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ANNEX A: CLH PROPOSAL CONTAINS INCONSISTENT AND INCORRECT INFORMATION
ON MALE AND FEMALE ENDPOINTS

The CLH proposal contains inconsistent and incorrect information on male and female endpoints.
Based on the following reasons a classification of BPA as a Category 1B Reproductive Toxicant is
unwarranted:

e The studies cited in the CLH proposal are largely non-guideline studies and their findings are not
corroborated by the negative findings reported in more robust studies.

e Many of the studies employ non-validated, experimental methods with insufficient methodological
information to examine the reported observations.

e A previous review of many studies cited in the CLH proposal, conducted e.g. by the National
Institutes of Environmental Health Sciences’ “Center for the Evaluation of Risks to Human
Reproduction” (CERHR) in 2008, has found deficiencies in studies cited in the CLH proposal.

e The majority of the studies employed non-relevant, non-oral routes of exposure, e.g.,
subcutaneous, intravenous/intramuscular, slow release implants of BPA.

e Many of the studies fail to link observations to actual apical adverse outcomes that would impact
reproduction and development.

e The CLH proposal contains inconsistent and incorrect information on individual studies.

More detailed information on experiments in male and female animals discussed in the CLH proposal and
the conclusions drawn in the CLH proposal are discussed below:

Comments on male reproductive evidence in animals

Summary

The CLH proposal contains inconsistent and incorrect information. Overall, for the following reasons, a re-
classification of BPA is unwarranted based on the available data on male reproductive endpoints in
animal studies:

e The cited non-guideline studies relied upon on in the report are not corroborated by the negative
findings reported in robust multigeneration guideline studies (e.g, Tyl et al. 2008 two-generation
mouse study and the Tyl et al., 2002 three-generation rat study). Importantly, guideline studies
are required and relied upon for registering substances in Europe under REACH and are also an
important aspect for classification.

e Many of the studies employ non-validated, experimental methods with insufficient methodological
information to examine the reported results.
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e A previous expert panel review of many studies cited in the CLH proposal, conducted by the
National Institutes of Environmental Health Sciences’ “Center for the Evaluation of Risks to
Human Reproduction” (CERHR) in 2008, has found deficiencies in these studies.

¢ Many of the studies fail to link observations, even if they are assumed to be valid observations, to
actual apical adverse outcomes that would impact reproduction and development. According to
GHS criteria for 1B Classification: “Such data shall provide clear evidence of an adverse effect
on sexual function and fertility or on development.” It should be noted that a large number of the
studies cited in the CLH proposal provide no measure of functional impact on reproduction and
development.

Finally, we note that the CLH proposal never concluded that the male reproductive effects were “Proven
Effects” as was done for three of the female reproductive endpoints. Thus, there is some confusion as to
whether or not the CLH proposal is really relying upon the male animal endpoints to support the more
strict reproductive classification level.

1. Window of exposure and overall testing strategy

The CLH proposal presents data by window of exposure and type of effects, with exclusion from
multigeneration studies from the sections on smaller windows of exposure. The scientific rationale for
such a differentiation of intervals and exclusion of multigeneration studies from the assessment of defined
intervals within the dosing scheme of the multigeneration studies is not given. In that context it is
important to recognize that according to the logic of the OECD test guidelines as well as the globally used
testing protocols and testing strategies it is assumed that a study result is relevant for the interval of
dosing that is covers. This means that if a study with a large dosing interval reveals an adverse effect it
might be worthwhile to further investigate the specific interval in which an adverse effect was induced, but
where a study with a large dosing interval does not reveal an adverse effect there is no direct need to
examine specific intervals or to exclude the large interval studies from the assessment of a specific
interval.

Therefore the assessment of the respective endpoints or windows of exposure should include all
available data, including the multigeneration reproductive toxicity studies conducted according
OECD and EU test guidelines.

2. Inconsistency of reporting and quality of cited studies

In addition to the general remark on window of exposure the allocation of studies to the specific intervals
is not consistent within the CLH proposal. Here an example:

On page 83 the CLH proposal indicates that “The data are presented by window of exposure and by type
of effect.” and continues: “4.11.2.1.1 In utero and lactation exposure; Several researchers 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; lida 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).”

The studies mentioned cover premating, mating, gestation and lactation (e.g. Kabuto et al. 2004 or Okada
and Kai 2008 covers the whole period from before mating to lactation). There are additional studies not
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mentioned that also cover this exposure period, including e.g. Tyl et al. 2002, Tyl et al. 2008, Ema et al.
2001, Kobayashi et al. 2010, Stump et al. 2010. The statement that only 2 studies showed no effect is not
correct.

The guality of some of the studies cited in the CLH proposal are not discussed throughout the report. As
an example, no detailed evaluation was performed that acknowledged opinions from other expert
assessments as to study validity and applicability for a comprehensive weight of evidence assessment,
especially from the CERHR [NTP’s Center For The Evaluation of Risks To Human Reproduction] (Chapin
et al 2008, CERHR 2008). Limitations of individual studies and inconsistencies within the CLH proposal
concerning individual studies cited are discussed below:

2.1 In utero/lactation exposure (CLH proposal chapter 4.11.2.1.1)

lida et al. 2002:

This study is inadequate for purposes of establishing an apical adverse outcome effect of reproductive
toxicity. For example, the number of animals is not included in table 16 on page 99. As mentioned on
page 83, offspring of 3 dams were examined in each group. The statistical unit for in utero experiments
should be the litter. Therefore this study is insufficient according to the criteria defined in the ANSES
interim report 2011 based on the criteria N < 5.

CERHR evaluated this study in 2008 and concluded that this study is inadequate:
“Strengths/Weaknesses: The oral route of delivery is a strength of this study. The lack of information on
details of husbandry, the small sample size (4-5 male mice from 3 litters per dose group) and the lack of
adjustment for litter effects, inadequate methods for histopathological preservation and evaluation (i.e.,
use of paraformaldehyde for paraffin embedding) are weaknesses. Utility (Adequacy) for CERHR
Evaluation Process: This study is inadequate for the evaluation process based on methodology.”

Overall, the study by lida et al. 2002 is an inadequate study and no conclusion should be drawn on
this study.

Howdeshell et al. 2008

The CLH proposal stated that the study did not demonstrate any changes in various reproductive
parameters, but it is also stated on page 68 that “it should be noted that in this study the rats’ food
contained some phytoestrogens on the contrary of most of the other cited studies.”

This statement is incorrect. According to the CERHR, the following information is available for the other
studies that showed effects:

e lida et al., 2002 — no information was provided about composition of feed, caging, or bedding

e Akinbemi et al., 2004 — rats were fed Purina chow, which contains soybean meal, and given
drinking water in polycarbonate bottles

e Watanabe et al.,, 2003 — rats were fed standard laboratory feed. No information was provided
about caging or bedding materials

e Kabuto et al., 2004 — ICR mice were fed standard laboratory chow containing 24% protein. No
information was provided about caging or bedding materials
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e Timms et al., 2005 — CD-1 mice were fed soy-based Purina 5008 chow, provided drinking water
in glass bottles, and housed in polypropylene cages
e Okada and Kai 2008 — did not indicate the phytoestrogen content of the diet

The Howdeshell et al. study was conducted at a U.S.EPA Laboratory in Research Triangle Park, NC.
Long Evans hooded rat dams were gavaged with corn oil vehicle, EE (0.05-50 pg/kg/day) or BPA (2, 20,
and 200 pg/kg/day) during pregnancy through lactation from gestational day 7 to postnatal day (PND) 18.
Male offspring were euthanized beginning at PND150, and sera and organs were collected for analyses.
EE exposure = 5 ug /kg/day resulted in developmental effects (for example, seminal vesicle and paired
testes weights are reduced, epididymal sperm counts were also significantly decreased). These results
demonstrate that developmental exposure to oral micromolar doses of EE can permanently disrupt the
reproductive tract of the male rat. In contrast, treatment with 2, 20, or 200 yg BPA/kg/day did not
significantly affect any male endpoint in the current study.

Overall, the statement that the diet used in this study contained phytoestrogens “contrary to most
of the other cited studies” is incorrect.

Okada and Kai 2008:

Silicone tubes containing E2 (10 ng — 10 pg) or BPA (100 ug or 5 mg) were implanted into female ICR
mice before mating. Tubes were kept into mice during mating, gestation and lactation, consequently the
time of dosing is similar to the dosing in the generation studies and no rationale is given why this study is
reported under “in utero and lactation” exposure while other studies that dose over the same time interval
are not mentioned in this chapter.

Authors indicate “During the period...BPA [was released] at 1.2 or 60 pg/day.” Since the body weight of
female mice at the end of the experiment is given (approx. 26 g) the parental dose of BPA in this
experiment might be approx. 50 pg/kg/day and 1500 pg/kg/day based on the assumptions reported by the
authors. According to the authors the number of animals used in the experiment is 10 offspring from 4
litters in the low-dose group and 19 offspring from 5 litters in the high does group. Since the litter is the
correct unit for statistics in this kind of experiment, this study is insufficient according to the criteria
defined in the ANSES interim report 2011 based on the criteria N < 5. In addition the authors give
insufficient information to evaluate the validity of its methods and interpretation. Furthermore, the lack of
raw data in the publication is problematic because they indicate in the statistical analysis that data were
selectively removed from consideration: “The data were expressed as mean +/- SEM after the elimination
of some data among experimental groups using Smirnoff’s elimination test.”

This non-guideline study cannot be relied upon for evaluating classification since an apical, adverse
outcome, e.g., reduced sperm numbers culminating in reduced fertility, was not evaluated. The fact that
the elongate spermatids were evaluated right around the onset time of puberty, introduces variability due
to the natural variability in puberty onset. Therefore, the slight difference in the high BPA dose relative to
controls (40.3% versus 53.8%) can be confounded by natural variability and not the BPA treatment.
Further, the 40.3 versus 53.8% difference may not be statistically significant if evaluated on a litter basis.
The same can be said for testosterone levels that will fluctuate as the male mice undergo puberty during
this time. That is, the apparent differences in serum testosterone could reflect variability in Leydig cell
function that is changing at the time of puberty and not as a function of BPA treatment. Finally, the non-
relevant route of exposure eliminates this study as a meaningful study for assessing the reproductive
classification category for BPA.
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Overall, based on the incorrect statistics (unit should be litter), the low number of litter used (4 to
5) and the lack of transparency “elimination of some data” by the authors, Okada and Kai 2008 is
an inadequate study and no conclusion should be drawn from this study.

Akingbemi et al. 2004:

Table 16 on page 100 mentions only the doses 0-2.4 pg/kg/day. This is not correct because the post natal
study investigated 0, 2.4, 10 pg/kg and 100, 200 mg/kg/day BPA. Observations are only seen at the
lowest dose investigated (2.4 pg/kg/day). No effects were reported in the other dose groups. This fact
raises questions about the absence of a dose-response relationship for the findings and whether or not
the reported, low-dose response, is BPA-related in a biologically plausible manner. This study is not
reliable because experiment #1 is testing testicular endpoints in sexually immature rats (PND 36)
rendering the results from this lifestage highly questionable and uninterpretable. In fact, the authors
themselves note this limitation of testing BPA’s effects in sexually immature stages: “We used adult
Leydig cells in these experiments because of the inconsistent sensitivity of immature Leydig cells to ER
agonists in vitro.” The follow-up studies, where PND 90 rats were utilized, are all based on a single dose
(2.4 ug/kg/day) given from GD21-PND21 or PND21-90. Thus, none of the findings from experiments
using mature testes (Exp #2 and #3) are interpretable since only one dose was used. Experiments 4 and
5 are in-vitro studies in which only one BPA concentration (0.01 nM) apparently showed a suppression of
T production in mature Leydig cell cultures, eg., alleged non-monotonic behavior. None of the higher
concentrations showed increasing suppression of T production.

CERHR evaluated this study in 2008 and concluded that some experiments in this study are limited and
one experiment is inappropriate: “Weaknesses include an inadequate number of animals to obtain
confidence about the hormonal changes (indeed, LH was decreased in the first experiment and increased
in the third), the lack of histopathology evaluation, and lack of an estrogenic positive control. Utility
(Adequacy) for CERHR Evaluation Process: Experiments 1 and 3 are adequate but of limited utility
because of the mechanistic nature of the endpoints examined. Experiment 2 is inadequate for
consideration due to inappropriate statistics that failed to account for litter effects.”

The CLH proposal did not include the study by Howdeshell et al. 2008 in table 16 on page 99 although
the study used a very similar study design to Akingbemi et al. 2004. The Howdeshell et al. 2008 study
employed the same rat strain (Long Evans) dams that were gavaged with corn oil vehicle, EE (0.05 to 50
ug/kg/day) or BPA (2, 20 and 200 pg/kg/day) during pregnancy and through lactation (from GD 7 to PND
18). Male offspring were investigated for multiple endpoints including all the endpoints measured by
Akingbemi et al. (body weight, organ weights including testes, prostate, seminal vesicle as well as serum
testosterone and LH level). Howdeshell et al. 2008 concluded that treatment with BPA “did not
significantly affect any male endpoint in the current study.”

Overall, the publication by Akingbemi et al. contains limited and inadequate experiments and
should be evaluated in the context of a recent comprehensive study that could not reproduce the
reported data with a very similar exposure design using the same strain of rats, substantially
more animals and more endpoints.
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Watanabe et al. 2003:

The study utilized SD rats. Importantly, results from the same rats evaluated in Watanabe et al. (2003)
were reported in different publications (Kobayashi et al. 2002, Koybayashi et al. 2005, Watanabe et al.
2003). However, only the research by Watanabe et al. 2003 was included in the CLH proposal.

CERHR evaluated all three studies together and concluded: “Sample sizes are too small to reliably judge
postnatal endpoints. Utility (Adequacy) for CERHR Evaluation Process: This study is inadequate for the
evaluation of bisphenol A effects on postnatal outcome.”

Overall, the conclusion drawn in the CLH proposal concerning statistically significant and
insignificant hormone concentrations is not supported due to the statistical limitations on this
study evaluated by CERHR. In addition the judgment of the strain sensitivity is inconsistent within
the CLH dossier. Whereas in other sections of the report the SD strain is discussed as being
insensitive sensitivity is not discussed in relation to this study.

Kabuto et al. 2004:

Mice were dosed from 1 week before mating through gestation and lactation; this dosing protocol is
similar to the dosing regimen utilized in the multigeneration studies. No rationale is given why this study is
reported under “in utero and lactation” exposure but other studies that dose over the same time interval
are not mentioned in this chapter.

This study is irrelevant for establishing evidence of adverse effects on reproduction. The study only
evaluated various endpoints of oxidative stress in mice pups exposed in-utero and during lactation with
dams ingesting drinking water containing either 5 or 10 ug/ml. The oxidative stress endpoints included
TBARS, superoxide dismustase, catalase and glutathione peroxidase activity, and GSH and LH
concentrations in the brain, liver, kidney and testis of 28-day old mice. Thus, this study provided no direct
evidence of an adverse apical outcome on reproduction.

CERHR evaluated this study in 2008: “Weaknesses include small sample size of exposed dams (n = 6),
inappropriate use of the pup as the experimental unit in statistics, and mechanistic data without functional
correlates. Utility (Adequacy) for CERHR Evaluation Process: This study is inadequate for the evaluation
process due to inappropriate statistical procedures and small sample size.”

Overall, in this study mice are dosed from before mating to lactation similar to the generation
studies. Based on the small number of animals, the inappropriate statistics and lack of
reproductive toxicity relevance, this study should be considered as inappropriate and no
conclusion should be drawn on this study

Salinian et al. 2009:

This study is included in chapter “Transgenerational Exposure” 4.11.2.4.7 although animals were
exposed from GD12 — PND21 only, consequently, this study should be considered to be “in utero and
lactation” exposure.
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Kobayashi et al. 2012:

The CLH proposal writes in Chapter 4.11.2 “Effects on male reproductive tract”: “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.” In males AGD was reduced only at 33 ppm (control: 3.87+/- 0.27 mm; 33 ppm BPA group: 4.00 +/-
0.24 mm). There is no significant effect in males on AGD index (mm/ g body weight) in this study and the
authors indicate that the AGD observation “were not considered to be biologically significant”. Since a
reduction was observed in males and females this interpretation by the authors seems to be the most
likely. This study is not included in table 16.

Overall, no biologically significant on AGD or AGD-index was observed in this study in males or
females.

DeCatanzaro et al. 2013:

The CLH proposal included information from the abstract of the publication but did not evaluate this
publication. Three experiments are reported. Mice were orally dosed from GD10 to PND9 with different
doses of BPA and different diets; Experiments 1 and 2: 0, 0.147, 1.75, or 17.5 ug BPA/g of peanut butter
in combination with a high and low-phytoestrogen diet, respectively; experiment 3: 0, 17.5, 175, or 1750
pa/g peanut butter with a high phytoestrogen diet only. No effects on gestational length, litter size, sex
and AGD are reported in any experiment. No effect on preputial gland, testes weight, or epididymides
weights were reported in any experiment. Reduced vesicular-coagulating gland was observed only in
experiment 1 in the high phytoestrogen diet group dosed with 17.5 pug BPA per gram of peanut butter.
This effect was not reproduced in the second experiment at any dose (including the 17.5 ug BPA per
gram of peanut butter; high phytoestrogen diet). Consequently, the initial findings on the vesicular-
coagulating gland were not reproduced in the follow up study and should be considered as not reliable for
the evaluation process. The authors report observations on “latency to insemination” in experiment 2
(parameter not measured in experiment 3) and number of “intromissions” (17.5 and 175 pg group; no
observation at 1750ug) and “ejaculations” (17.5 pug group only, not 175 or 1750 pg) in experiment 3
(parameter not measured in experiment 2). Since these endpoints were measured only in one experiment
and not investigated in the follow up / initial experiment, the data should be regarded as not reproduced.

Overall, initial findings by DeCatanzaro et al. 2013 on the vesicular-coagulating gland were not
reproduced in the follow up study and should be considered as not reliable for the evaluation
process. Other endpoints were measured only in one experiment and not investigated in the
follow up / initial experiment; therefore, the data should be regarded as not reproduced.

2.2 Neonatal exposure (CLH proposal chapter 4.11.2.1.2)

Salian et al. 2009b:

The authors used an exploratory test system with a non-relevant route of exposure. They dosed rat
offspring with high BPA doses (0.1 — 1.6 mg/kg/day) via s.c. injection from PND 1 to 5 and report only a
limited number of parameters. Since no data on systemic effects e.g. body weight, kidney or liver toxicity,
is given in the publication the data reported in this exploratory study concerning the endpoint reproduction
cannot be interpreted. In addition the authors mention “An additional control group that received sesame
oil without ethanol was also incorporated into the present study” but do not report any data on the
additional control group.
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Overall, based on the severe limitations in documentation the Salian et al. 2009b study should be
regarded as invalid without further information.

Aikawa et al. 2004:

According to Figure 1 in the publication the N is 5-6 for incidence of abnormal sperm and 5-14 for sperm
motility. No explanation if given for the discrepancy in the number of animals for which the sperm
morphology and motility results should align.

CERHR evaluated all three studies together and concluded: “This study provided follow-up information to
that of Nakahashi et al. (2001). The use of 17b-estradiol as a positive control in the testis histology study
is a strength. Weaknesses include subcutaneous route of administration, lack of clarity on exposure
issues, small sample sizes, lack of husbandry and statistical information. Utility (Adequacy) for CERHR
Evaluation Process: This study is inadequate and not useful based on small sample sizes and inadequate
presentation of statistical methods of analysis.”

Overall, this study is inadequate considering the CERHR criteria and insufficient according to the
criteria defined in the ANSES interim, report 2011 based on the criteria N < 5.

Toyama and Yuasa 2004b:

CERHR evaluated all three studies together and concluded: “...[It does not appear that any statistical
analyses were conducted.] ...Weaknesses include small sample size, unclear data analyses, and s.c.
route of administration. Utility (Adequacy) for CERHR Evaluation Process: This study is inadequate and
not useful due to critically small sample size, route of administration, lack of clarity of design, and
inappropriate statistical procedures.”

Akingbemi et al. 2003:

This study is included in table 16 on page 100, but not included in chapter 4.11.2.1.2 Neonatal exposure.
Table 16 does not mention that no effects are observed at 10 pg/kg, 100 mg/kg and 200 mg/kg. As
mentioned above CERHR concluded on this publication “Experiments 1 and 3 are adequate but of limited
utility because of the mechanistic nature of the endpoints examined. Experiment 2 is inadequate for
consideration due to inappropriate statistics that failed to account for litter effects.”

2.3 Prepubertal exposure (CLH proposal chapter 4.11.2.1.3)

The chapter starts with the statement “Few studies investigated the effects of an exposure to BPA on
male reproductive functions at doses comparable to human exposure.” This statement is not supported
by data in this chapter, because all studies mentioned in this chapter are high dose studies in the mg/kg
range (Akingbemi et al. 2004, Nakamura et al. 2010, Tan et al. 2003, Takahashi and Oishi 2003, Norazit
2012) or in the pg/kg range (Della Seta et al. 2006, Akingbemi et al. 2004) and used oral dosing, s.c or
i.p. injection. That is, none of the studies in the CLH proposal investigated exposures relevant to human
exposures.
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Akingbemi et al. 2004:

As mentioned above CERHR concluded on this publication “Experiments 1 and 3 are adequate but of
limited utility because of the mechanistic nature of the endpoints examined. Experiment 2 is inadequate
for consideration due to inappropriate statistics that failed to account for litter effects.”

Nakamura et al. 2010:

The CLH proposal mentioned that body weight was reduced at 100 and 200 mg/kg. This is incorrect
based on the data reported in Table 2 of the publication, the following body weight data are reported:
control: 352+/-24.4 g, 20 mg/kg: 355+/-26.7 g, 100 mg: 325+/-20.8 g, 200 mg/kg: 309+/-11.2 g. Since
reproductive organ weights are reduced only in the high dose group (and mainly absolute weights, and to
a lesser extent relative weights are affected) it should be considered, that effects on reproductive organ
weights are seen at BPA doses where reduction of body weight > 10 % occurred. In addition the number
of animals investigated for hormone measurement is 5-9 according to Figure 1 and high variability might
be anticipated according to the error bars indicated.

Overall, s.c. dosing of 200 mg/kg is a very high dose for this route of exposure and at this dose
reduced body weight is observed. The reported observations on the reproductive organs are seen
at doses clearly exceeding the maximal-tolerated-dose (MTD). The number of animals investigated
for the hormone measurements is inadequate.

Tan et al. 2003:

The CLH proposal mentioned that no effect on body weight was observed, but the effects on systemic
organs observed are not mentioned: kidney weight increased cortical thickness, hydronephrosis and
multinucleated giant cells in seminiferous tubules; liver weight decrease. In addition increased thyroid
weight is also reported in this study.

Overall, as already evaluated by EFSA (2006) observations on systemic and reproductive organs
were reported in this study in which only one dose was investigated.

Takahashi and Oishi 2003:

EFSA 2006: evaluated this study and concluded that “no overt signs of general or reproductive toxicity
were observed”.

CERHR evaluated this study and concluded: “Strengths include multiple routes of exposure, use of two
strains of mice and rats, and a comparison of the oral, i.p., and subcutaneous routes. Weaknesses
include use of single high doses administered for different durations across groups using minimal sample
sizes. Utility (Adequacy) for CERHR Evaluation Process: This study is adequate but of limited utility.”

Norazit et al. 2012:

The CLH proposal summarized the abstract of the paper but did not evaluate this paper. The authors
report no observation in the BPA group on body weight, testes weight or estradiol serum level. There is
only limited information on histopathology available. “Both the soya extract treated and BPA treated
groups showed cellular debris in the seminiferous tubules and sloughing of the germ cells, with the BPA
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treated group showing a higher degree of damage (Figure 1(b) and (c)). The tubules were also
vacuolated with lipids. The presence of the vacuoles and the cellular debris resulted in the absence of a
lumen. Both groups also showed absence of maturing spermatid. Only the soya extract treated group
showed a disturbance in spermiogenesis. The soya extract group did not show Leydig cell hyperplasia as
reported by previous studies (Sharpe et al. 2002).” There are no additional data (e.g. severity or incidence
of these findings) given in the paper to judge the value of this observation. The observation on the
reduced E2 level should be discussed in the context of the low number of animals used (N=6) and the
high variability in the hormone level measurement based on the high SD reported by authors in Table 3
(control: 122.44 + 90.37; BPA group: 12.35 + 13.88). In addition the authors used only one dose level of
BPA.

Overall, the study by Norazit et al. 2012 is limited based on the low number of animals used, the
high variability in the data reported and the limited documentation which do not allow full
evaluation of the reported observations.

2.4 Adult exposure (CLH proposal chapter 4.11.2.1.4)

The chapter starts with the statement: “All the studies published since 2002 describing effect of BPA
exposure during adulthood on male fertility are positives.” This statement is incorrect the majority of
studies published did not indicate positive effects on specific male fertility endpoints. E.g. Yamasaki et al
2002 (OECD TG 407); Tyl et al. 2002 and 2008 (FO animals are exposed during adulthood).

Chitra et al. 2003:

CERHR evaluated this study and concluded: “Strengths/Weaknesses: Strengths include the use of oral
and low multiple doses and appropriate measures. A weakness includes the marginal sample size. Utility
(Adequacy) for CERHR Evaluation Process: This study is adequate for inclusion but of limited utility
based on small group size.”

Herath et al. 2004:

CERHR evaluated this study and concluded: “Strengths/Weaknesses: This study appears to have been
relatively well conducted. A major weakness of this study is the inconsistency in the hormone data
(control data after 2 weeks were dramatically different than after 5 weeks even though both are from
sexually mature rats). The subcutaneous route of administration with the use of DMSO as vehicle are
weaknesses."Utility (Adequacy) for CERHR Evaluation Process: This study is inadequate and not useful
for the evaluation process primarily due to the significant inconsistencies in the hormone data from control
animals.”

Sakaue et al. 2001:

CERHR evaluated this study and concluded: “A weakness is the brief exposure period. Variability in
control daily sperm production between the first and second study is disturbing; given the small sample (5
or 8/group), this variability severely decreases confidence in the data. No histopathologic correlate was
presented. Utility (Adequacy) for CERHR Evaluation Process: This study is adequate but of limited utility
due to small sample and variable control values between experiments.”
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Although ANSES included the Sakaue et al. 2001 study in this chapter, the CLH proposal fails to report a
follow up study by Ashby et al. 2003. That study attempted to replicate earlier findings from Sakaue et al.
2001. Five independent experiments were conducted; some of the experiments used the same conditions
as in the earlier study by Sakaue et al. In this comprehensive follow up study BPA failed to produce any
evidence of changes in DSP as reported by Sakaue et al. in 2001.

CERHR evaluated this follow up study and concluded: “Given the robustness and comprehensiveness of
this study, it is highly useful. It strongly suggests that the NOAEL for potential bisphenol A-mediated
effects on the adult rat reproductive system exceeds 200 mg/kg/ day. Absence of confirmation of the work
of Sakaue et al. (2001) led to an extensive study of the potential variables (e.g., diet, housing, etc.) that
might account for the discrepancies. These data suggests that subtle changes in study endpoints,
especially daily sperm production and organ weights, may occur by random chance or genetic differences
in the respective lab’s supplier of rats may play a role. These data also strongly suggest bisphenol A
administered orally has no effect on sperm production albeit following only 6 days of administration.
Strengths/Weaknesses: This study reports a well conducted, comprehensive assessment of the potential
effects of bisphenol A delivered by 6 daily doses on daily sperm production. The 6-day treatment period is
a (understandable) weakness. Utility (Adequacy) for CERHR Evaluation Process: This study is adequate
and useful for the evaluation process.”

Overall, the CLH proposal included the Sakaue et al. 2001 study but did not take into account a
follow up study by Ashby et al. 2003 in which the observations could not be reproduced. Based on
the evaluations of both studies CERHR concluded: “These data also strongly suggest bisphenol A
administered orally has no effect on sperm production albeit following only 6 days of
administration”

Toyama et al. 2004:

CERHR evaluated this study and concluded: “Strengths/Weaknesses: Definite conclusions cannot be
drawn from such a limited data set; the fertility assessment was not meaningful due to the sample size
(2/group). The background incidence of the electron microscope findings was not discussed. Another
weakness is the subcutaneous route with DMSO as a vehicle. Utility (Adequacy) for CERHR Evaluation
Process: This study is inadequate and not useful in the evaluation.”

2.5 Multigeneration exposure (CLH proposal chapter 4.11.2.1.6)

The CLH proposal cited four studies for Multi-Generation Exposure (Ema et al. 2001, Tyl et al. 2008, Tyl
et al. 2002, NTP 1985b). The studies by Tyl et al. 2002 and NTP 1985b were the basis for the decision on
classification in 2002. BPA was classified as reproductive toxicity category 3 for fertility in 2002 (Directive
67/548/EEC; R 62; under CLP it translates to category (H361f)). For the overall assessment of these
studies see Annex D.

Tyl et al. 2008

This 2-generation reproductive toxicity study in mice study was performed to resolve uncertainties as
identified in the EU Risk Assessment in 2003. The study design and interpretation of the results were
supervised by a Steering Group that was chaired by a representative of the European Chemicals Bureau
and included experts from several EU Member States. This study confirmed that BPA is not a selective
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reproductive toxicant. Neither the EU steering group on the 2-generation study nor the risk assessment
report indicates that the new information has an impact on the classification previously defined in 2002.

The CLH proposal cites a critique from Myers et al. 2009 on the Tyl et al. 2008 study. The information as
given is not complete and inconsistent with the overall assessment of that study.

For example, the EU Risk Assessment Report from 2008 reads: “The effects of BPA on fertility and
reproductive performance in mice have been investigated in a two-generation study, conducted in
compliance with GLP (Tyl et al, 2007). The study design and interpretation of the results were supervised
by a Steering Group, that was chaired by a representative of the European Chemicals Bureau and
included experts from several EU Member States. The overall design of this study was based on OECD
Test Guideline 416, enhanced by incorporation of a second vehicle control group, a positive control
group, a total of 6 exposure levels of BPA, the retention of additional F1 male offspring for organ weight
and other assessments, and extending histopathological examinations to all treatment groups. This study
was conducted in response to an ESR risk assessment conclusion that further research is needed to
resolve the uncertainties surrounding the potential for BPA to produce adverse effects on development of
the male reproductive tract at low doses (0.002- 0.05 mg/kg/day) in mice....As we consider this
investigation by Tyl et al. (2007) as the gold-standard, definitive study of the reproductive toxicity of BPA
(for the endpoints examined),”

The CLH proposal did not mention on page 94 or table 16 that systemic effects were observed at 50
mg/kg (liver histopathology) and 600 mg/kg (significant effects on body weight, kidney and liver).
Therefore, BPA should not be considered a selective reproductive or developmental toxicant based on
reproductive effects observed at the highest dose 600 mg/kg (Tyl et al. 2008).

On page 95 the CLH proposal contends that this generation study is limited because E2 was used as
positive control and “abnormally high prostate weights” and cites Myers et al. 2009. The CLH proposal did
not mention or evaluate the responses by Tyl to this criticism (Tyl 2009 and Tyl 2010).

Tyl 2009 response to Myers et al. (2009) claiming that the positive control group used a very high E2
dosage. “The dietary positive control (0.5 ppm E2) was selected based on one-generation (Tyl et al.
2008a) and two-generation (Tyl et al. 2008b) CD-1 mouse studies using E2 doses of 0.001-50 ppm (8
mg/kg/day), with the most complete spectrum of effects seen at 0.5 ppm [estrogenic effects were
observed at 0.05 ppm (increased weanling uterine weight) with a NOAEL of ~ 1 ug/kg/day]. Because E2
was dietary (animals were fed ad libitum, with ADME occurring as they fed), it took higher feed doses
versus gavage or other routes to achieve the same test chemical response. Because almost all human
BPA exposure is oral (during episodic eating/drinking), dosed feed is the most relevant exposure route.

No studies mentioned by Myers et al. (2009) investigated E2 after oral administration: Gupta (2000),
Timms et al. (2005), and vom Saal et al. (1997) used DES; Putz et al. (2001a, 2001b) used oral EE;
Timms et al. (2005) used estradiol benzoate by subcutaneous injection in rats, and Leranth et al. (2008)
[see Leranth et al. 2008a and b and Mathews 2008] used it by subcutaneous capsules in primates; vom
Saal et al. (1997) used subcutaneously implanted Silastic E2 capsules; and Richter et al. (2007) used E2
(and BPA) in cell culture. We rejected EE (synthetic and greater oral bioavailability) and DES (multiple
modes of action, no reproducible data that it is orally active at low doses) as positive controls.

In Table 9 of our paper (Tyl et al. 2008a), we summarized key findings in rats and mice at the highest
dietary concentrations producing viable offspring (2.5 ppm in rats; 0.5 ppm in mice), at doses of similar
order of magnitude: mice, ~ 0.08-0.12 mg/kg/day; rats, ~ 0.17-0.2 mg/kg/day. Although there are
differences in some end points, effects of exogenous estrogen in rats and mice are similar at similar
doses. The concerns about our positive control and dietary concentration are unfounded.”
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Tyl 2009 response to Myers et al. (2009) claiming the “large” prostate weights suggest poor dissection
technique, and that use of dissection, weight, and histopathology of the seminal vesicles plus coagulating
glands (SVCG) together was “inappropriate:"Prostate weights (lobe or whole gland) in all mammals
evaluated to date have increased with age as males mature sexually (Sinowatz et al. 1996, for mice), as
observed in our CD-1 mice. Mean control mouse prostate weights by lobe and age in our studies are
presented in Table 1. Table 2 shows mean mouse whole-prostate weights of mice of various ages
reported by others.

My laboratory has extensive experience in weighing rat and mouse prostate glands at various ages. In
the Hershberger interlaboratory validation study, my laboratory had some of the most precise prostate
weight data and robust treatment-related effects of the 17 participating laboratories (according to one
senior OECD/U.S. EPA reviewer; personal communication). We performed power calculations on our rat
and mouse prostate data versus data of Nagel et al. (1997). Because of larger sample sizes and smaller
coefficients of variation, our data have greater power to detect small effects than the Nagel data
(unpublished data). Examination of paraffin block faces and slides of the rat and mouse prostates in the
studies (Tyl et al. 2002, 2008c) indicated no evidence of extraneous tissue/fat or excessive inflammation.

vom Saal's CF-1 offspring mice are routinely group housed by sex for several months beginning at
weaning, and then singly housed for 1 month before necropsy. It is highly unlikely that 1 month of single
housing compensated for months of group housing and its effect on male mouse sexual development; the
dominant cage male develops large androgen-dependent accessory sex organs (ASOs), and subservient
cage males have smaller ASOs (Bartos and Brain 1993). vom Saal’'s CF-1 mice did not exhibit increased
prostate weights with age, likely because of the postwean caging regimen utilized in the study. Adult
control prostate weights in our reproductive toxicity studies with E2 (Tyl et al. 2008a, 2008b) and BPA (Tyl
et al. 2008c) (Table 1) are well within the weight range of other published studies (Table 2), and, as
expected, our mouse prostate weights increased with increasing age.

We dissected, weighed, and examined the SVCG together to prevent tissue damage from necropsy
separation of these intimately associated organs for histopathology, especially in mice.”

Overall, the EU RAR 2008 considers the "investigation by Tyl et al. (2007) as the gold-standard,
definitive study of the reproductive toxicity of BPA (for the endpoints examined)”; the statement
in the CLH proposal concerning the limitations of the Tyl 2008 study based on Myers et al. 2009 is
inappropriate taking into account responses by Tyl 2009 and 2010 and the fact that the study
design and interpretation of the results were supervised by a Steering Group that was chaired by
a representative of the European Chemicals Bureau and included experts from several EU
Member States.

3. Conclusion (CLH proposal chapter page 97-98)

The conclusion of the CLH proposal mentions several observations by indicating positive studies
in this chapter and summarizes some data in table 16. Studies without significant effect are also
mentioned in the CLH proposal: “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 table 16 it is indicated that only
Howdeshell showed no significant effects. But no information on Kobayashi et al. 2001 and 2012
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or LaRocca et al. 2011 are included in table 16. Endpoints measured by Tinwell et al. 2002 without
effect are also not mentioned in table 16.

Overall, only “positive” effects are included in table 16 and no weight of evidence taking into
account positive and negative data is performed.

Therefore, a weight-of-evidence evaluation taking into account positive and negative data was not
performed. The CLH proposal did not make conclusions on individual studies based on scientific
criteria (hnumber of animals, appropriate statistics, consistency of data, documentation and
reporting of data,...).

No weight of evidence is performed for any endpoint

Two examples are given to illustrate that not all available data were included in the CLH proposal.
Sperm production and quality:

On page 97 the CLH proposal reads: “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))...". This statement is not correct because there are many additional studies
mentioned in the CLH proposal which report no effect on sperm. For example page 85 of the CLH
proposal reads: “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).”; Kobayashi et al. 2012 (mentioned in the CLH proposal on page 86: “It is difficult to find any
specific reason explaining those contradictory results with the state of actual knowledge.”) and Kato et al.
2006 (mentioned in the CLH proposal on page 88 “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...”).

In addition, the CLH proposal failed to note several additional studies reported in the literature which
investigated sperm parameter. The CLH proposal provides no rationale for the inclusion/non inclusion of
studies on this topic. Based on published weight of evidence evaluations from Gray et al. 2004, Goodman
et al. 2006, Goodman et al 2009 and a list of publications from an additional literature search that was
done to bridge the time between the last published weight of evidence assessment until December 2012
for example the following studies were identified: Aikawa et al. 2004, Toyama et al, Kubo et al 2003,
Wistuba et al 2003, Peknicova et al 2002, Park et al 2005b, , Kubo et al 2001, Cagen et al 1999, vom
Saal et al 1998, Ashby et al 1999, Talsness et al 2000, Ema et al 2001 and more recently Kendig et al.
2012, Xie et al. 2010, Zhang et al. 2012b. (Note: In our comments concerning the CLH proposal we have
not evaluated these additional studies for quality, but include them as examples for apparently available
data that the CLH proposal failed to collect or analyze).

Testes weight and histology:

There are several studies reported in the literature which investigated testes weight and/or histology. On
page 98 the CLH proposal indicates: “...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). ...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.” The CLH proposal provides no rationale for the
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inclusion/non inclusion of studies on this topic. Based on published weight of evidence evaluations from
Gray et al. 2004, Goodman et al. 2006, Goodman et al 2009 and a list of publications from an additional
literature search that was done to bridge the time between the last published weight of evidence
assessment until December 2012 for example the following studies were identified: Ichihara et al. 2003,
Kim et al. 2003, Kobayashi et al. 2002, Kubo et al. 2003, Negishi et al. 2003, Ashby et al 2003, Kim et al.
2002, Wistuba et al. 2003, Saito et al. 2003, Takahashi and Oishi 2003 (no effect on testes weight),
Toyama and Yuasa 2004, Kawai et al. 2003, Peknicova et al., 2002, Al-Hiyasat et al., 2002a and b,
Takao et al., 2003, Park et al 2005b, Park et al., 2004, Negishi et al. 2004, Kwon et al. 2000, Howdeshell
et al 2008, Talsness et al., 2000, Takao et al 1999, Pacchierotti et al., 2008, Noda et al., 2005, Gui and
Lu 2007, Okada and Kai 2008, Naciff et al. 2005, Song et al 2008, Nanjappa et al., 2012, Dobrzynska and
Radzikowska 2013, Kendig et al. 2012, Kobayashi et al 2010, Xu et al, 2011b, Lopez-Casas et al 2012,
Xie et al 2010, Cardoso et al 2011, Nanjappa et al. 2012, Wu et al 2011, Horstman et al, 2012, Hutanu
2011 (Note: In our comments concerning the CLH proposal we have not evaluated these additional
studies for quality, but include them as examples of available data that the CLH proposal failed to collect
or analyze).

Overall, the CLH proposal discussed only a limited and selected number of studies for each
endpoint and did not evaluate all positive and negative results in a single weight of evidence
determination.
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Comments on female reproductive evidence in animals

Summary

The CLH proposal alleges increased ovarian cysts, reduced luteinizing hormone/luteinizing hormone
surge, and decreased fertility as “Proven Effects” from BPA administration in female rats and mice. The
CLH proposal also cited and discussed studies that attributed BPA treatment with changes in estrous
cyclicity, pubertal onset (vaginal opening) and oocyte aneuploidy. These effects (e.g., estrous cycle and
puberty onset changes), however, were not identified as “Proven Effects” in the report. Therefore, the
following comments focus on the “Proven Effects” evidence and how ANSES interpreted this evidence.
Overall, based on the following reasons a re-classification of BPA is unwarranted:

e The cited studies that purportedly establish these “Proven Effects” are non-guideline studies.

e They are not corroborated by the negative findings reported in robust guideline studies (e.g, Tyl
et al. 2008 two-generation mouse study and the Tyl et al. 2002 3-generation rat study that
evaluated the ovaries and fertility and did not find any effects in the absence of maternal toxicity).
Importantly, guideline studies are required and relied upon for registering substances in Europe
under REACH and are also an important aspect for classification.

e Many of the studies employ non-validated, experimental methods with insufficient methodological
information to examine the reported results.

e Many of the studies fail to link observations, even if they are assumed to be valid observations, to
actual apical adverse outcomes that would impact reproduction and development. According to
GHS criteria for 1B Classification: “Such data shall provide clear evidence of an adverse effect
on sexual function and fertility or on development.” It should be noted that a large number of the
studies cited in the CLH proposal provide no measure of functional impact on reproduction and
development.

The majority of the studies employed non-relevant, non-oral routes of exposure, e.g.,
subcutaneous, intravenous/intramuscular, slow release implants of BPA.

Each of the “Proven Effects” for female reproductive endpoints reported in the animal studies is discussed
in greater detail below.
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1. Increased Ovarian Cysts (Proven Effect #1 for Female Reproduction)
The studies reporting ovarian cysts are briefly summarized in Table 1.

These studies are of limited value for hazard assessment due to their non-relevant route of exposure
utilizing excessive exposures — all involve subcutaneous administration. It is well-known that oral 1%t
pass clearance of BPA, via intestinal and hepatic glucuronidation, severely limits oral bioavailability and
results in ineffective blood levels of BPA aglycone (Volkel et al. 2002; Teeguarden et al. 2011).
Therefore, the route and magnitude of exposure is highly relevant for hazard classification since a hazard
cannot exist unless humans are administered BPA via a non-oral route .

Hazard classification must be based on validated and reliable methodologies, preferably, guideline
studies suitable for REACH registration. In contrast, the studies cited in the CLH proposal represent often
non-validated, non-guideline studies that suffer from a lack of methodological validation for reporting
ovarian cysts (see Table 1 below). For example, careful step-sectioning of the ovaries beginning in the
middle of the ovary, and stepping out, is necessary to quantify cysts or other follicular structures within
the ovary (Step sectioning is noted in the 3-generation rat study of Tyl et al. 2002). While a few studies
suggest that step sectioning was utilized, the information was not sufficient to fully understand if step
sectioning was adequately done to evaluate the entire ovary. For example, Adewale et al (2009) only
evaluated two slides per animal demonstrating an inadequate step-sectioning of ovarian tissue for
guantifying cysts. Secondly, with step-sectioning, great care would be required to avoid the double
counting of larger cysts that penetrate multiple cross sections. It is not explained how this potential double
counting was avoided in methods were additional sectioning was employed. Consequently, the challenge
of quantifying ovarian structures may be the reason why none of the studies reported quantitative
morphometry of ovarian cysts. Instead, all of the studies largely relied on a qualitative visual reporting of
ovarian cysts. While reporting ovarian cysts are relatively straight-forward from a histological perspective,
there are differences in how they were approached. For example, Fernandez et al. (2010) described their
cyst as atretic follicles whereas Adewale et al (2009) described their cysts as antral-like follicles. Even
within the same lab there are inconsistencies. Newbold et al. 2007 and 2009 provide inconsistent findings
between their two studies for increases in ovarian cysts, neither of which show a biologically plausible
dose-response relationship (Table 2). What is needed is a validated methodology for the quantitative
morphometric assessment of ovarian cysts. Only a validated quantitative methodology can provide for the
necessary understanding of the background and treatment variability in ovarian cysts and the histological
criteria used to define cysts as a function of species, age, and estrous cycle. Consequently, these
studies present a number of problems with validating ovarian cysts as an apical, adverse outcome, or, a
“Proven Effect” according to the CLH proposal. Furthermore, these studies provide no linkage to an apical
outcome (reproductive/developmental impairment) so they cannot satisfy criteria for classification under
CLP.

The CLH proposal cites studies beyond those summarized in Table 1 in attempts to support their
ovarian cyst conclusion. For instance, they cited studies reporting aneuploidy and meiotic changes
following BPA administration in rodent oocytes but they concluded this evidence provides” too few studies
on this subject are available and it is thus difficult to draw conclusions (citing Hunt et al. 2003; Susiarjo et
al. 2007 and Rodriguez et al. 2010). The CLH proposal seems to cite three other studies as further
support of the ovarian cyst claim (Markey et al. 2005; Mendoza-Rodriquez et al. 2011 and Schénfelder et
al. 2004). Markey et al. 2005 did not look specifically at the ovary making this paper irrelevant to the
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guestion of ovarian cysts. Mendoza-Rodriguez (2011) histologically examined the ovaries for estrous in
the controls and BPA-treated animals but never commented on abnormal histology in the ovaries.
Schonfelder et al. 2004 is irrelevant since they only looked at the uterus response in pups born to mother
gavaged with either 0.1 or 1.0 mg/kg/day given on GD6-GD2. No ovarian data were provided in this
study.

The CLH proposal cites Hunt et al. 2003 and Susiarjo et al. 2007. Not included in the CLH proposal are
two subsequent studies (Pacchierotti et al. 2008, Eichenlaub-Ritter et al. 2008) that could not reproduce
these findings. This inconsistent picture was noted in the 2008 EU Risk Assessment. Also not mentioned
in the CLH proposal is a further study published by the Hunt group, Muhlhauser et al. (2009), is a study in
which the authors could not replicate their own initial findings. In conclusion, the initial observations
reported by the Hunt laboratory were not reproduced in the same laboratory or in other independent
laboratories. This important information is not included in the CLH proposal.
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Table 1: Studies Reporting Ovarian Cysts.

Study Route | Dose Methods” Results Comments
Fernandez | sc 250 to H&E Stains of ovarian 1. ¢ CLat 25-62.6 mg/kg® e No information on step sectioning required to correctly conduct
etal., 62,600 sections to count PFs, 2. 4 AF at 2.5-6.25 and 25-62.5 mg/kg® histology examination.
2010 ug/kg/da | CL, AF, AtrF using light 3. M AtrF at 2.5-6.25 and 25-62.5 mg/kg® Non-relevant route of exposure with high doses for that route of
y PND1- | microscopy! 4. No change in preovulatory follicles exposure-Atretic follicles counted as cysts with no explanation
PND10 No change in pre-ovulatory follicles (primordial follicles) which would
Female Sprague Dawley be expected if a true estrogenic response was being induced.
Rats Observation not confirmed in 3-generation study in the same strain
(Sprague-Dawley rats)
Adewale sc 50 2 slides/animal 1. “Ovaries from both BPA-treated groups Histological methods lack capability of accurately assessing
etal, ug/kg/da | examined for abnormal also contained a number of large antral- quantitative nature of ovarian cysts.
2009 y or 50 histology, including like follicles that were similar in Irrelevant route of exposure using high dosages for that route of
mg/kg/d | corpora lutea. appearance to those seen in the PPT- exposure
ay PNDO- treated animals and were structurally
PND3 Long Evans Rats consistent with ovarian cysts.”
Newbold sc 10, 100 6 um sections were 1. No statistically significant decline in CL Irrelevant s.c. route at high exposures for that route of exposure
etal., and 1000 | evaluated. If a lesion 2. /] in ovarian cysts only at 100 pg/kg/day Inadequate histological methodological information to assess
2007 ug/kg/da | was observed, further quantitative relationship with BPA
y PND1- serial sections were No dose-response relationship (only increased at one dose)
PND5 evaluated to complete- Inconsistent with the Newbold et al. 2009 findings.
ly assess the lesions.
CD-1 Mice
Newbold sc 0.1,1,, Nine ovarian 1. No statistically significant decline in CL No dose-response relationship (only increased at one dose)
etal, 10,100, | sections/animal with 2. /M in ovarian cysts only at 1 pg/kg/day Inconsistent with the Newbold et al., 2007 findings.
2009 and 1000 | additional serial
ug/kg/da | sections made to fully
y on account for lesions
GD9- CD-1 Mice
GD16
Signorile sc 100 or Four sections every 100 | 1. “ in ovarian cysts at both dosages Irrelevant route of exposure at high exposures for that route of
etal, 1000 um with additional 2. No difference in CL reported. exposure.
2010 ug/kg/da | serial sections to fully Inadequate histological information to validate results
y GD1- assess lesions No dose response since the incidence of ovarian cysts was similar in
PND7 the two dose groups (45% and 50% compared to 10% in the controls)

1. No initial mention of how cysts were to be quantified. The investigators finally described the counting of atretic follicles “..as anovulatory follicles with a granulose
layer (two or three layers) and non-detectable theca” as the population representing ovarian cysts.

A PF (primordial follicles); CL (Corpora Lutea); AF (Antral Follicle); AtrF (Atretic Follicles).

B. No results, or mention, of ovarian histology was provided for the 0.25 to 0.625 mg/kg/day dose groups with no explanation for the missing data in this dose group.
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Table 2: Comparison between Newbold et al., 2007 and Newbold et al., 2009

% Incidence of Ovarian Cysts
Dose (ug/kg/d) Newbold et al., 2007 Newbold et al., 2009
(exposure PND1-PND5), (exposure GD9-GD16)
Determined at 18 months of age Determined at 16-18 months of age
Control 39% 25%
0.1 Not Done 29%
1.0 Not Done 67% (p < 0.05)
10 35% 14%
100 70% (p < 0.05) 36%
1000 38% 38%

An important aspect of the alleged ovarian cyst increase is its biological plausibility. That is,
can the CLH proposal establish internal dosimetry consistent with the toxicokinetics of the substance
and its proposed mode-of-action that are consistent with the relevant exposure route for humans?

CLP Regulation EC1272/2008 indicates:

1.1.1.5 For the purpose of classification for health hazards (Part 3), route of exposure,
mechanistic information and metabolism studies are pertinent to determining the
relevance of an effect in humans. When such information, as far as there is
reassurance about the robustness and quality of the data, raises doubt about
relevance in humans, a lower classification may be warranted. When there is scientific
evidence that the mechanism or mode of action is not relevant to humans, the
substance or mixture should not be classified

3.7.2.3.2 ,if it is conclusively demonstrated that the clearly identified MOA has no
relevance for humans or when TK differences are so marked that it is certain that the
hazardous property will not be expressed in humans then a substance which
produces an adverse effect on reproduction in experimental animals should not be
classified”
Mode-of-action is an important aspect in the assessment of a substance and to determine if it is e.g.
even biologically plausible for a weak estrogenic substance to cause ovarian cysts. For example, is
estrogen involved in polycystic ovary development in laboratory animals? Had the CLH proposal
explored this question it would have acknowledge that it is testosterone agonist administration (e.g.,
testosterone, adrostenedione, dihydrotesterone) that is associated with producing ovarian cysts and a
metabolic condition in rodents that mimics PCOS in humans (Walters et al. 2012). Thus, BPA is an
unlikely biologically plausible candidate for PCOS.

Finally, additional criticism towards the CLH proposal emerges from how the alleged ovarian
cyst claim was linked to evidence in humans. To these points, ANSES cited two epidemiological
publications on the topic of BPA exposure and PCOS (Kandaraki et al. 2011; Takeuchi et al. 2004).
Takeuchi et al. 2004 in which serum BPA levels, measured by an unreliable ELISA method, claimed to
show a relationship between BPA and PCOS. ANSES then went on to criticize this study:

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. (pg. 79 of the CLH proposal).
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ANSES also criticized the Kandaraki et al. (2011) study because of its use of a non-specific ELISA
method that does not distinguish between free-BPA and BPA'’s conjugates. The apparent 1.05 ng/ml
BPA reported in serum of the PCOS subjects could be the inactive BPA glucuronide. According to the
recent publication by Patterson et al. 2013 the likelihood that this 1.05 ng/ml represents the weak
estrogenic form of BPA aglycone is not credible.

“....aglylcone BPA levels reported in human blood in the ng/ml range from routine
sample collections are implausible and could represent sample contamination
artifacts.” (Patterson et al., 2013)

To summarize, none of the studies regarding ovarian cysts are guideline studies. None use a
relevant route of exposure (all are subcutaneous). None of these rat and mouse studies report dose-
response trends in the increase in ovarian cysts. The studies either don’t define how they identified
ovarian cysts, or, they used different histological definitions, e.g. antral follicle-like versus atretic
follicles. The endpoints assessed in these studies did not appear to be obtained in a blinded manner
and validation for the true range of variability in the control groups, using objective means to measure
ovarian and ovarian cyst pathology, was not provided. Standardized, reliable, and valid methods to
accurately quantify changes in ovarian follicles related to chemical exposure are not available. Ragan
et al. 2005 discussed histological methods for qualitatively and quantitatively assessing ovarian
follicles noting limitations:

“The utility of follicle counts to detect female reproductive toxicity in rats that cannot be
detected by other means has not been demonstrated adequately. ...Data generated
from follicle counts can be highly variable with large standard deviations both between
animals and between groups, making interpretation difficult. In part, this variability
can be caused by sampling methods that are inadequate for consistent quantitative
evaluation.....studies are needed to determine and confirm a reliable standard method
to prepare rat ovarian sections for quantitative assessment and to determine the value
of follicle counts in rats.”

Altogether, these studies claiming to show a BPA-dependent increase in cystic ovaries are unreliable
and of low quality for purposes of supporting a weight-of-evidence basis for a change in the
reproduction classification.

In addition there are additional studies that investigate ovaries morphologically are not mentioned in
the CLH proposal. The CLH proposal provides no rationale for the inclusion/non inclusion of studies on
this topic. Based on published weight of evidence evaluations from Gray et al. 2004, Goodman et al.
2006, Goodman et al 2009 and a list of publications from an additional literature search that was done
to bridge the time between the last published weight of evidence assessment until December 2012 for
example the following studies were identified: Mendoza-Rodriguez et al. 2011, Rodriguez et al. 2011,
Karavan and Pepling 2012, Kwon et al. 2000, Noda et al. 2005. (Note: In our comments concerning
the CLH proposal we have not evaluated these additional studies for quality but include them as
examples for apparently available data that the CLH proposal failed to collect or analyze).

Ovaries are also investigated in the recent NCTR study. In this study BPA was administered to rat
dams by oral gavage from gestation day 6 until parturition and then directly to pups from postnatal day
1 until termination at postnatal day 90 at doses up to 300 mg/kg bw/day. In this robust study, which
features a comprehensive range of dose levels and wide array of health endpoints, BPA exhibited
Increased cystic follicles, depleted corpora lutea and antral follicles at the highest BPA dose tested. A
dose where the authors indicate “the interpretation of the high dose BPA effects are confounded by
systemic toxicity”. Thus, the study supports earlier research and European Risk Assessments
concluding that BPA produces adverse effects only at high doses associated with systemic toxicity.
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Overall the data in this in this comprehensive study do not support the premise that BPA is a selective
reproductive toxicant (see Annex C for further details).

2. Reduced LH Levels and LH Surge - Amplitude and Frequency (“Proven Effect” #2 for
Female Reproduction)

Four studies in sheep and one in rats were cited as evidence of a “Proven Effect” that BPA
causes reduced LH concentrations and a reduction in the LH surge.

1. Collet et al. 2010 (sheep)

2. Evans et al. 2004 (sheep)

3. Savabieasfahani et al. 2006 (sheep)

4. Mahoney and Padmanaban 2010 (Sheep)
5. Rubin et al. 2001 (Sprague-Dawley rats)

The CLH proposal provided the following commentary regarding this alleged “Proven Effect.”

However, a decrease in LH concentration and LH pulse amplitidue, suggesting a
negative feedback exerts (sic) by BPA, was found in several studies in sheeps (sic)
and rats after a gestational, perinatal postnal 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. (page 65).

While these studies are interesting for their use of non-oral routes of administration and attention to
BPA blood levels associated with changes in LH physiology, they cannot be used to support
classification because of issues of route, toxicokinetics, and metabolism factors that must be
accounted for.

To provide additional information as to why these LH/LH surge data are not conclusive for a
“proven effect”, the data from three of the sheep studies cited in the CLH proposal are briefly
summarized in Table 3. The short paragraphs that follow briefly touch on each study and why the
study does not support the classification upgrade request. The Rubin et al. and Mahoney and
Padmanabhan 2010 studies are briefly discussed separately below since one is a rat study (Rubin et
al. 2001) and the other did not evaluate LH serum levels or the LH surge following BPA exposure
(Mahoney and Padmanabhan, 2010).

Table 3: Sheep Studies Evaluating Non-Oral, High Dose BPA Administration’s Effects on Luteinizing
Hormone

Study Dose, Route, Period Serum LH* LH Pulsatile Nature | Assessment by CERHR
2008
Savabieasfahaniet | 5 mg/kg/day, Elevated in lambs | Reduced by BPA “Weaknesses are the use
al., 2006 subcutaneous born to BPA of a single dose level and
I L the relatively small
administration on injected ewes - .
- ) sample size. The single
GD30-GD90 that were primed time point for bisphenol A
with PGF2q at 40 plasma determination at
weeks of age** an unknown time relative
to s.c. injection is a
weakness.

Utility (Adequacy) for
CERHR Evaluation
Process: This study is
adequate though of
limited utility.”
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Collet et al., 2010 0.5 to 80 mg/kg Reduced serum Reduction in LH -
intravenous infusion | conc. pulsatile
for 54 hours At intravenous fluctuations
dosages
A second experiment | exceeding 1
where lambs were mg/kg

intramuscularly
injected, twice a
week, with 3.5 mg/kg

for 8 weeks
Evans et al., 2004 3.5 mg/kg BPA had no effect | Reduced amplitude | “The high-dose level via
intramuscularly on LH levels and frequency of i.m. injection is a
every week x 7 weeks | relative to LH pulse Weak”esf as are small
with ovariectomy controls pre- determined every | SAmPple sizes (N =6). The
. . statistical tests for LH
conducted at 5 ovariectomy. 15 minutes overa 6 .

; trends did not appear to
weeks oftreatment. . hour period 2- take into account the
Pre-ovariectomy and | Post-ovariectomy, | weeks post repeated nature of the
post-ovariectomy LH | LH pulse ovariectomy. sampling leading to over
determinations were | frequency and stating the significance of
made amplitude was trend effects. Utility

reduced in the (Adequacy) for CERHR
BPA-treated Evaluation Process: This

. study is adequate for
animals. Also ; - -

inclusion but of limited
noted was an utility for the evaluation
increase in uteri process.”

size.

** Elevated relative to controls during “early” postnatal period in ewes born to mothers injected with BPA

Savabieasfahani et al. 2006 reported blood levels of BPA aglycone following daily

subcutaneous injection of BPA at dosages of 5 mg/kg/day to pregnant Ewes from gestational day 30
to 90. Lambs born to these Ewes were later evaluated, every 2 hours for changes in plasma LH over
a 120 hour period at 40 weeks after birth. The lambs were primed with injection of PGF2.. BPA
prenatal treatment reduced the LH surge in some of the lambs. No differences in FSH were seen
between groups. Progesterone secretion pattern showed no difference between groups, despite
perturbations in LH patterns. Although there was no apparent effect on progesterone production, the
authors suggested that the changes induced by prenatal exposure of females could interfere with
fertility.
Notably, the maternal BPA blood levels at 50, 70 and 90 days during gestation ranged from
approximately 35 to 55 ng/ml (0.15 to 0.24 uM). Collet et al. 2010, on the other hand administered
BPA intravenously over a 54 hour period at daily dosage that ranged from 0.5 to 80 mg/kg/day.
These intravenous dosages are hundreds to thousands of times in excess of background exposures in
the population (EFSA, 2013). What Collet e al. 2010 demonstrated is that dosages ranging from 0.5 to
1 mg/kg/day given intravenously, result in steady state BPA aglycone blood levels that exceed
approximately 30 ng/ml, but had no effect on LH serum levels in ovariectomized sheep. Orally
exposed humans could never achieve blood levels of 30 ng/ml (Patterson et al. 2013).

Evans et al. 2004 administered weekly intramuscular dosages of BPA (3.5 mg/kg) for 7 weeks
in prepubertal lambs. BPA blood levels were not determined in this study. At five weeks the lambs
were ovariectomized thus greatly sensitizing the lambs to any subsequent estrogenic stimulus. At 7
weeks of treatment (2-weeks post ovarectomy), LH pulses were sampled for 6 hours every 15 minutes
(with 6 lambs in the controls and 6 lambs in the BPA-treated group). In these estrogen-sensitized
animals, the authors reported: “Uteri were visually larger in size in the DES- and BPA-treated animals
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indicating a positive uterotrophic effect of treatment. Prior to the ovariectomy, and an important
observation, the 3.5 mg/kg weekly intramuscular dosages of BPA did not affect serum LH levels
relative to controls. It was only after ovariectomy that sensitized the sheep to BPA’s weak estrogenic
properties responded. In the ovariectomized and estrogen-sensitized animals, BPA produced a
decrease in both the amplitude and frequency of the LH pulse. As to this study’'s relevance to
classification, it too, like the Savabieashfani et al. 2006 and Collet et al. 2010 studies cannot be relied
upon due to its non-relevant route and high dose exposures that do not take into account BPA’s
important toxicokinetic and metabolism barriers that are route-specific.

Mahoney and Padmanabhan 2010 differs from the other three sheep studies since they did
not measure LH levels or the LH surge. They injected pregnant sheep subcutaneously with 5
mg/kg/day of BPA on GD30-GD90 and it appears that they were lambs used in the Savabieasfahani et
al. 2006 study. In the previous study (Savabieasfahani et al. 2006), free BPA blood levels of around 40
ng/ml (0.175 pM) were achieved with this systemic administration of BPA. The mature F: females
were then primed with prostaglandin Fa« twice, 11 days apart. Then, according to unspecified
information obtained from the controls, the ewes were sacked at their onset of their LH preovulatory
surge. The hypothalamus was removed and stained with 3°S- mRNA probes for GnRH, ERa and ERf
MRNA. Based on just a few cells from the hypothalamus, e.g., 7-15 cells to count staining for mRNA
for GnRH, the authors reported the differences in mMRNA probe staining (5 Controls versus 7 BPA-
treated Fi1 females) for the three endpoints. They reported that GnRH, and ERB mRNA staining was
reduced in the BPA group whereas ERa staining was increased. The results were presented with their
standard error of the mean. Overall, this study reports findings from a high dose, non-relevant route of
administration reported to produce free BPA blood levels potentially within the range of where BPA
can exert biological activity. The results reflect a non-validated morphological quantification of mRNA
staining in whole tissue using a very small number of animals per treatment group, e.g, to account for
normal variability in the timing of the LH pre-ovulatory surge and in the normal variation from animal to
animal.

Rubin et al. 2001 claimed that drinking water exposure in Sprague Dawley rats between GD6
and lactation produced female offspring that experienced a reduction in serum LH levels at 4 and 6
months of age. This result and conclusion, however, is unreliable. For one, Rubin et al. 2001 did not
indicate how they controlled for the large changes in serum LH as a result of LH pulsatile frequency.
For example, Matt et al. 1998 demonstrated that LH concentrations can vary over a 6 hour period with
a normal range that includes LH concentrations of 14.97 ng/ml (Control values for Rubin et al., 2001)
and approximately 12 ng/ml (two BPA-treated groups in Rubin et al). Thus, the control and two BPA-
group LH values reflect normal mid-range amplitude variability. What Rubin et al. 2001 failed to
control for is the LH pulsatile amplitude and frequency nature of LH. This biological phenomenon
requires frequent sampling techniques (every 2-3 minutes for a blood sample) in order to accurately
capture the rapidly changing blood LH concentrations that result in the normal pulsatile frequency
activity. Rubin et al.’s 2001 single blood sample, taken at some unspecified time and not controlling
for pulsatile frequency and amplitude with frequent blood sampling, does not allow one to make any
interpretation out of the normal LH concentration data reported in their study. As seen in the three
sheep studies, the investigators employed frequent blood sampling over a period of hours to capture
the rapidly fluctuating changes in the pulsatile nature of LH production.

CERHR assessment of the study: “Strengths/Weaknesses: This study incorporates a range of basic
developmental and gross functional reproductive endpoints, but the sample sizes are small (6
dams/group) and the statistical approach does not appear to use litter as the unit. Actual exposures
are poorly defined, particularly postnatally. The plausibility of the estrous cycle changes is a strength.
Utility (Adequacy) for CERHR Evaluation Process: This study is inadequate for the evaluation process,
based on a lack of adequate control for litter effects”
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To summarize, the ability of BPA to influence LH levels in these sheep studies depended on a
non-relevant route of administration with high dosages In order for these sheep studies to be relevant
with respect to toxicokinetics, metabolism and mode-of-action, they would require relevant exposure
route BPA treatments with confirmation that free BPA (the aglycone with weak estrogenic activity)
blood levels are sufficient to explain the observed changes in LH consistent along the lines of its
proposed estrogenic mode-of-action.
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3. Reduced Fertility (Proven Effect #3 For Female Reproduction)

The CLH proposal identifies reduced fertility as a “Proven Effect” following BPA administration
in rats and mice. This opinion is primarily based on the evidence published in the Cabaton et al., 2010;
Fernandez et al. 2010; Al Hiyasat e al. 2004 and the three publications by Berger et al. 2007, 2008
and 2010). Two other publications appear to play a more limited role in support of the report:
Tachibana et al. 2007 and Varyoud et al., 2011. All of these studies are non-guideline studies. A
number of studies utilize non-relevant, non-oral routes of administration. For example, Varayoud et al.
2011 administered 50 or 20,000 pg/kg/day dose subcutaneously to rat pups on PND 1, 3, 5, and 7.
As observed in the sheep studies, non-oral dosages in this range can produce effects that do not take
into account important hazard classification factors including toxicokinetics, metabolism and route.
While the CLH proposal notes a number of larger, more robust guideline studies that do not
corroborate these studies, ANSES provides numerous reasons for why these negative guideline
studies are not persuasive, e.g., done in so called non-sensitive Sprague Dawley rats, failure to use a
continuous breeding method. As discussed in the following comments, however, the non-guideline
studies are not sufficient to support a change of the existing classification nor do they refute the
negative findings from much better, robust guideline studies (Tyl et al., 2002, 2008, Ema et al. 2001,
Stump et al. 2010; see also Annex D).

Cabaton et al. 2010 implanted CD-1 mice at GD8 with alzet pumps administering
approximately 25 and 250 ng/kg/day, and/or 25 pg/kg/day. The resulting F1 females were then placed
with a male from an unexposed Fo dam for 32 weeks beginning at 8 weeks. Each resulting litter
produced by the F1 female was euthanized and the F1 female returned to its original male cage mate
(no ability to control for male partner effects on the alleged changes in reproductive capacity). The
Cumulative # of pups/dose, b) time to 1%t litter, the number of deliveries/dam, the number of
neonates/litter and the number of mice having litters were recorded. Besides using an irrelevant route
of exposure (implanted alzet pumps), the apparent BPA-related impact on fertility endpoints was not
dose related. This is shown by the cumulative number of pups per treatment group born over the 32
week period. The following relative dose-response relationship for a reduction in the cumulative
number of pups was observed: Controls = 250 ng/kg/day > 25 ng/kg/day = 25 pg/kg/day (Figure 2 in
the paper). Thus, an expected dose-related reduction in cumulative pups, if BPA was truly acting to
suppress continuous fertility, as exhibited by a monotonic decrease in fertility as a function of dose,
was not observed. The same lack of a dose-response relationship between BPA and other fertility
endpoints (number of litters per dam) and fecundity (# of pups born at each delivery). Therefore, the
same non dose-dependent obseravtions were carried through in the other endpoints suggesting
nothing more than random variation in this strain (something the authors did not address) or the
impact of the male partner (that was not addressed). These discrepancies in dose-response, route of
administration, and validation of the method used by Cabaton et al. with consideration of historical

Fernandez et al. 2010 is not relevant for classification purposes because of its non-relevant
route of exposure (s.c.) and the very high dosages (2.5 to 6.5 mg/kg/day and/or 25 to 62 mg/kg/day).
Interestingly, the positive response in Sprague Dawley rats in this specific case was not dismissed for
being a non-responsive strain (in contrast to other sections in the report).

The CERHR (NTP’s Center For The Evaluation of Risks To Human Reproduction) concluded
that the 2004 Al-Hiyasat et al. 2004 study was not useful due to its small sample size (Chapin et al.,
2008, CERHR 2008). Confounding by the presences of other glicidyl ether substances in the dental
extract exposure study, and the absence of dose-related declines in fertility in the BPA-treated groups
are two other limitations in this study. In the face of much larger, robust guidelines studies that do not
corroborate the Al-Hiyasat et al. 2004)findings, this study of limited usefulness for classification.
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The Berger et al. studies (2007 and 2008) are not relevant due to their excessively high

subcutaneous dosages administered on GD1-GD4. The dosages were estimated to range from
approximately 0.01 to over 300 mg/kg/day (milligrams per kilogram) (Goodman et al. 2009) and effects
were observed only in the very high dose range.
Berger et al. 2007 was evaluated by CERHR: “Weaknesses include the limited/unequal number of
mated mice in each dose group, absence of maternal data to ascertain the potential impact of
maternal toxicity on pregnancy, methodological deficiencies regarding fertility assessment, and the
use of a diet that contains phytoestrogens. Utility (Adequacy) for CERHR Evaluation Process: Due to
the limited number of mated mice per dose level (n 5 5-15), methodological concerns, absence of key
statistical information as well as maternal information, this study is inadequate for the CERHR
evaluation process.”

To summarize, the cited studies on female reproductive chages in laboratory rodentes are not,
and cannot be compelling reasons to support a change in classification. The studies employed large
dosages via a non-relevant route. The studies used limited study designs including low number of
animals, limited parameter investigated and/or limited number of doses investigated. The studies are
contradicted by more comprehensive guideline studies required under REACH registration
requirements (see Annex D).
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