/kg/day) generally resulted in 

intrauterine growth restriction (IUGR) in the pups, disruption of placental development, and 

fetal defects [120–124]. Similar gross embryo-fetal toxic effects were observed from DBP 

exposure (500 mg/kg/day) across three generations [125] as well as di-n-hexyl phthalate 

(DHP) and DCHP (20–500 mg/kg/day) exposure [126]. DEHP exposure also resulted in 

disruptions in placental steroidogenesis [106,124,127] and thyroid hormone signaling [128] 

as well as PPAR signaling and fatty acid homeostasis [129]. More studies at lower doses are 

necessary to determine whether similar placental endpoints are affected at environmentally 

relevant doses. In addition, rodent studies provide an excellent opportunity to study timing 

of exposure in relation to placental disruption. Future studies should consider preconception 

exposures, paternal exposures, and key periods of exposure during development to provide 

insight that cannot be gleaned from human studies, where exposure is unavoidable.

3.3. HUMAN STUDIES

Human studies on the associations between prenatal (and preconception) exposures to 

phthalates and health outcomes are mainly cohort and case-control studies involving 

exposure analysis by measurement of phthalate levels in parental urine, predominantly 

maternal urine during pregnancy, and tissues of the placenta and cord blood. Studies vary in 

their method of sampling, which may impact results, as the placenta is a heterogeneous 

organ with differences in physiology between the maternal and fetal sides as well as 

proximity to the umbilical cord. In addition, single urine spot samples are less representative 

of phthalate exposure than repeated pooled samples during pregnancy [130]. This review 

covers both morphological and molecular placental outcomes, as described below (Table 3).

3.3.1. Morphological Outcomes—Placental morphology (size, shape, and weight) is 

strongly associated with fetal outcome and is thus an important marker of health effects 

[131–133]. Since exposure to phthalates is associated with changes in placental morphology, 

it likely influences fetal development. In this section, the major associations of phthalates 

and their metabolites on placental morphology are described.

A large cohort study involving 2,725 pregnant women (with 1399 male fetuses and 1326 

female fetuses) showed significant associations between prenatal maternal exposure (in the 

three gestational trimesters) to seven phthalate metabolites, monomethyl phthalate (MMP), 

monoethyl phthalate (MEP), monobutyl phthalate (MBP), monobenzyl phthalate (MBzP) 

and the DEHP metabolites MEHP, mono-2-ethyl-5-hydroxyhexyl phthalate (MEHHP), and 

mono-2-ethyl-5-oxohexyl phthalate (MEOHP), and placental size and shape at birth, 
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depending on the fetal sex and the trimester of exposure (Zhu et al. (2018). Urine levels of 

phthalate metabolites were determined throughout pregnancy, with concentrations in the 

first, second, and third trimesters of 0.40–92.07 ng/L, 0.32–74.10 ng/L, and 0.20–51.99 

ng/L, respectively. MBP concentration was positively associated with both placental breadth 

and surface area, whereas the difference between placental length and breadth was 

negatively associated with MMP, MBP, and LMW phthalates in the first trimester. In the 2nd 

trimester, phthalate exposure was associated only with placental thickness in MMP, MBP, 

MEOHP, MEHHP, and LMW and HMW phthalates. In the last trimester, the placental 

thickness was positively associated with MBP and MEHP. Analysis of sex differences 

showed that the associations were more significant in pregnancies with male fetuses 

compared to female fetuses; MEHP, MEHHP, and LMW phthalate exposure was associated 

with increased placental thickness in both second and third trimesters in pregnancies with 

males, whereas these associations were null in pregnancies with females. Overall, the study 

suggests that exposure to certain phthalates may be associated with the placenta becoming 

thicker and more circular in the last two gestational trimesters, with some dependence on 

fetal sex [134].

Another cohort study of 473 pregnant women analyzed whether maternal exposure to 11 

phthalate metabolites, including mono 3-carboxypropyl phthalate (MCPP), MBP, mono-

isobutyl phthalate (MiBP), MBzP, MEP, monocarboxy-isononyl phthalate (MCNP), 

monocarboxy-isooctyl phthalate (MCOP) and 4 metabolites of DEHP (MEHP, MEHHP, 

MEOHP, and mono 2-ethyl-5-carboxypentyl phthalate (MECPP)), measured in spot urine 

samples collected between weeks 23 and 29 of gestation was associated with changes in 

placental weight at birth and BW:PW. [135]. This study showed a negative association 

between MCNP and placental weight and between MCNP and MCOP and birth weight to 

placental weight ratio. Unlike the Zhu et al. (2018) study that showed an association 

between some phthalates and placental size, this study identified no association between 

MBP and DEHP levels and placental weight. This study restricted the analysis to only 

pregnancies with male fetuses.

In a prospective analysis, 132 mothers and 68 fathers (65 couples) and their singleton 

pregnancies were analyzed for associations between maternal and paternal urinary phthalate 

metabolite concentrations, placental weight, and BW:PW [136]. Eleven phthalate 

metabolites (MEP, MBP, MiBP, MBzP, MEHP, MEHHP, MEOHP, MECPP, MCPP, MCOP, 

and MCNP) were measured and averaged in multiple paternal (n=196) and maternal (n=596) 

preconception and maternal prenatal (n=328) samples. The mean urinary phthalate levels 

ranged from 2.81 ng/ml (MEHP) to 39.4 ng/ml (MEP) in the paternal preconception window 

from 2.45 ng/ml (MEHP) to 48.5 ng/ml (MEP) in the maternal preconception window; and 

from 2.55 ng/ml (MEHP) to 39.4 ng/ml (molar sum of DEHP metabolites, ΣDEHP) in the 

maternal prenatal window. This study identified a negative association between paternal 

urinary concentrations of MECPP and ΣDEHP metabolites with placental weight, an inverse 

association between maternal preconception MEP concentrations and BW:PW, and a 

negative association between prenatal MEP concentrations and placental weight. Prenatal 

DEHP metabolite concentrations showed suggestive associations towards a lower BW:PW. 

These results suggest that some paternal and maternal urinary phthalate metabolites may be 

associated with altered placental weight and BW:PW.
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To date, few studies have examined the associations between prenatal or preconception 

exposure to phthalates and placental size, shape, and weight. The morphological effects of 

phthalate exposure on human placental development remains understudied. In addition, size, 

shape, and weight of the placenta are crude measures of placenta function; future studies 

should include additional endpoints of analysis, such as gene expression, discussed below.

3.3.2 Gene Expression Endpoints—Phthalates and their metabolites are known to 

activate PPARγ in the placenta as well as other singaling pathways. Gene expression 

analyses of the assocations between PPARγ and other mRNAs important to fetal and 

gestational health from human studies are described below.

A 2010 study measured the expression of genes involved in steroidogenesis, including 

aromatase (CYP19A1), P450 cholesterol side-chain cleavage enzyme (CYP11A1), 17beta 

hydroxysteroid dehydrogenase type 1 (17BHSD1), and cytochrome P450 1B1 (CYP1B1), 

and trophoblast differentiation, including PPARγ, aryl hydrocarbon receptor (AHR), and 

human chorionic gonadotropin (hCG) in 54 term placentas [137]. Gene expression changes 

were assessed in association with maternal prenatal urinary phthalate levels of MEHP, 

MEOHP, MEHHP, MECPP, MBP, MiBP, and MBzP. Higher urinary concentrations of 

DEHP metabolites were associated with lower expression of genes involved in trophoblast 

differentiation. Results were less consistent for genes in the placental steroidogenesis 

pathway.

A second study by the same authors assessed sex-specific associations between maternal 

phthalate exposure (MBP, MBzP, MEHP, MEP, MiBP, MEOHP, MEHHP, MECPP, and 

MCPP) and placental expressions of single genes involved in hCG and other placental 

hormone synthesis and regulation (chorionic gonadotropin alpha (CGA), CYP19A1, and 

CYP11A1), adipogenesis and metabolic programming (PPARγ), xenobiotic sensing (AHR), 

trophoblast differentiation (PPARγ, CGA), lipid transport (PPARγ, and 17BHSD1), the 

fatty acid transport protein 4 (SLC27A4) and a 204 bp transcript for COX2 (PTGS20) [138]. 

Maternal urine samples were collected at a mean gestational age of 34 weeks. The authors 

showed that mRNA levels (HSD17B1, CYP19A1, CGA, and PPARγ) were higher in male 

placentas than female placentas at the lowest quartile of phthalate levels and those 

differences were either lost or reversed over the range of phthalates. Levels of mRNA were 

inversely correlated with phthalates in male placentas. Associations in female placentas were 

positive in high MBzP concentrations, all quartiles of MnBP, and the third quartiles of 

MiBP. MCPP concentrations were associated with decreased levels of placental PPARγ in 

male placentas. Male PPARγ mRNA was also lower in large for gestational age cases 

compared to non-cases. This study is another example of the importance of studying the 

effects of phthalates differentially between fetal sex.

Another study assessed the associations between three phthalates (DIBP, DBP, and DEHP) 

and PPARγ expression in the placentas of 207 healthy pregnant Chinese women without 

family or personal history of occupational exposure to phthalates ([139]. Phthalate 

concentrations measured in cord blood ranged from 0.08–4498.53 μg/L for DEHP, 0.19–

461.12 μg/L for DBP, and 0.18–281.36 μg/L for DiBP. Natural log transformed phthalate 

levels were positively associated with PPARγ protein expression. The authors suggest that 
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phthalates might activate PPARγ by inducing peroxisome proliferation and binding to 

PPARγ directly, increasing the protein levels in the placenta and leading to placental 

abnormalities.

Alterations in placental metallothioneins (MTs), fatty acid transport protein 1 (FATP1), and 

heart fatty acid-binding protein (HFABP) mRNA can adversely influence fetal health [140]. 

Metallothioneins are an important metal regulators involved in the micronutrient 

homeostasis and heavy metal detoxification [141], whereas the other two genes are involved 

in the transfer of essential fatty acid between the mother and the fetus [142]. One study 

analyzed the association between concentrations of BzBP, dimethyl phthalate (DMP), DEP, 

DEHP, and di-n-octyl phthalate (DNOP) in cord blood and the expression of mRNA of MTs, 

FATP1, and HFABP in the placenta [140]. The study involved 187 pregnant women (127 

from Chenghai representing a high exposure group and 60 from Haojiang representing a low 

exposure group) and showed that MT-1A mRNA was higher in the low exposure group 

compared with the high exposure group. Additionally, the expression of FATP1 and HFABP 
mRNA in the placentas from the high exposure group was higher than in the low exposure 

group. In the high exposure group, DEHP was positively associated with MT-1A mRNA and 

DNOP was negatively correlated with both MT and MT-2A. FATP1 and HFABP mRNAs 

levels were increased with increasing DEP levels. The authors divided the placental samples 

into male and female and showed that DMP induced the expression of MT and MT-2A in 

male and female; further, a positive correlation was observed between DEHP and MT, as 

well as DEHP and MT-2A in females, and DEP was positively correlated with HFABP in 

males and MT-1A and FATP1 in females. These results emphasize the importance of 

studying sex-specific effects of phthalates on placental development and function. The 

associations found in this study suggest that neonatal exposure to some phthalates could 

overexpress MT isoforms, which may affect fetal growth and placental essential fatty acid 

homeostasis.

The effects of phthalates on mRNAs expressed in the placenta still need further 

investigation. Studies already indicate that changes in gene expression relevant to fetal 

development occur in association with exposure to phthalates measured in maternal or 

maternal-fetal samples throughout pregnancy and parturition.

3.3.3 Epigenetic Outcomes—Human studies on the epigenetic changes associated 

with phthalate exposure have investigated methylation changes, disruption of imprinting, 

altered expression of noncoding RNAs in maternal urine and placenta samples. These 

studies are described below.

3.3.3.1. Methylation: A case-control study analyzed associations between maternal 

prenatal phthalate exposure to two LMW phthalates (MBP and MMP) and three HMW 

phthalates (MEHP, MEOHP, and MEHHP), infant growth, and global DNA methylation 

(LINE-1 methylation) in 119 human placenta samples representing 55 IUGR cases and 64 

normal controls [143]. Prenatal phthalate exposure was assessed by measuring maternal 

urinary concentrations in the third trimester. The median values were 33.2, 9.2, 5.7, 11.4, 

and 4.6 ng/mL of MBP, MMP MEHP, MEHHP, and MEOHP, respectively. DEHP 

metabolites were higher in FGR cases than those in normal controls. Placental LINE-1 
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methylation was positively associated with fetal birth weight and negatively associated with 

urinary phthalate metabolites concentrations (MEHHP and ΣDEHP). Every natural-log unit 

increase in urinary concentrations of MEHHP and ΣDEHP was associated with a decrease in 

birth weight mediated through LINE-1 methylation. These findings suggest a link between 

changes in placental LINE-1 methylation and prenatal phthalate exposure.

A recent study measured the maternal levels of 23 phthalates in the first trimester of 

gestation and associated them with the methylome and the consequent transcriptome of 

placental genes in early pregnancy [144]. The mean total maternal phthalate concentration 

was 231 ng/mL and the results showed 282 differentially methylated regions corresponding 

to 245 unique genes in the early human placenta for high compared to low total phthalate 

exposure. In the gene expression analysis, the authors found 39 significant methylation-gene 

expression correlations, which correspond to 23 unique gene symbols, with most of these 

relationships inversely correlated (29 out of 39). Pathway molecular analysis of the list of 

genes identified from methylation-gene expression identified the ErbB signaling pathway as 

the top pathway involved and the epidermal growth factor receptor was present in 18/51 

pathways identified. This signaling pathway includes receptor tyrosine kinases that activate 

signaling cascades that regulate many cellular events including proliferation, survival, 

migration/invasion, or differentiation [145] and includes the epidermal growth factor 

receptor and other receptor tyrosine kinases that are important for cell cycle progression in 

placental trophoblasts [146]. The authors identified placental EGFR hypermethylation and 

decreased expression in women with high total phthalate exposure, suggesting that this gene 

specifically may be a target for endocrine disruption consequences by phthalate exposure. 

These studies indicate that EDCs such as phthalates are risk factors for adverse outcomes 

caused by changes in DNA methylation, but the biological mechanism for the interference of 

phthalates with placental DNA methylation remains unclear.

3.3.3.2. Imprinting: LaRocca et al. (2014) studied the association between the 

concentrations of 11 phthalates (MnBP, MBzP, MCNP, MCOP, MCPP, MECPP, MEHHP, 

MEHP, MEOHP, MEP, and MiBP) measured in urine in the first trimester of 196 women and 

differentially methylated regions of the paternally expressed gene insulin-like growth factor 

2 (IGF-2) and the maternally expressed non-coding gene H19. The authors found a decrease 

in H19 methylation, which was associated with high levels of the sum of all phthalate 

metabolites and metabolites of LMW phthalates. Inverse associations were observed 

between the sum of all phthalate metabolites and LMW phthalate concentrations and IGF-2 
methylation. In addition, the variation in methylation was not associated with changes in 

allele-specific expression. However, an increased deviation of allele-specific expression of 

H19 was associated with ΣDEHP metabolites and HMW phthalates. In addition, prenatal 

exposures to HMW phthalates and DEHP metabolites were associated with aberrant 

imprinting of H19 in male newborns, suggesting that DNA methylation alterations following 

prenatal phthalate exposure may be sexually dimorphic.

Another important study examined associations between exposure to phthalates and altered 

DNA methylation of growth-related genes in the human placenta [148]. This study found 

that urinary maternal MEHHP and MEOHP were inversely associated with placental IGF2 
DNA methylation. The associations were found in growth-restricted infants, suggesting that 
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changes in placental DNA methylation represent an underlying biological pathway linking 

prenatal phthalate exposure and intrauterine growth restriction.

A third study showed that maternal urinary concentrations of MEHP, MEHHP, MECPP, and 

MEOHP were positively correlated with H19 and IGF2 expressed in placental samples after 

adjustment for in vitro fertilization and sex [101]. As IGF2 and H19 are among the most 

studied imprinted genes, the authors pointed out the link between lncRNA and the genomic 

imprinting [149]. It is still unclear if the methylome of imprinted genes affects fetal and 

gestational outcomes in response to phthalate exposure, but these studies suggest that 

phthalates may be associated with disruption of placental DNA methylation.

3.3.3.3. Noncoding RNAs: Expanding on their previous study, LaRocca et al. (2016) 

studied the relationship between prenatal exposure to 11 phthalates measured in 179 

maternal urine samples collected in the first trimester and miRNA expression in human 

placenta samples. The authors found an association between phthalate levels and the 

expression of 3 miRNAs: miR-142-3p, miR15a-5p, and miR-185. The gene enrichment 

analysis performed revealed biological processes including: a) regulation of protein serine/

threonine kinase activity, b) cellular response to insulin stimulus, c) insulin-like growth 

factor receptor signaling pathway, and d) positive regulation of protein insertion into 

mitochondrial membrane involved in apoptotic signaling pathway associated with the 

potential mRNA targets of these 3 miRNAs.

Another study analyzed the expression of miRNAs contained in extracellular vesicles (EVs) 

that are released by the placenta into the maternal circulation and their associations with 

maternal prenatal exposure to 13 phthalates measured in urine near delivery time [151]. 

Placenta-derived EV-miRNAs are released throughout pregnancy and seem to be involved as 

endocrine-like mediators contributing to pregnancy and fetal growth [152]. The expression 

of miR-518e was highest among women with high urinary levels of MBzP. These results 

reveal that prenatal exposure to EDCs is associated with altered profiles of circulating 

placenta-derived EV-miRNAs; however, the study focused only on twin pregnancies, so 

more comprehensive studies are needed.

The miRNA called miR-518 was associated with exposure to phthalates in the two studies 

above [151,152]. This noncoding RNA is a member of the C19MC family, which has 

increased expression in the 1st trimester and is exclusive to the placenta and the reproductive 

system. Higher expression of miR-518 has been associated in other studies with pregnancy 

complications, including preeclampsia and other abnormalities [153,154].

Another study analyzed the association between phthalates in maternal urinary samples 

collected near delivery date and the expression of 87 lncRNAs in 10 human placenta 

samples [101]. Fifteen phthalate metabolites were measured (MiBP, MCPP, MCNP, MCOP, 

MECPP, MEHHP, MEOHP, MBzP, MnBP, mono-hydroxyisobutyl phthalate (MHiBP), 

MiBP, MEHP, mono-isononyl phthalate (MNP), MMP, and MEP), as well as two 

metabolites of the phthalate alternative di(isononyl)cyclohexane-1,2-dicarboxylate 

(DINCH), cyclohexane-1,2-dicarboxylic acid monohydroxyisononyl ester (MHiNCH) and 

cyclohexane-1,2-dicarboxylic acid monocarboxyisoctyl ester (MCOCH). MEP had the 
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highest average concentration, with a mean of 158.7 ng/ml. MCNP concentrations also 

correlated with most lncRNAs. Overall, a number of lncRNAs were strongly correlated with 

multiple phthalate metabolites. Most lncRNAs demonstrated similar response patterns to 

maternal urinary phthalate metabolites, with the most relevant upregulations associated with 

MCNP. Overall, these studies suggest that noncoding RNA regulation is a potentially 

significant mechanism indicating prenatal phthalate toxicity and warrants future 

investigations.

1. LIMITATIONS AND STRENGTHS: This review reveals a number of limitations in the 

available body of research on phthalates and placental function. For the in vitro studies, 

many experiments used doses much higher than human exposure levels. In addition, these 

studies evaluated types of placental cells individually, which may eliminate or distort 

signaling and microenvironment structure differences. For the in vivo studies, rodents are the 

only model used to date; inclusion of other mammalian species could improve translational 

to humans. The in vivo studies described in this review have mostly focused on one 

phthalate and employed levels and methods of dosing that are not representative of human 

exposure. Low dose studies are sorely lacking. Further, in vivo studies that analyze 

preconception exposure or paternal exposures are limited. In the human studies, many 

studies used one single urine sample during gestation to determine phthalate exposure, 

which does not represent long-term exposure as well as multiple pooled samples would 

since phthalate metabolites have short half-lives [130]. In addition, many studies have 

analyzed a single point of the placenta at a single timepoint, which may not represent the 

entire placenta and may limit the comparability of studies. Few studies measured phthalate 

concentrations directly in placenta samples, which could reveal whether phthalates 

accumulate. Many studies, of all kinds, did not evaluate the difference in effect between fetal 

sexes (“placental sex”). Finally, many studies had small sample numbers, which makes it 

difficult to statistically evaluate the effects between variables such as placental sex. These 

gaps leave room for further study to effectively understand the damage that phthalates can 

cause to placental function. The main strength of this review is that, to our knowledge, it 

covers all studies published before January 2021 of all relevant types (in vitro, rodent, 

human) concerning the morphological, physiological, and molecular effects of phthalates on 

the placenta to provide an integrated overview of the state of the science. Further, this review 

emphasizes areas for future study.

2. FUTURE NEEDS: This review reveals some important gaps in the literature that are 

necessary to fill to effectively assess the effects of phthalates on the placenta and their 

biological mechanisms involved. Here, we describe these gaps. The majority of in vitro 
studies are carried out with commercial cell lines, which may not be consistent with the real 

specificities of placental cells. In addition, most in vitro studies use cells from male 

placentas or cells whose sex is unknown. Thus, future in vitro studies should develop cell 

lines more consistent with the characteristics (including the microenvironment) of placental 

cells and develop advanced models for the same purpose. In addition, sex-specific analyses 

should be performed, and doses should be used to mimic human exposure. Some options for 

alternative in vitro models such as the use of chips and 3D models are already available 

[155,156] and have been described in a recent review [102]. Further development of 
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organoid models of the placenta would improve the translational potential of cell culture 

models.

As discussed above, in vivo studies in rodents are significantly lacking in dose amount and 

method of exposure that are relevant to human exposure. In addition, studies on other 

mammals with translational application to humans are needed. A recent review of animal 

models of the placenta describes the advantages and limitations of models such as guinea 

pigs, sheep, and non-human primates and points out the need for studies to pay attention to 

temporality throughout pregnancy, complications with pregnancies, hormonal aspects related 

to the placenta, and other particularities that must be taken into account when choosing a 

study animal for human translation [157]. The results of animal studies should furthermore 

be compared to human epidemiology studies and human in vitro models to assess their 

translational value.

For human studies, we observe the need for more studies that analyze preconception 

exposures to phthalates, paternal exposure to phthalates, and the whole pregnancy, including 

measures of phthalates in urine across all trimesters, measurements throughout the whole 

placenta, and assessment of placental endpoints at various times throughout pregnancy. In 

addition, every study should observe differences between the placental sexes. The 

preconception period is also relevant and needs to be studied more deeply [136], as well as 

paternal exposure to phthalates [158,159]. Multiple studies reported an increase in 

methylation across gestation [160,161] and changes in imprinting across gestational 

trimesters [162], emphasizing the importance of gestational time as a relevant factor in the 

assessment of the effects of phthalates on the placenta. The need to collect samples at 

several points across the placenta and at different times was illustrated a recent study that 

identified large within-placenta variability of transcripts, dependent of the time and placental 

location of collection [163]. Future studies encompassing these aspects may better elucidate 

placental dysfunctions resulting from exposure to phthalates. In addition to all the above 

factors, the literature would be enriched by more studies with larger sample size.

6. CONCLUSIONS

Increasing concern regarding the adverse effects of phthalates on gestation and fetal heath 

has driven research investigating the potential biological mechanisms of action and 

physiological damages behind phthalate exposure. This review compiles studies that inform 

understanding of the effects of phthalate exposure in the context of placental dysfunction. 

Despite gaps in the literature, the studies described herein strongly suggest that exposure to 

phthalates causes damage to placental health and fetal development. The biological 

mechanisms and the specific translation to human fetal and gestation health are poorly 

understood, but future molecular studies will be the key to better understanding. Thus, 

additional research is needed to understand how environmental exposure to phthalates can 

drive human placental disruption. Specifically, well-designed animal studies and human 

studies will be necessary to understand how phthalates and their metabolites interact with 

placental receptors to disrupt downstream molecular signaling and how phthalates change 

the placental microenvironment to lead to dysfunction.
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Abbreviations

AR androgen receptor

BBOP bis(2-butoxyethyl) phthalate

BW:PW body weight to placental weight

BzBP benzyl butyl phthalate

CTBs cytotrophoblasts

DBP dibutyl phthalate

DCHP dicyclohexyl phthalate

DEHP di(2-ethylhexyl) phthalate

DEP diethyl phthalate

DHP di-n-hexyl phthalate

DiBP diisobutyl phthalate

DINCH di(isononyl)cyclohexane-1,2-dicarboxylate

DiNP di-isononyl phthalate

DMP dimethyl phthalate

DNOP di-n-octyl phthalate

DOHaD developmental origins of health and disease

EDCs endocrine disrupting chemicals

ER estrogen receptor

EV extracellular vesicle

EVTs extravillous cytotrophoblasts

hCG human chorionic gonadotropin

HMW high molecular weight

IUGR intrauterine growth restriction

LINEs long interspersed nuclear elements

LMW low molecular weight
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lncRNAs long noncoding RNAs

MBP monobutyl phthalate

MBzP monobenzyl phthalate

MCNP monocarboxy-isononyl phthalate

MCOCH cyclohexane-1,2-dicarboxylic acid monocarboxyisoctyl ester

MCOP monocarboxy-isooctyl phthalate

MCPP mono 3-carboxypropyl phthalate

MECPP mono 2-ethyl-5-carboxypentyl phthalate

MEHHP mono-2-ethyl-5-hydroxyhexyl phthalate

MEHP monoethylhexyl phthalates

MEOHP mono-2-ethyl-5-oxohexyl phthalate

MEP monoethyl phthalate

MHiBP mono-hydroxyisobutyl phthalate

MiBP mono-isobutyl phthalate

MINCH cyclohexane-1,2-dicarboxylic acid monohydroxyisononyl ester

miRNAs micro RNAs

MMP-9 matrix metallo-proteinase-9

MMP monomethyl phthalate

PPAR peroxisome proliferator-activated receptor

SINEs short interspersed nuclear elements

STBs syncytiotrophoblasts

TSCs trophoblast stem cells
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Highlights

• The placenta is a sensitive endocrine organ

• Phthalates may disrupt placenta development and function

• In vitro experiments show that phthalates are toxic to placenta cells

• Phthalate exposure is associated with morphological changes in placenta size 

and shape

• Phthalate exposure is associated with placental changes in gene expression 

and epigenetic alterations
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Figure 1: 
Six of the most common phthalates, arranged by increasing molecular weight, and their 

primary monoester metabolites.
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Figure 2: 
Comparison of rodent and human placental physiology.
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