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mechanism of EDs actions, some of which are de-
tailed in the Tables.

Reproduction

The effects of EDs on reproduction are amply 
documented in both marine and terrestrial species, 
and in humans. Maintenance of species is dependent 
on an integrated interplay of the entire endocrine 
system. Reproduction ceases when life-supporting 
hormonal systems are disturbed, but “performance”-
supporting hormones are also needed to maintain 
normal reproduction.

Of major importance for reproduction is nor-
mal functioning of the reproductive system, i.e. the 
hypothalamo-pituitary-gonadal axis, as well as the 

proper functioning of other organs regulated by 
gonadal steroids, such as the uterus and to some 
degree the mammary gland. Most EDs that disrupt 
reproduction interfere with steroidal signalling, i.e. 
with the proper action of estrogens or androgens. 
Some EDs either inhibit synthesis or interfere with the 
metabolism of sex steroids. Most EDS with adverse 
effects on reproduction bind either to the estrogen 
receptors (ERs) or to the androgen receptor (AR) 
and, by doing so, may either stimulate or inhibit the 
transcriptional or post-transcriptional mechanisms; 
moreover, steroid receptors located in the membrane, 
affecting either ion channels or 2nd messengers, may 
mediate ED effects. By means of these mechanisms, 
they may interfere with fundamental sex steroid effects 
on the brain, the pituitary gland, the gonads and the 

Table 1. Mechanisms of action of EDs: binding to receptors

Substances Mechanisms Major effect Biological effects References

Agonists

Bisphenol-A;

Phtalates

Polyphenols including isoflavones  
and genistein

Some UV-screens (benzophenone 2; 
cinnamate; camphor devivatives

Activation via ERE Estrogenic Adverse effects on 
reproduction; uterus, 

mammary gland

(39);

(40);

(41); (22, 42)

(18); (4, 19)

Antagonists

Pesticides, fungicides, herbicides 
(linurone, procymidone, vinclocolin) 
dioxin

Various mechanism  
often inhibition  

of ARE mediation

Antiandrogenic Adverse effects on 
reproduction

(1)

EDs: Endocrine disruptors, ERE: Estrogen Response Elements, ARE: Androgene Response Elements

Table 2. Mechanisms of action of endocrine disrupting chemicals; effects on enzymes or transport proteins

Substances Mechanism Affected hormone(s) Biological effect References

Fungicides

(azoles)

Synthesis inhibitors: Inhibition affected 
step of synthesis (sterol demethylase 

and chromatase)

All steroids;
inhibition of adrenal steroids  

is particularly important;  
life-threatening reduction of adrenal corticoids

(43); (44)

Isoflavones Inhibition of thyroid peroxidase Thyroxin synthesis (hypothyroidism) (45)

Polyphenols  
(isoflavones, genistein)

Sulfatase increased
decreased sulfo-transferase

Free estrogen increased (46); (47)

Effects on proteins transport

Isoflavones, 
polychlorinated diphenols

Transthyretin (the transport protein  
of thyroid hormones)

Altered amounts of free thyroid hormones (48); (41)
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