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Abstract

‘The current version of the proposed US EPA Endocrine Disruptor Screening Program is
organized in two tiered batteries of tests. The first tier consists of in vivo and in vitro
screens intended to identify chemicals capable of interacting with the estrogen, androgen
and thyroid endocrine systems; and the second tier consists of animal-intensive
developmental and reproductive screens in several species. An undefined set of positive
results in the Tier 1 battery will trigger Tier 2 testing. The proposed screening battery has
been criticized for its cost, the low specificity of some of the animal assays, and the large
numbers of animals consumed per chemical. Using highly conservative estimates, the
Tier 1 battery will use a minimum of 518 - 536 animals and cost between $324,000 to more
than $938,000 per chemical. We present an alternative, integrated testing strategy that
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potential of chemicals. The
preliminary tier mcludee phy:xcal and chemical data, existing toxicological data, and in
vitro and (Q)SAR methods that are either validated or nearly validated. The results of this
alternative Tier 1 can be used in a weight-of-evidence approach to 1) identify priority

A more effective approach

Recognizing the need for a faster, more accurate
screening battery, we propose an alternative tiered
strategy. The preliminary tier includes physical and
chemical data, existing toxicological data, and in vitro and
(Q)SAR methods that are either validated or nearly
validated. The results of this alternative Tier 1 can be
used in a weight-of-evidence approach to 1) identify
priority chemicals and 2) design an intelligent, chemical-
specific strategy for further screening or testing. Such a
strategy would greatly reduce the use of animal testing
for identification and classification of ~endocrine
disrupting chemicals.
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chemicals and 2) design an intelligent, chemical-specific strategy for further screening or e An additional benefit of thi: h is that it I
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2, while maintaining a high level of sensitivity for identification and classification of Testing (IT) Strategy to the EDSP modeling and the much broader range of in vitro

endocrine disrupting chemicals.

IT strategies are based on prioritization, screening, and
\. J targeted testing, using multiple tools and existing data
in a stepwise and iterative process. Prioritization
narrows the field to chemicals of concern, multi-
faceted tools screen for potential hazards, and a

mechanistic assays in development (Table 4). Such an

Read-across approach would be more logical, efficient, economical,

use fewer animals (Diagram) and be in keeping with the

NRC's “Toxicity Testing in the 21 Century”lll and EPA’s
2009 Strategic Plan.2!

3\ weight-of-evidence approach, including exposure, 1] Comitee on Toxicty T e

Introduction Grouping of chemicas and “readhacross’ behween Exposure/ T ) er s

related chemicals, is then applied to determine which, « (2] Environmental Protection Agency. 1uw The US. Environmental Protection Agency's
The Endocrine Disruptor Screening Program (EDSP) was created through a revision to if any, further targeted iePs‘t’ir\g is required for risk 3. MECHANISTIC IN Expected use G 'w”w;‘v;::::; “,"?;ﬁlﬁf‘“;; et b
the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) in 1998 that required the assessment. Unlike the current EDSP tiered system, VIVO SCREENS i wwoe o vy etng doconiest iy D0 Pl (ocomsed 19
EPA to propose an assay or battery of assays that have been shown to reliably this approach i consistent with recent American/l g, 20
characterize the risks posed by estrogenic chemicals to human health. The agency has. European,”l and International | proposals for the J
expanded that mandate to include chemicals that affect the androgen and thyroid (T A C G RaE rs \q
systems in humans and other animals. ADME information
‘The EPA has devised a two-tiered screening program: Tier 1 screening assays (the Tier 1 “:t‘:?.,tiy’?ﬂ ;];ﬂ e
Battery) are intended to “identify aubstances that have the potential B meract with the oy o v 3 S A 4. TARGETED = Cost of the Current Tier 1, in
EAT [estrogen/androgen/thyroid] hormonal systems...” and the results would then be 5 TESTING 4
used to trigger Tier 2 testing (the Tier 2 Battery, proposed to consist mainly of N )

reproductive and developmental toxicity studies) which is intended to characterize the
potential risks of those substances. The constituent assays of the proposed Tier 1 battery
have differed slightly over the past few years, however, based on a June 2009 update, the

animals and USD
\q Hazard Assessment For the initial phase of the EDSP, every

chemical that receives a Data Call-In notice

current battery consist offive in vifr assays and seven in oo assays (Table 1. - N R T e el
EPA has submitted its final Information Collection Request (ICR) to the Office of Table 1: EPA Proposed EDSP Assays battery. The currently proposed Tier 1 battery
Management and Budget for Phase I of the EDSP. OMB must review EPA's cost/benefit 4 K . ) would use a minimum of 578 - 596 animals
analysis and approve the issuance of Data Call-In (DCI) requests.l EPA plans to issue Tier1 Validation Stabus as of June 2009 Table 3: Cost Estimates for the Proposed Tier 1 Assays and cost between $439,475 to more than
DClIs for information covering the entire Tier 1 Battery for 58 pesticide active ingredients - $91,044,233 USD per chemical (conservatively
and 9 High Production Volume (HPV) pesticide inert chemicals/?! sluiiso; ‘Assays as of June 2009 EPA ICR 2009 Other Estimates High |  Low estimated with no range-finding or repeat
Iy o OB for Revien and ER binding EPA validation, peer review April 2009 T vitror el O e e ey experiments; Tables 2 and 3). Phase I of the
T S5 s s U 0 Exsu: D S g FOSTETA R ERTA OECD Draft TG 455 EDSP s thereore likely use over. 40/
No. 224501, OMB Conlrol No2070-New. EPA-HQ-OPPT-2007-1081 ER binding 9539 6677 1,000 -7,000 1,000 9,539 animals _and to cost anywhere from
(2] 74 FR 17579, April 15, 2009; EPA Final List of Initial Rrei Ingredients and Pesticide Inert Ingredients to. AR binding EPA validation, peer review December 2007 ERITA ) BT BT 9,539 $29,444,835 to in excess of $69,936,611.
e Steroidogenesis: H295R EPA validation, peer review June 2008 L el e = L ed ;
\ Y, T T s ERao o ] The costs listed in Table 3 are estimates for
Aromatase EPA validation, peer review January 2008 ] - - e £ s solely for the conduct of the assays, and do
Tt vivo: H295R 15,657 10,960 22,200 - 36,300° 15,675 36,300 not include other associated costs, such as.
Aromatase 24,881 17467 | 37,600-61400° | 24881 61,400 paper work, management, technical and
4 N ieroiroping QEEDITGD o clerical costs, which could add another 100 -
5 5 Hershberger OECD Draft TG 441 d 300% to the cost estimates listed (for
Peer review results for several of the Tier 1 assays were i
N 1 v Pubertal female EPA validation, peer review November 2007 iEroipig 5178 D || S || A 4700 estimates of these costs, see Table 3, 3"
equivocal T EPA validation, peer review November 2007 Hershberger 33,740 23618 | 52400855000 | 33,740 85,500 2:;:;;-:; thl:‘azcgig " aZ:;BTZ;?cmo?;; wm
Several of the Tier 1 assays have not been shown to be reproducible or sufficiently specific “Amphibian EPA validation, peer review December 2007 Eubertalfemlel 56,966 Siy || W -o || G L7550 [presented in their March 10, 2008 Comments
to adequately identify chemicals that are capable of interacting with estrogen, androgen or A e || e, e g Pubertal male 66915 46841 | 107,700-175700° | 66915 175,700 on EPA’s Information Collection Request
thyroid hormone receptors or systems. For example, of the in vivo tests to be used in the i . ‘mohibian 28,000 33,600 89,000 - 105,000° 48,000 105,000 (“the ICR”) developed for the Agency’s
EDSP Tier 1, the Uterotrophic assay has been accepted for international use by the OECD Adult male 15-day EPA validation, peer review October 2007 o Endocrine Disruptor Screening Program;
(Test Guideline 440)l1, in spite of persistent and unresolved concerns regarding the o 84,424 59,097 76,000—97,000° 76,000 97,000 Draft Policies and Procedures for Initial
variability of the assay and the validation procedure. In fact, both the European Centre for Tier2 Screening, 72 Fed. Reg. 70861 (December 13,
the Validation of Alternative Methods (ECVAM) and the US Interagency Coordinating e il Adult male 15-day. 67,900 165,000-212,000° | 67,900 212,000 2007)] take into account some of these extra
Committce for the Validation of Alternative Methods (ICCVAM) have issued statements - i ST oHl = oFa0) oHa0) costs,  APT determined that the EPA
refuting the validation status of this method 211 Fish 2-generation Estimated December 2010 yt =L Z z - - actual costs by between 1.9-
Amphibian Estimated December 2010 -
The Hershberger, Amphibian Metamorphosis and Short-term (21-day) Fish Reproduction Gmithmewodumon | SR &P || EED Z::n f‘"l {\ilrd('c Sfﬂcc;";::i;z e
Assays are currently being evaluated by the OECD. Review of both of these assays has - AT Ay s Sl A it o O e gt e Distriboiors Aesociation, presented at the AIC
been complicated by concerns regarding the sensitivity and reproducibility of endpoints. Eivian2, generation Eistina tedIDeceTben a0 1 i Armual Confesence, Sam Antonic, Tx, May 6 -
For this reason the fish reproduction assay had been divided into two protocols, one Mammalian 2 generation __| OECD TG 416 v §2008) g g v
containing fecundity and gonadal histopathology for use in the US, and another without e i i i i
these endpoints as mandatory for use elsewhere. Final acceptance of revised test = d Lo S It is important to note here, that over time,
e s  he st of i e | R i, s 107 o 1 o o e 5 R B T ] Qo] ol ity O
Setlment Agreément in NRDC ot a. . Whitman, No. C99-05701 WHA (N.D. Cal. 17 e 2009 or scale, in vitro methods are likely to become
EPA performed its own peer reviews of seven additional assays (the male and female \ ) — ‘much cheaper.
pubertal, adult male 15-day, fish short-term amphibian and \ J \ J
the androgen receptor binding and aromatase asssys) SLSISITLIBIINI The Peer Review

Reports for the animal assays were generally equivocal regarding the validation status.
Nevertheless, EPA has claimed that these peer reviews constitute validation, irrespective of
the substantive criticisms mentioned in the reviews. Similarly, the EPA’s Meeting Minutes

Table 2: Animals used in the Proposed Tier 1 Assays

of the FIFRA SAP of March 25-26 that were released on June 11, 2008, concludes that the Addltlonal
assays comprising the Tier 1 battery are valid and adequate for screening, in spite of " - - - - -
numerous public comments and the SAP's own arguments to the contrary. icall hor A June 2009 Animals used per chemical | Species Theoretical Mechanism
there was much concen voicd by regarding th specfciy and reproductilty of the SToamd approach Trvitro:
pubertal, amphibian is, and fish short-term ssay L) ;
ER binding Rat cytosol Estrogen agonists, antagonists
bl Mo e e o ostogeni propertes idline,sdopted © PrmTEm ERTA ‘Human ERa Estrogen agonists
erical Tetng esiog R Secion \ ”
o © P‘fy"fﬂcm“f‘fal' da“’{ . ‘AR binding Rat cytosol ‘Androgen agonists, antagonists
b Febraay 207 i ccam.ye indexhin). xi i
e G 3 > oting S il date i H295R ‘Human Steroid synthesis (estrogen and testosteror
Febraney, 200 DdoesUerlroph/ICCYAM_UB_Lic Smishekged 0 QSAR modeling o ‘Human i )
:x::dm::’}«w;j 1 (i (ol T (e s i et b Vo VR, e — W Invivo:
P pag t male peer review final.pdf weeks to perform —
cecd March 14,2009) - Uterotrophic 18 Rat, mouse Estrogen agonists, antagonists
e Peer Review Reportofth fish short-term reproducton © Requires enormous quantities
il epa govindolpubslihasay poee. teview 013008 accessed March 14, 2005) of chemical 18-36 Rat, mouse Androgen agonists, antagonists
i Koot it
121007 accessed March 14, 2008) o Inconsistent with international [E— = o L N AR

axis,

7, accessed Mardl
o il oo cevie, U208 s

protocols, i.e.:
© human recombinant AR and ER

ey il Androgen agonists, antagonists, testosterone.

Pubertal male 45 e synthesis; HPG, HPT axes

s
wiwwy.epa, goviscipolylsaplmeetings2008/marchy e “‘, June 12005 EEA Characteristics that are not Amphibian 220) Xencpus Lieut s
) anmenls su%mnea»y Peaple. ’ul &mmm frEer e Crop Life America, the American suitable for a screen of Fish short-term reproduction ” fathead minno Estrogen and androgen agomsls and antagonists,
emisny Counil DA O tens of thousands of chemicals produ ™ | steroid synthesis, HPG, HPT a
- wciveness
EPA-HQOPPT- Adult male 15-day @ - Androgen agonists, antagonists, testosterone

synthesis; HPG, HPT axes
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Table

The Tier 1 Battery has not been validated n vitro/silico methods under development

e performance of the Tier 1 Battery as a whole has not been assessed. Evaluation of the
individual assays did not include a standard reference set of chemicals. For several of the QSAR/Expert Systems Several expert system: QSAR for estrogen- and androgen-binding are being developed throughout the world 343 One such system was recently subjected
assays, no chemical was negative for all endpoints, suggesting that these assays may have to expert review licati the OECD lid: QSARs”*

extremely low specificity; at any rate the specificity could not be determined. EPA’s Scientific OECD activities

Advisory Panel itself concludes: “Given an initial evaluation of the preliminary data (from R TR e T30 = T
the Tier 1 assays) there may be a tendency towards positives. This may be due to the fact that e rERo (2 cifferent protocols) - e
A Rt el s e G A e T SRy i o G o ER ipti tivati 4 methods under using human ERG, and one using ERB | in validation studies Estrogen agonist, antagonist
screen is too sensitive, or perhaps the battery lacks specificity.”'l The SAP makes a similar AR binding Rat rAR (binding domain is identical to human AR) Prevalidation under ReProTect (EC) Androgen agonist. antagonist
statement regarding the assessment of thyroid effects: “However, it is not currently possible — — " - - 7

G o T T AR e e o AT oot AR activation | 4 methods under ing human AR Two methods nearing completion of validation studies; the | Androgen agonist, antagonist
false-negative rates is part of validation, and this is clearly missing from several of the assay otfiestovalidationaring o

assessments. Thyroid hormone (TH) binding | hrTH Prevalidation studies in Japan Thyroid hormone agonist
EPA’s Information Collection Request states that “(cJhemicals that go through Tier 1 TH transcriptional activation Under development by Japan TH agonist, antagonist
screening and are found to have the potential to interact with the estrogen, androgen, or Aromatase ‘Human placental aromatase Validation studies complete; peer review in 2008 Estrogen synthesis.

thyroid hormone systems will proceed to the next stage of the EDSP where EPA will i i Validation studies complete; peer review in 2008 Steroid synthesis (estrogen and

determine, which if any of the Tier 2 tests are necessary based on the ava\lable data” As
described above, many of these assays have demonstrated low selectivity and high
Ty, e, AT i 4 G (o o i . o o
combined results,is very likely to lead to a large number of false positive determinations, and
therefore a large number of chemicals unnecessarily progressing to Tier 2 testing, which is
extremely animal-intensive and expensive (one standard 2-generation reproductive toxicity
test uses 2,600 rats and costs $380,000; one developmental toxicity study in two species uses
1,300 rats, 660 rabbits and costs $127,000).

US EPA/NHEERL/CeeTox

ER and AR binding and activation strategy to pr hemicals with respect to agonist/antagonist activity; solubility and cytotoxicity assessments were also performed on all chemicals. Pre-
validation studies using 117 chemicals have been completed.?

DiscoverRX/NIH Chemical Genomics Center
ER and AR binding and ional activati being validated in high ing format!® 11

To improve the Tier 1, the Panel suggested the inclusion several additional i vitro methods:
human recombinant ER and AR binding and transcriptional activation assays (all of which
are currently in validation through the OECD) and the steroidogenesis assay (an assay using

T Screen thyroid hormone dependent cell proliferation Proof of principle, method used to test flame retardants | Thyroid hormone function

FI295R cells which is being developed by the EPA). T T —
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