Bisphenol A exposure and sexual dysfunction in men
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There is a long, ongoing controversy about the potential health effects of bisphenol A in
humans (Bucher et al., 2009+). There are two, diametrically opposed views. One side argues
vociferously, based on animal experiments, that bisphenol A may exert numerous adverse
effects in humans, ranging from reproductive development disorders through obesity effects to
cancer induction/progression. The other side argues, also based on animal experiments, that
bisphenol A poses no significant health risks to humans. This stand-off is not simply about
‘scientists squabbling about who is right or wrong’, as there are similar differences in reaction
between authorities, as Canada and some US states have chosen to ban use of bisphenol A in
baby feeding bottles, whereas others (e.g. EU) have said there is nothing for consumers to
worry about. What is not disputed is that we are all exposed daily to bisphenol A (Calafat et
al., 2008+); our exposure is mainly via bisphenol A that has leached into food from containers
(Kang et al., 2006+), as it is used in the making of (heat-resistant) polycarbonate plastics that
are used widely as containers for food and beverages as well as in tin-can linings. As with all
‘environmental’ chemicals, the question is whether our exposure is sufficient to cause adverse
health effects. Based on the same evidence, different scientists and different authorities appear
to have deciphered a very different answer to this question (Bucher et al., 2009+), so the non-
involved outsider has every reason to be confused.

What has been largely lacking until recently has been any evidence from human studies to
support the viewpoints of either of the ‘camps’. One large study in 2008 does produce
evidence of an association between urinary levels of bisphenol A and occurrence of diabetes
and abnormal liver function in adults (Lang et al., 2008+). However, even this association
could be fortuitous because bisphenol A levels could simply be a reflection of lifestyle; those
with higher levels of bisphenol A being those who consume most soft drinks (Kang et al.,
2006+; Carwhileet al., 2009+), and thus sugar, and it is this that leads to the disorders (as we
know it can do in the long term). A new study in the present issue of Human Reproduction
shows that occupationally high exposure of men to bisphenol A is associated with a dramatic
increase in occurrence of sexual dysfunction (Li et al., 2009+). Does this mean that, finally,
the controversy over bisphenol A effects is resolved and that we (and especially us men)
should be concerned about whether our bisphenol A exposure is affecting our sexual
wellbeing? As outlined below, answering this question is not straightforward and in many
respects the new study simply resurrects issues about the disputed actions of bisphenol A that
have never been satisfactorily resolved. These now need to be answered if we are to make the
correct, informed decision over how concerned to be about these new findings.

The study by Li et al. (2009)+ shows that men who are occupationally exposed to bisphenol A
have a ~4- to 7-fold increased chance of exhibiting sexual dysfunction (depending on the
measure of dysfunction used), compared with men working in jobs that do not involve
bisphenol A exposure. By epidemiological standards, these are large and highly significant
changes. Indeed, when the authors looked at changes in sexual function in men who had
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moved from a job that did not involve exposure to bisphenol A to one that did, the odds of
their sexual function deteriorating were increased 6- to ~18-fold. On the face of it these
findings are alarming, the more so for hitting men in their psychologically most sensitive
regions. At its most sensational, the findings could mean that our exposure to bisphenol A
from drinks and food containers could impair male sex drive and performance. However, this
appears highly unlikely. In the men who were occupationally exposed, their urinary bisphenol
A levels were more than 50-fold higher than in the men who were not occupationally exposed
(the controls), and it is the latter who represent the normal population, which hopefully
includes you and me. Virtually all men are exposed to varying levels of bisphenol A, but in
>95% their levels of exposure remain at least 10-fold lower (Calafat et al., 2008+) than the
average levels of exposure shown to occur occupationally in the study by Li et al. (2009)+.

Despite this reassurance, the results do raise concerns. For example, babies in neonatal
intensive care are exposed to 10-fold higher than normal levels of bisphenol A (Calafat et al.,
2009+) and children are up to 2-fold more exposed in general than are adults (Calafat et al.,
2008+). Sexual dysfunction is not of concern to these age groups, but could there be other
effects on the developing brain or reproductive system? The answer to this probably depends
on which bisphenol A ‘camp’ you belong to, but to really answer the question, we need to
know how bisphenol A exerts its effects, and this is where the waters get murky.

Bisphenol A is a weak estrogen agonist that can bind to estrogen receptors (ERs) and activate
a response—this has been widely suggested as the source of its (disputed) ‘adverse’ effects in
(some) animal studies. However, this has always been a hard explanation to swallow, as
bisphenol A is many thousand times less potent than estradiol and, as it is metabolized and
excreted fast (Carwhile et al., 2009+), it has always seemed to be a scientifically illogical
explanation for either animal or human effects. Therefore increased estrogenic exposure due to
bisphenol A seems an unlikely explanation for the sexual dysfunction found in adult men in
the study by Li et al. (2009)+.

In men, sexual dysfunction is classically associated with androgen deficiency although
depression and other factors (e.g. diabetes) can also have effects. Some studies have shown
that bisphenol A is anti-androgenic and can bind to the androgen receptor (AR) and block it
(e.g. Sun et al., 2006+). However, all such studies have been in vitro and have used cells
transfected with the AR (i.e. an artificial system) and evidence for similar anti-androgenic
effects in vivo in animal studies is either sparse or lacking altogether, especially from the most
detailed studies (Kobayashi et al., 2002; Tyl et al., 2002+; Howdeshell et al., 2008+).

Moreover, even if we accept the possibility of bisphenol A having AR antagonist activity in
vivo in man, its anti-androgenic potency is so weak that its actions via AR cannot provide a
logical mechanistic explanation for the findings of Li et al. (2009)+, just as with its potential
estrogenic effects. So there is a fundamental lack of plausibility in the idea that bisphenol A
can cause effects in vivo at environmentally relevant levels via any mechanism that is
classically AR or ER mediated. So what mechanism could underlie the apparent effects of
bisphenol A on sexual function in men in the study by Li et al. (2009)+, and how might it
affect androgen action if not through ARs (or ERs)? Non-genomic effects of androgens and
estrogens are reported, if still poorly understood, and there is good evidence from in vitro
studies that bisphenol A could work through such a mechanism. For example, one study using
human adipose tissue explants or adipocytes showed that both bisphenol A (at
environmentally relevant levels) and estradiol inhibited adiponectin release at equimolar
levels through a mechanism that did not appear to involve ERs (Hugo et al., 2008+). Some
studies have suggested that bisphenol A might exert its (estrogenic) effects via the G-protein



coupled membrane receptor Gpr30, but if this is the case it is unlikely to be straightforward, as
several groups have shown that knockout of Gpr30 is without significant reproductive effects
(e.g. Otto et al., 2009+).

Numerous studies have investigated if perinatal exposure of rodents to bisphenol A causes
behavioural effects, but more relevant to present concerns is that (oral) exposure to bisphenol
A in adult male rats has no reported effects on sexual behaviour or fertility (Ema et al., 2001+;
Tohei et al., 2001+). However, there is one potentially relevant study (Leranth et al., 2008+),
in which castrate adult male rats were injected with testosterone with or without bisphenol A
and the synaptogenic response to testosterone (formation of new synapses) then quantified in
the medial prefrontal cortex and hippocampus regions of the brain after 3 days of treatment.
Lesions of the prefrontal cortex in humans have negative effects on sexual behaviour/interest,
possibly related to increased apathy/indifference (Baird et al., 2006+). In rats, testosterone
(and estrogens) induce synaptogenesis in the medial prefrontal cortex and hippocampus but
this induction does not require either ARs (MacLusky et al., 2006+) or ERs, and the induction
is inhibited by co-treatment with bisphenol A (Leranth et al., 2008 +). Although the
mechanism that underlies these findings might seem at face value to provide a potential
explanation for the findings by Li et al. (2009)+, there are several cautionary points. First, the
authors used a moderately high dose (300 pg/kg/day) of bisphenol A, but more importantly
they injected it subcutaneously on 3 successive days, which will considerably increase
exposure when compared with the oral route (the route of exposure relevant to man)
(Takahashi & Oishi, 2003+)—use of an inappropriate route of exposure in animal studies has
been one of the major issues underlying the dispute over bisphenol A effects. Second, the
model used (castration-induced androgen withdrawal and high dose testosterone replacement)
is far removed from the normal physiological situation in men. So whether the findings by
Leranth et al. (2008)+ have any relevance to the human sexual dysfunction observations of Li
et al. (2009)+ is doubtful.

The study by Li et al. (2009)+ is likely to be overblown by some sections of the media or
others, when what is really needed is a level head to evaluate the concerns that this study raise.
The first thing needed is repetition of the study—if itis not repeatable (as with many previous
studies with bisphenol A) then we should not accept it. This is not to cast doubt on the authors
or their study, it is simply the golden first rule in science. In the meantime, we should not lose
sight of the fact that even the majority (~80%) of the men occupationally exposed to bisphenol
A in Li et al. (2009)+ did not exhibit sexual dysfunction. Nor for the moment should we
exclude the possibility that something else, common to the workplaces in which bisphenol A
is manufactured, could be responsible for the observed effects on sexual dysfunction in men
who work there. We may joke about men's one-track minds but, even in men, sexual
behaviour isa highly complex process that can be affected by numerous societal and personal
factors, and it can be difficult to allow for all such factors in epidemiological studies.
Moreover, these factors are difficult or impossible to model in animal studies, so taking the
studies by Li et al. (2009) « further with regard to mechanisms may be less than
straightforward. However, if nothing else these new findings may finally force us to resolve
the numerous uncertainties that have dogged bisphenol A research. In doing so, not only must
we adhere to the accepted principles of scientific enquiry (e.g. studies must be repeatable), but
‘conspiracy theory’ and emotion must be left out of the debate.



4 References

Baird AD, Wilson SJ, Bladin PF, Saling MM, Reutens DC. Neurological control of human sexual behaviour:
insights from lesion studies. J Neurol Neurosurg Psych (2006) 78:1042—-1049.[Web of Science][Medline]

Bucher JR. Bisphenol A: where to now? Environ Health Perspect (2009) 117:A96-A97.[Web of
Science][Medline]

Calafat AM, Ye X, Wong LY, Reidy JA, Needham LL. Exposure of the US population to bisphenol A and 4-
tertiary-octylphenol: 2003-2004. Environ Health Perspect (2008) 116:39-44.[Web of Science][Medline]

Calafat AM, Weuve J, Ye X, Jia LT, Hu H, Ringer S, Huttner K, Hauser R. Exposure to bisphenol A and other
phenols in neonatal intensive care unit premature infants. Environ Health Perspect (2009) 117:639—-644.[Web of
Science][Medline]

Carwhile JL, Luu HT, Bassett LS, Driscoll DA, Yuan C, Chang JY, Ye X, Calafat AM, Michels KB.
Polycarbonate bottle use and urinary bisphenol A concentrations. Environ Health Perspect (2009) 117:1368—
1372.[Web of Science][Medline]

Ema M, Fujii S, Furukawa M, Kiguchi M, Ikka T, Harazono A. Rat two-generation reproductive toxicity study
of bisphenol A. Reprod Toxicol (2001) 15:505-523.[CrossRef][Web of Science][Medline]

Howdeshell KL, Furr J, Lambright CR, Wilson VS, Ryan BC, Gray LE Jr. Gestational and lactaional exposure to
ethinyl estradiol, but not bisphenol A, decreases androgen-dependent reproductive organ weights and epididymal
sperm abundance in the male Long Evans hooded rat. Toxicol Sci (2008) 102:371-382.[Abstract/Free Full Text]
Hugo ER, Brandenbourg TD, Woo JG, Loftus J, Alexander JW, Ben-Jonathan N. Bisphenol A at
environmentally relevant doses inhibits adiponectin release from human adipose tissue explants and adipocytes.
Environ Health Perspect (2008) 116:1642—-1647.[Web of Science][Medline]

Kang JH, Kondo F, Katayama Y. Human exposure to bisphenol A. Toxicology (2006) 226:79-
89.[CrossRef][Web of Science][Medline]

Kobyashi K, Miyagawa M, Wang RS, Sekiguchi S, Suda M, Honma T. Effects of in utero and lactational
exposure to bisphenol A on somatic growth and anogenital distance in F1 rat offspring. Ind Health (2002)
40:375-381.[CrossRef][Web of Science][Medline]

Lang IA, Galloway TS, Scarlett A, Henley WF, Depledge M, Wallace RB, Melzer D. Association of urinary
bisphenol A concentration with medical disorders and laboratory abnormalities. JAMA (2008) 300:1303-
1310.[Abstract/Free Full Text]

Leranth C, Szigeti-Buck K, Maclusky NJ, Hajszan T. Bisphenol A prevents the synaptogenic response to
testosterone in the brain of adult male rats. Endocrinology (2008) 149:988—994.[ Abstract/Free Full Text]

Li D, Zhou Z, Qing D, He Y, Wu T, Miao M, Wang J, Weng X, Ferber JR, Herrinton LJ, et al. Occupational
exposure to bisphenol-A (BPA) and the risk of self-reported male sexual dysfunction. Hum Reprod (2009) [Epub
ahead of print 11 November 2009].

MacLusky NJ, Halszan T, Johansen JA, Jordan Cl, Leranth C. Androgen effects on hippocampal CA1 spine
synapse numbers are retained in Tfm male rats with defective androgen receptors. Endocrinology (2006)
147:2392-2398.[Abstract/Free Full Text]

Otto C, Fuchs I, Kauselmann G, Kern H, Zevnik B, Andreason P, Schwartz G, Altmann H, Klewer M, Schoor M,
et al. GPR30 does not mediate estrogenic responses in reproductive organs in mice. Biol Reprod (2009) 80:34—
41.[Abstract/Free Full Text]

Sun H, Xu LC, Chen JF, Song L, Wang XR. Effect of bisphenol A, tetrachlorobisphenol A and
pentachlorophenol on the transcriptional activities of androgen receptor-mediated reporter gene. Food Chem
Toxciol (2006) 44:1916-1921.[CrossRef]

Takahashi O, QOishi S. Testicular toxicity of dietarily or parenterally administered bisphenol A in rats and mice.
Food Chem Toxciol (2003) 41:1035-1044.[CrossRef]

Tohei A, Suda S, Taya K, Hashimoto T, Kogo H. Bisphenol A inhibits testicular functions and increases
luteinizing hormone secretion in adult male rats. Exp Biol Med (2001) 226:216—221.[Abstract/Free Full Text]
Tyl RW, Myers CB, Marr MC, Thomas BF, Keimowitz AR, Brine DR, Veselica MM, Fail PA, Chang TY, Seely
JC, et al. Three-generation reproductive toxicity study of dietary bisphenol A in CD Sprague-Dawley rats.
Toxicol Sci (2002) 68:121-146.[Abstract/Free Full Text]



http://humrep.oxfordjournals.org/cgi/external_ref?access_num=000249524200004&link_type=ISI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=000249524200004&link_type=ISI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=000263933600001&link_type=ISI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=000263933600001&link_type=ISI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=000263933600001&link_type=ISI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=000252142100022&link_type=ISI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=000252142100022&link_type=ISI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=000264704500040&link_type=ISI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=000264704500040&link_type=ISI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=000264704500040&link_type=ISI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=000269479900023&link_type=ISI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=000269479900023&link_type=ISI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=10.1016%2FS0890-6238%2801%2900160-5&link_type=DOI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=10.1016%2FS0890-6238%2801%2900160-5&link_type=DOI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=11780958&link_type=MED
http://humrep.oxfordjournals.org/cgi/ijlink?linkType=ABST&journalCode=toxsci&resid=102/2/371
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=000261290300025&link_type=ISI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=000261290300025&link_type=ISI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=10.1016%2Fj.tox.2006.06.009&link_type=DOI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=10.1016%2Fj.tox.2006.06.009&link_type=DOI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=16860916&link_type=MED
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=10.2486%2Findhealth.40.375&link_type=DOI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=10.2486%2Findhealth.40.375&link_type=DOI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=12502241&link_type=MED
http://humrep.oxfordjournals.org/cgi/ijlink?linkType=ABST&journalCode=jama&resid=300/11/1303
http://humrep.oxfordjournals.org/cgi/ijlink?linkType=ABST&journalCode=endo&resid=149/3/988
http://humrep.oxfordjournals.org/cgi/ijlink?linkType=ABST&journalCode=endo&resid=147/5/2392
http://humrep.oxfordjournals.org/cgi/ijlink?linkType=ABST&journalCode=biolreprod&resid=80/1/34
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=10.1016%2Fj.fct.2006.06.013&link_type=DOI
http://humrep.oxfordjournals.org/cgi/external_ref?access_num=10.1016%2FS0278-6915%2803%2900031-0&link_type=DOI
http://humrep.oxfordjournals.org/cgi/ijlink?linkType=ABST&journalCode=psebm&resid=226/3/216
http://humrep.oxfordjournals.org/cgi/ijlink?linkType=ABST&journalCode=toxsci&resid=68/1/121

