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REVIEW ARTICLE

European Food Safety Authority database for in vivo developmental 
neurotoxicity studies of pesticides

Iris Mangasa�, Eliana Spiliotib�, Andrea Terrona, Martina Panzareaa, Monica Nepalc, Barbara Vivianic,  
Marco Binagliaa and Kevin M. Croftond 

aPesticides Peer Review Unit, European Food Safety Authority, (EFSA), Parma, Italy; bLaboratory of Toxicological Control of Pesticides, 
Scientific Directorate of Pesticides’ Control and Phytopharmacy, Benaki Phytopathological Institute, Attica, Greece; cDepartment of 
Pharmacological and Biomolecular Sciences, “Rodolfo Paoletti,” Universit�a degli Studi di Milano, Milan, Italy; dR3Fellows LLC, Durham, 
NC, USA 

ABSTRACT 
Current evidence on the prevalence of neurodevelopmental disorders has raised concerns over the environ
mental etiology for developmental neurotoxicity. As the use of standardized in vivo developmental neurotox
icity methods has been restricted due to high costs, limited testing capacity and extrapolation uncertainties, 
a shift to implementation of higher throughput technologies is urgently needed. A fit-for-purpose 
Developmental Neurotoxicity In Vitro Battery based on New Approach Methodologies has been recently 
developed to support the regulatory decision-making process. To increase confidence in its predictive per
formance and readiness, the authors, under the auspices of European Food Safety Authority, have created a 
curated database of in vivo study results from developmental neurotoxicity guideline or guideline-like in vivo 
studies. Methods, data and results from publicly available US Environmental Protection Agency Data 
Evaluation Records have been entered into a standardized data extraction model, developed to facilitate 
quantitative data collection and harmonization. The goal of the present work was to build a transparent and 
publicly available database of developmental neurotoxicity data from guideline studies, suitable for compari
son with outputs from NAM assays such as the Developmental Neurotoxicity In Vitro battery. This effort rep
resents a significant advancement for future analyses and will serve as a key stone for the development of 
transparent and publicly accessible databases of developmental neurotoxicity data.
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Introduction

Developmental neurotoxicity (DNT) refers to any adverse 
effect on the normal development of the nervous system 

structure or functions (EFSA 2024). Neurodevelopmental dis
orders including learning disabilities such as autism spectrum 
disorder (ASD), and attention deficit hyperactivity disorder 
(ADHD) have been rising in prevalence and incidence over 
the past few decades (McDonald and Paul 2010; Zablotsky 
and Black 2020). Recent epidemiological data suggest that 
environmental chemicals may be contributing factors in this 
etiology (Bennett et al. 2016). Although the underlying cause 
of these neurodevelopmental disorders remains uncertain, 
there is a clear need to investigate whether, and how, envi
ronmental factors may be associated. To address this impor
tant scientific and societal concern, a high priority is set to 
the development of a cost- and time-efficient testing 
approach, suitable for the screening of large numbers of 
chemicals (Crofton et al. 2012; Terron and Bennekou 2018).

The core of the European Food Safety Authority (EFSA) 
activities is to collect, appraise and integrate scientific evi
dence to address potential risks. Advancements in safety test
ing and chemical risk assessment are essential to improve 

CONTACT Eliana Spilioti e.spilioti@bpi.gr Laboratory of Toxicological Control of Pesticides, Scientific Directorate of Pesticides’ Control and Phytopharmacy, 
Benaki Phytopathological Institute, Attica 145 61, Greece; Iris Mangas Iris.MANGAS@efsa.europa.eu Pesticides Peer Review Unit, European Food Safety 
Authority (EFSA), Parma, Italy 
�The authors contributed equally. 

Supplemental data for this article can be accessed online at https://doi.org/10.1080/10408444.2025.2521280. 

� 2025 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the posting of the Accepted 
Manuscript in a repository by the author(s) or with their consent.

CRITICAL REVIEWS IN TOXICOLOGY 
https://doi.org/10.1080/10408444.2025.2521280

http://crossmark.crossref.org/dialog/?doi=10.1080/10408444.2025.2521280&domain=pdf&date_stamp=2025-07-29
https://doi.org/10.1080/10408444.2025.2521280
http://creativecommons.org/licenses/by/4.0/
http://www.tandfonline.com


the quality, efficiency, and speed of chemical hazards and 
risks (EFSA, 2021). This will allow the development and use of 
sustainable chemicals that enable the green and digital tran
sition of the chemical industry while ensuring protection of 
the environment and human health, particularly vulnerable 
populations.

The current regulatory testing paradigm for DNT is based 
on triggered in vivo rodent test guideline studies that screen 
the impact of prenatal and early life exposure on nervous 
system of rodents (US Environmental Protection Agency (US 
EPA) 1998; EFSA 2024). In vivo DNT testing guidelines were 
first developed by the USEPA in 1986, revised in 1998 (OPPTS 
870.630), and evolved over time with the most recent 
Organization for Economic Co-operation and Development 
(OECD) test guideline (TG) 426 introduced in 2007 (OECD 
2007). The intention of these guidelines was- and remains- to 
produce data on the potential functional and morphological 
hazards to the developing nervous system serving as a tier 
screening method. In vivo DNT regulatory studies are con
ducted when triggered by findings from other studies or by 
the mode of action of the test substance. Traditionally, 
rodent testing for DNT includes perinatal exposure (most 
commonly gestational day 6 through weaning at postnatal 
day 21) followed by assays evaluating disturbances in the off
spring’s cognitive function, morphology, pathology, growth 
and behavior including motor and sensory function (Crofton 
et al. 2012). Testing requirements can also be addressed with 
the inclusion of a DNT cohort in the OECD TG 443 extended 
one-generation reproductive toxicity study, however TG 443 
does not include a learning and memory test (OECD 2018).

High resource demands in terms of time, cost, and animal 
use are limiting the applicability of the traditional DNT 
in vivo framework for testing large numbers of chemicals 
(Tsuji and Crofton 2012; Paparella et al. 2020). Interpretation 
of in vivo rodent DNT data can be challenging and requires 
expert knowledge of both the functional and morphological 
development of the nervous system (NAFTA 2016). 
Interpretation is also hampered by a number of common 
issues found in study reports, for example: testing conducted 
by insufficiently trained technicians, study reports deficient in 
key methodological information, high data variability, and 
lack of positive and/or historical control data. These issues 
have diminished confidence in the use of in vivo DNT guide
line data to predict hazards to the developing nervous sys
tem (Fritsche et al. 2018; ECHA, 2023; EFSA, 2024).

Over the past two decades, a number of in vitro DNT 
assays have been developed to support regulatory decisions 
(Bal-Price et al. 2018; Fritsche et al. 2018; Sachana et al. 2021; 
Blum et al. 2023). Many of these assays have been incorpo
rated into the OECD’s Developmental Neurotoxicity In Vitro 
Battery (DNT IVB; OECD 2023). The DNT IVB is designed to 
detect xenobiotic exposure-induced changes in critical cell- 
level neurodevelopmental processes that are regulated by 
molecular target-based signaling pathways. Initial recommen
dations for the regulatory use and interpretation of the data 
from the DNT IVB have been recently published (OECD 2023). 
To date, about 120 chemicals have been screened using this 
battery (OECD 2023). However, uncertainties remain as to the 

power of the DNT IVB to predict developmental neurotoxicity 
in vivo (i.e. in humans and/or rodents).

Although human data including epidemiological and clin
ical studies on neurodevelopmental disorders are generally 
considered more relevant for evaluating human applicability, 
in the context of a broader validation strategy for alternative 
testing methods, comparing results obtained from the DNT 
IVB with data from high-quality guideline-based in vivo stud
ies is essential. In this context, EFSA has created a curated 
database with quantitative results and regulatory decisions 
from all the publicly available in vivo guideline DNT studies 
with pesticide active substances, conducted and submitted 
to regulatory authorities (EFSA and USEPA). The aim has 
been to transparently report a valuable set of data that can 
be used to address several relevant scientific questions such 
with as: (1) to provide a basis for the evaluation of the cur
rent DNT-IVB concordance versus the available in vivo DNT 
studies for using DNT Reference Set Compounds; (2) to assess 
a refining in vitro testing strategy (i.e. inclusion, combination 
or deletion of assays); or (3) to assess the quantitative rela
tionship of DNT endpoints versus systemic toxicity endpoints 
(e.g. comparison between decreases in neonatal body weight 
and decreases in brain weight). By addressing these ques
tions, international consensus and common approaches for 
assessing DNT could be achieved (e.g. DNT Tiered and 
Defined Approaches).

To support collection of data, EFSA has developed a data
base template with a structured and harmonized input for
mat incorporating enforced semantics for study methods and 
interpretational conclusions regarding chemical effects. The 
database structure includes a controlled harmonized vocabu
lary of behavioral terms, relevant to in vivo DNT studies. 
Information on the methods, results and regulatory interpre
tations were extracted from publicly available USEPA Office 
of Pesticide Program reviews of guideline based DNT studies. 
Data and interpretation from these reviews, referred to as 
Data Evaluation Records (DERs), have been input in this 
standardized data extraction template to build a computable 
database designed to be consistent with the structure of the 
USEPA’s Toxicity Reference Database version 2.1 (ToxRefDB 
v2.1) (Feshuk et al. 2023).

In this article we provide a detailed description of the 
EFSA DNT template structure and features, as well as a 
description of the semantic vocabulary and data extraction 
methodology. This work represents a significant advance
ment that should foster future analyses by the scientific and 
regulatory community.

Methods and results

Overview of the EFSA in vivo DNT database

The EFSA in vivo DNT database represents a digital resource 
of DNT testing data, retrieved from regulatory reviews for 97 
chemicals and one diet restriction study.

As a source, publicly available Data Evaluation Records 
from the USEPA at the date this project started were used 
(Crofton and Mundy 2024). These included any available sub
sequent re-analysis or subsequently submitted additional 
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data sets. Table 1 lists all chemical names, the year the regu
latory review was conducted, the USEPA DER Master Record 
Identifier (MRID), Toxicology Review (TXR) number (if avail
able), as well as the applied testing study guideline(s). 
Preliminary, range-finding studies that were included in DERs 
were not extracted in the database but are listed in Table 1.

104 DNT studies were extracted in the database. From 
these, 76 studies were performed based on OPPTS.870.6300/ 
OECD 426, 16 were performed based on OPPTS.870.6300 
only, 7 were performed based on OECD 416, OECD 443 or 
OPPTS.870.3800 and 5 were not conducted in accordance 
with any testing guidelines. Following their review by the 
regulatory authority USEPA, these studies were labeled in 
DERs based on their compliance and quality of the data as 
“Acceptable Guideline” (28 studies), “Acceptable non- 
Guideline” (67 studies), “Unacceptable Guideline” (7 studies) 
or “Unacceptable non-Guideline” (2 studies) (Figure 1).

Importantly, designation of a study as “Unacceptable” after 
USEPA review, does not imply that the study should be disre
garded or that its data are not usable. As stated in the pub
lished notice in US Code of Federal Regulations covering this 
issue “any appropriate protocol may be used to generate the 
data required by this part, provided that it meets the purpose 
of the test standards specified in the pesticide assessment 
guidelines and provides data of suitable quality and complete
ness as typified by the protocols cited in the guidelines. 
Applicants should use the test procedure which is most suitable 
for evaluation of the particular ingredient, mixture, or product. 
Accordingly, failure to follow a suggested protocol will not 
invalidate a test if another appropriate methodology is used” 
(40 CFR§ 158.70 (d)(1)). One example that illustrates this is 
the chemical lambda-cyhalothrin. Even though the DER con
cluded that the DNT study was “unacceptable/guideline,” the 
study results were used in the pesticide tolerance notice to 
support a decision concerning the extra safety factor of 10 
for infants and children. Additionally, the term “non-guide
line” does not mean that the guideline was not followed, but 
instead that some aspect of guideline requirements was not 
met. For example, fluazinam was rated as non-guideline due 
to the lack of positive control data, and in the case of cyhalo
thrin the study was rated as non-guideline due to limitations 
in one of the behavioral methods.

The EFSA DNT template structure

The EFSA in vivo DNT template was developed to facilitate 
quantitative data extraction from regulatory reviews of 
in vivo DNT guideline or guideline-like studies. Its structure, 
designed to be consistent with the format of USEPA’s 
ToxRefDB v.2.1 (Feshuk et al. 2023), facilitates input of data in 
a searchable format. For the scope of this project, it was suc
cessfully used for data retrieval from 104 USEPA regulatory 
reviews. Curation and extraction of numerical data included, 
among others detailed information related to the description 
of the observed effects including mean values and standard 
deviations, incidences or % changes in endpoints, and any 
additional specific comments in line with the evaluation per
formed by the regulatory authority.

Four main categories of data are recorded using the tem
plate. These include: (1) information on substance identifica
tion such as the common chemical name, Distributed 
Structure-Searchable Toxicity Substance Identifier (DTXSID) 
and CAS Registry Numbers; (2) the type of regulatory study 
(guideline used, source of the DER, and reference citation to 
the study report), and study methodology (e.g. test species 
and strain, route of administration, number of animals used, 
and exposure doses); (3) information on the endpoints 
assessed including details on the endpoint type, target and 
category), and overall outcome of the observation (sex and 
generation/life stage, lowest-observed effect (LOEL) dose for 
each endpoint, an effect description in free text with the 
effect direction, dose response information, and any add
itional details/comments); and (4) information on the overall 
study outcome including No Observed Adverse Effect Level 
(NOAEL), Lowest Observed Adverse Effect Level (LOAEL) and 
overall study remarks (Figure 2).

DNT in vivo controlled vocabulary

A controlled vocabulary was employed to accomplish accur
ate data extraction and aggregation (spreadsheet 
“Nomenclature” of the EFSA DNT template). All physical and 
developmental landmarks, clinical observations, as well as 
behavioral and neurobiological endpoints have been repre
sented using vocabulary, standardized to better reflect the 
terminology used in regulatory test guidelines and DERs 
(Figure 3).

As there is currently no commonly used vocabulary for 
DNT in vivo studies, a list of terms was compiled from a sub
set of DNT guideline studies that were conducted between 
1991 and 2005. To ensure consistency, terms were also 
checked against current vocabulary bank from ToxRefDB and 
were harmonized toward a controlled vocabulary of behav
ioral terms commonly used in DNT guideline reports 
(Supplementary material 1). Common terms were used that 
could describe all different terms used in DNT study reports. 
A specific example of the different terms identified to 
describe startle latency is presented in Table 2.

Endpoint information, in consistence with ToxRefDB, was 
distinguished into a broader category called “endpoint type” 
(i.e. in life observation, developmental landmarks, sexual 
landmarks, functional observational battery (FOB), motor 
activity, startle, learning and memory, gross pathology, quan
titative neuromorphometrics, cholinesterase) with application 
of a predefined dropdown list. The second step was to label 
the specific observations using a second dropdown list 
named “endpoint target,” that includes more specific obser
vations relevant to each “endpoint type” (e.g. for FOB: auto
nomic parameters, grip strength, behavior, physical 
condition, altered fur/skin). Lastly, “endpoint category” (i.e. 
systemic, neurological, developmental, reproductive, cholin
esterase (ChE) inhibition, or other), was automatically filled 
based on the combination of “endpoint target” and “type.” 
Observed effects were further specified with a relevant “effect 
description” selection from a dropdown list. An example is 
provided in Table 3.
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Table 1. List of chemicals and DERs used for data extraction into the EFSA DNT DB.

Chemical name DER Date DER MRID TXR number Study Guideline

2,4-D 30/11/2010 47972101 0055341 OPPTS 870.3800; 870.6300, 870.7800; OECD 416
6-Propyl-2-thiouracil 20/3/2012 46779204 0054597 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Abamectin 05/01/2010 46727403 0054054 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)

06/01/2010 47116201 0054615 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Acephate 24/01/2006 46151802 0052318 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Acetamiprid 28/02/2008 46255619 0052563 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Acibenzolar-S-methyl 29/05/2009 4604640 0052374 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Aldicarb 27/10/1998 43829601 00562  

(other identifier)
83-6

Amicarbazone 27/07/2005 45441301 0050814 OPPTS 870.6300, OPPTS 83-6; OECD 426
Amitraz 19/06/2018 49994401 0057748 OCSPP No guideline; OECD 443
Azinophos methyl 28/06/2004 45711201 0050916 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Beta-Cyfluthrin 06/10/2008 46054101 0052372 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Bifenthrin 17/08/2006 46750501 0054120 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Boscalid 02/08/2002 45404907 0051613 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)

08/01/2003 45404907 0054796
45800101

07/03/2003 45404907 0051613
45800101

Carbaryl 15/09/1998 44393701 012858 OPPTS 870.6300
12/04/2001 45456701 0050307

45456702
45456703

04/01/2002 45456701 0050368
45456702
45456703

Carbendazim 09/12/2019 49547201 0057117 OECD TG 443 (modified)
Carbofuran 02/12/1996 43378101 011792 83-6
Chlorfenapyr 14/12/2006 46740201 0054098 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)

12/02/2014 0056892
Chlorpyrifos 13/11/1998 44556901 None OPPTS 870.6300, OPPTS 83-6

21/08/1999 44556901 013081
44661001

02/03/2000 44556901 014014
44661001
44787301

Clodinafop-propargyl 25/08/2005 46012925 0052183 OPPTS 870.6300, OPPTS 83-6; OECD 426
46012948

20/09/2006 46012925 0054358
22/08/2007 46012925 054658

46012948
47085301

Clothianidin 15/09/2003 45422804 0050321 OPPTS 870.6300, OPPTS 83-6; OECD 426
14/12/2004 45422804 0050321
06/01/2005 45422804 0050321

Coumaphos 18/08/2005 45912101 0051861 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Cyhalothrin-Lambda 11/07/2007 46449102 0053099 OPPTS 870.6300, OPPTS 83-6

46449101
46526802
46526803
46526804
46526805

Cymoxanil 21/11/2002 45377901 0051349 OPPTS 870.6300, OPPTS 83-6
03/12/2002 45377901 0051348
26/06/2017 45377901 0057514

Cypermethrin-zeta 20/06/2006 46670402 0053857 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
13/3/2008

DEET 18/11/1992 413684-01 009829 Conducted prior to guidelines
Deltamethrin 18/12/2007 46814301 0054481 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Demiditraz 10/10/2012 48766703 0056415 OCSPP 870.6300; OECD 426 (draft)

48766701
Diazinon 19/07/2005 45842601 0052434 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)

46195601
16/04/2008 45842601 0054847

46195601
Dichlorvos 2/8/2005 46153302 0052712 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)

46239801
11/9/2005 46153302 0053832

46239801
Dicrotophos 05/10/2005 46153202 0053278 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Diet restriction 18/06/1998 44064705 00562  

(other identifier)
OPPTS 870.6300, OPPTS 83-6

Dimethoate 27/03/2002 45529703 0050139 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Dinotefuran 28/03/2013 48291601 0055570 OPPTS 870.6300; OECD 426

(continued)
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Table 1. Continued.

Chemical name DER Date DER MRID TXR number Study Guideline
Disulfoton 19/08/2005 45827601 0051561 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Emamectin Benzoate 27/071994 42851508 None 83-6
Endosulfan 15/03/2007 46968301 0054486 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)

28/06/2007 00148264 0054628
47155301

EPTC (S-ethyl dipropylthiocarbamate) 16/08/2005 46319101 0056050, OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
07/07/2011 0052747

Ethoprop (Ethoprophos) 17/04/2007 46364801 0052894 OPPTS 870.6300 OPPTS 83-6; OECD 426 (draft)
46364802

Ethylene thiourea 14/10/2014 49140301 0056983 OCSPP 870.3800, 870.6300; OECD 443
Etofenprox 15/05/2006 45932301 0052279 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)

7/12/2006 0054491
Fenamidone 23/02/2006 46590001 0053629 OPPTS 870.6300, OPPTS 83-6; OECD 426

20/05/2021 0058147
Fenamiphos Undated 46203401 0052413 OPPTS 870.6300; OECD 426
Fenpropathrin 27/08/2005 47345609 0054831 OPPTS 870.6300, OPPTS 83-6; OECD 426
Fipronil 09/061997 44039002 012290 OPPTS 870.6300

29/04/1998 44039002 012642
44501102
44501103

Fluazinam 31/07/2007 46534401 0053421 OPPTS 870.6300
47018301
47037001

Flubendiamide Undated 46817228 0054319 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft))
Fluefenacet 05/10/2005 45232501 0050504 OPPTS 870.6300, OPPTS 83-6; OECD 426

45796117
Flumethrin 03/05/2011 48240232 0055615 OPPTS 870.6300; OECD 426
Flupyradifurone 03/12/2014 48844140 0056910 OPPTS 870.6300; OECD 426
Glufosinate ammonium 24/08/2005 46455701 0053106 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)

02/02/2015 46455701 0057119
49331201
49331202
49331203

14/07/2021 46455701 0058206
28/09/2021 46455701 0058206

Glyphosate trimesium 30/08/2005 45539801 0051116 OPPTS 870.6300, OPPTS 83-6; OECD 426
45539802
45539803

Imidacloprid Undated (ca. 2010) 45537501 00501055 OPPTS 870.6300, OPPTS 83-6; OECD426 (draft)
30/05/2017 0057579

Indaziflam 20/02/2009 47443311 0054980 OPPTS 870.6300, OPPTS 83-6; OECD 426
Indoxacarb 14/12/2006 46749002 0054268 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)

46749003
46125302

Isopropanol 09/01/2013 46895710 Not available OPPTS 870.6300; OECD 426
Isoxaflutole 14/10/2008 45215701 0050815 OPPTS 870.6300, OPPTS 83-6; OECD426 (draft)
Lead nitrate 27/06/2001 45796117 None No EPA review

04/04/2012 46179301a 0054819 OPPTS 870.6300
Lindane 26/07/2000 45073501 014282 OPPTS 870.6300, OPPTS 83-6
Malathion 22/04/2002 45646401 0050550 OPPTS 870.6300, OPPTS 83-6

04/04/2023 45646401 0058491
Mancozeb 01/02/2010 47872902 0055287 OPPTS 870.6300, OPPTS 83-6; OECD426 (draft)

47872901
MCPA.EHE (2-ethyl hexyl ester) 06/07/2010 48060301 0055357 OPPTS 870.6300, OPPTS 83-6; OECD 426

27/09/2018 48060301 None
Mepiquat chloride 08/02/2007 46953501 0054475 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)

46953502
46953503
46953504

Methamidophos 14/02/2006 45666401 0050923 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
07/06/2007 45666401 0054510
11/11/2008 45666401 0050923

0054510
0054922

Methimazole 13/04/2006 45441302 0054595 Positive Control study
01/04/2012 46779203 0054597 No EPA review

Methyl bromide 04/10/2019 46665001 0054629 OPPTS 870.6300, OPPTS 83-6; OECD 426
Methyl parathion 26/09/2005 45630301 0050608 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Methylazoxymethanol 14/02/2012 46210605 0054594 Positive Control study
Molinate 17/09/1998 44079201 012868  

(other identifier)
OPPTS 870.6300, OPPTS 83-6

28/10/1998 01562  
(other identifier)

Naled 31/08/2005 46153102 0052378 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
(continued)
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Table 1. Continued.

Chemical name DER Date DER MRID TXR number Study Guideline
46153101

N-Methylneo-decanamide (MNDA) 03/08/1998 43883913 None OPPTS 870.3800 (§82-7)
25/07/1998 43883914 012987  

(other identifier)
OPPTS: 870.3800; (§83-3), OPPTS 83-6

Penthiopyrad Undated 47614916 0055327 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
47614917

Phorate 21/09/2005 46214401  
(main study)

0052433 OPPTS 870.6300 OPPTS 83-6; OECD 426 (draft)

46214402  
(supplemental study)

p-methane-3,8-diol (Cyclohexanemethanol) 04/02/2005 46342801 Not available Postnatal exposure only
Profenofos 17/11/2004 46025401 0052102 OPPTS 870.6300; OECD 426 (draft)

46025402
19/09/2005 46025401 0052102

46025402
Propineb 30/09/2011 48176416 0056051 OPPTS 870.6300, OPPTS 83-6; OECD 426
Prothioconazole desthio Undated 46246418 0052587 OCSPP 870.6300 OPPTS 83-6; OECD 426 (draft)

13/01/2009 46246418 0054027
47293901

Pymetrozine 13/07/2005 46170301 0052459 OPPTS 870.6300 OPPTS 83-6; OECD 426 (draft)
46170302

Pyrasulfotole 01/15/2008 46801917 0054227 OPPTS 870.6300 OPPTS 83-6; OECD 426 (draft)
Pyridaben 02/10/2015 48811401 0057105 OPPTS 870.6300 OPPTS 83-6; OECD 426 (draft)
Pyroxasulfone (KIH-485) 09/12/2010 47701724 0055216 OPPTS 870.6300; OECD 426

47701723
Spirodiclofen 15/07/2005 46324901 0052758 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)

25/09/2007 47166501 0054354
19/04/2021 46324901 0058155

47166501
16/05/2021 46324901 0058155

47166501
Sulfoxaflor (XDE-208) 08/11/2013 47832133 0055507 OPPTS 870.6300; OECD 426 (draft)
Tebuconazole 21/12/2000 45074301 0052027 OPPT 870.6300; OECD 426

20/11/2006 0054053
18/03/2021 0058164

Tembotrione 24/08/2006 46695725 0054231 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Undated  

(File R157067)
0054231

17/06/2021 0058190
Terbufos 19/10/2005 46214301 0052438 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Tetrachlorvinphos 01/04/2008 46660601 0053833 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Thiacloprid 18/03/2003 45516601 0050517 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Thiamethoxam 24/10/2005 46028202 0052145 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)

46028201
09/03/2007 46028202 0054533

46028201
47034201

Thiram 26/11/2008 46455201 0054983 [OPPTS 870.6300, OPPTS 83-6] OECD 426
47429501

15/01/2009 46455201 0053178
47429501

Unclear date 46455201 0053178
47429501

28/07/2011 46455201 0056040
47429501
48291001

Topramezone 30/08/2005 45902304 0052097 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Transfluthrin Undated (ca. 2017) 50130601 0057699 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Triadimefon 05/03/2009 47377101 0052825 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Triallate 01/02/1999 4471050 013524 OPPTS 870.6300, OPPTS 83-6

21/6/1999 To be assigned 013524  
(other identifier)

Tribufos (DEF) 13/09/2005 45499501 0050231 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Trichlorfon 26/07/2005 46205301 0052426 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Trifludimoxazin 18/03/2020 50406139 0058011 OECD TG 443
Triphenyltin Hydroxide 03/10/2005 46055701 0052163 OPPTS 870.6300, OPPTS 83-6; OECD 426 (draft)
Ziram 01/11/2000 43935801 014277 OPPTS 870.6300, OPPTS 83-6

29/01/2010 47900401 0055297 Not all behavioral endpoints measured
15/09/2020 47900401 0058080 Not all behavioral endpoints measured

Noted: For Cypermethrin-alpha, a DER was not completed since the study was not useful for human health risk assessment. The vehicle used in the study was 
carboxymethylcellulose (CMC) suspension in drinking water, was found to decrease the absorption rate and lessen the potency and toxicity of pyrethroid com
pounds. Concerns regarding studies on pyrethroid compounds that used CMC as a vehicle are also discussed in the published literature and further emphasized 
in a USEPA report released in a July 18, 2007 draft document “assessing approaches for the development of PBPK models for pyrethroid pesticides.” OECD: 
Organization for Economic Co-operation and Development; OPPTS: Office of Pollution Prevention and Toxics
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Data extraction process and outcome

Data entry was performed using a standardized data extrac
tion template developed by EFSA (Supplemental Material 2). 
The description of each column of the EFSA DNT template as 
well as detailed information on the approach that was 

followed during data extraction for the scope of the present 
project is presented in Table 4.

The extraction of information from DERs yielded 6712 
individual data entry records (Supplemental Material 3). A 
common entry was used to capture the specific endpoints 
that were examined in both sexes when no effect was 

Figure 1. Conceptual overview of the EFSA database for in vivo developmental neurotoxicity studies of pesticides.

Figure 2. Assembly of the 4 main categories of data in the EFSA in vivo DNT template. CAS Registry Number: Chemical Abstract Service Registry Number; 
DTXSID: Distributed Structure-Searchable Toxicity Substance Identifier; NOAEL: No Observed Adverse Effect Level; LOAEL: Lowest Observed Adverse Effect 
Level.
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observed in both males and females (3360 entries). If at 
least one sex was affected (or one sex was examined), sep
arate rows were used for males and/or females (3297 
entries). From these 3297 entries, 1871 were extracted for 
female dams, 9 were extracted for male parental animals 
and 1416 were extracted for offspring. A common entry 
was also used for both sexes to capture effects that were 
described only for combined sex (e.g. pup mortality, 51 
entries).

For the data extraction, information was entered manually 
by a toxicologist with previous training on developmental 
neurotoxicity studies and the specific endpoint vocabulary; a 
two-step data entry accuracy check was then performed to 
minimize error rates firstly by a second data extractor- 
reviewer and next by an EFSA group of experts on 
neurotoxicology.

As USEPA DERs were used as a source of information for 
data extraction, the EFSA in vivo DNT database clearly reflects 

their regulatory hazard assessment. In addition, the conclu
sions in DERs have been used for characterization of the 
effects as treatment-related, or not. For effects that were 
deemed treatment related, quantitative dose response data 
for all treatment groups including controls have been 
recorded in a free text format. In the case of more than one 
reviews being conducted, the most recent DER (up to the 
completion of this work) has been used as a source for data 
retrieval.

NOAEL and LOAEL values for the different populations 
(offspring and parental) have been extracted as evaluated in 
DERs. In the majority of reports, the NOAEL and LOAEL values 
were set for the offspring and dams based on a range of 
effects, including those indicative of systemic toxicity. The 
most common effect indicative of developmental neurotox
icity that was used for NOAEL setting in the offspring was 
motor activity changes (alone or in the presence of other 
effects). The following endpoints were also used for NOAEL 
setting, listed in descending order of occurrence: changes in 
brain morphometry, effects in acoustic startle response, 
decreased brain weight, brain ChE inhibition, and effects in 
learning and memory. In 9 DERs, two different NOAEL and 
LOAEL values were reported (one for effects and one for ChE 
inhibition). From these, 4 DERs reported a lower NOAEL for 
neurotoxic effects (brain ChE inhibition) than the NOAEL set 
for systemic effects. However, in some cases, NOAEL systemic 
was set based on effects that could be indicative of neuro
toxicity (e.g. brain morphometric changes). For each endpoint 
demonstrating changes, quantitative data have been 
extracted in free text as effect description,allowing an inde
pendent analysis by the reader on an endpoint-specific basis.

Conclusions and future perspectives

The outcome of the current project is the DNT in vivo data
base that comprises 6,712 individual entries and includes 
details on methods, results, and regulatory conclusions for 
104 DNT studies, conducted for 97 chemicals and one diet 
restriction study. To achieve the goal, data were collected 
and organized to reflect measurable endpoints and to pro
vide empirical support using a well-structured in vivo DNT 
template, designed to facilitate the extraction and consult
ation of relevant DNT in vivo data. Transparency was a central 
objective of this work, with all information extracted exclu
sively from publicly available USEPA reviews.

Significant effort has been dedicated for the evaluation of 
the sensitivity and specificity for outputs from different data
bases in the DNT IVB (Brown et al. 2016; Masjosthusmann 
et al. 2020; Blum et al. 2023; Harrill et al. 2018; Frank et al. 
2018). These were primarily based on expert opinion-derived 
lists of reference chemicals, drawn from peer-reviewed publi
cations, aiming to represent true developmental neurotoxi
cants (Mundy et al. 2015; Aschner et al. 2017; Martin et al. 
2022). Such comparisons are critical to increasing confidence 
in the use of New Approach Methodology (NAM)-based data 
for regulatory purposes. To date, no comparison of the out
put of the DNT IVB against a curated database of regulatory 
DNT studies has been conducted. The key output of the 

Figure 3. Basic vocabulary categories used in EFSA DNT database.

Table 2. Common terms and terms used in DNT study reports.

Common term Terms used in studies

Startle latency Startle latency
Latency to maximum response
Latency to peak
Latency to peak of the response
Latency to peak response
Mean time to maximum amplitude
Latency to the peak
Peak latency
Reflex latency
Response duration
Time to maximum response
Time to maximum startle
Time to peak amplitude
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Table 3. Endpoint characterization for FOB measurements in the EFSA DNT DB.

Endpoint

Effect description (list)Type Target Category

FOB Autonomic Neurological Body temperature Piloerection Salivation
Defecation Ptosis Urination
Exophthalmos Pupil size pupil function Other
Lacrimation Respiration

Grip Strength Forelimb force Hindlimb force
Behavior Abnormal Coordination Reactivity

Activity Ear flick Righting reflex
Activity rears Excitability Stereotypies repetitive
Analgesic reflex Gait posture Tremors
Arousal Grooming Vocalization
Clonic-tonic convulsions Muscle tone

Physical Condition Systemic Description
Altered Fur Skin

Table 4. Description of each column of the EFSA in vivo DNT template and information on data extraction approach followed.

Column Name Type of column Column Description Details on data extraction

Chemical name Free text Test substance name Common name of the chemical was entered.
DTXSID External link Distributed Structure-Searchable Toxicity 

Substance Identifier
Distributed Structure-Searchable Toxicity 

Substance Identifier with link to USEPA’s 
CompTox Chemicals Dashboard was 
entered.

CAS Free text Chemical Abstracts Service (CAS) AS 
number

CAS number as stated in DER was extracted.

Type of toxicity Free text Type of toxicity study Mammals was entered.
Study principle Free text Type of protocol used for the toxicity 

study
Developmental neurotoxicity study, Extended 

one generation study etc was entered.
Study reference ID Free text Identification code related to the source Study MRID was extracted.
Study guideline (OECD/USEPA) 

or remarks
Free text Test Guideline applied OPPTS 870.6300, OECD TG 426, OECD TG 443 

etc. were entered.
Source Free text Source of data DER.
Reference (citation) Free text Reference of the study report Study report as stated in DER was extracted.
Reporting date Free text Date of regulatory review DER date was entered.
Species Free text Species used Rat was entered.
Strain or in vitro model Free text The specific strain of the species used Rat specific strain used in study was entered.
Animals/sex/group Free text Number of animals The number of animals used for each dose 

group was extracted.
Sex (administration) Drop down list Sex of animals that were dosed. The sex of the parental generation that were 

dosed was selected. 
If administration of pups was continued by 
gavage, the sex of pups was also extracted.

Purity (%) Free text Purity of active ingredient Purity of chemical used was extracted.
Route of administration Drop down list Route of exposure Feed, gavage etc. was selected.
Vehicle/Volume Free text Vehicle used/Volume When relevant, the volume was also stated 

(e.g. sesame oil/10 ml/kg bw).
Doses tested GD/LD Free text Listing of individual dose levels (DL) 

administered during the gestation 
days (GD) and lactation days (LD)

Listing of all the individual dose levels during 
gestation and lactation reported as GD/LD 
e.g. 0, 1.1/2.4, 1.5/3.7, 3/6. If the dose 
levels were similar during the gestation and 
lactation days, only one dose level was 
reported (e.g. 0, 1.1, 1.5, 3).

Lowest dose tested Free text The lowest dose administered within 
the study (excluding the 0 exposure)

The lowest dose administered reported as 
lowest dose GD/lowest dose LD was 
extracted.

Highest dose tested Free text The highest dose administered within 
the study, reported

The highest dose administered reported as 
highest dose GD/highest dose LD was 
extracted.

Dose unit Drop down list The unit for the dose Unit of dose administered in mg/kg bw/day 
for oral studies and ppm for one inhalation 
study was selected.

Duration of exposure Free text The starting day of the dosing period 
and the ending day of exposure

The starting and ending of exposure in days 
(e.g. GD7-LD22). In studies where F1 
generation animals during were directly 
dosed during lactation, the days of 
exposure were also reported (e.g. PND7- 
PND21).

Duration unit Drop down list Unit of exposure duration Days was selected.
Generation/Life stage Drop down list Generation or life stage in which an 

effect of treatment is reported
Parental (P) or offspring (F1) was selected.

Sex (effect dose) Drop down list The sex for which the observed effect is 
reported.

The sex related to the observed effect was 
selected. If the effect was reported in both 

(continued)
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Table 4. Continued.

Column Name Type of column Column Description Details on data extraction
sexes or only one sex was affected, then 
the sexes were reported separately in two 
individual rows; If no effect was observed 
in both sexes, then both sexes (Mþ F) were 
reported in one row.

Lowest Observed Effect Level 
(LOEL) for endpoint

Free text The dose related to the effect observed 
is reported

The dose of the observed effect was reported. 
When no effects were observed at any dose 
level, N/A (Not Applicable) was reported.

ENDPOINT TYPE Drop down list Endpoint type The endpoint type (developmental landmarks, 
morphometry etc) was selected (please find 
the endpoint types in the spreadsheet 
“Nomenclature” of the template).

ENDPOINT TARGET Drop down list Effect observed The specific effect observed was selected 
(please find the endpoint targets related to 
each endpoint type in the spreadsheet 
“Nomenclature” of the template).

ENDPOINT CATEGORY Formula Endpoint category is automatically filled The endpoint category (systemic, neurological 
etc) was automatically filled (please find the 
endpoint categories related to each 
endpoint type and target in the 
spreadsheet “Nomenclature” of the 
template).

EFFECT DESCRIPTION Drop down list More detailed description of the effect A more detailed description for the effect 
observed was selected (please find the list 
of terms in the spreadsheet “Nomenclature” 
of the template).

Effect description free text Free text Details on type of measurement in free 
text:

1. Measurement type if not reported 
in the drop-down list 

2. Statistical significance, or not, of 
the effect 

3. Effect direction as % control 
4. Any relevant statement reported 

in DER

Type of measurement was reported as 
“statistically significant, effect direction of 
… % (00 ± 00 vs the control 00 ± 00) on 
GD/LD at relevant dose.” Information on 
HCD were also captured if available in DER.

Test Age(s) (time point) Free text Determination time point Timepoint of measurement (e.g. GD6, LD10) 
was captured.

Effect direction Drop down list Input on the observed effect direction Increase, Decrease, Change, No effect, or Not 
statistically significant, at the doses tested 
was selected.

Treatment related Free text Input on whether the effect is treatment 
related (1) or not (0)

Input on whether there was a conclusion in 
the regulatory review for a treatment 
induced effect was captured (0¼No; 
1¼ Yes; N/C¼Not Concluded). N/A¼Not 
Applicable was captured in the case of no 
observed effect.

Comments Free text Any comments relevant to any reported 
effects

Any comments relevant to any reported 
effects provided in the DER were captured.

NOAEL of the study Free text Overall NOAEL value of the study NOAEL value of the study (maternal or 
offspring) was captured exactly as reported 
in DER. If more than one NOAEL values 
were reported (e.g. systemic and 
cholinesterase inhibition) both were 
extracted.

LOAEL of the study Free text Overall LOAEL value of the study LOAEL value of the study (maternal or 
offspring) was captured exactly as reported 
in DER. If more than one NOAEL values 
were reported (e.g. systemic and 
cholinesterase inhibition) both were 
extracted.

Unit Drop down list The unit of study NOAEL /LOAEL Unit of NOAEL/LOAEL in mg/kg bw/day for 
oral studies and ppm for one inhalation 
study was selected.

Endpoint generation Drop down list The generation related to the study 
NOAEL /LOAEL

The generation (maternal of offspring) related 
to the study NOAEL /LOAEL was selected.

Effect indicative of Free text The effect(s) for which the study 
NOAEL/LOAEL are based on

The effect(s) for which the study NOAEL/ 
LOAEL are based on in line with DER were 
extracted.

Additional remarks on the 
overall study

Free text Additional information on study Information on study acceptability and any 
deviations from the study guidelines were 
extracted.
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current project, compiling study-specific high-quality in vivo 
data for 104 guideline or guideline-like DNT studies will be 
invaluable for the comparison with outputs from NAM assays 
such as the DNT IVB.

This work is expected to promote additional attempts at 
building transparent and publicly accessible databases of the 
in vivo DNT effects of chemicals. Curated databases of in vivo 
studies for endocrine activity from Hersberger and 
Uterotrophic assays (Browne et al. 2018) have revealed the 
predictive power of the NAM-based assays when compared 
(or contrasted) with in vitro studies (Judson et al. 2015; 
Kleinstreuer et al. 2018). These efforts have led to the devel
opment of computational predictive models (Browne et al. 
2015; Mansouri et al. 2016, 2020) that regulatory agencies 
around the world use in hazard determinations. This current 
project provides data for a similar comparison between a 
curated database of in vivo DNT to data from DNT IVB. While 
limited to 97 chemicals, the current database should be 
acknowledged as an initial step that should be updated as 
additional resources and study reviews become available.

EFSA DNT in vivo database was designed to be consistent 
with the existing framework of the USEPA ToxRefDB v2.1 
(Feshuk et al. 2023) which is also compiling data from agency 
reviews and guideline DNT studies. Collaborative efforts 
between USEPA and EFSA aim to ensure consistency and 
compatibility between these ongoing projects. EFSA’s inten
tion to join efforts with ToxRefDB, aims to prevent unneces
sary use of resources or duplication of work. The current 
effort, together with the ToxRefDB program ongoing activ
ities, provides an important source of high-quality detailed 
information from in vivo regulatory guideline DNT studies, 
suitable for retrospective analysis and evaluation of sensitivity 
and specificity of the DNT IVB.

The current work represents the best available quantita
tive database of in vivo regulatory DNT studies and data 
interpretation that can be used to address a number of rele
vant scientific and regulatory questions such as in vitro DNT 
assay development or evaluation or independent analysis of 
the data. Currently, it is being used for qualitative and quan
titative DNT in vivo-in vitro concordance analysis. 
International consensus and common approaches for assess
ing DNT could be developed, ultimately contributing to the 
establishment of internationally agreed tiered and well- 
defined approaches for the efficient evaluation of a large 
amount of chemicals, in line with the state of the science. In 
vivo DNT regulatory studies represent an important source of 
high-quality detailed information, suitable for retrospective 
analysis and evaluation of the in vitro battery. They also pro
vide information that can be used to identify data gaps that 
could drive the development or the refinement of methods/ 
test batteries to support the assessment (e.g. considering sex 
differences if relevant in vivo). In addition, the transparently 
shared in vivo data will support focused testing driven by 
problem formulation to accelerate the use of DNT in vitro 
test methods. It is anticipated that a future and larger cura
ted in vivo database will allow investigations of potential 
inconsistencies and biological gaps between the in vivo and 
in vitro data methods and assist in mapping the uncertainties 
and methodological inconsistencies. This work is another 

step forward toward the improvement of the regulatory 
decision-making processes for DNT, addressing a scientific 
and societal need in a time- and cost-effective manner.
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