
Use of Predictive Animal-free 
Toxicology Testing Approaches 
to Develop Safer Products

Amy J. Clippinger, PhD

Towards Safer Design Strategies: 
Using toxicology tools and concepts within chemistry courses 
and programs

22nd Annual Green Chemistry & Engineering Conference

June 20, 2018 

PETA INTERNATIONAL SCIENCE CONSORTIUM LTD.

Photo credit: MatTek Corp.



Outline

• Drivers of in vitro and in silico testing

• Eye irritation testing

• Reproducibility of animal tests

• Existing in vitro methods
• Antimicrobial cleaning products

• Agrochemical formulations

• Training resources



“Advances in toxicogenomics, bioinformatics, systems 
biology, epigenetics, and computational toxicology could 
transform toxicity testing from a system based on whole-
animal testing to one founded primarily on in vitro 
methods that evaluate changes in biologic processes 
using cells, cell lines, or cellular components, preferably of 
human origin…The envisioned change is expected to 
generate more robust data on the potential risks to 
humans posed by exposure to environmental agents and 
to expand capabilities to test chemicals more efficiently.”
-National Research Council, Toxicity Testing in the 21st

Century: A Vision and A Strategy (2007)



What drives the use of non-animal methods?

üProtection of human heath and the environment

ü Ethics

ü Time

üMoney



Reproducibility of Animal Tests





Prior GHS 
category 1 2A 2B NC

1 (serious eye 
damage) 73% 16.1% 0.4% 10.4%

2A (irritant) 4.2% 32.9% 3.5% 59.4%

2B (mild irritant) 0.2% 4% 15.5% 80.2%

NC (non-irritant) 1.1% 3.5% 1.5% 93.9%

Reproducibility of the Draize Eye Test

• Data submitted to the European Chemicals Agency

• 491 substances with at least 2 Draize eye tests

• Conditional probabilities of Draize evaluations based on a 
previous test result

from  Luechtefeld et al., A LTEX 33(2), 2016.
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• Category 2A and 2B more likely to be NC than Category 2 
in a subsequent test

Reproducibility of the Draize Eye Test

from  Luechtefeld et al., A LTEX 33(2), 2016.
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Prior GHS 
category 1 2A 2B NC

1 (serious eye 
damage) 73% 16.1% 0.4% 10.4%

2A (irritant) 4.2% 32.9% 3.5% 59.4%

2B (mild irritant) 0.2% 4% 15.5% 80.2%

NC (non-irritant) 1.1% 3.5% 1.5% 93.9%

• Some Category 1 could be NC in a subsequent test



Existing In Vitro Methods



• Monolayer cell cultures
§ Short time exposure assay (OECD TG 491) 
§ Fluorescein leakage (OECD TG 460)

• Reconstructed human three-dimensional tissues
§ EpiOcularTM (OECD TG 492)

• Ex vivo organotypic models
§ Bovine corneal opacity and permeability (OECD TG 437)
§ Isolated chicken eye (OECD TG 438)

In Vitro OECD Test Methods for 
Serious Eye Damage and Eye Irritation
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• Primary or immortalized epithelial 
cells [Statens Seruminstitut Rabbit 
Cornea (SIRC) corneal epithelial 
cells or Madin-Darby canine 
kidney (MDCK) epithelial cells]

• Measure cell viability (MTT assay) 
or permeability to a fluorescein 
dye

• Assumes that chemicals causing 
eye damage/irritation will induce 
cytotoxicity or disrupt epithelial 
barrier function in the corneal 
epithelium and/or conjunctiva

Monolayer Cell Culture Systems
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• Commercially-available 3D human tissue 
constructs:
• EpiOcular (MatTek Corp)
• SkinEthic (EpiSkin)

• Assess cell viability (MTT assay)

• Assumes that chemicals causing eye 
damage/irritation will induce cytotoxicity 
in the corneal epithelium and/or 
conjunctiva

Reconstructed Human Corneal Epithelium Models

MatTek EpiOcular

Human cornea

SkinEthicTM HCE



• Evaluate effects ex vivo using 
corneas (bovine) or whole eyes 
(chicken) taken from animals used 
in food production 

• Assess corneal injury:
• Opacity (measure the amount 

of light transmitted through the 
cornea)
• Permeability (measure the 

amount of fluorescein dye that 
penetrates through the cornea)
• Swelling (ICE)

Ex Vivo Bovine Corneal or Chicken Whole Eye Models

Images courtesy of the Institute for In Vtiro Sciences

Images courtesy of Menk Prinsen



Example: 
Antimicrobial Cleaning Products



Background

• The majority of cleaning products do not have to go through a 
registration process before they are marketed. Companies 
decide how to assure safety – generally without using animals. 

• Both EPA and industry wanted a strategy to replace the rabbit 
eye irritation test.

• However, if the product has an “antimicrobial” claim, it is 
regulated by the EPA’s Office of Pesticide Programs (OPP) and 
animal testing, including eye irritation testing, is required. 

• Both EPA and industry wanted a strategy to replace the rabbit 
eye irritation test.

• However, if the product has an “antimicrobial” claim, it is 
regulated by the EPA’s Office of Pesticide Programs (OPP) and 
animal testing, including eye irritation testing, is required. 





2004-2009
Paired data submitted 
by industry. Following 

analysis, a testing 
strategy was 

proposed

2009
US EPA OPP pilot 
program initiated

2013
US EPA 

policy issued 

2015
Policy 

update

Ø The EPA policy allows the use of the alternate framework for testing 
AMCPs and, on a case-by-case basis, for other classes of pesticides 
and pesticide products



EPA OPP 
toxicity 

category 
Signal 
words Hazard statements

I DANGER
Corrosive (causes irreversible eye damage). 

Wear appropriate protective eyewear such as goggles, 
face  shield, or safety glasses.

II WARNING
Causes substantial but temporary eye injury. 

Wear appropriate protective eyewear such as goggles, 
face shield, or safety glasses.

III CAUTION
Causes moderate eye irritation. 

May wear protective eyewear, if appropriate (not 
required). 

IV CAUTION 
(optional)

No statements are required. 
However, the registrant may choose to use category III 

labeling. 



The assays
BOVINE CORNEAL OPACITY 

AND PERMEABILITY ASSAY
OECD test guideline 437

categories I, II, or III

EPIOCULARTM ASSAY (MatTek Corp.)
OECD test guideline 492; time to toxicity assay

category I, III, or IV

CYTOSENSORTM MICROPHYSIOMETER 
OECD draft test guideline

category I, III, or IV



CytosensorBCOP EpiOcular

Cat IIICat IICat I

No No

Yes Yes NoYes

Cat III Cat IV

Oxidizing 
chemistry?

Expected severe 
or moderate?

Water soluble?

Evaluate 
components

Cat I

Decision tree: selection and evaluation 
of assays for eye hazard labeling

https://www.epa.gov/sites/production/files/2015-05/documents/eye_policy2015update.pdf



Framework is underutilized: the vast majority of 
registrations have used the animal test

Program utilization



Example: 
Agrochemical Formulations





•Crop Life America companies
• BASF, Dow AgroSciences, Bayer, Syngenta, DuPont

• NICEATM analyzed paired data for approximately 
200 agrochemical formulations

• Existing rabbit in vivo + in vitro data from one or more 
assays:
• Bovine corneal opacity and permeability 
• Isolated chicken eye 
• EpiOcular (MatTek Corp)
• Neutral red release
• Chorioallantoic membrane vascular assay
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Results

• A tiered approach using EO and NRR seems 
promising, but not sufficient to identify all hazard 
categories

• Preliminary data suggest the current BCOP 
protocol may not be useful for testing 
agrochemical formulations 

ØOverall, there is a need to conduct prospective 
in vitro testing 
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Co-organized by NICEATM and the PETA-ISC, with Validation 
Management Team members from
• EPA Office of Pesticide Products
• Canada’s Pesticide Management Regulatory Authority
• ICCVAM
• EURL ECVAM
• Industry

Coded formulations and existing data donated by companies
• BASF
• Bayer
• Corteva (formerly Dow AgroSciences and DuPont)
• FMC
• Monsanto
• Syngenta

Prospective Testing of Agrochemical Formulations



PHASE 1
6 agrochemical formulations tested to demonstrate 
proof-of-concept
• BCOP
• ICE
• Neutral red release
• EpiOcular (time to toxicity and TG 492 protocols)
• PorCORA (porcine cornea reversibility assay)

PHASE 2
Comprehensive assessment of applicability with a larger 
set (n=40) of formulations

Prospective Testing of Agrochemical Formulations



Clippinger AJ, Hill E, Curren R, Bishop PL. Bridging the gap between regulatory acceptance 
and industry use of non-animal methods. 2016;33(4):453-458

Method 
development

Validation

Regulatory 
acceptance

Outreach and 
education

Global 
harmonization

http://www.ncbi.nlm.nih.gov/pubmed/27254273


Training resources
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