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the labelled hormone from the transport protein.
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Title: Method for detecting a hormone disrupting activitv of_environmental

pollutants

This invention relates to a method for detecting a hormone disrupting
activity of environmental pollutants, and in particular to a detection using
hormone transport proteins from blood. More specifically the invention
relates to a competitive assay using one or more of the steroid or thyroid
hormone transport proteins, wherein said proteins are being used as
specifically binding proteins of high affinity to endogenous steroid or
thyroid hormones in order to establish an affinity of xenobiotic substances
and wherein a labelled steroid or thyroid hormone is being used as detec-

tion means.

Background of the invention

The fact that the environment is more and more polluted by anthropogenic
substances has for long been a reason for concern and in the past years
this led to strict standards for maximum allowed substances in ground,
water and air. On the basis thereof there are also extensive measuring and
analysis systems for the detection and qua'ntification of environmental
pollutants. In the nineteen fifties it had already been found that certain
substances, particularly DDT, have a hormone-like activity on organisms
and since that time a large number of publications [1-6] have appeared on
a hormone disrupting activity of various environment-polluting compounds,
for instance pesticides, as well as natural substances, i.e. phytoestrogens.
The large number of xenobiotic compounds occurring in the ground, water
and food as well, combined with alarming information regarding gender
disruptions of animals, a lower production of semen, reduced human

fertility and an increase of gender related cancers has led to a widespread
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interest and extensive research into a possible hormone disrupting activity

of xenobiotic substances. Especially the effect on human hormone systems

is subject of many researches [7, 8] at the moment.

Human beings have various hormone systems, of which those involving
steroid and thyroid hormones are the most important. Steroid and thyroid
hormones for a large part determine the development, reproduction,
metabolism and well-being of mankind [9]. Three main systems can be
distinguished, namely the androgen/oestrogen system, the corticosteroid
system and the thyroid gland hormone system. Said systems are regulated
in the so-called HPTeA (Hypothalamus-Pituitary-Testis-Axis), the HPAA
(Hypothalamus-Pituitary-Adrenal-Axis) and the HPTyA (Hypothalamus-
Pituitary-Thyroid-Axis), that all show a daily rhythm and in which the

synthesis of the final hormones is subject to a negative feedback.

HPAA

The HPAA regulates the synthesis of the corticosteroids of which cortisol
is the most important. Cortisol is synthesized in the adrenal glands under
the influence of ACTH (adrenocorticotroph hormone), which is secreted
into blood by the hypophysis in reaction to CRH (Corticotrophin Releasing
Hormone) from the hypothalamus. The HPAA also has a negative feedback
effect. The concentration of cortisol normally is befween certain limits and
an increased concentration leads to a reduced secretion of ACTH, whereas
a lowered concentration leads to an increased secretion of ACTH. This
mechanism is schematically shown in Figure 1a. The mechanism is subject
to a daily rhythm of high concentrations in the early morning and
decreasing in the course of the dr;ly. The total concentration of cortisol, like
testosterone, is divided over three fractions: bound to albumin, a protein of
high capacity and relatively low affinity; bound to CBG (Corticosteroid
Binding Globulin), the specific transport protein of low capacity and high

affinity; and the unbound fraction. The division of the total quantity of
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cortisol over the three fractions is 6-10%, 90-95% and 2-4%, respectively
[10].

HPTeA

The HPTeA regulates the synthesis of androgens and oestrogens in the
testes, ovaries and adrenal glands, wherein testosterone and oestradiol are
the most important steroid sex hormones that greatly influence the sexual
differentiation, reproduction and behaviour of mammals. The synthesis of
testosterone in the testes is stimulated by LH (Luteinizing Hormone), that is
secreted by the hypophysis in reaction to LHRH (Luteinizing Hormone
Releasing Hormone) from the hypothalamus. The HPTeA functions in a
daily rhythm of a high concentration in the morning and decreasing in the
course of the day, the regulation also being subject to a negative feedback.
This mechanism is schematically shown in figure 1b. After synthesis
testosterone is secreted to the blood and in this way it reaches its target
cells and target organs. Testosterone occurs in three forms in the blood:
bound to albumin, a protein of high capacity and low affinity; bound to
SHBG (Sex Hormone Binding Globulin), a specific protein of low capacity
and high affinity; and unbound, i.e. the free fraction. The division of the
total of testosterone in blood over the three fractions is 30-50%, 44-66%

and 1-2%, respectively [11].

HPTyA

The third important hormonal system comprises the thyroid hormones, of
which T3 (tri-iodothyronine) and T4 (tetra-iodothyronine or thyroxine) are
the most important compounds. The production of said hormones takes
place in the thyroid gland. In the regulation via the HPTyA (see figure 1c)
TRH (Thyrotrophin Releasing Hormone) is secreted by the hypothalamus
and this stimulates the secretion of TSH (Thyroid Stimulating Hormone)

from the hypophysis. TSH in its turn is the stimulus for the thyroid gland
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for synthesis of T3/T4 and the secretion of these hormones into the blood.
Peripheral T4 is moreover converted into T3. The blood contains a very
small fraction of the total concentration in the free from, namely 0.018-
0.024% for T4, whereas the rest is divided over three proteins, namely 12-
18% is bound to albumin having low affinity and high capacity; 73-82% is
bound to TBG (Thyroxine Binding Globulin) having high affinity and low
capacity; additionally there is an additional protein, TBPA (Thyroxin Binding
Pre-Albumin), to which 6-9% of the T4 is bound [12]. TBPA is mainly
involved in transport of T4 through the blood-brain-barrier. Normally the
regulation of the HPTyA takes place via negative feedback and also in a

daily rhythm comparable to the above-mentioned systems.

Free Hormone Hypothesis

According to the Free Hormone Hypothesis the total concentration of
steroid/thyroid hormones in blood is not decisive for the biological activity,
the negative feedback and the daily rhythm, but mainly the non-protein-
bound free fraction is [13-15]. Said free fraction is considered biologically
active, because only unbound steroids are able to penetrate the membrane
of target cells and subsequently bind to the corresponding receptors,
followed by their effects on DNA level. Although there are indications that
SHBG- and CBG-bound steroids are also capable of penetrating the target
cells via SHBG- or CBG receptors, respectively, this mechanism works via

the stimulation of "second messengers” in the cell [16, 17].

Transport proteins

From their synthesis location, steroid and thyroid hormones divided over
the three above-mentioned groups, are transported to their target or-
gans/cells via the blood. The specific proteins binding with high affinity

-SHBG, CBG and TBG- have the function to protect hormones against

degradation by enzymes present, to transport them to their target locations
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and to form a kind of buffer, when quick supply of a certain compound is

necessary. The synthesis of all three transport proteins takes place in the

liver and is stimulated by oestrogens [18, 19].

CBG

The fact that the hormonal status of human beings is determined by the
concentration of the specific binding proteins in question, has been
described. When, for instance the quantity of CBG drops, bound cortisol
will be released and the concentration of the free fraction will rise strongly.
This is the result of the ratio between CBG-bound cortisol and the free con-
centration, the latter being approximately 25 times lower. The opposite
way is also the case; when the concentration of CBG rises, the con-
centration of the free cortisol will drop and moreover to a much higher
degree. In the normal situation a drop or rise in the free cortisol is set off
by the negative feedback system. That means that a rise of the free
cortisol will lead to a drop in the secretion of ACTH and as a result a
lowered synthesis of cortisol in the adrenal gland. The opposite case also
occurs. For instance during pregnancy or the use of contraceptives an
increased concentration of the endogenous or exogenic oestrogens,
respectively, will lead to stimulation of the synthesis of CBG in the liver
[11]; as a result relatively more cortisol is bound in the blood and the free
fraction will drop; as a result the secretion of ACTH is stimulated and this
in turn causes an increased cortisol synthesis until the free fraction will fall
within the physiological range again. As a result increased concentrations
of total cortisol will be found in the blood during pregnancy and the use of
contraceptives, whereas the free concentrations are within the regular
range. A pathogenic situation may arise when the total concentration of
cortisol rises without compensation by an increase of CBG. This for
instance occurs in Cushing’s syndrome, when a constant production of
cortisol takes place under the influence of a tumour [20]. A comparable

situation, but with less outspoken symptoms can be found in depressed
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patients. The characterizing symptoms of hypercortisolemia are amongst
others, obesity, striae, depression, a lowered functioning of the immune
system, and a change in the metabolism, homoeostasis and behaviour [9].
Also insulin resistance, eating behaviour, HDL cholesterol and the risk of

cardiovascular diseases are related to increased cortisol [21, 22].
SHBG

SHBG has the same function as CBG, that is to say that it ensures
transport of androgens/oestrogens, it protects these steroids against
degradation and it forms a kind of buffer for quick supply. SHBG deter-
mines the androgenic status in human beings and a change in its con-
centration has strong effects on the free fraction of the
androgens/oestrogens. Diseases associated to an increased or lowered
concentration of for instance testosterone are hypogonadism in men and
virilism in women, respectively [23]. Breast cancer and testicular cancer
are also related to testosterone and oestradiol [24]. One of the former
therapies against cancers caused by sex hormones was administering
synthetic oestrogehs. As a result the concentration of SHBG was increased

and consequently the free fraction of testosterone was lowered.

SHBG is a protein consisting of two identical monomeric sub units. It has
one binding site for steroids, situated in between the two monomers [25].
The most important and biologically most active steroids that bind with the
highest affinity to SHBG are DHT, testosterone and oestradiol. Said com-
pounds will in some cases compete for said one binding site. However,
because the affinity of testosterone is approximately three times higher
than that of oestradiol, oestradiol will be displaced from SHBG in case of a
disruption of the balance by an increase of testosterone. In case of an
increase of SHBG, more testosterone than oestradiol will be bound. In both

situations this leads to a more oestrogenic environment in the blood.
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As regards transport and protection, TBG also has the same function as the
binding proteins discussed above. TBG also has one binding site, to which
T3 and T4 both bind, the affinity of T4 being approximately 50 times
higher than that of T3 [9]. Considering the extreme low free fractions of
the thyroid hormones, each change in the concentration of TBG is im-
mediately strongly manifested in a change of the free fraction. Under
normal circumstances, the thyroid hormones regulate the basal
metabolism, growth, development, neuronal balance and behaviour in
human beings. Disorders and diseases associated with deviating con-
centrations are for instance Hashimoto’s Disease, an auto-immune disease
comprising antibodies against TBG and increased T4 concentrations; in
stress increased T3-values are found and obesity and mental retardation

have been associated with lowered T4 concentrations [9, 26].

Effect of xenobiotic, hormone disrupting substances

Xenobiotic substances may enter the body through ingestion, inhalation or
through the skin. When a substance has entered in the body and particular-
ly the blood, it may show hormone-like effects. Various publications have
already come out on substances having an oestrogenic effect, that show
affinity to the oestrogen receptor {27, 28]. Although such an affinity can
either be agonistic or antagonistic, substances have already been found
that have a clear oestrogenic effect on cells in vitro and even on DNA
level. Receptors, however, are situated in the cell and before a xenobiotic
substance is able to reach a certain receptor, the substance will quite likely
be transported through the blood. In this compartment, as explained above,
the transport proteins occur. In case of pesticides there are structural
and/or physical-chemical similarities between endogenous thyroids/steroids
and some pesticides, such as for instance size or molecular weight,

polarity, structure etc. Additionally there are pesticides that are used both
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in agriculture and -with some modification- in therapeutics, such as for
instance conazolen [29]. A xenobiotic compound may show affinity or
binding to one or more of the transport proteins. In that case endogenous
hormones may be displaced therefrom, as a result of which the free
concentration thereof increases with the above-mentioned consequences.
In this way a xenobiotic compound may show an oestrogenic, androgenic,

corticosteroid or thyroid effect after it has been taken up in the blood.

The concept of binding or affinity to specific transport proteins has already
been described and is based on the pharmacology. When namely new
pharmaceutics are tested for intended effects and possible side-effects, its
behaviour in the blood is also established. An important factor here is the
metabolic clearance and this for a large part depends on the binding of
substances to various proteins. An example of this are the components of

oral contraceptives.

As regards binding to blood proteins assays using SHBG and CBG have
already been developed before [30-31]. These assays were either based on
total serum or on the protein in question isolated from serum/plasma on
Concanavaline A coupled to a solid carrier such as Sepharose. For detec-
ting a binding, use was made of a radiolabelled ligand such as tritiated
oestradiol, tritiated testosterone, tritiated DHT etc. The affinity of a
compound that may or may not be endogenous was then determined on

the basis of the quantity of displaced or bound labelled compound.

Such an assay has been taken over by Danzo (1997, 1‘998) [32, 33] to
determine the binding/affinity to SHBG of xenobiotic substances. The
SHBG source was post partum serum. *H-5-alpha-DHT was used for the
detection and the competition by xenobiotic substances was detected
using the active carbon method followed by either radioactivity count or
saccharose gradient centrifugation. It was shown that for instance

hexachloro-cyclohexane, o,p’-DDT, pentachlorophenol and nonylphenol
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showed binding: to SHBG. On the other hand, such behaviour was not

found for methoxychlor, atrazine, p,p’-DDT, p,p’-DDE and dieldrin.

Déchaud et al. (1998) [34] used the method in which SHBG from serum of
normal men and women was bound to Concanavaline A-Sepharose.
Binding and competition studies were carried out here using tritiated
testosterone and tritiated oestradiol. Additionally the binding was also
considered in total serum with xenoestrogens, in which ammonium sul-
phate precipitation and radioimmunoassay were used to detect non-SHBG-
bound testosterone. In these studies it was found that particularly
phytoestrogens have affinity to SHBG, although much lower than the one
of the endogenous steroids testosterone and oestradiol, followed by alkyl-
phenols, bisphenol-A and phthalates. The concentrations of xenoestrogens
used by these researchers were very high, however, and not relevant for
environmental analyses. A drawback of both methods mentioned above is
that because of the use of total serum a disruption may occur by other
proteins present that have binding capacity to steroid or thyroid hormones.
It is known that albumin is a protein of a high capacity that is capable of
binding very many different substances. Moreover, SHBG also has affinity
to the corticosteroids and conversely, CBG also has affinity to
androgens/oestrogens. Additionally, the occurrence of a specific oestradiol
binding protein in plasma of pregnant persons has been described by
Englebienne (1986) [36]. The presence of non-relevant proteins having
binding properties renders the methods described partially non-specific and

less sensitive.

Apart from the effect of an increase of the free concentration of
endogenous hormones, the binding of a xenobiotic substance to a blood
protein may also reduce the availability of this substance to cellular recep-
tors, as a result of which a possible hormone disrupting effect is reduced
again. Not only xenobiotic substances, however, may have a hormone

disrupting effect. In this connection plant components, particularly
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phytoestrogens are mentioned as well. Adlercreutz et al. (1997) [35]
examined the effect of food components such as lignans and
phytoestrogens on oestrogens and SHBG. From their results it appears that
there is a positive significant correlation between these substances and the
SHBG concentration, whereas there is a negative significant correlation
between the substances and the percentage of free oestradiol in plasma.
Phytoestrogens may possibly also show an oestrogenic effect on various

other levels: receptor, SHBG and cell level.

Xenobiotic substances may accordingly have a agonistic or antagonistic
hormonal effect.- It is for instance described that PCBs show a structural
similarity to T3/T4 and that they bind to the thyroid receptor and TBG,
resulting in a displacement of endogenous thyroid hormones leading to an
increased metabolic clearance of thyroid hormones. Regarding a thyroid-like
effect, PCBs, dioxin and polyhalogenated aromatic hydrocarbons (PHAH)
have been called neurotoxic. PHAHs have also been mentioned in connec-
tion with thyroid related problems in fish eating communities in the Great
Lakes region in the USA. An anti-thyroid effect has also been described for
flavonoids. As regards binding of phytoestrogens to TBG, however,

nothing is known.

Summary of the invention

In order to show a hormone disrupting effect of xenobiotic substances at
the level of specific transport proteins, according to the invention a com-
petitive binding assay has been developed, comprising a transport protein
as most important specific binding component for the substances to be
measured, and an antibody specifically generated against said transport
protein to selectively isolate said transport protein, whereby the drawbacks

from the prior art are overcome.

The invention accordingly provides a method for detecting a hormone
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disrupting activity of environmental pollutants, comprising binding a steroid
or thyroid hormone transport protein from blood of a mammal to a solid
carrier via a specific antibody to the transport protein, and subsequently
incubating the solid carrier with a corresponding labelled hormone and the
substance to be tested for a sufficiently long period of time in order to let
competition of the labelled hormone and the substance to be tested for
binding sites on the transport protein take place, wherein a measure for the
hormone disrupting activity is obtained on the basis of the degree of

displacement of the labelled hormone from the transport protein.

The method according to the invention is an improvement over the existing
methods as to specificity and sensitivity. SHBG, CBG, TBG can be used as
transport protein. The binding and/or affinity of xenobiotic substances can
be detected by means of the displacement of for instance a labelled
endogenous compound such as oestradiol, testosterone, DHT, T3, T4 etc.
Radioisotopes (for instance 3H, %%, 3°P, 3°S etc.), enzymes (HRP, alkaline
phosphatase, glucose-oxidase, etc.), fluorescent, bioluminescent,

chemiluminescent labels, biotin and the like can be used as label.

The binding proteins can be isolated from mammal blood, for instance from
human or animal blood; they can be commercially obtained; they can be
produced in vitro using suitable cell lines; or they can be produced with

bacteriophages using the phage display technique.

The competitive assay can be suitably carried out in microtiter plates.
However, other solid carriers are also possible, such as Sepharose,
agarose, nitrocellulose, nylon membrane, tubes, glass balls or synthetic
balls etc. In case of for instance microtiter plates, the protein can be
adsorbed to the wall of the wells and the labelled compound can be made
to compete for binding sites with the substance to be measured. After
incubation either the bound or the unbound fraction is measured. The

measurement takes place according to the labelled compound used. Radio
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active substances are for instance measured in a gamma or beta counter.
Fluorescent or luminescent compounds can be measured using a fluores-
cence or chemiluminescence-microtiter plate reader. Enzyme coupled
compounds can for instance be spectrophotometrically measured after

adding a suitable substrate.

The degree of binding and/or affinity is determined on the basis of a
calibration curve comparable to those used in immunoassay. By adding
increased concentrations of a compound of known affinity/binding as
standard the decrease in binding of the labelled substance is determined.
The signal measured then is inversely proportional to the concentration of
the standard. Each substance to be analyzed can subsequently be related
to said standard. Testosterone, oestradiol or DHT can for instance be used
for SHBG. Cortisol, corticosterone or progesterone can be used for CBG.
T3 or T4 can be used for TBG.

According to the invention the binding protein is not directly adsorbed to
the wells of the microtiter plate, but via a specific antibody to the transport
protein. For instance antibodies against SHBG, CBG or TBG may be used.
Such antibodies are commercially available. The adsorption of antibodies
on microtiter plates is well-known in the art of immunoassay. Such an
embodiment is particularly suitable when blood, serum or plasma is used as
source of the transport proteins. As a result of the specificity of the
antibodies in question, other proteins such as albumin and the like ‘will not
bind. After the formation of the antibody/transport protein complex the

competitive assay can be carried out on it as described above.

Another possible embodiment is the one in which a biotin labelled antibody
is bound to streptavidin plates. Yet another embodiment is the one in
which a conjugate of for instance cortisol, corticosterone, progesterone,
testosterone, DHT, oestradiol, T3, T4 is adsorbed with a protein such as

for instance BSA, OVA, thyro globulin, KLH and the like, on microtiter plate
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and the competitive reaction between the substance to be measured and

the corresponding binding protein are carried out on it. The detection can

then be made using a second, labelled antibody against the binding protein.

A further embodiment is a competitive assay, in which the antibody and
the transport protein are coupled to magnetic particles and the complex
formed after incubation with the substance to be tested and the labelled

hormone is isolated using a strong magnet.

As exemplary embodiment a corticosteroid activity of any substance to be
measured can be shown in this way using CBG and labelled cortisol/
corticosterone/progesterone; an oestrogenic or androgenic activity using
SHBG and oestradiol/testosterone/DHT; and a thyroid activity using TBG
and T3/T4. Accordingly in the field of transport proteins, a possible
hormone disrupting activity of xenobiotic or natural substances can be
detected. An example of an SHBG assay for establishing a possible

oestrogenic activity of substances is given below.

Description of the Figures

Figure 1 schematically shows the most important hormonal systems in

human beings.

Sub figure 1a: HPAA = Hypothalamus-Pituitary-Adrenal-Axis; CRH =
Corticotrophin Releasing Hormone; ACTH = Adrenocorticotrophic Hor-

mone; Adrenal = adrenal gland.

Sub figure 1b: HPTeA = Hypothalamus-Pituitary-Testis-Axis; LHRH =

Luteinizing Hormone Releasing Hormone; LH = Luteinizing Hormone.

Sub figure 1c: HPTyA = Hypothalamus-Pituitary-Thyroid-Axis; TRH =
Thyrotrophin Releasing Hormone; TSH = Thyroid Stimulating Hormone;
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T3 = tri-iodothyronine; T4 = tetra-iodothyronine or thyroxine.

Figure 2 shows the standard curve of testosterone. The values are the
averages of 11 measurements. Microtiter plates were coated with
polyclonal anti-SHBG antibody (DAKO); after incubation the plates were
incubated with 50 ul 3H-E2 and 50 ul testosterone; after incubation 75 ul
was taken from the supernatant fluid and its radioactivity (cpm) was
counted; the bound fraction was calculated on the basis of the total
number of added cpm; in the graph the percentage of B/Bo (bound divided
by bound without testosterone) is plotted out against the concentration of

testosterone.

Figure 3 shows the comparison in terms of displacement of tritiated E2 of
various pesticides. Plotted out is the bound fraction as a percentage of the
total quantity of added ®H-E2 against the concentration of the test com-

pound. Testosterone is included as reference.

Figure 4 is comparable to Figure 3, but for some pharmaceutical products.

Example: SHBG assay for detecting an oestrogenic activity of xenobiotic

substances

The SHBG assay was developed for detecting a possible oestrogenic
activity of xenobiotic substances. As main component use was made of
SHBG from serum of pregnant volunteers in the third trimester of pregnan-
cy. Additionally' use was made of commercially available polyclonal anti-
SHBG antibody (DAKO) to isolate SHBG from serum on a microtiter plate.
For the detection of binding of unknown substances use was made of
tritiated oestradiol ([6.7-H]-17-beta-oestradiol; by Amersham Life Science,
Roosendaal, the Netherlands). As standard testosterone (Sigma-Aldrich
B.V., Zwijndrecht, the Netherlands) was used in a concentration series.

The reason for this combination was that the affinity of testosterone to
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SHBG is approximately 3 times higher than that of oestradiol. Bound
tritiated oestradiol will therefore be easily displaced by testosterone
(affinity of testosterone for SHBG is 1.6x10” M, of oestradiol 0.7x10®

M?; see Dunn et al. 1981). In this way a sufficiently high sensitivity can be

obtained to be able to measure testosterone in low concentrations.

In Figure 2 the standard curve for testosterone is shown as an average of
11 measurements. On the basis of this curve a detection limit was cal-
culated of 10 pg/ml on 90% binding. All compounds to be analyzed are
related to the testosterone standard curve. For the analysis of an
oestrogenic effect various compounds were tested in the SHBG assay,
including endogenous steroids, pharmaceutical substances, pesticides and
industrial waste products (alkyl phenols). The tested substances are shown
in Table 1, in which also a score for the displacement of tritiated oestradiol
is mentioned. By way of illustration an example of displacement curves of
some pharmaceutical products is shown in Figure 3. In Figure 4 an example
is shown of displacement curves of some pesticides. Additionally some
combinations of pesticides and/or pharmaceutical substances were tested
in the assay and from this it éppeared that no absolute additive effect is
found. The final result is comparable to the one of the strongest displacing

substance, in which the additional substance has little to no effect.
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Table 1: Scores for the oestrogenic activity of various tested substances.
Classification Tested substance Activity Classification Tested Substance Activity
Pesticides Permethrin + + Pharmaceutics Testosterone ++
Aldicarb +/- QOestradiol ++
Dichlofluanide + Norgestrel + +
Atrazine - DES + +
Simazine +/- Dehydro-iso- +
2.4-D + andosterone
Vinclozolin + Andosterone
Hexaconazole +/- 6-alpha-
Tebuconazole +/- methylprednisolone
Glyphosate +/-
Malathion +

Classification Tested substance Activity

Industrial waste Nonylphenol ++

products Bisphenol-A ++

Elucidation: + + = strong displacement; + = moderate displacement;

= no displacement; +/- = no unambiguous result

Discussion of the results

From Figure 3 and 4 and Table 1 it appears that there clearly are differen-
ces in the behaviour of the substances tested. For instance from the group
of pesticides a clear displacement of oestradiol is found for permethrin,
followed by malathion, vinclozolin, 2.4-D and dichlofluanide. On the other
hand, atrazine shows no activity at all, whereas for the other pesticides the
results are not unambiguous. Permethrin belongs to the group of pyreth-
roids and an oestrogenic effect for some of these compounds, although not
for permethrin, was reported by Eil and Nisula (1990) [37]. This can be
explained by the fact that these researchers used testosterone as
reference, as a result of which permethrin may possibly have to be used in
higher concentrations so as to be able to detect a displacement. Of
vinclozolin it has already been described that it has an oestrogenic effect

(Kelce et al., 1994) [38]; also 2.4-D and malathion are described as
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pesticides of potential oestrogenic activity (Denneman et al., 1998 [5]; Van
Dooren en Kaiser, 1997) [39]. Little information about dichlofluanide is
known in literature, but Van Dooren [39] attributed no hormone disrupting
effect to this compound. The lack of oestrogenic activity of atrazine
corresponds with the results of Danzo (1997) [32]; however, it appears
that atrazine does show an activity at oestrogen receptor level. Of the
other pesticides with an ambiguous result (aldicarb, simazine,
hexaconazole, tebuconazole and glyphosate) simazine and glyphosate are
described as having influence on the reproductive system (Van Dooren and
Kaiser, 1997) [39].

As regards the pharmaceutical compounds it appears that DES and
norgestrel have high affinity to SHBG. For norgestrel this was expected on
the basis of the information described by Pugeat et al. (1981) [40]. The
effect of DES on the other hand is quite unexpected, as this substance
would have its oestrogenic effect through the oestrogen receptor. Regar-
ding the other substances no data about a possible binding to SHBG are

available.

The last group, the one of the alkylphenols nonylphenol and bisphenol-A,
shows a remarkably strong effect in the SHBG assay and this result entirely
corresponds with the results of Déchaud et al. (1998) [34] and confirms
the oestrogenic activity of alkylphenol compounds as reported by Toppari
et al. (1996) [2], Daston et al. (1997) [3] and Danzo (1998).

It can be concluded that using the SHBG assay described herein, a hor-
mone disrupting or oestrogenic disrupting activity of environmental pol-
lutants can be detected. As such the SHBG assay can therefore be used in
the analysis of the toxicity of environmental pollutants. Moreover it is good
addition to the much used oestrogen receptor assay, because in this way
additional information can be obtained at a different level of oestrogenic

activity.
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Further uses

It will be clear that apart from the tested compounds that are pesticides,
alkylphenols and pharmaceutical substances, numerous other environmen-
tal pollutants can be measured. Moreover natural substances as well, such
as for instance phytoestrogens and other food components can be
analyzed. Because mammals and particularly human beings are in practice
exposed to many different natural and xenobiotic substances, it is also
relevant to determine the effects of various combinations of two or more
substances, including pesticides, phytoestrogens, pharmaceuticals,
veterinary drugs, and industrial waste products, in the various measuring
systems. The substances to be measured may occur in waste water,
drinking-water, surface water, groundwater, rainwater, snow, sediments,
soil samples, agricultural products, horticultural products, foodstuffs,
clinical samples etc. As regards aqueous samples, in most cases they can
be directly used in the assay. Other samples may have to undergo a pre-
treatment such as fluid-fluid, solid-fluid, SPE or HPLC. Possible matrix

effects in the assay should also be taken into account in these cases.

Furthermore the assays can also be coupled to common analytical
methods. When for instance the hormone disrupting activity has to be
detected of an unknown sample, said sample can be tested in one or more
of the assays discussed. In case of a positif signal the various components
of the sample can be further analyzed using for instance HPLC. After said
analysis the various peaks separated by HPLC can be measured again in
the said assays on hormone disrupting activity. Unknown peaks can also
be further analyzed using GC-MS or LC-MS.

An on-line system can be developed by for instance producing an affinity
column in which one or more of the transport proteins is coupled to a solid
carrier. A liquid sample, particularly an aqueous sample, is then led over

this column and all the substances binding to said transport proteins in a
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next step are eluated from the column and led to an analytic detection
system, such as for instance an HPLC or LC-MS. In this way unknown

compounds having affinity to one of the transport proteins can be iden-
tified.
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Claims

1. A method for detecting a hormone disrupting activity of environmental
pollutants, comprising binding a steroid or thyroid hormone transport
protein from blood of a mammal to a solid carrier via a specific antibody to
the transport protein, and subsequently incubating the solid carrier with a
corresponding labelled hormone and the substance to be tested for a
sufficiently long period of time in order to let competition of the labelled
hormone and the substance to be tested for binding sites on the transport
protein take place, wherein a measure for the hormone disrupting activity is
obtained on the basis of the degree of displacement of the labelled hor-

mone from the transport protein.

2. A method according to claim 1, wherein the transport protein is selected
from CBG, SHBG or TBG.

3. A method according to claim 2, wherein the transport protein originates

from human or animal blood.

4. A method according to any one of the preceding claims, wherein the
labelled hormone has been labelled by a signal producing label, such as a
radioisotope, enzyme, fluorescent label, bio- or chemiluminescent label; or
wherein a signal enhancing system is being used such as the biotin-

(strept)avidin system together with one of the above-mentioned labels.

5. A method according to any one of the preceding claims, wherein the
competitive reaction is carried out in an indirect manner, wherein a con-
jugate of a specifically binding hormone for the transport protein and a

non-specific protein is bound to a solid carrier and the competitive reaction
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between the transport protein and the substance to be measured is carried

out on the conjugate bound onto the solid phase, after which the complex

is detected by means of a labelled antibody against the said transport

protein.

6. A method according to claim 1, comprising:

coating the wells of microtiter plates with anti-SHBG antibody;
incubating the plates with human serum and subsequent
extensive washing of the plates;

adding 3H-oestradiol together with a compound to be tested to
the washed plates and incubating for a sufficiently long period
of time to let competition of both components for binding
sites take place;

removing a part of the supernatant fluid from the wells of the
plate and measuring the radioactivity of the samples;
calculating the amount of radioactivity bound in the wells of
the plate on the basis of the amount of radioactivity in the
samples and the total added radioactivity;

determining the degree of displacement of *H-oestradiol from

the binding sites in the wells by the tested compound.

7. A kit for detecting a hormone disrupting activity of environmental

pollutants, comprising:

a solid carrier coated with antibody against a steroid or thyroid
hormone transport protein;

a quantity of transport protein;

a corresponding labelled hormone;

a reference hormone for producing a calibration curve;
possible buffers for making dilutions of the labelled hormone

and the reference hormone.

{octrooi\163295\cls EdH/NG 476)
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