
1

2 Commentary

4 Mind the gap: Concerns using endpoints from endocrine screening
5 assays in risk assessment

6

7

8 James R. Wheeler a,⇑
Q1 , Lennart Weltje b, Richard M. Green a

9 a Syngenta Ltd, Product Safety, Jealott’s Hill International Research Centre, Bracknell, Berkshire RG42 6EY, UK
10 b BASF SE, Crop Protection – Ecotoxicology, Speyerer-Strasse 2, D-67117 Limburgerhof, Germany

11
12

1 4
a r t i c l e i n f o

15 Article history:
16 Received 24 April 2014
17 Available online xxxx

18 Keywords:
19 Endocrine
20 Screening
21 Risk assessment
22 Human
23 Environmental
24

2 5
a b s t r a c t

26Endocrine screening assays not only provide mechanistic information on the potential of a substance to
27interact with the endocrine system, but also data potentially relevant for risk assessment. However, these
28screening assays have a number of limitations that should be considered before the direct use of such data
29for risk assessment purposes. This paper discusses the limitations that should be considered for both human
30and environmental risk assessment. A proposal is made to provide an objective and transparent process in
31order to consider which endpoint(s) might be incorporated into a risk assessment, and when more
32definitive studies may be of value. The proposal is complemented with an easy-to-follow flowchart to
33aid industry scientists and regulators when evaluating the relevance of these data. Such an approach is
34necessary to ensure the appropriate use of screening data to further our understanding of the ecotoxicolog
35ical profile of substances undergoing screening.
36� 2014 Published by Elsevier Inc.
37
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39

40 1. Introduction

41 The Organization for Economic Co-operation and Development
42 (OECD) and United States Environmental Protection Agency (US-
43 EPA) have both developed a suite of screening assays for use in
44 endocrine screening programmes of chemicals. Examples of such
45 programmes are US-EPA’s Endocrine Disruptor Screening
46 Programme1 and Japan’s ExTEND programme.2 These assays may
47 also be required under different European regulations (COM, 1999)
48 following concerns raised by the evaluation of a substance. The pri-
49 mary purpose of these screening assays is to establish if a substance
50 has the potential to interact with the endocrine system. Currently
51 this covers interactions with oestrogen and androgen pathways
52 and the hypothalamic-pituitary-gonadal (HPG) and hypothalamic-
53 pituitary-thyroid (HPT) axes. An evaluation of the screening assays
54 outcomes alongside other relevant information is then used to trig-
55 ger appropriate higher tier or definitive tests to confirm whether the
56 identified endocrine activity leads to an adverse effect in an intact
57 organism (Bars et al., 2011, 2012). These higher tier tests are used
58 for regulatory action according to region and substance specific
59 legislation. This may be a scientific risk assessment (e.g. in the US

60and Japan) or a hazard based restriction, without risk assessment,
61in the European Union (Wheeler et al., 2012).
62Despite the original purpose of the in vivo mammalian, fish
63and amphibian screening assays in current regulatory pro-
64grammes as described above, there has also been interest in using
65certain data from these assays for risk assessment (Dang et al.,
662011; US-EPA, 2013a). In principle, the use of relevant data from
67screening assays is an interesting proposition, making use of all
68the available information on a specific substance for human and
69environmental risk assessment. This is particularly important in
70the ecotoxicology area, where the endocrine screens provide
71information on endpoints (e.g. fish reproduction) and a taxon
72(amphibia) not routinely required for the evaluation of sub-
73stances. Nevertheless, the limitations of the assays concomitant
74with their primary purpose, screening for endocrine activity,
75should be carefully considered when interpreting whether the
76data are relevant for risk assessment. This paper highlights some
77key limitations of using these screening assays for risk assess-
78ment purposes for both the toxicological and ecotoxicological
79areas. It also makes a proposal on how these data can be
80effectively integrated into an assessment.

812. Toxicology

82The Hershberger (OCSPP, 2009c; OECD, 2009a), uterotrophic
83(OECD, 2007; OCSPP, 2009f) and male and female pubertal assays
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84 (OCSPP, 2009e,d) are the primary assays with regulatory guidelines
85 that use mammalian species explicitly for endocrine screening.
86 These assays are described briefly in Table 1.

87 2.1. Intact status of the test animals

88 The Hershberger and uterotrophic assays commonly use gona-
89 dectomised rodents in order to produce exquisitely sensitive
90 model organisms for evaluation of (anti)androgenicity and oestr-
91 ogenicity, respectively. These animal models cannot be considered
92 physiologically-relevant owing to the lack of a functional hypotha-
93 lamic-pituitary-gonadal (HPG) axis. The lack of physiological rele-
94 vance of these models is recognised in the most widely accepted
95 definition of an endocrine disruptor, which states that an adverse
96 effect must be observed in an intact organism in order to be con-
97 sidered truly relevant (IPCS, 2002). Hence, results of the Hershber-
98 ger and uterotrophic assays using surgically modified animals can
99 only be used to help investigate potential mechanisms as part of a

100 broader investigation and should not be used in risk assessment.

101 2.2. Single time point assessments of hormones

102 The male and female pubertal assays both require that thyroid
103 stimulating hormone (TSH) and thyroxine (T4) be measured at ter-
104 mination. In addition, testosterone measurements are also
105 required in the male pubertal assay. Although the relevant guide-
106 lines make some effort to control for the high level of intrinsic var-
107 iability of these hormones, a single time point assessment is
108 insufficient to reliably assess effects on these parameters, making
109 them unsuitable for use in risk assessment, as highlighted in Box 1.

111Box. 1. Pubertal assays summarising the issues around hor-
112mone measurements.
113Test Guideline Requirements
114The male and female pubertal assays both require that
115thyroid stimulating hormone (TSH) and thyroxine (T4) be
116measured at termination. In addition, testosterone measure-
117ments are also required in the male pubertal assay.
118Significant Issues
119Hormone levels demonstrate a high level of variability,
120both between individuals but also the same individual at dif-
121ferent times of the day, as well as being sensitive to other fac-
122tors, such as when the animal last ate. Such factors mean that
123when measured in toxicology studies, these endpoints can
124show extremely high variability. Examples of the extreme
125variability in these endpoints are exemplified in the guideline
126for the male pubertal assay, which specifies control ranges
127for Sprague Dawley rats of 4.212–24.112 ng/mL and 0.260–
1283.960 ng/mL for TSH and testosterone, respectively, with
129coefficients of variation of 34.04% and 58.82%, respectively.
130Conclusions
131Owing to their extreme variability, apparent effects on
132hormone levels should not be used as endpoints for risk
133assessment, particularly in the absence of any correlating
134functional effect. Although the reliability of hormonal mea-
135surements would be increased greatly by sampling multiple
136times over the course of the study, the relatively high vol-
137umes of blood required for hormonal analyses and the addi-
138tional stress involved in taking these this samples preclude
139this approach from being taken in these studies, which use
140potentially sensitive juvenile animals, as well as assessing a
141number of parameters which are known to be significantly
142affected by stress, including the hormone levels themselves.
143

144

Table 1
Summary of the mammalian endocrine screening assays.

Mammalian screens

Study type Hershberger assay Uterotrophic assay Male pubertal assay Female pubertal assay

Relevant
regulatory
guidelines

OECD 441, OCSPP 890.1400 OECD 440, OCSPP
890.1600

OCSPP 890.1500 OCSPP 890.1450

No. treatments 2 for androgenicity
3 for anti-androgenicity

2 2 2

Recommended
spacing
factor

�3 (0.5 log) �3 (0.5 log) 2 2

Animals/
replicate

6
orchidoepididymectomised
male rats

6 ovariectomised/
immature female rats

15 prepubertal male rats 15 prepubertal female rats

Mandatory
endpoints

Mortality, clinical signs,
body weight, food
consumption, weights of 5
androgen-dependent organs

Mortality, clinical
signs, body weight,
food consumption, wet
and blotted uterus
weights

Mortality, clinical signs, body weight, food
consumption, age and body weight at
preputial separation, seminal
vesicle + coagulating glands weight, ventral
and dorsolateral prostate weights, levitator
ani/bulbocavernosus muscle complex
weight, epididymides weights and
histology, testes weights and histology,
thyroid weight and histology, liver weight,
kidney (paired) weight and histology,
pituitary weight, adrenal (paired) weight),
serum testosterone, T4 and TSH, clinical
chemistry panel including creatinine and
blood urea nitrogen

Mortality, clinical signs, body weight, food
consumption, age and body weight at
vaginal opening, uterus weight and
histology, ovary (paired) weight and
histology, thyroid weight and histology,
liver weight, kidney (paired) weight and
histology, serum T4 and TSH, assessment of
oestrus cyclicity, clinical chemistry panel
including creatinine and blood urea
nitrogen

Optional
endpoints

Liver weight, kidney (paired)
weight, adrenal (paired)
weight, serum testosterone,
serum luteinizing hormone

Histopathological
evaluation of uterus
and vagina

None specified None specified
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