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 Adverse Outcome Pathway (AOP)1
‘A conceptual framework that portrays existing knowledge concerning the linkages between
a direct molecular initiating event (MIE) and an adverse outcome, at a level of biological
organisation that is relevant to risk assessment.’
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Flutamide has been shown to
cause malformations in male
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No adequate well-controlled
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Flutamide is classed as FDA
pregnancy category D.
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Effects in rodent and primate
offspring.

Human

Treatment with diethylstilbestrol
during gestation has been
associated with reproductive
system structural abnormalities.

No adequate well-controlled
studies for this class.
Diethylstilbestrol is classed as
FDA pregnancy category X.

Different receptor binding sites have a high degree of similarity and ligands may act as both agonists and antagonists. β-Estradiol and
diethylstilbestrol bind in the same way at the same active site and the latter is a stronger agonist. In contrast, tamoxifen is an antagonist and
has a different binding mode to that of diethylstilbestrol.
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Anilides – complete androgen blockade – Flutamide
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No association in humans
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treatment.

ER antagonism
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been shown to act as agonists.

AR antagonism
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aromatase inhibition at
clinically relevant
doses.
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MIE

Impairment of
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Selective aromatase inhibitors have an important role in moderating oestrogen biosynthesis through the direct inhibition of
aromatase activity. The evidence currently available does not indicate that these aromatase inhibitors are teratogenic;
however the study of their teratogenic effects is limited. Based on the available evidence, there are insufficient grounds for
the implementation of a teratogenicity alert for this compound class.
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Method

The dysmorphogenesis data (2141 chemicals) within the FDA CDER reproductive toxicity
dataset were investigated to identify pathways leading to teratogenic outcomes. Individual
classes of interest were identified by clustering structural classes together with activity
scores. Literature searches were undertaken in the public domain to identify supporting
evidence for potential alerts. An alert with an appropriate level of confidence was
implemented in a Derek knowledge base, where sufficient evidence could be identified to
support the mechanistic pathway. The knowledge derived in this process is presented here
in the form of AOPs, with reference to a chemical class, and model compound for each
pathway.
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Background2
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Aromatase inhibitors – Letrozole

The endocrine system is a collection of glands and organs that acts as the body's
homeostatic control system regulating growth, metabolism, and sexual development and
function. Adverse effects can occur when this system is disrupted by xenobiotics. Within the
endocrine system, steroidal hormone homeostasis plays a key role in the development and
function of the reproductive system. We investigated how disruption within these systems
may lead to teratogenicity.
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Azasteroids – partial androgen blockade – Finasteride
In vitro

SAR supported by
inhibition studies.

Inhibition of 5αR type 2
isoenzyme in rat and human.

In vivo

SAR supported by
inhibition studies.

Inhibition of 5αR type 2
isoenzyme.

Human

5, 9, 10

1 alert

Inhibition of DHT mediated
development of male
reproductive tract.

Dose dependent effects in rodent
and primate male offspring.

A case of inherited 5αR type 2
deficiency attributed to male
pseudohermaphroditism.

No adequate well-controlled
studies for this class.
Finasteride is classed as FDA
pregnancy category X.

A number of classes were identified, for which there are in vitro data available relating to the inhibition of the 5alpha-reductase (5αR) type 2
isoenzyme. For these classes there were no supporting in vivo teratogenicity data in the literature, and the likelihood that they will undergo such a
study is extremely low. It is possible that these classes will cause a similar syndrome of defects to finasteride, if administered during the sensitive
period of gestation for sexual differentiation. So far the basis and scope of a further 9 alerts is, therefore, derived from in vitro experimental data.
The lower reasoning level associated with these alerts reflect this extrapolation.



Conclusion

Compounds acting on these pathways produce similar syndromes of defects with subtle differences depending on the pathway or part of the pathway where the interaction occurs.
In male offspring: Hypospadias, feminisation of genitalia, reduced or absent prostate, malformations in seminal vesicles, cryptorchidism.
In female offspring: Mammary gland defects, vaginal adenoma, thickening of uterus, incomplete vaginal development, non-functioning ovaries.
The AOP framework helps to view how subtle differences in perturbation of the pathways can affect the final outcome. Not only can we evaluate structure-activity profiles for
relevant endpoints, but also identify the likely pathways, hence providing screening strategies to evaluate and minimise risk.
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