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Background
● Endocrine-disrupting chemicals (EDCs) are natural or

synthetic substances that may mimic, block, or interfere

with the body’s hormonal systems. These chemicals are

associated with a wide array of health issues;

Figure 1. Sources of endocrine disruptors 
(NIH, 2024)

Figure 2. When absorbed in the body, an EDC can decrease or
increase normal hormone levels (left), mimic the body's natural
hormones (middle), or alter the natural production of hormones
(right) (NIH, 2024)

● Classical targets of EDCs include nuclear receptors such as

estrogen receptors (ER), androgen receptors (AR), thyroid

receptors (TR), among others;



GRUPO BOTICÁRIO ASCCT-ESTIV Award Winners Webinar Series 4

This study aimed to assess the

sensitivity and specificity of in silico

tools in predicting the binding of

chemicals to estrogen receptor;

This is an important endpoint for 
cosmetic products, considering 

human health and the environment
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Methodology 

Training set - 20 proficiency chemical substances

● OECD Test No. 455: Performance-Based Test Guideline for Stably

Transfected Transactivation In Vitro Assays to Detect Estrogen

Receptor Agonists and Antagonists;

● OECD Test No. 493: Performance-Based Test Guideline for

Human Recombinant Estrogen Receptor (hrER) In Vitro Assays to

Detect Chemicals with ER Binding Affinity;

Table 1. OECD proficiency chemical 
substances

CAS RN: Chemical Abstracts Service Registry
Number.

Substances CAS RN

Diethylstilbestrol 56-53-1

17α-estradiol 57-91-0

meso-Hexestro 84-16-2

4-tert-Octylphenol 140-66-9

Genistein 446-72-0

Bisphenol A 80-05-7

Kaempferol 520-18-3

Butylbenzyl phthalate 85-68-7

p.p’- Methoxychlor 
(Methoxychlor) 72-43-5

17α-ethynylestradiol 57-63-6

Norethynodrel 68-23-5

Zearalonone 17924-92-4

Butylparaben 94-26-8

Ethylparaben 120-47-8

Atrazine 1912-24-9

Spironolactone 52-01-7

Ketoconazole 65277-42-1

Reserpine 50-55-5

Octyltriethoxysilane 2943-75-1

Corticosterone 50-22-6

★ Positive substances: 14 (70%) - exhibit affinity for
the receptor;

★ Negative substances: 6 (30%) - do not exhibit
affinity for the receptor;
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Methodology 
Figure 4. Study design

Models:

● Endocrine Disruptome

○ ERα and ERβ;

● Vega QSAR

○ Estrogen Receptor-mediated effect

(IRFMN-CERAPP) 1.0.1;

○ Estrogen Receptor Relative Binding

Affinity model (IRFMN) 1.0.2;

● Danish QSAR

○ Estrogen Receptor α Binding, Full

training set (Human in vitro);

○ Estrogen Receptor α Binding,

Balanced Training Set (Human in

vitro);

○ Estrogen Receptor α Activation

(Human in vitro);

○ Estrogen Receptor Activation,

CERAPP data (in vitro);
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Methodology
● AutoDock was used to perform molecular docking, polar hydrogens and Kollman

charges were added to the protein structure (Estrogen receptor - PDB code: 1a52)

and the number of torsions in the ligand was established;

● For results → Substances were considered positive, indicating a high probability of

binding, when the binding affinity was ≥ -7.5. Substances that obtained values < -

7.5 were classified as negative;

Figure 5. Molecular docking design

version 4.2
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Results

● VEGA and Danish → QSAR tools

- similar results;

● Endocrine Disruptome and

Autodock → Molecular docking

tools - similar results;

Table 2. In silico predictions results

POS: Positive; NEG: Negative; OUT: Out-of-domain / No predictions made.

Substances
OECD 

493/455
VEGA 
QSAR

Danish 
QSAR

Endocrine 
Disruptome AutoDock

Diethylstilbestrol POS POS POS POS POS

17α-estradiol POS POS POS POS POS

meso-Hexestro POS POS POS POS POS

4-tert-Octylphenol POS POS POS NEG NEG

Genistein POS POS POS POS POS

Bisphenol A POS POS POS POS POS

Kaempferol POS POS POS POS POS

Butylbenzyl phthalate POS POS POS NEG POS

p.p’- Methoxychlor 
(Methoxychlor) POS POS POS NEG POS

17α-ethynylestradiol POS POS POS POS POS

Norethynodrel POS POS POS POS POS

Zearalonone POS POS POS POS POS

Butylparaben POS POS POS NEG NEG

Ethylparaben POS POS OUT NEG NEG

Atrazine NEG NEG NEG NEG NEG

Spironolactone NEG OUT NEG NEG NEG

Ketoconazole NEG NEG NEG POS POS

Reserpine NEG NEG NEG NEG NEG

Octyltriethoxysilane NEG NEG OUT OUT NEG

Corticosterone NEG NEG NEG NEG NEG



GRUPO BOTICÁRIO ASCCT-ESTIV Award Winners Webinar Series 9

Results

Balance accuracy

Vega QSAR 🡪 100,00%

Danish QSAR 🡪 100,00%

Endocrine Disruptome 🡪 72,14%

Autodock 🡪 80,95%

Table 3. Agreement percentages (%) between OECD proficiency 
substances and in silico predictions

Parameters VEGA

QSAR

Danish

QSAR

Endocrine 

Disruptome

AutoDock

Coverage 95,00 90,00 95,00 100,00

Out-of-domain / No 

predictions made

5,00 10,00 5,00 0,00

Correct predictions 95,00 90,00 65,00 80,00

Sensitivity 100,00 100,00 64,28 78,57

Specificity 100,00 100,00 80,00 83,33

The average of sensitivity and 
specificity, indicating a models 

performance across both positive 
and negative substances
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Bridging the Gap

This results can complement in vitro and 

literature data, and offer valuable pre-

screening for new substances with 

endocrine-disrupting potential

In silico
approaches

Fast and cost-effective 

alternative to animal 

testing

10

Conclusions

Estrogen Receptor 
Binding

QSAR tools performed 

well
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Future Directions

Endocrine Disruptor 

Knowledge Base 

(EDKB)

Estrogen, Androgen and 

Thyroid receptors02
● Due to the complexity of the endocrine 

system, it is important to evaluate 

differents receptors;

Identify a combination of 

methodologies or softwares03 ● Maximize performance in screening new 

substances;

Select substances 

commonly used in 

cosmetic products
04

● To assess the performance of the 

models within this specific chemical 

space.

Endocrine disruptor assessment list

New training set01 ● To screen a larger number of substances 

using databases;
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Thank you for listening
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