
























































































































































CHAPTER 2

Problem Statement and Aim

There is a growing concern over the occurrence of endocrine disrupting compounds (EDCs) in
the environment (Kavlock et al., 1996). Prolonged exposure to environmental estrogens (a sub-
group of EDCs) is believed to be responsible for a variety of adverse health effects in humans
and wildlife. These effects include gonadal abnormalities, reduced fertility, cancers of the male
and female reproductive tract and altered male/female sex ratios among others (Sumpter, 1995;
Sumpter and Jobling, 1995). These effects are difficult to detect. Although it is essential to
screen for EDCs in aqueous environmental samples, most countries have failed to implement this
as part of their routine water quality monitoring programs due to various constraints such as the
high cost of assays and the lack of infrastructure and skills required to do the assays. Therefore,
there is a clear need for more user-friendly, more economically viable and time saving assays

that can be used for routine monitoring of environmental EDCs.

To this end, the Endocrine Disruptor Screening and Testing Advisory Committee (EDSTAC)
was formed to make recommendations to the US Environmental Protection Agency (EPA) on
how to develop screening strategies to monitor EDCs in the environment. EDSTAC
recommended a two-tiered approach that involves in vitro and in vivo mammalian and eco-
toxicological screens as a Tier 1 system and a set of in vivo tests as a Tier 2 system for the

identification of endocrine effects of various environmental contaminants (US EPA, 1998).
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The aim of this study is to compare different rapid ELISAs for EDC monitoring to determine if
data obtained with these assays are similar/identical. The study also aims to compare the
estradiol rapid ELISA with a bioassay for anti-androgenicity using mouse testicular cell cultures.
In so doing, this research hopes to demonstrate how well estradiol levels can be used to predict
the presence of other steroid hormones in a sample and also demonstrate how effective estradiol
levels are at predicting/monitoring the anti-androgenicity of a sample. The eventual goal of the
above is to select representative assays that can also be used to predict other likely contaminants
in a sample. Assays giving identical/similar results will be replaced with a single assay that will
be used for routine monitoring. Reduction of assays will have major cost and human resource
benefits. These resources can then be redirected to develop and implement assays for other
groups of EDCs, such as the hypothalamus-pituitary-thyroid (HPT) axis inhibitors, for which
rapid assays are not yet available.

This research intends to evaluate data for various EDC screening tests and then propose a
minimalist battery of screening assays to monitor for environmental estrogens, progestogens,

androgens and anti-androgens in water samples.
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CHAPTER 3

3.1 Introduction

The U.S Environmental Protection Agency (EPA) defines EDCs as xenobiotics (agents foreign
to an organism) that interfere with the synthesis, secretion, transport, binding, action or
elimination of natural hormones in the body that are responsible for homeostasis, reproduction,
development and/or behaviour (Crisp et al., 1998). Most EDCs are synthetic compounds
produced as a result of industrial, agricultural and domestic activities (Desbrow et al., 1998;
Pojana et al., 2004; DeRosa et al., 1998, Harris et al., 1997). Some EDCs are natural steroids.
Examples of these are the endogenous steroid hormones such as the estrogens (estrone, 17f3-
estradiol and estriol), androgens like testosterone and phytoestrogens such as genestein and

lignans (Safe and Gaido, 1998).

There is considerable concern over the occurrence of EDCs in the environment. They have been
found in natural water resources, drinking water and in an accumulated form in the food of many
human and animal populations, potentially posing a great health threat upon prolonged exposure
(Soto et al., 1995; Palmer et al., 1998). EDCs have been reported to adversely affect the
reproductive, immune, endocrine, nervous and metabolic systems in wildlife and human

populations (Colborn, 1995).

EDCs have been shown to interfere with the normal functioning of the endocrine system by
mimicking the effects of natural hormones. EDCs can mimic the binding of hormones to their

receptors (for example binding the estrogen receptor leading to feminization), block the binding
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of natural hormones to their receptors (for example the male hormone testosterone, leading to
demasculinization of males) or modulate the effect of natural hormones by interfering with
important cell signalling pathways (Kelce and Gray, 1999). The best studied environmental
EDCs include chemicals that induce responses mimicking the effect of natural estrogen (Gillesby
and Zacharewski, 1998; Toomey et al., 1999; Soto et al., 1995) or act as anti-estrogenic

compounds (Kime et al., 1999).

The effects of EDCs are among others, altered male/female sex ratios, feminization of males,
reduced fertility and gonadal abnormalities to mention a few (Sumpter, 1995; Sumpter and

Jobling, 1995; Gagné et al., 1999; Kime et al., 1999).

Biomarkers must be developed and implemented to screen for EDCs in the environment.
Analytical tools based on traditional chemical monitoring techniques such as gas
chromatography - mass spectrometry (GC-MS) and high-performance liquid chromatography
(HPLC) have been applied to detect EDCs (Snyder et al., 1999; Snyder et al., 2000). These
techniques are reliable, but they are very expensive, require a very high level of skill to operate
and are time consuming. Beresford et al., (2000) concluded that due to the need for cost
effective, rapid and simple methods that could also allow for screening of large numbers of

samples, in vitro test methods were more appropriate.

Several in vitro bioassays (Zacharewski, 1997) are being used as rapid primary screens to detect
xenobiotic estrogenic activity (Odum et al., 1998). The in vitro bioassays available to assess
estrogenic or androgenic activity of single compounds or complex mixtures range from simple
competitive receptor binding assays, which rely entirely on the substance’s ability to bind to the

estrogen receptor (Jobling et al., 1995; Shelby et al., 1996), to more complex systems where the
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substance binds to and activates the receptor. Assay systems include direct immunoassay
detection of single active compounds, reporter gene assays and cell proliferation assays such as
the E-screen assay which involves the proliferation of the human breast cancer cell line (MCF-7)
(Soto et al., 1995; Soto et al., 1994), vitellogenin gene expression in hepatocyte cultures (Jobling
and Sumpter, 1993) and yeast-based assays expressing either rainbow trout (Petit et al., 1997) or

human estrogen receptors (Routledge and Sumpter, 1996).

Other ex vivo bioassays are based on the quantitation of hormone-induced changes in the
expression of endogenous proteins and genes. Examples of methods employing estrogen-induced
changes in the expression of proteins include the Xenopus laevis (Hurter et al., 2002) and
rainbow trout (Shilling and Williams, 2000) liver slice assays. These assays monitor in vitro
induced vitellogenin (VTG) as a biomarker endpoint. Another method, the minced testes assay is
based on the steroidogenic activity of rat/mouse testicular cells. This assay monitors the potential
of samples to interfere with steroid hormone biosynthesis or more directly alter testosterone

levels (Gray et al., 1995; Laskey et al., 1995).

A study conducted in South Africa by Swart and Pool (2007), demonstrated the presence of
significant amounts of steroid hormones released back into the environment from sewage
treatment plants. Steroid hormones have the potential to cause endocrine disruption, not only in
animals, but in humans as well (Swart and Pool, 2007). Research done by Swart et al. (2011) has
shown that accurate evaluation of environmental water samples for estrogenic activity requires a
battery of in vitro and in vivo bioassays. For this study, the environmental water samples
collected were selected based on various human impacts and comparatively analysed using

various biomarker assays.
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The aim of this study was to investigate the comparison between chemical and tissue culture
methods to monitor environmental estrogens. Specific objectives were to compare different rapid
ELISAs for EDC monitoring and to compare the estradiol rapid ELISA with a bioassay for anti-

androgenicity using mouse testicular cell cultures.
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3.2 Materials and Methods

3.2.1 Reagents and chemicals

All chemicals, reagents and solvents were purchased from Sigma (USA), Merck (Germany) and

Roche Diagnostics (South Africa). All reagents were of analytical grade.

3.2.2 Animals

After obtaining approval from the institutional animal ethics committee, male Balb/C mice were
used for this study. Two month old, pathogen free mice were purchased from the University of
Cape Town Animal Unit (Cape Town, South Africa). The mice were then housed in a well-
ventilated animal house with a light/dark cycle of 12:12. The mice had free access to normal
drinking water and were fed standard mouse feed (Medical Research Council, Cape Town, South

Africa).

3.2.3 Water Sampling

Water samples were collected in clean 250 ml glass bottles. The bottles were cleaned by washing
with soap, followed by rinsing with tap water. The bottles were then rinsed with distilled water,
followed by analytical grade ethanol (Merck, Germany) and finally rinsed again with distilled
water. The bottles were then allowed to dry upside down on a dry rack. Environmental water
samples were collected from various sites around South Africa. Samples collected for the current
study were selected based on various human impacts and also to give approximately 50% high
and 50% low estrogen values. Samples were numerically labeled and given to the assay operator
for an independent comparative analysis of various biomarker assays. The samples were taken to

the laboratory and processed immediately. Normal laboratory tap water was used as a control.
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3.2.4 Detection of steroid hormones in water

3.2.4.1 Solid Phase Extraction (SPE) of water samples

To prevent clogging the columns during extraction, particle-containing samples were centrifuged
at 4000 rpm for 15 minutes. Water samples were then extracted using C-18 SPE columns (Sigma
Aldrich, USA). Columns were conditioned by adding 2 ml of Phase B solution (45% methanol,
40% hexane and 15% 2-propanol), then charged by adding 2 ml ethanol and then washed with 4
ml distilled water. Care was taken to ensure that the sorbents do not dry between the different
steps. After the wash step, 100 ml of water sample was passed through the column. The columns
were then dried using a vacuum pump (PALL Life Sciences vacuum/pressure pump) until the
column was completely dry. The hydrophobic analytes bound to the resin were eluted with 2 ml
of Phase B solution. The eluates were dried under a stream of hot air. The dried sample was
reconstituted in 100 pl dimethyl sulfoxide (DMSO) to make a 1000 times concentrated sample
extract solution. The samples were stored at 4°C until further use. Extracts were diluted

appropriately for the different ELISASs.

3.2.4.2 Estrone (E1) ELISA analysis of water extracts

Concentrated (1000 times) water extracts were diluted 1/500 using wash solution. The diluted (2
times concentrated) extracts were assayed directly using E1 ELISA Kkits purchased from DRG
Instruments GmbH, Germany. All the reagents required were supplied in the kit. The microtiter
plate wells supplied with the kit were pre-coated with a polyclonal antibody directed towards an
antigenic site on the E1 molecule. All assays were done in duplicate. Standard, control or
samples (50 pl per well) were dispensed into appropriate wells on the anti-estrone coated plate.

Thereafter, 100 pl of enzyme conjugate (estrone horseradish peroxidase) was added to each well.
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The contents of the wells were mixed by tapping the plate. The mixture was incubated for 1 hour
at room temperature on a plate shaker (Barloworld Scientific, Stuart Microtiter Plate Shaker,
SSMS5). After incubation, the wells were washed five times with 400 pl per well of wash solution
and then tapped dry on adsorbent paper to remove residual droplets. Thereafter, 150 pl of
tetramethylbenzidine (TMB) substrate was added to each well and incubated in the dark for 30
minutes at room temperature. The enzymatic reaction was stopped by adding 50 ul of stop
solution (0.5 M H,SQO,) to all wells. The absorbance/optical density (OD) of each well was then
measured at 450 nm using a microtiter plate reader (Thermo Electron Corporation, Original
Multiskan Ex). A standard curve was drawn using the OD readings obtained for the standards

and the concentrations of the samples were read off this curve.

3.2.4.3 Estradiol (E2) analysis of water extracts

Concentrated (1000 times) water extracts were diluted 1/500 using wash solution. The diluted (2
times concentrated) extracts were assayed directly using E2 ELISA kits purchased from DRG
Instruments GmbH, Germany. All the reagents required were supplied in the kit. The microtiter
plate wells supplied with the kit were pre-coated with a polyclonal rabbit antibody directed
towards an antigenic site on the E2 molecule. Assays were done in duplicate. Standard, control
or samples (25 pl per well) were dispensed into appropriate wells on the anti-estradiol coated
plate. Thereafter, 200 ul of enzyme conjugate (estradiol horseradish peroxidase) was added to
each well. The contents of the wells were mixed by tapping the plate. The mixture was incubated
for 2 hours at room temperature on a plate shaker (Barloworld Scientific, Stuart Microtiter Plate
Shaker, SSM5). After incubation, the wells were washed four times with 400 pl per well of wash

solution and then tapped dry on adsorbent paper to remove residual droplets. Thereafter, 100 ul

42



of tetramethylbenzidine (TMB) substrate was added to each well and incubated in the dark for 15
minutes at room temperature. The enzymatic reaction was stopped by adding 50 pl of stop
solution (0.5 M H,SQOy,) to all wells. The absorbance/optical density (OD) of each well was then
measured at 450 nm using a microtiter plate reader (Thermo Electron Corporation, Original
Multiskan Ex). A standard curve was drawn using the OD readings obtained for the standards

and the concentrations of the samples were read off this curve.

3.2.4.4 Testosterone ELISA analysis of water extracts

Concentrated (1000 times) water extracts were diluted 1/100 using wash solution. The diluted
(10 times concentrated) extracts were assayed directly using testosterone ELISA Kits purchased
from DRG Instruments GmbH, Germany. All the reagents required were supplied in the Kkit. The
microtiter plate wells supplied with the kit were pre-coated with a monoclonal mouse antibody
directed towards a unique antigenic site on the testosterone molecule. All assays were done in
duplicate. Standard, control or samples (25 ul per well) were dispensed into appropriate wells on
the anti-testosterone coated plate. Thereafter, 200 pl of enzyme conjugate (testosterone
horseradish peroxidase) was added to each well. The contents of the wells were mixed by
tapping the plate. The mixture was incubated for 1 hour at room temperature on a plate shaker
(Barloworld Scientific, Stuart Microtiter Plate Shaker, SSM5). After incubation, the wells were
washed four times with 400 pl per well of wash solution and tapped dry on adsorbent paper to
remove residual droplets. Thereafter, 200 ul of tetramethylbenzidine (TMB) substrate was added
to each well and incubated in the dark for 15 minutes at room temperature. The enzymatic
reaction was stopped by adding 100 ul of stop solution (0.5 M H,SO,) to all wells. The

absorbance/optical density (OD) of each well was then measured at 450 nm using a microtiter
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plate reader (Thermo Electron Corporation, Original Multiskan Ex). A standard curve was drawn
using the OD readings obtained for the standards and the concentrations of the samples were

read off this curve.

3.2.4.5 Progesterone ELISA analysis of water extracts

Concentrated (1000 times) water extracts were diluted 1/100 using wash solution. The diluted
(10 times concentrated) extracts were assayed directly using progesterone ELISA kits purchased
from DRG Instruments GmbH, Germany. All the reagents required were supplied in the kit. The
microtiter plate wells supplied with the kit were pre-coated with a polyclonal antibody directed
towards an antigenic site on the progesterone molecule. All assays were done in duplicate.
Standard, control or samples (25 pul per well) were dispensed into appropriate wells on the anti-
progesterone coated plate and incubated for 5 minutes at room temperature. Thereafter, 200 pl of
enzyme conjugate (progesterone horseradish peroxidase) was added to each well. The contents
of the wells were mixed by tapping the plate. The mixture was incubated for 1 hour at room
temperature on a plate shaker (Barloworld Scientific, Stuart Microtiter Plate Shaker, SSM5).
After incubation, the wells were washed four times with 400 pl per well of wash solution and
tapped dry on adsorbent paper to remove residual droplets. Thereafter, 200 pl of
tetramethylbenzidine (TMB) substrate was added to each well and incubated in the dark for 15
minutes at room temperature. The enzymatic reaction was stopped by adding 100 pl of stop
solution (0.5 M H,SQO,) to all wells. The absorbance/optical density (OD) of each well was then
measured at 450 nm using a microtiter plate reader (Thermo Electron Corporation, Original
Multiskan Ex). A standard curve was drawn using the OD readings obtained for the standards

and the concentrations of the samples were read off this curve.
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3.2.4.6 Estriol (E3) ELISA analysis of water extracts

Concentrated (1000 times) water extracts were diluted 1/40 using incubation buffer. The diluted
(25 times concentrated) extracts were assayed directly using E3 ELISA kits purchased from
DRG Instruments GmbH, Germany. All the reagents required were supplied in the kit. The
microtiter plate wells supplied with the kit were pre-coated with antibody against the E3
molecule. All assays were done in duplicate. Before use, the standards were mixed for 2 minutes
on a rotating mixer/vortex (Scientific Industries, Vortex Genie-2); whereas the enzyme conjugate
(estriol horseradish peroxidase) was prepared immediately before use. Conjugate (10 pl) was
added to 2 ml of incubation buffer and gently mixed on the rotating mixer for 5 minutes.
Standard, control or samples (20 ul per well) were dispensed into appropriate wells on the anti-
estriol coated plate. Thereafter, 200 pl of enzyme conjugate was added to each well. The
contents of the wells were mixed by tapping the plate. The mixture was incubated for 1 hour at
37°C. After incubation, the wells were washed three times with 300 ul per well of distilled water
and tapped dry on adsorbent paper to remove residual droplets. Thereafter, 100 pl of
tetramethylbenzidine (TMB) substrate was added to each well and incubated in the dark for 15
minutes at 22 - 28°C. The enzymatic reaction was stopped by adding 100 pl of stop solution
(0.15 M H,S0,) to all wells. The absorbance/optical density (OD) of each well was then
measured at 450 nm using a microtiter plate reader (Thermo Electron Corporation, Original
Multiskan Ex). A standard curve was drawn using the OD readings obtained for the standards

and the concentrations of the samples were read off this curve.
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3.2.4.7 Ethinylestradiol (EE2) ELISA analysis of water extracts

Concentrated (1000 times) water extracts were diluted 1/100 using diluent (40% (v/v) Methanol
(MetOH) in distilled water). The diluted (10 times concentrated) extracts were assayed directly
using EE2 ELISA kits purchased from R-Biopharm AG, Darmstadt, Germany. All the reagents
required were supplied in the kit. The microtiter plate wells supplied with the kit were pre-coated
with capture antibodies directed against anti-ethinylestradiol antibodies. All assays were done in
duplicate. Before use, the ethinylestradiol enzyme conjugate and anti-ethinylestradiol antibody
concentrates were diluted 1:11 in dilution buffer. Standard, control or samples (20 ul per well)
were dispensed into appropriate duplicate wells on the anti-ethinylestradiol coated plate.
Thereafter, 50 ul of diluted enzyme conjugate was added to the bottom of each well. 50 pul of
diluted antibody solution was added to each well and the contents of the wells were mixed gently
by shaking the plate manually. The mixture was incubated for 2 hours at room temperature (20 -
25°C). After incubation, the wells were washed four times with 250 pl per well of distilled water
and tapped dry on adsorbent paper to remove residual droplets. Thereafter, 50 pl of substrate
(containing urea peroxide) and 50 ul of chromogen (containing tetramethylbenzidine) was added
to each well and mixed gently by shaking the plate manually. The plate was then incubated in the
dark for 30 minutes at room temperature. The enzymatic reaction was stopped by adding 100 pl
of stop solution (0.5 M H,SO,) to each well. The absorbance/optical density (OD) of each well
was then measured at 450 nm using a microtiter plate reader (Thermo Electron Corporation,
Original Multiskan Ex). A standard curve was drawn using the OD readings obtained for the

standards and the concentrations of the samples were read off this curve.
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3.2.5 The effects of water extracts on testicular culture testosterone synthesis

3.2.5.1 Preparation of testicular cells

Mice were sacrificed by cervical dislocation. Their testes were then removed aseptically, finely
minced and then transferred to a 50 ml tube (Greiner Bio-one) containing 10 ml serum-free
medium (100 pl glutamax (Invitrogen), 100 pl Penicillin/Streptomycin/Fungizone mix (Sigma)
and 9.8 ml RPMI-1640 medium (Sigma)). Debris was allowed to collect at the bottom of the
tube and thereafter, the supernatant (containing testicular cells) was transferred to a new tube.
Serum-free medium was then added to the cells resulting in a final volume of 20 ml. The cells
were then incubated at 37°C with 5% CO, for 1 hour. After incubation, the cells were
centrifuged at 4000 rpm for 15 minutes on a Boeco C-28A centrifuge (Boeckel & Co.). The
supernatant was then discarded and the cell pellet was resuspended in 15 ml fresh serum-free
medium and incubated at 37°C with 5% CO, for 30 minutes. The cells were centrifuged once
again at 4000 rpm for 15 minutes and the supernatant obtained was again discarded. The cell
pellet was then resuspended in 16 ml complete (enriched) medium containing 160 pl fetal bovine
serum (FBS) (to give a concentration of 1.0 x 10° cells/ml). The complete medium also contained
160 pl Glutamax (Invitrogen), 160 pl Penicillin/Streptomycin/Fungizone mix (Sigma) and 15.52
ml RPMI-1640 medium (Sigma)). The cell suspensions were then used for testosterone

production assays.

3.2.5.2 Testicular cell culture bioassays on water extracts

DMSO diluted 1/500 in RPMI-1640 medium (Sigma) was used as a control. Water extracts
diluted 1/500 (2 times final concentration) in RPMI-1640 medium (Sigma) were added to the

wells of a 96-well tissue culture plate (Nunc, Denmark) at a volume of 50 ul per well. Cell
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suspension (50 pl per well) was then added to the water extracts in the tissue culture plate. The
culture plate was then incubated overnight at 37°C in 5% CO,. Unstimulated cells then received
50 pl enriched medium, while stimulated cultures receive 50 ul enriched medium containing 10
mU per ml luteinizing hormone (LH). The cultures were then incubated for 4 hours at 37°C in
5% CO,. After the 4 hour incubation period, supernatants from LH-treated and non-treated cells
were harvested and diluted 1/10 with phosphate buffered saline (PBS) containing 0.1% Tween
20. The diluted sample supernatant was screened for testosterone concentration using a
commercially available ELISA kit (DRG Instruments GmbH, Germany). The ELISA kit contains
all the necessary reagents for the assay and the assay was performed as per manufacturer’s

instructions (refer to 3.2.4.4).

3.2.5.3 Statistical analysis

Each experiment was performed in triplicate. The results were analyzed using one-way analysis
of variance (ANOVA) followed by a pairwise multiple comparison procedure (Holm-Sidak
method) to indicate significantly different groups (P < 0.05); using the SigmaStat 12.0 software

package (Systat Software Inc., USA).
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Data published by Swart and Pool (2007), showed that the results obtained using rapid ELISAs
for estrogens gave similar results. The same authors also showed that the rapid ELISAs for
estrogens gave similar results to the estrogen bioassays done using juvenile tilapia fish in vivo
and MCF-7 cell culture (Swart et al., 2011). The current study showed similar data for the
estrogen rapid ELISAs using a larger data set than the previous studies. Based on this, we

recommend that only one of the estrogen rapid ELISAs be done for routine screening.
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Figure 2. Correlation graphs between the estradiol ELISA and the estrone, estriol and ethinylestradiol ELISAs when

rapidly screening environmental water samples for EDCs.
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Figure 3. Bar graph of estrone levels of environmental water samples (N = 28) separated into high estradiol
(> Spg/ml; n = 15) and low estradiol (< 5 pg/ml; n = 13) groups. The estrone levels of the two groups are
significantly different from each other (P < 0.001). Vertical bars represent the average estrone concentration,

whereas error bars represent standard error of mean.
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Figure 4. Bar graph of estriol levels of environmental water samples (N = 28) separated into high estradiol
(> 5pg/ml; n = 15) and low estradiol (< 5 pg/ml; n = 13) groups. The estriol levels of the two groups are significantly
different from each other (P = 0.03). Vertical bars represent the average estriol concentration, whereas error bars

represent standard error of mean.
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Figure 5. Bar graph of ethinylestradiol levels of environmental water samples (N = 28) separated into high estradiol
(> 5pg/ml; n = 15) and low estradiol (< 5 pg/ml; n = 13) groups. The ethinylestradiol levels of the two groups are
significantly different from each other (P = 0.006). Vertical bars represent the average ethinylestradiol

concentration, whereas error bars represent standard error of mean.
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3.3.3 Comparison between 17p-estradiol rapid assay and the rapid assays for

other steroid hormones

OD 450 nm
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Figure 6. Standard curves for the ELISAs to determine other steroid hormone (progesterone and testosterone)

concentrations in environmental water samples.

The standard curves for the ELISAs to determine other steroid hormone (progesterone and
testosterone) concentrations in environmental water samples are displayed in Figure 6. The
correlation coefficients (R?) for these standard curves are 0.955 and 0.987 for testosterone and
progesterone respectively. These standard curves show good inverse correlations between the
optical density and the steroid hormone concentration. The testosterone and progesterone
ELISAS have detection ranges between 83 - 16,000 pg/ml and 300 - 40,000 pg/ml respectively.

The current study showed that detectable levels of testosterone and progesterone are present in
some of the environmental samples. The rapid ELISA Kkits are relatively expensive and due to
this, it was investigated if estradiol concentration can be used to predict which of the high or low
estradiol water samples had low or high levels of testosterone and progesterone. Figure 7 shows

that there are positive correlations between the estradiol levels and the testosterone (R2z = 0.788)

57



and progesterone (R? = 0.627) levels of the samples. The positive correlation between the
estradiol and progesterone rapid assays was expected considering that both hormones are
secreted and excreted by the same population sub-group (reproductively active females). The
testosterone and progesterone levels of the low and high estradiol sets were then compared to see
how effective the estradiol levels were at predicting high and low levels of testosterone and
progesterone within the samples (Figures 8 and 9). Figure 8 shows that there is a significant
difference between the progesterone levels of the group of samples with low estradiol levels and
that with high levels of estradiol (P = 0.02). This indicates that separation of water samples based
on estradiol levels is a good predictor of progesterone levels. This particular trend with
progesterone is particularly akin to that displayed in Figures 3, 4 and 5 with the estrogens. Even
though there is a positive correlation and good predictability using the estradiol ELISA, since
progesterone is secreted by pregnant women, a sub-group of the reproductively active females, it
is recommended to be assayed because it provides a different hormonal endpoint that can also be
screened for in samples using the progesterone rapid assay. Figure 9 shows that there is no
significant difference in the testosterone levels of the high and low estradiol groups (P = 0.051).
This indicates that separation of samples based on estradiol levels is not a good predictor of
testosterone levels. From this result, it can be concluded that a biomarker battery of tests must
also include testosterone ELISA as positive and negative samples cannot be predicted by the

estradiol ELISA data.
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Estradiol Assay vs Testosterone Assay
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Figure 7. Correlation graphs between the estradiol ELISA and the testosterone and progesterone ELISAs when

rapidly screening environmental water samples for EDCs.
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Figure 8. Bar graph of progesterone levels of environmental water samples (N = 28) separated into high estradiol (>
Spg/ml; n = 15) and low estradiol (< 5 pg/ml; n = 13) groups. The progesterone levels of the two groups are
significantly different from each other (P = 0.02). Vertical bars represent the average progesterone concentration,

whereas error bars represent standard error of mean.
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Figure 9. Bar graph of testosterone levels of environmental water samples (N = 28) separated into high estradiol (>
Spg/ml; n = 15) and low estradiol (< 5 pg/ml; n = 13) groups. The testosterone levels of the two groups are not
significantly different from each other (P = 0.051). Vertical bars represent the average testosterone concentration,

whereas error bars represent standard error of mean.

61



3.3.4 Comparison between 17-estradiol rapid assay and the mouse testicular

cell testosterone synthesis assay

Estradiol Assay vs Mouse testicular cell testosterone

synthesis Assay
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Figure 10. This graph shows a negative correlation (R2 = 0.131) between the estradiol ELISA and the mouse

testicular cell testosterone synthesis assay.

The graph in Figure 10 displays a R? of 0.131 between the 17p-estradiol rapid assay and the
mouse testicular cell testosterone synthesis assay. This means that the 17p-estradiol rapid assay
showed little or no relationship with the mouse testicular cell testosterone synthesis assay. Infact,
the correlation coefficient suggests that only 13% of the variation in one of the assays is related
to the variation in the other assay (only 13% of the variance is related). The current study
investigates if the ELISA data for estrogens correlates with the anti-androgenic effects. This
study shows that there is no correlation between the data obtained for the estrogenic compounds
and the testosterone synthesis data. To determine how effective the estradiol levels were at
predicting testosterone synthesized in mouse testicular cells exposed to different water samples,

the group of samples containing low levels of estradiol was compared against that containing
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high levels of estradiol. Results of this show no significant difference (P = 0.166) between the
concentration of testosterone synthesized by mouse testicular cells exposed to low estradiol
water samples and the concentration of testosterone synthesized by mouse testicular cells
exposed to high estradiol water samples (Figure 11). The high variation of testosterone
synthesized by testicular cells exposed to the water samples with low estradiol levels could be
due to the presence of other anti-androgenic chemicals such as Bisphenol A (BPA), butyl benzyl
phthalate (BBP) and dichlorodiphenyltrichloroethane (DDT). Anti-androgenic activity of the so-
called ‘environmental estrogens’ BPA, BBP and DDT was reported by Sohoni & Sumpter
(1998). Therefore, the estradiol assay is not a good predictor of the anti-androgenic effects of
water samples. The anti-androgenic effects need to be monitored independently as part of an

EDC monitoring battery of assays.
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Figure 11. Bar graph of testosterone levels secreted by the mouse testicular cells exposed to low estradiol water
samples (< 5 pg/ml; n = 13) and those exposed to high estradiol water samples (> 5 pg/ml; n = 15). The testosterone
levels of the two groups are not significantly different from each other (P = 0.166). Vertical bars represent the
average testosterone concentrations synthesized by the mouse testicular cells, whereas error bars represent standard

error of mean.
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3.4 Conclusion

Water is a very important natural resource and the availability of safe water is crucial to the life
and good health of both humans and animals. However, there are major concerns that this very
important natural resource is being contaminated by EDCs together with other pollutants such as
pathogens and toxic chemicals (Mbazo, 2006). EDCs are not only altering normal hormone
levels or activity in the body, but are also causing a number of adverse effects to human and
animal health. The increased incidence of contamination of the environment with EDCs has
necessitated the development of screening tools to detect and monitor EDCs (Snyder et al.,
2000). In this regard, the US EPA has set out to implement guidelines that can be used for

monitoring and screening of EDCs.

Since in vivo methods for screening EDCs are time-consuming, expensive, laborious and require
specialized skills and equipment, the US EPA recommends rapid screening methods as a first tier
screen for EDCs. This is due to the fact that rapid screening tests are in vitro, relatively fast,
inexpensive, simple to perform, very sensitive and can screen large numbers of samples at a time

(US EPA, 2005).

The aim of this study was to investigate the comparison between chemical and tissue culture
methods to monitor environmental estrogens. In order to achieve this aim, the first objective was
to compare different rapid ELISAs for EDC monitoring. The second objective was to compare
estradiol rapid ELISAs with a bioassay for anti-androgenicity using mouse testicular cell

cultures. Both objectives were accomplished.

Environmental water samples were collected from various sites around South Africa and

analyzed for EDCs using a battery of rapid in vitro tests.
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This study confirmed earlier reports that estrogenic ELISAs are related/similar and show good
correlations with each other (Swart and Pool, 2007). This is because the different estrogens are
very similar and also due to the fact that the same sub-group in the population (the
reproductively active females) is secreting these hormones. In an evaluation of commercial
immunoassays for the detection of estrogens in water by comparison with high-performance
liquid chromatography tandem mass spectrometry (HPLC-MS/MS), Farré et al., 2006 reported
that the rapid estrogen ELISAs gave similar results to those from HPLC-MS/MS. Studies done
by Swart et al., (2011) showed that similar good correlations exist between the rapid estrogen
ELISA and in vivo and in vitro bioassays for estrogens. Based on this good correlation, one

estradiol rapid assay is recommended as a first screening system for estrogenicity in samples.

In this study, it was observed that even though there was a positive correlation between the
estradiol rapid assay and testosterone rapid assay, separation of samples based on estradiol levels
wasn’t a good predictor of testosterone levels. It can hence be concluded that a testosterone rapid

assay is necessary to screen for androgenicity in samples.

This study also indicated a positive correlation between the estradiol rapid assay and
progesterone rapid assay. This result was expected because both estradiol and progesterone are
secreted and excreted by the same population sub-group (reproductively active females). It also
showed a good predictability of separating samples containing progesterone using the estradiol
ELISA. Since progesterone is secreted by pregnant women, a sub-group of the reproductively
active females, it is recommended that a progesterone rapid assay be included to screen for

progestogens in samples.
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Bioassay screening will help determine the endocrine disrupting potency/effects of
environmental water samples and can also assess the cumulative effects of EDCs without having
to quantify unknown chemicals (Bovee and Hoogenboom, 2009). The mouse testicular cell
testosterone synthesis bioassay was used in this study to monitor anti-androgenicity. Anti-
androgenicity is a function of the reduction of testosterone synthesis by these samples. The
results for this study show no correlation between the ELISA data for estrogens and the data for
testosterone synthesis. Many, but not all of the xenoestrogens possess anti-androgenic activity.
Sohoni and Sumpter (1998) found that some other chemicals like BPA and DDT, which possess
estrogenic activity, have been found to also possess anti-androgenic activity. By blocking
androgen action, exposure to anti-androgens may cause changes similar to those associated with
estrogenic exposure (Jobling et al., 1995). Since the data for estrogenic compounds cannot be
used as a predictor for anti-androgenic effects, the anti-androgenic effects need to be monitored
independently. Therefore, there is a need to include a mouse testicular cell testosterone synthesis

bioassay to screen for androgenicity and anti-androgenicity of the water samples.

Due to the different mechanisms of action of EDCs, it is favourable to use a battery of tests for
monitoring (Shelby et al., 1996). Based on data generated by this study, a single rapid ELISA for
an estrogen (estrone, estradiol, estriol or ethinylestradiol), a progesterone and testosterone
ELISAs as rapid assays plus the mouse testicular cell testosterone synthesis bioassay are

recommended as part of a battery of tests for EDCs.
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CHAPTER 4

Recommendations

All water resources intended for domestic, industrial, agricultural or recreational use must be
routinely screened for EDCs. A US EPA report proposes a tiered strategy for screening and
monitoring EDCs (Tyler et al., 1998). This approach starts off with in vitro tests with endocrine
endpoints followed by more extensive in vivo tests with developmental endpoints. The
implementation of a battery of assays encompassing both in vitro and in vivo tests is essential for
the comprehensive screening of EDCs and their effects. The implementation of the following
guidelines can help mitigate the adverse health effects associated with exposure to environmental

estrogens:

e Only one estrogenic ELISA is recommended in a battery of assays to monitor for
environmental estrogens.

e To complete the battery of assays (in order to obtain a holistic picture inclusive of the
potential effects of environmental estrogens), it is necessary to perform an estrogenic
assay, an androgenic assay and an anti-androgenic assay.

e Therefore, the following assays are recommended as a first tier battery of assays for
monitoring EDCs:

o Estradiol, testosterone and progesterone ELISAs as rapid assays to screen for

estrogens, androgens and progestogens respectively.
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o Mouse testicular cell testosterone synthesis bioassay to screen for androgenicity

and anti-androgenicity.

In order to monitor our environment, it is also recommended that further assays to
comprehensively screen for EDCs be developed. It is also important that these rapid assays be
affordable and use species relevant to a particular area. Very importantly, these in vitro assays

need to be confirmed with further in vivo studies.

The media needs to be encouraged to highlight the growing problem of EDCs and sensitize the
public. Government agencies need to implement guidelines that will safeguard the health of
humans and wildlife from EDCs. Routine monitoring of water sources needs to be incorporated

into standard routines by the water supply sector, to screen water for EDCs.

Lastly but certainly not least, as Marchese (2006) proposes, there are many actions we can take,
both to reduce our personal risk and reduce the amount of dangerous chemicals that enter the
environment to begin with. These actions comprise avoiding plastics as much as possible, eating
fish low in mercury and fat, eating organic food whenever possible, using natural pest control
instead of pesticides and herbicides, increasing awareness about EDCs and supporting efforts to

increase EDC research and government regulation of EDCs to mention a few.
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