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Part A.
1

PROPOSAL FOR HARMONISED CLASSIFICATION AND LABELLING

1.1

Substance

The present CLH report deals with the toxicological properties of bisphenol A (BPA).
Table 1: Substance identity

1.2

Substance name:

Bisphenol A

EC number:

201-245-8

CAS number:

80-05-7

Annex VI Index number:

604-030-00-0

Harmonised classification and labelling proposal
Table 2: Current Annex VI entry and proposed harmonised classification

CLP Regulation

Directive 67/548/EEC
(Dangerous Substances
Directive; DSD)

Current entry in Annex VI, CLP
Regulation

Repr. 2 H361f***
STOT SE 3 H335
Eye Dam. 1 H318
Skin Sens. 1 H317

Repr. Cat. 3; R62
Xi; R37-41
R43
R52

Current proposal for
consideration by RAC

Repro 1B H360F

Repr. Cat. 2; R60

Resulting harmonised
classification (future entry in Annex
VI, CLP Regulation)

Repro 1B H360F
STOT SE 3 H335
Eye Dam. 1 H318
Skin Sens. 1 H317

Repr. Cat. 2; R60
Xi; R37-41
R43
R52
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1.3

Proposed harmonised classification and labelling based on CLP Regulation
and/or DSD criteria
Table 3: Proposed classification according to the CLP Regulation

CLP
Annex I
ref

Hazard class

Proposed
classification

Proposed SCLs
and/or Mfactors

Current
classification 1)

Reason for no
classification 2)

2.1.

Explosives

None

None

Not evaluated

2.2.

Flammable gases

None

None

Not evaluated

2.3.

Flammable aerosols

None

None

Not evaluated

2.4.

Oxidising gases

None

None

Not evaluated

2.5.

Gases under pressure

None

None

Not evaluated

2.6.

Flammable liquids

None

None

Not evaluated

2.7.

Flammable solids

None

None

Not evaluated

2.8.

Self-reactive substances and
mixtures

None

None

Not evaluated

2.9.

Pyrophoric liquids

None

None

Not evaluated

2.10.

Pyrophoric solids

None

None

Not evaluated

2.11.

Self-heating substances and
mixtures

None

None

Not evaluated

2.12.

Substances and mixtures
which in contact with water
emit flammable gases

None

None

Not evaluated

2.13.

Oxidising liquids

None

None

Not evaluated

2.14.

Oxidising solids

None

None

Not evaluated

2.15.

Organic peroxides

None

None

Not evaluated

2.16.

Substance and mixtures
corrosive to metals

None

None

Not evaluated

3.1.

Acute toxicity - oral

None

None

Not evaluated

Acute toxicity - dermal

None

None

Not evaluated

Acute toxicity - inhalation

None

None

Not evaluated

3.2.

Skin corrosion / irritation

None

None

Not evaluated

3.3.

Serious eye damage / eye
irritation

None

Eye Dam. 1;
H318

Not evaluated

3.4.

Respiratory sensitisation

None

None

Not evaluated

None

Skin Sens. 1 ;
H317

Not evaluated

3.4.

Skin sensitisation

3.5.

Germ cell mutagenicity

None

None

Not evaluated

3.6.

Carcinogenicity

None

None

Not evaluated

3.7.
3.8.

Reproductive toxicity
Specific target organ toxicity
–single exposure

Repr. 1B;
H360F
None

None

Repr. 2;
H361f***
STOT SE 3;
H335

Not evaluated
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1)
2)

3.9.

Specific target organ toxicity
– repeated exposure

None

None

Not evaluated

3.10.

Aspiration hazard

None

None

Not evaluated

4.1.

Hazardous to the aquatic
environment

None

None

Not evaluated

5.1.

Hazardous to the ozone layer

None

None

Not evaluated

Including specific concentration limits (SCLs) and M-factors
Data lacking, inconclusive, or conclusive but not sufficient for classification

Labelling:

Signal word: Dgr
Pictogram codes: GHS07, GHS08, GHS05
Hazard statements: H317, H318, H335, H360F
Precautionary statements: not harmonised

Table 4: Proposed classification according to DSD
Hazardous property

Proposed
classification

Proposed SCLs

Current
classification 1)

Reason for no
classification 2)

Explosiveness

None

None

Not evaluated

Oxidising properties

None

None

Not evaluated

Flammability

None

None

Not evaluated

Other physico-chemical
properties
[Add rows when
relevant]

None

None

Not evaluated

Thermal stability

None

None

Not evaluated

Acute toxicity

None

None

Not evaluated

Acute toxicity –
irreversible damage after
single exposure

None

None

Not evaluated

Repeated dose toxicity

None

None

Not evaluated

Irritation / Corrosion

None

R37-41

Not evaluated

Sensitisation

None

R43

Not evaluated

Carcinogenicity

None

None

Not evaluated

Mutagenicity – Genetic
toxicity

None

None

Not evaluated

Toxicity to reproduction
– fertility

Repr. Cat. 2; R60

Repr. Cat. 3 R62

Toxicity to reproduction
– development

None

Toxicity to reproduction
– breastfed babies.
Effects on or via
lactation

None

None

Not evaluated

Environment

None

R52

Not evaluated

1)

Including SCLs

2)

Not evaluated

Data lacking, inconclusive, or conclusive but not sufficient for classification

8

CLH REPORT FOR BISPHENOL A

Labelling:

1.4

Indication of danger: Xn
R-phrases: R37-41-R43-R62-R52
S-phrases: -S26-S36/37-S39-S45-S53-S61

History of the previous classification and labelling

The classification of BPA is harmonised in Annex VI of CLP under the index number 604-030-000 as follows as a direct translation of TC C&L:
Repr. Cat. 3; R62 / Xi; R37-41 / R43 / R52
Classification of BPA was inserted in the 29th ATP (directive 2004/73) of Annexe I of Directive
67/548/EEC for the human health effects and in the 30th ATP (directive 2008/58) of Annexe I of
Directive 67/548/EEC for the N; R52 classification.
A classification proposal for BPA was submitted by the UK CA at the TC C&L during its work for
the Risk Assessment Report (RAR) on this substance. In 2002, BPA was classified as reprotoxic
cat. 3. The initial proposal of the UK was to classify the BPA as Repr. Cat. 2; R60. Nevertheless as
some member states stressed the fact that classifying the BPA as Repr. Cat. 2 is a borderline case
and could create precedence, the member states choosed (after a divided vote) to rather classify the
BPA as Repr. Cat. 3 for fertility and to discuss concerning the effects on development when more
studies would be available. However, it seems that these new data have never been provided and
then the classification was not discussed again later.
The conclusions of the RAR provided by UK in 2001 on this endpoint are available in annex 1. A
complete version is available on IUCLID, together with the update of the document in 2008.
1.5

Short summary of the scientific justification for the CLH proposal

The last time the classification of BPA for human health was discussed and decided was in 2002.
At the timebeing, the three guideline studies presented led UK to propose a Repr. Cat. 2; R60
(67/548) classification. Since then new studies have been published which have not been evaluated
by the TC C&L. In 2011, ANSES (French Agency for food, environmental and occupational health
and safety) published a report on the hazards of BPA demonstrating its effect on fertility. Therefore,
the French Competent Authority considered that the classification for sexual function and fertility
needs to be revised on the basis of the report of ANSES (ANSES, 2011). Indeed, the aim of this
proposal is to harmonise the classification for fertility with the conclusion of the report of the
French national mandated institute. This proposal is based on the studies presented in this French
report (i.e. considered by the French experts as key studies, irrespective of their publication date)
together with all the new data published since 2002 on fertility (bibliographical search stoped
31/12/2012). The key studies from the previous discussions (TC C&L from UK-RAR) are reported
in the report in order to provide experts with the state of the previous European discussions. The
bunch of data accumulated, together with the regulatory consequences of this classification are
strong enough for justifying focusing on this endpoint only.
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France welcomes any new classification proposal for other endpoints such as carcinogenicity,
development or lactation but believes that the emergency for regulating BPA is high enough
justifying targeted CLH report and ATP inclusion at the first place.
The ANSES’report highlights several effects on the reproductive system (ANSES, 2011 in french):
-

In male animals a reduction of the sperm production after an exposure of adults to BPA for
5 weeks has been established (Chitra et al., 2003 and Herath et al., 2004)

-

There are also suspected effects on the male reproductive system (decrease of plasmatic
concentrations of testosterone, changes in sexual behaviour) following an exposure to BPA
during the pubertal age (Della Seta et al., 2006).

-

In female animals, on the basis of converging results from studies undertaken during
development (pre-and postnatal exposure) under various conditions and on various models,
the following effects should be considered as recognised: Increased occurrence of ovarian
cysts; Early onset of puberty after prenatal and postnatal exposure; Effects on the
hypothalamic-pituitary-gonadal axis after in utero or early postnatal exposure resulting in
changes in sex hormone levels and the expression of these hormones receptors.

-

Moreover, in female animals, effects related to exposure in adulthood (e.g. number of
implantation sites, histological changes in the uterine wall, morphology of the genital tract,
etc.) are observed.

-

In women, the effects of BPA on oocyte maturation (decrease in the number of oocytes after
ovarian stimulation and alteration of the quality of collected oocytes), in a context of ART
(Assisted Reproductive Technology), are suspected on the basis of a high-quality study
(Mok-Lin et al., 2010) and another study having non-major methodological limitations
(Fujimoto et al., 2010).

-

There are few other epidemiological studies available for women butthey present
methodological limitations (study population size, selection of participants, statistical
analyses, confounding factors, etc.). Human data should therefore be considered as
additional evidence in our weight of evidence of BPA toxicity. The experts consider that in
the current state of knowledge, on the basis of human data related to the effects of BPA on
the endometrium (endometriosis, hyperplasia), the ovaries (polycystic ovary syndrome) and
the outcome of pregnancy (miscarriages and prematurity) in women, it is not possible to
draw a conclusion.

Studies used in this national report and its conclusions are used as the basis for this CLH proposal.
Together with it, other new studies published since the discussion on the classification of the BPA
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for human health at the TC C&L in 2002 are used for proposing this new CLH report on fertility of
males and females.
1.6

Current harmonised classification and labelling

1.6.1

Current classification and labelling in Annex VI, Table 3.1 in the CLP Regulation

The classification of BPA is harmonised in Annex VI of CLP under the index number 604-030-000 as follows:

Table 3.1 (CLP)
Repr. 2 – H361f***
STOT SE 3 – H335
Eye Dam. 1 – H318
Skin Sens. 1- H317

1.6.2

Current classification and labelling in Annex VI, Table 3.2 in the CLP Regulation

The classification of BPA is harmonised in Annex VI of CLP under the index number 604-030-000 as follows:
Table 3.2 (67/548/EEC)
Repr. Cat. 3 ; R62
Xi ; R37-41
R43
R52

1.7

Current self-classification and labelling

Ox. Sol. 3 – H272
Asp. Tox. 1 – H304
Muta 1B – H340
Carc. 1B – H350
Repr. 2 – H361f***
STOT SE 3 – H335
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Eye Dam. 1 – H318
Skin Sens. 1- H317
Aquatic Chronic 2 or 3
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2

JUSTIFICATION THAT ACTION IS NEEDED AT COMMUNITY LEVEL

BPA has a harmonised classification and labelling in Annex VI of CLP that includes classification
for reprotoxicity.
New relevant data on BPA reprotoxicity have been published in the past 10 years that have not been
evaluated by the TC C&L.(see history of BPA classification in annex 1). The French Competent
Authoritie considers that the classification for fertility within reprotoxicity needs to be revised on
the basis of the new studies available.
Reprotoxicity as other CMR properties justifies a harmonised classification and labelling according
to article 36 of CLP.
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Part B.
SCIENTIFIC EVALUATION OF THE DATA

1
1.1

IDENTITY OF THE SUBSTANCE
Name and other identifiers of the substance

Table 5: Substance identity
EC number:

201-245-8

EC name:

4,4'-isopropylidenediphenol
Synonyms: bisphenol A

CAS number (EC inventory):

80-05-7

CAS number:

80-05-7

CAS name:
IUPAC name:

4,4'-dihydroxy-2,2-diphénylpropane

CLP Annex VI Index number:

604-030-00-0

Molecular formula:

C15H16O2

Molecular weight range:

228.29 g/mol

Structural formula:
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1.2

Composition of the substance
Table 6: Constituents (non-confidential information)
Constituent

Typical concentration

Concentration range

Bisphenol A

99 – 99.8%

No information

Remarks

1.2.1 Composition of test material
Relevant information are given in the respective study summaries when available.
1.3

Physico-chemical properties

15

CLH REPORT FOR BISPHENOL A
Table 7: Summary of physico - chemical properties
Property

Value

Reference

Comment (e.g. measured or
estimated)
Bisphenol A is a white solid at
environmentally relevant temperatures

State of the substance at
20°C and 101,3 kPa

Odourless (mild
phenolic odour) solid
(white crystals, flakes,
prills)

HSDB
(interrogation 2012)
+ Ashford (1994)
(registration
dossier)

Melting/freezing point

melting point: 150155°C

Study report (1989)
HSDB
(interrogation 2012)
(registration
dossier)

at 1013hPa: 360 °C

Handbook physical and Thermodynamic Properties of Pure
Chemicals Data Compilation (1994)

Boiling point

At 17hPa: 250-252°C
with potential
decomposition

IPCS (1994)

Relative density

1.195 g/cm3 (Air = 1) at
25°
Density:
0.815 g/cm3 at –20°C

HSDB
(interrogation 2012)
Sax NI, Lewis RJ
(1996)

Vapour pressure

1.61E-09 hPa at 20°C
4.12E-09 hPa at 25°C

Study report (1988)

Surface tension

No data
Moderately soluble in
water:
146-173 m g/L at 25°C

QSAR estimate (US
EPA, 2009)

300 mg/L at 25°C

Study report (1989)

Tests were conducted using bidistilled water with 24 hours mixing.
They were performed in triplicate.
HPLC was used for analytical determina
tion

3.4 at 21.5°C

Study report (1989)

Experimental

3.32 at 25°C

Hansch et al.
(1995)

QSAR

Flash point

227°C @ 1013 hPa

Ullmann's
Encyclopedia of
Industrial
Chemistry (1991)

Closed cup

Flammability

Bisphenol A is
classified as not readily
combustible solid

Study report (2010)

Tested according to UN Test Procedure
N.1

Explosive properties

Waiving

Self-ignition temperature

Auto-ignition
temperature: 510°C @
1013 hPa

Water solubility

Partition coefficient noctanol/water

HSDB
(interrogation 2010)
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Oxidising properties

waiving

Granulometry

Most of BPA granules
are > 1mm in diameter.
(1.25-2.0: 62.3-87.7%)

Stability in organic
solvents and identity of
relevant degradation
products

waiving

Dissociation constant

pKa = 10.08 at 25°C

Viscosity

Scientifically
unjustified

2

MANUFACTURE AND USES

2.1

Manufacture

registrant data
(2009)

Experimental data

QSAR estimate
(2009)

Bisphenol A is made from phenol and acetone under acid catalysis in a continuous process.
Hydrogen chloride or sulfonated cross-linked polystyrenes are used as catalysts which are usually
arranged as a fixed bed over which the reaction mixture is passed. The reaction of phenol with
acetone takes place at 50 - 90°C, the molar ratio phenol–acetone is up to 20:1. BPA crystallises as
an adduct with 1 mol phenol after separation of the hydrogen chloride by distillation or
neutralisation, as applicable. The use of ion exchangers as catalyst may however be preferred to
processes that use hydrogen chloride because they are less corrosive. The yield is normally 80 –
95%. To isolate the BPA, the whole reaction mixture is fractionally distilled, whereby BPA itself is
distilled over particularly carefully under high vacuum, separated from resinous byproducts, and
subsequently recrystallised. Alternatively the reaction mixture is crystallised by cooling, where part
of the phenol may first be removed by distillation. The adduct is molten and phenol is removed by
distillation to obtain the final product. A very high purity product can be obtained if the BPA–
phenol 1: 1 adduct is separated and again recrystallised from phenol or by meltcrystallisation of the
final product.
2.2

Identified uses

BPA is a monomer mainly used in the production of polycarbonate plastics and epoxy resins.
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The industrial/occupational identified uses are: manufacturing of BPA; repackaging of BPA
(formulation) ; manufacturing polycarbonate, epoxy resins, polymers, coating materials, chemicals
and thermal paper ; as anti-oxidant for processing PVC (Polyvinyl chloride) ; manufacturing epoxy
resin hardeners (formulation) ; in epoxy resin hardeners (inclusion into or onto a matrix) ; as a
laboratory reagent (R&D).
Out of many sources, the general public might be exposed viathermal paper; in articles made of
PVC...

3

CLASSIFICATION FOR PHYSICO-CHEMICAL PROPERTIES

Not evaluated in this dossier.

4

HUMAN HEALTH HAZARD ASSESSMENT

4.1

Toxicokinetics (absorption, metabolism, distribution and elimination)

4.1.1. Absorption
o
Oral
In humans and other primates, BPA is rapidly absorbed from the gastrointestinal tract, consistent
with its substantial aqueous solubility and lipophilicity. Analysis of the areas under the plasma
concentration time curve (AUC) shows that gastrointestinal absorption is greater than 85% in rats
and monkeys. The experiments conducted in adult human at relatively low doses (0.025 to 5 mg
total) show that BPA is rapidly and completely absorbed from the gastrointestinal tract (Tsukioka et
al, 2004. Volkel et al, 2002. Volkel and al., 2005). After a single dose, peak plasma concentrations
are reached approximately 80 minutes after ingestion.
Indeed, BPA is well absorbed by gastrointestinal tractus after oral administration of 100 mg/kg of
BPA in all the five species tested (mice, rats, dogs, ewes and pigs) (Farbos, 2012). Indeed, internal
exposures to free BPA (also called aglycone BPA or unconjugated form) are remarkably similar for
adult rodents, non-human primates and humans (Doergue et al., 2010a), although some differences
between BPA metabolism and disposition in rodents and primates will be described below.

o
Sublingual
A recent study (Gayrard et al., 2013) with six dogs shows that the systemic bioavailability of BPA
deposited sublingually is high (70-90%) and that BPA transmucosal absorption from the oral cavity
led to much higher BPA internal exposure than obtained for BPA absorption from the gastrointestinal tract after oral administration. This efficient systemic entry route of BPA may lead to far
higher BPA internal exposures than known for BPA absorption from the gastro-intestinal tract. The
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most difference between both exposures ways is that the conjugated BPA-Glucuronide : free BPA
ratio is 100 times lower by sublingal route than that obtained after absorption from the gastro
intestinal tract after oral absorption. The sublingual route of exposure bypasses the first-pass hepatic
metabolism and may explain the much higher internal exposure to unconjugated form of BPA entry
to the systemic circulation. Indeed, BPA human clearance of 30 ml/kg/min has been predicted from
animals’ clearance. This value reveals a major inconsistency between BPA concentrations reported
in biomonitoring studies, and a BPA daily intake of 13 μg/kg reported by EFSA combined to its
clearance (Farbos, 2012).

o
Dermal
Calculations for estimating the skin absorption of BPA mention a value of 10% of the dose applied,
which is confirmed by a study using a pig skin model (Kaddar et al., 2008). A recent study
(Demierre et al., 2012) stated that the dermal penetration contributes only in a negligible way to the
total exposure (8.6% of penetration in human skin in vitro). Other studies contradict this statement:
Zalko et al., 2011 studied the distribution and metabolism of BPA in cultures of pig ear skin and
human skin explants. This study, not guideline (not a study of penetration as recommended by the
OECD guideline 428) and with limitations (the incubation time of 72 hours is well beyond the
recommended 24 hours to preserve the integrity of the explants), shows that the BPA in the
conditions of the experiment and 72 h incubation diffuse significantly across the two models of skin
absorption of about 65% for pig ear skin and 46% for human skin explants. At low concentrations
on human skin, about 40% of the dose which diffuses into the liquid receiver is as glucuronide and
sulfate.
Another recent guideline study, percutaneous absorption of BPA in vivo and ex vivo was determined
in rats and ex vivo in humans after exposure for 24 hours (Marquet 2011). The permeability was
found to be 12 times higher in rats than in humans. However, inter-individual variability was found
in humans. The authors reported dermal flux values of 120 ng.cm-2.h-1 from explants of human skin
samples exposed to 200 mg BPA.cm-2. Finally, contrary to the study Zalko et al., 2011, the authors
found a majority of BPA unchanged in the receptor fluid, which can be explained by the
significantly higher dose of BPA applied to the skin samples in the study of Marquet and coworkers
(Marquet et al. , 2011).
Athough varying in terms of permeability, the overall data show that dermal absorption occurs.
o
Inhalation
There is no data on the toxicokinetics of BPA after exposure by inhalation. However, the changes in
absolute organ weights highlighted in a study of repeated inhalation toxicity in rats exposed to 13
weeks show that absorption through the lungs occurs (Study report, 1988). (Decreased absolute
liver weight in males at 10 or 150 mg/m3, decreased absolute liver and kidney weights in females at
150 mg/m3, increased relative brain weights in females at 50 or 150 mg/m3, and increased relative
lung weight in females at 150 mg/m3 were observed. In rats sacrificed 4 weeks after exposure,
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males exposed to 150 mg/m3 BPA had increased relative brain weight. In rats sacrificed 12 weeks
after exposure, decreased absolute kidney and lung weights were observed in males at 150 mg/m3
and decreased absolute and relative kidney weights were observed in females at 150 mg/m3. . This
is in line with its octanol / water favorable (3.2) indicating that absorption through the lungs can
occur.
However, in the absence of data, absoption by inhalation can not be quantified (EC, 2010b). For the
characterization of the risk behavior in European 2008 report, the oral and inhalation absorption
values are 100% and the dermal absorption value is 10% (EC, 2010b).
4.1.2. Distribution
Once absorbed, the BPA is rapidly distributed in all tissues withoutreal affinity of BPA for a
particular organ. Although, in rodents, a few hours after oral administration of radiolabeled BPA,
the highest concentrations are found in the liver and kidneys.
Following intraveinous bolus administration in adult mice, unconjugated d6-BPA is rapidly taken
up into adipose tissues but does not exceed the initial measured serum level (Doerge, 2012).
Krotz et al., (2012) show that BPA does not accumulate (no BPA detected) in ovarian follicular
fluid after a brief exposure to medical plastics during an IVF (in vitro fertilization) cycle in five
women (small sample size). However, two previous studies contradict these results. In 2002,
Ikezuki et al. measured BPA in non pregnant Japanese patients yielding follicular fluid levels
averaged 2.4 ng/ml (n=32) and in 2005, Tsutsumi measured a follicular fluid levels ranged 1-2
ng/ml.
4.1.3. Metabolism
Toxicokinetic data obtained in rats and humans show a first-pass effect and indicate that the plasma
residues are mainly (92-99%) as glucuronide. Several reports highlight the existence of an
enterohepatic circulation in rats after the glucuronide hydrolysis in the intestine, which results in a
relatively slow elimination of BPA in rats compared to humans (EC, 2010b; Ineris, 2010b;
INFOSAN, 2009). This major difference in toxicokinetics between these 2 species has often been
put forward to highlight the limitations of the rodent model in the risk assessment of BPA for
humans (Mielke and Gundert-Remy, 2009; Ginsberg and Rice, 2009). Recent studies combining the
use of tritium/deuterium-labeled BPA and specific and sensitive detection technics (LC-MS/MS)
confirm the existence of an enterohepatic cycle in rodents unlike primates. However, they indicate
that this cycle has very limited consequences on the clearance of BPA (Doerge et al, 2010a; Doerge
et al, 2010b; Taylor et al, 2011) arguing for the relevance of the rodent model to humans for oral
exposure to BPA.
In all species studied, the majority metabolic pathway is the combination of BPA with glucuronic
acid to form the BPA-glucuronide (BPA-G) (Figure below). This combination takes place mainly in
the liver and to a lesser extent in the intestine. It is catalyzed by UGT2B1 in rats, whereas humans
are the UGT2B15 and UGT2B7 isoforms that are responsible for the glucuronidation (Mazur et al.,
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2010). The genetic polymorphism of the UGT2B15 could result in individual differences in the
ability to detoxify BPA (Hanioka et al, 2011; Inserm, 2011).
Human pharmacokinetic studies show that the urinary metabolites profile is composed of almost
BPA-G. Monitoring studies conducted from urine samples collected from adults (Ye et al., 2005)
indicate different proportions (9.5% BPA free, 69.5% BPA-glucuronide and 21% BPA-sulfate).
Kim et al. analyzed the proportion of BPA and its metabolites in urine collected from 15 women
and 15 men (Kim et al., 2003). The mean urinary composition among men was 29.1% BPA free,
66.2% BPA-glucuronide and 4.78% BPA-sulfate, whereas in women the proportions were 33.4%
BPA free, 33.1% BPA-glucuronide and BPA sulfate 33.5%. The authors conclude that women have
a better sulfation capacity than men (NTP-CERHR, 2008).
Other metabolites have also been identified from urine or bile samples in rodents or in incubations
with hepatocytes in primary culture. These include BPA and BPA-hydroxy sulfate (Figure below).
In total, these metabolites rarely exceed 5 to 10% of total metabolites in the urine of rodents. Other
minor such as conjugated double or Metanephrine metabolites were also identified in rodents.
Several other metabolites formed by oxidation, have been identified in vitro from subcellular
fractions (4-methyl-2 ,4-bis (p-hydroxyphenyl) pent-1-ene, isopropyl-hydroxyphenyl, glutathionylphenol, glutathionyl 4 isopropylphenol-and bisphenol A dimers), but to date they have not been
described in vivo (INRS, 2010).

BPA-G and BPA sulfate represent detoxification pathways of BPA as they are not active on the
estrogen receptor. Ginsberg et al. suggested that deconjugation could occur at specific tissue sites
by the enzymes β glucuronidase and arylsufatase C transforming conjugates and sulfated
metabolites into "free"-BPA active on the estrogen receptor (Ginsberg and Rice, 2009). The βglucuronidase is present in the intestines but also in the placenta and fetal liver, which could result
in exposure of the fetus to "free" BPA (Aschberger et al., 2010).
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The route of administration affects the forms and circulating levels of BPA (Doerge et al, 2010b;
Pottenger et al, 2000. Taylor et al, 2008). The data collected in rodents show significantly higher
proportions of BPA free after oral administration than in the case of subcutaneous and
intraperitoneal administration.
It is well established that ATP-Binding-Cassette (ABC) transporters play a fundamental role in the
absorption, distribution, metabolism and excretion of endogenous and exogenous chemicals, and
transporter membrane localization can directly influence these processes (Glavinas et al., 2004).
Mazur et al. (2012) show that in rat, possible transport preferences of BPA and BPA-G is into
intestinal lumen and hepatobiliary excretion whereas in humans, BPA-G is preferably transported
into the blood supply of the liver or portal blood supply of the small intestine.
4.1.4. Elimination
Orally administered BPA undergoes complete first-pass metabolism in the liver to BPAglucuronide as major metabolite, which is rapidly excreted in the urine, with a half-life of less than
6 hours (Völkel et al., 2002, 2008). BPA-sulphate has been reported as a minor urinary metabolite
of BPA in humans (Ye et al., 2005, 2006). Because this first-pass metabolism is effective, there is
extremely low systemic availability of free BPA in humans after oral exposure. The conjugated
forms of BPA have no endocrine activity (Snyder et al., 2000; Shimizu et al., 2002, Willhite et al.,
2008). Therefore, these conjugation reactions represent detoxication pathways.
In rats, BPA is also predominantly glucuronidated, with sulphation representing a minor pathway
(Pottenger et al., 2000), but the BPA-glucuronide formed is excreted from the liver via bile into the
gastrointestinal tract, cleaved back to BPA and reabsorbed into the blood. Thus it undergoes
enterohepatic recirculation resulting in slower elimination of BPA including its conjugate in rodents
compared with humans (EFSA, 2006); this results in slow elimination (half-lives between 20 and 80
hours). The enterohepatic cycling and decreased first pass metabolism of BPA in rats results in
higher plasma levels of unconjugated BPA in rats compared to humans given the same dose. There
are differences in the molecular mass threshold for biliary elimination in rats and humans. The
molecular mass of the BPA-glucuronide (484 D) is well above the threshold for rats (300 – 400 D)
but below that of humans (500 - 600 D) (Hirom et al., 1976; Walton et al., 2001; Ghibellini et al.,
2006).
Teeguarden et al (2011) show that after a 24 h period of dietary exposure to high dose of BPA in 20
humans, the total BPA concentrations serum are undetectable in 83% of the samples and when it is
less than or equal to limit detection, BPA concentrations in serum is on average 42 times lower than
urine concentrations. The rapid absorption and elimination kinetics of BPA observed in this study
clearly demonstrate that spot urine sample reflect exposure in the prior meal or prior 4 h to 6 h
period but not the full day’s exposure.
Although the main pharmacokinetic differences between 5 species (Farbos thesis, 2012) concern the
elimination of BPA and BPA-G, they have not impact on the BPA plasmatic concentrations which
are the reflection of the internal exposure of BPA.
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4.1.5. Toxicokinetic of BPA during gestation and in foetuses.
Maternal exposure to BPA results in embryos and newborns receiving BPA via placental transfer
and milk (Doerge et al., 2010). Concerning the toxicokinetics of BPA in utero, the presence of BPA
in human fetal tissues at around the same concentrations as in maternal blood, demonstrates that
BPA passes through the placenta. This is confirmed by Balakrishnan et al. (2010) on seven human
placentae perfused ex vivo with 10 ng/mL (environmentally relevant concentration) of BPA for 180
minutes: the transfer percentage of BPA is 27.0% ± 1.88% and only 3.2% ± 1.6% of BPA in the
fetal compartment is in the conjugated form. Thus BPA can transfer across the human placenta,
mainly in active unconjugated form. Moreover, BPA have a high transplacental transfer rate much
similar to passive diffusion according to the meta-analysis of data from human ex vivo placental
perfusion studies which confirm that the placental barrier is not protective against exposures to BPA
(Mose et al., 2012).
Nevertheless, the fetus has the capacity to deconjugate BPA into its “free” active form with the
placental enzyme β-glucuronidase (Edlow et al., 2012). Free and total BPA were identified in both
second and third trimester amniotic fluid. Thus, deconjugation of BPA by the placenta and limited
capacity of the fetal liver to conjugate BPA, may increase fetal exposure to the active, endocrinedisrupting form (Edlow et al., 2012).
However, the study of Patterson (2013) done with 5 pregnant monkeys argues against the
hypothesis that BPA conjugates are selectively deconjugateg by either the placenta or fetus,. Indeed,
it is explained by the monotonic elimination of aglycone BPA from the fetal compartment
accompanied by persistent conjugate levels. This study measures concurrently the pharmacokinetics
of aglycone (active) and conjugated (inactive) deuterated BPA (d6) in 5 maternal and fetal rhesus
monkey serum, amniotic fluid and placenta following intravenous injection in the dam. Internal
exposures of the fetus to aglycone BPA is attenuated by maternal, placental, and fetal phase II
metabolism to less than half that in the dam.
Exposure of human infants to BPA directly, in the absence of maternal transfer or excretion, also
occurs through polycarbonate bottle feeding and/or infant formula feeding (AFSSA, 2010). The
fetus and neonate may therefore be a sensitive and more highly exposed subpopulation deserving
special attention.
4.1.6. Toxicokinetic of BPA for newborns.
There is contradicting results regarding the presence of BPA in milk. Indeed,Vandenberg have
shown limited excretion of BPA in breast milk (Vandenberg et al., 2007a).
In a recent study, the level of BPA in milk was determined from experiments in rats exposed orally
(Doerge et al., 2010b). Lactating rats (n = 5) were force-fed daily for a week with deuterated BPA
(100 mg / kg bw) from the day of birth of newborns. A control group (n = 3) was treated with the
vehicle only (ethanol / water, 1:9 v / v). The milk samples were performed after injection of
oxytocin and take place exactly one hour after administration of BPA. Analyses of milk and serum
were performed in LC / MS-MS. They were made to PND7 for milk and PND10 for serum (for
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mothers and their young). Serum analyzes confirm the low percentage of aglycone (0.5%). The
assays performed on milk indicate average concentrations of free and total BPA corresponding to
0.87 and 7.6 nM, a milk / serum 1.3 for BPA free and 0.062 for total BPA report.
This article clearly shows that exposure of newborns to free BPA, following exposure of the
mother, is very low. The serum concentrations of total BPA are 300 times lower than in young
mothers, the BPA free being undetectable in the offspring. The results, compared with previous data
obtained by the same authors in rat pups at PND10 indicate that serum concentrations here are 500
times lower than those obtained when administered by gavage at a dose of 100 mg / kg bw this is to
say that administered to mothers in this study.
In human neonates, several metabolic pathways, such as glucuronidation (2-5 times lower in
preterm infants), and several excretory functions such as glomerular filtration rate (1.7 times lower)
have a lower efficiency compared to adults; these functions reach their full capacity 1 month and 7
months after birth, respectively (EFSA, 2008). In 2008, EFSA was asked to review the
toxicokinetics of BPA based on age and involvement in risk assessment and thus in the construction
of the TDI. EFSA concluded that immaturity in glucuronidation capacity in newborns could be
compensated by the presence of sulfo-transferases, which would result in an effective detoxification
EPS (Aschberger et al, 2010;. EFSA, 2008). Contrary to the CGU, sulfotransferases (SULT), for
which the substrates of UGT have high affinity, are active in the developing fetus and are functional
at birth. These enzymes efficiently catalyze the formation of BPA-sulfate in vitro in humans.
Finally, EFSA concluded that the ability of BPA biotransformation to inactive metabolites was
sufficient in human neonates.
Studies in rats have shown that in infants, the glucuronidation pathway was more saturable than
adults, which could lead to a greater concentration of BPA "free" in the target tissues. The ability of
glucuronidation through the activity of UGT is also low after birth and remains low after weaning
(Aschberger et al., 2010).
Studies in newborn rat and rhesus monkey confirm that toxicokinetic parameters for most of them
significantly different from those determined in adults, particularly with regard to the total BPA
(Doerge et al, 2010a.; Doerge et al., 2010b). However, with regard to maximum serum
concentrations (Cmax) in BPA free, if they are significantly higher in the newborn rat (to NDP3 or
PND10) in adults, it does not seem to be the same in monkeys.
These same authors also showed in adult rats and newborn that subcutaneous administration of BPA
significantly altered the toxicokinetic parameters, but also the free BPA/ conjugated BPA ratio in
serum in the neonatal rat ( Doerge et al., 2010b).
4.2 Acute toxicity
Not evaluated in this dossier.
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4.3

Specific target organ toxicity – single exposure (STOT SE)

Not evaluated in this dossier.

4.4

Irritation

Not evaluated in this dossier.

4.5

Corrosivity

Not evaluated in this dossier.

4.6

Sensitisation

Not evaluated in this dossier.

4.7

Repeated dose toxicity

Not evaluated in this dossier.

4.8

Specific target organ toxicity (CLP Regulation) – repeated exposure (STOT RE)

Not evaluated in this dossier.

4.9

Germ cell mutagenicity (Mutagenicity)

Not evaluated in this dossier.

4.10 Carcinogenicity
Not evaluated in this dossier.

4.11 Toxicity for reproduction
Only effects on fertility from scientific literature produced since 2002 are presented thereafter.
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4.11.1

Effects on female reproductive system in animals

4.11.1.1

Non-human information

4.11.1.1.1

In utero and lactational exposure

 In Mice
CD-1 mice
In the study by Newbold et al., adult (18- months of age) females CD-1 mice who have been e
exposed in utero from GD9 through GD16 up to 1000 µg/kg bw/day, displayed increased incidence
of benign ovarian cysts was 67% (p = 0.05) in mice whom mother had been treated with 1 µg/kg
bw/day BPA. More severe ovarian lesions were found in pups whom mother received 10, 100 or
1000 µg/kg bw/d by subcutaneous injection, including progressive proliferative lesions of the
oviduct which occurrence seemed to increase following BPA exposure. Further, neoplasic lesions
like cystadenomas were present at 10, 100 and 1000 µg/kg bw/d but not in the controls. In addition,
malignant changes in the uterus like atypical hyperplasia which is considered a precursor lesion to
estrogen-associated uterine adenocarcinoma, stromal polyps and sarcoma of the uterine cervix were
also found. It is interesting to note that adverse effects in the reproductive tract were observed in all
BPA-treated groups, but were more marked at the lowest dose (0.1 µg/kg bw/d) (Newbold et al.,
2009).
Administration of lower doses of BPA (25 and 250 ng/kg bw/d of BPA) was performed via osmotic
pumps implanted into pregnant CD-1 mice dams from GD9 until PND4. With such low doses, the
only route allowing such precision was the one used. It induces alterations in the genital tract of
female offspring that are revealed during adulthood (3-months of age), including decreased weight
of the vagina of 20 mg (p < 0.01), and decreased volume of the endometrial lamina propria of 11
mg (p < 0.05) observed at 250 ng/kg bw/d. These findings were assiocated at 250 ng/kg bw/d with
an increase of the DNA synthesis in the uterine epithelium in the absence of any apoptotic change,
suggesting modification of the balance proliferation/apopotosis leading to an increase number of
new cells. (Markey et al., 2005). Although not physiological, this route of exposure render possible
exposing animal to such small doses of xenobiotic.
Cabaton et al., exposed via subcutaneous implant, female CD-1 mice to BPA at 0.025, 0.25 or 25
µg/kg bw/d from gestational day 8 through day 16 of lactation. Perinatal exposure to BPA resulted
in a decline in reproductive capacity (i.e fertility and fecundity) in a forced-breeding protocol of 32
weeks starting at 2-months of age. Treatment with BPA at 25µg/kg induces a significant decrease in
the number of pregnancies at the end of the protocol, (an average of 4.8 litters per dam in BPA
group against 6.3 in control group; p = 0.024), indicating a decline in fertility. At 0.025 and 25
µg/kg, BPA induces a significant decrease in the cumulative number of pups born, a sign of
impaired fecundity. The intermediate BPA dose, 0.25µg/kg, did not produce significant effects
whereas both lower and higher doses did, suggesting a non-monotonic dose- type of dose-response
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relationship (Cabaton et al., 2010). However, further studies including a greater number of doses
are needed to better characterize this dose-response relationship.
Cabaton et al. also observed that the female treated with BPA at 25 µg/kg showed a progressive
decline in the number of pups delivered as the repetitive breeding experiment progessed, which suggests the possibility of an accelerated physiological reproductive decline. This could explain the
lack of effect in other similar studies in which the observations were limited to the first pregnancy
of the F1 females exposed perinatally, with no follow-up on potential effects in subsequent
pregnancies. For instance, Honma et al. examine the reproductive ability of female mice after
prenatal exposure from GD11 to GD17 to BPA at 2 or 20 µg/kg bw/d. Total number of pups per F1
mother and sex ratio were not affected but this study did not include repetitive breeding. Therefore
the possibility of impairement of fertility induced by in utero BPA exposure might have been
missed due to the examination of one pregnancy only (Honma et al., 2002).
CD-1 mice exposed in utero for four days from GD15 to GD 19 to 0.5 or 10 mg/kg/day of BPA via
subcutaneous injections in pregnant dams displayed estrous cycle alteration characterized by an
elongated cycle length of 3 days in average (p < 0.01) due to prolonged diestrus phase (p < 0.01)
and reduced age at puberty (Nikaido et al., 2004).
The low doses used in these studies justify the route used (subcutaneous, osmotic pumps). Indeed, it
is technically difficult to prepare, maintain and ensure administration of doses such as 0.1 µg/kg
bw/d in feed.
Balbc-C mice
Signorile et al. (2010) found that exposure to 100 or 1000 µg/kg bw/d of BPA in utero and during 7
days after birth (mothers were treated by subcutaneous injections from GD1 through PND7) caused
in 3-month old female offspring, endometriosis-like structures in the adipose tissue surrounding the
genital tract (5% in controls, 30% at 100µg/kg and 35% at 1000µg/kg; p = 0.024). Histological
analysis also demonstrated an increased incidence of cystic ovaries (10% in controls, 45% in the
group treated with BPA at 100µg/kg and 50% at 1000µg/kg, p = 0.008), adenomatous hyperplasia
with cystic endometrial hyperplasia, (10% in controls, and 25% in the BPA 100 and 1000µg/kg
groups) and atypical hyperplasia (p = 0.085), such results that are in accordance with Newbold’s
findings. No cases of malignancy were found in this study, but animals were sacrified at 3 months
of age and probably had no time to fully develop tumors (Signorile et al., 2010).

C57BL/6 mice
Susiarjo et al., implanted time-release BPA pellets designed to leach a dose of 20 µg/kg bw/d in
pregnant C57BL/6 females at GD 11.5. To analyze meiotic prophase, ovaries were isolated from
female fetuses at 18.5 day of gestation. Oocytes from exposed female fetuses displayed gross
aberrations in meiotic prophase, including increased levels of recombination. In the mature female,
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these aberrations were translated into an increase in aneuploid eggs and embryos. These synaptic
and recombination defects typically result in the loss of a significant proportion of oocytes prior to
sexual maturation, reducing the pool of oocytes in the adult female. Thus, in addition to reducing
the genetic quality of their eggs and embryos, BPA may adversely influence the reproductive
lifespan of exposed females (Susiarjo et al., 2007).
More recently, Brannick et al. showed that prenatal exposure to BPA increases pituitary
gonadotroph development in C57BL/6 females: pregnant mice were administered 0.5 µg/kg/day
BPA, 50 µg/kg/day BPA, or vehicle beginning on GD 10.5 trough 18.5 by gavage. At parturition,
pituitaries from female offspring exposed in utero to either dose of BPA had increased proliferation,
as assessed by mKi67 mRNA levels and immunohistochemistry. Coincidently, gonadotroph number
also increased in both treated females LH (p=0.029, p=0.049) and FSH (p=0.020, p=0.002)
immunoreactive cells as the average percent of positive cells /to total cells in the anterior pituitary
compared to vehicle controls. However, they observed a dichotomy between mRNA levels of Lhb
and Fshb (gene encoding for the beta subunit of their respective hormone LHand FSH). Female
mice exposed to 0.5µg/kg/day BPA had increased mRNA levels of gonadotropins and the GnRH
receptor (Gnrhr), which mediates GnRH regulation of gonadotropin production and release. In
contrast, mice treated with 50µg/kg/day BPA had decreased gonadotropin mRNA levels, Gnrhr and
Nr5a1, a transcription factor required for gonadotroph differentiation. No other pituitary hormones
were altered on the day of birth in response to in utero BPA exposure and male pituitaries showed
no change in the parameters tested. These data show that it is difficult to describe precise mode of
action of BPA, which effect is implicated in multiple pathways regulated by numerous key players.
CF-1 mice
Prenatal treatment of CF-1 mice from GD11 to GD17 with BPA at 2.4µg/kg bw/d had no effect on
the age at vaginal opening but significantly reduced the number of days between the opening and
the onset of first estrus. However, this study underlines clearly a major limitation of the rodent
model: the fetal hormone exposure levels and thus the responsiveness of the fetuses to sex hormone
and BPA are largely influenced by the intrauterine position. Therefore, mouse fetuses positioned
between two males are exposed to the lowest levels of BPA and are not affected by the treatment
while fetuses located next to female fetuses are exposed to the highest levels (Howdeshell et al.,
1999).
Berger et al used a wide range of subcutaneous doses, from 0,0005 to 10,125 mg/animal/day to
determine the levels of exposure required to terminate pregnancy in mice. The results show that
only the two higher doses impacted the pregnancy outcome in mice: the 3.375 mg/day and 10.125
mg/day doses resulted in a significant decrease in the average number of pups (p < 0.05 and p <
0.01, respectively) and there was a significant reduction by approximately 70% (p < 0.001) in the
number of females that gave birth at 10.125 mg/animal/day only. This reduction in pregnancies was
observed both when females were allowed to give birth and when sites of implantation were
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inspected via uterine histology on day 6 after insemination. Then they treated mice via oral route
with diet contaminated with either 3 or 6% of BPA. None of the animals treated with the 6%
contaminated food (corresponding to a dose level of 68 mg BPA/animal/day) was parturient
although in controls animals, 11 of 12 were parturient (p < 0.001) (Berger et al., 2007).
In 2008, Berger assessed the impact of acute and repeated subcutaneous administration of BPA
upon intrauterine implantation of fertilized ova and urinary levels of 17β-estradiol and progesterone
in inseminated female mice. Daily subcutaneous doses of 6.75 and 10.125 mg/animal/day
(approximately 200 mg/kg/d and 300 mg/kg/d, respectively) from days 1 to 4 of gestation clearly
reduced the number of uterine implantation sites: at 6.25 mg no animals showed any implantation
sites, while only one animal did at the 10.125 mg dose (p < 0.0001). This disruption in implantation
coincided with a decrease in urinary progesterone levels seen from day 2 to 5 of pregnancy at
10.125 mg (p < 0.0005). A single injection of 10.125 mg/animal when given on day 0 or 1, and a
single injection of 6.75 mg/animal on day 0 were sufficient to disrupt implantation, indicating
effects of just one exposure. However, lower environmentally relevant doses did not affect
pregnancy, implantation, or hormonal output. These results indicate that previously observed
reductions in litter size in response to BPA may be mediated by a disruption of intrauterine
blastocyst implantation rather than post-implantation effects (Berger et al., 2008).
In the third study, exposure from GD1 to GD4 to subcutaneous injections of BPA at 3.375, 6.75 and
10.125 mg/animal/day equivalent to approximately 100, 200 and 300 mg/kg respectively, also
induces a significant decrease in blastocyst implantation (p < 0.001) associated with an alteration of
the uterine morphology, including increase of the average luminal area, and a decreased expression
of ERα and Progesterone receptors. This changes in uterine morphology and steroid receptor
expression would have affect the uterine receptivity for blastocyst implantation (Berger et al.,
2010).
ICR mice
Administration of BPA at a lower dose than those used in Berger’s studies (10 mg/kg bw /d) to ICR
dams from GD0 to GD7 leads to reductions in the number of embryos and uterine weight on GD10
and GD12 and influences placentation, especially the development of the deciduas basalis and
trophoblastic layers. In addition, BPA decreased the number of neonates and increased their
mortality (Tachibana et al., 2007).
 In Rats
Wistar rats
Oral exposure in drinking water of females Wistar rats during gestation and lactation from GD6
through PND21 to BPA at 1.2 mg/kg bw/d induces in the 4 months old female offsprings a
reduction in apoptotic cells in uterin epithelium (p < 0.001) which is associated with an increase
thickness of both uterine epithelia and stroma (p < 0.05). A modification of the estrous cyclicity and
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a down regulation of the protein Estrogen Receptor α (ERα) in uterin cells on estrus day were also
described by immunohistochemistry (Mendoza-Rodríguez et al., 2011).
Long Evans rats
Pregnant Long Evans rats were gavaged with vehicle, EE2 (0.05–50 mg/kg/day), or BPA (2, 20,
and 200 mg/kg/day) from day 7 of gestation to postnatal day (PND) 18, and the female offspring
were studied. BPA had no effect on AGD, pup body weight, age at vaginal opening, F1 fertility, nor
F2 litter sizes. (Ryan et al. 2010)

Sprague Dawley rats
Rubin et al. exposed female Sprague-Dawley rats via drinking water to approximately 0.1 or 1.2 mg
/kg bw/day of BPA from day 6 of pregnancy through the end of the lactation period. Results in
some female offspring exposed perinatally to the highest dose of BPA (1.2 mg/kg bw/d) revealed
intermittent extended periods of diestrus, whereas other exhibited extended periods of proestrus
and/or estrus. Besides altered patterns of estrous cycle in approximately 80% of females, the
offspring of the high dose BPA females also revealed decreased levels of plasma luteinizing
hormone (LH) (-18%) in adulthood. In contrast, many parameters examined in this study
(anogenital distance, age of vaginal opening, macroscopic observation of the genital tract) were not
significantly affected by perinatal exposure to BPA (Rubin et al., 2001).

 In sheeps
Sheep is a good model for examining this critical issue related to reproduction because their ovarian
cycle, steroid, and GnRH secretion patterns are very similar to that of women and because the
distribution of ERα and ERβ, the activation of GnRH neurons relative to the estradiol-induced LH
surge and the critical period of sexual differentiation in sheep have been well characterized.
Prenatal treatment of Suffolk ewes with subcutaneous injections of BPA at 5 mg/kg/d from day 30
to 90 of gestation caused early postnatal hypergonadotropism characterized an increase in LH
concentration by 2-fold (p < 0.05) and prolonged the first breeding season of 1 month (p < 0.05)
which is suggestive of a reduced sensitivity to estradiol negative feedback. BPA treatment also
reduces the magnitude of the LH surge after estrous cycle synchronization with prostaglandine F2α
(Savabieasfahani et al., 2006). The same team tested the hypothesis that these effects of BPA on LH
surge system involved changes in hypothalamic gonadotropin-releasing hormone (GnRH) and
estrogen receptors ERα and ERβ mRNA expression in the medial preoptic area. They administrated
the same treatment in pregnant ewe from GD30 through GD90 and found a decrease by a half in
GnRH (p < 0.05) and ERβ (p < 0.001) mRNA expression whereas ERα expression was multiplied
by 4 in the medial preoptic area (Mahoney et Padmanabhan, 2010).
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Previous report of the same study suggest that the onset of the first cycle in sheep can be influenced
by the photoperiodic environment which could have mitigated the effects of BPA in this study.
However, the early increase by 2-fold in LH levels (p < 0.05) seen in prenatal BPA-treated females
is consistent with advancement of neuroendocrine puberty. (Savabieasfahani et al., 2006).
 In monkey
A recent study was realeased studying the effect of BPA on Rhesus Monkey. Initial studies using
single oral doses of 400 μg·kg−1·d−1 administered to non pregnant females demonstrated rapid
conjugation (inactivation) of BPA, with peak serum levels of 2–5 ng/mL attained 1–2 h after
ingestion and a rapid decline thereafter. Because the dose was high (about 8 times the current FDA
“safe” dose) but peak levels closely approximated levels observed in human studies (reviewed in
refs. 22 and 23), it was concluded that human exposure must be significantly higher than assumed,
not primarily restricted to oral routes, and nearly constant. Thus, in addition to using an oral dosing
strategy, a protocol using the implantation of controlled-release silastic capsules to achieve
sustained low-level exposure was developped.
The timing of exposure using both protocols was designed to mimic the developmental windows
that elicited effects in the ovary in mice: an early exposure during the second trimester of pregnancy
[gestational day (GD) 50–100], when germ cell differentiation and meiotic entry occur, and a late
exposure during the third trimester (GD 100–term), when follicle formation takes place. This study
demonstrates that the early stages of oocyte development in the rhesus monkey are vulnerable to
disturbance by BPA. For animals receiving oral doses, mean levels of bioactive (unconjugated)
BPA in maternal serum close to the time of ovarian tissue collection were 0.51 ± 0.20 ng/mL for
second-trimester pregnancies and 0.31 ± 0.13 ng/mL for third-trimester pregnancies. These values
were obtained 4 h after administration of the last maternal oral dose; in non pregnant females, this
time point was closest to the average level during the 24 h following a single oral dose. For animals
in the implant exposure group, mean levels of bioactive BPA in maternal blood at the time of ovary
collection were 0.45 ± 0.23 ng/mL for second-trimester fetuses and 0.90 ± 0.13 ng/mL for thirdtrimester fetuses; these values represent the sustained levels achieved using the implant paradigm
and are in close agreement with levels reported in human maternal serum. The analyses of second
trimester fetuses exposed at the time of meiotic onset suggest that, as in mice, BPA induces subtle
disturbances in the prophase events that set the stage for chromosome segregation at the first
meiotic division. The analyses of thirdtrimester fetuses exposed to single daily oral doses during the
time of follicle formation revealed an increase in multioocyte follicles analogous to that reported in
rodents. However, two unique phenotypes were evident in continuously exposed animals: persistent
unenclosed oocytes in the medullary region and small, nongrowing oocytes in secondary and antral
follicles. (Hunt et al., 2012)
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4.11.1.1.2

Neonatal exposure
 Mice

As they found after a prenatal exposure, Newbold et al. found reproductive tract lesions in adult
(18-months old) female CD-1 mice treated neonatally from PND1 to PND5 with subcutaneous
injections of BPA at 10, 100 or 1000µg/kg bw/d (Newbold et al., 2007). Ovarian pathologies
(ovarian cysts, benign proliferative lesion, diminution of Corpora Lutea) and uterine pathologies
(benign invasion, precursor lesion to adenocarcinoma and nepoplasic lesion) were more common in
all treated groups as compared to the control (corn oil). As example, atypical hyperplasia of the
uterus occurred in 4% and 5% of the females treated with 10µg/kg and 100µg/kg respectively, but
not in the control group. However, only the increase in cystic ovaries (p ≤ 0.05) and cystic
endometrial hyperplasia (p < 0.01) in the 100 µg/kg bw/d treated group were statistically
signigicant.
Neonatal CD-1 mice were injected subcutaneously with a 5 or 50 mg/kg bw/d of BPA on postnatal
days (PND) 1–4 and ovaries analyzed on PND5. In the mouse, oocytes develop in germline cysts
that undergo breakdown resulting in primordial follicles, consisting of a single oocyte surrounded
by granulosa cells. During this process, approximately two-thirds of the oocytes die. Exposure of
female mice to environmental estrogens can alter oocyte development, limiting the number of
primordial follicles that can be used for reproduction. Cyst breakdown, oocyte survival and follicle
development were altered by BPA. (Karavan et al., 2012).

 Rats
Sprague Dawley
In the study of Fernandez et al. (Fernandez et al., 2010), female Sprague Dawley rats were injected
subcutaneously with BPA dose ranged from 0.25 to 62.5 mg/kg bw/d from PND1 to PND10.
Female offspring exposed neonatally to the highest dose (ranging from 25 to 62.5 mg/kg bw/d) had
altered ovarian morphology, showing a large number of cysts (p < 0.05). They did not present any
oocytes or deliver any pups being infertile. At lower dose (2.5 - 6.2 mg/kg bw/d), females delivered
significantly fewer pups (p < 0.05) indicating subfertility, without impairment of ovulation. This
was accompanied by accelerated GnRH pulse frequency in hypothalamic explants associated with
increased serum testosterone and estradiol levels by approximately 30% (p < 0.05), reduced
progesterone levels (p < 0.05) and a decrease of the fertility in adulthood.
Long Evans
Similarly, subcutaneous neonatal exposure, from PND1 to PND3, to BPA at 50µg/kg bw/d and 50
mg/kg bw/d in females Long Evans rats also induced at both dose ovarian malformations including
cysts, degenerated, multinucleated and hemorrhagic follicles. The number of corpora lutea was also
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significantly lower at 50 mg/kg of BPA (p < 0.001). These malformations were associated with
accelerated pubertal timing and premature anestrus (Adewale et al., 2009).

Wistar rats
Rodriguez et al. who assessed the influence of a BPA exposure on the growth and maturation of
follicles and demonstrated an effect at an earlier stage of oocytes development, at the onset of
meiosis in the fetal ovary. They demonstrate that a subcutaneous exposure to BPA from PND1 to
PND7 reduces the ovarian reserve of follicles in female Wistar rats at 20 mg/kg bw/d but not at 0.05
mg/kg bw/d. This reduction in the pool of primordial follicles was associated with an increase in the
primordial to primary follicle transition. The results suggest that the follicle activation triggered by
BPA exposure might be caused by an ERα and/or ERβ-mediated stimulatory effect on early
folliculogenesis. Because all primordial follicles initiated to grow, are programmed to undergo
apoptosis, menopause may result from this initial but not cyclic recruitment of follicles. The authors
therefore hypothesized that BPA may lead to an early onset of menopause and consequently
premature ovarian failure (Rodriguez et al., 2010).
Bosquiazzo et al. (2010) treated newborn female Wistar rats with subcutaneous injections of BPA
at 20 or 0.05 mg/kg bw/d on PND 1, 3, 5 and 7. To evaluate the long term effect, rats were
ovariectomized on PND80 and submitted to hormonal replacement. While treated with ovarian
steroid, a decrease of the uterine endothelial proliferation of approximately 5% (p < 0.05) associated
with a significant decrease (p < 0.05) in Vascular Endothelial Growth Factor (VGEF) mRNA is
observed at both doses. The VEGF is likely the main factor responsible for the vascular
permeability and angiogenesis during the pre-implantation period and is therefore important for the
establishment and maintenance of pregnancy. These data therefore suggest that neonatal BPA
exposure might have negative consequences on female fertility.
In 2011, the same team administrated again this treatment to female Wistar rats in order to assess
the reproductive performance in adulthood, at the age of 80 days. On day 18 of pregnancy, the
number of implantation sites was significantly lower (- 25%; p < 0.05) in rats treated post-natally as
compared to the controls, suggesting an intrinsic uterine defect that preceded the embryo arrival. In
addition, a tendency to have a higher number of resorptions, an indicator of post-implantation loss,
was also observed (Varayoud et al., 2011). These findings were associated with a lower expression
of Hoxa 10 gene on day 5 of pregnancy. The authors suggest that this early alteration in Hoxa 10
gene expression might affect functional differentiation of the uterus during pregnancy. Indeed, the
Hoxa 10 gene is a member of the Hox genes family that are transcription factors essential both for
development of the reproductive tract during the embryonic period (organogenic differentiation)
and adult function (functional differentiation). Two members of this family, Hoxa10 and Hoxa11,
are essential for female fertility. Gene expression profiling experiments reveal that Hoxa10 is an
important regulator of implantation-associated events, such as uterine stromal cell proliferation and
local immunosuppression.
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 In sheeps
Evans et al. and Collet et al. examined the effect of long term exposure during the prepubertal
period. In Evans’s study, female sheep of 4 weeks of age were treated twice a week for 7 weeks
with intramuscular injections of BPA at 3.5 mg/kg bw. Results obtained in the seventh week
demonstrate that BPA can suppress LH secretion in ovariectomized sheep and can thus exert
negative feedback effects on gonadotropin secretion. These changes were associated with
modifications of the uterine morphology (Evans et al., 2004). The same treatment was
administrated in female sheep of 4-5 months of age for 8 weeks (Collet et al., 2010). The mean LH
pulse frequency and basal concentrations, but not the amplitude, were slightly decreased from the
sixth week of treatment.
Collet et al. also investigate the impact of acute BPA exposure by treating prebubertal female
sheeps for 54h hours with IV infusion at 0.5, 1, 2.5, 5, 10, 20, 40 and 80 mg/kg bw/d. The inhibitory
effect of BPA appeared to follow a dual mechanism of action. At the highest doses, i.e, 40 mg/kg
bw and upward, BPA triggered an immediate (within 1 hour) inhibition of LH secretion suggesting
a non-genomic pathway at the pituitary level. By contrast, at lower levels, BPA still inhibited the
LH pulse frequency but only after a 48-h period of latency, a delay consistent with a genomic
effect. Similar qualitative events were observed with the 17-β estradiol used as positive control but
for lower plasma concentrations: the lowest plasma concentration of estradiol associated with
inhibition of pulsatile secretion of LH is 2 pg/mL versus 38 ng/mL for BPA (Collet et al., 2010).

4.11.1.1.3

Prepubertal exposure

Hunt et al., treated juvenile female mice (20 to 22-day-old) with oral doses of BPA at 20, 40 or 100
µg/kg bw/d for 6-8 days preceding oocytes collection and analysis. A dose-related increase in the
level of abnormalities leading to aneuploidy, like non-disjunction at anaphase, was observed (p <
0.05). It appears that low dose BPA exposure during final stages of follicle growth is sufficient to
cause meiotic abnormalities resulting in the production of chromosomally abnormal eggs (Hunt et
al., 2003).

4.11.1.1.4

Exposure during adulthood

Al Hiyasat et al. demonstrated in female Swiss mice that BPA exposure during adulthood may
impact the fertility. Exposure in 60 days old female Swiss mice to BPA at 25 and 100 µg/kg bw/d
administrated intragastrically for 28 days induced no effect on the number of pregnancies,
implantations or in the number of viable fetuses but resulted in a significant increase (p < 0.01 at 25
µg/kg and p < 0.05 at 100µg/kg) in the total number of resorptions out of the total number of
implantations. Furthermore, there was an increase in the number of animals with resorptions: only
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11.1% of the animals in the control group had resorptions, whereas in mice exposed to 5, 25 and
100 µg/kg, the percentage of animals with resorptions was 57.1, 62.5 and 66.1%, respectively (Al
Hiyasat et al., 2004).
Finally, a study performed by Aldad et alin ten oophorectomised adult female African green
monkeys (Chlorocebus aethiops sabaeus) of reproductive age shows that exposure to the
combination of estradiol and BPA resulted in decreased PR expression compared to estradiol
exposure alone (p<0.01). Both BPA exposure and diminished progesterone action have been
associated with pregnancy loss, endometriosis and endometrial hyperplasia/cancer (Aldad et al.,
2011).

4.11.1.1.5

Multigeneration exposure

 Mice
Continuous breeding study (Copy of the RAR-UK, Final report 2003, study considered as key study)
The effects of bisphenol-A on fertility and reproductive performance have been extensively studied
in CD-1 mice (n= 20/ treated group/ sex (F0 generation), n= 40/ control group/ sex) using the test
system known as the “Fertility Assessment by Continuous Breeding” (NTP, 1985b). This system
involves four successive tasks (Task 1, dose-finding; Task 2, continuous breeding phase; Task 3,
identification of the affected sex, and Task 4, offspring assessment.). Bisphenol-A was administered
in the diet at concentrations of 0, 0.25, 0.5 or 1.0% (daily intakes of BPA 0, 300 or 325, 600 or 650
and 1,200 or 1300 mg/kg in males or females repspectively) during a one-week premating period
and a 14-week mating trial (Task 2). After the premating period, males and females from each
group were randomly paired and allowed to cohabit for 14 weeks. During the cohabiting period the
reproductive performance was monitored by counting the number of F1 generation litters produced
by each breeding pair and recording on the day of birth the litter size, proportion of live pups, litter
size and sex ratio of the pups; all pups were then immediately removed and discarded. All litters
produced after the cohabiting period remained with their mothers until weaning on day 21 post
partum. The twenty F0 males and twenty F0 females from the top dose group (1.0% bisphenol-A)
were then mated with twenty control females and twenty control males, respectively. Bisphenol-A
was discontinued in the diet during this 7-day cohabitation period and then reinstated for 21 days
upon separation of the breeding pairs. A control group of twenty untreated breeding pairs was also
included (Task 3). The same reproductive assessment as described for the continuous breeding
phase was conducted. Parental animals were sacrificed within 1 week of delivery. A maximum of
twenty male and twenty female F1 generation offspring (from the final litters of the control and
highdose groups in the continuous breeding phase) were retained after weaning for assessment of
their reproductive capacity (Task 4). After rearing to sexual maturity, each F1 female was paired
with a F1 male from the same dose group for 7 days. The resulting litters were evaluated and
discarded on the day of birth as described for the litters produced during the F0 generation
cohabitation phase. For all control and high-dose F0 and all reared F1 animals, liver, kidneys,
adrenals and reproductive organs were weighed and subjected to histopathological examination. In
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males, sperm analysis (concentration, motility and morphology) was undertaken, and effects on the
oestrous cycle assessed in females. There were no clinical signs of toxicity among F0 generation
animals. In the continuous breeding phase, a statistically significant decrease in maternal body
weight was observed after each litter (between 6 and 9%), at the top dose, on postnatal day 0
compared to controls. No effect was observed on maternal postnatal (day 0) body weight following
the cross-over mating phase. However, at study termination, a small but statistically significant
decrease in body weight (4%) was observed in treated females compared to controls. No adverse
effects on body weight gain were observed in treated males. An adverse effect on fertility was
observed in the continuous breeding experiment and cross-over mating experiment. In the
continuous breeding phase, a statistically significant decrease compared to controls was observed in
the number of litters produced per pair (4.5 and 4.7 compared to 5.0 for controls), litter size (6.5 and
9.8 compared to 12.2 for controls) and the number of live pups per litter (6.3 and 9.7 compared to
12.1 for controls) in the high and mid-dose group. The litter size reductions occurred across all
matings and the magnitude of all these decreases were dose-related. No effects on fertility were
observed in the low-dose group. A statistically significant decrease in litter size (controls: 11.4,
treated males: 9.1, treated females: 5.9) and number of live pups per litter (controls: 11.3, treated
males: 8.4, treated females: 5.5) were observed in the cross-over mating. In the continuous breeding
phase, a statistically significant decrease in live pup weight (6%) on postnatal day 0 was observed
in females at the top dose after adjustment for litter size, including live and still births. In the
continuous breeding phase a small but statistically significant decrease in body weight gain (4%)
was only observed in treated females at study termination. No effect was observed on the sex ratio
in the F1 generation. In the F1 litters used in the cross-over breeding experiment, post natal (day 0)
pup weights were significantly increased in males (9-11%) and in females (8-10%) in the mid- and
high-dose groups compared to controls. These increases were no longer evident in either sex at 21
or 74 days of age. Deaths among F1 generation were observed during lactation (day 0-21) and post
weaning (day 21-74). At the top dose there were only 8 litters that had at least one male and one
female for the mating phase, and therefore only 11 breeding pairs at the top dose compared to 19-20
breeding pairs in the control, low-dose and mid-dose groups. In those litters selected for mating
deaths had been observed in 6%, 4%, 14% and 38% animals up to day 74 in the control, low-dose,
mid-dose and high-dose groups, respectively. It is not known how many animals of this total died
during lactation. However, it does raise the possibility that there may be potential effects on pups
due to exposure to bisphenol-A via the milk. In the F1 generation, bisphenol-A treatment had no
effect on the fertility index, litter size, number of live pups per litter, sex ratio or mean pup weights
at birth. At necropsy of the F0 generation (controls and top dose group only), treatment-related
effects were seen at the highest dose level; for both sexes relative liver weight was increased about
28% and relative combined kidney/adrenal weight increased 10-16% compared to controls. No
histological changes were observed in female reproductive organs and no effect was observed on
the oestrous cycle. Overall, the signs of general systemic toxicity were not marked in this study and
therefore the effects on fertility are not considered to be a consequence of parental toxicity. At
necropsy of the F1 generation, treatment-related effects of similar magnitude were generally
observed in males and females; compared to controls, increased relative liver weights (6-29% ) and
kidney/adrenal weights (13-20%) were observed in all treated groups. No histological changes were
observed in the female reproductive organs. In this study, adverse effects on fertility, namely a
reduction in litter size and number of live pups per litter, were observed in each litter from the F0
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generation in the continuous breeding experiment at approximately 600 mg/kg and above, and at the
only dose level tested in the crossover breeding experiment, approximately 1,200 mg/kg. A
treatment-related decrease in the number of litters produced was also observed at 1,200 mg/kg
during the continuous breeding phase. These effects were observed in the absence of significant
parental toxicity. No effect on fertility was observed at 300 mg/kg, though no histopathology was
conducted on these animals. Histological examination was conducted on all F animals, and the only
effects observed were toxicity to the liver and kidney at all doses. No adverse effect on fertility was
observed in the F generation up to approximately 1,200 mg/kg, which might have been expected in
view of the observed effects on fertility in the F generation. Nevertheless, the absence of effects
following the single F mating does not detract from the reproducible results across the 4-5 litters
produced by each F generation pair. Therefore, overall, an adverse effect on fertility has been
observed with BPA at approximately 600mg/kg and above.
Tyl et al. performed two multigeneration studies in 2002 and 2008. The studies design and the
systemic toxicy findings are reported here with the results on females’ reproductive toxicity. The
results for the males are described below in the paragraph 4.11.2.1.6. The latest study is presented at
first because a lot of supplementary data were available allowing an in depth evaluation.
In 2008, a 2-generation study was performed according to the OECD guideline 416, in mice (Tyl et
al., 2008). Mice were exposed by gavage to 0, 0.018, 0.18, 1.8, 30, 300 and 3500 ppm (equivalent
to approximately 0.003, 0.03, 0.3, 5, 50 and 600 mg/kg bw/day) of BPA (purity 99.7%). The
positive control group was exposed to the 17β-estradiol, and the negative control group received
vehicle only. Each of the 8 groups was composed of 28 male and 28 female CD-1 mice (F0). Mice
were exposed 8 weeks prior to mating, and then from conception to adulthood (chronic exposure).
No toxicity was observed in the F0 or F1 generations and effects on the fertility were only observed
at the highest dose (3500 ppm: 600 mg/kg bw/d). Although it has been described in the paper that
systemic toxicity can be observed at this dose, a thorough observation of the data provided as
supplementary tables with the paper did not allow validating this statement. Indeed, F0 male body
weights (BW) were comparable all along the study between the various treatment groups and
control. As shown in figure 1, F1 male (parental and retained (not presented here)) have the same
growth curve as controls during the treatment period whatever the treatment group. The difference
observed comes from PND14’s BW. At this timepoint, 3500 ppm pups’ BW is lower by 10%
(compared to controls) and this difference persists along the entire treatment period (from day 0 on
the Figure 1 to mating period). 3500 ppm F2 pups are also smaller by 5% compared to controls at
PND14. The origin of this difference in BW is unclear as birth’s BWs are similar among the
different groups. This strongly suggests an impact of 3500 ppm-BPA exposure on lactation.
Interestingly, this BW difference persists in males treated with 3500 ppm of BPA although they eat
more than controls whatever the timepoint and the generation (food consumption of F1 parental sd
0 to 7 = control + 12.3%) but diseappears in females during direct treatment although treated
females do not eat more than controls.
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Figure 1 from (Tyl et al., 2008): F1 parental body weights during the prebreed and mating periods.

Signs of toxicity were observed as increased kidney and liver weight from 300 ppm and onward for
F0 males, from 0.018 ppm in F1 parental males, in F0 and F1 females and in F1 & F2 pups (male
and females) at 3500 ppm. However, these results suggest rather a strong and direct effect of BPA
on these organs than systemic toxicity.
Together with the effect of BPA on BW evolution depending on the sexe of the animals, another
finding points out the potential endocrine effect of BPA: Pituitary relative weight is increased in F1
parental and retained male at all doses (significant at 300 ppm). Only F0 E 2-treated males have this
finding. Detailed brain dissection was not performed and brain global was weighted in pups, so we
cannot confirm this finding in the next generation. Therefore, BPA exposure impacts the pituitary
gland after an in utero exposure that might affect fertility through sexual hormone modifications.
In females, most of the reproductive parameters (i.e. reproductive organ weights, ovarian primordial
follicles count, histopathology of ovaries and uterus, mating and fertility indices, litter size at birth,
sex ratio, percent of post-implantation loss) were unaffected by the treatment. Effect of BPA on
reproduction and the offspring were only observed at 3500 ppm. At this dose, BPA exposure
increased the length of the gestation by 0.3 days, reduced the body weight of the pups during
lactation, and F0 treated females were twice more in estrus compared to controls as shown in the
supplementary table 22 p. 6/7, line 5.
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 Rats
The effect of BPA on fertility was evaluated in an extensive oral two generation reproduction
toxicity study (Copy of the RAR-UK, Final report 2003, study considered as key study) in Crj;CD
(SD) IGS rats (Ema et al., 2001). The F0 generation consisted of groups of 25 rats per sex per group
administered 0, 0.2, 2, 20 and 200 μg/kg/day BPA by gavage during a premating period of 10
weeks for males and 2 weeks for females and a 2-week mating period. Males and females from each
group were randomly paired and co-habited for 2 weeks. Females were also administered the test
material during gestation and lactation. F0 males and females were sacrificed after the mating
period and weaning of F1 pups, respectively. Twenty-five male and female F1 generation offspring
from each group were retained after weaning for assessment of their reproductive capacity. F1
animals were administered bisphenol-A for a 10-week premating period and a 3-week mating
period (see below). Again, females received the test material during gestation and lactation, and
male and female parental animals were sacrificed at the same times used for the F0 generation.
Twenty-five male and female F2 generation offspring from each group were retained after weaning
for assessment of sexual maturation. Males and females were administered the test material until
they were sacrificed at the age of 7 and 14 weeks, respectively.
For all F0 and all reared F1 and F2 animals, observations and weighings were performed regularly.
In addition to determining reproductive capacity, various other parameters were assessed. Learning
tests were conducted using a water filled multiple T-maze with 6 male and 6 female F1 animals per
dose group at 5-6 weeks of age. Several reflex assessments were determined in 1 rat per sex per
litter until successfully completed. Sexual maturation (vaginal opening and preputial separation)
was determined in F1 and F2 parent animals, along AGD. After sacrifice, all F0 and F1 parent
animals were subjected to a thorough macroscopic and microscopic examination. In males, this
included examination and weighing of the epididymis, prostate and seminal vesicles (including the
coagulating gland). Serum testosterone, oestradiol, prolactin, LH, FSH, T3, T4 and TSH
concentrations were also determined in 6 animals per sex per group from the F0 and F1 generations.
Seminal vesicles and coagulating gland were weighed and subjected to histological examination.
The motility and morphology of sperm in the epididymis was also determined in F0 and F1 males.
All pups that were not selected for further assessment were sacrificed and also underwent
histopathological examination.
In parental animals, no clinical signs of toxicity, nor any effects on body weight gain, food intake or
treatment-related deaths were observed in any generation. No effect on behaviour (i.e. performance
in learning tests) was observed in F1 animals. Oestrus cycle, fertility index and the number of
implantations in F0 and F1 females were not affected by treatment with bisphenol-A. (The mating
period for F1 animals was extended for a week, as at the end of the first week mating was
confirmed in only 19/25 females administered 0.2 μg/kg/day, compared to 24/25,22/25, 23/25 and
21/24 at 0, 2, 20 and 200 μg/kg/day respectively. At the end of the 3-week mating period no
significant effect on the fertility index was observed between treated and control animals). No
significant differences were observed between BPA and control animals for the time to vaginal
opening. Compared to controls, a statistically significant decrease (<5%) in AGD was seen F1 and
F2 females at 20 and 200 μg/kg/day. These decreases were not statistically significant when the
ratio of the AGD to body weight was determined (the AGD is correlated with body weight). No
treatment related changes were observed in any of the serum hormone levels measured. BPA had no
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effect on sexual maturation or the oestrus cycle in F2 animals and F2 females, respectively. At
necropsy, no treatment-related macroscopic findings or organ weight changes were observed in F0
and F1 parental animals.
In the offspring (all live pups up to day 21), no clinical signs of toxicity or effects on body weight
gain during lactation were observed in F1 and F2 pups. No treatment-related changes were seen in
the litter size, survival, sex ratio, AGD and reflex ontogeny. At necropsy, no treatment related
macroscopic findings were observed in F1 and F2 pups.
In the oldest study (Tyl et al., 2002), exposure of males and females CD Sprague Dawley rats to
BPA (purity at 99.5%) administrated in the diet at 0, 0.015, 0.3, 4.5, 75, 750 or 7500 ppm (this
doses were equivalent in actual intake to 0.0007-0.003, 0.015-0.062, 0.22-0.73, 4.1-15.4, 37.6-167.2
and 434-1823 mg/kg bw/day in males and females respectively) for three generations was evaluated
under Good Laboratory Practice using the U.S. EPA OPPTS test guidelines (U.S EPA OPPTS
837.3800, 1998). 30 rats per sex and per dose were exposed 10 weeks prior to mating, and then for
males continued through a 2-week mating period and for an additional 3 weeks after mating.
Females were exposed from conception trough gestation and lactation. Males and females from a
same group were mate together, 3-generations of males and females were then studied. For each
generation 30 weanlings animals per sex and per dose were selected in order to become the parents
of the next generation, and 3 animals per sex and per litter were necropised and undergo further
analysis. Adult systemic toxicity were limited to reduced body weight due to lactational effects
together with smaller body weight gains (-22% of the F1 7500ppm treated males). However, feed
consumption did not show clear treatment-related effects. Although the data available for this study
are less detailed than for the study above, we can affirm from the previous study that the slight to
mild renal tubular degeneration and chronic hepatic inflammation observed in females for the three
generations at 750 and 7500 ppm is a strong and direct effect of BPA on these organs rather than
systemic toxicity.
Results show that there was no effect of BPA on estrous cycle length, paired ovarian primordial
follicle counts or in reproductive organs histology. Similarly, many reproductive parameters
including mating, fertility, pregnancy, dead pups per litter or percent post-implantation loss remain
unaffected in F0, F1, F2 females. However, at 7500 ppm, the number of implants, total pups and
live pups/litter at birth and on PND4 were reduced (p < 0.001) and the absolute and relative organ
paired ovary weights were decreased in F1, F2 and F3 offspring and adult (p < 0.05 and p < 0.001
respectively). In female offspring, AGD was significantly increased in the F2 generation at all
dietary doses, with the exception of the 75 and 7500ppm groups. The absolute age at vaginal
patency (days) was significantly delayed in the F1, F2 and F3 generations at 7500ppm (and at 75
ppm only for the F2 generation).
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4.11.1.1.6

Transgeneration exposure

In a more recent study by Hiyama et al. (2011), the transgenerational effects of BPA exposure on
the reproductive tract across generations were examined in F2 generation issued from F0 pregnant
ICR mice treated during GD12 to GD16 with sub-cutaneous injections at doses 100, 200, 500 or
1,000 mg/kg bw/d leading to a dose dependant increase in body weight. In this experiment, the F2
mice were never exposed directly. Decrease in the relative ovary weight at 200 and 500 mg/kg (p <
0.05), abnormal morphology such as expansion or emphraxis of the uterine lumen and partial loss
of the uterine epithelium were observed. Unmethylation of Hoxa 10 gene in the intron region was
also observed in the uterus at 100 and 200 mg/kg. These results suggest that BPA exposure during
the development in utero of the genital tract in F1 mice could alter the histology and methylation
pattern in the reproductive organ of F2 mice that hadn’t been exposed directly to BPA. DNA
methylation might be one of the ways that BPA induces the endocrine disruption. This publication
shows that BPA, through gene imprinting, could have transgenerationnal effects on the female
reproductive tract. Those data have not been reproduced so far.

4.11.1.1.7

o

Evaluation by effects

Effects on the reproductive tract and ovaries

Effects on the meiosis and on the oocyte development
In several studies, BPA has been shown to adversely affect chromosome segregation leading to
meiotic disturbances, including aneuploidy.
A recent study in Rhesus Monkey show that BPA induces subtle disturbances in the prophase
events that set the stage for chromosome segregation at the first meiotic division. The analyses of
third trimester fetuses exposed to single daily oral doses during the time of follicle formation
revealed an increase in multioocyte follicles analogous to that reported in rodents. (Hunt et al.,
2012)
Similarly, Susiarjo et al. showed that exposure to BPA from GD 11.5 to GD 18.5 (time of ovaries
isolation from female fetuses) via implanted time-release BPA pellets (20 µg/kg bw/d) in pregnant
C57BL/6 females displayed gross aberrations in meiotic prophase, including increased levels of
recombination leading to increased aneuploid eggs and embryos significant proportion of oocytes
prior to sexual maturation, reducing the pool of oocytes in the adult female. (Susiarjo et al., 2007).

Karavan et al. showed effect of subcutaneous injection (5 or 50 mg/kg bw/d) of BPA on neonatal
CD-1 mice : percentage of single oocyte was reduced from 84% in controls to 75.4% with for the
lower concentration of BPA (not significant) while the higher BPA concentration caused a
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significant drop to 68.6%.. The oocyte number per section (oocyte survival) was increased from 8 to
13 (low dose) and 15.8 (high dose). Control mice injected with peanut oil alone had 62.3%
primordial follicles, 27.9% primary follicles, and 9.7% secondary follicles. High and low
concentrations of BPA significantly increased the percent of primordial follicles to 89.5% and 81%,
respectively. While treatment with both concentrations of BPA did lower the percentage of primary
follicles, this effect was significant only for the higher concentration of BPA, which had 10.5%
primary follicles. Treatment with both concentrations of BPA also lowered the percentage of
secondary follicles to 0.8% and 0%, but this effect was not significant in both instances. (Karavan et
al., 2012).
Similar results were found in rat by Rodriguez et al. who assessed the influence of a BPA exposure
(subcutaneous/ postnatal) on the growth and maturation of follicles and demonstrated an effect at an
earlier stage of oocytes development, at the onset of meiosis in the fetal ovary. (Rodriguez et al.,
2010).
Treated juvenile female mice (20 to 22-day-old) with oral doses of BPA at 20, 40 or 100 µg/kg
bw/d for 6-8 days preceding oocytes collection and analysis induced a dose-related increase in the
level of abnormalities, leading to aneuploidy like non-disjunction at anaphase (Hunt et al., 2003).
In contrast, the guideline studies performed by Tyl on Sprague Dawley rats (Tyl et al., 2002) or
mice (Tyl et al., 2008) found no effect of BPA on ovarian primordial follicles count. The 2 other
guideline studies did not report this finding neither in mice (NTP, 1985b) nor in rat (Ema et al,
2001). The guideline studies contradict the other studies reported without straightforward
explanation of this discrepancy.

Effects on the reproductive tract and ovarian morphology
Many studies demonstrate that BPA exposure to pregnant females or ealy in life affected the
development of the genital tract of their female offspring at both the gross and cellular levels, long
after the exposure had ended. These malformations are resumed in the table 9. In most of the
studies, they are associated with ovarian morphology effects reported in table 8 thereafter. Ovarian
cysts are one of the most common abnormalities found in ovaries in rodent (Fernandez et al., 2010;
Adewale et al., 2009; Newbold et al., 2009; Newbold et al., 2007; Signorile et al., 2010).
In Balbc-C mice, Signorile et al. (2010) found that subcutaneous injections with 100 or 1000 µg/kg
bw/d of BPA in utero and during 7 days after birth (caused in 3-month old female offspring,
endometriosis-like structures in the adipose tissue surrounding the genital tract and increased
incidence of cystic ovaries, adenomatous hyperplasia with cystic endometrial hyperplasia, and
atypical hyperplasia (p = 0.085). No cases of malignancy were found in this study, but animals were
sacrified at 3 months of age and probably had no time to fully develop tumors (Signorile et al.,
2010).
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Prenatal (GD 9-16) exposure of females CD-1 mice to 1 µg/kg bw/day BPA led to benign ovarian
cysts to more severe ovarian lesions at 10, 100 or 1000 µg/kg bw/d, including progressive
proliferative lesions of the oviduct which occurrence seemed to increase following BPA exposure.
(Newbold et al., 2009)
Bosquiazzo et al. (2010) showed that treatement of newborn (PND 1, 3, 5 and 7) female Wistar rats
with subcutaneous injections of BPA (0, 0.05 mg/kg bw/d) decrease the uterine endothelial
proliferation of approximately 5% (p < 0.05) associated with a significant decrease (p < 0.05) in
Vascular Endothelial Growth Factor (VGEF) mRNA is observed at both doses while treating
ovariectomized rats with hormonal replacement.
Fernandez et al. demonstrates that neonatal exposure to high dose of BPA in female rats could be
linked with the development of polycystic ovarian syndrome in adulthood (Fernandez et al., 2010).
These syndromes were accompanied by infertility. At lower dose (2.5 - 6.2 mg/kg bw/d), females
delivered significantly fewer pups (p < 0.05) indicating subfertility, without impairment of
ovulation.Similarly, subcutaneous neonatal exposure to 50µg/kg bw/d and 50 mg/kg bw/d in
females Long Evans rats also induced at both dose ovarian malformations including cysts,
degenerated, multinucleated and hemorrhagic follicles. The number of corpora lutea was also
significantly lower at 50 mg/kg of BPA (p < 0.001). These malformations were associated with
accelerated pubertal timing and premature anestrus (Adewale et al., 2009).
In the study by Newbold et al., subcutaneous injections of 10, 100 or 1000µg/kg bw/d BPA of
female CD-1 mice treated neonatally (PND1-5) (Newbold et al., 2007) led to ovarian pathologies
(ovarian cysts, benign proliferative lesion, diminution of Corpora Lutea). Uterine pathologies
(benign invasion, precursor lesion to adenocarcinoma and nepoplasic lesion) were more common in
all treated groups as compared to the control (corn oil). As example, atypical hyperplasia of the
uterus occurred in 4% and 5% of the females treated with 10µg/kg and 100µg/kg respectively, but
not in the control group. However, only the increase in cystic ovaries (p ≤ 0.05) and cystic
endometrial hyperplasia (p < 0.01) in the 100 µg/kg bw/d treated group were statistically
signigicant.
No multigeneration study mentioned this type of effect.
Mechanisitic studies
A few studies have been conducted in order to pintpoint the mechanism of uterine effects of BPA.
The long term effect of BPA on the tissue morphology reported previously such as cystadenomas,
progressive proliferative lesions, atypical hyperplasia and stromal polyps may be due to a
deregulation of the tissue homeostasis which is the result of a fine balance between cell
proliferation, DNA synthesis, differentiation and cell death by apoptosis, processes that are highly
regulated. Several publications have reported in reproductive tract tissue such an alteration in
programmed cell death and in DNA synthesis, thus may contribute to carcinogenesis (MendozaRodríguez et al., 2011; Markey et al., 2005).
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Mendoza-Rodríguez et al. showed that oral exposure of females Wistar rats to BPA during
gestation and lactation induces in the 4 months old female offsprings a reduction in apoptotic cells
in uterin epithelium (p < 0.001) which is associated with an increase thickness of both uterine
epithelia and stroma (p < 0.05).
Administration of lower doses of BPA (25 and 250 ng/kg bw/d of BPA) via osmotic pumps
implanted into pregnant CD-1 mice dams from GD9 until PND4 induces alterations in the genital
tract of female offspring that are revealed during adulthood (3-months of age), including decreased
weight of the vagina of 20 mg (p < 0.01), and decreased volume of the endometrial lamina propria
of 11 mg (p < 0.05) observed at 250 ng/kg bw/d. These findings were assiocated at 250 ng/kg bw/d
with an increase of the DNA synthesis in the uterine epithelium in the absence of any apoptotic
change, suggesting modification of the balance proliferation/apopotosis leading to an increase
number of new cells. In contrast to Mendoza-Rodriguez’s results, the expression of ERα, revealed
by immunolocalization within the luminal epithelial cells, was increased by approximately 4-fold at
25 ng/kg bw/d (p < 0.05) and by 5-fold at 250 ng/kg bw/d (p < 0.01). The expression of the
progesterone receptor in the uterus was also observed increased by approximately 14-fold and 13fold at 25 and 250 ng/kg bw/d respectively (p < 0.01) (Markey et al., 2005).
Schönfelder et al. (2004) studied more especially the influence of BPA treatment in the protein
receptors ERα and ERβ expression and distribution in the uterus that may promote a uterine
disruption. Indeed, most of the estrogenic effects on the uterus are mediated by ERα which
regulates epithelial morphogenesis, cytodifferenciation, development and growth of the uterus. It
has also been demonstrated that ERβ can modulate the ERα-mediated gene transcription leading to
antiproliferative function in the uterus (Schönfelder et al., 2004). Gavage administration in gravid
Sprague-Dawley dams of 0.1 or 50 mg BPA/kg from GD6 through GD21 induces in adult offspring
an increase in ERα expression in the 50 mg/kg group (p < 0.05) whereas ERβ expression was
significantly decreased at both dose (p < 0.00001). These results were revealed by
immunohitochemistry and Western blot analysis. A decrease (-10%) of the thickness of the total
uterin epithelium was also observed during estrus (p < 0.05).
Varayoud et al., who later linked alteration of Hox gene expression with decreased implantation site
revealed the involvement of Hox gene in the onset of the uterus malformations. They examined by
RT-PCR in female Wistar rats whether early postnatal exposure to BPA at 20 or 0.05 mg/kg bw/d
on PND 1, 3, 5 and 7, alters Hoxa10 and Hoxa11 mRNA uterine expression, shortly after treatment
and in adulthood. The results show that BPA exposure at both doses induced a significant reduction
of the level of mRNA encoding Hoxa10 and Hoxa11 (by approximately 80 and 75% respectively, p
< 0.001) on PND8 and in adult females indicating that the Hoxa10 and Hoxa11 alteration persists
until adulthood. These alterations were associated with a decrease in stromal cell proliferation
(Varayoud et al., 2008).
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Contradictory results were reported by Smith and Taylor who found a dose-response increase in
uterine stromal cells Hoxa10 expression in 2 and 6 weeks old CD-1 mice exposed in utero from
GD9-GD16, to BPA at 0.5, 1, 5, 50 or 200 mg/kg (Smith and Taylor, 2007).
However, both studies show that Hox genes are targets of endocrine disruption. Those results
confirm that the expression of these genes is highly susceptible to exogenous parameters together
with windows of development.
Recently, the unmethylation of Hoxa 10 gene in the intron region was proposed as a vector of the
transgenerational effects of BPA exposure observed by Hiyama et al. (2011). Indeed, the ICR F2
mice were never exposed directly displayed a decreased relative ovary weight when issued from Fo
mice treated with 200 and 500 mg/kg (p < 0.05), abnormal morphology such as expansion or
emphraxis of the uterine lumen and partial loss of the uterine epithelium.

Table 8: Summary table of the BPA effects on the ovarian morphology in female animals
Species

Exposure
period

Dose
Route

Observations

References

Gestational exposure

Mice
CD-1 n = 5
females
/dose

Mouse
C57BL/6 No
data on the
number of
animals
/dose

GD9 – GD16

0.1, 1, 10,
100, 1000
µg/kg bw/d
Subcutaneous

20µg/kg/d
GD11.5 –
GD18.5

Implantation

Observations in adult females (18-months of
age)
-  cystic ovaries at 1µg/kg
- neoplasic lesions : cystadenomas at 10, 100
and 1000µg/kg
- progressive proliferative lesion of the
oviduct at all doses
- No data on the GLP / OECD guideline
compliance
Fetus oocytes analysis at GD18.5:
 in synaptic abnormalities (p < 0.0001)
 in the number of recombination aberrations
Oocytes analysis in offspring at 4-5 months of
age:
 I the average number of chiasmata per cell (p
< 0.01) and in the frequency of univalents (p <
0.05)

Newbold et al.,
2009

Susiarjo et al.,
2007

 in the number of hyperploidy in eggs (p
<0.001) and in embryos
No data on the GLP / OECD guideline
compliance
rhesus
monkey
(cohort 1: n
= 6 treated, 6
control;
cohort 2: n =
6 treated, 2
control)

In utero
second
trimester of
pregnancy
[gestational
day (GD) 50–
100],
and a late
exposure
during the
third trimester

1st cohort:
pieces of fruit
containing
400 μg/kg bw
of dBPA;
continuous
exposure via
subdermal
implant: 2.2
to 3.3 ng/mL
of

disturbances in the prophase events that set the
stage for chromosome segregation at the first
meiotic division.
Increase in multioocyte follicles
Persistent unenclosed oocytes in the medullary
region and small, nongrowing oocytes in
secondary and antral follicles.

Hunt et al.,
2012
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(GD 100–
term)

unconjuated
dBPA
Perinatal exposure

Mice
Balbc-C
6 females /
dose

CD1 outbred
mouse strain

GD1 – PND7

100 – 1000
µg/kg bw/d
Subcutaneous

(PND) 1–4

(1) 5 mg/kg/d
or 10 µg per
pup and (2)
50 mg/kg/d
or 100 µg per
pup.
Subcutaneous

Observations in adult females (3-months of age)
-  cystic ovaries at both doses (p = 0.008)
- No data on the GLP / OECD guideline
compliance
Cyst breakdown, oocyte survival and follicle
development altered.
Single oocyte from 84% in controls to 50–
75%. The oocyte number per section was
increased from 8 to 12–16. Follicle activation
was reduced with 62% primordial follicles in
controls to over 80% in most cases.

Signorile et al.,
2010

Karavan et al.,
2012

Postnatal exposure

Rat
Long-Evans
10-12
females /
group.

PND1- PND3

Subcutaneous

Mice
CD-1
24 females
pups / dose.

PND1- PND5

Rat
Sprague
Dawley
No data on
the number
of
dams/dose. 7
to 8 pups per
litter

PND1PND10

Rat
Wistar
The number
of animals
per treatment
group was at
least 8.

50µg/kg
bw/d
50 mg/kg
bw/d

10 - 100 1000
µg/kg bw/d
Subcutaneous

2,5, 62.5
mg/kg bw/d
Subcutaneous

0.05 or 20
mg/kg/d
Subcutaneous
PND1, 3, 5
and 7

 cystic ovaries at both doses
 in the number of corpora lutea at 50
mg/kg (p < 0.001)
- Presence of hemorrhagic follicles at
50µg/kg
- Presence of multinucleated and hemorrhagic
follicles at 50 mg/kg
- No data on the GLP / OECD guideline
compliance
Observations in adult females (18-months of
age)
-  cystic ovaries at 100µg/kg (p ≤ 0.05)
-  corpora lutea as the dose increased
- para-ovarian cysts of mesonephric origin at
all doses
- progressive proliferative lesion of the
oviduct at all doses
- No data on the GLP/ OECD guideline
compliance
Observations in adult females (4, 5-months of
age)
-  of the ovarian weight at all doses
-  cystic ovaries at at doses ranging from 25
to 62.5 mg/kg
-  in the number of corpora lutea at doses
ranging from 25 to 62.5 mg/kg
-  in the number of atretic follicles at doses
ranging from 25 to 62.5 mg/kg
-  in the number of antral follciles at all
doses
- No data on the GLP /OECD guideline
compliance
Observations in females on PND8:
-  in the percentage of primordial follicles at
20 mg/kg (p < 0.001)
-  in the percentage of recruited follicles at
20 mg/kg (p < 0.001)
-  in p27 protein expression in primordial
and recruited follicles
-  in ERβ expression in recruited follicles at
-

Adewale et al.,
2009

Newbold et al.,
2007

Fernandez et al.,
2010

Rodriguez et al.,
2010
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-

-

20 mg/kg (p < 0.01)
 in ERα expression in primary follicles at
20 mg/kg (p < 0.05)
No effect on multioocyte follicles incidence,
oocytes survival, apoptosis and on PR
expression
No data on the GLP /OECD guideline
compliance

Prepubertal exposure
Mouse
C57BL/6
No data on
the nb of
animals per
dose

Oocytes analysis at the end of the treatment:
Mice of 2022-days of age
were treated
for 6-8days

20, 40 or 100
µg/kg/d
Oral (gavage)

 in congression failure (p < 0.05) at all doses
Dose-related increase in the level of meiotic
abnormalities
No data on the GLP /OECD guideline
compliance

Hunt et al.,
2003

Multigenerationnal exposure

Rat
IGS (SD)
rats
25 rats /sex
/group
administered

Rat SpragueDawley
30
males/dose,
30
females/dose

2 generation
study similar
to OECD 416
(Deviations:
*Female
treated for 2
weeks only
before mating.

0, 0.2, 2, 20
and 200
μg/kg/day

Oral by
gavage

Effect not reported.

Ema et al.,
2001

*Low doses
used)
Exposure from
10 weeks
before mating
until PND21

0.001, 0.02,
0.3, 5, 50 or
500

 number of total and live pups per litter at birth at
7500ppm for F1, F2 and F3.

mg/kg/d

According to EPA OPPTS 837.38000, 1998

(3 generations)

Tyl et al.,
2002

GLP compliant study
Oral

Mice
CD-1
(n= 20/
treated
group/ sex,
n= 40/
control
group/ sex)

Continuous
breeding study
(Task 1, dosefinding; Task
2, continuous
breeding
phase; Task 3,
identification
of the affected
sex, and Task
4, offspring
assessment.)

0, 0.25, 0.5
or 1.0%
(daily
intakes BPA
estimated 0,
300 or 325,
600 or 650
and 1,200 or
1300 mg/kg
for males or
females resp.

Effect not reported.

NTP, 1985b

In diet
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Mice
CD-1
N=28
animal/dose

Exposure from
8 weeks before
mating until
PND21

0.003, 0.03,
0.3, 5, 50 or
600

No effect on fertility, litter size

mg/kg/d

Follow OECD guideline 416 (two generation
reproduction toxicity study), TG 416 enhanced

(2 generations)

Tyl et al.,
2008

GLP compliant study
Oral
Trans-generational exposure

Mice
ICR
No data on
the nb of
animals /
dose

100, 200,
500 or 1000
mg/kg bw/d
Subcutaneous
GD12GD16 in the
F0
generation

Observations in the F2 generation at 8 weeks of
age:
 in the relative ovary weight at 200 and 500 mg/kg
(p < 0.05)

Hiyama et al.,
2011

No data on the GLP/OECD guideline compliance
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Table 9: Summary table of the BPA effects on the uterus morphology in female animals
Species

Exposure
period

Dose
Route

Observations

References

Gestational exposure
Mice
CD-1 n = 5
females/dose

GD9 –
GD16

0.1, 1, 10, 100,
1000
µg/kg bw/d
Subcutaneous

Observations in adult females (18-months of age)
Benign lesions:
- Adenomatous hyperplasia with Cystic
Endometrial Hyperplasia (CEH) at 1 and
100µg/kg
Precursor lesions to adenocarcinoma:
- Atypical hyperplasia at 0.1µg/kg (21%),
1µk/kg (15%), 1000µg/kg (8%)
Neoplasic lesions:
- Squamous metaplasia at 1 and 100µg/kg
- Endometrial polyps at 0.1, 1 and 10 µg/kg
- No data on GLP/OECD guideline compliance

Newbold et
al., 2009

Perinatal exposure
Mouse
CD-1
6-10 females
/ dose.

GD9 –
PND4

Balbc-C
Mice
6
females/dose

GD1 –
PND7

Rat
Wistar
5 females
/dose.

GD6 –
PND21

25, 250
ng/kg bw/d
Implant

100, 1000
µg/kg bw/d
Subcutaneous
1.2 mg/kg bw/d
Oral in drinking
water

Observations in adult females (3-months of age)
-  of the volume of the endometrial lamina
propria at 250 ng/kg
-  DNA synthesis in the uterine epithelium at
250 ng/kg
- No data on GLP/OECD guideline compliance
Observations in adult females (3-months of age)
Benign lesions:
- 25% of Adenomatous hyperplasia with CEH at
both doses
Precursor lesions to adenocarcinoma:
- Atypical hyperplasia at both doses (p = 0.085)
- No data on GLP/OECD guideline compliance
-

 thickness of uterine epithelia and stroma
 apoptotic cells in the uterin epithelium
No data on GLP/OECD guideline compliance

Markey et al.,
2005

Signorile et
al., 2010

MendozaRodriguez et
al., 2011

Post-natal exposure

Mice
CD-1
24 females
pups / dose.

PND1PND5

10, 100, 1000
µg/kg bw/d
Subcutaneous

Observations in adult females (18-months of age)
Benign lesions:
- CEH at 100 µg/kg (p < 0.01)
- Adenomyosis at all doses
- Uterine leiomyomas at all doses
Precursor lesions to adenocarcinoma:
- Atypical hyperplasia at 10 and 100 µg/kg
Neoplasic lesions:
- Stromal polyps at 100µg/kg (25%)
- No data on GLP/OECD guideline compliance

Newbold et
al., 2007

Multigenerationnal exposure
None of the multigeneration study report this endpoint
Trans-generational exposure
Mice
ICR
No data on
the nb of
animals /

Subcutaneous

100, 200,
500 or 1000
mg/kg bw/d
GD12-

Observations in the F2 generation at 8 weeks of
age:
abnormal morphology such as expansion or
emphraxis of the uterine lumen and partial loss of
the uterine epithelium

Hiyama et
al., 2011
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dose

o

GD16 in the
F0
generation

No data on the GLP/OECD guideline compliance

Effets on the age at puberty

The vaginal opening time is conventionally considered as a reliable external sign of puberty.
Another indicator is the first vaginal estrus which is highly correlated with first post-pubertal
ovulation.
Studies with exposure limited to pregnancy reported effects consistent with an acceleration of
puberty in female mice exposed in utero assessed by the age at vaginal opening and/or the age at
first estrus (Honma et al., 2002; Howdeshell et al., 1999; Nikaido et al., 2004).
Surprisingly, BPA treatment in rats during exposure period encompassing the second half of
gestation and the lactation period until puberty, do not reveal any effect of BPA on the age at
vaginal opening and/or at first estrus. (Kwon et al., 2000; Ryan et al., 2010; Takagi et al., 2004;
Yoshida et al., 2004; Rubin et al., 2001). Other publication indicated more variable results in rats :
An increase in the age of vaginal opening (VO) in the Alderley Park rats was observed at the
highest dose evaluated (50 mg/kg bw/d) tested by gavage during gestation while no effect were
detected in Sprague Dawley (Tinwell et al., 2002). Similarly to the study by Tinwell et al.
Howdeshell’s team did not demonstrate any changes in puberty age in male Long-Evans hooded
rats exposed daily by oral route during pregnancy through lactation. However, the latest study
showed a decreased duration of 2.5 days between vaginal opening and first vaginal estrus after BPA
intrauterine exposure. (Howdeshell et al., 1999)
Early postanal exposure induces an advanced age at vaginal opening for a broad range of dose (50
µg/kg bw/d to 6 mg/kg bw/d) via subcutaneous injections both in rats and mice (Adewale et al.,
2009; Fernandez et al., 2009; Nah et al., 2011).
No effect on the age at puberty was generated by a peripubertal exposure to BPA in mice (Nikaido
et al., 2005) while multigenerational studies tend to show an effect in rats and mice (Tyl et al.,
2002& 2008)
In summary, experiments in rodents following an in utero exposure point out a possible effect of
BPA on accelerating the puberty. This effect is also seen after an early postnatal exposure.
However, when exposed in utero together during lactation, the age of puberty is not modified
suggesting complex sensitivity windows regarding this endpoint. Results from rodent studies on
that endpoint are not easily interpretable and difficult to reproduced pending on window and
duration of exposure.
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Table 10: Summary table of the BPA effects on the age at puberty in female animals
Species

Exposure
period

Dose
Route

Observations

Reference

Gestational exposure
Mouse
CF-1
21 females
/dose.

GD11 –
GD17

2.4 µg/kg bw/d

-

Oral gavage
-

Mouse
ICR Jcl
10 females
/ dose.

GD11GD17

2, 20 µg/kg
bw/d

-

Subcutaneous
-

Mouse
CD-1
12 females
/dose
Sheep
Suffolk
10
pregnant
females.

GD15 –
GD19
GD30 –
GD90

0.5, 10
mg/kg bw/d
Subcutaneous

-

5mg/kg bw/d

-

Subcutaneous

-

-

No effect on the age at vaginal opening
 number of days of 2.5 days between
vaginal opening and first vaginal estrus (p <
0.05)
No data on GLP/OECD guideline
compliance
Advanced age at vaginal opening (ca. 1 day)
at 20µg (p < 0.01)
Advanced age at first estrus (ca. 1 day) at
20µg (p < 0.05)
No data on GLP/OECD guideline
compliance
Advanced age at vaginal opening (1 or
2days) at 10 mg (p < 0.01)
No data on GLP/OECD guideline
compliance
No effect on the age at first estrus
determined with progesterone level
No data on GLP/OECD guideline
compliance

Howdeshell et
al., 1999

Honma et al.,
2002

Nikaido et
al.,2004

Savabieasfahani
et al., 2006

Perinatal exposure
Rat
Donryu
0.006
mg/kg/d
group: 15
females
6 mg/kg/d
group: 19
females
Rat
Sprague
Dawley
6 females /
dose.
Rat
Long
Evans
13 - 29
females /
dose in
block 1
6 - 14
females /
dose in
block 2
Rat
Sprague
Dawley
8 pregnant
females /
dose

GD2 –
PND21

0.006, 6
mg/kg bw/d
Oral gavage

GD6 – end
of lactation
period
GD7 –
PND18

0.1, 1.2
mg/kg bw/d

-

No effect on the age at vaginal opening
No data on GLP/OECD guideline
compliance

Yoshida et al.,
2004

-

No effect on the age at vaginal opening
No data on GLP/OECD guideline
compliance

Rubin et al.,
2001

-

No effect on the age at vaginal opening
No data on GLP/OECD guideline
compliance

Ryan et al.,
2010

-

No effect on the age at vaginal opening
No effect on the age at first estrus
No data on GLP/OECD guideline
compliance

Kwon et al.,
2000

Oral: in
drinking water
2, 20, 200
µg/kg bw/d
Oral

GD11 –
PND20

3.2, 32, 320
mg/kg bw/d
Oral gavage
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Rat
Sprague
Dawley
5-6
dams/group
6 pups for
PND-10

GD15 –
PND10

Ranging from 7
to 300 mg/kg
bw/d
Oral

-

No effect on the age at vaginal opening
No data on GLP/OECD guideline
compliance

Takagi et al.,
2004

Post-natal exposure
Rat
LongEvans
10-12
females /
group.
Rat
Sprague
Dawley
11-15
females
/group
Mice
ICR
15 females
per dose

PND1PND3

50µg/kg bw/d
50 mg/kg bw/d

-

Advanced age at vaginal opening (2 days) at
50µg (p < 0.01) but not at 50mg
No data on GLP/OECD guideline compliance

Subcutaneous

PND1PND10

PND8

Ranging from
2.5 to 62.5
mg/kg bw/d

-

Subcutaneous

-

0.1, 1, 10, 100
mg/kg bw

-

Subcutaneous

Advanced age at vaginal opening of 2 days
at dose ranging from 2.5 to 6.2 mg/kg and of
4 days at dose ranging from 25 to 62.5
mg/kg. (p < 0.05).
No data on GLP/OECD guideline
compliance

Advanced age at vaginal opening (1 or 2
days) at all doses (p < 0.05).
No data on GLP/OECD guideline compliance

Adewale et al.,
2009

Fernandez et
al., 2009

Nah et al., 2011

Peri-pubertal exposure
Mice
ICR
No data on
the nb of
animal per
dose

4 days from
15 to 18
days of age

10 mg/kg bw/d
Subcutaneous

- No effect on the age at vaginal opening
No data on GLP/OECD guideline compliance

Nikaido et al.,
2005

Muligenerational exposure
Rat
SpragueDawley
30
males/dose
30 females
/dose

Exposure
from 10
weeks
before
mating until
PND21

Mice
CD-1
N=28
animals
/dose

Exposure
from 8
weeks
before
mating until
PND21

0.001, 0.02, 0.3,
5, 50 or 500
mg/kg/d
Oral

The absolute age at puberty (evaluated by
the age at vaginal patency) was delayed in
the F2 generation at 50mg/kg and in the F1,
F2 and F3 generations at 500 mg/kg.
According to EPA OPPTS 837.38000, 1998

Tyl et al.,
20021

GLP compliant study

(3 generations)

(2 generations)

-

0.003, 0.03, 0.3,
5, 50 or 600
mg/kg/d
Oral

-

No effect on the absolute age at puberty at
any dose (evaluated by the age at vaginal
patency) at any dose.
- Vaginal patency was accelerated when
adjusted for the PND21 body weight at
600mg/kg
Follow OECD guideline 416 (two generation
reproduction toxicity study), TG 416 enhanced

Tyl et al., 2008

GLP compliant study
-

1

This is the same study as Tyl 2000 named in the EU RAR from UK.
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Effects on the estrous cycle

Altered patterns of estrous cycle in the female offspring of dams exposed during gestation and/or
lactation have been reported in several studies. In most cases, BPA treatment induces significantly
longer estrous cycle. It has been demonstrated that not only extended periods of estrus were seen,
but also extended period of diestrus (Rubin et al., 2001; Mendoza-Rodriguez et al., 2011; Nikaido
et al., 2004; Honma et al., 2002; Tyl et al., 2008). Another study revealed also premature anestrus
(Adewale et al., 2009).
Similarly, Mendoza-Rodriguez et al., observed in 79.2% of female rats exposed perinatally from
GD6 through PND21 to 1.2 mg/kg bw/d of BPA irregular estrous cycles characterized by
predominant persistent estrus or persistent diestrus (Mendoza-Rodriguez et al., 2011). MendozaRodríguez et al. showed that oral exposure of female Wistar rats to BPA during gestation and
lactation induces in the 4 months old female offsprings a modification of the estrous cyclicity and a
down regulation of the protein Estrogen Receptor α (ERα) in uterin cells on estrus day were also
described by immunohistochemistry (Mendoza-Rodríguez et al., 2011).
Estrous cycle alteration characterized by an elongated cycle length of 3 days in average (p < 0.01)
due to prolonged diestrus phase (p < 0.01) and reduced age at puberty was also reported by Nikaido
et al. on CD-1 mice exposed in utero for four days from GD15 to GD 19 to 0.5 or 10 mg/kg/day of
BPA via subcutaneous injections in pregnant dams (Nikaido et al., 2004).
In contrast, 2 studies failed to revealed significant differences in patterns of estrous cycle after
perinatal exposure to high levels of BPA (Kwon et al., 2000), or after a prepubertal exposure
(Nikaido et al., 2005). Kwon et al. hypothesize that this lack of effect may be due to insensitivity of
Sprague-Dawley rats to endocrine-mediated toxicity. This is confirmed by the Tyl et al. study (Tyl
et al., 2002). Similarly, ICR mice have been described as being insensitive to estrogen (Nagao et
al., 2002). Therefore, the effect of BPA on estrous cycle of females form strains sensitive to
estrogen is highly reproducible.

Table 8: Summary table of the BPA effects on the estrous cycle in female animals
Species

Exposure
period

Dose
route

Observations

Reference

Gestational exposure
Mouse
CD-1
12 females
/dose
Mouse
ICR Jcl
10 females /
dose.

GD15 –
GD19

0.5, 10
mg/kg bw/d
Subcutaneous

GD11- GD17

2, 20
µg/kg bw/d
Subcutaneous

 the length of the estrous cycle of 3 days by
prolonging diestrus (p < 0.01).
No data on the GLP/OECD guideline
compliance
 the length of the estrous cycle of 1 day at
both dose (p ≤ 0.05).
No data on the GLP/OECD guideline
compliance

Nikaido et
al.,2004

Honma et al.,
2002
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Rat
Wistar
5
females/dose

GD6 –
PND21

Rat
Sprague
Dawley
6 females /
dose.

GD6 – end of
lactation
period

Rat
Sprague
Dawley
8 pregnant
females /
dose

GD11 –
PND20

Perinatal exposure
79.2% of female offspring had irregular cycles
1.2 mg/kg
characterized by predominant persistent estrus
bw/d
and few persistent diestrus.
Oral in
No data on the GLP/OECD guideline
drinking water compliance
At 1.2 mg/kg:
0.1, 1.2
79% of females at 4 months of age (p < 0.0001)
mg/kg bw/d
and 77% of females at 6 months of age (p <
0.005) had irregular cycles characterized by
Oral: in
extended diestrus, proestrus or estrus periods.
drinking water No data on the GLP/OECD guideline
compliance
3.2, 32, 320
mg/kg bw/d

No effect on estrous cycle in 4-month old
female at any dose.
No data on the GLP/OECD guideline
compliance

Oral gavage

MendozaRodriguez et
al., 2011

Rubin et al.,
2001

Kwon et al.,
2000

Postnatal exposure
Rat
Long-Evans
10-12
females /
group.
Rat
Sprague
Dawley
11-15
females
/group
Mice
ICR
No data on
the nb of
animals/dose

50µg/kg bw/d
50 mg/kg bw/d
PND1- PND3

PND1PND10

Subcutaneous

Ranging from
2.5 to 62.5
mg/kg bw/d
Subcutaneous

4 days from
15 to 18 days
of age

At 50µg/kg:
14% of females were not cycling anymore by
15 weeks after vaginal opening.
At 50mg/kg:
67% of females were not cycling anymore by
15 weeks after vaginal opening.
No data on the GLP/OECD guideline
compliance
At dose ranging from 25 to 62.5 mg/kg:
Irregular estrous cycle with extended estrus
period by 72% (p < 0.05).
No data on the GLP/OECD guideline
compliance

Prebubetal exposure
10 mg/kgbw/d
No effect on estrous cycle.
Subcutaneous No data on the GLP/OECD
compliance

guideline

Adewale et
al., 2009

Fernandez et
al., 2009

Nikaido et al.,
2005

Muligenerational exposure
Rat
SpragueDawley
30
males/dose
30 females
/dose
Mice
CD-1
N=28
animals/dose

Exposure
from 10
weeks before
mating until
PND21

0.001, 0.02,
0.3, 5, 50 or
500 mg/kg/d
Oral

No effect on estrous cycle lenght.
According to EPA OPPTS 837.38000, 1998
GLP compliant study

Tyl et al.,
2002

(3 generations)

Exposure
from 8 weeks
before mating
until PND21

0.003, 0.03,
0.3, 5, 50 or
600 mg/kg/d

(2 generations)

Oral

F0 treated females were twice more in estrus as
compared to controls at 600 mg/kg
Follow OECD guideline 416 (two generation
reproduction toxicity study), TG 416 enhanced

Tyl et al.,
2008

GLP compliant study
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Effects on the hyphotalamic-hypophyseal axis

Awakening of the gonadotropic system at puberty and its proper function later in life, critically
depends on the adequate functional organization of the hypothalamic GnRH (Gonadotropin
Releasing Hormone) network at early stages of development. Early BPA exposure during the period
of brain sexual differentiation may exert indirect effects on reproductive tract tissue by altering the
function of the hypothalamic-pituitary-gonadal axis, an effect that would become apparent after
puberty, long after exposure to BPA have ceased (Navarro et al., 2009) .
 In rodents
In rodents the period from late embryonic to early postnatal age, defines the critical window of
brain sex differentiation. Exposure to BPA during this period causes modifications in the pattern of
the hypothalamic-pituitary hormones secretion. These modifications may be responsible for long
term disturbance on the reproductive function. (Fernandez et al., 2010; Rubin et al., 2001; Navarro
et al., 2009; Patisaul et al., 2009 ; Brannick et al., 2012).
Recently, Brannick et al. showed that prenatal exposure to BPA increases pituitary gonadotroph
development in females: pregnant mice were administered 0.5 µg/kg/day BPA, 50 µg/kg/day BPA,
or vehicle beginning on GD 10.5 trough 18.5. At parturition, pituitaries from female offspring
exposed in utero to either dose of BPA had increased proliferation, as assessed by mKi67 mRNA
levels and immunohistochemistry. Coincidently, gonadotroph number also increased in both treated
females LH (p=0.029, p=0.049) and FSH (p=0.020, p=0.002) immunoreactive cells as the
average percent of positive cells /to total cells in the anterior pituitary compared to vehicle controls.
However, they observed a dichotomy between mRNA levels of Lhb and Fshb (gene encoding for
the beta subunit of their respective hormone LHand FSH). Female mice exposed to 0.5µg/kg/day
BPA had increased mRNA levels of gonadotropins and the GnRH receptor (Gnrhr), which mediates
GnRH regulation of gonadotropin production and release. In contrast, mice treated with
50µg/kg/day BPA had decreased gonadotropin mRNA levels, Gnrhr and Nr5a1, a transcription
factor required for gonadotroph differentiation. No other pituitary hormones were altered on the day
of birth in response to in utero BPA exposure and male pituitaries showed no change in the
parameters tested. These data show that it is difficult to describe precise mode of action of BPA,
which effect is implicated in multiple pathways regulated by numerous key players.
As presented before, Rubin et al. exposed Sprague Dawley dams via drinking water from day 6 of
gestation through the period of lactation to 0.1 or 1.2 mg BPA/kg bw/day. Offspring perinatally
exposed to the high dose of BPA exhibited altered patterns of estrous cycle and decreased levels of
plasma luteinizing hormone (LH) of 19% (p < 0.001) after ovariectomization in adulthood (Rubin et
al., 2001).
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As presented before, Fernandez et al. reported that female Sprague Dawley rats exposed via
subcutaneous injections for 10 days after birth to doses ranging from 2.5 to 62.5 mg BPA/kg/day,
accelerated GnRH pulse frequency in hypothalamic explants associated with increased serum
testosterone and estradiol levels by approximately 30% (p < 0.05), reduced progesterone levels (p <
0.05) and a decrease of the fertility in adulthood (Fernandez et al., 2010).
In contrast, Adewale et al., suggest that BPA disrupts ovarian development but not the ability of
GnRH neurons to respond to steroid-positive feedback which potentiates the surge in GnRH and,
subsequently, luteinizing hormone (LH) that precedes ovulation. Indeed, FOS protein induction in
hypothalamic gonadotropic (GnRH) neurons (an indicator of GnRH activation) after hormone
priming was not significantly reduced in the BPA-treated groups whereas it was decreased in the
positive control group (estradiol benzoate). In this study, females Long Evans rats were neonatally
exposed from PND1 to 3 by subcutaneous injections of BPA at 50µg/kg or 50mg/kg. This study,
however, assumes the same mode of action for estradiol benzoate and BPA and shows the
complexity of hormonal homeostasis in the scope of sexual differenciation (Adewale et al., 2009
described pg 21).

Mechanistic data
Several authors studied deeply the mechanism by which BPA exposure impairs the pubertal
maturation and the gonadotropic function, and in particular the implication of Kisspeptins (KISS) a
family of neuropeptides encoded by the KiSS-1 gene. Growing evidence suggests that kisspeptin
neurons play a significant role in the regulation of pubertal onset, ovulation and the release of preovulatory GnRH. In rodents, KISS neurons reside in both the anterior ventral periventricular
(AVPV) and the arcuate (ARC) nuclei. These two populations are thought to have distinctly
different functional roles: the AVPV population is thought to be critical for the regulation of steroid
positive feedback and the initiation of the pre-ovulatory surge of GnRH in females, while the ARC
population is thought to be important for steroid negative feedback in both sexes.
In Wistar rats, subcutaneous injections of boluses of BPA at 100 and 500µg/rat from day 1 through
day 5 after birth was shown to diminish significantly by approximately 64% (p < 0.01) the relative
expression levels of KiSS-1 mRNA in the hypothalamus of pre-pubertal male and females animals
of 30 days of age. These effects persist into adulthood in males of 75 days of age (Navarro et al.,
2009).
Similarly, Patisaul et al. studied in adult female Long Evans rats the effects of neonatal
subcutaneous exposure to BPA at 50 µg/kg bw or 50 mg/kg bw on KISS immunoreactivity (-ir) in
AVPV and the ARC using estradiol benzoate (EB) and an ERα selective agonist, the propylpyrazoletriol (PPT) as positive controls. ARC KISS-ir levels following ovariectomy and hormone
priming, were significantly diminished in the high dose of BPA and in the EB groups (p < 0.03)
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whereas, AVPV KISS-ir was significantly lower in the EB and PPT groups but not in the BPA
groups (Patisaul et al., 2009).
These studies show that influences of xenobiotics are as wide as they are different and highlight the
fact that BPA can exert a neuroendocrine effect on the hypothalamo-pituitary axis. However, subtle
effect of BPA on the hypothalamus is difficult to demonstrate and interpret as it is interspersed in
complex feedback loop.
 In sheeps
Sheep is a good model for examining this critical issue related to reproduction because their ovarian
cycle, steroid, and GnRH secretion patterns are very similar to that of women and because the
distribution of ERα and ERβ, the activation of GnRH neurons relative to the estradiol-induced LH
surge and the critical period of sexual differentiation in sheep have been well characterized.
Prenatal treatment of Suffolk ewes with subcutaneous injections of BPA (5 mg/kg/d GD 30 to 90)
caused an increase in LH concentration by 2-fold (p < 0.05) and prolonged the first breeding season
of 1 month (p < 0.05) which is suggestive of a reduced sensitivity to estradiol negative feedback, it
also reduces the magnitude of the LH surge after estrous cycle synchronization with prostaglandine
F2α (Savabieasfahani et al., 2006). Similarly, long term exposure during the prepubertal period
demonstrate that BPA can suppress LH secretion in ovariectomized sheep and can thus exert
negative feedback effects on gonadotropin secretion (Evans et al., 2004). The same treatment was
administrated in female sheep of 4-5 months of age for 8 weeks. The mean LH pulse frequency and
basal concentrations, but not the amplitude, were slightly decreased from the sixth week of
treatment. (Collet et al., 2010).
Collet et al. also investigate the impact of acute BPA exposure by treating prebubertal female
sheeps for 54h hours with IV infusion at 0.5, 1, 2.5, 5, 10, 20, 40 and 80 mg/kg bw/d. The inhibitory
effect of BPA appeared to follow a dual mechanism of action. At the highest doses, i.e, 40 mg/kg
bw and upward, BPA triggered an immediate (within 1 hour) inhibition of LH secretion suggesting
a non-genomic pathway at the pituitary level. By contrast, at lower levels, BPA still inhibited the
LH pulse frequency but only after a 48-h period of latency, a delay consistent with a genomic
effect. Similar qualitative events were observed with the 17-β estradiol used as positive control but
for lower plasma concentrations: the lowest plasma concentration of estradiol associated with
inhibition of pulsatile secretion of LH is 2 pg/mL versus 38 ng/mL for BPA (Collet et al., 2010).

Table 9: Summary table of the BPA effects on the hyphotalamic-hypophyseal axis in female animals
Species

Exposure
period

Dose
Route

Observations

References

Gestational exposure
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 in mean LH concentration at 1 month of age (p <
0.05) →reduced sensitivity to estradiol negative
feedback
- Prolonged first breeding season. of 1 month
(p < 0.05).
-  of the LH pulse amplitude after estrus
synchronization with PGF2α at 10 months of age
- No data on GLP/OECD guideline compliance
Observation in adult offspring (21 months) after estrus
synchronization with PGF2α
-  in GnRH and ERβ mRNA expression in the
medial preoptic area (p < 0.05 and p < 0.001)
-  in ERα expression in the medial preoptic area
(p < 0.05)
- No data on GLP/OECD guideline compliance
Sheep
N = 10
pregnant
females

GD30 –
GD90

Sheep
No data
on the nb
of
animals
/dose

GD30 –
GD90

5 mg/kg/d
Subcutaneous

5 mg/kg/d
Subcutaneous

Savabieasfahani
et al., 2006

Mahoney et
Padmanabhan,
2010

Perinatal exposure
Rat
Sprague
Dawley
6
females/
dose

GD6 – end
of lactation
period

0.1 or 1.2
mg/kg/d
via drinking
water

Observation in ovariectomized females 3 months after
the ovariectomization:
-  in plasma LH level of ca 19% at 1.2 mg/kg
(p < 0.001)
- No data on the GLP/OECD guideline compliance

Rubin et al.,
2001

Post natal exposure
Rat
Long
Evans
10-12
females /
group.
Rat
LongEvans
N= 8-11
females /
dose
6-11
males
/dose
Rat
Wistar
10
animals/
sex /
dose
Rat
Sprague
Dawley
No data
on the nb
of
animals/
dose
Sheep
Poll
Dorset
6 females
/ group.

PND1PND3

50µg/kg/d or
50mg/kg/d
Subcutaneous

PND0PND3

50µg/kg/d or
50 mg/kg/d
Subcutaneous

PND1 –
PND5

100 – 500
µg/rat
Subcutaneous

PND0 –
PND10

7 weeks
from the
4th week of
life

2.5 to 62.5
mg/kg/d
Subcutaneous

3.5 mg/kg
biweekly
Intramuscular

Observations in adult female ovariectomized on PND148
and after hormone replacement:
- No effect on FOS-induction in hypothalamic
gonadotropic neurons
- No data on the GLP/OECD guideline compliance

Adewale et al.,
2009

Observations in adult female ovariectomized on PND148
and after hormone replacement:
-  of the KISS-ir levels in the ARC at 50 mg/kg (p <
0.03)
- No effects on the KISS-ir in the AVPV at any dose
- No data on the GLP/OECD guideline compliance

Patisaul et al.,
2009

Observations in prepubertal females of 30d of age:
- of ca 64% the relative expression levels of KiSS-1
mRNA in the hypothalamus at both doses (p < 0.01)
- No data on GLP/OECD guideline compliance

Navarro et al.,
2009

Observations in hypothalamic explants from females at
4-5 months of age:
-  in GnRH pulse frequency
- No data on GLP/OECD guideline compliance
Observations in ovariectomized sheep during the 7th
week of treatment:
-  of the mean basal LH concentration (p < 0.05) and
of the LH pulse amplitude and frequency(p < 0.005)
→ negative feedback effects of BPA on

Fernandez et al.,
2010

Evans et al.,
2004
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-

gonadotropin secretion.
No data on GLP/OECD guideline compliance

Prepubertal exposure

Sheep
Lacaune
3
females/
dose

8 weeks
from the
5th month
of life

Sheep
Lacaune
5
females/
dose

54h from
the 3th or
4th month
of life

o

3.5 mg/kg
biweekly
Intramuscular
0.5, 1, 2.5, 5,
10, 20, 40 or
80
mg/kg bw/d
IV infusion

Observations during the treatment:
-  of the mean LH pulse frequency and basal
concentrations, but not the amplitude after 6 weeks
of treatment (p < 0.05)
- No effect after 1 and 5 weeks of treatment
- No data on GLP/OECD guideline compliance
Observations during the infusion:
- Abolition of the LH pulse at 40 and 80 mg/kg
immediately after the beginning of the infusion.
-  of the LH pulse frequency only after a 48-h period
of latency at 20, 5 and 2.5 mg/kg
- No effect at 0.5 and 1 mg/kg
- No data on GLP/OECD guideline compliance

Collet et al.,
2010

Effets on the female reproductive capacities

These multiple effects mentioned above after an exposure to BPA during early development might
be expected to compromise overall reproductive success. Several authors tested the hypothesis that
these BPA-associated alterations may contribute to diminish the reproductive capacity of females.
Adult female Wistar rats treated with subcutaneous injections of BPA (20 or 0.05 mg/kg bw/d)
while newborn (PND 1, 3, 5 and 7) displayed a significantly lower (- 25%; p < 0.05) number of
implantation sites (day 18 of pregnancy ) compared to controls. In addition, a tendency to have a
higher number of resorptions, an indicator of post-implantation loss, was also observed (Varayoud
et al., 2011).
Fernandez et al., investigated whether neonatal exposure to subcutaneous injections of BPA impairs
ovulation and/or fertility. At dose ranging from 2.5 to 6.2 mg/kg, animals delivered significantly
fewer pups, (3 pups in less as compared to the control, p < 0.05), indicating subfertility and at the
highest doses (25 to 62.5 mg/kg) animals were infertile (Fernandez et al., 2010).
In contrast to Cabaton et al. study’s results, females Long Evans rats whom mother were orally
exposed to doses of BPA ranging from 2 to 200 µg/kg bw/day during pregnancy from GD7 through
PND18, did not show any alteration in age at puberty, sexual behavior or in fertility and fecundity
in a 4 months breeding protocol. However, the authors emphasized that the sample sizes were very
small and thus the result are not conclusive (Ryan et al., 2010).
In the two studies by Tyl (Tyl et al., 2002 & 2008), described in the paragraph 4.11.1.1.3, no effect
of BPA on fecundity was shown exept at the highest dose in the 3rd generation study (Tyl et al.,
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2002). Indeed, at 7500ppm (500 mg/kg/d), reduced total and live litter sizes were observed on
PND0 for F1, F2 and F3. This might be due to preimplantation loss and/ or fewer eggs ovulated at
this dose. The relatively marginal data obtained from the 2 key multigeneration studies (Tyl et al.
2002 et ema et al., 2001) could be explained by the low sensitivity of SD rats to estrogenic
coumpounds. (Kwon et al., 2000).
Berger et al. investigated the impact of BPA exposure during the first 5 days of gestation, timing
that coincides with the period of implantationupon pregnancy in CF-1 mice. High subcutaneous
injection (3,375 mg/day and 10,125 mg/day) resulted in a significant decrease in the average
number of pups (p < 0.05 and p < 0.01, respectively) and there was a significant reduction by
approximately 70% (p < 0.001) in the number of females that gave birth at 10,125 mg/animal/day
only. Then they treated mice via oral route with diet contaminated with either 3 or 6% of BPA.
None of the animals treated with the 6% contaminated food (corresponding to a dose level of 68 mg
BPA/animal/day) was parturient although in controls animals, 11 of 12 were parturient (p < 0.001)
(Berger et al., 2007). In 2008, Berger assessed the impact of acute and repeated subcutaneous
administration of BPA (6,75 and 10,125 mg/animal/day (approximately 200 mg/kg/d and 300
mg/kg/d, respectively)) upon intrauterine implantation of fertilized ova (GD1-4) and urinary levels
of 17β-estradiol and progesterone in inseminated female mice. At 6.25 mg no animals showed any
implantation sites, while only one animal did at the 10.125 mg dose (p < 0.0001). This disruption in
implantation coincided with a decrease in urinary progesterone levels seen from day 2 to 5 of
pregnancy at 10.125 mg (p < 0.0005). A single injection of 10,125 mg/animal when given on day 0
or 1, and a single injection of 6.75 mg/animal on day 0 were sufficient to disrupt implantation,
indicating effects of just one exposure. However, lower environmentally relevant doses did not
affect pregnancy, implantation, or hormonal output. These results indicate that previously observed
reductions in litter size in response to BPA may be mediated by a disruption of intrauterine
blastocyst implantation rather than post-implantation effects (Berger et al., 2008). These results
were confirmed in a third study (Berger et al., 2010)
Al Hiyasat et al. demonstrated in female Swiss mice that BPA exposure during adulthood induced
no effect on the number of pregnancies, implantations or in the number of viable fetuses but
resulted in a significant increase (p < 0.01 at 25 µg/kg and p < 0.05 at 100µg/kg) in the total number
of resorptions out of the total number of implantations.

The differences observed between these studies are difficult to explain based on strain sensitivity to
estradiol as Sprague Dawley rats are found responders (Fernandez et al., 2010; Tyl et al;, 2002)
whereas results on mice CD-1 are contradictory depending on the studies (Cabaton et al;, 2010; Tyl
et al;, 2008). It is not surprinsing that fecundity is the result of complex mechanism that are difficult
to modulate experimentally.
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Table 10: Summary table of the BPA effects on the fertility in female animals
Species

Exposure period

Dose
Route

Observations

Reference

Gestational exposure

Mouse
ICR Jcl

GD11- GD17

10
females/dose

2, 20
µg/kg bw/d
Subcutaneous

No effect on the total number of
pups per mother and on sex ratio
No data on the GLP/OECD
guideline compliance

Honma et
al., 2002

Perinatal exposure
Rat Long
Evans
13 - 29
females /
dose in
block 1
6 - 14
females /
dose in
block 2
Mouse
CD-1
18-20
females
/dose

GD7 – PND18

2 to 200
µg/kg bw/d
Oral gavage

0.025, 0.25, 25
µg/kg bw/d
GD8 – PND16
Subcutaneous
implant

-

No effect on the total number of
pups per mother

-

No data on the GLP/OECD
guideline compliance

-

Alteration in fertility:  the number
of pregnancies at 25µg/kg (p =
0.024)
Alteration in fecundity:  of the
number of pups born per litter at
0.25 and 25µg/kg
No data on the GLP/OECD
guideline compliance

-

-

Ryan et al.,
2010

Cabaton et
al., 2010

Postnatal exposure

Rat
Wistar
Treatment:
28-33
female pups
per dose.
Prebubertal
study: 20-25
females per
dose.
Adult study:
8 females
per dose.

Subcutaneous

Rat
Wistar
BPA at
0.05mg/kg:
n=17
BPA at 20

Subcutaneous

0.05 or 20 mg/kg/d
PND1, 3, 5 and 7

0.05 or 20 mg/kg/d
PND1, 3, 5 and 7

Observations in prebubertal females (on
PND8)
 in Hoxa10 and Hoxa11 mRNA uterine
expression at both doses (p < 0.001)
Observations in adult ovariectomized
females (90-d old)
 in stromal cell proliferation at both
doses (p < 0.001)
 in ERα expression at 0.05 mg/kg (p <
0.05)
 in Hoxa10 mRNA uterine expression
at both doses (p < 0.001)
 in Hoxa11 mRNA uterin expression at
0.05 mg/kg (p < 0.05)
No effect on the methylation pattern of
Hoxa10 promoter
No data on GLP/OECD guideline
compliance
Observations in adult females (80-d old)
 in the number of implantation sites on
day 18 of pregnancy at 20 mg/kg (p <
0.05)
 of the number of resorptions site on
day 18 of pregnancy at both doses

Varayoud et
al., 2008

Varayoud et
al., 2011
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mg/kg: n=20

Rat
Sprague
Dawley
No data on
the nb of
animals/
dose

PND1- PND10

Ranging from
0.25 to 62.5
mg/kg bw/d
Subcutaneous

 in the ERα and PR mRNA levels on
day 5 of pregnancy at both doses (p <
0.05)
 in Hoxa10 uterine expression on day 5
of pregnancy at both doses (p < 0.05)
No effect on the number of Corpora
Lutea and on E2 and P serum levels
No data on GLP/OECD guideline
compliance
- Infertility at doses ranging from 25
to 62.5 mg
- Subfertility at doses ranging from
2.5 to 6.2 mg
- No effect at doses ranging from 0.25
to 0.62 mg
- No data on GLP/OECD guideline
compliance

Fernandez
et al., 2010

Multigenerationnal exposure
Rat
IGS (SD)
rats
25 rats /sex
/group
administered

Rat
SpragueDawley
30
males/dose,
30
females/dose

Mice
CD-1
N=28
animal/dose

Mice
CD-1
(n= 20/
treated
group/ sex,
n= 40/
control
group/ sex)

2 generation study
similar to OECD
416 (Deviations:
*Female treated for
2 weeks only
before mating.

0, 0.2, 2, 20 and
200 μg/kg/day

Oral by gavage

No effect on behaviour (i.e. performance
in learning tests) , oestrus cycle, fertility
index and the number of implantations in
F0 and F1 females were not affected by
treatment with BPA. Absolute AGD
decreased but no more relevant when
correlated with BW (decreased).

Ema et al.,
2001

*Low doses used)
Exposure from 10
weeks before
mating until
PND21
(3 generations)

0.001, 0.02, 0.3, 5,
50 or 500
mg/kg/d
Oral

-

Overall no effect.
Reduced number of total and live
pups per litter at birth at 7500ppm
for F1, F2 and F3.
According to EPA OPPTS 837.38000,
1998

Tyl et al.,
2002

GLP compliant study
Exposure from 8
weeks before
mating until
PND21
(2 generations)

0.003, 0.03, 0.3, 5,
50 or 600
mg/kg/d

- No effect on fertility, litter size
Follow OECD guideline 416 (two
generation reproduction toxicity study),
TG 416 enhanced

Oral

Tyl et al.,
2008

GLP compliant study
Continuous
breeding study
(Task 1, dosefinding; Task 2,
continuous
breeding phase;
Task 3,
identification of the
affected sex, and
Task 4, offspring
assessment.)

0, 0.25, 0.5 or 1.0%
(daily intakes BPA
estimated 0, 300 or
325, 600 or 650 and
1,200 or 1300
mg/kg for males or
females resp.
In diet

Adverse effect on fertility : statistically
significant / ctrl in the number of
litters produced / pair (4.5 and 4.7
compared to 5.0 for ctrls), litter size
(6.5 and 9.8 compared to 12.2 for
controls) and the number of live
pups per litter (6.3 and 9.7 compared
to 12.1 for controls) in the high and
mid-dose group. The litter size
reductions occurred across all
matings and =f(dose-related). No
effects on fertility were observed in
the low-dose group. A statistically
significant  in litter size (controls:

NTP, 1985b
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11.4, treated males: 9.1, treated
females: 5.9) and number of live
pups per litter (controls: 11.3,
treated males: 8.4, treated females:
5.5) were observed in the cross-over
mating. In the continuous breeding
phase, a statistically significant  in
live pup weight (6%) on postnatal
day 0 was observed in females at the
top dose after adjustment for litter
size, including live and still births.
In the continuous breeding phase a
small but statistically significant 
in body weight gain (4%) was only
observed in treated females at study
termination. No effect on the sex
ratio in the F1 generation.
Possibility that there may be potential
effects on pups due to exposure to
BPA via the milk. In the F1
generation, BPA treatment had no
effect on the fertility index, litter
size, number of live pups per litter,
sex ratio or mean pup weights at
birth.

Conclusion on female reproductive system in animals:
CCl RAR UK 2003
The effects of bisphenol-A on fertility and reproductive performance have been investigated in
three good quality studies: two generation and multigeneration studies in the rat, and a continuous
breeding study in the mouse. Although no effect on fertility was seen in the rat twogeneration study,
low-dose levels were employed (0.2-200 μg/kg/day). In the multigeneration study, an effect on
fertility (reduction in litter size) was seen in all three generations at the top dose of 500 mg/kg.
Although this effect was seen only at a dose level causing parental toxicity (a reduction in body
weight gain (>13%) in both sexes and renal tubule degeneration in females only), it is not clear
whether or not the finding could be a secondary consequence of parental toxicity, or a direct effect
of bisphenol-A. In the light of this uncertainty, and given that an adverse effect on fertility has been
seen in the mouse, it is prudent to assume that bisphenol-A may be having a direct effect on fertility
in this study. No effects on fertility were seen at 50 mg/kg. The continuous breeding study in the
mouse provides some evidence that bisphenol-A can cause adverse effects on fertility. In the F0
generation, no effects on fertility were seen at 300 mg/kg/day, but at dose levels of approximately
600 mg/kg/day and above, reductions in the numbers of litters produced, litter size and numbers of
live pups per litter were observed in each of the 4-5 litters produced. These effects were observed in
the absence of significant parental toxicity. In contrast, no adverse effects on fertility were observed
in the single litter tested at each dose level from the F1 generation. A statistically significant and
dose-related decrease in epididymal weight was seen at all doses in the F1 generation. However, the
significance of this finding is uncertain given that there was no effect on fertility in this generation,
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and where an adverse effect on fertility was seen (in the F0 generation), there was no effect on
epididymal weight. In spite of the uncertainty, the epididymis is associated with sperm transport and
storage, and any reduction in the weight of this organ would be of concern.
Conclusion CLH report
In animals various effects have been observed on female reproductive tract morphology and
function and on fertility. Most of the studies were performed in rodents, and sometimes in sheeps,
during a prenatal, neonatal, or postnatal period. A very few were realized in order to assess the
impact of BPA exposure in adulthood.
Many ovarian and uterine malformations following an in utero and/or postnatal exposure to BPA
were described. Concerning the ovarian abnormalities, the increase occurrence of ovarian cysts was
found in all studies investigating the influence of BPA on ovarian morphology and can thus be
considered as a proven effect (Fernandez et al., 2010; Adewale et al., 2009; Newbold et al., 2009;
Newbold et al., 2007; Signorile et al., 2010). More over, in some studies this increase in ovarian
cyst was very important. As example, 67% of females treated in utero with 1 µg/kg bw/d showed
cysts (Newbold et al., 2009). More severe lesions were also found in ovaries including progressive
proliferative lesions of the oviduct but this effect was seen in only 2 studies (Newbold et al., 2007;
Newbold et al., 2009). Concerning the oocytes development, meiotic abnormalities leading to
aneuploidy were demonstrated in three studies with different exposure period (prenatal, postnatal or
prepubertal exposure) (Hunt et al., 2003; Susiarjo et al., 2007; Rodriguez et al., 2010). However,
too few studies on this subject are available and it is thus difficult to draw conclusions.
BPA also induces changes in the uterus morphology in several studies. Benign lesion like
endometrial hyperplasia, or atypical hyperplasia which is a precursor lesion to adenocarcinoma
were revealed in three studies following in utero exposure (Newbold et al., 2009), perinatal
exposure (Signorile et al., 2010) or postnatal exposure (Newbold et al., 2007). Malignant invasions
(squamous metaplasia or polyps) were also described in the two studies performed by Newbold
(Newbold et al., 2007; Newbold et al., 2009). Although these effects were significant, it is again
difficult to conclude due to the lack of studies.
Concerning the age at puberty, a large discrepancy exists between the studies. A significant
advanced age at puberty was reported for a broad range of dose (2µg/kg to 100mg/kg) following an
in utero (Howdeshell et al., 1999; Honma et al., 2002; Nikaido et al., 2004) or an early postanal
exposure period (Adewale et al., 2009; Fernandez et al., 2009; Nah et al., 2011). In contrast, and
without being able to explain, oral treatment during exposure period encompassing the second half
of gestation and the lactation period do not reveal any effect of BPA on the puberty timing (Yoshida
et al., 2004; Rubin et al., 2001; Ryan et al., 2010; Kwon et al., 2000). The delayed puberty
observed in the high dose group of the multigeneration study was proposed to be due to reduced
body weight (Tyl et al., 2002).
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Consistent results were reported in 6 studies for an adverse effect of BPA on the estrous cycle,
including irregular and prolonged cycles, following either prenatal (Nikaido et al., 2004; Honma et
al., 2002), perinatal (Mendoza-Rodriguez et al., 2011; Rubin et al., 200) or postnatal exposure
(Adewale et al., 2009; Fernandez et al., 2009). 2 studies, however, failed to reveal an effect of BPA
on the estrous cycle (Kwon et al., 2000 and Nikaido et al., 2005in species shown to be insensitive to
estrogen-mediated toxicity. Concerning the study by Nikaido, performed just before the puberty, the
window of exposure different from the others studies could explain the absence of effect.
All the studies investigating effect on the hypothalamic-hypophyseal axis on rodents and on sheeps
show that BPA can influence the pattern of GnRH or LH secretion but a subtle effect of BPA is
difficult to demonstrate as it is interspersed in the feedback loop and it depends on both the
exposure and observation periods. However, a decrease in LH concentration and in LH pulse
amplitude, suggesting a negative feedback exerts by BPA, was found in several studies in sheeps
and in rats after a gestational, perinatal postnatal and prepubertal exposure (Savabieasfahani et al.,
2006; Rubin et al., 2001; Evans et al., 2004; Colet et al., 2010) and can thus be considered as a
proven effect.
A decline in reproductive capacity, ie a decrease in the number of pregnancies and a decrease in the
number of pups born, was observed when exposure occurs in utero and during the lactation period
(Cabaton et al., 2010) or during the first days of life only (Fernandez et al., 2010). By contrast, in
the study performed by Honma, in utero exposure to BPA didn’t affect the female reproductive
ability assessed by the total number of pups born (Honma et al., 2002). However, the observations
in this study were limited to the first pregnancy of the offspring exposed during gestation and both
Honma and Cabaton highlighted the importance to include repetitive breeding protocol and to not
limit the observations to the first pregnancy in order to observe an effect on fertility and/or
fecundity. Another study, Ryan et al., 2010, failed to demonstrate an effect of BPA on the
fecundity. However, the authors emphasized that the sample sizes were very small leading to results
not very conclusive. Finally, Tyl et al. did demonstrate this effect in all 3 generations tested but
only at high doses (Tyl et al., 2002 see below).
When exposure occurs during adulthood, BPA induces an increase in total number of resorption
after intragastrically administration (Al Hiyasat et al., 2004) or induces a decrease of the number of
pregnancies and implantations following subcutenaous injections (Berger et al., 2007, 2008 and
2010). This effect was also found after a postnatal exposure (Bosquiazzo et al., 2010 and Varayoud
et al., 2011) and can thus be considered as proven for these two windows of exposure. In the 3generation study performed by Tyl, although the percent of post-implantation loss was unaffected,
the number of implants, total pups, and live pups per litter were significantly reduced at 7500 ppm
for all generations but not in the 2nd study up to 3500ppm (Tyl et al., 2008). The authors do not
explain this difference. The decrease observed is probably due to pre-implantation loss that could
not be evaluated in this study, by the time the parental females were scarified. However, as
demonstrated in the studies performed by Berger et al., decrase in litter size seems to be mediated
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by a disruption of intrauterine blastocyst implantation rather than by a post-implantation effect.
Therefore it can’t be excluded that the decrease in implants and the reduced live litter size at birth
observed in this study may result from a pre-implantation disruption.
Table 11: Summary table of the BPA effects on the female reproductive tract in animals
Species

Routes

Dose
Exposure Period

Effects

References

Observations in F1 offsprings at 4 months of age
 the thickness of the total uterine epithelium at 50
mg/kg (p< 0.05)
 ERα expression at 50 mg/kg
 ERβ expression at both doses
No data on GLP/OECD guideline compliance

Schönfelder et
al., 2004

Gestational exposure
Rat
SpragueDawley
N= 6
female
offspring
per dose.

Oral

0.1 or 50 mg/kg/d

(gavage)

GD6- GD21

Observations in F1 offsprings of 16 or 18-months
of age

Mouse
CD-1
n=5
females/
dose

0.1 - 1 - 10 - 100
and 1000 µg /kg
bw/d
Subcutaneous
GD9 - GD16

Ovarian modifications:
-  cysts at 1µg/kg,
-  neoplasic lesions
- progressive proliferative lesion in the oviduct
Uterine modifications :
- cystic endometrial hyperplasia at 1, 10, 100
and 1000 µg/kg
-  adenomatous hyperplasia at 1 and 100 µg/kg
-  atypical hyperplasia at 0.1, 1 and 1000 µg/kg
-  endometrial polyps at 0.1, 1 and 10 µg/kg

Newbold et
al., 2009

Mammary mass were seen at 1 and 1000 µg/kg
No data on GLP/OECD guideline compliance
Mouce
CD-1
At least
three
pregnant
females
received
each
dose of
BPA.

Observations in females of 2- or 6-weeks of age
Intraperitoneally

0.5, 1, 5, 50 or 200
mg/kg/d
GD9 – GD16

 in uterine stromal Hoxa 10 expression at 0.5, 1
and 5 mg/kg (p < 0.01)

Smith and
Taylor, 2007

No data on GLP/OECD guideline compliance

 in body weight on PND22
Mouse
CF-1
21
females
/dose.

Oral

2.4 µg/kg/d
(n = 21)
GD11 – GD17

 of the number of days between VO and first
estrus in females that was positioned in utero
between two females or between one female and
one male (p < 0.01)

Howdeshell et
al., 1999

No data on GLP/OECD guideline compliance
Mouse
ICR
10
females/
dose

2 or 20 µg/kg/d
(n = 10/dose)
Subcutaneous
GD11- GD17

Observations in F1 females:
 in body weight on PND22 at both doses (p <
0.05)  in body weight on PND60 at 20µg/kg only
(p < 0.05)

Honma et al.,
2002
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 in AGD on PND22 at 2 µg/kg
Advanced age at VO (p < 0.01) and at first estrus (p
< 0.05) at 20µg/kg
 in estrous cycle length (1 day) at both doses (p <
0.05)
No effect on the total number of pups and sex ratio
in a F1 reproductive capacity study
No data on the GLP/OECD guideline compliance

Mouse
C57BL/6
No data
on the nb
of
animals /
dose

Mouse
CD-1
n = 12
females /
dose

Fetus oocytes analysis at GD18.5:
 in synaptic abnormalities (p < 0.0001)
 in the number of recombination aberrations
Implantation

20µg/kg/d
GD11.5 – GD18.5

Subcutaneous

0.5 - 10
mg/kg bw/d
GD15-GD18

Oocytes analysis in offspring at 4-5 months of age:
 I the average number of chiasmata per cell (p <
0.01) and in the frequency of univalents (p < 0.05)
 in the number of hyperploidy in eggs (p <0.001)
and in embryos
No data on the GLP compliance/ OECD guideline
Observations in F1 offsprings
 body weight at 16 weeks of age at both doses
Advanced pubertal onset at 10mg/kg
 cycle length due tu elongated diestrus phase at
both doses
 corpora lutea in mice at 4 weeks old only at both
doses
 vaginal cornification in mice without corpora
lutea
Accelerated mammarian gland diferenciation at
weeks of age only at both doses
No modification in uterus morphology
No data on the GLP compliance/ OECD guideline

Susiarjo et al.,
2007

Nikaido et al.,
2004

Observations in F1 offsprings
Ewe
Suffolk
N = 10
pregnant
females

5 mg/kg bw/d
Subcutaneous
GD30 - GD90

 body weight at birth
LH concentration in prebubertal females
Modification of LH preovulatory surge

Savabieasfaha
ni et al., 2006

No effect on the age at puberty
No data on GLP/OECD guideline compliance
Observations in F1 euthanized adults

Sheep
No data
on the nb
of
animals/
dose

Subcutaneous

5 mg/kg bw/d

 ERα and  ERβ expression in the medial
preoptic area

GD30 - GD90

 GnRH expression in the medial preoptic area

Mahoney et
Padmanabhan,
2010

No data on GLP/OECD guideline compliance
Perinatal exposure
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Observations in F1 offspring (3 months of age)
Ovarian malformations :
-  cystic ovaries at both doses
- No modification in the number of the corpora
lutea

Mouse
Balb-C
6 females
/ dose

Subcutaneous

100 - 1 000
µg/kg bw/d
GD1 - PND7

Uterine malformations :
- adenomatous hyperplasia with cystic
endometrial
- hyperplasia at both doses
-  atypical hyperplasia

Signorile et
al., 2010

 endometriosis-like structure in the adipose tissue
surrounding the genital tracts at both doses
BPA was found in the liver of treated mice and
female offsprings
No data on the GLP/OECD guideline compliance

Rat
Donryu

Oral
(gavage)

0.006 or 6
mg/kg/d
GD2 – PND20

Rat
Wistar
5
females/
dose

Oral
(drinking
water)

10 mg/L in drinking
water
Aproximate dose :
1.2 mg/kg bw/d
GD6 - PND21

1 or 10 mg/l in
drinking water
Rat
SpragueDawley
6
females/
dose

Oral
(drinking
water)

6-10
females /

Subcutaneous

Observations in F1 offsprings
irregular estrous cycle
 thickness of the uterine epithelia and stroma
 of apoptotic cells in the uterine epithelium
 ER-α receptor expression in uterine epithelium
on estrus day

Yoshida et al.,
2004

MendozaRodríguez et
al., 2011

No modification in estradiol and progesterone
serum levels
No data on the GLP/OECD guideline compliance
Observations in F1 offsprings
 body weight in newborn and adult animals at
both doses
Irregular estrous cycle at 1.2mg/kg

Approximate dose:
0.1 or 1.2
mg/kg bw/d

GD6 - End of
lactation period

Mouse
CD-1

Observations in female offspring
No effect on:
- The age at VO,
- estrous cycle,
- uterine cell proliferation
- uterine ERα expression
- serum FSH and LH levels

0.025 – 0.25
µg/kg bw/d

(implantation)
GD9 - PND4

 LH plasma levels after ovariectomy at 1.2 mg/kg

Rubin et al.,
2001

No modification in pubertal timing, anogenital
distance, or in macroscopic morphology in genital
tract tissue
No uterotropic response after ovariectomy was
observed in adult females
No data on the GLP/OECD guideline compliance
Observations in F1 offsprings
Reproductive tract abnormalities (vagina weight,
 volume of the endometrial lamina propia at
0.25µg)

Markey et al.,
2005
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dose.

Mouse
CD-1
18-20
females/
dose

Alteration in DNA synthesis in the uterine
epithelium at 0.25µg
 expression of ERα and PR receptors in uterine
epithelium at both doses
No data on the GLP/OECD guideline compliance
 cumulative number of pups at 0.025 and 25
µg/kg (nonmonotonic dose-response effect)
Subcutaneous
(implantation)

0.025 - 0.25 - 25
μg/kg bw/d
GD8 - PND16

 fertility (total number of litters per dam) at 25
µg/kg

Cabaton et al.,
2010

 fecundity (number of pups born at each delivery)
at 0.25 and 25 µg/kg
No data on the GLP/OECD guideline compliance

Rat
LongEvans
13 - 29
females /
dose in
block 1
6 - 14
females /
dose in
block 2

Rat
SpragueDawley
8
pregnant
females/
dose

Oral
(gavage)

2 - 20 - 200
μg/kg bw/d

No effect in any parameters observed (F0 and F1
weight, anogenital distance, age at puberty,
reproductive tract morphology, fertility, fecundity,
or sexual dimorphic behaviors)

Ryan et al.,
2010

GD7 - PND18
No data on the GLP/OECD guideline compliance

Oral
(gavage)

3.2, 32 or 320
mg/kg/d
(n = 8/dose)
GD11 – PND20

Observations in F1 females:
No effect on :
- the number of live pups per litter and body
weights of live pups on PND1 or 7.
- the age at vaginal opening and the age at first
estrus.
- the estrous cycle
- the lordosis behavior
- the volume of the SDN-POA
- the morphology of ovaries and uteri.
No data on the GLP/OECD guideline compliance

Kwon et al.,
2000

Postnatal exposure
Observation in females at adulthood
advanced pubertal onset (at 50µg/kg bw/d only)
Rat
LongEvans

 number of acyclic animals
Subcutaneous

10-12
females /
group.

50 - 50 000
µg/kg bw/d
PND0-PND3

 ovarian malformations ( cysts,  corpora lutea,
follicle hemorrhage and degeneration)

(Adewale et
al., 2009

No modification of the sexual behavior (lordosis
quotient)
No modification in FOS expression within GnRH
neurons
No data on GLP/OECD guideline compliance
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Observations in females of 18-months of age

Mouse
CD-1
24
females
pups /
dose.

10 - 100 - 1000
µg/kg bw/d
Subcutaneous
PND1- PND5

Ovarian modifications:
-  cysts at 100µg/kg
- decreasing trend in corpora lutea as the dose
increased
- progressive proliferative lesion in the oviduct
Uterine modifications:
- cystic endometrial hyperplasia at 100µg/kg
- Increasing trend in number of adenomyosis,
atypical hyperplasia, leiomyomas, stromal
polyp and enlarged mesonephric duct remnants

(Newbold et
al., 2007)

No modification in body weight
No data on the GLP/OECD guideline compliance
 in GnRH-induced LH secretion at 500µg (p <
0.05)
Rat
SpragueDawley
11 – 15
females/
group

Subcutaneous

50 µg/50µL
(2.5 – 6.2 mg/kg),
500 µg/50µL
(25 – 62.5 mg/kg)

No effect on GnRH-induced FSH secretion
 GnRH pulsatility in ex-vivo study at both doses

Fernandez et
al., 2009

Advanced age at VO at both doses (p < 0.05)
PND1 – PND10

Irregular estrous cycle at 500µg (p < 0.05)
No data on the GLP/OECD guideline compliance

Rat
SpragueDawley
No data
on the nb
of
animals/
dose

5 µg/50µL
(0.25 – 0.62mg/kg)

Subcutaneous

50 µg/50µL
(2.5 – 6.2 mg/kg),
500 µg/50µL
(25 – 62.5 mg/kg)

PND1 - PND10
Rat
Long
Evans
8-11
females /
dose
6-11
males
/dose
Rat
Wistar
10
animals /
sex /

Subcutaneous

50 µg/kg bw/d or
50 mg/kg bw/d
PND1-PND5

Subcutaneous

100 - 500
µg/animal
PND1 - 5

reduced fertility at 50µg and total infertility at
500µg
 ovarian malformations ( ovarian weight in all
doses,  cysts,  corpora lutea, and  atretic
follicle) at 500µg
 testosterone and estradiol serum levels and
 progesterone level in all doses

(Fernandez et
al., 2010)

alteration in GnRH secretion in vitro at 50 and
500µg
No data on GLP/OECD guideline compliance
Observations in adult females
 in KISS immunoreactivity in the ARC nuclei at
50 mg/kg bw/d
No modification in the KISS-ir in the AVPV at
both doses.
Observations in adult males
No effects on the KISS-ir in both AVPV and ARC
nuclei
No data on GLP/OECD guideline compliance

(Patisaul et al.,
2009)

Observations in prepubertal male and females
 in relative expression of KISS-1 m-RNA in the
hypothalamus at both doses.
No data on GLP/OECD guideline compliance

(Navarro et
al., 2009)
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dose.

Rat
Wistar
8 females
per dose.

Rat
Wistar
Treatmen
t: 28-33
female
pups per
dose.
Prebuber
tal study:
20-25
females
per dose.
Adult
study: 8
females
per dose.

0.05 or 20 mg/kg/d
Subcutaneous
PND1, 3, 5 and 7

0.05 or 20 mg/kg/d
Subcutaneous
PND1, 3, 5 and 7

Rat
Wistar
BPA at
0.05mg/k
g: n=17
BPA at
20
mg/kg:
n=20

Subcutaneous

Rat
Wistar
The
number
of
animals
per
treatment
group
was at

Subcutaneous

0.05 or 20 mg/kg/d
PND1, 3, 5 and 7

0.05 or 20 mg/kg/d
PND1, 3, 5 and 7

Observations in adult ovariectomized females (90-d
old)
 in the endothelial proliferative response to
ovarian steroid treatment at both doses (p < 0.05)
 in VGEF mRNA levels at both doses (p < 0.05)
 of the ERα uterine subepithelial expression at
0.05 mg/kg (p < 0.05)
 of the NCOR1 subepithelial expression at both
doses (p < 0.05)
No effect on the PR subepithelial expression
No data on GLP/OECD guideline compliance

Bosquiazzo et
al., 2010

Observations in prebubertal females (on PND8)
 in Hoxa10 and Hoxa11 mRNA uterine
expression at both doses (p < 0.001)
Observations in adult ovariectomized females (90-d
old)
 in stromal cell proliferation at both doses (p <
0.001)
 in ERα expression at 0.05 mg/kg (p < 0.05)
 in Hoxa10 mRNA uterine expression at both
doses (p < 0.001)
 in Hoxa11 mRNA uterin expression at 0.05
mg/kg (p < 0.05)
No effect on the methylation pattern of Hoxa10
promoter
No data on GLP/OECD guideline compliance

Varayoud et
al., 2008

Observations in adult females (80-d old)
 in the number of implantation sites on day 18 of
pregnancy at 20 mg/kg (p < 0.05)
 of the number of resorptions site on day 18 of
pregnancy at both doses
 in the ERα and PR mRNA levels on day 5 of
pregnancy at both doses (p < 0.05)
 in Hoxa10 uterine expression on day 5 of
pregnancy at both doses (p < 0.05)
No effect on the number of Corpora Lutea and on
E2 and P serum levels
No data on GLP/OECD guideline compliance
Observations in females on PND8:
 in the percentage of primordial follicles at 20
mg/kg (p < 0.001)
 in the percentage of recruited follicles at 20
mg/kg (p < 0.001)
 in p27 protein expression in primordial and
recruited follicles
 in ERβ expression in recruited follicles at 20
mg/kg (p < 0.01)
 in ERα expression in primary follicles at 20

Varayoud et
al., 2011

Rodriguez et
al., 2010
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least 8.

Mouce
ICR
15
females
per dose

Subcutaneous

mg/kg (p < 0.05)
No effect on multioocyte follicles incidence,
oocytes survival, apoptosis and on PR expression
No data on GLP/OECD guideline compliance
 in body weight from PND18 to 30 at 10 and 100
mg/kg (p < 0.05)
Advanced age at VO at all doses (p < 0.05)
 in the number of estrus days at 100mg/kg (p <
0.05)
 in ovarian weight at PND25 at all doses and at 1,
10 and 100 mg/kg at PND30
 in uterine weight at PND30 at 100 mg/kg
No effect on the uterine weight at PND25
No effect on the uterine and ovarian weights at
PND70
No data on GLP/OECD guideline compliance

0.1, 1, 10 or 100
mg/kg
(n = 15/dose)
PND8

Nah et al.,
2011

Prebubertal exposure
Observation in prebubertal females
Sheep
Poll
Dorset
6
females/
group

3,5 mg/kg bw twice
a week
Intramuscular

 in LH pulse amplitude and frequency
Uterine malformations

Lambs of 4 weeks
of age were treated
for 7 weeks

No modification on mean body, ovarian, kydney
and adrenal weights

Evans et al.,
2004

No data on GLP/OECD guideline compliance
Observation in prebubertal females:

IV infusion
3 females/dose

0.5 - 1 - 2.5 - 5 - 10
- 20 - 40, and 80
mg/kg bw/d

Abolition of the LH pulse at 80 and 40 mg/kg bw/d

Lambs of 3-4
months of age were
treated for 54h

No effect detected at 10, 1 and 0.5 mg/kg bw

Sheep
Lacaune

 in LH pulse frequency at 20, 2.5 and 5 mg/kg
bw/d

No data on GLP/OECD guideline compliance

Collet et al.,
2010

Observation in prebubertal females
Intramuscular
5 females/dose

3.5 mg/kg bw twice
a week
Lambs of 4-5
months of age were
treated for 8 weeks

 mean LH pulse frequency and basal
concentration after 6 weeks of treatment.
No effect on the mean LH pulse amplitude
No data on GLP/OECD guideline compliance
No acceleration of the beginning of age at puberty

Mouse
CD-1
10 mg/kg bw/d
No data
on the nb
of
animals/
dose

Subcutaneous

No modification of the uterus nor of the vagina nor
of mammary development
Anovulatory state for 80% of the animals treated
with BPA versus control group

PND15-PND19

Nikaido et al.,
2005

No modification of ovarian cyclicity
No data on the GLP/OECD guideline compliance
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Mouse

Oocytes analysis:

C57BL/6
No data
on the nb
of
animals/
dose

20, 40 or 100
µg/kg/d
Oral (gavage)
Mice of 20-22days of age were
treated for 6-8days

 in congression failure (p <0.05) at all doses
Dose-related increase in the level of meiotic
abnormalities

Hunt et al.,
2003

No data on the GLP/OECD guideline compliance

Adult exposure

Mice
Swiss
15
female
mice per
dose.

5, 25 or 100
µg/kg bw/d
Intragastrically
28 days from 60
days of age

 in the number of resorptions out of the total
number of implantations at 25 (p < 0.01) and 100
µg/kg (p < 0.05)
 in the number of animals with resorptions at all
doses

Al-Hiyasat et
al., 2004

No effect on the number of pregnancies,
implantations or in the number of viable fetuses
No data on the GLP/OECD guideline compliance

Oral
Mice
CF-1
No data
on the nb
of
animals /
dose

Administration of
BPA by addition to
peanut butter in an
amount of 0.11-9%
or by addition to the
feed in an amount
of 3 and 6%.
GD1-GD5

Subcutaneous

0.0005, 0.0015,
0.0046, 0.0143,
0.0416, 0.125,
0.375, 1.125, 3.375
or 10.125
mg/animal/day
GD1- GD4

The dose of 68.84 mg of BPA/d/animal
(corresponding to a BPA supplementation at 6%)
causes the abortion of all gestations
No modification of litter size, percentage of pups
surviving after birth, or in sex ratio of pups
No data on the GLP/OECD guideline compliance
 in number of pups born at 3.375 (p < 0.05) and
10.125 mg/d (p < 0.01)

Berger et al.,
2007

 in the percent of females that gave birth at 10.125
mg/d (p < 0.001)
 in the number of implantation sites at 10.125
mg/d
No data on the GLP/OECD guideline compliance
 in implantation sites a 6.75 and 10.125 mg/d (p <

Mice
CF-1
No data
on the nb
of
animals /
dose

Subcutaneous

0.0005, 0.0045,
0.05, 0.125, 1.125,
3.375, 6.75, or
10.125
mg/animal/d

0.01) on GD6
 in Progesterone urine concentration on day 2-5 of
pregnancy at 10.125 mg/d (p < 0.0005)

Berger et al.,
2008

No effect on estradiol urine concentration on day 25 of pregnancy

GD1- GD4
No data on the GLP/OECD guideline compliance
Observations on GD6:

Mice
CF-1

100 - 200 -300
mg/kg bw/d
GD1 - GD4

(n = 4-9)

 in implantation sites at 200 and 300 mg/kg (p <

0.001)

Subcutaneous

Berger et al.,
2010

Histological modifications of the wall of the uterine
cavity at 200 and 300 mg/kg
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ERα and PR expression were affected according to
a non monotone relationship
No data on the GLP/OECD guideline compliance
ICR
Mice
No data
on the nb
of
animals /
dose

Subcutaneous

10 adult
female
African
green
monkeys
(Chloroc
ebus
aethiops
sabaeus)
of
reproduct
ive age

All monkeys
were
anesthetized
(20 mg/kg
ketamine, i.m,
followed
by 20 mg/kg
pentobarbital
i.v.),
intubated, and
ovariectomize
d through a
median
laparatomy
under sterile
conditions.

 in the embryo number
10mg/kg bw/d

 in the weight of the uterus and marked
modifications of placental structure

GD0 - GD7

(Tachibana et
al., 2007)

No data on the GLP/OECD guideline compliance

-

BPA
(50μg/kg/day),
estradiol, both or
vehicle control (at
reproductive age)

-

exposure to the combination of estradiol
and BPA resulted in decreased PR
expression compared to estradiol exposure
alone (p<0.01).
Both BPA exposure and diminished
progesterone action have been associated
with pregnancy loss, endometriosis and
endometrial hyperplasia/cancer.

Aldad et al.
2011

Multigeneration exposure

Rat
IGS
(SD) rats
25 rats
/sex
/group
administ
ered

2 generation
study similar
to OECD 416
(Deviations:
*Female
treated for 2
weeks only
before mating.

0, 0.2, 2, 20 and
200 μg/kg/day

Oral by gavage

No effect on behaviour (i.e. performance in
learning tests) , oestrus cycle, fertility index and the
number of implantations in F0 and F1 females were
not affected by treatment with BPA. Absolute AGD
decreased but no more relevant when correlated
with BW (decreased).

Ema et al.,
2001

Overall no effect.

*Low doses
used)

The absolute age at puberty (evaluated by the age at
vaginal patency) was delayed in the F2 generation
at 50mg/kg and in the F1, F2 and F3 generations at
500 mg/kg.
Rat
SpragueDawley
30 males/
dose
30
females/
dose

Exposure from
10 weeks
before mating
until PND21
(3 generations)

0.001, 0.02, 0.3, 5,
50 or 500 mg/kg/d
Oral

Reduced number of total and live pups per litter at
birth and on PND4 at 500 mg/kg for F1, F2 and F3
( p < 0.001)
The absolute and relative organ paired ovary
weights were decreased in F1, F2 and F3 offspring
and adult (p < 0.05 and p < 0.001 respectively)

Tyl et al.,
2002

No effect on estrous cycle length, paired ovarian
primordial follicle counts, reproductive organs
histology, mating, fertility, pregnancy, dead pups
per litter or percent post-implantation loss.
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According to EPA OPPTS 837.38000, 1998
GLP compliant study

Continuous
breeding study

Mice
CD-1
(n= 20/
treated
group/
sex, n=
40/
control
group/
sex)

(Task 1, dosefinding; Task
2, continuous
breeding
phase; Task 3,
identification
of the affected
sex, and Task
4, offspring
assessment.)

0, 0.25, 0.5 or 1.0%
(daily intakes BPA
estimated 0, 300 or
325, 600 or 650 and
1,200 or 1300
mg/kg for males or
females resp.
In diet

Adverse effect on fertility : statistically significant
/ ctrl in the number of litters produced / pair (4.5
and 4.7 compared to 5.0 for ctrls), litter size (6.5
and 9.8 compared to 12.2 for controls) and the
number of live pups per litter (6.3 and 9.7
compared to 12.1 for controls) in the high and middose group. The litter size reductions occurred
across all matings and =f(dose-related). No effects
on fertility were observed in the low-dose group. A
statistically significant  in litter size (controls:
11.4, treated males: 9.1, treated females: 5.9) and
number of live pups per litter (controls: 11.3,
treated males: 8.4, treated females: 5.5) were
observed in the cross-over mating. In the
continuous breeding phase, a statistically significant
 in live pup weight (6%) on postnatal day 0 was
observed in females at the top dose after adjustment
for litter size, including live and still births. In the
continuous breeding phase a small but statistically
significant  in body weight gain (4%) was only
observed in treated females at study termination.
No effect on the sex ratio in the F1 generation.

NTP, 1985b

Possibility that there may be potential effects on
pups due to exposure to BPA via the milk. In the F1
generation, BPA treatment had no effect on the
fertility index, litter size, number of live pups per
litter, sex ratio or mean pup weights at birth.
No effect on the absolute age at puberty at any dose
(evaluated by the age at vaginal patency) at any
dose.Vaginal patency was accelerated when
adjusted for the PND21 body weight at 600mg/kg.
F0 treated females were twice more in estrus as
compared to controls at 600 mg/kg.
Mice
CD-1
N=28
animals/
dose

Exposure from
8 weeks
before mating
until PND21
(2 generations)

0.003, 0.03, 0.3, 5,
50 or 600 mg/kg/d
Oral

 the length of the gestation by 0.3 days at
600mg/kg

Tyl et al.,
2008

 the body weight of the pups during lactation at
600mg/kg
No effect on reproductive organ weights, ovarian
primordial follicles count, histopathology of ovaries
and uterus, mating and fertility indices, litter size at
birth, sex ratio, percent of post-implantation loss
Follow OECD guideline 416 (two generation
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reproduction toxicity study), TG 416 enhanced
GLP compliant study

Trans-generational exposure
Observations in the F2 generation at 8 weeks of
age:
Mice
ICR
No data
on the nb
of
animals /
dose

o

100, 200, 500 or
1000
mg/kg bw/d
Subcutaneous
GD12-GD16 in the
F0 generation

4.11.1.2

Human information

4.11.1.2.1

Effects on the uterus

 of the body weight at 200, 500 and 1000 mg/kg
Uterus histological abnormalities at 200, 500 and
1000 mg/kg

Hiyama et al.,
2011

Unmethylation in theHoxa10 intron region at 100
and 200 mg/kg
No data on the GLP/OECD guideline compliance

Endometriosis

In an Italian study, BPA was more commonly detected in the plasma of women with endometriosis
(n=58) than in women without endometriosis (n=11). The women were recruited when consulting
in a gynaecological-obstetric service. BPA was not found in the control group. In 51.7% of
endometriosis cases, BPA was above the detection limit. Only 25.9% of cases had levels of BPA
greater than the limit of quantitation (LOQ) (Cobellis et al., 2009). It should be noted that the
methodology is questionable in terms of the constitution of the groups (inclusion criteria, study
dates, very small number of subjects in the control group, and diseases existing in the control
group). The analytical technique used was adapted; however the impact of deconjugation during the
extraction was not evaluated.
A second study evaluated the association between endometriosis and urinary levels of BPA in 140
Japanese women seen for primary infertility between January 2000 and December 2001, divided
into two groups: endometriosis stage 0-I, n=81; and stage II-IV, n=59 (Itoh et al., 2007). A crosssectional analysis was performed between the urinary level of conjugated BPA (unadjusted and
adjusted for creatinine) and the stage of endometriosis and the authors found no significant
association. The urinary levels of conjugated BPA measured appear consistent with levels found in
Japan in several studies of the general population. Nevertheless, there were two main limitations
weigh in the interpretation of this study: first, the determination of urinary BPA does not reflect the
long-term exposure, but only the most recent. The second one is that there was no real control
group.
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o

Endometrial hyperplasia

An a priori prospective cross-sectional study (since no inclusion criteria and no dates were
specified) suggests that circulating levels of BPA would be lower in women with complex uterine
hyperplasia (1.4 ± 0.4 ng/mL; n=9) and/or uterine adenocarcinoma (1.4 ± 0.5 ng/mL; n=7) than in
women with normal endometrial histology (2.5 ± 1.5 ng/mL; n=11) or moderate endometrial
hyperplasia (2.9 ± 2.0; n=10). Authors suggest that since BPA may mimic estrogen action in the
endometrium in the uterus it is conceivable that elevated levels of BPA may cause endometrial
hyperplasia. However, there was no difference between normal and simple endometrial hyperplasia
groups. On the contrary, BPA levels in complex endometrial hyperplasia were significantly lower
than those with normal women and patients with simple endometrial hyperplasia. The fact that BPA
levels in patients with endometrial cancer is also lower than those with normal women and patients
with simple endometrial hyperplasia suggests that there may be some relationship between BPA
concentrations and malignant changes in endometrium. It is, however, difficult to explain the
mechanism in which lower BPA levels causes the changes in the endometrium. One possible
explanation for decreased BPA levels may be metabolic capability for BPA is increased in patients
with complex endometrial hyperplasia and endometrial cancer although the precise mechanism is
yet unknown. Alternatively, it is plausible that BPA exerts anti-estrogneic roles in the human
endometrium, and that lower BPA levels are a favorable environment to grow complex endometrial
hyperplasia and endometrial cancer.
Nevertheless, the analytical method (ELISA) used to measure the level of BPA is questionable and
moreover BPA was measured in a single plasma sample in uncontrolled conditions (it is present in
all subjects). In addition, the number of patients in each subgroup is very limited, then the results of
this study which observed more important concentrations of BPA in controls than in women with
endometrial hyperplasia, should not be taken carefully (Hiroi et al., 2004).

4.11.1.2.2

Effects during pregnancy

A very recent study was performed by Ehrlich et al. (2012) in women undergoing in vitro
fertilization (IVF) in the United States of America. 137 women, female partners of couple seeking
infertility evaluation and treatement were included in this study. These women undergo 180 IVF,
which 42% (n=75) resultated in an implantation failure. The authors found that in adjusted models,
there was an increased odd of implantation failure with higher quartile of urinary BPA
concentrations. Women in the fourth quartile of exposure (specific gravity-adhusted urinary BPA,
3.80-26.48 µ/L) had almost twice the odds of implantation failure than women in the first quartile
of exposure (≤ 1.96 µg/L). The urinary concentration of free and conjugated BPA species was
measured, the geometric mean was 1.53 µg/L and was comparable to the BPA concentrations found
in the general US population (NHANES study 2007-2008) which is 1.97 µg/L.
A case-control study evaluated the association between BPA exposure and the incidence of
spontaneous miscarriages (Sugiura-Ogasawara et al., 2005). 45 patients with a history of three or
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more (3-11) consecutive first-semester miscarriages were studied. The control group was composed
of 32 non-pregnant women with no history of live birth, infertility and miscarriage. The authors
report a higher (more than 3 times as high) serum level of BPA in women with a history of three
miscarriages (2.59 ± 5.23 ng/mL) compared to the control women (0.77 ± 0.38 ng/mL).
Additionally, among 35 women that then became pregnant, there was some evidence of lower BPA
among the women who subsequently had a successful pregnancy as compared to those that
miscarried again. However, this study remains very controversial, especially in terms of the
protocol for measuring BPA (the ELISA method was used), the comparability of groups, because of
other confounding miscarriage factors, in terms of analyzing the results (median serum levels
identical in both groups), and the statistical tools chosen (Berkowitz, 2006). Moreover the size of
the population was small. The results from this study could not then be considered as totally proven.
Cantonwine et al., studied the relationship between the rate of premature births and total urinary
BPA on a single sample taken between 30 and 37 weeks of pregnancy in pregnant women in
Mexico City (Cantonwine et al., 2010). The most conclusive result for the authors was a higher
concentration among women delivering before 37 weeks, and that an increase of 1 log in BPA
concentration was associated with an advance of the delivery date by 4.5 days ("odds ratio"
method). Nevertheless this study is not really reliable since after an analysis of these data it
appaeraed that only 12 of 60 women gave birth before 37 weeks. In addition, the difference
compared to women who delivered at term is no longer significant if one normalises the
concentrations of BPA in relation to urine specific gravity and/or creatinine concentration. Finally,
the absence of certain information further limits the scope of the study (time of urine collection
relative to the stage of pregnancy and in relation to food intake, etc.).

4.11.1.2.3

Effects on ovaries

In a prospective study by Mok-Lin et al. (2010) which included women (n=84) following an
ovarian stimulation protocol as part of an in vitro fertilization, the authors indicated that there was a
negative correlation between urinary levels of BPA (n=203 urine samples; 2 samples during 91
cycles and one sample during 21 cycles of IVF) and ovarian response (number of oocytes collected
and amplitude of the preovulatory oestradiol peak). A mean decrease of 12% in the number of
oocytes recovered per cycle and of 213 pg/mL from the estradiol peak for each log unit increase of
urinary SG-BPA (BPA specific gravity, i.e., the BPA concentration corrected by the urine specific
gravity) was observed. The BPA levels found were compared to urinary BPA concentrations
observed in the general population in the NHANES 2003-2008 cohort. The concentration of urinary
BPA found reflects exposure at the time of collection, but not during the period of follicular
maturation several months earlier. In addition, it is difficult to extrapolate the results observed in a
sample of infertile women undergoing an in vitro fertilisation to the general population.
Nevertheless these results are consistent with those observed in a recent study, which shows that
exposure to BPA is associated with a decreased likelihood of success of the in vitro fertilization
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(fertilisation rate), which is attributed to an impaired oocyte quality (Fujimoto et al., 2011). The
urinary BPA level was measured in 58 women undergoing in vitro fertilization, and in 26 men
partners of these women. The median in women was 2.53 ng/mL with a highest cocentration of 67.4
and 0.34 ng/mL in men with a highest concentration of 22.7. Although this is a fairly limited group
of patients, the authors indicate that the units of study were oocytes whose quantity was on average
13 per cycle and per woman.
In a recent study by Bloom et al. (2011b) the association between the levels of serum BPA and
follicular response to exogenous ovary stimulation. In their previous publication (Bloom et al.,
2011a) an inverse association between male serum unconjugated BPA concentrations and oocytes
fertilization among infertile couples undergoing IVF. The same cohort was studied in this study,
and 44 women with data available for serum unconjugated BPA concentrations were included.
Multivariable linear regression models suggest an inverse association between serum
BPAconcentration and peak E2, adjusted for race/ethnicity, cigarette smoking, and baseline antral
follicle count. In contrast, no association is indicated for serum BPA concentrations and the number
oocytes retrieved. This result is in line with results reported by Mok-Lin et al. (2010). Nevertheless,
the size of the population is very limited, and then do not allow firm conclusions.

A cross-sectional study was conducted in Japan in women with polycystic ovary syndrome (PCOS)
(Takeuchi et al., 2004). The women with PCOS were either obese (n=6) or not (n=13), and the
women without PCOS were divided into several categories: no disruption of the menstrual cycle
and normal body weight (n=19), no cycle disorders and obesity (n=7), cycle disorders associated
with hyperprolactinaemia (n=7), and cycle disorders associated with hypothalamic amenorrhea
(n=21). BPA was measured in fasting plasma using a non-validated immunoassay method. BPA
was detected in all subjects. The statistical analysis was poorly detailed, the numbers were low; the
final comparison was made with respect to non-obese women without cycle disorders (considered
as controls). For the entire group, the study demonstrated a correlation between plasma
concentrations of testosterone (free and total) and BPA on the one hand, and the concentration of
BPA and body mass index on the other hand: the levels were significantly increased in women with
PCOS (obese or not) and in the obese without ovulation disorders. The results remain difficult to
interpret because of the imprecision of the sampling, the very small size of the sampling, the lack of
information on inclusion criteria, and the lack of accounting in the results of disorders in the
controls. Then the results from this study could not be considered as totally proven.
However, the results of the Takeushi et al.’s study are consistent with the recent study by
Kandaraki et al. (2011) who found that serum concentrations of BPA significantly higher
(1.05±0.56 ng/mL) in women with Polycystic Ovary Syndrome (PCOS ; n=71) (obese or not) when
compared to normal control women (n=100) 0.72 ± 0.37ng/mL (P < 0.0001) (Kandaraki et al.,
2011). In addition, BPA concentrations were significantly correlated with testosterone

79

CLH REPORT FOR BISPHENOL A
concentrations and insulin resistance. In this study, women with PCOS were divided into obese
(n=33) or non-obese (n=38) and were compared to women with normal ovarian cyclicity (obese:
n=49 and non-obese: n=51). The same obversations are made in the sub-groups: lean or owerweight
women suffering of PCOS have significant higher BPA levels (1.13 ± 0.63 and 0.96 ± 0.46 ng/mL
respectively) than control lean or overweight women (0.70±0.36 ng/ml (P < 0.001) and 0.72±0.39
ng/mL (P < 0.05) respectively).
The main limitation of this study is the analytical method (ELISA) which does not discriminate
between the different forms of BPA. However, the concentrations obtained can be considered as a
global indicator of the exposure to BPA.

4.11.1.2.4

Effects on puberty

Two studies of good quality investigated the effects of BPA on the puberty.
The first one, conducted by Wolff et al. demonstrated that there was no relationship between the
urinary BPA concentration and the onset of puberty (Wolff et al., 2008). 186 nine-year old girls
took part to this cross-sectional study, and adjustments for numerous factors have been made
including for the urinary creatinine. The result of this study was confirmed in a cohort of 1151 girls
between the ages of 6 to 8 years (Wolff et al., 2010), for whom there were no changes in the age of
the puberty onset. Nevertheless, when compared with the first quintile of urinary BPA
concentrations, the odds of earlier pubic hair development (stage 2+) were weakly, but nonsignificantly, elevated in the second (OR 1.03, 95% CI 0.96–1.09) and third (OR 1.06, 95% CI
0.99–1.13) quintiles of urinary BPA concentrations and null in the fourth (OR 0.99, 95% CI 0.92–
1.05) and fifth (OR 1.00, 95% CI 0.94–1.07) quintiles. The latest study included the analyses of
phytoestrogens, phthalates, triclosan, and phenols other than BPA. In both cases, the authors do not
provide the range of concentrations across the population; they are presented by study groups. The
geometric mean ranged from 1.6 to 2.4 μg/L.

Conclusions on effects in humans (women)
In a study by Cobellis et al. (2009) endometriosis were reported in women in a gynaecologicalobstetric clinic. BPA was not detected in control women, whereas serum levels of BPA were above
the detection limit in women with endometriosis. However another study by Itoh et al. (2007) did
not see any significant association between urinary BPA levels and the stage of the endometriosis.
Since these studies were performed in specific population (infertile women or with gynecological
problems) it is difficult to conclude. A lower exposure to BPA was also associated with
endometrium hyperplasia (Hiroi et al., 2004). In a limited sample size (16 cases versus 21 controls)
circulating levels of BPA appeared to be lesser in women with more severe endometrium
hyperplasia.
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Implantation failures were reported in women undergoing a medical-assisted procreation with
higher urinary levels of BPA than control women (Ehrlich et al., 2012). A BPA exposure could also
lead to spontaneous miscarriages (Sugiura-Ogasawara et al., 2005). This study shows that patients
with a history of 3 or more consecutive miscarriages had higher serum level of BPA compared to
the control women.
Finally effects on the ovaries were associated with higher exposure levels to BPA. In a study by
Mok-Lin et al. (2010) conducted with women undergoing an ovarian stimulation protocol as part of
an in vitro fertilization (IVF), the ovarian response seemed to be diminished by the BPA exposure.
This was confirmed in another study (Fujimoto et al., 2011) in which a significant association
between the serum BPA concentrations of the women and decreased oocyte fertilization was
reported. Additionnaly, higher incidence of polycystic ovaries was positively associated with higher
serum BPA concentrations (Kandaraki et al., 2011 and Takeuchi et al., 2004).
Two recent studies performed in little girls (Wolff et al., 2008 and 2010) demonstrated in an
important number of little girls that there was no relationship between the urinary BPA
concentration and the onset of their puberty.
Table 12: Summary of the studies on BPA effects on the human female reproductive system
performed in women
Population and N
Fertile women consulting a
gynaecological-obstetric service
for chronic pelvic pain,
dysmenorrhea or ovarian cysts

Results

BPA levels

Reference

Absence of bisphenols in the control
group
BPA found in 30 sera (51.7%)

N=58 cases vs 11 controls

Presence of at least one of the two
bisphenols verified in endometriotic
women (63.8%)

Female patients primarily
complaining of infertility
(endometriosis, 24-43 years)
N=140

No significant association between
urinary BPA levels (not adjusted and
adjusted for creatinine) and the stage
of endometriosis

N=19 female patients with
endometrial hyperplasia (2
groups according to complexity:
10 with „simple‟ hyperplasia and
9 with „complex‟ hyperplasia)
and 7 with an endometrial
carcinoma vs 11 controls

The correlation was the opposite of
what was expected: the controls had
more BPA than the cases (nonsignificant).
Same inverse relationship observed
in women with an endometrial
carcinoma

Cobellis et al.,
2009

Itoh et al.,
2007

In serum:
2.9 ng/mL in women
with simple
hyperplasia vs 1.4
ng/mL in women
with complex
hyperplasia

Hiroi et al.,
2004
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Female partners of couples
seeking infertility evaluation

increased odd of implantation failure
with higher quartile of urinary BPA
concentrations

Urinary levels:
Fourth quartile 3.8026.48 µ/L
First quartile ≤ 1.96
µg/L

Ehrlich et al.,
2012

Women having had at least 3
first-trimester miscarriages N=45
cases vs 32 controls

Higher serum level of BPA in women
with a history of three miscarriages
compared to the control women.

In serum:
2.59 ± 5.23 ng/mL vs
0.77 ± 0.38 ng/mL in
control women

SugiuraOgasawara et
al., 2005

Pregnant women
N = 30 vs 30 controls

the ‘premature’ group (delivery < 37
weeks of pregnancy, N=12) had
about twice as much BPA as the
controls

Women undergoing an ovarian
stimulation protocol in the
framework of an IVF
N=84 (112 IVF cycles)

Women undergoing an ovarian
stimulation protocol in the
framework of an IVF
N=44

Women from the general
population
N=7 patients with hyperprolactinemia, 21 with
hypothalamic amenorrhea, 19
with PCOS (13 non-obese and 6
obese) vs 26 controls (7 obese
and 19 non-obese)

Women with PCOS
N =71 cases vs 100 control
woemn

urinary concentrations of BPA were
associated with:
- a decrease in the number of oocytes
retrieved after stimulation
- a decrease in peak serum oestradiol
levels
BPA was detected in the majority of
women undergoing IVF
Bisphenol A is inversely associated
with a reduced estradiol response
during IVF. E2 (β=−0.16; 95%
confidence interval (CI)
−0.32, 0.01), as well as with E 2
normalized to the number of maturesized follicles at the hCG
trigger (β=−0.14; 95%CI −0.24,
−0.03).
No association is observed for BPA
and the number of
oocytes retrieved (adjusted risk
ratio=0.95; 95%CI 0.82, 1.10).

Cantowine et
al., 2010

Urinary median level:
2.53 ng/mL

Mok-Lin et
al., 2010

median unconjugated
serum BPA
concentration is 2.53
ng/ml (range 0.3–
67.36
ng/ml).

Bloom et al.
(2011b)

Correlation between plasma
concentrations of testosterone (free
and total) and BPA firstly and BPA
concentrations and BMI secondly:
levels significantly increased in
women with PCOS (obese or not) and
obese women without ovulation
dysfunction.

Takeuchi et
al., 2004

- Serum BPA concentrations
significantly higher in women with
PCOS (obese or not) compared to
normal control women.
- In women with PCOS (obese or
not): significant increase in
testosterone levels and the LH/FSH
ratio while SHBG levels were lower
than in the controls.

Kandaraki et
al;, 2011
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- BPA concentrations were
significantly correlated with
testosterone and androstenedione
concentrations and insulin resistance.
- BPA concentrations were
significantly correlated with the
existence of PCOS.

9 year old girls
N=186

Girls between 6- and 8-year old
N=1151

4.11.2

No changes in the puberty onset in
the girls

Wolff et al.,
2008

No changes in the age of puberty
onset.

Wolff et al.,
2010

Effects on male reproductive tract

4.11.2.1

Non-human information

The data are presented by window of exposure and by type of effect.

4.11.2.1.1

In utero and lactation exposure

Several reseachers have studied BPA effects following an exposure during gestation and/or
lactation period. These studies have been realized either in mice or rats with various routes of
exposure. Six of these studies reported effects (Kabuto et al., 2004; Okada et Kai, 2008; Watanabe
et al., 2003; Iida et al., 2002; Akingbemi et al., 2004; Timms at al., 2005), two reported limited
effects (Kobayashi et al., 2002; Tinwell et al., 2002) and two no effects at all (Howdeshell et al.,
2008, when control received phytoestrogens; LaRocca et al., 2011).
In the study by Iida et al. the effects of a prenatal exposure on the spermatogenesis in mice were
investigated. BPA (unknown purity) dissolved in corn oil was orally administrated to pregnant ddY
female mice from GD 10 to 17 at doses of 0, 1, 10 or 100 mg/kg bw/day. The mice in the control
group received the vehicle only (i.e. corn oil). There were 5 dams per group except in the highest
dose group in which there were only 4 dams. Offspring of three dams were examined in each group.
The pups were terminated at adult age (60 days) and testes were removed except for 3 prenatally
exposed mice from the 10 mg/kg and the control group who were terminated at 120 days after birth.
Abnormalities were rarely found in the seminiferous tubules of the control group. In contrast,
histological abnormalities were observed in all treatement groups of the prenatally BPA treated
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male mice, such as loss of the luminal space in the tubules, reduction in the number of maturating
elongate spermatids or reduction of the tubular diameter. In abnormal seminiferous tubules there
was an aberrant distribution of spermatogenic cells within the epithelium, accumulation of
amorphous material within the tubules and deposits of dense cells in the center of the tubules
compared to normal seminiferous tubules which showed a highly organized distribution of the cells
(Iida et al., 2002).
Okada et al. have exposed females ICR mice through a sub-cutaneous implant to BPA (purity
unknown) at doses of 100 or 5000 µg (equivalent to doses of 1.2 or 60 µg/day) throughout
pregnancy and lactation. The control group was implanted with a tube filled with 50 μL of sesame
oil.At age of 4 weeks, all mice were killed, and after blood collection, the testes, epididymides and
accessory reproductive glands (seminal vesicles with coagulating glands) were dissected out from
the male pups and weighed. It appeared that the percentage of seminiferous tubules in the testes
with mature spermatids was significantly lower in the groups given 5000 µg of BPA compared to
the control group (Okada et Kai, 2008).
Akingbemi et al. (2004) exposed pregnant Long-Evans rats (n=7) to low dose of BPA (dissolved in
corn oil; purity not known) of 2.4 µg/kg bw/day or vehicule only from GD 12 to PND 21.
Subsequently, male offspring (n=12-14 per group) did not received any further BPA treatement and
were terminated at age of 90-day. Although body weights were similar at birth (8.7 ± 0.1 vs. 8.5 ±
0.2 g; p < 0.05), male rats maternally exposed to 2.4 µg/kg/d BPA exhibited increased body weights
but reduced testis weights at 90-day of age (p < 0.01). Serum LH and testosterone levels were
equivalent in control and BPA-treated rats at 90 days, but the rate of testosterone production by
Leydig cells was decreased by BPA treatment. Consistent with reduced Leydig cell steroidogenic
capacity, testosterone concentrations in the testicular interstitial fluid of BPA-treated rats were
significantly lower than control values. The weights of the seminal vesicles in BPA-treated rats
were reduced by 18% compared with control values (p < 0.01), but prostate weights were
unchanged. These findings show that perinatal exposure of rats to low dose of BPA decreased
androgen biosynthesis by adult Leydig cells, as measured in the testicular interstitium and after
incubation of Leydig cells ex vivo, and reduced seminal vesicle weight in adulthood.
In the study by Watanabe et al., pregnant Crj:CD (SD) rats were exposed to BPA (purity > 99.8%)
at 0 (control with corn oil only), 4, 40 and 400 mg/kg bw/d from GD 6 through PND 20 by gavage,
then the pups were also exposed. Testis and blood of the male offspring were collected at the age of
9 and 36 weeks. No effect was observed on testes weight in BPA-exposed offspring. There was no
remarkable change in plasma concentrations of luteinizing hormone (LH), follicle-stimulating
hormone (FSH) or estradiol. In contrast, plasma testosterone concentrations in offspring at 9 weeks
old were significantly (p < 0.05) higher in BPA groups when compared with those of the control,
even for those exposed to 4 mg/kg bw/d. At the age of 36 weeks the hormone concentrations
showed an increase in a dose-dependent manner, although without statistical significance. The
results therefore indicate that exposure to BPA during the perinatal period has a significant effect on
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testosterone homeostasis (p < 0.05) in male offspring of rats, with possibly an effect on the
aromatase activity or an increase of the enzymatic activity of the cytochrome P450 SCC (for sidechain cleavage or cholesterol side-chain cleavage enzyme) or a decrease of the 5 α-reductase level.
At the age of 36 weeks the hormone concentrations showed an increase in a dose-dependent
manner, although without statistical significance. (Watanabe et al., 2003).
In 2004, Kabuto et al. investigated the modifications in endogenous antioxidant capacity and
oxidative damage in the brain, liver, kidney and testis in ICR mice exposed to BPA. Mice
(n=6/group) were exposed throughout embryonic/fetal life and during lactation by feeding their
pregnant/lactating mothers with BPA (purity unknown) at 5 or 10 µg per milliliter of drinking
water. A control group was provided with drinking water (1% ethanol solution). Male mice were
sacrified at the age of 4 weeks. It was demonstatred in this study that exposure to BPA increased the
activity of catalase and glutathione peroxidase in the liver and kidney, respectively. It also increased
thiobarbituric acid-reactive substances in the brain, kidney and testis at 10 µg/mL (p < 0.05), and
significantly decreased the wet weight of the brain at 5µg/mL (p < 0.05), kidney at 10 µg/mL (p <
0.05) and testis at both doses (p < 0.05). These results suggest that this kind of exposure to BPA
could induce tissue oxidative stress and peroxidation, ultimately leading to underdevelopment of
testis for instance.
Timms et al. exposed from GD14 through GD18 CF-1 mice to BPA at 10µg/kg bw/d (n=6),
vehicule only (oil; n=5) or 0.1 µg/kg/d of ethinylestradiol as a positive control (n=5). When the
male mouse fetuses were examined, the authors found out that there was an epithelial proliferation
of the primitive prostate gland ducts at birth demonstrated by an increase in the number of these
ducts in the dorso-lateral part of the gland and in the total volume of the gland, which was still
poorly differentiated. This effect was observed in mice exposed to ethinylestradiol or BPA (Timms
et al., 2005).
Salian et al. shows numerous transgenerational effects such as: post implantation loss, decrease in
sperm count and motility, and a significant decrease of sexual hormone concentrations of FSH, LH,
testosterone and oestradiol (Salian et al., 2009c). This study is developed below under paragraph
4.11.2.1.7.
In contrast to these previous studies, several authors found only limited effect (Tinwell et al., 2002
and Kobayashi et al., 2010 and 2012) and other failed to demonstrate significant effects of BPA
exposure on the male reproductive tract, especially at low doses (Howdeshell et al., 2008; LaRocca
et al., 2011).
In 2002, no significant effects were seen on the sexual development (litter size and weight, sexratio, weight of organs and reproductive organs, ano-genital distance (AGD) at birth and daily
sperm production…) following an exposure of Sprague Dawley and Alderley Park rats by gavage to
20 µg, 100 µg or 50 mg /kg bw/d of BPA (purity of 99%) during gestations days (GD) 6-21 (n =
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7/group). The control group was receiving the vehicule only (arachis oil). The only statistically
significant effects observed were a decrease in daily sperm production and an increase in the age of
vaginal opening (VO) in the Alderley Park strain at the highest dose evaluated (50 mg/kg bw/d)
(Tinwell et al., 2002).
Similarly to the study by Tinwell et al. in which only limited effects were seen, Howdeshell’s team
did not demonstrate any changes in various reproduction parameters (organ weights, ano-genital
distance, sperm production, puberty age and hormone levels) in male Long-Evans hooded rats
exposed daily by oral route during pregnancy through lactation, from GD 7 to postnatal day (PND)
18, to quite low doses (2, 20 and 200 µg/kg bw/d) of BPA pure at 99%. The control group received
the vehicule only (corn oil). It should be noted that in this study the rats’ food contained some
phytoestrogens in the contrary of most of the other cited studies (Howdeshell et al., 2008).
In 2011, LaRocca et al. exposed C57/Bl6 mice via oral gavage to either vehicule (sesame oil;
n=12), 50 µg (n=11) or 1000 µg /kg (n=14) of BPA (purity > 99%) from GD 10 through 16. The
positive control group (n=14) received 2µg/kg of DES. No significant differences in male body
weight or on male reproductive organs were found in treated animals, even in the positive control
group (animals treated with DES). In animals treated with 1000 µg of BPA or DES a reduction in
the litter size at birth was noted with also a decrease in the litter size at weaning (PND21) but was
significant in DES animals only. Viability and diminution in sperm production (sperm head count)
was observed in 1000 µg BPA and DES groups, but was not significant. Serum testosterone level
was not affected neither by BPA nor by DES, AGD increased by DES only (LaRocca et al., 2011).
A very recent study by Kobayashi et al. (2012) observed a lack of effects on reproductive
development in rats’ offspring after a dietary exposure during in utero and lactational periods.
Female Sprague-Dawley rats (9 weeks of age) were given 0 (control), 0.33, 3.3 or 33 ppm
(corresponding to approximately 0.05, 0.5 and 5 mg/kg/d) of BPA (purity > 99.6%) in the diet from
GD 6 trough PND 21 (n=12). The pups were weaned at 3-weeks of age. Twenty males and twenty
female weanling pups from each group were selected and given normal diet. Concerning these pups,
there were no BPA-related changes in F1 males in AGD, AGD index, absolute or relative
epidydimis weight, absolute or relative testis weight in 5-week or 3-month old rats except for the
epididymis weight in the 33 ppm group which was significantly decreased when compared to
controls in the 3-month old rats (p < 0.05). Quality of sperm was considered as unaffected since
there were no significant differences in the percentage of motile or progressive sperm in F1 males in
the treated groups when compared to the control one. No difference was observed concerning the
hormonal status (testosterone, dihydro-testosterone). However, in 5-week old females, there was a
significant reduction in AGD and AGD index with exposure to 3.3 and 33 ppm of BPA.
It is difficult to find any specific reason explaining those contradictory results with the state of
actual knowledge.
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Differentiation of masculine and feminine behavior in mammals depends on perinatal sex steroids.
As bisphenol-A (BPA) can be estrogenic and anti-androgenic, we examined impacts of perinatal
exposure upon adult sexual behavior and morphology of male mice. In Experiment 1, dams were
fed either a high- or low-phytoestrogen diet and received daily oral doses of 0, 0.175, 1.75, or 17.5
lg BPA from gestation day 10 through post-partum day 9. Male offspring from the highphytoestrogen plus 17.5 lg BPA condition showed reduced mass of vesicular-coagulating but not
other male glands, and showed increased latency to insemination when paired with females. In
Experiment 2, these procedures were replicated but with all animals fed the high-phytoestrogen diet
and perinatal BPA doses of 0, 17.5, 175, or 1750 lg/day. Adult masses of testes and male-accessory
glands and levels of urinary steroids were not significantly affected. When males each encountered
a sexually receptive female, there were fewer intromissions among those given 17.5 or 175 lg and
fewer ejaculations among those given 17.5 lg, but the 1750 lg dose had no effect. Perinatal BPA
dosages thus influenced male sexual behavior nonmonotonically, with impairment evident in a
discrete dose range among males on a high-phytoestrogen diet. (Decatanzaro et al., 2013).

4.11.2.1.2

Neonatal exposure

The studies described in this paragraph reported effects on the sperm parameters or sexual function
(Salian et al., 2009b; Aikawa et al., 2004), or histological abnormalities (Toyama and Yuasa,
2004b) following a neonatal exposure to BPA.
Salian et al., exposed, using sub-cutaneous injections, Holzman male rats (n=32/dose/group) to
various doses of BPA pure at 99.8% (0.6, 1.2, 2.4, 5 and 10µg/30µl corresponding to approximately
100, 200, 400, 800, and 1600 µg/kg bw/drespectively) from PND1 to PND5. DES was used as the
positive control and the negative control groups received sesame oil only. Male fertility was
assessed during adulthood and the lowest dose of BPA that was most effective at impairing fertility
was determined. Untreated females (n=24) mated with male rats that were neonatally exposed
showed a significant increase in post-implantation loss (26.50%, p < 0.001 at 2.4µg; 32.01%, p <
0.0001 at 5µg and 24.61%, p < 0.001 at 10µg) and a decrease in litter size (p < 0.001 at 1.2µg and
p < 0.0001 for the other doses). There were also significant changes in sperm count (0.6µg: 189.7
x106 cells, p < 0.001; 1.2µg: 184.8 x106; 2.4µg: 177.5 x106; 5µg: 169.1 x106; 10µg: 159.5 x106 with
p < 0.0001 compared to vehicle control: 200.6x106), and sperm motility (%) (1.2µg: 83.47±0.90;
2.4µg: 77.8±1.71; 5µg: 74.72±1.70; 10µg: 72.41±1.98 with p < 0.0001 (except for the 1.2µg group
where p < 0.005) compared to control: 90.38±0.45, except in the 0.6µg BPA group), along with
hormonal imbalances in the rats exposed neonatally to BPA. The 400µg/kg bw/d dose of BPA was
determined as the lowest dose that was capable of impairing male fertility (Salian et al., 2009b).
In the study by Aikawa et al. SHN mice (n=10-20/group) were exposed to 5 or 50 mg (equivalent to
approximately 175 and 17,500 µg/kg bw/day) of BPA (purity unknown) diluted in sesame oil via
subcutaneous injections for the first 5 days after birth. The animals were weaned at 3 weeks of age
and kept with their littermates until 8 weeks of age. Then, all male mice were individually housed in
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order to exclude the possibility of an influence from a social environment, such as social status, on
sperm motility. The mice were sacrificed at 10 weeks of age.These exposures resulted in a
significant decrease in the percentage of moving sperm in the 50 µg (p < 0.05), and an increase in
the percent of malformed sperm in the epididymides at 10 weeks of age in both 5µg
(approximatively 45%; p < 0.05); and 50 µg (78.2%; p < 0.001) groups compared to the vehicule
control group (6.8%). Nevertheless no marked changes were found in the testicular histology in
treated animals compared to the controls (Aikawa et al., 2004)
In a study by Toyama and Yuasa (2004b) new born Wistar rats and ICR (CD-1) mice (n=5) were
subcutaneously injected with 4 different doses of BPA ranging from 0.1 to 10 µg
BPA/animal/injection for mice and 1 to 600 µg BPA/animal/injection for rats. The BPA (purity not
known) was dissolved in DMSO and then diluted in olive oil. Animals were treated on PND1, 3, 5,
7, 9 and 11, and were then terminated weekly at age 2-10 weeks. Control animals received the same
volume of vehicle only. There were then four doses levels, 11 tests intervals and five replicates for
each. They were 3-4 control mice and rats for these different experiments. It should be noted that all
animals were healthy except the rats that received the highest BPA dose, (600µg/animal/injection)
that died before 20 days of age. All animals from this group were then excluded from further
analysis. These different exposures result in abnormalities in the acrosomal granule and nucleus of
step 2-3 spermatids observed by microscopy, but no clear dose-response relationship was evident.
Despite those abnormalities on spermatogenesis, the fertility was not affected since the same
number of pups was obtained from females. Few abnormal spermatids were observed in F1 males
indicating that adverse effects were transitory nevertheless they all displayed normal histology of
their testes.
In the sudy performed by Kato et al., (2006), male Sprague-Dawley rats were given subcutaneously
from birth to PND9 BPA (purity unknown) at doses of 2, 11, 56, 277 or 97000 µg/kg bw/d or 0.9
mg/kg of 17β-estradiol as a positive control, or the vehicle ethanol only. All BPA groups in which
analysis were performed at PND10, 35 and 150 showed normal reproductive parameters (for
instance preputial separation, sperm analisys, serum testosterone levels, copulatory and fertility rate,
sexual organ weight…). The estrogen-mediated gene responses were not affected either.

4.11.2.1.3

Prepubertal exposure

Few studies investigated the effets of an exposure to BPA on male reproductive functions at doses
comparable to human exposure.
In 2004, Akingbemi et al. exposed weanling Long-Evans rats (n=10-12/ group) by gavage with low
(2.4 or 10 µg/kg bw/d) and high doses (100 or 200 mg/kg bw/day) of BPA (dissolved in corn oil;
purity unknown) for 15 days, from PND21 to 35. The rats in the control group received vehicule
only. This period of time was chosen because the prepubertal period is a time of active reproductive
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tract development and hormonally active chemicals are known to exhibit greater potency during
sexual differenciation. Exposure to 2.4µg/ kg bw/day of BPA decreased both serum LH and T
levels by 15% and 20% respectively compared to control. The authors showed that the decrease in
serum LH is the result of a BPA-induced declines in pituitary LH synthesis and secretion and the
subsequent effect on T levels. BPA at milligram doses did not affect serum LH and T levels
(Akingbemi et al., 2004).
In the study by Della Seta et al., the authors treated male Sprague- Dawley rats (n=12/group) orally
from PND 23 to 30 with a dose of 40 µg/kg bw/d of BPA (purity unknown) and another group was
exposed to 0.4 µg/kg bw/d of Ethinylestradiol (EE). The control group was treated with the vehicle
only (peanut oil). Hormonal levels analysis and behavior were done at PND 37 and 105. It appeared
that the levels of circulating testosterone were reduced in the juveniles at PND37 by one-third (p <
0.002) with BPA and by approximately 20% with EE. The decrement persisted in the adult animals
(PND105) but reached significance only in the BPA group (p < 0.03). Exposure to BPA also
modified the male sexual behavior (frequency and duration), but this effect was more marked with
EE than with BPA exposure. No change was observed in the levels of estradiol in any of the treated
group (Della Seta et al., 2006).
In another study Wistar/ST immature male rats (4 weeks old) were subcutaneously injected 4 days a
week during 6 weeks with 0, 20, 100 or 200 mg BPA (purity > 99%)/kg/day (Nakamura et al.,
2010). These dosages corresponded to 11.4, 57.1 and 114.2 mg BPA/kg bw/day. There were 2
control groups: one was sacrified at 4 weeks old (i.e. at the start of the treatment in order to
investigate the reproductive system). Another was given the vehicle (corn oil) the same way than
BPA. The rats were terminated 16 hours after the last dosage. Blood, epididymis, testes, seminal
vesicles and prostate were collected. Low dose of BPA (20 mg/kg) did not influence the body
weight but from the middle-dose (100 and 200 mg/kg) there was a dose-dependent decrease in the
body weight compared to the control rats. BPA also affected the reproductive organs since the testis
weight was decreased by 10% (p < 0.05) at the highest dose (200 mg/kg) and both middle and high
dose exposure reduce the epidiymis by 10 to 18%, the seminal vesicles by 35 to 48% and the
prostate weights by 30% compared to controls (p < 0.05). Prostate and seminal vesicles seemed to
be the most vulnerable reproductive organs to a BPA exposure in this study. The plasma
testosterone levels were also affected: BPA treatements at 100 and 200 mg/kg decreased the levels
to one-third of the controls. The testicular testosterone levels were also decreased at these two
treatement doses (p <0.05). Plasma FSH levels were not affected by the exposure to BPA,
conversely to plasma LH levels which was affected after a 200 mg/kg exposure. Then this study
demonstrated that 6-week exposure via subcutaneous injections of BPA to prepubertal male rats had
adverse effects on their reproductive system. The reproductive organs were affected; the plasma and
the testicular testosterone levels were diminished in a dose-dependent manner. And finally
morphological abnormalities were observed since for instance there was a decrease in the number of
Leydig cells per seminiferous tubule by 20% (p < 0.05) (Nakamura et al., 2010).
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Another study was conducted by Tan et al. on juvenile rats. They exposed rats from PND 23 to
PND53 by gavage at 0 or 100 mg/kg bw/d of BPA (purity not known) in diluted Tween-80 (in
distilled water 1:9 v/v). The control group was gavaged with Tween 80 in corn oil. There was no
significant effect on weight gain in rats treated with BPA. Only 66.7% of the treated rats reached a
complete preputial separation compared to 100% in control rats, therefore an exposure to BPA
seemed to be able to delay the onset of puberty in males. No significant effects were seen on the
testis, epididymis or adrenal weight, nevertheless most of the rats in the treatment groups did show
some evidence of morphological changes or differences in the testicular histology when compared
with the control group. Four out of the 12 rats in the BPA treated group did not show any form of
spermatogenic cycle and multinucleated giant cells were present in some of the lumen of the
seminiferous tubules. The other eight rats from this group showed spermatogenic cycle in some of
the seminiferous tubules; however giant cells were also present in these tubules (Tan et al., 2003).
Another study was performed in juvenile rats by Takahashi and Oishi in 2003. When Wistar rats (4
weeks old) were exposed trough injection (i.p.) of BPA (purity > 99%) at a dose of 0, 2 or 20 mg/kg
bw/day dissolved in propylene glycol for 4 days a week during one month. A decrease of the
prostate and seminal vesicle weights was observed but this decrease was significant for the ventral
prostate weight of the 20 mg/kg group only (p < 0.05). There was no effect either on the testis or on
epididymides weights. There was also a decrease of serum testosterone levels which was significant
for the 20 mg/kg only (decrease by almost 70%; p < 0.05). Successive subcutaneous administration
of BPA at a dose of 200 mg/kg/day for 4 weeks significantly decreased the testis, epididymis,
prostate and seminal vesicle weights and the testicular daily sperm production (p < 0.05) in
Jcl:Wistar rats (Takahashi and Oishi, 2003). When administrated to the same strain of rats but via
an oral exposure to 0.25 % for 2 months, no effects were seen on the weights of the reproductive
organs or on the daily sperm production or its efficiency. A previous study by the same authors
(2001) showed that BPA surely induced reproductive toxicity when administered to male F344 rats
in the diet at relatively high levels of 0.25–1.00%. The toxicity was characterized as seminiferous
tubule degeneration and loss of late spermatids and the weight reduction of some sex accessory
organs, while no serum testosterone concentrations were decreased.
In 2004, Akingbemi et al. exposed weanling Long-Evans rats (n=10-12 rats/group) to BPA
(unknown purity) at low dose (2.4µg/kg bw/day) by gavage from PND21 to 90. The control
received the vehicule only, i.e. corn oil. Within 24 hours after the last administration rats were
killed. This chronic exposure to BPA at 2.4 µg/kg bw/day from PND 21 to 90 did not affect body
weight or paired testes weight. Although serum testosterone levels were equivalent in control and
BPA-treated rats, BPA treatment caused elevations in serum LH levels by more than 50% (p <
0.01). Leydig cell testosterone production, measured ex vivo, was reduced (p < 0.05) by BPA
treatment as found in the other kind of treatement rapported in this study, and testosterone
concentrations in the testicular interstitium of BPA-treated rats were lower than control values.
Seminal vesicle weight, but not that of the prostate, was reduced by 15% (p < 0.05) in BPA-treated
rats when compared to control group. According to the authors, these observations indicate that
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chronic and direct exposures to low BPA concentrations, during this specific period of time,
suppressed the androgen biosynthesis by adult Leydig cells and decreased seminal vesicle weights.
In the study of Norazit et al. (2012), juvenile male Sprague-Dawley rats (PND 22) were fed with
soya extract, bisphenol A, and 17β-estradiol, respectively by oral gavage to determine the potential
effect on the morphology of their reproductive organs and their hormonal levels. After three weeks
of treatment (PND 43), all animals were sacrificed and the blood and testes were collected. All the
three treatment groups showed histological differences in testes morphology compared to the
control. Animals treated with soya extract and bisphenol A showed a decrease in circulating
estradiol levels while animals treated with 17β-estradiol showed elevated circulating levels of
estradiol. Only the animals treated with soya extract showed elevated levels of circulating
testosterone. The results of the present study showed that, soya extract, bisphenol A, and 17βestradiol can alter the histological structure of the testes and influence circulating steroidal hormone
levels.

4.11.2.1.4

Adult exposure

All the studies published since 2002 describing effect of BPA exposure during adulthood on male
fertility are positives.
In order to evaluate the effect of BPA on the antioxidant system of rat epididymal sperm, Chitra et
al. (2003) exposed by gavage Wistar adult rats (45d old) to BPA (with a purity of 97%) during 45
days to doses of 0, 0.2, 2 and 20 µg/kg bw/day (n= 6 per group). The control group received vehicle
only (olive oil). This study demonstrates a statistically significant dose-dependant decrease of the
testes weight by approximately 6% (p < 0.05) and of the epididymides weight by 12-25% (p <
0.05). A very important increase of the ventral prostate weight (by 12-30%) and a decrease of the
epididymal sperm motility and sperm count in a dose-dependent manner (p < 0.05). No change was
observed for the seminal vesicules weight. It should be also noted that the body weight of the
treated animals was not significantly different from the control one. The activities of superoxide
dismutase, catalase, glutathione reductase and glutathione peroxidase were decreased while the
levels of H2O2 and lipid peroxidation increased significantly in the treated rats as compared with the
corresponding group of control animals. According to the authors, these results suggested that
graded doses of BPA elicit depletion of antioxidant defence system and induce oxidative stress in
epididymal sperm of rats and that the adverse effect of BPA on male reproduction may be due to the
induction of an oxidative stress in sperm.
Herath et al. (2004) have also examined the effects of the BPA on epididymal sperm counts and
sperm motility, various sex hormones and accessory reproductive organs. Pubertal Winstar rats (50day old) were exposed via sub-cutaneous injections during 5 weeks to doses of BPA (purity of
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95%) of 3 mg/kg bw/d. Each group contained 10 to 11 animals and the control group received
vehicule only (DMSO). A decrease of the sperm count (p < 0.05) with no change in the motility
was observed, with a significantly lowered by more than 50% plasma testosterone level (p < 0.01)
and an increased progesterone level (p < 0.05). An increase of the ventral prostate weight was also
noted (enlargement by 28%; p < 0.01). The decrease of the sperm count could be directly related to
the effect on testosterone level, since these rats were exposed directly after their pubertal age.
Even if the fertility was not directly assessed, in both studies by Chitra et al. and by Herath et al. the
same kind of effects was observed on the sperm count and the ventral prostate on the same exposure
period, although the way of exposure was different. Then an adult exposure appears to be a
sensitive window for BPA to exert its effects.
Sakaue et al. (2001) have exposed 13-weeks old Sprague-Dawley male rats (n=5/group) orally
(gavage) to doses of BPA (purity of 99.6%) ranging from 2 ng to 200 mg/kg bw/d. The control
group was exposed to vehicle only (corn oil). The authors did not find any significant change in the
sperm count of rats exposed to the lowest doses (2, 20, 200, 2000 ng/kg bw/d). It should be noted
that in this study rats were exposed during 6 days only (and not during 45 days like in Chitra et al.’s
study). Nevertheless, a significant decrease in the daily sperm production (p < 0.05) and fertility
was observed in rats exposed to the highest doses (20 µg - 200 mg/kg bw/d) and maximum
suppression of sperm production occurred at 20 µg/kg/day.
In a study by Toyama et al. (2004), ICR mice and Wistar rats (6/species/dose) were exposed
subcutaneously during 6 consecutive days to BPA. ICR mice (3 months old) and Wistar rats (4
months old) were injected with BPA dissolved first in dimethyl sulphoxide (DMSO) and then in
olive oil. Doses were 20 or 200 µg/kg bw/injection. Controls were exposed to olive oil containing
DMSO. After termination abnormalities were observed in the spermatids: the acrosomal vesicles,
acrosomal caps, acrosomes and nuclei of the spermatids were severely deformed in both treated
groups. Sertoli cells were not affected except for the ectoplasmic specialization between them and
around the spermatids: incomplete specialization, redundant ectopic specialization and aplasia were
observed. Ectoplasmic specializations between adjoining Sertoli cells, or the blood-testis barrier,
were not affected by BPA exposure. The adverse effects of BPA observed on rats and mice
spermiogenesis were reversible since the fertility of the treated males was not affected when test
were performed 2 months after the end of the treatement in remaining animals (2/species + 1
control/species), these effects were then transitory.

4.11.2.1.5

Multiple exposure

In 2002, Nagao et al. found that low doses of BPA given in diet did not affect reproductive organs
in estrogen-sentitive mice (C57BL/6N), when they are exposed at the embryonic, juvenile or
sexually mature stage.
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In a first part of the study, the authors tested the susceptibility to 17β-estradiol of two different
strains of mice: C57BL/6N and ICR male mice. They were treated subcutaneously with E2 at 10
µg/kg from PND 27 to 48. The susceptibility to estrogen was measured by weighing the
reproductive organs and subjected them to necropsy. It was confirmed that the C57BL/6N was
estrogen-sensitive since there was a significant decrease in the absolute and relative weights of the
reproductive organs in E2-treated animals when compared to the control group, when ICR mice
were found insensitive. Moreover, no hisptopahologic changes were either observed in the ICR
mice between treated and control groups conversely to C57BL/6N mice.
In a second part of the study, groups of 10 C57BL/6N pregnant mice were exposed to BPA at 0, 2,
20 or 200 µg/kg bw/day by oral gavage from GD 11 through 17. Male pups (30 males from 10
litters/ group) were weaned on PND 21 and exposed to BPA at 0, 2, 20 or 200 µg/kg by oral gavage
from PND 21 to 43. Effects of BPA on adult animals were also investigated by treating groups of
twenty C57BL/6N male mice 10-week old by gavage to BPA (purity > 99.0%) at 0, 2, 20 or 200
µg/kg for 6 consecutive days. The controls were given 0.5% carboxymethyl cellulose (5 mL/kg).
The mice were terminated six weeks after the final administration. In C57BL/6N mice exposed to
BPA as embryos, during lactation and during their puberty, the only effect seen was a significant
decrease in the absolute weight of seminal vesicles in the 2µg/kg group (p < 0.05) as compared to
the controls, but the effect was not dose-dependent. According to the authors it suggests that the
decrease was not related to the BPA exposure since no effects were seen in the other treated groups.
In male exposed to BPA during adult or immature stage, there were no significant differences
between the BPA-treated groups and the controls in reproductive organ weights (testes,
epididymides, seminal vesicles – the prostate was not examined due to the difficulty according to
the authors to sample the prostate only in mice) or their relative weights. Similarly there were no
significant differences in the density of sperm between the BPA-treated groups and the controls for
any of the exposure stages. These negative results might be due to the length of treatment
corresponding to an insensitive window of exposure, to the endpoints investigated: no hormones
measured.

4.11.2.1.6

Multigeneration exposure
 Mice

Continuous breeding study (Copy of the RAR-UK, Final report 2003, study considered as key study)
The effects of BPA on fertility and reproductive performance have been extensively studied in CD1 mice (n= 20/ treated group/ sex (F0 generation), n= 40/ control group/ sex) using the test system
known as the “Fertility Assessment by Continuous Breeding” (NTP, 1985b). BPA was administered
in the diet at concentrations of 0, 0.25, 0.5 or 1.0% (daily intakes of BPA 0, 300 or 325, 600 or 650
and 1,200 or 1300 mg/kg in males or females repspectively) during a one-week premating period
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and a 14-week mating trial (Task 2). No effects on fertility were observed in the low-dose group. A
statistically significant decrease in litter size (controls: 11.4, treated males: 9.1, treated females: 5.9)
and number of live pups per litter (controls: 11.3, treated males: 8.4, treated females: 5.5) were
observed in the cross-over mating.
At necropsy of the F0 generation (controls and top dose group only), treatment-related effects were
seen at the highest dose level; for both sexes relative liver weight was increased about 28% and
relative combined kidney/adrenal weight increased 10-16% compared to controls, and relative
seminal vesicle weight and proportion of motile sperm were decreased 19% and 39% compared to
controls, respectively. No histological changes were observed in male reproductive organs. Overall,
the signs of general systemic toxicity were not marked in this study and therefore the effects on
fertility are not considered to be a consequence of parental toxicity. At necropsy of the F1
generation, treatment-related effects of similar magnitude were generally observed in males and
females; compared to controls, increased relative liver weights (6-29% ) and kidney/adrenal weights
(13-20%) were observed in all treated groups. In males, a statistically significant decrease in
relative right epididymis weight (11%, 16% and 18%) was observed in all treated groups, compared
to controls. Left testis/epididymis weights were significantly decreased by 10% at the mid dose and
9% at the high dose, and seminal vesicle weight was significantly decreased by 28% at the top dose.
A statistically significant decrease in sperm motility in the mid-dose group only was not considered
treatment-related, but a chance finding. No histological changes were observed in the male
reproductive organs. In the F1 generation at 300 mg/kg the only effect observed was a statistically
significant decrease in epididymis weight of 11%. Histological examination was conducted on all F
animals, and the only effects observed were toxicity to the liver and kidney at all doses. At 300
mg/kg no adverse effects on fertility were observed, though a decrease was seen in F epididymis
weight. This effect is considered treatment-related as the magnitude of the decrease was doserelated. Although this was the only effect observed on reproductive organs at 300 mg/kg, the health
significance of this finding is not clear.
Two multigenerational studies were performed by Tyl et al. The protocols and the discussion about
the systemic toxicity have already been described in paragraph 4.11.1.1.3. Therefore, only the
results for male are exposed here.
In the 2-generation study performed in CD-1 mice by Tyl et al. (2008), no toxicity was observed in
the F0 or F1 generations and effects on the fertility were only observed at the highest dose (3500
ppm: 600 mg/kg bw/d). BPA exposure led to a decreased adjusted anogenital distance in F1 pups.
In male pups, exposure to BPA induced a slight increase of the cryptorchism incidence at the
weaning age, hypoplasia of the seminiferous tubules in the offspring at the weaning age and
retardation in the preputial separation. Exposure to 3500 ppm of BPA decreased the epididymal
sperm concentration in F0 male. A decreased paired testis weight (-17% compared to control) was
observed in 3500 ppm F1 male pups (also observed in F2 male pups as relative testis weight/brain)
together with decreased paired epididymal weight in 3500 ppm F1 parental male (-7% compared to
control). In F2 male pups, the seminal vesicle coagulating gland weight was also decreased at all
doses and significantly at 3500ppm (Tyl et al., 2002).
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Authors reported also an abnormally high prostate weight for control animals that exceeds by >
70% the prostate weights reported by other authors in studies performed in the same strain and at
similar age (Myers et al., 2009). This suggests that the dissection procedures for the prostate in this
laboratory may include other non-prostatic tissues in the weight measurements, rendering them
unusable for studying weight changes in the prostate due to exposure to estrogenic compounds.
Moreover, as reported by Myers et al. (2009), Tyl et al. (2008) used estradiol as a positive control
in their study. As indicated in a previous section, female mice were given estradiol before and
during pregnancy and lactation at 80–220 μg/kg/day; after weaning, estradiol was fed to offspring at
doses of 80–100 μg/kg/day. Estradiol was used as a positive control because BPA is a man-made
endocrine-disrupting estrogenic chemical. Many published findings reporting effects of very low
doses of positive control estrogens and BPA in CD-1 mice (Myers et al., 2009) demonstrate that the
CD-1 mouse was somehow rendered insensitive in the test system used by Tyl et al. (2008). The
fact that a dose of 100 – 200 μg/kg bw/day estradiol was necessary to show an effect of the positive
control predicts that Tyl et al. (2008) should not detect effects of BPA < 10–100 mg/kg/day (far
above the low-dose range relevant to human exposures that was supposedly of interest)
corresponding to the dose where Tyl et al. described effects in these studies, validating the low
sensitivity of the model used by Tyl et al.

 Rats
The effect of BPA on fertility was evaluated in an oral two generation reproduction toxicity study in
Crj;CD (SD) IGS rats (Emma et al., 2001). The F0 generation consisted of groups of 25 rats per sex
per group administered 0, 0.2, 2, 20 and 200 μg/kg/day BPA by gavage during a premating period
of 10 weeks for males and 2 weeks for females and a 2-week mating period. Males and females
from each group were randomly paired and co-habited for 2 weeks. Females were also administered
the test material during gestation and lactation. F0 males and females were sacrificed after the
mating period and weaning of F1 pups, respectively. Twenty-five male and female F1 generation
offspring from each group were retained after weaning for assessment of their reproductive
capacity. F1 animals were administered bisphenol-A for a 10-week premating period and a 3-week
mating period (see below). Again, females received the test material during gestation and lactation,
and male and female parental animals were sacrificed at the same times used for the F0 generation.
Twenty-five male and female F2 generation offspring from each group were retained after weaning
for assessment of sexual maturation. Males and females were administered the test material until
they were sacrificed at the age of 7 and 14 weeks, respectively.
No significant differences were observed between BPA and control animals for the time to preputial
separation. Compared to controls, a statistically significant decrease (<5%) in AGD was seen in F1
males at 0.2, 20 and 200 μg/kg/day, and F2 males at 20 and 200 μg/kg/day. These decreases were
not statistically significant when the ratio of the AGD to body weight was determined (the AGD is
correlated with body weight). No changes in the motility and morphology of sperm were observed
in F0 and F1 treated males.
Compared to controls, a statistically significant decrease in the absolute (17%) and relative (20%)
weight of seminal vesicles (including the coagulating gland) was observed in F2 males only at 2
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μg/kg/day but no statistically significant decrease was observed at 20 or 200 μg/kg/day.
Histopathological examination revealed no morphological changes in the seminal vesicles and there
were no weight changes in associated organs (prostate gland, testis and epididymis). Therefore, in
this two-generation study, no parental toxicity or effect on fertility was observed at the low-dose
levels employed.
In three generation study, most of the reproductive parameters (for instance mating, fertility and
gestational indices, daily sperm production, offspring sex ratios, postnatal survival…) remain
unaffected except at 7500 ppm where total pups and live pups/litter on postnatal day (PND 0) were
decreased. This decrease was in line with what described by Fernandez et al. in 2010.The results on
testes, epididymis, prostate and seminal vesicles weight are difficult to interpret due to decrease in
body weight. Therefore, their absolute weight is reduced in most of the generations of the 7500 ppm
group (the only exception was F0). Nevertheless when the relative weight of these organs (% of the
sacrifice weight) is analysed, a significant increase of the paired testis and the paired epididymides
is observed for all 3 generations. Another significant effect was on sperm endpoints. There was a
decreased epididymal sperm concentration in F1 males and decreased daily sperm production in F3
males of the 7500 ppm dose group. There were no effects on sperm morphology or motility. In male
offspring, the absolute age of preputial separation (days) was significantly delayed in the F1
generation at 750 and 7500ppm, in the F2 generation at 0.3, 75, 750 and 7500ppm, and in the F3
generation at 7500ppm. When the age of acquisition was adjusted for the body weight at
acquisition, preputial separation was delayed in the F1 generation at 750 and 7500ppm and in the
F2 and F3 generations at 7500ppm (Tyl et al., 2002).

4.11.2.1.7

Transgeneration exposure

More recently, in a study performed by Salian et al., (2009c) Holzman females rats (8 rats per
group) were gavaged with either BPA pure at 99.8% (1.2 and 2.4 μg/kg bw), a vehicle control
(sesame oil) or with a positive control, the Diethylstilbestrol (DES) (10 μg/kg bw) during the
perinatal period (GD 12 to PND 21). The diet was total without phytoestrogens. Adult F1 males (75
days) were subjected to fertility assessment (n=24 animals/group) by mating with unexposed
females. The reproductive functions of the subsequent F2 and F3 litters, that were never exposed to
BPA, were investigated in a similar manner. No general toxicity was observed in any of the 3
generations. Hormonal analysis including testosterone, estradiol, LH and FSH serum levels, sperm
count and motility, histological evaluation of testis and immunohistochemical localization of steroid
receptors in the testes were carried out for the F1, F2 and F3 generation adult rats. An dose and
generation dependant increase in post implantation loss was observed (3.93%
in F1 at 1.2 μg/kg bw up to 18.7% in F3 at 2.4 μg/kg bw (p<0.0001)) and a decrease in sperm count
(1.2µg: 181.6x106 and 2.4µg: 162.8x106 compared to 216.7 x106 in controls) and motility (1.2µg:
80.92% and 2.4µg: 84.42% compared to 92.13% in controls) were observed in the F1 male
offspring, with a significant decrease of sexual hormone concentrations of FSH (p < 0.001 for the
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1.2µg group and p < 0.05 in the 2.4µg group), LH (p < 0.05 for the 1.2µg group), testosterone (p <
0.001 for the 1.2µg group and p < 0.05 in the 2.4µg group) and oestradiol (p < 0.001 for both 1.2µg
and 2.4µg groups). A reduction in the testicular expression profile of Estrogen Receptor β (ERβ)
and Androgen Receptor (AR) was observed, whereas the ERα expression was increased. These
effects were very prominent in the subsequent F2 and F3 generations, except for the ERα. For
instance, the increase in post-implantation loss was significant in F3 (14.68% for 1.2µg; p < 0.01
and 18.73% for 2.4µ; p < 0.0001). These transgenerational effects let the authors think that they
could be mediated via epigenetic mechanisms (Salian et al., 2009c).

Conclusion on male reproductive system in animals

In animals various effects have been observed on male fertility.
Concerning effects on the male reproductive system following a prenatal, neonatal or post-natal
(during lactation) exposure, large discrepancy exist between the studies.
In the animals treated in utero and/or lactation, most of the studies performed in mice or rats found
effects on sperm production or quality (Tinwell et al. (2002); Salian et al. (2009c)) or abnormalities
in the seminiferous tubules (Iida et al., 2002; Okada and Kai, 2008). But some studies do not
observed any effects or in one strain of rats only (Tinwell et al., 2001; Howdeshell et al., 2008 and
to some extend La Rocca et al., 2011). Based on the complexicity of the fertility homeostasis, it is
difficult to identify the cause explaining discrepancies between the different studies available. They
are generally performed with different protocols, in different strains, which might demonstrate
differences in susceptibility for this in utero exposure. Indeed, in has been demonstrated that the
Sprague-Dawley rats may be insentitive to estrogenic compounds, and may then not be a reliable
animal model to demonstrate effects with this kind of substance (NTP, 2001). Another parameter
that could explain the absence of effects observed by Okada and Kai and by Kobayashi is the route
of exposure. Actually the sub-cutaneous injections lead to no or limited effects while an oral
exposure may elicit more effects when performed during this specific period of time.
When animals were exposed to BPA neonatally, this window of exposure generally induced effects
on fertility (Salian et al., 2009b) with effect on the sperm parameters (Salian et a.;, 2009; Aikawa et
al., 2004), on the reproductive organ weight, the histology of the seminiferous tubules or induce a
decrease of plasmatic level of testosterone (Nakamura et al., 2010; Toyama and Yuasa, 2004b) in
rats or mice, except in Kato et al.’s study (2006). In this latest publication, Sprague Dawley rats
where exposed to BPA through sub-cutaneous injections leading to no effect on reproductive
parameters. As for the neonatal exposure apparently Sprague-Dawley rat seems not to be a suitable
strain due to his lack of sensitivity to estrogenic-like agents (NTP, 2001).
These findings are confirmed in all the juvenile studies when tested whatever the strain and the
dosage used (Della Seta et al., 2006 Takahashi and Oishi, 2003 Akingbemi et al., 2004), or when
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adult Wistar rats are exposed since two different ways of exposure (by oral route or using subcutaneous injections) a decrease in sperm count was observed, a decrease of the testis weight and an
increase of the ventral prostate weight have been observed. (Chitra et al., 2003; Herath et al., 2004).
Because of this latter effect, an effect on testosterone levels may be suspected, which has been
demonstrated in Herath’s study. The effect on testosterone was also observed when juvenile animals
are exposed since a decrease in plasma testosterone levels was noted in the studies by Della Seta et
al. (2006) and by Takahashi and Oishi (2003).
In 2 independent studies (Tan et al., 2003 and Toyama et al., 2004) histology of the testes was
precisely investigated and morphological changes and abnormalities were reported. Other effects
were observed following an exposure during the pubertal age, such as alteration of the sexual
behavior but this result has to be confirmed.
In some studies in which rats were exposed in utero and/or during lactation no effects were
observed. These studies are generally performed in different strains, so maybe some strains are
more susceptible than others to this in utero exposure. The choice of the Sprague-Dawley rats could
also explain the limited effects in the 3-generations study by Tyl et al. (2002). Effects were
observed at the highest dose (7500 ppm) only. Despite the fact that this study was well-conducted,
authors choose the SD rats, which are generally used in the reproductive study, but it has been
demonstrated that this strain of rats have a very low sensitivity to estrogenic compounds, relatives
to women this strain requires 100- to 400- higher doses to produce effects (Yamasaki et al., 2002).
Then, in 2001, the NTP stated that ‘because of clear species and strain differences in sensitivity,
animal model selection should be based on responsiveness to endocrine-active agents of concern
(i.e., responsive to positive controls) not on convenience and familiarity’. This statement of a low
sensitivity of Sprague-Dawley rats to estrogenic compounds is supported by the study of Tinwell et
al. (2002) in which effects are seen in male Alderley Park rats only (and not Sprague Dawley). This
could also explain the limited results observed in an earlier study perfomed in IGS Sprague Dawley
(Ema et al., 2001) at low dose of BPA. Only,statistically significant decrease in absolute AGD in F1
& F2 males (not statistically significant when the ratio of the AGD to body weight was determined)
and statistically significant decrease in the absolute (17%) and relative (20%) weight of seminal
vesicles in F2 males only at at the lowest dose.

Table 16: Summary table of the BPA effects on the male reproductive tract in animals
Method

Effets

Reference

Exposure during gestation/lactation
Sprague Dawley and Alderley park
(derived from Wistar) Rats
Oral route
20 µg/kg, 100 µg/kg bw, 50 mg/kg

Observations made in adults (90 days) :
Significant  sperm production at 50 mg/kg only in AP
rats

Tinwell et al.,
2002

GD6 - GD21
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ddY mice
oral route by gavage
0, 1, 10 and 100 mg/kg bw/day

Observations made at 60 and 120 days (adults):
Iida et al., 2002
Histological abnormalities in seminiferous tubules

GD10 - GD17
Male Long Evans Rat
Oral route
2 - 20 - 200 µg/kg bw/d
GD7 - PND18
Crj: CD (SD) IGS strain Rats
Oral route
4 - 40 and 400 mg/kg bw/d
GD6 - PND20

Observations made at adult age (4 months old):
No significant effects observed on the organ weights of
the reproductive tract and on the epidiymal sperm count
but the controls received diet with phytoestrogens.

Howdeshell et al.,
2008

Observations made at PND63 and PND252:
significant  of the plasma testosterone concentration at
9 weeks only, with no alterations of LH or FSH
concentrations from 4mg/kg bw/d and onward.

Watanabe et al.,
2003

ICR mice
Observations made in 4-weeks old pups:
Oral route
5 or 10 μg BPA/mL in drinking water
throughout embryonic/fetal life and
during lactation

 thiobarbituric acid-reactive substances in testis
 wet weight of testis

Kabuto et al.,
2004

Long-evans female rats
Oral route – gavage
0 – 2.4 µg/kg bw/day
GD12-PND21

Observations made at 90-day old:
 testis and seminal vesicles weight. Unchanged prostate
weight.
 specific Leydig cells testosterone production

Akingbemi et al.,
2004

CF-1 mice
Oral route
0 – 10µg/ kg bw/d
GD14-18

Abnormal growth of the prostate since primitive prostate
gland duct epithelial proliferation was found at birth

Timms et al.,
2005

Observations made at age of 4 weeks:
 Percent of seminiferous tubules with mature
spermatids in mice exposed to 5000 μg (60 µg/d) BPA.
No changes for others parameters (weight of
reproductive organs, testosterone, histological analysis).

Okada et Kai,
2008

F1, F2, F3
1.2 et 2.4µg/kg bw/d :
 litter size
significant  post-implantation loss at both doses in F3.
 bodyweight (except F1 for 2.4µg/kg bw/d)
 sperm count and sperm motility at both doses.
 copulation delay.
 expression profile of testicular ER e expression
profile testicular AR (except for F2 and F3 à
2.4µg/kg bw/d).

Salian et al.,
2009c

ICR mice
Sub-cutaneous
100 µg and 5 mg
for females 3d before mating
+ 1.2 or 60 µg/day throughout gestation
and lactation

Holtzman Rats
Oral route
1.2 – 2.4 μg/kg bw/d
GD12 - PND21
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Observations made at PND56:
C57/BL6 mice
Oral gavage
0 – 50 – 1000 µg/kg
GD10-16

Male mice (Mus musculus) animals fed
the high-phytoestrogen diet and perinatal
BPA doses of 0, 17.5,
175, or 1750 lg/day.

No significant changes in male body weight in F1
exposed males.
No differences detected in seminiferous tubules
diameters.
No effect on serum testosterone level.
No changes in sperm production observed in adult testis
after exposure to BPA.
When males each encountered a sexually receptive
female, there were fewer intromissions among those
given 17.5 or 175 lg and fewer ejaculations among those
given 17.5 lg, but the 1750 lg dose had no effect.
Perinatal BPA dosages thus influenced male sexual
behavior nonmonotonically, with impairment evident in
a discrete dose range among males on a highphytoestrogen diet.

LaRocca et al.,
2011

Decatanzaro D et
al., 2012

Neonatal exposure
Sprague-Dawley male rats
Sub-cutaneous injections
0 – 2 – 11 – 56 – 277 – 97,000 µg
BPA/kg bw/day
Birth – PND9

Holtzman Rat
Sub-cutaneous
100 - 200 - 400 - 800 - 1600 µg/kg bw/d
PND1-5

SHN newborn mice
Sub-cutaneous injections
175 – 17,500 µg BPA/ kg bw/day
Birth – PND5
Long-evans weanling male rats
Oral route – gavage
0 – 2.4 µg/kg bw/day
PND21-35
ICD (CD-1) newborn mice or Wistar
rats
Sub-cutaneous injections
from 0.1 to 10 µg BPA/animal/injection
for mice
from 1 to 600 µg BPA/injection/animal
for rats
At PND1, 3, 5, 7, 9 and 11

Observations made at PND10, 35 and 150:
Normal reproductive parameters.

Kato et al. 2006

Observations at adulthood :
Effects on fertility parameters with a significant  of the
copulation delay and the post-implantation loss from the
200 µg/kg bw/d exposure dose.
 litter size from 200 µg/kg bw/d BPA.
Significant  of the sperm count and motility from 100
and 200 µg/kg bw/d respectively and onward.
Significant reduction in the expression of Cx-43
(PND 45 and 90) and increase in N-cadherin (PND 45 et
90) and ZO-1 (PND 90) expression.

Salian et al.,
2009b

Obervations made at 10 weeks:
 moving sperms at high dose;  malformed sperms in
epididymis at both doses.
No marked histological changes in testes.

Aikawa et al.
2004

Observations made at PND35:
Decrease in the serum LH and T levels

Observations made in juvenile-adult animals:
Abnormalities in spermatids at all doses but not dose
dependant.
No effects on the fertility

Akingbemi et al.,
2004

Toyama and
Yuasa (2004b)

Pubertal exposure
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Sprague Dawley rats
Oral -gavage
40 µg/kg bw/d

Observations made at pubertal and adult age:
 Testosterone levels in juveniles, lasting until adult
age.
Decrease of sexual performances in adult animals.

Della Seta et al.,
2006

Wistar/ST 4-week old male rats
Sub-cutaneous injections
0 - 11.4 - 57.1 - 114.2 mg BPA/kg
bw/day
6 weeks

Observations made at 10 weeks:
 reproductive organ weights at 57.1 - 114.2 mg BPA/kg
bw/day
Effect of the plasma testosterone levels ()at 57.1 114.2 mg BPA/kg bw/day
Morphological abnormalities in the seminiferous tubules.

Nakamura et al.,
2010

Sprague Dawley rats
Oral route – gavage
100 mg/kg bw/d
PND23-53

Observations made at PND53:
Only 66.7% of the treated rats reached a complete
preputial separation. No significant effects were seen on
the testis, epididymis or adrenal weight but
morphological changes or differences in testicular
histology.

Tan et al., 2003

4-week old Wistar rats
i.p. injections
0 – 2 – 20mg BPA/kg bw/day
4days/week during 1 month

Observations made at pubertal age:
 prostate and seminal vesicles weight at 20mg BPA/kg
bw/day.  serum testosterone levels. No effect on testes
or epididymis weight.

PND23 - PND30

Jcl:Wistar rats 4 weeks old
Sub-cutaneous injections
200 mg BPA/ kg bw/day
4-week

Long-Evans weanling male rats
Oral route – gavage
0 – 2.4 µg/kg bw/day
PND21-90

juvenile male Sprague-Dawley rats,
PND 22, Oral route – gavage. 3 weeks
of treatment (until PND 43); 100 mg/kg
bw

Takahashi and
Oishi, 2003

Observations made at pubertal age:
 prostate, testis, epididymis and seminal vesicles
weight.
testicular daily sperm production

Observations made at 91days:
No effect on the body weight or the testis weight.
Decrease of the sex hormone levels, specifically the T
levels produced by the Leydig cells.

The results of the present study showed that, soya
extract, bisphenol A, and 17β-estradiol can alter the
histological structure of the testes and influence
circulating steroidal hormone levels.

Akingbemi et al.,
2004

Norazit et al.,
2012

Exposure during adulthood
Wistar Rat
Sub-cutaneous
3000 µg/kg/d
PND52 - PND87

Observations made at adult age:
Significant  of T plasma levels and epididymal sperms
(motility not affected).
Significant  of ventral prostate weight with high IGF-1
level.

Herath et al.,
2004
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Wistar Rat
Oral route
0,2 - 2 - 20 μg/kg bw/d
PND45 – PND90

Sprague-Dawley Rats
Oral route
0.02 – 0.2 - 2 – 20- 200 mg/kg bw/d

Observations at adult age:
Significant  relative weights of testis and epididymis
Significant  of the relative weight of the ventral
prostate.
Significant  epididymal sperm motility and sperm
count.
Effects on levels of enzymes related to oxydative stress.

Chitra et al., 2003

No significant effect on the sperm production.

Sakaue et al.,
2001

Effects on the spermiogenesis (abnormalities in
spermatids) at both doses.
No effects on fertility when tested 2 months after the end
of the treatement

Toyama et al.,
2004

Exposure from Day 6 to adult age (11
weeks)
4-month old Wistar rats or 3-month old
ICR mice
Subcutaneous route
0, 20 or 200 µg/kg bw/injection
Exposure during 6 consecutive days
Multiple exposure

C57BL/6N female mice
Oral route –gavage
0 – 2 – 20 – 200 µg/kg bw/day
GD11-17

Decrease in absolute seminal vesicle weight at 2 µg/
kg/day only.

Nagao et al., 2002

No effects when treated at juvenile or adult stage.

Multi-generations exposure

Rat IGS (SD) rats
25 rats /sex /group administered
0, 0.2, 2, 20 and 200 μg/kg/day
Oral by gavage

statistically significant  in absolute AGD in F1 & F2
males (not statistically significant when the ratio of the
AGD to body weight was determined) and statistically
significant  in the absolute (17%) and relative (20%)
weight of seminal vesicles in F2 males only at at the
lowest dose.

Ema et al., 2001

2 generation study similar to OECD 416 (Deviations:
*Female treated for 2 weeks only before mating.
*Low doses used)

Mice
Oral route
0 – 0.015 – 0.3 – 4.5 – 75 – 750 – 7500
ppm corresponding to 0.0007-0.003,

0.015-0.062, 0.22-0.73, 4.1-15.4,
37.6-167.2 and 434-1823 mg/kg
bw/day
Exposure from 10 weeks before mating
until adult age.

No effect on reproduction has been seen except at the
highest dose (7500 ppm):
Effect on reproductive organ weights, on DSP and
epididymal sperm concentration.
Follow OECD guideline 416 (two generation
reproduction toxicity study), TG 416 enhanced

Tyl et al., 2008

GLP compliant study

N = 28 animals/dose
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Rat
Oral route
0 – 0.018 – 0.18 – 1.8 – 30 – 300 and
3500 ppm
Exposure from 10 weeks before mating
until adult age.
30 males/dose 30 females/dose

Mice
CD-1
(n= 20/ treated group/ sex, n= 40/
control group/ sex)
0, 0.25, 0.5 or 1.0% (daily intakes BPA
estimated 0, 300 or 325, 600 or 650 and
1,200 or 1300 mg/kg for males or
females resp.
In diet

No effect on reproduction has been seen except at the
highest dose (3500 ppm):
According to EPA OPPTS 837.38000, 1998
GLP compliant study

Tyl et al., 2002

relative seminal vesicle weight and proportion of motile
sperm 19% and 39% / ctrls. No histological changes
were observed in male reproductive organs.
Left testis/epididymis weights were significantly  by
10% at the mid dose and 9% at the high dose, and
seminal vesicle weight was significantly  by 28% at the
top dose.

NTP, 1985b

Continuous breeding study
(Task 1, dose-finding; Task 2, continuous breeding
phase; Task 3, identification of the affected sex, and
Task 4, offspring assessment.)

Additional studies:
Additional supportive studies exist, exploring the mechanisms that could explain the effects of the
BPA on the male reproductive system in animals.
Salian et al. (2009b) exposed, using sub-cutaneous injections Holzman males rats to various doses
of BPA pure at 99.8% (100, 200, 400, 800, 1600 µg/kg bw/d) from birth to PND5. DES was used as
the positive control and the negative control groups received sesame oil. Male fertility was assessed
during adulthood and the lowest dose of BPA that was most effective at impairing fertility was
determined. Immunohistochemical localization for Connexin 43 (Cx-43, gap junctional), Zona
Occludin-1 (ZO-1, tight junctions) and N-cadherin (adherens junction) was carried out on testicular
tissue sections obtained from PNDs 15, 30, 45 and 90 of rats exposed to lowest dose of BPA that
impaired fertility. These proteins are implicated in the junctions of the Sertoli cells, and are
important for maintaining the spermatogenesis. Females mated with male rats that were exposed
neonatally to various concentrations of BPA showed a significant increase in post-implantation loss
and a decrease in litter size. There were significant changes in sperm count along with hormonal
imbalances in the rats exposed neonatally to BPA. The 400µg/kg bw/d dose of BPA was
determined as the lowest dose that was capable of impairing male fertility. A significant reduction
in the expression of Cx-43 (PND 45 and 90) and increases in the expression of N-cadherin (PND 45
and 90) and ZO-1 (PND 90) were observed in the testes of rats exposed neonatally to effective dose
of BPA.
This could be linked to what it has been demonstrated in a recent study (Li et al., 2009) : adult rats
treated with acute doses of BPA displayed signs of germ cells loss and the treatment was also able
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to disrupt the blood-testis barrier when administered to immature 20-day-old rats. They were treated
with BPA (purity not known), which was dissolved in absolute ethanol and then diluted in corn oil.
Rats were treated with multiple doses of BPA. In this study, the exposure to BPA covered a range
of 0.02 to 50 mg/kg bw/day due to its non-monotonic dose response curve observed for some
endpoints according to the authors. It was shown using an immunofluorescence analysis that the
reversible disruption of this barrier was associated with declining levels of several junction’s
proteins such as occluding, Connexin-43 (Cx-43) or N-Cadherin. The effect of the level of
expression of these proteins could be one of the mechanisms leading to the alterations of the
spermatogenesis. Since the Sertoli cells junction’s proteins (SCJPs) are necessary to maintain the
hemato-testicular barrier, the altered expression of all these 3 SCJPs in response to BPA suggests
that BPA is a potential Sertoli cells toxicant.
These results are consistent with the previous results found in vivo in immature rats in the studies by
Toyama et al. (2004), Chitra et al. (2003) or Herath (2004). The exposure used by Li et al. (2009) is
supposed to mimick an acute short-term or accidental human exposure to BPA. Therefore, the doses
used in vitro correspond to high level of BPA in vivo. Only an untreated control group was used to
avoid the unnecessary slaughter of animals. However, a vehicle control group was included in the
study to examine the effects of BPA on the blood-testicular barrier integrity in immature rats when
a significant effect was detected based on pilot experiments.
The observations made in vivo, were confirmed using primary Sertoli cells cultured in vitro with
established tight junction-permeability barrier that mimicked the blood-testis barrier in vivo. Cells
were treated with either vehicule control (0.1% ethanol) or BPA at 40μM or 200μM on day 3–5
after the functional TJ-barrier was formed in cultured Sertoli cells. These concentrations of BPA
were selected for in vitro experiments since BPA at 40μM was reported to induce junction
disruption in the SerW3 Sertoli cell line (Fiorini et al., 2004), and 200μM of BPA is equivalent to
∼45 mg/kg b.w. in the in vivo animal study.
The reversible disruption of Sertoli cell tight junction barrier by BPA was associated with an
activation of ERK, and a decline in the levels of selected proteins at the tight junction, basal
ectoplasmic specialization, and gap junction at the blood-testis barrier. Studies by dual-labeled
immunofluorescence analysis and biotinylation techniques also illustrated declining levels of
occludin, connexin 43, and N-cadherin at the cell–cell interface following BPA treatment. In
summary, BPA reversibly perturbs the integrity of the blood-testis barrier in Sertoli cells in vitro.
These results are consistent with those previously reported in 2004 by Fiorini et al. (2004), who
have already demonstrated that BPA was able to affect the intercellular junctions between Sertoli
cells. SerW3 Sertoli cell line was used and treated with BPA at 45µM diluted in DMSO. The effects
on junctional protein expression were investigated for doses that did not exert any effect on cell
viability (as assessed with MTT). BPA reduced the level of occludin (tight junction protein), Ncadherin (adherens junctions protein) and connexin-43 (gap junctions protein), with the key effect
on Cx-43. Zonula-occludens 1 (ZO-1) expression was not altered. Therefore, since the expression of
proteins implicated in the junctions which form the blood-testis barrier was affected, it can be
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concluded that it has been demonstrated in vitro that bisphenol A could affect the integrity of the
barrier, and this could be an explanation for its effects on the male reproductive tract.
The results observed in vitro support the in vivo findings.
4.11.2.2

Human information

Several epidemiological studies have been conducted, each of them with methological limitations.
The following three studies considered of acceptable quality (Meeker, Mendiola and Galloway)
address the issues of male sex hormones.
In the studies by Meeker et al. (2010a) and Mendiola et al. (2010), two populations were studied:
men in infertile couples and fertile men. In both populations the concentrations of various proteins
and hormones (FSH, LH, testosterone, oestradiol, Inhibin B…) and urinary concentrations of BPA
were measured. Hormonal and protein changes were observed in both studies.
In Meeker et al. study, the relationship between urinary BPA levels and seric testosterone and other
reproduction hormones levels was investigated. BPA was identified in 89% of the subjects with a
median level of 1.3 ng/mL. BPA level has been shown to be inversely related to the Inhibin B level
and to the E2/T ratio. Since estradiol is produced through the aromatization of testosterone, a
reduction in the E2:T ratio is considered a marker for declined aromatase activity. The BPA level
was also directly correlated with FSH level and with the FSH/Inhibin B ratio. Furthemore BPA
levels and free androgens index are negatively related.
It should be noted that the observed changes were different according to the two studies.
Concentrations of thyroid hormones and TSH were also measured in the work of Meeker et al, but
no relationship was observed with concentrations of urinary BPA (Meeker et al., 2010a).
Nevertheless this study has several limitations. First, the present study was cross-sectional with a
single hormone measure on the same day as a single urine sample from over half the men. Thus,
reverse causation cannot be rule out to explain the findings. Another limitation is the likelihood of
exposure measurement error due to the high within-individual temporal variability in BPA exposure
and the availability of multiple BPA measures from only a subset of participants. Finally, because
the present study was conducted among men recruited through an infertility clinic the ability to
generalize the results to the general population may be limited. However, because to date no
evidence exists that men from an infertility clinic are differentially affected by BPA exposure;
authors of the study expect their results to be generalizable.
In the study by Mendiola et al. (2010), various parameters were assessed in fertile men. No
significant association was observed between semen parameter and urinary BPA concentration. But
a significant inverse association was found between the latter and the Free Androgen Index (FAI,
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which has been calculated as the total testosterone level x 100/SHBG level) and the FAI/LH ratio.
A significant positive correlation between BPA concentration and SHBG (Sex hormone binding
globuline) was also observed.
The study by Galloway et al. is not inconsistent with these studies, but the choice of hormones
investigated was restricted to gonadal hormones: free and total testosterone, estradiol as well as
SHBG (sex hormone-binding globulin) (Galloway et al., 2010). In this study performed in the
general population sex hormone levels were measured in 715 adult men (20-74 years), the daily
BPA excretion was measured in urine samples. A higly significant association was reported
between the daily BPA excretion and total testosterone concentrations. It should be noted that the
number of men in this study with age between 66-74 years is abnormally high.
Several studies address the question of the quality of gametes in men.
The cross-sectional study of Li et al. (2010) recruited male workers exposed to BPA and estimated
by questionnaire the frequency of certain sexual dysfunctions (reduced sexual desire, erectile
difficulty, ejaculation difficulty and reduced satisfaction in sex life) declared during an interview
(Li et al., 2010). The questions were based on the International Index of Erectile Function and the
Brief Male Sexual Function Inventory. The frequency of these disorders was compared with what
was observed using a similar approach in a control population composed of men not exposed to
BPA. The participation rate was 62% for those exposed versus 55% for those not exposed. The
authors of the study concluded that there was a dose-response association between high levels of
cumulative exposure to BPA and an increased risk of impaired sexual function. To remove the
potential interference of exposure to other chemicals, the authors conducted additional analyses
after excluding those who had a history of exposure to other chemicals or heavy metals. But the
observed associations between a BPA exposure and the risk of sexual dysfunction remained.
However some questions remain concerning the interviews, during which it was necessary to
answer a questionnaire, were they blinded? And how were threshold values regarding sexual
activity chosen? Moreover there are no clinical data to support these results obtained by selfreporting.
In a second article by Li et al., which completed the first study, the level of BPA in urine was
obtained in workers exposed to BPA because they were working in factories where BPA or epoxy
resin was manufactured (Li et al., 2010b). Workers from factories with no occupational exposure to
BPA in the work environment were also recruited in the same regions. 514 (58% of the identified
workers) agreed to participate. At the end some participants were excluded because they did not
provide urine samples or because they did not answer to the sexual function questions. The results
demonstrated an association between BPA exposure and the existence of sexual dysfunction (high
levels of BPA in the urine were significantly correlated with increased sexual dysfunction). These
results further support the previously reported findings (Li et al., 2010a)
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In 2011, Li et al. demonstrated a link between sperm quality and urinary BPA concentration in the
population of workers exposed to BPA like this was demonstrated in their 2 previous studies. High
BPA concentration level was associated with decreased sperm count, mobility and vitality.
Specifically an increasing urine BPA level was associated with lower semen concentration, lower
total sperm count, lower sperm vitality and lower sperm motility (forward movement). On the other
hand no linear correlation between urine BPA levels and semen volume or sperm morphology has
been observed. The participation rate was 58% (n= 514 of 888 eligible) but the analysis was done
on only 218 men for whom the semen specimen meet WHO’s collection guidelines or did in fact
provide a semen sample (Li et al., 2011). To determine if the observed association was still valid if
the people exposed at their workplace are excluded (since the environmental BPA exposure level is
lower compared to the occupational one), the authors examined the men exposed to BPA only
because of an environmental exposure. Similar significant associations were observed in this
reduced sample (n = 87-88).
In a population of fertile men (partners of pregnant women; N = 375), no correlation was found
between sperm parameters and urinary concentrations of BPA (Mendiola et al., 2010). The
parameters analysed were the seminal volume, the sperm concentration, the percent of motile sperm
and morphologically normal sperm, total motile count and total sperm count. Only an inverse
relationship was observed between urinary BPA concentrations and the free testosterone index
(FTI) and the FTI/LH ratio (as described previously, for both adjusted and unadjusted for
creatinine).
A similar study was carried out by Meeker et al. in a population of men consulting in an infertility
clinic (n=190). As described previously, the urinary concentration of BPA was associated with
increased plasma levels of FSH (in contrast to the study of Hanaoka et al., but the study population
was not the same (Hanaoka et al., 2002)), a decrease in the level of inhibin B and the
oestradiol/testosterone ratio (considered by the author as a marker of aromatase activity), and an
increase in the ratio of FSH/inhibin B (Meeker et al., 2010a). But a link between BPA exposure and
impaired sperm quality (only for urine samples obtained the same day as the semen collection) was
also established. An increase in urinary BPA concentration was associated with declines of 23% in
sperm concentration, of 7.5% in motility, and 13% in morphology, along with a 10% increase in
sperm DNA damage measured as the percentage of DNA in comet tail. Nevertheless these data
remain to be confirmed (Meeker et al., 2010b) especially because some of the semen analysis
parameters were not performed according to the WHO recommandations (WHO, 1999).
A more recent study (Bloom et al., 2011a) is only a preliminary prospective cohort study due to the
small number of subjects (n= 27 couples). This dataset includes couples for whom embryos were
generated during an In Vitro Fertilization (IVF). Embryo cell number (ECN) was assessed on the
day of embryo transfer as the number of blastomeres present. Embryo fragmentation score (EFS)
was assessed on the day of transfer (usually 48 h post-fertilization) as: Grade 1, 0% fragmentation;
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Grade 2, 1–10%; Grade 3, 11–25%; Grade 4, 26–50%; and Grade 5, ≥51%. There was no
association for BPA measured in women with ECN (n = 184) or with EFS (n=186) adjusted for
male BPA as well as for the age and race of each partner, and day of transfer for ECN. However the
authors found a 30% decrease in the adjusted odds for a higher ECN is suggested, and a 46%
decrease in the adjusted odds for higher EFS is detected for each log-unit increase in male BPA.
This inverse association between the paternal BPA concentrations and the effects on the embryo
quality may be due according to the authors to a sperm integrity disruption, or to an unexplained
biologic phenomenon. Nevertheless since the sample size is rather small, these results need to be
confirmed.
Another recent retrospective study was performed by Miao et al. (2011). The participants for this
sudy were recruited among the population of a previous study (Li et al., 2010b). A total of 153 boys
were included in the final analysis. A total of 153 boys were included in the final analysis, among
them 56 with parental occupational exposure during pregnancy and 97 without. Among the 56 boys
who had parents who were exposed to BPA during pregnancy, 15 had a mother who was exposed to
BPA in the workplace during the index pregnancy, 38 had a father who was exposed to BPA in the
workplace while his wife was pregnant with the index child, and 3 had a mother and father who
were both exposed to BPA in the workplace. The participation rate was 78.86% since first 194 boys
were eligible. The BPA exposure of the parents was estimated using a personal air sample
monitoring and also measured in urine among participants who provided an urine sample.
Concerning the measure of the anogenital distance (AGD), it was measured from the center of the
anus to the anterior base of the penis by the same physician who was blinded to the exposure status
of the participants. And because AGD is a continuous variable, AGD for boys was compared
between exposed and unexposed groups using multiple linear regression models after controlling
for age and weight.
The age of the participants was ranging from 0 to 17 years old and 81% were younger than 10
years. After controlling for the boys’ ages and weights using linear regression, parental
occupational exposure to BPA during pregnancy was associated with shortened AGD in male
offspring. Compared with boys coming from unexposed families, the AGD was 8.11 mm shorter on
average for boys with maternal exposure (p = 0.003) and 2.87 mm shorter for those with paternal
exposure (p = 0.15), then the association was stronger for maternal exposure. When the analysis
was restricted to boys younger than 8 years in order to reduce the effects of the pubertal
development, the results remained the same. There was also a dose-response relationship with
increased BPA exposure levels in pregnancy associated with greater magnitude of shortened AGD
in male offspring, with a statistically significant trend for the association (p = 0.008).
Fénichel et al. (2012) studied the relationship between fetal exposure to BPA and cryptorchidism in
boys. Using a radioimmunoassay performed after extraction, validated by high-performance liquid
chromatography and mass spectrometry, active levels of unconjugated BPA (uBPA) in cord blood
(CB) were measured in 152 boys born after 34 weeks gestation, with cryptorchid or descended
testes. Active uBPA was detectable in all CB samples, with values in the control group (n ¼ 106) of
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0.14–4.76 ng/ml, median: 0.9 ng/ml; mean+SD: 1.12 ng/ml+0.86 ng/ml, which did not differ from
cryptorchid boys (n ¼ 46, 1.26+1.13 ng/ml, P ¼ 0.38). uBPA in controls correlated with CB inhibin
B (P , 0.01) and total testosterone (P , 0.05), and with maternal milk polychlorinated bisphenyl 138
(P , 0.03). uBPA did not correlate with clinical maternal or fetal parameters or with other steroid or
polypeptide CB hormones assessed. The presence of uBPA in all CB samples suggests placental
transfer and fetal exposure. Similar uBPA levels in the control and cryptorchid groups make the
participation of fetal exposure to uBPA in the physiopathology of undescended testes unlikely.
However, the observed nanomolar uBPA concentrations support assessment of epidemiological
relationships between CB uBPA and other human diseases.

Conclusion in humans (men):

Although most of the studies available present limitations (sample size, very specific population,
bias…) they all point out a correlation between higher BPA levels and different sexual parameters
(quality of sperm, sex hormones, and sexual function and quality) and then strenghten the
plausibility of causality.
Few epidemiological studies have been performed related to an exposure to BPA. Three studies by
Meeker et al. (2010a), Mendiola et al. (2010) and Galloway et al. (2010) addressed the issue of the
sex male hormones. According to Meeker et al., when measured in the urine of men who belong to
an infertile couple, the FSH levels was increased and the ratio estradiol/testosterone was decreased
with increasing levels of BPA. In the study by Mendiola et al. (2010) a significant inverse
association was found between the urinary BPA concentration of fertile men and the Free Androgen
Index (FAI) or the FAI/LH ratio. A significant positive correlation between BPA concentration and
SHBG was also observed. Finally in the study by Galloway et al. perfomed in the general Italian
population, higher daily BPA excretion was associated with higher total testosterone concentrations
in men, in models adjusted for age and study site, and in models additionally adjusted for smoking,
measures of obesity, and urinary creatinine concentrations. Then, despite the fact that number of
studies is limited and that they are sometimes performed in a very specific population, exposure to
BPA has been demonstrated to induce effects on the male sex hormone levels.
In other epidemiological studies workers exposed occupationally to BPA showed a greater risk of
sexual dysfunction, a declining sexual function or a decrease in sperm concentration, motility and
vitality compared to unexposed workers (Li et al., 2010a, 2010b and 2011). It has also been shown
that little boys (n=56) among whom one parent or both had an occupational exposure, exhibit a
shorter AGD when compared to control boys (Miao et al., 2011). These results were almost
irrevocable since when analysis was restricted to boys younger than 8 years (in order to reduce the
effects of the pubertal development) the results remained the same. Moreover, a dose-response
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relationship exists with increased BPA exposure levels in pregnancy associated with greater
magnitude of shortened AGD in male offspring.
Unlike the workers, in a population of fertile men (they are partners of pregnant women) no effects
were observed on semen volume and sperm concentration, on the percent of motile sperm,
morphologically normal sperm, total motile count and total sperm count (Mendiola et al., 2010).
But of course there is a limitation since the population of these 375 men were recruited as fertile
men. When a study was performed in 190 men consulting in an infertility clinic a link between
urinary concentration of BPA and impaired sperm quality was established: a rise in urinary BPA
concentration was associated with a decline of 23% in sperm concentration, of 7.5% in motility, and
13% in normal morphology.
Effects have also been seen on the issue of IVF since men with a greater serum concentration in
BPA lead to higher embryo fragmentation score (EFS) and a reduced embryo cell number (ECN)
(Bloom et al., 2011a).

Table 17: Summary of the studies performed on BPA effects on the human male reproductive system
Population and N

Results

Urinary BPA levels

Reference

General
715

men :  total testosterone (n=316)
subjects mostly aged 65-74 Y

1.3 – 11.5 ng/mL (24h)

Galloway et al., 2010

Infertile couples
167

 FSH, FSH/inhibin B and 
oestradiol/testosterone and inhibin B
with  of BPA levels

< 0.4– 36.4 ng/mL

Meeker et al., 2010a

< 0.4– 6.5 ng/mL

Mendiola et al., 2010

Median TWA8 in
exposed workers =
4.57 µg/m3

Li et al., 2010a

Fertile men
375

Workers
123 exposed to BPA
254 unexposed

No relationship between the BPA
exposure and the gametes quality
 Free T index (total
testosterone/SHBG) ;  SHBG

Higher risk of male sexual dysfunction

Workers
427

correlation between urine BPA level
and declining male sexual function

Median = 53.7 µg
BPA/g Cr

Li et al., 2010b

Workers
218

 concentration, motility, vitality of
sperm

Median = 39 (6-354)
µg/g creatinine

Li et al., 2011

ND – 36.4 ng/mL

Meeker et al., 2010b

Men consulting in an
infertility clinic
Infertile men
190

 sperm concentration and percentage
of typical shapes;
 DNA fragmentation in sperm
nucleus
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Men implicated in an
IVF
27

 of the embryo number and quality
with  conc. of BPA

Boys with
occupational exposure
of the parents
153

 AGD distance in boys with parents
exposed to BPA at work

152 boys with
cryptorchid or
descended testes (born
after 34 weeks of
gestation)

Similar uBPA levels in the control and
cryptorchid groups make the
participation of fetal exposure to uBPA
in the physiopathology of undescended
testes unlikely.

4.11.3

Not provided

Bloom et al., 2011a

3.7-72.3 µg/g
creatinine

Miao et al., 2011

Not provided

Fénichel et al., 2012

Developmental toxicity

Difference between fertility effects and developmental effects are sometime subtle. Indeed, in utero
effects of BPA on sexual organ development, sexual beahaviour or sexual efficiency might be
considered as developmental toxicity. Similarly, the details given in the multigeneration study of
BPA influence on pups BW could also be considered as developmental effect. However, as BPA
has been tremendously studied and for seek of efficiency; fertility only is covered in this report.
Therefore, the data presented here on development are not exhaustive and are presented because it
was judge that they proved BPA toxicity of fertility.

4.11.4

Other relevant information

A number of effects of BPA in animals have been extensively investigated and target organs
identified in repeat-dose animal studies include liver, kidney and sexual organs. However, the
effects of most concern have been those related to the hormonal activity of BPA and potentially
related effects on physical, neurological, behavioural and reproductive development. BPA acts as a
weak oestrogen. It has a much lower affinity for the estrogen receptors (ERα and ERβ) than
endogenous oestrogen and it is rapidly metabolized to BPA-glucuronide which is not hormonally
active. More recently, BPA has been shown to bind with high affinity to estrogen-related receptor
(ERR-γ), which may be related to its ability to act as an endocrine disruptor on fertility. According
to in vitro and in vivo studies currently available, BPA did not demonstrate either androgenic or
anti-androgenic activity. The consequences of these endocrine disrupting properties on fertility have
been extensively studies and have been presented above.

4.11.5

Summary and discussion of reproductive toxicity

Regarding male fertility, despite the fact that some studies observe limited or no effects, there is a
convergence in the effects observed independently from the period of exposure.
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First, an exposure to low doses of BPA in males induces changes in the levels of the sexual
hormones like the testosterone. It has been observed in animals exposed in utero or neonatally
(Akingbemi et al., 2004), during puberty (Della Seta et al., 2006; Nakamura et al., 2010; Takahaski
and Oshi, 2003; Akingbemi et al., 2004) and in adult animals (Herath et al., 2004). One study
rapported no effect on the serum testosterone levels (LaRocca et al., 2011), but first the measure
was done in a reduced number of animals (4-5) and moreover even the positive control group
(treated with DES) remained unaffected. In human, effects of BPA on sexual hormones have been
described in three studies (Meeker et al. (2010a), Mendiola et al. (2010) and Galloway et al. (2010)
which were all consistent although in study with a smaller sample size (meeker et al.) the
significance of the positive trend between BPA and testosterone was not reached.
This effect on testosterone levels could partly explain effects observed on the sperm production
since this parameter has been affected following exposure to BPA. Sperm production has been
decreased following a 5 weeks exposure in adult rats following two different routes of exposure. If
in Chitra et al. (2003) rats have been exposed orally and in Herath et al. study (2004) they were
exposed using sub-cutaneous injections. The reduction in sperm count was accompanied by a
decrease of the testis weight and an increase of the ventral prostate weight.
Other studies reported effects on one or several male reproductive organs such as effects on the
weight of the testes and the seminal vesicles, the ventral prostate or the epididymides following an
in utero exposure (Kabuto et al., 2004; Akingbemi et al., 2004; Timms et al., 2005), a pubertal
exposure (Nakamura et al., 2010; Takahashi and Oishi, 2003) and multigeneration study (Tyl et al.,
2008). In its 3-generation study performed in Sprague-dawley rats (Tyl et al., 2002), adverse effects
on fertility were described by Tyl et al. at the highest dose only (7500 ppm). Like in other studies,
effects were seen on the weight of the reproductive organs since there was a reduction in testes,
epididymis, prostate and seminal vesicles weight in most of the generations of the 7500 ppm group
(the only exception was F0). Nevertheless when the relative weight of these organs (% of the
sacrifice weight) is analysed, a significant increase of the paired testis and the paired epididymides
is observed for all 3 generations.
Effects on the sperm production or parameters were observed when animals were exposed
prenatally, neonatally or post-natally (during lactation) (Tinwell et al., 2002; Salian et al., 2009c)
and in the multigeneraion studies by Tyl et al. described a decrease in epididymal sperm
concentration in F1 males and in the daily sperm production in F3 males of the 7500 ppm dose
group (Tyl et al.; 2002) and in F0 males treated with 3500ppm of BPA (Tyl et al.; 2008).
Abnormalities in the seminiferous tubules (Iida et al., 2002; Okada and Kai, 2008) were also
reported. Effects on sperm morphology (Aikawa et al., 2004; Toyama and Yuasa, 2004b; Okada
and kai, 2008) or motility (Chitra et al., 2003; Salian et al., 2009c) were not reproduced in the
multigeneration studies. It should be noted that no positive control was used in this study, and then
it is not possible in this study to know if effects would have been observed in the same rats treated
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with ethynilestradiol or diethylstilbestrol (DES) and to have an explanation on the fact that effects
were observed at the highest dose only.
When animals were exposed to BPA neonatally effects on fertility were generally observed (Salian
et al., 2009b) with effect on the sperm parameters (Salian et al., 2009c; Aikawa et al., 2004), on the
reproductive organ weight, the histology of the seminiferous tubules or on the level of testosterone
(Nakamura et al., 2010; Toyama and Yuasa, 2004b) in rats or mice, except in Kato study (2006)
where Sprague Dawley rats exposed to BPA through sub-cutaneous injections do not exhibit any
effect on reproductive parameters. But it has been shown that apparently Charles-River SpragueDawley rats have a very low sensitivity to estrogenic compounds (Yamasaki et al., 2002; NTP,
2001). These rats need very high doses of ethinylestradiol to induce a response but
ethinylestradiolis a very potent.
In human, cccupational exposure to BPA was associated with a greater risk of sexual dysfunction, a
declining sexual function or a decrease in sperm concentration, motility and vitality compared to
unexposed workers (Li et al., 2010a, 2010b and 2011) and dose-related shorter AGD in boys whom
one parent or both had an occupational exposure (Miao et al., 2011). However, in a population of
fertile men (375 partners of pregnant women) no effects were observed on semen volume and
sperm concentration, on the percent of motile sperm, morphologically normal sperm, total motile
count and total sperm count (Mendiola et al., 2010) but a link between urinary concentration of
BPA and impaired sperm quality was established in 190 men consulting in an infertility clinic
(Meeker et al.2010a). Finally, effects have also been seen on the issue of IVF since men with a
greater serum concentration in BPA lead to higher embryo fragmentation score (EFS) and a reduce
embryo cell number (ECN) (Bloom et al., 2011a).

Despite all the limitations of the epidemiological studies, the dose-effect relations identified in these
various studies should not be questioned and the effects seen in men are consistent with the one
observed in animals like effects on the sexual hormones and on male sexual function including
sperm parameters.
Concerning the effects of BPA in females, a large number of recent studies is available and several
kinds of effects which may impair the fertility were observed leading to consider the weight of
evidence instead of basing the conclusion on few key studies limited to very specific models. Most
of the studies were performed in rodents, and sometimes in sheeps, during a prenatal, neonatal, or
postnatal period. A very few were realized in order to assess the impact of a BPA exposure during
adulthood.
The most consistent effect is the increased occurrence of ovarian cysts following a gestational or
postnatal exposure. Indeed, this effect was found in all studies investigating the influence of BPA
on ovarian morphology and can thus be considered as a proven effect (Fernandez et al., 2010;
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Adewale et al., 2009; Newbold et al., 2009; Newbold et al., 2007; Signorile et al., 2010). More
severe lesions were also found in ovaries including progressive proliferative lesions of the oviduct
but this effect was seen in only 2 studies (Newbold et al., 2007; Newbold et al., 2009). Concerning
the oocytes development, meiotic abnormalities leading to aneuploidy were demonstrated in three
studies with different exposure period (prenatal, postnatal or prepubertal exposure) (Hunt et al.,
2003; Susiarjo et al., 2007; Rodriguez et al., 2010). However, too few studies on this subject are
available and it is thus difficult to draw conclusions. Although rodent ovarian cysts are not the exact
model for PCOS, it is interesting to note that in human, the two epidemiological studies available
shown higher incidence of polycystic ovaries positively associated with higher serum BPA
concentrations (Kandaraki et al., 2011 and Takeuchi et al., 2004).
Consistent results were reported in seven different studies for an adverse effect of BPA on the
estrous cycle, including irregular and prolonged cycles, following either prenatal (Nikaido et al.,
2004; Honma et al., 2002), perinatal (Mendoza-Rodriguez et al., 2011; Rubin et al., 2001; Tyl et
al., 2008) or postnatal exposure (Adewale et al., 2009; Fernandez et al., 2009). The 2 studies failing
to reveal an effect of BPA on the estrous cycle (Kwon et al., 2000 and Nikaido et al., 2005) were
performed in to strains/species insensitive to estrogen. This demonstrate that the effect of BPA on
estrous after prenatal, perinatal or postnatal exposure is probably due to its estrogenic properties.
BPA also induces changes in the uterus morphology in several studies. Benign lesion like
endometrial hyperplasia, or atypical hyperplasia, which is a precursor lesion to adenocarcinoma,
were revealed in three studies following in utero exposure (Newbold et al., 2009), perinatal
exposure (Signorile et al., 2010) or postnatal exposure (Newbold et al., 2007). Malignant invasions
(squamous metaplasia or polyps) were also described in the two studies performed by Newbold
(Newbold et al., 2007; Newbold et al., 2009). Although these effects were significant, it is again
difficult to conclude due to small number of animal studies. Epidemiological studies reported
contradictory effects of BPA on the human endometrium. BPA was not detected in control women,
whereas serum levels of BPA were above the detection limit in women with endometriosis
(Cobellis et al. 2009) in a population of women from a gynecological-obstetric clinic, but no
significant association between urinary BPA levels and the stage of the endometriosis was
described by Itoh et al. (2007). A lower exposure to BPA was also associated with endometrium
hyperplasia (Hiroi et al., 2004). In a limited sample size (16 cases versus 21 controls) circulating
levels of BPA appeared to be lesser in women with more severe endometrium hyperplasia.
Concerning the age at puberty, a large discrepancy exists between the studies. A significant
advanced age at puberty was reported for a broad range of doses (2µg/kg to 100mg/kg) following
an in utero (Howdeshell et al., 1999; Honma et al., 2002; Nikaido et al., 2004) or an early postanal
exposure period (Adewale et al., 2009; Fernandez et al., 2009; Nah et al., 2011). This effect is
therefore considered as a proven effect for these two windows of exposition. In contrast, and
without being able to explain, oral treatment during exposure period encompassing the second half
of gestation and the lactation period does not reveal any effect of BPA on the puberty timing
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(Yoshida et al., 2004; Rubin et al., 2001; Ryan et al., 2010; Kwon et al., 2000). Two recent studies
performed in little girls (Wolff et al., 2008 and 2010) demonstrated in an important number of little
girls that there was no relationship between the urinary BPA concentration and the onset of their
puberty.
The whole of studies investigating effect of BPA exposure on the hypothalamic-hypophyseal axis in
rodents and in sheeps show that BPA can influence the pattern of GnRH or LH secretion but a
subtle effect of BPA is difficult to demonstrate as it is interspersed in the feedback loop and it
depends on both the exposure and observation periods. However, a decrease in LH concentration
and in LH pulse amplitude, suggesting a negative feedback exerts by BPA, was found in several
studies in sheeps and in rats after a gestational, perinatal postnatal and prepubertal exposure
(Savabieasfahani et al., 2006; Rubin et al., 2001; Evans et al., 2004; Colet et al., 2010) and can thus
be considered as a proven effect.
A decline in reproductive capacity, i.e. a decrease in the number of pregnancies and a decrease in
the number of pups born, was observed when exposure occurs in utero and during the lactation
period (Cabaton et al., 2010) or during the first days of life only (Fernandez et al., 2010). By
contrast, in the study performed by Honma et al., in utero exposure to BPA did not affect the
female reproductive ability assessed by the total number of pups born (Honma et al., 2002).
However, the observations in this study were limited to the first pregnancy of the offspring exposed
during gestation and both Honma et al. and Cabaton et al. highlighted the importance to include
repetitive breeding protocol and to not limit the observations to the first pregnancy in order to
observe an effect on fertility and/or fecundity. Another study by Ryan et al. ( 2010), failed to
demonstrate an effect of BPA on the fertility. However, the authors emphasized that the sample
sizes were very small leading to not very conclusive results. Similarly, the multigeneration studies
performed by Tyl et al. were contradictory with ovarian weights and total pups and live pups/litter
decreased on PND0 at 7500 ppm (Tyl et al., 2002) but effects not reproduced at 3500ppm during
the next 3-gen study (Tyl et al., 2008). In human, implantation failures were reported in women
undergoing a medical-assisted procreation with higher urinary levels of BPA than control women
(Ehrlich et al., 2012), correlation between 3 or more consecutive spontaneous miscarriages and
higher serum level of BPA compared to the control women was described (Sugiura-Ogasawara et
al., 2005), decreased ovarian stimulation as part of an in vitro fertilization (IVF) by the BPA
exposure was reported by Mok-Lin et al. (2010). This was confirmed in another study (Fujimoto et
al., 2011) in which a significant association between the serum BPA concentrations of the women
and decreased oocyte fertilization was reported.
When exposure occurs during adulthood, BPA consistently induces a decrease of the number of
pregnancies and implantations following either intragastrically administration (Al Hiyasat et al.,
2004) or subcutenaous injections (Berger et al., 2007, 2008 and 2010). This effect was also found
after a postnatal exposure (Bosquiazzo et al., 2010 and Varayoud et al., 2011) and can thus be
considered as proven for these two windows of exposure. However, in the 3-generations study
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performed by Tyl et al., although the percent of post-implantation loss was unaffected, the number
of implants, total pups, and live pups per litter were significantly reduced at 7500 ppm in all
generations. The authors do not explain this difference. The pre-implantation loss could not be
determined in this study, by the time the parental females were scarified. However, as demonstrated
in the studies performed by Berger et al., decrase in litter size seems to be mediated by a disruption
of intrauterine blastocyst implantation rather than by a post-implantation effect. Therefore it can not
be excluded that the decrease in implants and the reduced live litter size at birth observed in this
study may result from a pre-implantation disruption.
Several of the epidemiological studies performed in women have methodological limitations, this
could be because of the small sample sizes, limited details on subject selection criteria, and they
generally are cross-sectional designs that include limited control for potential confounders. These
limitations in design limit our ability to make strong conclusions on how to weight the
epidemiology of potential health risks of BPA in women in our conclusion. Nevertheless they
confirm the effects of BPA observed on female animals and manage to show that the hazard
demonstrated in animals can be observed as a risk in humans.
Fertility is gouverned by many parmeters and a lot of cofounding factors intervene in its
modulation rendering difficult to reproduce the effects observed from one study to another: strain,
route of exposure, alimentation, and windows of exposure are as many parameters that impact this
endpoint. Rodents, in particular certain strains are not the most sensitive specie for fertility
endpoints (Yamasaki et al., 2002; NTP, 2001). Historically, the last time the classification of BPA
for human health was discussed and decided was in 2002. At the timebeing, the three guideline
studies presented led UK to propose a Repr. Cat. 2; R60 (67/548) classification. In the mean-time a
new key study was produced that showed male reprotoxicity (Tyl;, 2008) and a bunch of supportive
publication were produced, showing sometimes diverging results difficult to explain but also
confirming findings. Indeed, the results presented are therefore strong weight of evidence in favor
of BPA effects on various endpoints of fertility both in male and female.
Independantly of the context (environmental or occupational) of exposure, most of the
epidemiological studies manage to raise a risk between BPA and fertility.

4.11.6

Comparison with criteria

Annex I part 3 of CLP states for the hazard class reproductive toxicity that “Substances are
classified in Category 2 for reproductive toxicity when there is some evidence from humans or
experimental animals, possibly supplemented with other information, of an adverse effect on sexual
function and fertility, or on development, and where the evidence is not sufficiently convincing to
place the substance in Category 1. If deficiencies in the study make the quality of evidence less
convincing, Category 2 could be the more appropriate classification.
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Such effects shall have been observed in the absence of other toxic effects, or if occurring together
with other toxic effects the adverse effect on reproduction is considered not to be a secondary nonspecific consequence of the other toxic effects”.
Annex VI of CLP states for the hazard class reproductive toxicity that
“Substances are classified in Category 1B for reproductive toxicity when they are known to have
produced an adverse effect on sexual function and fertility, or on development in humans or when
there is evidence from animal studies, possibly supplemented with other information, to provide a
strong presumption that the substance has the capacity to interfere with reproduction in humans…
The classification of a substance in Category 1B is largely based on data from animal studies. Such
data shall provide clear evidence of an adverse effect on sexual function and fertility or on
development in the absence of other toxic effects, or if occurring together with other toxic effects
the adverse effect on reproduction is considered not to be a secondary non-specific consequence
of other toxic effects. However, when there is mechanistic information that raises doubt about the
relevance of the effect for humans, classification in Category 2 may be more appropriate”.
Based on the weight of evidence of numerous animal studies, it apparears that BPA impacts the
male reproductive system with effects on the seminiferous tubules, the reproductive hormones
levels and the quantity and quality of sperm following an in utero exposure at doses that do not lead
to major toxicity and in specific models that can predict human toxicity. When the exposure occurs
neonatally, effects on fertility and on the organs of the reproductive tract are observed. An exposure
during the puberty leads to effects on the levels of the reproductive hormones, on the seminal
vesicles, prostate, testis and epididymis weights, and on sperm quality. Finally, when exposed
during adulthood BPA induces effects on the plasma testosterone levels, on the organs of the
reproductive tract and on the sperm production and quality.
Based on human studies, it appeared that exposure to BPA affects men fertility and reproductive
hormone levels in specific population.
In female animals, following a pre- and post-natal exposure only, an increased occurrence of
ovarian cysts or disturbance of estrous cycles are observed in all the animal studies presented in the
report (exhaustive literature search from 2002 to 2011). These observations corroborate risks
identified in human through epidemiological studies.
When the exposure occurs at the adult or postnatal age decrease in the number of pregnancies and
implantations was systematically reported. This seemed to be contradicted by multigeneration
studies, although pre-implementation loss was not assessed. In fact, pre-implementation loss seems
to be responsible of the effect of BPA on fecundity in rodents. Implantation failures were reported
in a study conducted in women undergoing a medical-assisted procreation, and same kind of
women seemed to have a worse ovarian response (number of ovocytes collected and amplitude of
the preovulatory oestradiol peak) when the urinary levels of BPA were higher. And the pregnancy
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outcome seems to be also affected by an exposure to BPA because miscarriages and premature birth
were observed in different studies.
In the few animal studies describing this endpoint, endometrial hyperplasia was observed.
Concerning the epidemiological studies in women, endometriosis and hyperplasia were reported.
Finally, advencement of the age at puberty, or changes in the sex hormones levels were observed in
animals but contradicted or not corroborated by epidemiological studies.
Depending on the effect defined as the leading effect for classification, human data corroborate or
validate the finding on animal, when others are more debatable. We therefore propose that a
classification Repr. 1B–H360F is warranted (Repr. Cat. 2; R60 according to Directive
67/548/EEC) but welcome a discussion regarding a classification in Repr. 1A; H360F. Depending
on how the uncertainties on human data are considered, we suggest that a classification of BPA in
Repr. 1A; H360F is discussed.
Classification in Repr. 2 is not appropriate since there is more than some evidence of effects in
animals or humans, the effects observed are sufficiently convincing to propose at least a
classification in category 1B.

4.11.7

Conclusions on classification and labelling

In the light of all these new data, a classification Repr. 1B–H360F is proposed (Repr. Cat. 2; R60
according to Directive 67/548/EEC) with no specific route of exposure added.

4.12 Other effects
Not evaluated in this dossier.

5

ENVIRONMENTAL HAZARD ASSESSMENT

Not evaluated in this dossier.

6

OTHER INFORMATION

The information included in this report is based on a bibliographic search perfomed from January
2002 up to December 2011.
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ANNEX 1:

Summary of the reproductive toxicity assessment in the EU RAR from 2003 provided by UK
No human data are available. Bisphenol-A has been shown to have endocrine modulating activity in
a number of in vitro and in vivo screening assays. The potency of this activity in these assays
generally ranged from 3 to 5 orders of magnitude less than that of oestradiol. No significant
oestrogenic activity has been observed with bisphenol-A glucuronide in vitro. The available data
also indicate that there is a marked strain difference in the response to bisphenol-A in rats.
However, there are no data to indicate the underlying reasons for such differences.
It should be noted that these studies investigating endocrine modulating activity are essentially
screening tests and many of them employ experimental protocols, which have not undergone any
international validation. Whilst these assays can be used to indicate potential oestrogenic activity,
they do not measure functional changes in reproductive parameters and therefore cannot in
themselves be used for risk characterisation purposes. In addition, many of the available in vivo
studies have used parenteral routes of exposure, the relevance of which are uncertain with respect to
relevant routes of human exposure.
The effects of bisphenol-A on fertility and reproductive performance have been investigated in
three good quality studies: two generation and multigeneration studies in the rat, and a continuous
breeding study in the mouse. Although no effect on fertility was seen in the rat two generation
study, low dose levels were employed (0.2-200 g/kg/day). In the multigeneration study, an effect
on fertility (reduction in litter size) was seen in all three generations at the top dose of 500 mg/kg.
Although this effect was seen only at a dose level causing parental toxicity (a reduction in body
weight gain (>13%) in both sexes and renal tubule degeneration in females only), it is not clear
whether or not the finding could be a secondary consequence of parental toxicity, or a direct effect
of bisphenol-A. In the light of this uncertainty, and given that an adverse effect of fertility has been
seen in the mouse, it is prudent to assume that bisphenol-A may be having a direct effect on
fertililty in this study. No effects on fertility were seen at 50 mg/kg. The continuous breeding study
in the mouse provides some evidence that bisphenol-A can cause adverse effects on fertility. In the
F0 generation, no effects on fertility were seen at 300 mg/kg/day, but at dose levels of
approximately 600 mg/kg/day and above, reductions in the numbers of litters produced, litter size
and numbers of live pups per litter were observed in each of the 4-5 litters produced. These effects
were observed in the absence of significant parental toxicity. In contrast, no adverse effects on
fertility were observed in the single litter tested at each dose level from the F1 generation. A
statistically significant and dose-related decrease in epididymal weight was seen at all doses in the
F1 generation. However, the significance of this finding is uncertain given that there was no effect
on fertility in the F1 generation, and where an adverse effect on fertility was seen (in the F0
generation), there was no effect on epididymal weight.. In spite of the uncertainty, the epididymis is
associated with sperm transport and storage, and any reduction in the weight of this organ would be
of concern. […]
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Some studies have investigated the potential of bisphenol-A to affect male reproductive tract
development in rats and mice. Conflicting results have been reported in both species. In mice,
adverse effects on male reproductive tract development (an increase in prostate weight in two
studies and a reduction in epididymis weight in one study) have been reported at dose levels in the
range 2 – 50 g/kg. However, these results have not been reproducible in two other studies, one of
which included additional dose levels, and using larger group sizes compared with those used in
either of the two studies showing effects.
In rats, although one study showed effects on male reproductive tract development (reductions in
testis size and in daily sperm production), the author later reported that these effects may have been
influenced by uncontrolled biological factors. A more recent study, which also used additional dose
levels, was unable to reproduce these results. Furthermore, no functional changes in reproductive
parameters or reproductive organ development were observed in a recent rat two-generation study
and multigeneration study at similar or higher dose levels.
Overall, there is no convincing evidence in postnatal rats and mice of effects on male reproductive
tract development, although the available and apparently conflicting data do raise uncertainties.
Recent evidence suggests that there are differences in the sensitivity of different mice strains to the
effects of oestrodiol and that this sensitivity may be related to the selection of strains for large litter
size. The relevance of these differences in relation to human health is unclear. Reassurance of an
absence of effects is provided by the results of recent, good quality two-generation and
multigeneration studies in the rat, covering a very wide range of dose levels and involving
investigations in very large numbers of animals.
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ANNEX 2: WORKING GROUP ON THE CLASSIFICATION AND LABELLING
OF DANGEROUS SUBSTANCES: MAY 2001 MEETING

Agenda Item 3.2
K007 4,4’-Isopropylidenediphenol

[Bisphenol-A]

Index No. 604-030-00-0]

Current Annex I entry:
UK preliminary position:

Xi; R36/37/38 : R43
Repr. Cat. 3; R62 : Xi; R36/37 : R43

UK classification proposal:

Repr. Cat. 2; R60 : Xi; R37/41 : R43

Summary of previous discussions
HSE reviewed the hazardous properties of bisphenol A (BPA) as part of the UK’s commitment
towards the 3rd Priority List of the Existing Substances Regulation (ESR). The key endpoint of
concern has been reproductive toxicity, and the possibility of effects occurring at relatively low
exposure levels received much attention at the ESR Technical Meetings. Of more relevance to
classification of bisphenol A, however, clear adverse effects on fertility have been seen in fertility
studies in both rats and mice at relatively high dose levels (see below).
Summary of current health classification issues
A comprehensive appraisal of the available data for each endpoint is presented in the draft ESR risk
assessment report (RAR) and therefore we provide here only a summary of the key issues for
classification & labelling.
Fertility:
The effects of BPA on fertility and reproductive performance have been investigated in three good
quality studies. There are both a 2- and a 3-generation study in rats (Chemical Compound Safety
Research Institute, 2000 and Tyl et al., 20002, respectively) and a continuous breeding study in the
mouse (NTP, 1985b).
In the rat 2-generation study, no adverse effects on fertility were observed up to and including the
relatively low top dose level of 200 g/kg.
In the rat 3-generation study, using doses of 0.001-500 mg/kg, the key finding was a statistically
significant reduction in litter size observed in all three generations at the highest dose level (F1: 11.5
live pups/litter compared to 14.3 for controls; F2: 10.8 compared to 14.6; F3: 10.9 compared to
14.8). No increases in numbers of dead pups/litter were seen. Alongside this, there was evidence of
general toxicity in adults in all generations at 500 mg/kg (a reduction in body weight gain >13% in
both sexes and renal tubule degeneration in females only).
In the mouse study, at the mid and high dose levels of approx. 600 and 1300 mg/kg, there were
clear reductions in both the numbers of litters produced per Fo pair and in litter size (live
pups/litter). The litter size reductions occurred across all matings and were dose-related (see ESR
RAR for details). No effects were seen on the number of dead pups/litter. No effects were seen at
the lowest dose level (approx 300 mg/kg). Decreases in litter size were also seen in additional
“cross-over” experiments in which treatment of females clearly had the most significant effect.
There were some signs of toxicity seen at the highest dose level only in the livers and kidneys of the
2

Equivalent to Tyl et al. 2002
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parental Fo animals, but the changes seen were not graded as either severe or high (see ESR RAR
for details). No adverse effects on fertility were observed in the single litter tested at each dose level
from the F1 generation in this study.
Our assessment of the data suggests that clear evidence of impaired fertility has been seen in one
species, the mouse. The adverse effects on numbers of litters and litter size seen in the continuous
breeding study were seen at both the mid and high dose levels. There is no information about the
mechanism of this action, but it is not possible to attribute these findings to general systemic
toxicity. In this study, general toxicity was not evaluated comprehensively, but the findings reported
do not suggest severe toxicity and were limited to the high dose groups. Classification is justified
for adverse effects on fertility at least in category 3. The findings in rats are less straightforward to
interpret, given that the deficits in fertility indices were only seen in dose groups that also exhibited
signs of systemic toxicity. We view these findings as being supportive to those in the mouse and,
therefore, suggest overall that the criteria for a category 2 classification are met. We would
welcome further discussion in the Working Group of this interpretation of the criteria.
Developmental toxicity:
A relatively large number of developmental studies with BPA are available (see the ESR RAR for
details) in addition to the detailed fertility studies conducted in rats.
No evidence of developmental toxicity has been observed in well-conducted, standard, oral studies
in rats (NTP, 1985c) and mice (NTP, 1985a).
In addition to the standard studies, a number of other investigations in rats and mice have presented
equivocal findings in the male reproductive tract at lower exposure levels.
A poorly reported study in rats, available only as an abstract (Sharpe et al, 1996), showed a ‘highly
significant’ decrease in testes weight (5-15%) and daily sperm production (not quantified), in the
absence of any morphological changes, in male pups from dams exposed to approximately 0.114
mg/kg BPA in drinking water during gestation. There were a number of design weaknesses in this
study: the group sizes were not reported, the pups were apparently not weight-matched at the start
of treatment, and the type of statistical analysis used is not known. The authors subsequently
reported that a change to the laboratory water supply resulted in a reduction in the normal range of
control testes weight and it is likely that this change preceded the commencement of this study. The
authors maintained their confidence in this study but have acknowledged that factors in drinking
water for which they had not controlled have the potential to cause reductions in testes weight in
pups of comparable magnitude to that caused by exposure to potent estrogens during gestation and
therefore may have confounded their findings (Sharpe et al., 1998). In addition, these findings were
not reproduced in a later, well reported, good quality study conducted using the same protocol and
higher dose levels, up to 1.8 mg/kg (Cagan et al., 1999a).
There have been similar conflicting findings in mice. In mice exposed to 2 or 20 g/kg during days
11-17 gestation (Nagel et al., 1997; Vom Saal et al., 1998) or 50 g/kg during days 16-18 gestation
(Gupta, 2000) the most prominent finding was a statistically significantly increased prostate weight
(30 and 35% at 2 and 20 g/kg, respectively; 101% at 50 g/kg), and decreased epididymis weight
at 50 g/kg (35%). Two other studies in mice, conducted with larger group sizes but otherwise
comparable protocols to those of as Nagel et al. (1997) and Vom Saal et al. (1998), did not
reproduce these findings and provided no evidence of developmental effects at the same or higher
doses (up to 200 g/kg) (Ashby et al., 1999; Cagen et al., 1999).
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In the 2-generation and 3-generation studies conducted in rats (Chemical Compound Safety
Research Institute, 2000; Tyl et al, 2000) there was no clear evidence of developmental toxicity.
Observations in these studies included both increases and decreases in ano-genital distance,
decreases in the weight of seminal vesicles, and delays in the time of preputial separation. As
discussed in the ESR RAR in some detail, none of these observations were regarded by us as
toxicologically significant.
Overall, our view of the classification criteria for this endpoint is that they emphasise the
importance of the results of standard, well-conducted, validated studies in decision making. The
criteria for category 2, which require clear evidence of an adverse effect, are not met. The changes
seen at low doses only in male rodents in some of the non-standard studies have been offered by
some as evidence of developmental toxicity in the various debates that have been taking place on
this subject over recent years. It is not possible to be entirely dismissive of these findings but,
especially because there appears to be a consensus that the standard tests for developmental toxicity
have given clear, reproducible negative results, we also believe there is insufficient evidence to
meet the criteria for classification in category 3.
UK proposal: Repr. Cat. 2; R60 : Xi; R37-41 R43
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