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…but none in vitro assay is recommended 
as a stand alone…

Pre-clinical assays for SS 
initiated using animals 

(n=20)

Refinement: initiated in OECD 429 and 
its derivatives with a validated Test.
2012: the establishment of the AOP 

Development of in vitro tests based on the 
AOP 2016: OECD published the IATA to 
categorize sensitizer or nonsensitizer
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IN VITRO TESTS BASED ON THE AOP

Key Event 1: 
Binding to proteins: 

Direct peptide reactivity
assay- DPRA

Key Event 2: 
Keratinocyte cells:

KeratinoSens™
LuSens test method

In vitro Assays
for 1R

Key Event 3: 
Dendritic cells:

h-CLAT
U-SENS

IL-8 Luc assay

The current knowledge of the chemical and biological mechanisms associated with skin 
sensitization has been summarized as an Adverse Outcome Pathway (AOP), starting with 
the molecular initiating event  ( Key 1) through intermediate events (Key 2, 3 and 4) to 
the adverse effect, namely allergic contact dermatitis. 

OECD 442D, 2017/18

OECD 442C, 2015

OECD 442E, 2017/18

Adverse Outcome Pathway (AOP)



In vivo assays using animals: 
Accuracy of the 72% in 
relation to human data

Assay Accuracy

DPRA 80%

KeratinoSens™
LuSens test
method

77%

74%

h-CLAT 85%

U-SENS™ 77%

IL-8 Luc assay 86%

Combination of tests
increased the Accuraccy: Ex.: 

“2-out-3” approach

Prediction: in vivo x in vitro

Test should be considered in 
combination with other 
sources of information: 

INTEGRATED APPROACHES TO 
TESTING AND ASSESSMENT-

IATA

Using In vitro assays: 
The accuracy is superior to 
72% in relation to human 

data or animals data



SKIN SENSITIZATION: BRAZIL 

NORMATIVE RESOLUTION nº18/2014

OECD  429 2002
OECD 442A
OECD 442B

NORMATIVE RESOLUTION nº 31/2016
OECD TG 442C
OECD TG 442D

National Council for the Control of 
Animal Experimentation - CONCEA

Implementation of in vitro tests 
in the Laboratory of Toxicology 
in vitro: 
DPRA; h-CLAT
U-SENS™;  KeratinoSens™

Reagent and Cell lines:
-Suppliers
- Cost 
-Donation of cell lines for research 
only



SKIN SENSITIZATION: BRAZIL 
DPRA: What to do with 10 mg of peptide?

Volume of reaction: 2 mL 200 µL  100 µL

“minitualization” of the assay

Micro-DPRA
(mDPRA)

10 to 20X

Reducing cost of the assay 
and organic solvent waste



SKIN SENSITIZATION: BRAZIL 

mDPRA has the same prediction of DPRA



Solar irradiantion simulator

Photo-mDPRA

Substances potential photosensitizer,
Additional step to mDPRA, the UV exposure; thereby 
changing the reactivity class of each chemical in comparison 
to mDPR

Based on mDPRA: Photoallergy assay



Photosensitizer inducer greater peptide depletion using photo-mDPRA, after UV 
exposure; thereby changing the reactivity class of each chemical in comparison to 

mDPRA. 

Based on mDPRA: Photoallergy assay



mDPRA + photosensitizer

One assay for two end-points: skin sensitization and photosensitization

“Real-life” mixtures ?
Nanomaterials ?

Limited information is currently available on the applicability of the test methods to 
multi-constituent substances/mixtures 

Based on mDPRA: Photoallergy assay



mDPRA and photo-mDPRA glyphosate and formulation “real-life”  Herbicides

DPRA is useful to categorize “real life” mixtures? 
formulations of herbicides???



Test-product
% Depletion %Mean 

LYS&CYS
Prediction

LYS CYS

Fulerene 7.57 ± 0.33
57.57 ±

0.96 32.57 + (moderate)

Titanium Dioxide 5.54  ± 0.22
50.55 ±

0.75 28.05 + (moderate)

Carbon Nanotube 12.33  ± 0.20
38.94 ±

0.51 25.64 + (moderate)

“in vitro validated tests 
are useful to categorize 

nanomaterials ???
DPRA and U-SENS™

Pallardy, et., all, Frontiers in Immunology, 8, 2017 

Test product

USENSTM results

CV70

(µg/mL)

EC150

(µg/mL)
Prediction

Reference controls

(-) Dimethyl sulfoxide - - (-) NS

(-) Glycerol > 200 ND (-) NS

(+) Sodium dodecyl sulfate 111.0 53.90 (+)S

(+) 2,4-dinitrochlorobenzene 2.67 0.62 (+)S

(+) Eugenol 56.90 17.90 (+)S

Nanomaterials

Fulerene > 200 200.0 (+)S

Carbon Nanotube > 200 150.0 (+)S

Key event 1: 
DPRA

Key event 2: 
USENSTM



In Chemico Skin Sensitisation: 
Direct Peptide Reactivity Assay 

(DPRA) – OECD 442C

First video training: DPRA

Optimizing vitro Tests Implementation: 
SERIES OF TRAINING VIDEOS IN SKIN 
SENSITIZATION ASSAYS: English, 
Portuguese; Korean; Mandarin

Harmonization of the 
International regulatory requirement





Obrigada!!!!!!!


