Endokrinni disrupce |



Endokrinni disrupce

« endokrinni disruptor — latka, ktera interferuje se
syntézou, sekreci, transportem, vazbou na
receptor, aktivitou receptoru nebo eliminaci
hormonu v téle;

* dosud byla pozornost vénovana hlavne latkam
interferujicim s pohlavnimi hormony — estrogeny a
androgeny, a thyroidnimi hormony;

 Fada pesticidu Ci jejich metabolitu je v exp.
podminkach schopna chovat se jako estrogeny,

antiandrogeny apod. — problematické koncentrace a
epidemiologicke studie;



Endokrinni disrupce
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Fic. 5. Chemicals found in the environment reported to be estrogenic. This list is not comprehensive, but illustrates representative structures
of estrogenic compounds from various sources. Information on these compounds is contained in the text.




Vyzkum endokrinni disrupce je soustredén do dvou
oblasti:

- obratlovci, kteri alespon ¢ast svého Zivotniho cyklu

trdvi ve vodném prostredi - ryby, obojzivelnici -
expozice vodou, potravou;

* terestricti obratlovci - expozice predevsim v ramci
potravniho retézce:

Nejohrozenéjsi skupina - vrcholovi konzumenti -
dravci.

http://www.epa.gov/endo/




Biomagnifikace a bioakumulace

DDT concenlration:
increase of
10 million times

DDT in water
0.000003 ppm




Effects of DDT
(Dichlorodiphenyltrichloroethane)

eInvertebrates
eFish
*Birds

Mammals




Endocrine Disruption in Wildlife

- Eggshell thinning in raptors from DDT

- Beak, skeletal, reproductive abnormalities
from PCBs (bald eagles, gulls, cormorants)

- Intersex fish below UK sewage effluents from
estradiol, alkylphenols

+ Decreased plasma sex steroids, egg and
gonadal size; delayed sexual maturity from
dioxin below paper mills (Great Lakes white
suckers)

+ Poorly developed testes, small penises, low
testosterone; abnormal ovaries; males with high
estradiol; poor hatchling success from DDE
(Lake Apopka alligators)

Endocrine Disruption in Lab

— Masculinization of females by kepone, DDT,
methoxychlor

— Disruption of estrous cycle by atrazine,
choroquine

— Hypospadias, vaginal pouches, reduced
sperm production in males exposed to
vinclozolin in utero

— Impaired testosterone synthesis, and
spermatogenesis; decreased anogenital
distance, delayed testis decent, impaired and
feminized behavior of rats by dioxin

— Acceleration of puberty and loss of fertility in
females by many estrogenic chemicals

— Delay of puberty, binding to androgen
receptor; nipple retention in males by many
estrogenic chemicals

— Atrophy of the thymus by PCBs and dioxin




Evidence for ED in Humans

Genital malformation (boys), vaginal cancer,
infertility (girls) exposed in utero to DES

Neurological effects, decreased growth,
developmental abnormalities (e.g., penis size) Iin
children exposed in utero to PCBs

Altered girl/boy ratio after population exposure to
dioxin (Saveso, ltaly)

Shortened lactation associated with DDE
Decreased sperm count and quality
Increased prostate, testicular, breast cancer



Human Breast Cancer

* Breastcancer has increased

but
« Epidemiological studies are conflicting -

It is not possible to assign a specific
chemical or physical cause at this time

« Better animal models are needed to
predict human risk



Human Sperm Counts
Carlsen et al, 1992 meta-analysis: 61 studies

Suggests 50% decline in count, volume
Decline seen in both Europe and US

but
Large geographic variation among studies
Potential selection bias, other confounders

A large, carefully controlled prospective
study is needed for confirmation



Testicular Cancer

Increase in testicular cancer observed in most
countries

Affects mostly ages 15-45

Year of birth, birth weight, genital tract
abnormalities are risk factors

Evidence suggests high estrogen environment
during fetal life may be involved

but
No increase in testicular cancer in DES sons



TDS = testicular dysgenesis syndrome

Environmental factors
incl. endocrine disruption e.g. 46 XY /45 X0

Abnormal Testis Development
i.e. testicular dysgenesis

Genetic defects / polymorphisms

7

Impairedrgerm cell
differentiation

v

Altered leydig cell Altered sertoli cell Androgen insufficiency

differentiation / function differentiation / function

TESTICULAR DYSGENESIS SYNDROME

Rat DBP Model

Human Syndrome

inefficient spermatogenesis
cryptorchidism

hypospadias
testicular gem cell tumours

reduced spermatogenesis
cryptorchidism
hypospadias
multinucleated gonocytes

Figure 1 Schematic representation of the
potential pathogenic links between testis
development and the clinical manifes-
tations of testicular dysgenesis syndrome
(TDS). The similarities in the pathologies
induced by in utero dibutyl phthalate
(DBP) administration and human TDS are
compared.



Endocrine (hormonal) system regulates

Pineal
Hypothalamus

Pituitary
Thyroid

Parathyrolds

* Metabolic function
and equilibrium

* Reproduction
* Growth/development

There are over 50 different hormones



Environmental estrogens
(xenoestrogens)

- Sources

- pesticides

- plastics

- pharmaceuticals
- some cleansers
- contraception

» vs. phytoestrogens

- antiherbivore compounds in many plant
species

- lignans (many fruits, vegetables),
isoflavones (soy)



MozZnosti uéinki environmentdlnich estrogent na
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Environmentalni estrogeny:

OCH; OH

Cl Cl Cl

OH
Cl cl Cl
/ / O
H—C—C—Cl H—C—C\—Cl H3C—C~—CH;
Cl

Cl Cl
Cl OCH;3 OH
o,p"-DDT p,p'-Methoxychlor Hydroxy-PCB Bisphenol-A

R

CO,CH,CgH5

HO \
OH

CO,2(CH;);CH;

OH
p-Alkylphenols Diethylstilbestrol Benzylbutylphthalate

Figure 2 Structures of some xenoestrogens.



Environmentdlni antiandrogeny:
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FiG. 2. Structural diversity among environmental chemicals reported to be antiandrogenic. The steroidal androgen, 5a-dihydroxyvtestosterone
(5a-DHT) and its pharmaceutical antagonist, hvdroxvflutamide, are shown for comparison. p.p’-DDE is a persistent contaminant, while the
remaining are currently used pesticides: fenitrothion, an insecticide; linuron, an herbicide; and vinclozolin, a fungicide.
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Xenoestrogens and xenoandrogens can:

Mimic or partly mimic
the sex steroid
hormones estrogens
and androgens (the
male sex hormone) by
binding to hormone
receptors or
influencing cell
signaling pathways.
Those that act like
estrogen are called
environmental
estrogens.

Modify the making and
function of hormone
receptors.

Block, prevent and
alter hormonal binding
to hormone receptors
or influencing cell
signaling pathways.
Chemicals that block
or antagonize
hormones are labeled
anti-estrogens or
anti-androgens.

Alter production and
breakdown of natural
hormones.



Interakce AhR a ER:
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Figure 5 2.3.7.8-Tetrachlorodibenzo-p-dioxin (TCDD) and related compounds that bind to the
AhR.



E2 HO-E2

S * Decreased E2 #1
CYP1A1 / CYPiB1 ¢t

Tf(-) = Inhibition of E2-
induced genes

" Direct inhibition of

Coactivator

#2

Limiting levels #4
binding of coactivators
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a downregulation \ miting
(proteasomes) levels of ERa  #

Figure 3. Proposed mechanisms of inhibitory AhR—ERa cross-
talk (/25— 126).



Hormonalni pripravky jako
EDs - ethinylestradiol

Male fish living near municipal sewage outlets in
England had both male and female sex
characteristics and their livers produced
vitellogenin, a female egg-yolk protein not
normally found in males

» cancers of the female and male reproductive
Tract

malformed Fallopian tubes, uterus and cervix
+ altered bone density and structure

- abnormal blood hormone levels

reduced fertility

- altered sexual behavior

modified immune system



Biosyntéza steroidnich hormont a endokrinni disrupce:
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In vitro model:
buriky H295R

Bunéénad linie odvozend od karcinomu kiry nadledvinek, kterd je
schopna in vitro produkovat vétsinu steroidogennich enzymi:

- aktivita enzymd;
- exprese enzymu na Grovni mRNA a proteinu
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FIG. 2. Effect of 4-hydroxyandrostenedione (4-HA; 1 uM), DDT, three of
its metabolites (1 or 10 uM) or 8-bromo-cyclic adenosine monophosphate
(8Br-cAMP; 300 uM) on aromatase activity in H295R cells. Exposures were
for 24 h, in quadruplicate. *Significantly lower than control.



Testy estrogenity a antiestrogenity

[n vitro assay

Measured endpoint

Advantages

LLimitations

E-Screen

Ligand-binding
(EDSTAC)a

ER-binding to ERE

GST pull-down/FRET/

two-hybrid assay

Transactivation assay
in yeast or mammalian

cells (EDSTAC )a

Analysis of gene
expression

Analysis of enzyme
activity

Analysis of steroido-

genesis (EDSTAC Ja

Proliferation of
ERa-positive cells

Binding affinity to

ERa or ERB

Binding affinity of Erax
or ERP to ERE

Ligand-dependent
association of ERa or
ERP with co-activators

ERa or ERP mediated
activation of reporter

Expression of
ER-regulated genes

Activity of ER-reg-
ulated enzymes

Induction/inhibition of
estrogen biosynthesis

Measures physiological endpoint of
estrogen action, measures estrogens
and antiestrogens

Simple, high-throughput method

High-throughput method, various
EREs can be used

Analysis of molecular interaction,
defined ER subtype or ER domain
as well as co-activators can be used,
measures estrogens and antiestro-
gens

High-throughput method, measures
estrogens and antiestrogens, can be
done in metabolic competent cells to
account for (anti)-estrogenic metab-
olites

Analysis of physiological response,
versatile, measures estrogens and
antiestrogens

Analysis of physiological response,
measures estrogens and antiestro-
gens

Analysis of physiological response,
measures ER-independent pathways

No defined ER expression,
no mechanistic data

Does not measure ER acti-
vation. does not measure
physiological response

Does not measure ER
activation, low sensitivity,
does not measure physio-
logical response

Does not measure direct
EER activation, low
throughput. does not
measure physiological
response

Does not measure
physiological response

[Low throughput

Cell lines or primary cell
cultures with active marker
enzymes suitable only

Cells with active steroido-
genesis suitable only




Stigmasterol Pregnenolone DHEA Androstenedione

Plant Sterol from
Wood Pulp Steroids Released

In River

Metabolism Within Bacteria in the River /Eirj/

Testosterone

Fic. 3. The production of androgenic compounds by bacteria. Stigmasterol, a major plant sterol found in wood pulp. is efficiently metabolized
to androgenic steroids such as androstenedione by the bacteria, Mycobacterium smegmatis. M. smegmatis form extensive colonies, or “bacterial
mats,” at the effluent site of pulp and paper mills. The natural plant sterol, stigmasterol, contained in the pulp effluent is converted by M.
smegmatis into androstenedione, which is released into the river or stream. Female mosquito fish exposed to these androgens develop male
structures. (See Refs. 34, 35, and 36 for details.)

Vétsina latek narusujicich androgenni drahy jsou
antiandrogeny!ll!



Anti-androgenic compounds in the environment

There are a number of commonly used environmental chemicals
that have been identified as having anti-androgenic properties.
These chemicals have been administered o pregnant rodents
during the period of reproductive tract

development. When the male pups were examined, they displayed
many of the abnormalities associated with flutamide
administration.

Some chemicals (vinclozolin, procymidone, linuron, p,p'-DDE (1,1,1-
dichloro-2,2-bis(pchlorophenyl)ethane) act as androgen receptor
antagonists, others (phthalate esters) reduce androgen
synthesis, but it is likely that other modes of action are also
involved in the foxicity induced by these compounds.

There are major problems in comparing the published studies of

the effects of anti-androgenic compounds / inconsistent
protocols.

Human impact????



Polycyklické aromatické uhlovodiky maji antiandrogenni
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Antiandrogenni GcCinky PCB

Effect of PCB Congeners on Androgen Receptor Activity
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Interakce polutantii s endokrinni drahou
= velmi slozity proces:
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|| EXFiAZ " CONCENTRATIONS
P CYP1B1 A | OF ESTROGENS IN BLOOD
PCDDIFs, COPLANAR | 7
AND MONO-ORTHO- |~ / /
CHLORINATED PCBs |
1‘ \R‘\-L_\ //
e A ANTIESTROGENICITY MEDIATED
2 H THROUGH DIRECT INTERACTIONS
£ ~a | OF THE AhR WITH iDRE, COMPETITION
OF AhR WITH ER FOR COFACTORS,
; INDUCTION OF INHIBITORY FACTORS
y || CYP3A4 OR INDUCTION OF ER DEGRADATION
///
NONCOPLANAR PCBs |
—_-"‘L-‘\-L-L-—v

T iy ANTIESTROGENICITY MEDIATED
~———» | THROUGH DIRECT SUPRESSION
OF ER ACTIVATION




Bromované zpomalovace horeni - novy typ endokrinnich disruptori??

Structure compared to PCBs, dioxin, thyroxin

2.3.7.8-TCDD Thyroxin (T4)
(dioxin)



Efekty spojené s deregulaci hladiny retinoidu:

 Funkce RA;

* Vznik koncetin;

* Vyvoj nervoveé soustavy;

« Vyvojové abnormality obojzivelniku;
 Naruseni hladin vitaminu A;
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Fig. 1 - Structure and functions of retinoid receptors. A) Schematic representation of retinoid receptor protein depicting various func-
tional domains. B) A molecular model for retinoid action. The liganded RAR forms heterodimer with RXR, binds to specific regulatory
sequences (RARE) in the promoter region of target genes. Transactivation of such early response genes is a primary event of retinoid
action. In addition to this, the products of early response genes can activate the transcription of secondary genes. Transactivation of
these genes therefore represents secondary action of retinoids since their transcription requires protein synthesis. This cascade of
gene events leads to secondary and tertiary events that eventually produce a phenotype that is characteristic of retinoid action.



» Abnormalities caused by exogenous agents (certain chemicals or viruses,
radiation, or hyperthermia) are called developmental disruptions. The agents
responsible for these disruptions are called teratogens. Most teratogens produce
their effects only during certain critical periods of development. The most critical
time for any organ is when it is growing and forming its structures. Different organs
have different critical periods, but the time from period from day 15 through day 60
of gestation is critical for many human organs.

* Retinoic acid is important in forming the anterior-posterior axis of the
mammalian embryo and also in forming the limbs. In these instances, retinoic
acid is secreted from discrete cells and works in a small area. However, if retinoic
acid is present in large amounts, cells that normally would not receive such high
concentrations of this molecule will respond to it. Inside the developing embryo,
vitamin A and 13-cis-retinoic acid become isomerized to the developmentally
active forms of retinoic acid, all-trans-retinoic acid and 9-cis-retinoic acid.
Some of the Hox genes have retinoic acid response elements in their
promoters.

* In the early 1980s, the drug Accutane® (the trade name for isoretinoin, or 13-cis-
retinoic acid) was introduced as a treatment for severe acne. Women who took this
drug during pregnancy had an increased number of spontaneous abortions and
children born with a range of birth defects.



RA reguluje vznik a vyvoj koncetin

There are discrete positions where limb fields are generated.
Researchers have precisely localized the limb fields of many vertebrate
species. Interestingly, in all land vertebrates, there are only four limb
buds per embryo, and they are always opposite each other with respect
to the midline. Although the limbs of different vertebrates differ
with respect to which somite level they arise from, their position is
constant with respect to the level of Hox gene expression along
the anterior-posterior axis. For instance, in fishes (in which the
pectoral and pelvic fins correspond to the anterior and posterior limbs,
respectively), amphibians, birds, and mammals, the forelimb buds are
found at the most anterior expression region of Hoxc-6, the position of
the first thoracic vertebra.

Retinoic acid appears to be critical for the initiation of limb bud
outgrowth, since blocking the synthesis of retinoic acid with certain
drugs prevents limb bud initiation, suggested that a gradient of retinoic
acid along the anterior-posterior axis might activate certain homeotic
genes in particular cells and thereby specify them to become included
in the limb field.




Legs regenerating from retinoic acid-treated tadpole tail. (A) The tail
stump of a balloon frog tadpole treated with retinoic acid after
amputation will form limbs from the amputation site. (B) Normal tail
regeneration in a Rana temporaria tadpole 4 weeks after amputation. A
small neural tube can be seen above a large notochord, and the muscles
are arranged in packets. No cartilage or bone is present. (C) A retinoic
acid-treated tadpole tail makes limb buds (arrows) as well as pelvic
cartilage and bone. The cartilaginous rudiment of the femur can be seen
in the right limb bud.
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Hoxb-2

Hoxb-4

dorsal view side view dorsal view side view

Expression domains of Hox genes in a mouse. The photographs show
whole embryos displaying the expression domains of two genes of the
HoxB complex (blue stain). These domains can be revealed by in situ
hybridization or, as in these examples, by constructing transgenic mice
containing the control sequence of a Hox gene coupled to a LacZ
reporter gene, whose product is detected histochemically. Each gene is
expressed in a long expanse of tissue with a sharply defined anterior
limit. The earlier the position of the gene in its chromosomal complex,
the more anterior the anatomical limit of its expression. Thus, with minor
exceptions, the anatomical domains of the successive genes form a
nested set, ordered according to the ordering of the genes in the
chromosomal complex.
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Teratogenesis in frogs. (A) Wild green frog (Rana clamitans) with an eye
deformity, collected in New Hampshire in 1999 by K. Babbitt. (B) Xenopus
tadpole with eye deformities caused by incubating newly fertilized eggs in
water containing methoprenic acid, a by-product of methoprene. (C) One of
several pathways by which methoprene can decay into teratogenic
compounds such as methoprenic acid. (D) An isomer of retinoic acid
showing the structural similarities to methoprenic acid.



RA reguluje vyvoj CNS

Top panel: At left, retinoic acid
activates gene expression in a subset
of cells in the normal developing
forebrain of a midgestation mouse
embryo (blue areas indicate [3-
galactosidase reaction product, an
indicator of gene expression in this
experiment); at right, after maternal
ingestion of a small quantity of
retinoic acid (0.00025 mg/g of
maternal weight), gene expression is
ectopically activated throughout the
forebrain.

Bottom panel: At left, the brain of a
normal mouse at term; at right, the
grossly abnormal brain of a mouse
whose mother ingested this same
amount of retinoic acid at mid-
gestation.




PHAHs a PAHs narusuji funkci a strukturu stitné zlazy a hladiny
thyroidnich hormonu a retinoidu

Cl Cl
Cl o Cl
O 00
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N (X1
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Fioure 5 2.3.7.8-Tetrachlorodibenzo-p-dioxin (TCDD) and related compounds that bind to the
AhR.



TABLE 1. Alterations in thyroid gland morphology. thyroid hormones and retinoid levels in marine mammals associated with exposure 1o polvhalogenated aromatic
hvdrocarbons.

Associated Tissue
Species \IIIII.\ location contaminants \:uu|v|u| '|‘||.\ wid/retinoid changes Relerences
Harbor seal® North Sea PCBs" thyroid gland thyroid colloid depletion Schumacher et al., (1993)
(Phoca vitulina) interfollicular fibrosis

Harbor porpoise

(Phococna phocoena)

Beluga whale St Lawrence Estuary, PCBs thyroid gland thyroid abscesses De Guise et al., (1995)
(Delphinapterus levcas) Quebec other OCs thyroid adenoma

Northern elephant scal California PCBs plasma L retinol Beckmen et al., (1997)
(Mirounga angustirostris) ]\.p'-l)l)l".'l LTTye, 1T

Harbor seal caplive PCBs plasma L retinol Brouwwer et al.. (1959)
(Phoca vitulina) pp-PDE LTTy FT2 TTy

Harbor seal caplive PCBs plasma L retinol De Swart et al., (1994, 1995)
(Phoca vitulina) dioxin TEQ's" VTTy TTY

Grey seall Norway PCBs plasma LTy, FTy Jenssen et al., (1993)
(Halichoerns grypus)

Grev sealk United Kingdom PCB 169 pl;l.\lu;l 1 TTs:TTy Hall et al.. (1998)

(Halichoerus grypus)

TABLE 3. Alterations in thyroid gland morphology and retinoid levels in fish associated with exposure to polvhalogenated aromatic hvdrocarbons and polviuclear
aromatic hvdrocarbons.

Assodated Tissue
Species Study location contaminants sampled Thyroid/retinoid changes References
Salmon species Creat Lakes unknown factor thyroid gland thyroid hypertrophy. hy- Sonstegard et al., (1976)
(Oneorhynchus sp.) perplasia
White sucker Montreal, Quebece coplanar liver | retinol Spear et al, (1992)
(Catostomus commersont) PCBs* 1 retinyl palmitate Branchaud et al., (1995)
Lake sturgeon Montreal, Quebece PCBs intestine | ret inyl palmitate Ndayibagira et al., (1994)
(Acipenser fulvescens) 1 dehydroreting
p;tlmil;ttl-
Lake sturgeon St. Lawrence River, coplanar PCBs liver T RAY metabolism Dovon et al., (1999)
(Acipenser fulvescens) Quebec b retinoids
Brown bullhcads Greal Lakes PAHs® liver L rel invl palmitate Arcand-Hoy et al., (1999)
(Ameiurus nebulosus) L dehvdroretinyl

]'l;l'lll itate




TaBLE 2. Alterations in thyroid gland morphology. thyroid hormones and retinoid levels in free-ranging avian species associated with exposure to polvhalogenated
aromatic hvdrocarbons.

Species

Study location

contaminants

Tissue
\'.u|||-|u|

Thrvoid/retinoid changes

Relerences

Herring eulls
(Larus argentatus)
Herring eulls
(Latrus argentatus)
Herring enlls
(Larus argentatus)
Herring gulls
(Larus argentatus)

Creal blue herons
(Area herodias)

Cormorants

(Phalacrocorax carbo)

Herving oulls
(Larus argentatus)

Caspian terns
(Sterna caspia)

Common terns
(Sterna hirundo)

Herring aulls
(Larus argentatus)
Tree swallowsP

( Tlll"l!’r sincta bicolor)

Greal Lakes

Greal Lakes

Great Lakes

Lakes Huron, Erie,

Ontario

St Lawrence River,

Quebec

Netherlands

Creal Lakes

Belginm Nether-
Landls

Great Lakes

Great Lakes

St Lawrence River

basin

PHAHs
PHAls
23.78-TCDDY

23.78-TCDD

SPCDDs + PCDFs¢

dioxin TEQs!
SPCBs 105 + 118°
SPCBs 105 + 118
TEQS!
PCBs®
PCDDs
PCDIs
PCBsI

mono-ortho PCBs
PCDDs
PCDF's

PCBs. DDE.? dieldrin, mirex

Ah-inducing chemicals?

thvroid
liver
liver

egy volk

egy volk

egg volk
liver
plasma

plasmak

egy volk
plasma
liver

liver

liver

T thyroid mass
Ih} roid h} pm‘phl.\i;l
L retinyl palmitate

1 retinol

') retinvl palmitate
T retinol: retinyl palmitate

l retinyl palmitate

LrErh
T ERODI

1 retinol

l retinyl p.‘tlmil:etu1
L TT3™ TTy" FT,

T plasma retinol to volk sac

retinyl palmitate
l retinyl palmitate

1 retinol
T EROD

Moccia et al., (1956)

Government of Canada,
(1991)

Spear el al.. (1956,
1992)

Spear et al.. (1990)

Bnil} et al., (1994)
van den Berg et al.,

(1994)

Crasman et al., (1996)

Murk et al., (1996)

Fox et al., (1998)

Hibhup et al., (1999)




PHAHs moduluji hladiny retinoidd - mobilizace zasob
vitaminu A v jatrech
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FIG. 3. Hepatic retinol concentrations, expressed as percentage of
control values, mean = SEM, from dams, their fetuses (& = 6), male and
female neonates (N = 8-10), and adult offspring (N = 10) following mater-
nal exposure to 0 (2, S 8, or 25 £ mg Aroclor 1254/kg on Days 10-16 of
gestation. *Indicates a significant difference from controls, p < 0.05.
GD20, Gestation Day 20; PND2I1, Postnatal Day 21, PND90, Postnatal
Day 90.



BPA moduluje hladiny retinoidnich receptoru v pribéhu
embryogeneze - mysi

OCH;

Cl cl Cl
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Figure 2 Structures of some xenoestrogens.




Funkce thyroidnich hormonu v ontogenezi a vliv
organickych polutantu:

* Funkce thyroidnich hormonu v metamorféze
* Funkce thyroidnich hormonu ve vyvoji nervové
soustavy;

Hypotéza — environmentalni polutanty jako
kauzalni faktor neurologickych poruch
(autismus, poruchy uceni, hyperaktivita,
nadorova onemocneni, juvenilni formy
diabetes);



T3 a T4 maji zasadni vyznam pro iniciaci metamorfézy
obojzivelniku

Temp. ~ Light  Nutr. etc.

iﬁ' Hypothalamus <
TRH y CRF e
@_—_Pstuary A g

‘ TSH : g
“——Thyroid : la)
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Embryo Tadpole

Fig. 1. Schematic representation of the hormonal regulation of
amphibian metamorphosis. In response to environmental cues, the dor-
mant thyroid gland of the tadpole 1s activated to produce the thyroid
hormones T4 and T; by the hypothalamic and pituitary hormones TR,
CRF and TSH. Thyroid hormone (TH) is obligatorily required to
initiate and maintain the metamorphosis, its action being potentiated
by glucocorticoid hormone and retarded by prolactin. Nutr., nutritional
factors: TRH, thyrotrophin-releasing hormone: CRF. cortcotrophin-
releasing factor: TSH, thyoid-stimulating hormone: Ts, r-thyroxine:
Ta. triiodo-L-thyronine; GC, glucocorticoid hormone.



Table 1

Diversity of morphological and biochemical responses to thyroid hormone during amphibian metamorphosis

Tissue Response
Morphological Biochemical
Brain Restructuring: axon guidance and growth: cell Cell division: apoptosis; protein synthesis
turnover
Liver Functional differentiation: restructuring Induction of albumin and urea cycle enzymes: larval
adult haemoglobin switch
Eve Repositioning: new retinal neurones; altered lens Visual pigment switch: induction of B-crystallin
Skin Restructuring: keratinisation: granular gland formation Induction of collagen, 63 kDa keratin, magainin

LLimb bud, lung

Tail, gills
[ntestine, pancreas
[mmune system
Muscle

De novo morphogenesis of bone, skin, muscle, nerve,
etc.

Total tissue regression and removal

Major remodelling of tissues

Redistribution of immune cell populations

Growth, differentiation, apoptosis

Cell proliferation; gene expression

Programmed cell death: induction of Iytic enzymes
New structural and functional constituents
Aquisition of new immunocompetence

Induction of myosin heavy chain




Conception 12 weeks 24 weeks Birth

Maternal thyroid hormone

Thyroid receptors

10 weeks Fetal thyroid hormone

Sweeks

Jweeks Hypothalamus

6 weeks Cochlea 18 weeks

Tweeks Hippocampus

5 weeks Synaptogenesis, myelinogenesis, gliogenesis

Tweeks Sexual differentiations—urogenitalia

Figure 1. Role of thyroid hormones in fetal neurologic development in relation to timing of several landmark
stages of development. Figure adapted from Howdeshell (2002).



Although it has been known for a century that hypothyroidism
leads to retardation and other serious developmental effects,
the role of thyroid

hormones in brain development is still not completely
understood. It is also accepted that thyroid hormones
transferred from the mother to the embryo and fetus are
critical for normal brain development, even though the
thyroid gland of a fetus starts producing thyroid hormones at
about 10 weeks.

We now recognize that only a slight difference in the
concentration of thyroid hormones during pregnancy can
lead to significant changes in intelligence in children.



Mozné mechanismy disrupce funkce thyroidnich
hormonti

* Inhibition of active transport of inorganic iodide into the follicular cell
* Interference with the sodium/iodide transporter system

* Inhibition of thyroid peroxidases to convert inorganic iodide into
organic iodide to couple iodinated tyrosyl moieties into thyroid
hormone

» Damage to follicular cells

* Inhibition or enhancement of thyroid hormone release into the blood
* Inhibition or activation of the conversion of T4 to T3 by 5°-
monodeiodinase at various sites in the body, for example, the fetal
brain

« Enhancement or interference of the metabolism and excretion of
thyroid hormone by liver uridine diphosphate

* Interference with transport of thyroid hormones

« Vitamin A (retinol) disturbances

* Blocking of or interfering with thyroid receptors



Mechanisms of Action of Thyroid-Disrupting Chemicals

The complexity of the development of both the neurologic and thyroid systems
offers numerous opportunities for chemicals to interfere as the systems develop,
mature, and function. Briefly, there are chemicals that interfere with iodine uptake
(the herbicides 2,4-D and mancozeb, several PCB congeners, and thiocyanates)
and peroxidation at the molecular level (the herbicides aminotriazole and
thioureas, the insecticides endosulfan and malathion, and PCBs). They also
interfere with the protein transporter that provides a pathway for iodine to enter
the cell (military and aerospace chemicals, perchlorates). Certain antagonists
(PCBs, the herbicides aminotriazole and dimethoate, and the insecticide
fenvalerate) prevent the release of thyroid hormone from the cell and inhibit
conversion of T4 to triiodothyronine (T3). Various chemicals enhance excessive
excretion of thyroid hormones, some through activation of the cytochrome P450
system (dioxin, hexachlorobenzene, and fenvalerate). Some PCBs, phthalates,
and other widely used chemicals compete for sites on the thyroid transport
proteins that deliver thyroid hormones throughout the body. New research
focuses on the role of chemicals as they interfere with vitamin A (retinols).
retinols, a process essential for thyroid hormone expression.



Hydroxylované PCB

During normal enzyme detoxification of
PCBs in the maternal liver, certain PCB
congeners are hydroxylated. This
metabolic step enhances the binding
affinity of the hydroxylated PCBs to

TTR. Through their high-affinity binding
the hydroxylated congeners displace Cl @ @ OH
essential fT4 that must get to the fetal

brain to be converted to fT3. 1
Hydroxylated PCBs also interfere with
the normal excretion of thyroid
hormones by inhibiting their sulfation.
PCB hydroxylates also have estrogenic
and antithyroid properties.

Cl d Cl

4-O11-PCB107



Thyroidni disrupce u volné zZijicich obratlovcu:

Obojzivelnici

Gutleb and co-workers did a series of exposure studies with Xenopus
laevis and Rana temporaria. They found increased incidence of mortality in
tadpoles weeks after they ceased dosing the animals. Over an 80-day
period, 47.5% of the tadpoles died. The X. laevis exposed to 7.7 pM and
0.64 nM PCB 126 exhibited swimming disorders prior to death. Both
increased mortality and reduced T4 concentrations occurred in a dose—
response manner in X. laevis. Severe eye and tail malformations increased
in the froglets in a dose—response manner after approximately 60—68 days.

Ptaci

Thyroid hormones in birds have been investigated for their role in migration
and courtship. Preventing migrating species from breeding out of season is
especially critical for their survival. From the 1950s through to the 1970s,
fish-eating birds in the Great Lakes were experiencing very poor
reproductive success. Keith suggested that the high embryo mortality and
low chick survival in herring gulls nesting in upper Green Bay in the mid
1960s was both the result of

a) the effects of the chemical residues from the mother on the embryo and
b) the effects of the adult’'s contamination on its parental behavior.



Ryby

Migration of salmonids is linked with THs effecting a sequence of
behaviors. In the laboratory, increases in T4 led to less display of
aggressive behavior such as territoriality. Elevated concentrations of both
T3 and T4 reduced the fishes’ preference for shade to more open areas
(phototaxis). T3 treatment caused the fish to swim with the current rather
than against the flow (rheotaxis).

Savci

PCBs and dioxins have been shown to alter thyroid function in rodents by
multiple mechanisms, including direct toxic effects on the thyroid gland,
induction of thyroid hormone metabolism via the UDP-glucuronyl
transferases, and interactions with thyroid hormone plasma transport
proteins, particularly transthyretin. A number of investigators have
evaluated the effects of maternal PCB exposure on thyroid function of rat
pups. Pup serum thyroxine (T4) levels are markedly reduced by PCB or
dioxin exposure, but the levels of the

active form of the hormone, triiodothyronine (T3), are generally
unchanged, or only slightly reduced. A relationship between exposure to
dioxins and PCBs and alterations in thyroid hormones has also been
reported in human infants. Infants exposed to higher levels of PCBs and
dioxins had lower free T4 levels and higher thyroid-stimulating hormone
levels.



PPAR

Deregulace PPAR a reprodukce
PPAR a karcinogenita
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Figure 1. Structurally related phthalate monoesters. Diesters of o-phthalic acid are quickly metabolized in
vive to their active metabolites, the monesters. The length and structure of the side chain is important for
toxicity.



Ftalaty jako ligandy PPAR - efekty na sam¢i a samici reprodukéni

TABLE 1

Summary of Effects of in Utero Exposure to Phthalates on the
Developing Male Reproductive Tract

Endpoint measured” DBP DEHP BBP DINP
Testis
| Weight + T +
| Sperm number + + +
Degeneration/atrophy of + + +
seminiferous bules
Leydig cell hyperplasia/aggregates - + +
Leydig cell adenoma + +
Cryptorchidism + + +
Sex organs
Epididymis: | wt, agenesis/malformed + +- + =
Penis: delayed/incomplete preputial + + +
separation, hypospadias, | wt of glans
Prostate: | wt, agenesis + +- +
Seminal vesicle: | wt + + +
Vas deferens: | wt, malformed/agenesis +
Miscellaneous
Anogenital distance () + + + +
Nipple retention + + +
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TDS = testicular dysgenesis syndrome

Environmental factors
incl. endocrine disruption

Genetic defects / polymorphisms
e.g. 46 XY /45 X0

L

Abnormal Testis Development
i.e. testicular dysgenesis

“

Impairedﬁgerm cell
differentiation  Altered leydig cell

Altered sertoli cell
differentiation / function differentiation / function

TESTICULAR DYSGENESIS SYNDROME

Rat DBP Model

Human Syndrome

inefficient sparmatogenesis reduced spermatogenesis
cryptorchidism cryplorchidism
hypospadias hypospadias

testicular germ cell tumours multinucleated gonocytes

Androgen insufficiency

Figure 1 Schematic representation of the
potential pathogenic links between testis
development and the clinical manifes-
tations of testicular dysgenesis syndrome
(TDS). The similarities in the pathologies
induced by in utero dibutyl phthalate
(DBP) administration and human TDS are
compared.



Ftalaty moduluji expresi enzymu kontrolujicich syntézu a odpouravani
steroidnich hormonu
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Figure 4. Proposed model of MEHP action in the granulosa cell. MEHP interferes with two points of the
steroid hormone pathway. Abbreviations: ER, estrogen receptor; 17a-0Hase, 17a-hydroxylase; SCC, P450
side chain cleavage enzyme. First, MEHP suppresses FSH-stimulated cAMP, possibly by inhibiting binding
of FSH to its receptor or altering activation of adenylate cyclase (Grasso et al. 1992). MEHP also activates
PPARs, possibly by release of fatty acids, endogenous activators of PPAR. The activation of either PPAR«a
or PPARy decreases aromatase mRNA. PPAR« activation also causes an increase in the transcript level
of 178-HSD IV, which metabolizes estradiol to estrone. Finally, both PPARa and y increase levels of FABP
in the cell, which is able to transport MEHP and fatty acids through the cell, delivering these ligands to the
PPAR receptors.
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Figure 2. Phthalate effects on serum estradiol and estrone levels at (A) proestrus and (B) estrus. Adult 90-
day-old female Sprague-Dawley rats (n = 12 per group) were treated with corn oil vehicle or 1,000 mg/kg
of DEHP, DBP, DPP, or DBBP in corn oil given daily by gavage beginning at vaginal metestrus. Rats were
killed at vaginal proestrus {n = 6 per treatment) or estrus (n = 6 per treatment) 8 or 9 days after dosing
began, following methodology described by Davis et al. (1994a).

*Significantly different compared to control, p <0.05.



