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Endocrine disruptors and falling sperm counts: lessons

learned or not!
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n summary, it has become evident that

multiple factors can affect sperm counts
and quality. Most reports indicate that
there has not been a worldwide decrease
in sperm counts over the past 20 or 50 years,
and the validity of the endocrine disruptor
hypothesis or testicular dysgenesis syn-
drome with respect to sperm counts is
highly questionable.

BACKGROUND

My research program in the 1970-1990 period
was primarily focused on the chemistry,
toxicology and mechanisms of action of
highly persistent organochlorine environmental
contaminants including the polychlorinated
biphenyls (PCBs), dibenzofurans and dibenzo-
p-dioxins (Figure 1). Since environmental
samples and human residues of these organo-
halogen compounds (OCs) (or persistent
organic pollutants) are complex mixtures of
PCB, polychlorinated dibenzofuran and poly-
chlorinated dibenzo-p-dioxin isomers and
congeners, my laboratory initially focused on
structure—activity and quantitative structure—
activity relationships among these com-
pouncls.l_3 2,3,7,8-tetrachlorodibenzo-p-dioxin
was identified as the most toxic OC, and
Poland and co-workers®? initially hypothe-
sized and demonstrated that 2,3,7,8-
tetrachlorodibenzo-p-dioxin and related
compounds induce their toxic responses
through activation of the aryl hydrocarbon
receptor (AHR). Our quantitative struc-
ture—activity relationship studies contribu-
ted to development of the toxic equivalence
factor approach for hazard assessment of
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OC mixtures which has been adopted by
the World Health Organization and regula-
tory agencies worldwide to regulate and
decrease emissions of OCs from multiple
sources.'™*7 In the early 1990s, we began
to investigate the molecular biology and
toxicology of AHR-mediated inhibition of
estrogen receptor (ER) signalling and the
complex mechanisms of inhibitory AHR-
ER cross-talk were determined.*'* These
studies were an example of antiestrogenic
endocrine disruption by AHR agonists.

THE ENDOCRINE DISRUPTOR
HYPOTHESIS
On the basis of this background of studies on
environmental antiestrogens coupled with the
reported chemoprotective effects of flavonoids
which exhibit estrogenic and potential anties-
trogenic activity, I was intrigued by the new
hypotheses on the potential adverse health
effects of endocrine-disrupting compounds
(EDCs). Sharpe and Skakkebaek'® published
a hypothesis in Lancet entitled ‘Are oestrogens
involved in falling sperm counts and disorders
of the male reproductive tract’ in 1993 and the
major basis for this hypothesis was the meta-
analysis which reported that among 14 947
men included in 61 studies published between
1938 and 1991, there was a 40% decrease in
mean sperm counts from 113X10° to
66x10° ml~ .1

In addition, this hypothesis was also linked
to other disorders of the male reproductive
such as testicular cancer, cryptorchidism
and hypospadias which were also increasing
and it was suggested that ‘these abnormalities
and reduced sperm counts may have a com-
mon etiology’."? Support for this statement
was derived, in part, from the devastating
effects of the potent estrogenic drug diethyl-
stilbestrol which was prescribed for pregnant
women and resulted in multiple adverse

effects on the reproductive tracts of male
and female offspring.'”™'” The observations
with diethylstilbestrol led to the hypothesis
that ‘the increasing incidence of reproductive
tract abnormalities in the human male may be
related to increased oestrogen exposure in
utero’.’> This hypothesis was extended to
breast cancer since two small studies showed
that levels of PCB or 1,1-bis(p-chlorophenyl)
ethylene (DDE) were increased in breast
cancer patients vs. controls.'®'® The breast
cancer hypothesis implicating estrogenic
EDCs as causal agents®® was less specific with
respect to the timing of estrogen exposure but
was supported by the fact that a woman’s
lifetime exposure to estrogens is a known risk
factor for this disease.

Under the subheading ‘male
development in a sea of oestrogen’, there were
several letters published in the July 10 issue of
Lancet which provided support for the EDC
hypothesis and one letter pointing out that
we also live in a sea of potential anties-
trogens which include not only the OC envi-
ronmental contaminants but also polynuclear
aromatic hydrocarbons and ‘natural products
in foods such as flavonoids and indole-
derived compounds which bind the AHR
probably also show antoestrogenic activity’.*'
The estrogenic endocrine disruptor hypo-
thesis was supported by many scientists and
was strengthened by environmental studies
which showed the estrogenization of male
fish in many river systems, the decreased
penis size of alligators in Lake Apopka and
the identification of an increasingly large
number of industrial and cosmetic (personal
care) products or chemicals including bisphe-
nol-A (BPA) that were estrogenic.zz'25
Popular magazines such as the New Yorker,
scientific books such as Our Stolen Future and
television programs in Europe and North
America warned the population of the
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Figure 1 Structures of diverse endocrine disruptors that modulate estrogen signaling. AHR, aryl hydrocarbon
receptor; HPTE, 2,2-bis(p-hydroxyphenyl)-1,1,1-trichloroethane; PCB, polychlorinated biphenyl; PCDD,
polychlorinated dibenzo-p-dioxin; PCDF, polychlorinated dibenzofuran; TCDD, 2,3,7,8-tetrachlorodibenzo-

p-dioxin.

impending crisis, and, on the basis of the
diminished size of alligator penises, a US
Congressional committee was informed that
we are not half the men our fathers were!

INVOLVEMENT IN THE EDC
CONTROVERSIES

My involvement in the EDC hypothesis was
primarily focused on monitoring results of
a myriad of studies focused on testing or
confirming the hypothesis that envir-
onmental (and dietary) estrogens were play-
ing a role in the increased incidence of male
reproductive tract problems and breast can-
cer among women. I wrote several review arti-
cles®®® and attended many symposia on
EDCs as the dissenting or sceptical voice
and also initiated several research projects in
this field. My initial research on the possible
role of xenoestrogens and flavonoids as tis-
sue-specific selective estrogen receptor mo-
dulators (SERMs) (i.e., ER agonists or
antagonists) was funded by the Chemical

Manufacturers’ Association (CMA) (now
the American Chemistry Council) and later
by the National Institutes for Environmental
Health Sciences. The CMA funding during
the mid-1990s supported some of our early
research®! and, although ‘consulting’ money
was not provided, the source of the funds was
later used in attempts to discredit my impar-
tiality as a critic of the EDC hypothesis. The
CMA leadership and their employees never
influenced my research or its interpretation
and I naively believed at the time that for
scientists, the source of funding was not a
factor. There are now many examples of
how funding sources have influenced the sci-
ence and I always indicate possible conflicts
and contribute my infrequent consulting
money to Texas A&M University. My research
on EDCs has continued to the present day and
has primarily been focused on demonstrating
that industrial and dietary estrogenic com-
pounds are SERMs and predicting their tis-
sue-specific ER agonist or antagonist activities
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can only be ascertained by doing the
experiments.’”>’  Assays determining ER
binding or transactivation are useful but do
not predict SERM-like activity, and our
results actually support, in part, the EDC
hypothesis where it can be hypothesized that
a so-called ‘weak’ estrogen such as BPA may
be more potent in some tissues during specific
periods of development. In collaboration with
Drs Kevin Gaido (Chemical Industry Institute
of Toxicology), Donald McDonnell (Duke
University) and Ken Korach (National Insti-
tutes for Environmental Health Sciences), we
also showed that interactions of several envi-
ronmental estrogens were additive®”® and
this refuted a paper in Science claiming ‘syn-
ergistic’ interactions of environmental estro-
gens.”® This discovery of synergistic activity
for some estrogenic EDCs was covered by
the news media worldwide; however, our
results and the subsequent retraction of the
Science paper were barely mentioned in the
press.

EDCS AND MALE REPRODUCTIVE
TRACT PROBLEMS

The publication of the meta-analysis study'*
prompted similar retrospective studies on
sperm counts and sperm quality in many
countries and regions, and one of the first
studies analyzed sperm counts from a sperm
bank in Paris. Sperm concentrations from
1351 donors (to a sperm bank) decreased
from 89X10° to 60X10° ml~" from 1973
to 1992, suggesting a downward trend.*!
However, a subsequent study using similar
methods of analysis showed that from 1977
to 1992, sperm concentrations in the
Toulouse area were 83.12X10° ml™" and
did not vary over the time period.*?
Subsequent studies in multiple locations
showed both decreases in sperm counts or
no change, and it was clear that the high vari-
ability was due to many factors, including
sampling and measurement techniques, sea-
sonal variability, body mass index of the
donors and many other lifestyle or personal
factors that can affect sperm counts. One of
the most striking variables that could not be
addressed in the 1992 meta-analysis study was
body mass index where it has now been
shown that high or low body mass has
remarkable effects on sperm counts and
quality.*>** Another important variable that
was also not accounted for was the regional
differences in sperm counts which were
observed in Europe and North America.
Fisch and co-workers*’ investigated sperm
concentrations from vasectomy clinics in
New York, Minnesota and California, and



mean sperm counts were 131.5X 10,
100.8X10° and 72.7X10° ml ™! respectively,
and these values were not significantly chan-
ged over the 1970-1994 period of collection.
Regional variability was also observed in
sperm concentrations from 11 different
clinics across Canada where sperm counts
ranged from 51X10° to 121X10°® ml™! in
1984 and 43X10° to 137x10° ml™'
in 1996.* Handelsman® also reported
high variability in sperm concentrations
(142X10°-63%10° ml™ ") from five different
groups of volunteers in the area of Sydney
Australia taken over an 8-year span (1987-
1994). These patients were volunteers and
were not vasectomy patients or sperm
donors, and Handelsman?’ concluded that
‘this highlights the invalidity of extrapolating
such findings on sperm output of self-selected
volunteers to the general male community
from which the volunteers originated’. The
concern regarding the global decrease in
sperm counts espoused by Skakkebaek and
some of his collaborators in Denmark has
spurred studies to understand what is hap-
pening by examining Danish military
recruits. Among the five thousand 18- to
20-year-old men who provided semen sam-
ples from 1996 to 2010, sperm concentrations
exhibited median values from 50X10° to
45X10° ml™" and there was no evidence for
significant variations over the 15-year pe-
riod.*® Similar results were observed in a
Swedish study,49 whereas a decrease in sperm
counts was observed in a sample of 858
Finnish men during 1998-2006.%° The series
of three Scandinavian studies have been con-
troversial with personal and professional
undertones which have been accompanied
by letters to the editor and commentaries.
The large cohort and duration of the Danish
study strongly suggest that exposures to EDCs
18-20 years prior to 1996-2010 have not
changed over the 15 years of the study and
this does not support the hypothesis that
sperm counts are decreasing. While the
Finnish studies are interesting and the effects
appear to be localized or regionalized, the
conclusions of Jorgensen, Skakkebaek and
their co-workers, namely that ‘these simulta-
neously and rapidly occurring adverse trends
suggest that the underlying causes are envi-
ronmental and, as such, preventable’5 s not
scientifically justified nor consistent with
similar trends in environmental contaminant
levels in Finland or the other Scandinavian
countries.

One of the key missing ingredients in the
endocrine disruptor hypothesis has been the
lack of any correlations between sperm count
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changes and in utero exposure to estrogenic
compounds. It was also hypothesized that the
antiandrogen DDE might also be an impor-
tant contributor to male reproductive tract
problems.> However, the increasing inci-
dence of testicular cancer in Scandinavia
and other Western countries is inversely cor-
related with DDE levels (in breast milk)
which have decreased dramatically owing
to banning or use restrictions in most
countries.”® Results of twin studies showing
higher rates of testicular cancer in dizogytic
than monozygotic twins correlate with higher
maternal (and in utero) levels of estrogen and
support a role for estrogen as a risk factor for
testicular cancer.”> However, a study with
singletons, di- and monozygotic twins did
not show any differences in their sperm
counts in these groups of men.>* It was con-
cluded that ‘higher prenatal concentrations of
oestrogen are not related to reduced sperm
counts in adulthood”.>* These results do not
support a role for in utero exposure to ster-
oidal-type estrogens in mediating a decrease
in sperm counts but do not exclude the pos-
sibilities that some, as yet unidentified SERM,
may be involved. However, on the basis of
historical and more recent data, it seems
unlikely that there is a worldwide decrease
in sperm counts although it is possible that
some regional problems with unknown etiol-
ogies may exist. While it is known that estro-
gens are a risk factor for hypospadias and
cryptorchidism, it is also unclear if these
reproductive tract disorders are increasing.
For example, a study on international trends
for both problems showed large regional vari-
ability and increases in hypospadias ‘leveled
off in many systems after 1985’ and since 1985
the incidence of cryptorchidism has ‘declined
in most systems’.>® Thus, with the exception
of testicular cancer, the temporal increase in
male reproductive tract problems is question-
able and correlations with ‘environmental
exposures’ are minimal to non-existent.

CONCLUSIONS AND SURPRISES

The initial endocrine disruptor hypothesis
which suggested a link between in utero expo-
sures to estrogens and decreased sperm
counts is not supported by most studies but
is still championed by Skakkebeck and some
of his co-workers who now refer to it as the
‘testicular dysgenesis syndrome’>® and they
recently suggested that ‘we may have reached
a tipping point’.”” The role of OC estrogens
such as PCBs and DDE in breast cancer has
largely been resolved by several studies
including a detailed examination of women
on Long Island. It was concluded by the

authors that ‘these findings, based on the lar-
gest number of samples analyzed to date
among primarily white women, do not sup-
port the hypothesis that organochlorines
increase breast cancer risk among Long
Island women’.*® Despite some resolution of
the sperm count and breast cancer issues, the
endocrine disruptor hypothesis has now
morphed into the developmental origins of
health and disease where there is an ongoing
controversy regarding the adverse health
effects of endocrine disruptors. BPA and
related industrial estrogens are among the
chemicals of concern and it has been sug-
gested by some scientists that exposure to
BPA may play a role in ‘the increase in pro-
state and breast cancer, uro-genital abnor-
malities in male babies, a decline in semen
quality in men, early onset of puberty in girls,
metabolic disorders including insulin resis-
tant (type 2) diabetes and obesity, and neuro-
behavioral problems such as attention-deficit
hyperactivity disorder’.”

Thus, the claims and controversies regard-
ing EDCs have continued for almost 20 years
and there are no signs of resolution. It is note-
worthy that two preeminent reproductive
biologists who have made highly significant
contributions to this field have developed
scepticism on the claimed effects for BPA.
Ryan and co-workers®® showed that BPA
did not alter sexually dimorphic behaviour,
puberty, fertility or anatomy of female Long—
Evans rats, which contradicted prior results
or conclusions drawn by other groups. In a
commentary, Sharpe,”' a coauthor of the ini-
tial endocrine disruptor hypothesis, clearly
answered in the affirmative the title of his
highlight Is it time to end concerns over the
estrogenic effects of BPA?’. On the basis of the
exchange of letters on this article, it is appa-
rent that the issue of endocrine disruptors
and their adverse health effects is far from
settled among scientists, and it is possible
and very unfortunate that this may not be
resolved in the next 20 years. In times of
decreased funding for academic research, it
is critical that reasonable scientists and regu-
lators come to a consensus regarding specific
EDCs that should be further investigated or
regulated and address more pressing scien-
tific problems and opportunities.
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