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A B S T R A C T   

Introduction: Parabens are a group of chemicals widely used as preservatives in daily consumer products such as 
cosmetics, food items, pharmaceuticals and household commodities. They have been broadly detected in human 
samples indicating a general human exposure, and concerns arose from their potential endocrine disrupting 
effect. Especially the exposure to parabens during pregnancy is concerning, as the time of fetal development is a 
particularly vulnerable period. The aim of this study was to investigate the transport and metabolism of four 
commonly used parabens: methyl-, ethyl-, propyl- and butylparaben (MeP, EtP, PrP and BuP) and the metabolite 
para-hydroxybenzoic acid (PHBA) across the human placenta. 
Methods: An ex-vivo human placental perfusion model was used. The test compounds were added in the maternal 
compartment (with initial concentrations of 1 mM or 0.1 mM). Placental transport was evaluated by fetal- 
maternal concentration ratios (FM-ratio), transport index (TI) and indicative permeability (IP). 
Results: Information about parabens kinetics was taken from 10 perfusions and PHBA from 7 perfusions. Paraben 
metabolism was not detected. The placental transport of MeP, EtP, PrP, BuP and PHBA revealed a transfer from 
maternal to fetal circulations with FM120 of 0.86 ± 0.27 (MeP), 0.98 ± 0.28 (EtP), 1.00 ± 0.28 (PrP), 1.12 ± 0.59 
(BuP) and 0.82 ± 0.37 (PHBA). The test substances accumulated in the perfused tissue in some degree. The 
average kinetic parameters FM-ratio, TI and IP were not different between chemicals. 
Discussion: The present study shows that the placenta barrier is permeable to all four parabens and the metab-
olite, which implies potential fetal exposure.   

1. Introduction 

Parabens are a group of chemicals widely used as preservatives in 
daily consumer products. The antimicrobial activity of parabens in-
creases with its side chain length, while its water solubility decreases, 
hence the fact that they are commonly used as mixtures, the most 
commonly used parabens being: methylparaben (MeP), ethylparaben 
(EtP), propylparaben (PrP) and butylparaben (BuP) [1,2]. Parabens can 
also be found in nature [3–6], water, soil and dust [7], but the human 
exposure has been related to the consumption of daily products with 
parabens used as preservative substances [8], with negligible contri-
butions from environmental sources [9–11]. Human biomonitoring 
studies measured parabens in blood [12–16], urine [12,17–34], milk 

[35,36], seminal plasma [12], breast tissue [37,38], placental tissue [39, 
40] and amniotic fluid [41], revealing a general population exposure. 

European regulation exists concerning the content of parabens in 
cosmetics intended for children under the age of 3. However, there is no 
regulation regarding its use by pregnant women. Reported studies have 
shown a potential endocrine disrupting effect of parabens, which gives 
rise to a particular concern regarding children and fetuses [42]. Besides 
the fact that the estrogenic effect of parabens may exceed the very low 
levels of endogenous estradiol in neonates [42], the metabolic capacity 
of the tissues in the fetus and child are not fully developed [43], thus 
raising concern for the effects of paraben exposure on this population 
group. 

During the pregnancy, the fetus is exposed to chemicals from the 
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maternal blood via the placenta. The placenta tissue consists of a 
maternal-fetus interface, with the continuous syncytiotrophoblast, a 
discontinuous layer of cytotrophoblasts, the basolateral membrane and 
the fetal capillary endothelium representing the cell layers between 
maternal and fetal blood [44]. The placental transport of different 
chemicals between maternal and fetal blood, differs according to prop-
erties of the chemicals; mainly size and charge of the molecules, and 
water solubility [45]. MeP, EtP and PrP have been estimated to have 
placental transfer rates associated with their molecular weight and log 
Kow, and considered to cross the human placenta through passive 
diffusion [41]. Furthermore, epidemiological studies associated prenatal 
exposure to parabens and placental weight and fetal growth [33,46] and 
suggested that prenatal exposure might contribute to childhood over-
weight development [47]. Moreover, the detection of MeP and BuP in 
paired samples of maternal and cord blood at birth suggested the 
placental transport of parabens [41,48]. 

To further study the placental transport, kinetics and metabolism of 4 
parabens (MeP; EtP; PrP; BuP) and their common metabolite para- 
hydroxybenzoic acid (PHBA), we used the human term placental 
perfusion model. 

2. Materials and methods 

Human placentas from uncomplicated singleton pregnancies and 
from elective caesarean sections were collected at term from the 
Copenhagen University Hospital, Rigshospitalet, Denmark, from 
January to April 2014. Informed written consents were obtained from 
the donating mothers. The project was approved by the Danish Com-
mittee on Health Research Ethics of the Capital Region (H-1-2014-022) 
and by the Danish Data Protection Agency (2009-41-4104). 

2.1. Placental perfusion 

We used a dual recirculating perfusion system on human term pla-
centas, as previously described and validated [49,50]. The placentas 
were received at the hospital, umbilical arteries were injected with 
Krebs Ringer buffer supplemented with D(+)-glucose monohydrate 13 
mM (AppliChem, Germany) and unpreserved heparin 5000 IU/mL 
(Amgros I/S, Denmark) to nourish and prevent blood coagulation, 
respectively. The placentas were collected on average 9 ± 8 min after 
registered time of delivery (range 1–26 min) and received at the labo-
ratory on average after 33 ± 8 min after birth. At the laboratory, the 
tissue was inspected, cannulated, isolated and placed in the perfusion 
system in a heated flow bench (37 ◦C) with a flow of 3 mL/min driven by 
the fetal pump. A washing phase was then started, flushing the coty-
ledon tissue with maternal perfusion media consisting of 200 mL RPMI 
1640 cell medium (Sigma Aldrich, Denmark) supplemented with 1% 
penicillin and streptomycin (Panum Institute, University of Copenha-
gen, Denmark), rinsing the maternal tissue by open-loop perfusion. A 
60-min equilibrium phase was then performed in order to stabilize the 
placenta tissue from the suffered hypoxia. 

The equilibrium and experimental perfusion media consisted of 100 
mL in fetal and maternal compartments of the previously described cell 
medium supplemented with antibiotic and additionally with human 
serum albumin 20% (CSL Behring, Denmark) 40 mg/mL and 30 mg/mL 
respectively to fetal and maternal compartments to simulate the physi-
ological concentrations. The maternal compartment was gassed with 
oxygen (80% O2: 20% CO2) and the fetal compartment with nitrogen 
(95% N2: 5% CO2) (KVG, Denmark), until oxygen transfer was observed. 
The fetal flow was approximately 3 mL/min and the maternal flow was 
measured as approximately 7 mL/min. In the experimental phase the 
maternal compartment was substituted by new 100 mL of the described 
perfusion media with the addition of the four parabens (MeP, EtP, PrP, 
BuP) and/or PHBA (Sigma-Aldrich, Denmark) dissolved in dimethyl 
sulfoxide (DMSO, Sigma-Aldrich, Denmark) at concentrations presented 
in Table 1 and the positive control antipyrine (Aldrich-Chemie, 

Steinheim, Germany) at 0.13 mM (2.5 μg/mL). Initially, the test sub-
stances were added at a concentration of 1 mM, in later perfusions 
decreased to 0.1 mM, after confirming the samples were within quan-
tification margins. The method is further presented as a video file, 
illustrating the process from informed consent, placenta collection, in-
spection, cannulation, and perfusion phases (video S1), accompanied 
with a detailed protocol description (Table S.2.1 and Figure S.2.1). 

Supplementary video related to this article can be found at https:// 
doi.org/10.1016/j.placenta.2021.09.010. 

The closed-loop experiment was conducted for 3 h, sampling at min 
0, 5, 10, 15, 20, 30, 45, 60, 120 and 180. During the perfusion, both 
compartments were monitored on a regular basis using an ABL blood gas 
analysis system (Radiometer, Denmark) to ensure physiological pH and 
oxygen levels in the perfusion media, and to monitor placental glucose 
consumption and lactate production. Adjustments to medium pH were 
made in the maternal reservoir using 1 M HCL or 1 M NaOH, and glucose 
were added when levels measured below 3–4 mmol/L. A system 
adherence experiment was performed for one blank perfusion (without 
placenta), in order to test the adherence of substance to the equipment 
(glassware and tubes). No loss of chemical was detected. 

2.2. HPLC method for simultaneous detection of parabens 

2.2.1. Sample preparation 
The perfusion samples were centrifuged for 5 min at 4000 g and the 

supernatant was transferred to a vial and stored at − 20 ◦C until anti-
pyrine and parabens detection by HPLC. In order to proceed with the 
analysis, 400 μL of acetonitrile (VWR prolab Chemicals, France) con-
taining the internal standard benzophenone (Supelco Analytical, US) 
were added to the samples, and centrifuged for 10 min at 2400 g. Tissue 
samples of 1 g were extracted in 4 mL acetonitrile for at least 72 h and 
200 μL of solution were analysed by HPLC soon thereafter. 

2.2.2. Sample analysis 
Antipyrine and parabens were separated by an HPLC system 

(LaChrom (Merck Hitachi, Japan). The stationary phase consisted of a 
C18 column (Nucleosil 100–5; Internal Diameter 4.6 mm, 5-μm parti-
cles; length 200 mm; Düren, Germany) with a Security Guard Precolumn 
(Phenomexes, ODS; 4 Å~, Internal Diameter 3 mm; Allerod, Denmark), 
sample loop of 100 μL using UV–Vis-Abs. detector (Hitachi, L7400, 
Japan) at an oven temperature fixed at 31 ◦C. The mobile phase was a 
degassed solution of acetonitrile/H2O (33/67 v/v) with an isocratic 
elution program at a flow rate of 2.0 mL/min. Injection volume was 25 
μL and detection absorbance was fixed at 254 nm. The internal standard 
benzophenone at a concentration of 30 μg/mL was included in each 
sample. The control of the HPLC system and data collection was carried 
out with a computer equipped with LaChrom Software® (1998). 

2.2.3. Validation 
The experimental condition set up for the study, allowed the baseline 

resolution of the four parabens (MeP, EtP, PrP, BuP) and their 

Table 1 
Tested substances and concentrations used in the successful perfusions (n = 12).  

Number of 
perfusions 

Test substances Concentrations 

4 MeP, EtP, PrP and 
BuP 

1 mM (152, 166, 180, and 194 μg/mL 
respectively) 

1 MeP, EtP, PrP and 
BuP 

0.1 mM (15.2, 16.6, 18.0, and 19.4 μg/ 
mL respectively) 

1 PHBA 1 mM (138 μg/mL) 
1 PHBA 0.1 mM (13.8 μg/mL) 
5 MeP, EtP, PrP, BuP 

and PHBA 
0.1 mM (15.2, 16.6, 18.0, 19.4, 13.8 
μg/mL respectively) 

MeP, methylparaben; EtP, ethylparaben; PrP, propylparaben; BuP, butylpar-
aben; PHBA, para-hydroxybenzoic acid. 
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metabolite (PHBA). Quantification was based on the internal standard 
method using calibration curves fitted by linear regression analysis. 
Specificity, accuracy, precision, linearity and range, Limit of Detection 
(LOD), Limit of Quantification (LOQ), and robustness were investigated 
during the development of the analytical method. Data were based on 
extrapolation from the standard curve assuming that it was linear for all 
the concentrations used, The LODs were 0.7 μg/mL for Antipyrine, 0.3 
μg/mL for MeP, 0.4 μg/mL for EtP and PrP, 0.6 μg/mL for BuP and 0.5 
μg/mL for PHBA. The LOQs were 2.34 μg/mL for Antipyrine, 1.03 μg/ 
mL for MeP, 1.33 μg/mL for EtP, 1.22 μg/mL for PrP, 1.92 μg/mL for BuP 
and 1.52 μg/mL for PHBA. 

2.3. Data analysis 

We determined transport kinetic parameters as previously described 
[51]. Briefly, the fetal-maternal concentration ratios (FM-ratio), illus-
trating the level of exchange at different time points of the perfusion, 
were calculated from the concentration in fetal perfusion reservoir (CF) 
divided by the concentration in the maternal reservoir (CM) at a defined 
time point (t) during the perfusion. 

FMt = (CF/CM)t 

The transport index (TI), the rate of transfer normalized for the 
positive control antipyrine, were determined from the measured con-
centration of the substance in the fetal reservoir at a given time point 
(CFt) divided by the initial concentration in the maternal reservoir 
(CM0): 

TIt =
(CFt/CM0)test substance

(CFt/CM0)Antipyrine 

The indicative permeability coefficient (IP30), defined as the slope of 
the FM-ratio curve between time 0 and 30 min, assuming a linear 
regression, was determined using the linear function: 

FM(time(0,30))
= a+ IP30 × time(0, 30)

where a is the y-axis intercept of the regression line. 
Data was analysed in R statistical environment [52]. The model for 

IP30 was fitted using the R function lm (linear model). Nonlinear least 
squares function (nls) was used to predict the FM-ratio curves. 
Normality from FM-ratio models was visually checked from residuals 
quantile-quantile plots. Welch two sample t-test was performed to 
compare the two different concentrations used in the perfusions. The 
one-way ANOVA was used to test the difference between the com-
pounds, and the post-hoc Tukey test (function TukeyHSD from package 
multcompView). 

3. Results 

3.1. Placentas and perfusions 

Forty-eight written consents were obtained. We received 20 pla-
centas from which 18 cotyledons (from 17 different placentas) were pre- 
perfused. Twelve cotyledons from 11 different placentas achieved the 
defined quality criteria [49], with a final success rate of 60%. 

On average (mean ± SD), the infants were 51.6 ± 2 cm long, weighed 
3552 ± 418 g, with an average placental weight of 716 ± 131 g 
(including membranes and cord), an average diameter of 20.1 ± 1.2 cm 
and a thickness of 2.1 ± 0.6 cm. The maternal age was 32.7 ± 3.2 years, 
with 273 ± 4 days of gestation (corresponding to 39 weeks). All the 
successfully perfused placentas had round-oval shape and with centric 
or on the side umbilical cord insertion. During the perfusions, we had an 
average fetal volume loss (for 4 h, including equilibrium and experi-
mental phases) of 5.3 ± 3.7 mL. The perfused cotyledon, identified by 
the whitish colour in the end of the experiment, weighed on average 
23.4 ± 12 g and the adjacent tissue (rest of tissue in the perfused 

chamber surrounding the perfused cotyledon) 94.8 ± 12 g. For perfusion 
6 (from Table S.3.1) the fetal volume loss (a defined criteria for the 
success of the perfusion) was 12.8 mL at the end of 4 h (1 h of pre- 
perfusion and 3 h experiment), which exceeds by 0.8 mL the limit to 
be considered successful (limit of 3 mL/h). Only data up to 160 min was 
used for this perfusion. The chromatogram for the 120 min sample from 
perfusion number 10 presented ghost peaks and therefore this time point 
result was not considered in the analysis. The initial maternal concen-
tration of antipyrine from the perfusion 5 was considered an outlier, 
being 14 times higher than the theoretical concentration added. The FM- 
ratio data from the test substances analysis was not affected, but results 
from this perfusion were not considered for the determination of TI. 
Glucose consumption and lactate production were observed during all 
the perfusions (Supplementary Figure S.3.1). 

3.2. Placental transport 

The placental transport of the 4 parabens and the common metab-
olite revealed a rapid placental transfer from maternal to fetal circula-
tions, approaching equilibrium at 180 min of perfusion. Fig. 1 shows the 
FM-ratio ratios at each time point of the perfusions, for each chemical, 
and Table 2 presents the FM-ratio, TI and IP average transport kinetic 
parameters. Supplementary figures S.3.2 and S.3.3 present the perfused 
concentrations and FM-ratios for the different initial concentrations 
used. 

We include the parameters at the end of the perfusion (180 min), and 
for 120 min that is the time point when we start to see test-substance 
equilibrium between fetal and maternal systems. The FM-ratio of anti-
pyrine showed an appropriate overlap of maternal and fetal circulations. 
The two different concentrations did not affect any of the kinetic pa-
rameters (FM120, FM180, CF180/CM0, TI120, TI180 or IP30) for any of the 
parabens (t-test performed, all p-values >0.30, excepting for TI of BuP, 
with p-value≥0.08). There were no significant differences between the 
compound averages for any of the kinetic parameters (one-way ANOVA, 
all results p ≥ 0.17), except for the transfer rate unadjusted for antipy-
rine (CFt/CM0 for t = 180 and also for the non reported t = 120 min, 
both with ANOVA, p < 0.001). Without the compound antipyrine the 
analysis of variance between the compounds was not significantly 
different (ANOVA, F(4,37) = 0.511, p = 0.73 for CF120/CM0, and F(4,41) =

0.873, p = 0.49 for CF180/CM0). 

3.3. Recovery and tissue accumulation 

Concentrations of the substances found in placenta tissue (before and 
after perfusion) are presented in supplementary material (Table S 3.2). 
Recovery of test substances is presented in Table 3. The averages were 
determined for percentage results to correct for the different perfusion 
variables and concentrations used, following the equation described in 
Supplementary material 3. Table 3 present the results as median per-
centage of the initial amount measured in the maternal reservoir at 
minute zero. 

Fig. 2 shows the amount of compound found in cotyledon tissue (μg 
of compound/g of cotyledon) after the perfusion per initial concentra-
tion used, with significant difference among the compounds, and for 
both initial concentrations used. Excluding Antipyrine, there was no 
difference among the compounds considering data from both concen-
trations (ANOVA, F(3,35) = 1.14, p = 0.35) or initial concentration of 1 
mM (ANOVA, F(3,6) = 1.56, p = 0.291), but still significant for the 
perfusions with initial concentration of 0.1 mM (ANOVA, F(3,19) = 12, p 
= 0.0001), as BuP was statistically different from MeP, EtP and PrP. The 
apparent difference was less consistent when imputing in the ANOVA 
the absolute amounts related to the starting amounts, with BuP only 
different from MeP. No PHBA was detected in the tissue samples. 
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4. Discussion 

The placenta perfusion experiments demonstrated that parabens do 
cross the placental barrier, implying potential fetal exposure. In our 
perfusion experiments, we studied two different concentrations of par-
abens above the LOD of our quantification method. We started with 1 
mM decreasing later to 0.1 mM. The transport kinetic parameters were 
not affected by the concentration for any of the parabens. This suggests 
that the placental transfer of parabens was not dose-dependent. 

Our experimental FM120 ratios ranged between 0.82 ± 0.37 (PHBA) 

and 1.12 ± 0.59 (BuP). Comparing with other previous test substances, 
parabens seemed to be rapidly transported across the placental barrier, 
similar to bisphenol A (FM120 0.92 ± 0.18) and ethanol (FM120 0.99 ±
0.006) [51,53], and contrasting with substances measured to have 
slower transport kinetics, like polychlorinated biphenyl 52 (PCB52) [54] 
or tetrachlorodibenzodioxin (TCDD) [55] with FM120 ratio of 0.23 ±
0.07 and 0.07 ± 0.07, respectively [51]. IP30 showed similar trends, 
with similar permeability coefficient to bisphenol A and ethanol (0.017 
± 0.005 and 0.018 ± 0.002, respectively) [51,53]. The TI120 is a 
parameter adjusted for antipyrine to normalize perfusion variations, as 

Fig. 1. – Fetal-Maternal concentration ratios (FM-ratio) for methyl-, ethyl-, propyl- and butylparaben (MeP, EtP, PrP, BuP), para-hydroxybenzoic acid (PHBA) and 
antipyrine perfused during 3 h through ex-vivo human placenta model. The circles in grey represent FM-ratios for each defined time point during the perfusion (0, 5, 
10, 15, 30, 45, 60, 120 and 180 min) and for each perfusion experiment. The solid line represent the non-linear regression model. The number of experiments for each 
chemical is defined on the top-left corner of each individual chemical graph. 

Table 2 
Transport kinetic parameters for each chemical perfused. Values are mean ± SD.  

Chemical n FM120
a FM180 CF180/CM0

b TI120
c TI180

d IP30 

MeP 10 0.86 ± 0.27 1.07 ± 0.24 0.310 ± 0.126 0.45 ± 0.23 0.47 ± 0.20 0.0154 ± 0.0059 
EtP 10 0.98 ± 0.28 1.19 ± 0.27 0.325 ± 0.120 0.51 ± 0.29 0.51 ± 0.26 0.0153 ± 0.0056 
PrP 10 1.00 ± 0.28 1.21 ± 0.26 0.346 ± 0.118 0.54 ± 0.36 0.57 ± 0.35 0.0151 ± 0.0062 
BuP 10 1.12 ± 0.59 1.31 ± 0.61 0.377 ± 0.100 0.57 ± 0.33 0.59 ± 0.29 0.0178 ± 0.0140 
PHBA 7 0.82 ± 0.37 1.13 ± 0.26 0.263 ± 0.184 0.75 ± 0.82 0.81 ± 0.90 0.0151 ± 0.0090 
Antipyrine 12 1.20 ± 0.37 1.35 ± 0.56 0.661 ± 0.275 1.00 1.00 0.0169 ± 0.0103 
One-way ANOVA F(5,47) = 1.62, p = 0.17 F(5,53) = 0.92, p = 0,48 F(5,50) = 6.91, p = 5.7E-05 F(4,33) = 0,45, p = 0.77 F(4,37) = 0.67, p = 0.62 F(5,53)=0.16, p = 0.98 

MeP, methylparaben; EtP, ethylparaben; PrP, propylparaben; BuP, butylparaben; PHBA, para-hydroxybenzoic acid; FM-ratio, fetal-maternal ratio; CF180/CM0, rate of 
placental transport (not adjusted for antipyrine); TI, transport index; IP, indicative permeability coefficient. aThe FM120 has results from 9 perfusions for MeP, EtP, PrP, 
BuP and 11 for antipyrine; bCF180/CM0 has results from 6 perfusions for PHBA and 10 for Antipyrine; cTI120 has results from 8 perfusions for MeP, EtP, PrP, BuP, 6 for 
PHBA and 10 for antipyrine; dTI180 has results from 9 perfusions for MeP, EtP, PrP and BuP, 6 for PHBA and 10 for antipyrine. 

M.H.G. Andersen et al.                                                                                                                                                                                                                        



Placenta 115 (2021) 121–128

125

the dimension of the cotyledon and the degree of overlap between fetal 
and maternal compartments. The TI120 for parabens ranged between 
0.45 ± 0.23 (MeP) and 0.75 ± 0.82 (PHBA), presenting a high variation, 
as also reported in a meta-analysis study, where TI values were noted to 
present a larger variation than the FM120, which is not desirable for a 
normalized parameter [51]. When comparing the ratio between the fetal 
concentration (at 120 and 180 min) and initial maternal reservoir con-
centration, we do see a significant difference among the compounds 
(reported ANOVAs with p < 0.001). However, when excluding the 
reference substance antipyrine, no significant difference is observed, 
and accordingly, we do not see a significant difference among com-
pounds for the TI (adjusted for antipyrine transfer rate). We report a 
shorter time to reach FM-ratio of 1 for antipyrine than previously pub-
lished, which might be due to the lower concentration used and greater 
uncertainty in the assessment under LOQ values. Levels found in initial 
maternal media (M0), sampled before connection to the perfusion sys-
tem, present a systematic discrepancy (and consistent for all substances) 
in relation to the added amount of substance. 

Overall, the transport kinetic parameters from parabens suggest a 

high transplacental transfer rate, not restricted, and similar to passive 
diffusion [51], but the high concentrations used do not allow us to 
exclude facilitated or active transport. The estimated total consumption 
of parabens is 1.26 mg/kg/day [2], and we used concentrations of 1 mM 
and 0.1 mM in the perfusion of one cotyledon, approximately 100 and 
10 times higher than what humans are exposed to, for each paraben 
individually, or 10.000 and 1.000 times higher than what is found in 
serum. 

In relation to tissue accumulation, we did find significant differences 
of presence of the parabens and antipyrine in the perfused cotyledon. 
Fig. 2 might suggest a tendency towards more paraben tissue adsorbance 
for heavier parabens, which could be expected by their properties, with 
octanol-water partition coefficients increasing with chain length [56], 
but only for perfusions with the lower added concentrations of test 
substances we observed a statistical significant difference for BuP among 
parabens. The accumulation of parabens in the placenta tissue might 
alter placenta metabolism and growth with implications for fetal 
development [57,58]. Nevertheless, the cotyledon tissue samples at the 
end of the perfusion were wet and therefore tissue accumulation might 
have a contribution from the concentration found in the final circulating 
media. Ultimately, this contribution would occur for all added sub-
stances, but we observed a difference for parabens and BuP. This might 
especially affect test substance recovery determinations that addition-
ally have quantification errors introduced by volume, mass and con-
centration measurements, besides visual determination of perfused 
tissue, which might justify discrepancies. 

Parabens potential toxic effect is considered to be related with their 
free (un-metabolized) form [2]. Although little is known about their 
metabolites, phase II reactions are generally considered a detoxification 
reaction, making the chemical more polar and susceptible to excretion 
[2]. The metabolite PHBA was not detected in the perfusate samples 
without initial added PHBA in the maternal compartment. We expected 
to find PHBA production in our placental perfusion experiments for two 
main reasons: first, it is known that carboxylesterases (enzymes that 
hydrolyse a variety of esters and other substances) are present in the 
placenta [59]; second, it has been reported that parabens would 
hydrolyse with pH above 7, producing PHBA and the corresponding 
alcohol [60]. It might be, as Yan and colleagues suggested that car-
boxylesterases in the placenta primarily have a physiological rather than 
metabolic role, including cell differentiation, proliferation and apoptosis 
[59]. It is also likely that the placental metabolic capacity decreases at 
term [61]. Nevertheless, metabolism below the limit of detection cannot 
be excluded, or products from glucuronidation reactions by 
UDP-glucuronosyltransferases, which are present in the placenta [62] 
that were not included in the analytical method. A saturation effect and 

Table 3 
Recovery of test substances MeP, EtP, PrP, BuP and PHBA and the internal 
standard Antipyrine, from system compartments at the end of perfusion.   

MeP EtP PrP BuP PHBA Ant 

Maternal 
perfusate M180 

(%) 

29 
(17) 

28 
(13) 

31 
(10) 

34 (14) 20 
(26) 

67 (65) 

Fetal perfusate 
F180 (%) 

33 
(17) 

13 
(19) 

35 (9) 32 (9) 20 (8) 68 (41) 

Samples (%) 4 (1) 4 (1) 4 (1) 4 (1) 4 (1) 7 (4) 
Cotyledon (%) 7 (5) 16 

(24) 
26 
(47) 

25 (32) ND 0 (0) 

Adjacent tissue 
(%) 

16 
(23) 

18 
(38) 

30 
(70) 

63 
(108) 

ND 0 (0) 

Total (%) 86 
(49) 

100 
(63) 

139 
(87) 

165 
(136) 

43 
(32) 

143 
(114) 

MeP, methylparaben; EtP, ethylparaben; PrP, propylparaben; BuP, butylpar-
aben; PHBA, para-hydroxybenzoic acid; Ant, Antipyrine; ND, not detected. For 
Antipyrine analysis n = 11, for MeP, EtP, PrP and BuP analysis n = 9 (n = 8 for 
BuP), and for PHBA analysis n = 7. Data are presented as median percentages of 
the initial amount measured in the maternal reservoir (M0) and interquartile 
range (Q3-Q1). Maternal and fetal reservoirs at the end of perfusion (M180 and 
F180), amount of substances taken in the samples throughout the perfusion and 
amount found in tissue in the end of perfusion, all expressed as percentage of 
initial amount of substance. Details of calculations and definitions presented in 
Supplementary material 3. 

Fig. 2. Box-and-whiskers plot for the amount of the compound found in the perfused cotyledons (in μg of compound/g of cotyledon). The dots represent each 
individual data. Ant: antipyrine, MeP: methylparaben, EtP: ethylparaben, PrP: propylparaben, BuP: butylparaben. The MeP, EtP, PrP and BuP common metabolite 
para-hydroxybenzoic acid (PHBA) was not detected in any of the tissue samples. 
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a short time frame (3 h of perfusion) may also have affected the missing 
detection of PHBA metabolism, as the paraben concentrations used in 
the experiment were much higher than the levels humans are exposed 
to. 

The metabolic efficiency will determine the level of the free form of 
parabens in the body [43]. Biomonitoring studies show the presence of 
un-metabolized parabens in different human matrixes, namely in serum 
and plasma [12–15,41,48]. As the fetus has an immature metabolism 
capacity, it cannot be excluded that the internal dose of the free form of 
parabens in this specific age group would be higher than in adults [42, 
43,63]. Additionally, parabens but not PHBA are known to bind 
reversibly to human serum albumin [64], used in the perfusion media, 
and therefore they might have been protected from hydrolysis. More 
importantly, this implies potential paraben accumulation in the fetal 
circulation. Fetal blood has higher concentration of human serum al-
bumin than maternal blood, a physiological difference that we repli-
cated in our experimental design. As the unbound concentration 
equilibrates across the placenta, it is expectable that albumin-bound 
drugs would have a greater fetal/maternal concentration ratio, 
exceeding equilibrium [65,66]. In accordance, an animal study on EtP 
and BuP administrated to pregnant rats reported the accumulation of the 
parabens in amniotic fluid and placenta, raising the concern regarding 
the possible on-going exposure of the rat fetus, both from the placenta 
and the amniotic fluid [67]. Moreover, MeP was measured in paired 
samples of pregnant women blood at term and cord blood at birth, with 
51% of the 45 mother-child pairs studied presenting higher levels of MeP 
in the cord-blood [48]. 

BuP, the most lipophilic of the four parabens we perfused, was 
measured in blood from pregnant women from the US and China. The 
blood was collected from women on admission to birth, and BuP was 
detected in 8% (n = 4) and 16% (n = 15) of the samples with mean levels 
of 0.041 μg/L and 0.02 μg/L, respectively [41,48], and a maximum level 
reported from China as 0.47 μg/L. If we consider this maximum value of 
0.47 μg/L, and a birth weight of 3.3 Kg, with maternal plasma increase 
of 1250 mL to add to a non-pregnant plasma volume of 2600 mL [68], 
and using our experimental rate of placental transfer for BuP (unad-
justed for antipyrine, the CF180/CM0) as 37.7%, we can estimate the 
systemic exposure dose (SED) as 0.207 × 10− 3 mg Kg− 1 bw.day− 1. 
Considering a no-observed-effect-level (NOEL) of 2 mg/kg/day for BuP, 
derived from a neonatal exposure study on changes in the structure of 
the rat testicular excurrent ducts [69], we would obtain a margin of 
safety of 104, meaning that the margin between the reference dose and 
the actual exposure is safe for the assumed exercise. However, this is a 
best-case scenario, considering a normal pregnancy, with a normal birth 
weight neonate. Moreover, the non-traditional dose-response dynamics, 
the mixture effects, and the age of exposure are important issues related 
to endocrine disrupting exposures [70], besides the fact that toxicolog-
ical studies targeting this age group are still missing [42]. 

We used term placentas, which do not represent the dynamic struc-
tural conditions of pregnancy, making it difficult to generalize to earlier 
gestational ages. On the other hand, term placenta might be more sen-
sitive, as the thickness of the membrane and its metabolism decreases 
along the gestation [61,71]. Therefore, placenta at birth may represent 
the worst-case scenario for chemicals for which metabolic activation 
does not represent an increased risk, as it might be the case of parabens, 
although PHBA has been reported with some degree of estrogenic ac-
tivity [72]. Another limitation of the method used is concerned with the 
different distribution from in vivo situation. In our experiences, 200 mL 
of maternal media took around 30 min to totally circulate (measured 
during open loop washing phase), while in vivo, through the action of the 
heart pumping, it takes approximately 1 min to circulate the entire 
maternal blood volume (4 L) [71,73]. 

5. Conclusion 

Our results show that the placenta barrier is permeable to MeP, EtP, 

PrP, BuP and PHBA, with no clear differences in transport kinetics 
among the tested parabens, other than that the parabens with longer 
fatty acid chains may accumulate in tissue to a higher extent. Our results 
strongly imply the potential for fetal exposure. The knowledge of 
placental transport kinetics of parabens may add useful information for 
the determination of fetal safety. 
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