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*Correspondence address. Médecine de la Reproduction, Hôpital Paule de Viguier, CHU de Toulouse, 330 Avenue de Grande-Bretagne,
TSA70034, 31059 Toulouse cedex 9, France. Tel: +33-567771013; E-mail: leandri.r@chu-toulouse.fr

Submitted on October 4, 2015; resubmitted on April 19, 2016; accepted on April 25, 2016

study question: Do the embryo culture media and plastic materials used during assisted reproductive technology (ART) laboratory pro-
cedures expose embryos to bisphenol A (BPA)?

summaryanswer: BPAwas not detected in embryo culture media or protein supplements at concentrations above those encountered in
normal patient serum and follicular fluids.

what is known already: BPA is strongly suspected of altering the epigenome during mammalian development. Medical devices have
been shown to be a source of BPA exposure in adult and neonatal intensive care units.

study design, size, duration: An analytical study of ART culture media and plastic labware products was performed under con-
ditions close to routine practice and if BPA was detected, tests were carried out under more stringent conditions.

participants/materials, setting, methods: Two single-step embryo culture media, two sequential media and three differ-
ent protein supplements [a purified human serum albumin (HSA), a synthetic serum substitute, and a recombinant HSA] were tested for BPA.
Thirty-three different plastic consumables, used from oocyte collection through to embryo transfer, were tested for their ability to leach BPA into
their surrounding environment.

BPA concentrations were measured according to a previously described liquid chromatography/mass spectrometry method. This method is
linear over the calibration range from 0.5 to 100 ng/ml using a linear model weighted by 1/X2 and validated in terms of selectivity, linearity, re-
peatability, reproducibility and limit of quantification (0.5 ng/ml).

main results and the role of chance: Neither the culture media nor the protein supplements were shown to contain detect-
able levels of BPA. None of the plastic materials leached BPA into the surrounding medium at levels higher than the upper limit detected previously
in serum and follicular fluids in women (about 2 ng/ml). However, the plastic of the three tested strippers used for oocyte denudation/embryo
handling did contain BPA. Two of these strippers are made with polycarbonate, a plastic whose synthesis is known to require BPA.

limitations, reasons for caution: This study is limited to the ART media and materials tested here and using a BPA assay with a
limit of quantification at 0.5 ng/ml. A minimum volume was required for testing, and one type of plastic labware could not be tested in conditions
identical to those in routine use.

wider implications of the findings: Although we demonstrated that some plastic materials used in ART contain BPA, under
routine conditions none appear capable of leaching BPA at levels higher than those from maternal internal exposure. However, BPA is strongly
suspected of altering the epigenome. Since important epigenetic modifications occur in the early embryonic stage, it is questionable whether plas-
tics that contain BPA, polycarbonate in particular, should be used in the manufacture of plastic consumables for ART procedures.
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byagrant fromtheFrenchMinistryofHealth(ClinicalResearchHospitalProgram2012;no.12-018-0560).Theauthorsdeclarednocompeting interest.

Key words: bisphenol A / assisted reproductive technology / plastic consumables / environmental toxicants / epigenetic

& The Author 2016. Published by Oxford University Press on behalf of the European Society of Human Reproduction and Embryology. All rights reserved.
For Permissions, please email: journals.permissions@oup.com

Human Reproduction, Vol.31, No.7 pp. 1436–1444, 2016

Advanced Access publication on May 13, 2016 doi:10.1093/humrep/dew116

D
ow

nloaded from
 https://academ

ic.oup.com
/hum

rep/article/31/7/1436/1750110 by guest on 02 June 2023



Introduction
Bisphenol A (BPA) is a chemical in widespread use that is present in a
variety of common consumer products, leading to two main exposure
routes, food and non-food sources (Geens et al., 2012). Detected in
more than 90% of the US general population (Calafat et al., 2008),
BPA is notably present in polycarbonate plastics, in the epoxy resin
liners of aluminum cans, and in thermal paper (WHO, 2011). BPA acts
as an endocrine-disrupting chemical through physiological receptors
such as genomic estrogen receptors (ER) 1 and 2, membrane-bound
ERs, androgen receptors, peroxisome proliferator-activated receptor
gamma, and thyroid hormone receptors (reviewed in Richter et al.,
2007).

The concerns regarding the effects of BPA exposure on reproductive
health outcomes have led to numerous publications based on in vitro,
animal and human studies. Recent reviews on this topic (Caserta et al.,
2014; Peretz et al., 2014) have emphasized that targets of BPA include
gametes (meiosis, folliculogenesis, steroidogenesis) and the uterus
(endometrial proliferation, receptivity). In humans, however, knowledge
of the role of BPA as a reproductive toxicant is still sparse. An epidemio-
logical study failed to demonstrate an effect of BPA on spontaneous fer-
tility in humans (Buck Louis et al., 2014). However, after controlled
ovarian stimulation (COS), the level of urinary BPA (range ,0.4–
25.5 mg/l; mean+ SD 2.52+ 3.2 mg/l) was inversely correlated with
the number of oocytes retrieved. This led, for each log unit increase in
urinary BPA, to an average decrease of 12% in the number of oocytes
retrieved and an average decrease of 213 pg/ml in peak serum estradiol
on the day of ovulation induction (Mok-Lin et al., 2010). Moreover, in
women, urinary BPA (range ,0.4–26.5 mg/l, mean 2.32 mg/l) is in-
versely correlated with the number of mature oocytes after COS
(Ehrlich et al., 2012a). Antral follicle count, a marker of ovarian reserve
and a good predictor of ovarian response to COS, has been shown to
be significantly decreased with increasing quartiles of urinary BPA
(range ,0.4–20.5 mg/l; mean+ SD 1.6+ 2.0 mg/l, Souter et al.,
2013). Regarding oocyte maturation (Machtinger et al., 2013), a nega-
tive dose–response correlation has been observed between human
oocyte maturation rate in vitro, the proportion of bipolar spindles in
metaphase II oocytes and the concentration of BPA added to the mat-
uration medium (ranging from 20 ng/ml to 20 mg/ml, whereas human
follicular fluid BPA concentration is known to be 1–2 ng/ml, Ikezuki
et al., 2002). Finally, there were increased odds of implantation
failure with higher quartiles of urinary BPA concentrations (ranging
from ,0.4 to 26.5 mg/l; mean+ SD 1.53+ 2.22, Ehrlich et al.,
2012b). However, it is not known if these failures were of uterine
and/or embryonic origin.

In vitro exposure of mouse embryos to an environmentally relevant
dose of BPA (1 nM, or 0.228 ng/ml) from the 2-cell stage to the blasto-
cyst stage had no effect on litter size or birthweight when these blasto-
cysts were transferred to untreated foster mothers, but increased the
weaning weight of pups (post-natal day 21) by 39% compared with con-
trols (Takai et al., 2001). Furthermore, another study exposing pregnant
mice to BPA at an environmentally relevant dose during the post-
implantation period (from 11 to 17 days post-coitus) showed that
pups treated with BPA in utero were significantly heavier than controls
at weaning on post-natal day 22, despite having a similar body weight
at birth (Howdeshell et al., 1999). Furthermore, it has been shown re-
cently in the mouse that maternal exposure, during the preimplantation

period only, to 20 mg/kg body weight/day of oral BPA (below the US
Food and Drug Administration acceptable daily intake of 50 mg/kg
body weight/day) delays testes development and reduces testosterone
production due to deficits in the histone acetylation of the StaR gene
(Hong et al., 2016). This clearly demonstrates that the preimplantation
period should be scrutinized as deeply as the post-implantation period
when evaluating the effects of prenatal exposure to an endocrine disrupt-
or chemical such as BPA.

In this regard, since plastic-containing medical devices have been
shown to be a source of BPA exposure in adult and neonatal intensive
care units (Calafat et al., 2009; Duty et al., 2013; Huygh et al., 2015), it
is important to determine whether the manipulations of gametes and
embryos performed during an assisted reproductive technology (ART)
procedure could expose them to external chemical contaminants such
as BPA.

Materials and Methods
Since the aim of this study was to determine whether BPA is released by
plastic consumables used in ART laboratories, neither gametes nor
embryos were used and ethics committee approval was unnecessary.

Media and protein supplements
Four different human embryo culture media were tested both in their com-
mercial containers and under routinely used conditions (50 ml microdrops
under oil after incubation at 378C, 6% CO2 for 24, 48 or 96 h in a normal
4-well IVF dish, Nuncw, catalog number 179830). Two single-step (Global,
LifeGlobalw, USA; CSC, Irvine Scientificw, USA) and two sequential media
(G-1TM v5 PLUS/ G-2TM v5 PLUS, Vitrolifew, Sweden; ISM1/BlastAssist,
Origiow, Denmark) were investigated. Two different batches of each
medium were evaluated in triplicate.

Three different protein supplements were also tested: purified human
serum albumin (HSAw, LifeGlobalw, USA) added to Global medium at 5 or
10%; a synthetic serum substitute (Serum Substitute Supplement, Irvine
Scientificw, USA) added to CSC medium at 5 or 10%; recombinant HSA
(G-MMw, Vitrolife, Sweden) added at 5% to Global medium. One batch of
each protein supplement was tested in triplicate.

All samples were stored at 2208C in a Nuncw polypropylene 1.2 ml cryo-
tube (ref. 055011, Dominique Dutscher, France). Stored volumes were
100 ml for media in their commercial containers and 45 ml for media in
routine use conditions and for the protein-supplemented media. The cryo-
tubes, the plastic tips used to sample and store the media and the oil used
to overlay media microdrops had been previously excluded as they did not
contain detectable BPA.

Plastic consumables
The plastic consumables tested were those used by six different French ART
centers participating in a prospective observational study examining the rela-
tionships between women’s BPA exposure and implantation success after
ART (referenced as Clinical Trials number NCT02377219). Because the
minimum volume of our BPA assay was 45 ml, the 33 different materials
(detailed in Table I) were divided into two groups according to their internal
volumes: large (≥45 ml) or small volume (,45 ml). The large volume group
(n ¼ 23) comprised two plastic syringes, two tubes, five aspiration needles
and their connecting tubing for oocyte aspiration, seven plastic dishes for
oocyte collection or embryo culture, five embryo transfer catheters and
two syringes for embryo transfer. In this group, one batch of each plastic con-
sumable was tested in triplicate (i.e. three different consumables) according
to a two-step strategy. Firstly, the consumable was filled for 2 min with 378C
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pre-warmed G-MOPPS (Vitrolifew, Sweden), a gamete handling medium.
Secondly, samples of the plastic ART consumables that leached BPA into
the G-MOPPS at a concentration above 2 ng/ml were filled for 2 min with
acetonitrile (Sigma-Aldrich, USA), a typical solvent for BPA, to evaluate the
release of BPA in more extreme conditions. A concentration threshold of
2 ng/ml was chosen since mean BPA concentrations in healthy women

range from 0.5 to 2.5 ng/ml in serum and from 0.15 to 2.4 ng/ml in follicular
fluid (Ikezuki et al., 2002; Vandenberg et al., 2010). Furthermore, in this case,
a second batch of the consumable was tested in triplicate both in G-MOPPS
and in acetonitrile to test for batch-to-batch variation. The consumables
tested were filled with media (G-MOPPS or acetonitrile) at a volume close
to that usually used under routine ART conditions.

.............................................................................................................................................................................................

Table I Details of the plastic labware analyzed in the study of bisphenol A (BPA) levels leached from materials used during
assisted reproductive technology (ART) laboratory procedures.

Product type No. Brand Origin Name Plastica Product reference

Plastic material with large internal volume (≥45 ml)

Syringes for oocyte retrieval 1 BD USA BD Plastipak PPb,c, ER,
SL

302188

2 BD USA BD Plastipak Luer-Lok PPb,c, ER,
SL

300912

Tubes for oocyte collection 3 Sarstedt Germany Tubes for collection PP 62.515.028
4 Corning USA Falcon tubes PS 352001

Oocyte aspiration needles and
connecting tubing

5 Vitrolife Sweden Follicle aspiration set PTFE 14112
6 Vitrolife Sweden Extension tube PTFE 21085
7 Origio Denmark Single lumen needle PE SL1703011
8 Cook Medical USA Vacuum line NA G38692 K-DVLF-240
9 Cook Medical USA Disposable extension tube NA G16329 J-DET-115000

Plastic dishes for embryo culture 10 Thermo Scientific USA Nunc IVF Petri dishes
(untreated surface)

PS 150270

11 Thermo Scientific USA Nunc IVF Petri dishes
(Nunclon treated surface)

PS 150318

12 Thermo Scientific USA Nunc IVF 4-well dishes
(untreated surface)

PS 179830

13 Thermo Scientific USA Nunc IVF 4-well dishes
(Nunclon treated surface)

PS 144444

14 Corning USA Falcon Easy-Grip dishes PS 353004
15 Corning USA Falcon IVF dishes PS 353652

Plastic dishes for time-lapse embryo
culture

16 Vitrolife/
FertiliTech

Sweden EmbryoSlides NA FT-S-ES-D

Catheters for embryo transfer 17 Ellios Bio Tek France Elliocath PE NS1280545
18 Ellios Bio Tek France Echocath PU NS1280555-E
19 Laboratoire CCD France Frydman classic catheter 4.5 PE 1306045
20 Laboratoire CCD France Frydman Memory standard

model
NA 130MF45

21 Cook Medical USA Guardia AccessET NA G53247

Syringes for embryo transfer 22 BD USA BD syringe Luer-Lok PCb, PPc SL 309628
23 PentaFerte Italy 1 ml Tube nude PP 2022140

Plastic material with small internal volume (,45 ml)

Syringe stoppers 24 B. Braun Germany Combi-Stoppers PE 4495101

Pipette tips 25 VWR Collection USA Ultrafine tips PP 732-0562
26 Eppendorf Germany epTIPS Biopur PP 30010035
27 Thermo Scientific USA ART barrier tips NA 2139-HR
28 Sorenson

BioScience
USA LongReach pipette tips PP 37650

29 Gilson USA Pipetman Tips Diamond PP DF100ST
30 Greiner Bio-One Germany Pipette tips PP 685290

Strippers for oocyte denudation 31 Cook Medical USA Cook Flexipet pipette PC G26712K-FPIP-1140-10BS-5
32 Origio Denmark Origio stripper PC MXL3-100
33 Research

Instruments
UK EZ-Tip NA 7-72-4135/20

ER, epoxy resin; PC, polycarbonate; PE, polyethylene; PP, polypropylene; PS, polystyrene; PTFE, polytetrafluoroethylene (Teflon); PU, polyurethane; SL, silicone lubricant; NA, not
available.
aAs specified in the manufacturer’s website or documentation.
bBody of the syringe.
cPiston of the syringe.
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The group of materials with small internal volume (n ¼ 10) comprised one
syringe stopper, six different pipette tips and three strippers used for oocyte
denudation before ICSI or embryo handling. The stopper has no true internal
volume: it was immersed in a glass tube containing 3 ml of medium which
covered the entire device. The routine volumes are about 10 ml for pipette
tips and 2.8 ml for strippers, considerably smaller than the minimum
volume needed for our BPA measurement assay (45 ml). Therefore, we fol-
lowed a two-stepstrategy for BPAdetection. First the consumable was totally
immersed in 378C pre-warmed G-MOPPS for 2 min before 100 ml of the
medium was taken for BPA detection. For pipette tips, this was done with
2.5 ml of medium in glass tubes. Regarding the strippers used for oocyte/
embryo handling (n ¼ 3), because of their extended length and very small
diameter, they were cut into six equal pieces with a pair of metal scissors,
and the pieces were plunged into a drop of 1.5 ml 378C pre-warmed
medium for 2 min in order to avoid excessive dilution. Such conditions
were thought to increase the potential for BPA leaching because the entire
internal and also external walls of the consumables (and the surface
section in the case of strippers) may leach substances into the media, with
increased leaching as duration of exposure increases. If BPA leaching above
2 ng/ml was detected on a first batch, the experiment was repeated on a
second batch. This was done on three strippers per batch and two batches
per brand.

For pipette tips and strippers, a second step was performed in order to
mimic routine conditions of use and to test whether rinsing of these materials
resulted in leaching of BPA. For each brand of pipette tips, we set the pipette
at 10 ml, aspirated 10 ml of 378C pre-warmed G-MOPPS into the tip and ex-
pelled this 10 ml into a first Eppendorf polypropylene 1.5 ml tube. Using the
same tip, a second 10 ml aspirate of medium was drawn and expelled into a
second Eppendorf tube, and this was repeated four more times to mimic six
serial rinses of the tip. The time interval between each aspiration and expul-
sion was about 3 s. Then, five other tips were treated in an identical way and
their aspirate added to the six Eppendorf tubes, giving a final volume of 60 ml
for each of the six rinses. This was done with one batch of tips per brand. The
same strategy was adopted for strippers, except that the stripper pipette was
set at 2.8 ml and that we mimicked a series of 10 rinses (10 Eppendorf tubes).
Therefore, 20 strippers per batch were needed to obtain a final volume of
56 ml in each of the 10 tubes. This was done on two batches of strippers
per brand, yielding 60 BPA measurements using a total of 120 strippers.
Throughout the process, the G-MOPPS medium was maintained in a
14 ml polypropylene tube on a warming tube device. These 14 ml tubes
and the 1.5 ml Eppendorf tubes had been tested and confirmed as not leach-
ing BPA. Finally, since two of the three strippers tested were known to be
made with polycarbonate, a plastic whose synthesis requires BPA, and
since the third stripper brand was made with an unspecified plastic
(Table I), we tested whether these plastics contained BPA by exposing
them to acetonitrile. Because of their length and their very small diameter,
the strippers were cut into six equal pieces with metal scissors and plunged
in a drop of 1.5 ml acetonitrile for 2 min in order to avoid excessive dilution.
This was done on three strippers per batch and two batches per brand.

BPA measurement
BPA concentrations were measured according to the liquid chromatog-
raphy/mass spectrometry (LC/MS) method developed for biological fluids
with an Acquity UPLC system coupled with a triple quadrupole mass spec-
trometer (Waters Xevo, Millford, MA, USA) and adapted to the embryo
culture medium (Lacroix et al., 2011). Samples obtained from tested materi-
als were half diluted with the internal standard solution (BPA-d-16 in aceto-
nitrile at 1 mg/ml) and centrifuged for 10 min at 48C and 20 000 g. The
method was validated in terms of selectivity, linearity, repeatability, reprodu-
cibility and limit of quantification (LOQ) according to the ICH harmonized tri-
partite guidelines (ICH Expert Working Group, 1995). No interference was

observed in blank culture medium at the retention time of BPA. The method
was linear over the calibration range from 0.5 to 100 ng/ml using a linear
model weighted by 1/X2. Within and between-day precision, as assessed
with the coefficient of variation obtained from five replicates of quality
control samples at three concentrations (1.5, 7.5 and 75 ng/ml), was
lower than 23% and accuracy ranged from 94 to 98%. The LOQ (n ¼ 12)
was obtained at 0.5 ng/ml with an accuracy of 102% and the within and
between-day precision expressed by the coefficient of variation was lower
than 18%. In the case of detections under the LOQ, they were given a
value equal to the LOQ divided by the square root of 2, as previously sug-
gested (Hornung and Reed, 1990).

Statistical analysis
Statistical analyses were performed using Statview software v5.0 (SAS Insti-
tute, Cary, NC, USA).

Results
None of the four culture media contained BPA according to our LOQ
(0.5 ng/ml). This was true in their commercial containers, in routine
culture conditions (50 ml microdrops under oil at 378C, 6% CO2 for
24, 48 and 96 h) and whatever the type of protein supplement and con-
centration (data not shown).

Regarding the plastic labware with large internal volumes, these pro-
ducts were filled with a volume of medium very close to that used in
everyday practice (Table II). We observed no leaching of BPA into the
ART medium at concentration values above the 2 ng/ml threshold
from any of these 23 types of plastic labwares tested in triplicate
(Table II).

Regarding the plastic consumables with small internal volumes, the
stopper was immersed in a glass tube containing 3 ml of medium and
no BPA was detected in these conditions (Table II). For the pipette
tips and strippers, whose internal volumes exceeded the minimum
volume of our assay, we first tested them in conditions allowing easy sam-
pling of this minimum volume and optimizing the possibility of BPA leach-
ing in the medium by totally immersing them in the G-MOPPS medium
for 2 min. We detected BPA leaching only from the three brands of strip-
pers (Table III) but not from any of the six pipette tips (data not shown).
The same experiment was, therefore, repeated on a second batch of
strippers, and confirmed the detection of BPA above 2 ng/ml in these
conditions (Table III). However, these are not appropriate conditions
for mimicking the routine use of strippers and these results should
not be used to reach misleading conclusions. Indeed, for the results in
conditions mimicking routine ART conditions, we did not detect BPA
in any of the six steps of the rinsing procedures for pipette tips
(Table II). In the same way, regarding the strippers tested in conditions
mimicking routine use, BPA was detected only very weakly and sporad-
ically during the 10 rinses. In total, mean+ SD BPA concentrations
(min–max values) were 0.40+ 0.58 ng/ml (0–1.72) for Cook strip-
pers, 0.55+0.61 ng/ml (0–1.93) for Origio and 0.30+0.45 ng/ml
(0–1.28) for Research Instruments strippers (Table II). Five out of
60 BPA measurements fell into detectable but not quantifiable
(,LOQ) ranges (2 for Cook, 1 for Origio and 2 for Research Instru-
ments). The proportions of values above the LOQ (0.5 ng/ml)
between the three brands of strippers were not statistically different
(7/20 for Cook, 10/20 for Origio and 6/20 for Research Instruments
strippers; P ¼ 0.4, Chi-squared test). The proportions of values
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above the LOQ were not significantly different (Fisher exact test)
between the first five rinses and the last five rinses (3/10 versus
4/10 for Cook, 6/10 versus 4/10 for Origio and 4/10 versus 2/10
for Research Instruments). Finally, as expected from a polycarbonate
material, plunging the whole Cook and Origio strippers into a BPA
solvent such as acetonitrile revealed that their plastic contained
BPA (Table III). The Research Instruments strippers, whose plastic
composition was not known, also leached BPA when exposed to
acetonitrile (Table III).

Discussion
This is the largest study yet performed on BPA detection in the media or
in the leachate of materials used in ART. Four embryo culture media,
3 types of protein supplements and 33 plastic labware products were
tested for containing or leaching BPA. As far as we know, there are no
available data regarding the concentration of BPA in human oviductal
and/or uterine secretions. Therefore, we cannot compare our results
with a physiological situation.

.............................................................................................................................................................................................

Table II BPA concentrations retrieved from plastic consumables used in ART.

Product type No. Brand Name Volume used for repletion
(R) or immersion (I)

BPA concentration in the
culture medium (ng/ml)

Syringes for oocyte retrieval 1 BD BD Plastipak 5 ml (R) ND
2 BD BD Plastipak Luer-Lok 5 ml (R) ND

Tubes for oocytes collection and
stoppers

3 Sarstedt Tubes for collection 6 ml (R) ND
4 Corning Falcon tubes 6 ml (R) ND

Oocyte aspiration needles and
connecting tubing

5 Vitrolife Swemed follicle aspiration
set

10 ml (R) ND

6 Vitrolife Extension tube 10 ml (R) 0.6+0.1
7 Origio Single lumen needle 10 ml (R) ND
8 Cook Medical Vacuum line 10 ml (R) ND
9 Cook Medical Disposable extension tube 10 ml (R) 1.2+0.4

Plastic dishes for embryo culture 10 Thermo Scientific Nunc IVF Petri dishes
(untreated surface)

400 ml (R) ND

11 Thermo Scientific Nunc IVF Petri dishes
(Nunclon treated surface)

400 ml (R) ND

12 Thermo Scientific Nunc IVF 4-well dishes
(untreated surface)

400 ml (R) ND

13 Thermo Scientific Nunc IVF 4-well dishes
(Nunclon treated surface)

400 ml (R) ND

14 Corning Falcon Easy-Grip dishes 400 ml (R) ND
15 Corning Falcon IVF dishes 400 ml (R) ND

Plastic dishes for time-lapseembryo
culture

16 Vitrolife/
Fertilitech

Embryoslides 400 ml (R) ND

Catheters for embryo transfer 17 Ellios Bio Tek Elliocath 1.3 ml (R) ,LOQ
18 Ellios Bio Tek Echocath 1.3 ml (R) ,LOQ
19 Laboratoire CCD Frydmanclassic catheter 4.5 1.3 ml (R) ,LOQ
20 Laboratoire CCD Frydman Memory standard

model
1.3 ml (R) ,LOQ

21 Cook Medical Guardia AccessET 1.3 ml (R) ,LOQ

Syringes for embryo transfer 22 BD BD syringe Luer-Lok 1 ml (R) 0.6+0.5
23 PentaFerte FT 1 ml TUB SA 1 ml (R) ,LOQ

Syringe stoppers 24 B. Braun Combi-Stoppers 3 ml (I) ND

Pipette tipsa 25 VWR Collection Ultrafine tips 10 ml (R) ND
26 Eppendorf Eptips biopur 10 ml (R) ND
27 Thermo Scientific ART barrier tips 10 ml (R) ND
28 Sorenson

Bioscience
Longreach pipette tips 10 ml (R) ND

29 Gilson Pipetman Tips Diamond 10 ml (R) ND
30 Greiner Bio-One Pipette tips 10 ml (R) ND

Strippers for oocyte denudationb 31 Cook Medical Cook Flexipet pipette 2.8 ml (R) 0.40+0.58
32 Origio Origio stripper 2.8 ml (R) 0.55+0.61
33 Research

Instruments
EZ-Tip 2.8 ml (R) 0.30+0.45

Data are mean+ SD. ND, not detected; ,LOQ, detected below the limit of quantification (0.5 ng/ml).
aSix tips per brand were used to obtain a final volume of 60 ml and tested for six serial rinses. No BPA was detected in any of the rinse steps.
bTwenty strippers per brand were used to obtain a final volume of 56 ml and tested for 10 serial rinses. Values are mean+ SD of the values obtained along the rinsing process since no
differences were demonstrated between the rinsing steps.
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A reassuring finding is that no BPA could be detected in the different
culture media tested, either in their commercial containers or in condi-
tions of routine use. This confirms a previous result on one commercial
embryo culture medium (G-1TM v5, Vitrolife, Mahalingaiah et al., 2012).
Furthermore, we could not detect BPA after protein supplementation at
5 or 10%. This is a particularly important point for purified HSA supple-
mentation, since it is known that BPA can bind to HSA (Xie et al., 2010) or
bovine serum albumin (Zhang et al., 2010) and it is highly suspected that
the addition of insufficiently purified HSA in human embryo culture
media is the major source for introducing a large variety of undesired
molecules at low levels, such as proteins (Dyrlund et al., 2014) and phtha-
lates (Takatori et al., 2012).

Furthermore, we demonstrated that among the various plastic con-
sumables used for ART, none released BPA into the culture medium at
concentrations exceeding those usually reported in normal environmen-
tal conditions in human serum (0.5–2.5 ng/ml) or follicular fluid (0.15–
2.4 ng/ml) (Ikezuki et al., 2002; Vandenberg et al., 2010). Unfortunately
we had no estimates of serum or follicular fluid BPA levels in women
obtained using the same LC/MS method and therefore can only
compare our data to values reported in the literature. In the mouse,
experiments in vitro have shown that a range of concentrations of BPA
can influence embryo development (as an inverse U-shaped curve).
BPA has no effect on mouse preimplantation development at a very
weak concentration (0.1 nM, or 0.023 ng/ml, Takai et al., 2000), but it
can increase the proportion of 2-cell embryos reaching the 8-cell stage
after 24 h of culture and the blastocyst stage after 48 h of culture at a
low but environmentally relevant concentration of BPA (1–3 nM, or
0.23–0.69 ng/ml, Takai et al., 2000, 2001), while a 10 nM (2.3 ng/ml)
concentration of BPA in the culture medium had no effect on embryo de-
velopmental kinetics in the mouse (Takai et al., 2000). Lastly, a high BPA
concentration strongly decreases the blastocyst rate (100 mM, or
22.8 mg/ml, Takai et al., 2000, 2001; Lee et al., 2012). The very few
plastic consumables for which BPA was detected in the culture
medium leached BPA into the surrounding medium in concentrations
of a few tenths of ng/ml (from 0.3 to 1.2 ng/ml, Table II). Importantly,
in vitro exposure of embryos to any substance at a concentration encoun-
tered in vivo does not mean that this exposure mimics the physiological
state, unless we deny that oviductal and endometrial environments
play any role. The latter are considered not only to supply the best nutri-
tive and trophic factors to embryos but also to protect them from injury,
for example through their detoxifying properties. The deleterious effect
on mouse blastocyst rate of high BPA concentrations (100 mM) added to
in vitro culture medium was significantly reduced when the culture was

performed on human endometrial epithelial cells (Lee et al., 2012).
The low levels of BPA we have detected in this study are reassuring
and are clearly lower than those described in vivo. It should also be
borne in mind that after embryos are stripped, they are very rapidly
flushed out in fresh medium. Nevertheless, our results raise questions
since during ART procedures human embryos are not protected by
the uterine environment, and there are no data, either in vitro or
in vivo, regarding the toxicological thresholds of BPA for human preim-
plantation embryos. In acetonitrile solvent, the three strippers used for
oocyte denudation and/or gamete or embryo manipulation were
shown to contain BPA, to leach between 2 and 10 ng/ml BPA when
cut and totally immersed in the culture medium for 2 min (i.e. in non-
realistic conditions that do not mimic routine work) and finally, to
sporadically leach BPA at low levels (a few tenths of ng/ml) in routine
conditions. A very important point is that two out of three strippers
aremade of polycarbonate plastic, according to the manufacturers’ infor-
mation (Table I). Polycarbonate synthesis is well known to require BPA
since it is essentially a polymer of BPA and is widely used for manufactur-
ing ART strippers because it is reputed to be unbreakable. This could
explain why we detected very low BPA levels even after several rounds
of rinsing: the entire thickness of the stripper is a BPA polymer that is
capable in theory of leaching BPA at any time. Concerning the third strip-
per brand for which we also detected BPA (EZ-Tip, Research Instru-
ments, UK), we could not find any information about the plastic used
for its manufacture. However, since exposure of this stripper to aceto-
nitrile revealed BPA at concentrations close to those found for the
other two brands, we can hypothesize that it is also made with polycar-
bonate. In our study, the only other consumable made with polycarbon-
ate was a 1 ml syringe used for embryo transfer (No. 22, Tables I and II).
In this syringe, the body is made of polycarbonate and the piston is made
of polypropylene, while epoxy resin (a potential source of BPA) is used to
glue the seal to the piston. We detected quantifiable but low BPA leach-
ing (0.6 ng/ml) from these syringes. To confirm that BPA was present in
the plastics, we filled the syringes with acetonitrile (1 ml). As expected,
higher BPA concentrations were detected in acetonitrile (17.5 ng/ml).
Interestingly, other syringes from the same brand but whose body and
piston are made with polypropylene did not leach detectable BPA
(No. 1 and 2, Tables I and II), indicating that the plastic used for the
syringe body was the source of BPA, rather than the epoxy resin glue.

Unlike embryo culture dishes, previously excluded as a BPA source by
other authors (Mahalingaiah et al., 2012), most plastic ART labware pro-
ducts are not in prolonged contact with embryos. Therefore, it may be
questioned whether brief contact (about 1 min) is sufficient to have

.................................. ................................

.............................................................................................................................................................................................

Table III BPA concentrations retrieved after a 2-min exposure to 3788888C pre-warmed G-MOPPS medium or to acetonitrile
from two batches of stripper (three strippers tested per batch) from three different brands.

Product type No. Brand Name BPA concentration in
culture mediuma (ng/ml)

BPA concentration in
acetonitrilea (ng/ml)

Batch 1 Batch 2 Batch 1 Batch 2

Strippers for oocyte denudation 31 Cook Medical Cook Flexipet pipette 3.4+0.6 3.3+0.1 20.5+5.2 79.9+22.3
32 Origio Origio stripper 4.1+2.0 10.2+6.0 8.1+3.5 62.6+20.0
33 Research Instruments EZ-Tip 2.4+0.9 4.4+3.8 6.4+1.5 33.1+9.3

Data are mean+ SD.
aIn a volume of 1.5 ml after the strippers were cut into six equal parts for total immersion of the device.
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consequences on oocyte/embryo development or physiology, even in
the event of high BPA leaching. Physiological signals, such as glucose,
are known to have a rapid action on embryo physiology, as a 1-min ex-
posure to glucose during preimplantation development has been
shown to overcome morula block in the mouse embryo (Chatot et al.,
1994). For BPA, although ER expression does occur in early embryos
(Hiroi et al., 1999) and could play a role in zygotic genome activation
(Zhang et al., 2015), such rapid action would preclude the classic mech-
anism of BPA genomic action via ER binding to the cytoplasm or nucleus
to initiate the transcription and translation of ER-responsive genes.
Instead, it would imply a non-genomic action via ER membrane
binding. It has in fact been shown that dormant mouse blastocysts can
be reactivated after brief exposure (20 min) to estradiol via such a non-
genomic mechanism (Yu et al., 2009). Non-genomic action of BPA has
been reported in many cell types (Nadal et al., 2000; Thomas and
Dong, 2006; Watson et al., 2007; Bouskine et al., 2009) but this knowl-
edge is lacking for the mammalian preimplantation embryo. Therefore,
we can only speculate that human embryos would be affected by brief
contact with high levels of BPA (not demonstrated in this work) during
a manipulation. We emphasize, however, that it has been elegantly
shown that the embryo transfer procedure per se can induce alterations
of the epigenome in the post-implantation embryo and placenta, thus
leading to placental dysfunctions (Rivera et al., 2008).

One intriguing point of our results is that the levels of detection of BPA
after exposure to acetonitrile differed between the two batches of strip-
pers for the three brands of strippers. We have no clear explanation for
this difference. Although the two batches were tested on different runs of
the assay, the between-run precision was acceptable (,23%) and does
not explain the difference. A possible explanation could be the way the
strippers were cut before exposure: the length of the six pieces could
vary between experiments, and the scissors used were not identical
and could have crushed the plastic in different ways. Another explanation
could relate to the age of the batch (date of manufacture) or to storage
conditions. However, since most of the strippers were contributed by
other French ART laboratories, we have no access to such information
and are unable to verify this possibility. Therefore, the differences
between batches observed here should be taken with caution until
further analyses are performed. Finally, they could also reflect differ-
ences in the manufacturing of the two batches, regarding either the
plastic used or contamination by a source of BPA during manufactur-
ing, or a difference of position of the tested specimens within each
batch leading to varying dilution of a BPA source during the manu-
facturing process of each batch. It should be stressed that it is not
surprising to observe differences between batches of ART plastic con-
sumables. Toxicological tests (such as mouse embryo assays or sperm
survival tests) for screening such consumables have in fact been intro-
duced as a routine procedure in some ART centers as these tests
can result in exclusion of about 10% of tested batches (Punt-van der
Zalm et al., 2009; Nijs et al., 2009). Furthermore, a 10-fold difference
in the aluminum concentration in two batches of a protein supplement
for human embryo culture has recently been reported (Morbeck et al.,
2014).

In conclusion, it appears that although BPA is a constituent of a few
plastic consumables used in ART procedures, none of them leach BPA
into the surrounding medium at concentrations above those measured
previously in serum or follicular fluid in women. Concerning the epi-
genetic effects of BPA in animals and in vitro studies, the European

Food Safety Authority (EFSA) expert panel recently concluded that
the current data ‘should not be neglected but considered as an indica-
tion that BPA in principle has the potential to alter the epigenome’
(EFSA, 2015). Since maternal exposure to environmentally relevant
doses of BPA has been shown to affect DNA methylation level in the
mouse early embryo and placenta only if exposure takes place
during periconception, i.e. during the stage of extensive epigenetic re-
programming of the genome (Susiarjo et al., 2013), we may question
the use of polycarbonate plastic to manufacture any ART plastic con-
sumable. Strikingly, we note that two major suppliers of ART consum-
ables (Origio, Vitrolife) propose borosilicate glass strippers. This
alternative may perhaps appear as an excessive application of the pre-
cautionary principle, but it should be considered especially while time-
lapse embryo culture is developing and requires the use of strippers
for embryo handling. Finally, further studies are needed to decipher
the presence and potential effects of plastic toxicants on human
embryos during ART procedures.
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