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Page 2 Abstract- Word Count 211

The rodent uterotrophic and Hershberger assaysaegbotential estrogenic and (anti)-
androgenic effects, respectively. Both US EPA aiCO guidelines specify that test substance
is administered daily either by subcutaneous iigaadr oral gavage. However, dietary
administration is a relevant exposure route fooelgemical regulatory toxicology studies due to
potential human intake via crop residues. In thislyg, equivalent doses of positive control
chemicals administered via dietary and gavage sooftadministration were compared in the
uterotrophic (1d@-ethinyl estradiol) and Hershberger (flutamideuton, dichloro-2,2-bis(4-
chlorophenyl) ethane; 4,4’-DDE) assays in ovariett@d and castrated rats, respectively. For
all positive control chemicals tested, statistigallgnificant changes in organ weights and
decreases in food consumption were observed byrbaths of test substance administration.
Decreased body weight gain observed for dietatydin and 4,4’-DDE indicates that the
maximum tolerated dose was exceeded. Hershbergargiadministration resulted in a similar
blood exposure (AU&) for each positive control chemical when compdoedgavage. Overall,
the correlation in organ weight changes for bothuterotrophic and Hershberger assays suggest
that dietary administration is an acceptable rofitexposure with similar sensitivity to oral
gavage dosing for evaluation of the endocrine fg@kof a test substance and represents a more
appropriate route of test substance administrdiomost environmental exposure scenarios.

Keywords:

Androgenic; estrogenic; endocrine; Hershbergerictikinetics; uterotrophic
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Text- 5127 words
1. INTRODUCTION
The rodent uterotrophic (OECD Test Guideline 448FPA OPPTS 890.1600) and Hershberger
assays (OECD Test Guideline 441, USEPA OPPTS 800)Xate two short-terim vivo studies
that are widely accepted screening assays forifgiengt chemicals that have potential estrogenic
and (anti)androgenic activity, respectively. Theratrophic assay is designed to detect
chemicals with potential estrogenic activity by su@ang a chemical’s ability to produce an
increase in uterine weight after 3 days of dosivitgreas the Hershberger assay is designed to
detect chemicals with the potential to act as agelaeceptor agonists, antagonists, or
5a-reductase inhibitors by measuring the chemicdlibty to alter male accessory sex organ
weights after 10 days of dosing. For both the wteptic and Hershberger assays, test guidelines
indicate that test substances should be admingstiy by either subcutaneous injection or oral
gavage. Animal welfare considerations as well agtdogical aspects such as the relevance to
the route of human exposure, the physical/cherpicaierties, existing toxicological
information, data on metabolism and kinetics (enged to avoid first pass metabolism, better
efficiency via a particular route), and especidily intended use of the assay (e.g., the US EPA
Endocrine Disruptor Screening Tier 1 battery) sd@lso be taken into consideration when
choosing the route of administration. The test glings indicate that oral gavage is the surrogate
model for ingestion while subcutaneous injectiothes surrogate model for inhalation or dermal
adsorption. However, the kinetics of systemic expedetween different routes such as oral
gavage, dietary administration, and test substado@nistration via drinking water can be
dramatic (Hannaet al., 2016; Gayrardt al., 2013; Sieliet al., 2011; Atcheet al., 2010). Based

on the published literature, other routes of tabstance administration such as dietary or
4



88 drinking water routes of administration are notthoely used. Instances of dietary test substance
89 administration have been typically limited to ewalan of effects of diets containing
90 phytoestrogens (Stroheketral., 2003; Mintaet al., 2013; Thigperet al., 2002), even though the
91 dietary route of administration is a more apprdpri@ute of test substance administration for
92 most environmental exposure scenarios.
93
94 The primary benefit for administering a test subséaby oral gavage or subcutaneous
95 injection is the ability to deliver a precise d@dea specific time. However, both routes of test
96 substance administration result in large variapititplasma/blood levels of the test substance.
97 Test substance administration via a single bolse @an lead to large spikes in blood levels (i.e.,
98 Chay, followed by long periods where there are reldintow blood concentrations (i.e.mf)
99 depending on the half-life of the test substanegl8 et al., 2012). For example, Hanebal.
100 (2016) evaluated blood levels of two different wgbstances with short{Z= 1 hr) or long
101 (Ty = 13.5 hr) plasma half-lives after test substatministration by oral gavage or via diet in
102 rabbits and found that plasma blood levels of &s¢ $ubstances had much more variability in
103 rabbits dosed by oral gavage compared to thosenagstamed the test substance in diet. For the
104  short half-life test substance (3= 1 hr) the plasma levels varied by up to 6-foltew
105 administered by diet compared to 368-fold when aistered by oral gavage. Results obtained
106  with the long half-life test substance; = 13.5 hr) showed less variability, where plaseeels
107 were stable in rabbits exposed by the dietary roatepared to a 3-fold variability in plasma
108 levels for rabbits dosed via oral gavage. Yetdhecentration of test substance over time
109 (AUC,y) is very similar between the dietary and gavagee® of administration, suggesting that

110 these kinetic differences do not necessarily redne@verall exposure to the test substance.
5
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Clearly, test substance administration via the plievides a more constant level of test
substance exposure in comparison to a single loase.

In recognition of the benefits of test substanamiatstration by dietary exposure, the
International Life Sciences Institute-Health and/iEanmental Sciences Institute Agricultural
Chemical Safety Assessment (ILSI-HESI ACSA) tecAhaommittee recommended the use of
dietary test substance administration over otheteoof administration (Coopetral., 2006;
Conollyet al., 1999). Others have also proposed changes totie of administration for
toxicology testing, particularly when evaluatinggtial adverse effects on endocrine signaling
using studies such as the uterotrophic and Herghbassays (Vandenbezgal., 2014).

The objective of the current study was to compéferénces in responses in the
uterotrophic and Hershberger assays with seleasitiye control chemicals when administered
by both the dietary and oral gavage routes of anation. The data demonstrate that the test
substances were identified for their potential emish@ effects whether the test substance was
administered by dietary exposure or oral gavagerdtbre, these results support the use of the

dietary route of test substance administratiorute in the uterotrophic and Hershberger assays.

2. MATERIAL AND METHODS

2.1. Test substances.
Flutamide (>99% purity) and dichloro-2,2-bis(4-atdphenyl) ethane (4,4’-DDE; > 97%

purity) were purchased from Sigma-Aldrich (St. LguMissouri) and used as the test substance
and analytical standards for these analyses. @m(#9% purity) was purchased from Carbone
Scientific (London, U.K.) and was used as the $ebistance and analytical standard.
Testosterone propionate (TP; purity 96.5%) wasimsed from Steraloids (Newport, Rhode
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Island). The test substancenigthinyl estradiol (EE2; 100% purity) was purchafedn
Selleck Chemicals (Houston, TX). Theod&thinyl estradiol & 98% purity) used for analytical
standards was purchased from Sigma-Aldrich (Stid,ddissouri). Ethynyl Estradiol-
2,4,16,16-d4 (Purity 97%) was obtained from TordR&search Chemicals (TRC, Toronto,

Canada).

2.2.Test species & animal husbandry.

Male and female Crl:CB(SD) rats were acquired from Charles River Labaies$o Inc.
(Raleigh, NC). Male rats were castrated at 45 ddygie and at leastdays prior to study start.
Male rats were approximately 8 weeks of age atysst@t. Female rats were ovariectomized by
the vendor at 56 days of age andd&ys prior to study start. Female rats were apprately 10
weeks of age at study start. The number of aniofatizined for the Hershberger assay prevented
running independent controls for both dietary aadagie administration. Therefore, only dietary
controls were run.

Upon arrival, rats were housed 2 per cage in dmiitiom caging with Shepherd’'s™
ALPHA-dri® bedding (Shephard Specialty Papers, d4df NJ) (males), certified Sani Chips®
hardwood bedding (P.J. Murphy, Montville, NJ) (fdesd, and appropriate enrichment. Rats
were fed Certified Rodent Diet #5002 (PMI Nutritibriernational, Inc., St. Louis, MO) (males)
or Teklad 2016 Certified Meal (Envigo, Madison, Wfmales) with isoflavone content < 20
mg/kg, and provided with filtered water ad libiturAnimal rooms were maintained on a 12-
hour light/dark cycle (fluorescent light), a temguteire of 23t 3°C, and a relatively humidity of

50%=+ 20%.
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After a quarantine period of 3 days (males) or ekvgemales), rats that displayed
adequate weight gain and freedom from clinical sigere divided by computerized, stratified
randomization into groups so that there were nissitaally significant differences among group
body weight means. Weight variation of selecteidhats did not exceedl 20% of the mean
weight. During testing, all rats were weighed ylagsind cage-side examinations were performed
to detect moribund or dead rats. At each weighiaig, were individually handled and examined
for abnormal behavior or appearance.

2.3.Test sample preparation.
For the uterotrophic assay, EE2 doses for gavagengtration were selected based on

previously-conducted studies (Kanno, 2001). Eqeivatlietary concentrations of EE2 were
selected based on daily food consumption dataajlgiobserved at the facility (Table 1) and
these concentrations correlated with dietary coimagans previously reported (Heneweer,
2007). For the Hershberger assay, doses for gadmgaistration of flutamide, linuron, and
4,4’-DDE were chosen based on previous studies (@ER009; O’Connor et al., 1999, 2002;
Freyberger et al., 2007). Equivalent dietary dagexe selected based on daily food

consumption data typically observed at the fac{fitgble 2).

Route of Test substance
Groug Test substant  Animals/Grou; Administratior concentratio/dose¢
1 Control 6 Dietary 0 ppm
2 170-ethinyl 6 Dietary 0.17 ppm
3 170-ethinyl 6 Dietary 1.7 ppm
4 Control 6 Oral gavage 0 pg/kg/day
5 17a-ethinyl 6 Oral gavage 10 pg/kg/day
6 17a-ethinyl 6 Oral gavage 100 pg/kg/day




174 Table 1: Uterotrophic Assay Study Design

175 & Test substance administered once daily by oragmwon test days 1-5 in vehicle (corn

176 oil with 1% ethanol) at a dose volume of 2 mL/kg.

177

178

Testosterone
Route of Test substance Propionate

Groug Test substant  Animals/Grouj Administratior concentratio/dose (mg/kg/cay) ?
1 Control 6 Dietary 0 ppm 0.4
2 Flutamide 6 Dietary 50 ppm 0.4
3 Linuron 6 Dietary 1500 ppm 0.4
4 4,4'-DDE 6 Dietary 2500 ppm 0.4
5 Flutamide 6 Oral 3 mg/kg/ddy 0.4
6 Linuron 6 Oral 100 mg/kg/day 0.4
7 4,4-DDE 6 Oral 160 mg/kg/ddy 0.4

179

180 Table 2: Hershberger Assay Study Design

181 @Testosterone propionate administered once dailgulngutaneous injection on test days

182 1-10in vehicle (corn oil with 1% ethanol) at a da®lume of 0.5 mL/Kkg.

183 P Test substance administered once daily by oral g test days 1-10 in vehicle

184 (0.1% Tween in 0.5% methylcellulose prepared irodiged water) at a dose volume of 10

185 mL/kg.

186

187 For dietary test substance preparation, EE2, flidap#,4’-DDE, and linuron were added

188 to diet and thoroughly mixed for at least 6 minutesnsure homogeneous distribution in the

9



189 diet. EE2 and TP were dissolved in ethanol poatilution in corn oil. The final concentration
190 of ethanol in the vehicle was 1%. For test sultgamdministered by oral gavage, test
191 substances were suspended or dissolved in vemdleantinuously mixed during the dosing

192 period to ensure homogeneity of the dosing solstion

193 Hershberger assay test substance preparationsadjeisted for purity and homogeneity,

194 and stability of the test substance in the dietawe vehicle were verified. Test substance

195 preparation stability and homogeneity was not cardd in the uterotrophic assay. Where daily
196 doses were administered, individual animal dosamek were based on the daily body weight

197 and administered at approximately the same timla dag except for the last day of dosing (test
198 day 10) for male rats, which was stratified acigresips and spread across several dosing

199 periods.

200 2.4.Statistical Analyses
201 Preliminary tests were conducted for homogeneityaniance (Levene, 1960) and

202 normality (Shapiro and Wilk, 1965). A one-way arsad of variance (Snedecor and Cochran,
203 1967) followed by Dunnett’s test (Dunnett, 1964 yaveonducted if data were normally

204 distributed and had homogeneity of variance. Fta taat did not show homogeneity of

205 variances, a robust version of Dunnett’s test ([2tt11980) was used. For all statistical

206 analyses, significance was judged at p < 0.05.

207  2.5.Uterotrophic Assay
208 Study design. The uterotrophic study was conducted at BASi {&aasburg, MD). This study

209 was approved by the Institutional Animal Care arsg @ommittee established in the test facility

210 and was performed in accordance with the animalaneeby-laws of the facility, which is

10



211 accredited by Association for Assessment and Adataoh of Laboratory Animal Care
212 (AAALAQC) International. This study was conductedaocordance with relevant test guidelines
213 (OECD Test Guideline 440; USEPA OPPTS 890.1600)hofigh not conducted in full
214 compliance of Good Laboratory Practices (GLPs)stey was conducted in a GLP-compliant

215 facility in the spirit of GLP compliance.

216 The study consisted of 6 groups of 6 ovariectomieethle rats (Table 1). Evidence of estrus
217 was evaluated on each animal daily, beginning /s @fter ovariectomy surgery and for at least
218 five consecutive days prior to randomization, idesrto verify complete ovariectomy. Estrus
219 was not detected in any animals that were usethéstudy, indicating complete ovariectomy.
220 Dosing by oral gavage or by incorporation into avas performed for 5 consecutive days (test
221 days 1-5) following release from quarantine. Witile test guideline only requires dosing for 3
222 days, this increased test duration is permissitderaing to the test guidelines. Parameters
223 evaluated daily during the study included mortaliigysical examinations, body weights, food
224 consumption, and vaginal cytology. On the morrohtest day 6, approximately 24 hours after
225 the last administered oral gavage dose or frontithe diet was presented to the rats, all rats
226  were euthanized by carbon dioxide inhalation folboviby exsanguination. At necropsy, all
227 animals were evaluated for gross observationsxéity and the uterus was weighed (wet and

228 blotted weights).

229 Toxicokinetic analyses. On test day 5, blood was collected for toxicokmanalyses from all
230 rats. Rats were not fasted prior to blood coltetti At each timepoint (06:00 hr and after 4, 8,
231 and 12 hours for groups 1-3; 1, 4, 8, and 12 ht-gose for groups 4-6), 50 pl of blood was

232 collected from the lateral tail vein and placeaipbtassium EDTA tubes. All samples were

11



233 capped, vortexed, placed on dry ice, and storexéfrat approximately -80°C until evaluated.
234 However, the method for detection (Figure S1) watssensitive enough for EE2 quantification

235 in this study.

12



236

Figure S1

Hershberger assay diet and blood sample analyses. An aliquot of 4 gram of each diet
sample was extracted with 40 mL acetonitrile by grinding at 1400 stokes/min for 5 minutes,
then followed by centrifugation at 4250 rpm for 20 minutes. The supernatant was analyzed
for diet concentration determination by UHPLC coupled with tandem mass spectrometry
(LC/MS/MS) by multiple reaction monitoring (MRM). Blood samples were evaluated for
concentrations of flutamide, hydroxyflutamide, and linuron using LC/MS/MS. Briefly, 30 uL
of blood sample was mixed with 90 pL of 0.1 M ZnSO, and extracted with 360 pL of
acetonitrile containing 0.1% formic acid by protein precipitation. The extracts were injected
mto the LC/MS/MS for concentration determination. The UHPLC system was an Agilent 1290
infinity directly connected to electrospray ionization mass spectrometer, AB Sciex Qtrap 5500.
The column used was Phenomenex Kinetex ®XB-C18, 100A, 2.1x30 mm, 2.6 um and kept at
30°C with a gradient separation. The gradient started from 5% mobile phase B (acetonitrile
containing 0.1% formic acid) and 95% mobile phase A (water containing 0.1% formic acid),
linearly raised to 95% mobile phase B at 3 minutes and stepped back down to 5% mobile
phase B for equilibrium. The mass spectrometer was operated at negative mode monitoring
MRM transitions for Flutamide (275—205) and Hydroxyflutamide (291—205), and at
positive mode for monitoring Linuron (249—133). Analyst® software was used for calibration
curve construction and sample concentration determination. 4,4-DDE was evaluated with gas
chromatography coupled with MS detection (GC/MS, Agilent 7890A gas chromatograph with
5975C mert XL EC/CI MSD) by selected 1on monitoring (SIM). The GC column used was
Agilent J&W DB-1701, 30 m x 250 pm x 0.25 pum. The oven temperature was hold at 100°C
for 0.5 minutes, then raised at 25°C/minute to 280°C and hold for 2 min with a total run time
of 9.7 min. SIM was set to monitoring 1on of 318. John- Check if you think this whole
section needs to be included.

Uterotrophic assay blood sample analysis. Prior to analysis, each blood sample was
thawed and diluted 1:1 with HPLC grade water. 20 pL of each sample was partitioned against
200 puL of HPLC grade ethyl acetate and the organic layer transferred to a 1.5 mL Eppendorf
tube. Each tube was then taken to dryness under a low flow of nitrogen gas and the dried
residue reconstituted with 20 uL of a solution composed of 60% methanol, 40% water and 1
ng/mL of 2,4,16,16-d4 EE2 utilized as an internal standard . After vortex mixing for 30s to
ensure homogeneity, the samples were analyzed for EE2 via LC/MS/MS (Agilent 1290
Infinity II system running 3mM ammonium fluoride as solvent A and methanol as solvent B;
Restek Raptor Biphenyl 3.0 mm x 10 cm, 2.7 um). The gradient program started at 60%
methanol and progressed to 99% over 4 minutes. Following a 2.5 minute isocratic hold at
99% methanol, the gradient returned its starting condition to re-equilibrate the column. This
system was coupled to an ABSciex QTRAP 6500+ configured with an ESI source operated in
negative ion mode and utilized multiple reaction monitoring (MRM) to quantify the residue of
EE2. The method performance was validated at 40 pg EE2/mL of whole blood (LLOQ), with
a mean recovery of 80 = 11% and individual recoveries falling between 73 and 93% (N=5).
The method LOD was estimated to be 5 - 10 pg EE2/mL of whole blood.
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2.6.Hershberger Assay
Study design. The Hershberger study was conducted at DuPoskétld_aboratory for

Health & Environmental Science (Newark, DE). THisdy was approved by the Institutional
Animal Care and Use Committee established in thieféeility and was performed in accordance
with the animal welfare bylaws of the facility, whiis accredited by AAALAC International.
This study was conducted in accordance with reletest guidelines (OECD Test Guideline
441; USEPA OPPTS 890.1400). Although not condurtédll compliance of Good Laboratory
Practices (GLPs), the study was conducted in a GlrRpliant facility in the spirit of GLP

compliance.

The study consisted of 7 groups of 6 castrated naéde(Table 2). Dosing by
subcutaneous injection (TP), oral gavage, and/oantxyrporation into diet was performed for
10 consecutive days (test days 1-10) followinga®séefrom quarantine. Parameters evaluated
daily during the study included mortality, physiealaminations, body weights, and food
consumption. On the morning of test day 11, apprately 24 hours after the last administered
oral gavage dose or from the time diet was preddotéhe rats, all rats were euthanized by
exsanguination under isoflurane anesthesia. Atopsy, all animals were evaluated for gross
observations of toxicity and the following tisswesre weighed: liver, ventral prostate, seminal
vesicle (plus fluids and coagulating glands), levaini-bulbocavernosus muscle, paired
Cowper’s glands and the glans penis.

Toxicokinetic analyses. On test day 9, blood was collected for toxicekin analyses
from all rats. Rats were not fasted prior to blaotlection. At each timepoint (06:00 am, 10:00
am, 14:00 pm, and 18:00 pm for dietary groups, iJainto Saghir, 2006]; 0.25, 0.5, 1, 2, 4, 8,

14
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12, and 24 hr post-dose for gavage groups) 50 hlloafd was collected from the lateral tail vein
and placed into tubes containing potassium ethdi@an@netetraacetic acid (EDTA). The
sample was immediately transferred to 1 mL tubegaining 50 pL of HPLC-grade water, and
all samples were capped, vortexed, placed on wetitd stored frozen at approximately -70°C
until evaluated. Diet and blood analysis was cotetliaccording to Figure S1. The
concentration time course data for blood from esmtimal was analyzed using a commercially
available software program (Phoenix® WinNonlin® aPight — A Certara™ Company, St.
Louis, MO, U.S.A)) to determine area-under-the-eunver 24 hours (AU&, h x ng/mL), peak

concentration (Gax Ng/mML), and dose normalized values for AlJ@nd Ghax

3. RESULTS

3.1.Estrogenic effects of positive control chemical by gavage administration in the
uterotrophic assay
EE2 was used as the positive control chemicalfatuation of responses in the uterotrophic

assay when the test substance was administerehbyavage or via the diet. By gavage
administration, EE2 was administered at 10 (loweflasmd 100 (high dose) pg/kg/day. Mean
terminal body weights were statistically signifitgreduced at 100 pg/kg/day EE2 when
compared to the control group (-11%), while thef'gtuction in body weight observed at the 10
pna/kg/day EE2 dose did not reach statistical sicgniice (Table 3A). Body weight loss (group
absolute body weight gain compared to the groupy begight at the study initiation) of 1.7%
was observed at 100 pg/kg/day EE2. However, baglght gain at 10 pg/kg/day was not

significantly different from control. There was @la statistically significant, dose-dependent

15



282

283 when compared to the control group.

284

285

286

287

288

289

290

decrease in food consumption at both 10 and 10&gfdsy EE2 (-24 and -35%, respectively)

A
] ) Mean Daily ) Body Weight ) ) Food _ Food
Uterotrophic Body Weight Body Weight |Body Weight| . Consumption
Assay Intake © versus control Gain (2) Gain (%) Consumption versus control
’ (ng/kg/day) (%) (g/day) (%)
Control - 311.7+ 20.4 25.3.%6.5 8.9 192+ 1.6 =
EE2 (low) Gavage 10 294.8 = 21.7 -5.4 9.2+2.1* 3.2 146+1.6* -23.6
EE2 (high) 100 2784 £16.1* -10.7 -49+59%* -1.7 12.5£0.6 * -34.9
control - 310.2+18.8 - 242 £6.4 8.4 19.1+ 1.0 -
EE2 (low) Diet 9.3 282.5+£12.3 * -8.9 -29+7.2 -1.0 129 +£0.5* -32.5
EE2 (high) 77.6 267.0=13.1* -13.9 -14.9 £ 6.9 -5.24 105+ 05 * -45.0
B
) ) Body Weight ) ) Food Food
Hershberger Mean Daily | Body Weight Body Weight |Body Weight| . Consumption
Assay Route Intake (mg/kg) (€3] versus cqfitrg Gain (g) Gain (%) Consumption versus control
: (%) (g/day) (%)
Control Diet - 351.2£19.0 - 95.2 £10.7 37.2 263+ 1.1 -
Flutamide 3 325.3£25.5 -7.4 73.5+10.2 29.2 23.2+1.2* -11.7
Linuron Gavage 100 302.3 284 * -13.9 48.6 £16.2 * 19.2 18.1 £2.7 * -31.0
44'-DDE 160 309.3£294 -11.9 56.2 = 14.6 * 22.2 20.4 £0.7 * -22.2
Control - 351.2+19.0 - 95.2 £10.7 37.2 263 1.1 =
Flutamide Diet 4.1 335.5£27.0 -4.5 80.8 + 11.6 3.7 242£1.8 -7.8
Linuron 71.3 2525+ 156 * 28.1 -1.6£ 142 % -0.6 114+13* -56.7
44'-DDE 142.6 271.0+ 26.5 * -2 17.5 £17.3 * 6.9 145+1.5* -44.8
Table 3

Summary of in-life parameters as mean + standard deviation for the (A) Uterotrophic and (B) Hershberger assays. Six
ovariectomized female rats in the uterotrophic assay and 6 castrated rats in the Hershberger assay were used per
treatment group. A single group of 4 castrated rats administered in the diet were used for the Hershberger controls. *
Statistically significant (p < 0.05) using Dunnett’s test.
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weights (wet and blotted) at 10 pg/kg/day EE2 vgem@lar to control values.

were statistically significantly increased at 10§)kg/day (Fig. 1A/B, Table S1A) when

Following gavage administration of EE2, the absohrtd relative wet/blotted uterine weights

compared to the control group. Mean absolute (wéttdotted) uterine weights were increased
by 223% and 225% compared to the control groumil&ily, mean relative (wet and blotted)

uterine weights were increased by 248% and 249%paczd to the control group. The uterine
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Uterotrophic Assay Route Wet Uterus (g) Wet Uterus/BW | Blotted Uterus (g) | Blotted Uterus/BW n=
Control (Oug/kg) 0.1097 [£0.0131 [0.0355 |+ 0.0061 [0.1012 [+0.0098 ]0.0327 |+ 0.0048 6
170-ethynylestradiol (10 ug/kg) Gavage 0.1132 |=0.0143 |0.0384 [+ 0.0046 ]0.1041 |[£0.0120 [0.0354 |+ 0.0038 6
17a-ethynyl estradiol (100 ug/kg) 0.2478 |+ 0.0302 * |0.0890 |+ 0.0084 * [0.2301 [+£0.0277 * [0.0826 |+ 0.0074 * 6
Control (0 ppm) 0.1108 [+£0.0138 [0.0358 |+ 0.0050 [0.1022 [+0.0125 ]0.0331 |+ 0.0045 6
17a-ethynyl estradiol (0.17 ppm) Diet 0.1123  |£0.0117 [0.0397 [+ 0.0034 [0.1033 [£0.0107 ]0.0365 |+ 0.0031 6
17a-ethynylestradiol (1.7 ppm) 0.2395 |+ 0.0390 * |0.0895 [+ 0.0122 * [0.2201 [+0.0361 * [0.0822 |+ 0.0109 * 6
Table S1

Summary of absolute and relative mean uterus weights + standard deviation for the uterotrophic assay.
* Statistically significant (p < 0.05) using Dunnett’s test.

3.2.Estrogenic effects of positive control chemical by dietary administration in the
uter otrophic assay
Mean daily intake for EE2 was 9.3 and 77.6 pg/kgidahe low (0.17 ppm) and high (1.7 ppm)

groups, respectively (Table 3A). By dietary adntir@Bon, mean terminal body weights were
statistically significantly reduced at 0.17 and fgpm EE2 compared to the vehicle control group
(-9 and -14%, respectively). In addition, animakt weight in the high dose group (-5%). Food
consumption was also statistically significantlgueed at 0.17 and 1.7 ppm (-33 and -45%,

respectively) (Table 3A).

Following dietary administration of EE2, the abgeland relative wet/blotted uterine weights
were statistically significantly increased at 1phpEE2 (Fig. 1C/D, Table S1) compared to the
control group. Mean absolute (wet and blotted)inéeweights were increased by 216% and
215% compared to the control group. Similarly, mesative (wet and blotted) uterine weights
were increased by 250% and 249% compared to theotgnoup. The uterine weights (wet and

blotted) at 0.17 ppm EE2 were similar to contrdLies.
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Gavage

Diet

Control (0mg/kg) | Flutamide (3 mg/kg) | Linuron (100 mg/kg) | 4,4-DDE (160 mg’kg)| Control (0 ppm) Flutamide (50 ppm) | Linuron (1500 ppm) | 4.4-DDE (2500 ppm)

Cowper Gland (g) 0.0380( 0.0049 0.0184[ 0.0029 * 0.0267 | 0.0063 * 0.0216|=0.0024 * 0.0380 |+ 0.0049 0.0147|= 0.0036 * 0.0240|= 0.0045 * 0.0183[=0.0051 *
Cowper Gland /Term BW (%) 0.0108|= 0.0013 0.0057|= 0.001 0.0088|= 0.0018 0.0070|=0.0006 * 0.0108 |= 0.0013 0.0044|= 0.0009 * 0.0095 |= 0.0018 0.0067|=0.0015 *
Glans Penis (g) 0.0938|= 0.0028 0.0724|= 0.0093 0.0793 |= 0.0100 0.0788(=0.0102 0.0938 |+ 0.0028 0.0642|= 0.0085 * 0.0769 |= 0.0070 * 0.0727{=0.0073 *
Glans Penis/ Tern BW (%) 0.0268| = 0.0020 0.0224] = 0.0038 0.0264 |= 0.0042 0.0256| = 0.0030* 0.0268 |+ 0.0020 0.0192]= 0.0029 * 0.0305 |= 0.0022 0.0270{=0.0033
LABC (g) 0.6064|= 0.1085 0.3482|= 0.0684 * 03805 0.0738 * 0.3114(=0.0572 * 0.6064 |+ 0.1085 0.3101]= 0.0520 * 03797|% 0.0603 * 0.2885(=0.0602 *
LABC/Term BW (%) 0.1732|= 0.0339 0.1072|= 0.0212 * 0.1252(£0.0174* 0.1006|=0.0152 * 0.1732|= 0.0339 0.0924|= 0.0136 * 0.1507 |+ 0.0234 0.1072)=
Liver Wt (g) 14.40[ £ 1420 13.46]=1.36 1261|=2.16 22.70{ £2.70 * 1440[£ 1.42 13.91|=1.07 1003(x1.17 * 19.71|=
Liver /Term BW (%) 4.093(=0.226 4.137]£0.285 4.149[ £ 0426 7.327| £0225* 4.093|= 0.226 4.148|=0.119 3966 [+ 0329 7.270|£0.426 *
Sem Ves (g) 0.7065|= 0.1416 0.2613|= 0.0230 * 04271 |+ 0.0667 * 0.3255|=0.0826 * 0.7065 |= 0.1416 0.1618|= 0.0385 * 04903 |= 0.1016 * 0.3065|=0.0814 *
Sem Ves/ Term BW (%) 0.2006|= 0.0337 0.0807]= 0.0092 * 0.1411]= 0.0156 * 0.1043]=0.0186 * 02006 |+ 0.0337 0.0489|= 0.0141 * 0.1943 | 0.0401 0.1145(=0.0334 *
Ventral Prostate (g) 0.1930|= 0.0311 0.0692|= 0.0074 * 0.1053[£ 0.0317* 0.0749|=0.0207 * 0.1930|= 0.0311 0.0330|= 0.0096 * 0.1248 [+ 0.0097 * 0.0886|=0.0225 *
Vent Pros 0.0547|= 0.0058 0.0214[= 0.0026 * 0.0349|= 0.0100 * 0.0241{=0.0062 * 0.0547 | = 0.0058 0.0100[= 0.0033 * 0.0495 |= 0.0044 0.0328|=0.0081 *
n= 4 6 6 6 4 6 6 6

Table S2

Summary of absolute and relative mean organ weights + standard deviation for the Hershberger assay.
* Statistically significant (p < 0.05) using Dunnett’s test.
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3.3. Anti-andr ogenic effects of positive control chemicals by gavage administration in the
Her shberger assay
For the Hershberger assay, flutamide, linuron,4A4DDE were used as the positive control

chemicals for evaluation of the difference in resges when the test substances were
administered by oral gavage or via the diet. Byage administration, no effects on terminal
body weights were observed for flutamide while ¢nweas a 14% (statistically significant) and
12% (not statistically significant) reduction in ameterminal body weight for animals dosed by
gavage with linuron and 4,4’-DDE (Table 3B) whemgared to the control group. However,
body weight gain compared to body weight at stumlyation (29, 19 and 22%) and food
consumption (-12, -31 and -22%) were reduced coetptr controls for flutamide, linuron, and
4,4'-DDE, respectively, with all of these chang&sept body weight gain for animal receiving
flutamide achieving statistical significance. Abgel (58%) and relative (79%) liver weights
were statistically significantly increased when @amed to the control group following 4,4’-

DDE administration, but were not affected by limuar flutamide treatment (Table S2).

Gavage administration of all three positive conttmémicals reduced TP-induced secondary sex
organ weight increases. When compared to organhigeigpm the control group, flutamide
caused a statistically significant decrease in labsg¢-52, -43, -63, -64%, respectively) and
relative (-48, -38, -60 and -61%, respectively) @ews gland, LABC, seminal vesicle, and
ventral prostate gland weights after gavage adinatisn (Fig. 2A/B). A similar profile was
observed with linuron, where statistically sigréfit decreases in absolute Cowper’s gland,
LABC, seminal vesicle, and ventral prostate glamiigts (30, 37, 40 and 46%, respectively)
were observed after gavage administration. Fordinustatistically significant decreases in

relative organ weights were also observed for tABC, seminal vesicle, and ventral prostate
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333

334

335

336

337

gland (-28, -30 and -36%) when compared to therobgtoup. For 4,4’-DDE, statistically
significant decreases in absolute (-43, -49, -5#-84%, respectively) and relative (-35, -42, -48
and -56%, respectively) Cowper’s gland, LABC, seaahiresicle and ventral prostate gland
weights were observed after gavage administraiian A/B). In addition, a statistically

significant decrease in the relative glans penigtevas observed with treatment of 4,4’-DDE.
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Fig. 2 Absolute (A,C) and relative (B,D) organ weights by gavage and dietary administration of flutamide,
linuron and 4,4’-DDE over 10 days in castrated rats. Control rats for both gavage and dietary administration
were dosed by dietary administration, n=4 rats/group. For all positive control chemicals, n= 6 rats/group. LABC
= levator ani plus bulbocarvernosus muscle. * Statistically significant (p < 0.05) using Dunnett’s test.
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3.4. Anti-andr ogenic effects of positive control chemicals by dietary administration in the
Her shberger assay
The mean daily intake for flutamide, linuron, and-B®DE was 4.0, 71.3, and 142.5 mg/kg/day,

respectively (Table 3) when each were administatetietary concentrations of 150 ppm, 1500
ppm, and 2500 ppm, respectively. All anti-androgesitive control chemicals reduced all of the
TP-induced secondary sex organ weight increaseléelgry administration (Fig. 2C/D). No
statistically significant effects on terminal bodgight were observed for flutamide, while there
was a 28% and 23% reduction in mean terminal boelghts for linuron and 4,4’-DDE,
respectively. Overall body weight gains as compandabdy weight at study initiation were also
reduced by dietary administration of linuron andf-QDE (-0.6 and 6.9%, respectively). Food
consumption was not significantly impacted withtdrg administration of flutamide but was
significantly reduced with linuron and 4,4’-DDE {-%and -45%, respectively). Absolute (37%)
and relative (78%) liver weights were increaseaisicantly following 4,4’-DDE treatment
compared to control. The absolute liver weight @asreased by 30% after linuron treatment,
although no statistically significant change iratele liver weight was observed. Dietary
administration with flutamide resulted in no statiglly significant changes in either absolute or

relative liver organ weights.

3.5. Toxicokinetic evaluation in the uter otrophic and Her shberger Assays
In the uterotrophic assay, blood from all ratsuahg control group was collected on test day 5.

Due to the low dosing concentration of EE2 requitedee a positive response in this assay
system (10 and 100 pg/kg/day), blood concentratigere below the limit of detection (5-10 pg

EE2/mL of whole blood) and could not be evaluamddxicokinetic parameters.
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In the Hershberger assay, blood from all rats vedlected on test day 9 and concentrations of
linuron, 4,4’-DDE, or the flutamide metabolite hgdyflutamide were measured, including the
control group. All three positive control chemicalsere not detected in the blood samples
collected from control group. Figure 3 shows thadokinetic profiles of each positive control
chemical over a 24-hour time period following digtand oral gavage administration. Oral
gavage resulted in a typical absorption profilewitood concentrations climbing to a maximum
(Cmax and then declining to a.fa for each positive control chemical. In contragttaly intake
resulted in steadier blood concentrations ovelthéour time course. Hydroxyflutamide mean
blood concentrations from dietary administrationga from 270 to 534 ng/mL (2-fold change)
vs 34.3 to 572 ng/mL (17-fold change) by gavagmuton mean blood concentrations from
dietary administration ranged from 269 to 537 ngf{2ifold change) vs 46.3 to 2350 ng/mL
(51-fold change) by gavage. 4,4’-DDE mean bloodcentrations from dietary administration
ranged from 23700 to 24800 ng/mL (~1-fold change) 44200 to 32900 ng/mL (2.3-fold
change) by gavage. The mean daily dietary intales W.35-, 0.713-, and 0.894-fold of the
gavage dose for the three corresponding positim&r@losubstances, respectively (Table S3).
The dietary dose-normalized & values (Figure 4A) were 62.7%, 49.2%, and 86.0%hef
corresponding dose-normalizeg£values from oral gavage administration for

hydroxyflutamide, linuron, and 4,4-DDE, respectyel
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Fig. 3 Hershberger assay blood concentrations in
non-fasted rats over 24 hours on day 9 of dosing
via dietary and gavage administration for: (A)
flutamide (hydroxyflutamide metabolite) at 4.1
(diet) and 3 (gavage) mg/kg/day , (B) linuron at
71.3 (diet) and 100 (gavage) mg/kg/day and (C)
4.4’-DDE at 143 (gavage) and 160 (diet)
mg/kg/day.
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Blood concentration (ng/mL)

Blood concentration (ng/mL)

Flutamide Linuron 4,4'-DDE Flutamide Linuron 4,4'-DDE
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Toxicokinetic parameters Toxicokinetic parameters
Dietary concentration (ppm) 50 1500 2500 | I
Gavage dose (mg/kg/day) 100 160
Mean dailyintake day 1 to 11 (mg/kg/day) 4.06 0.11 71.3 10.5 143 9
Day 9, AUC24 (h*ng/mL) 9440 1140 10800 1520 | 575000 | 48400 6410 409 15000 4890 593000 | 114000

Day 9, AUCz4/dose (h*kg*ng/mL/mg) 2320 241 155 42 4040 315 2140 136 150 49 3710 713
Day 9, Cmax (ng/mL) 534 54 844 193 26100 3010 628 59 2500 1230 34300 9030

Day 9, Cmax/dose (kg*ng/mL/mg) 131 11 12.3 4.2 184 22 209 20 25 12.3 214 57

Day 9, AUC;; (h*ng/mL) 4620 467 5260 1840 290000 | 30400

Table S3

Summary of Hershberger assay toxicokinetic data as represented in figure 3 for flutamide (hydroxyflutamide
metabolite), linuron and 4,4’-DDE.

The mean dose-normalized area under the curvadda24-hour timeframe (AUL) from dietary

intake was 108%, 103%, and 109% of the correspgniean dose-normalized AG{rom

oral gavage for hydroxyflutamide (2320 + 241 vs @#4136 ng.hr.kg/mL/mg), linuron (155 *

42 vs 150 % 49 ng.hr.kg/mL/mg), or 4,4’-DDE (404335 vs 3710 = 713 ng.hr.kg/mL/mg),

respectively (Figure 4B and Table S3). The dosenabzed AUG, from dietary intake was not

significantly different from the oral gavage fol thiree testing compounds, illustrating that both

dietary and oral gavage administration resultegisgentially equivalent systemic exposure.

These results suggest that the extent of absorfiiche three positive control substances is

independent of the route of dose administration.

26




391

Cyrx/dose (ng/mL)/(mg/kg)

o

Blood AUC,,/dose (h*ng/mL)/(mg/k

300 -
275 ]
250
225
200 4
175 ]
150 4
125
100
75 ]
50 4
25

——

—t

_h

Dietary

Gavage

Dietary

Gavage

Dietary

Gavage

41

3

713

100

143

160

Flutamide

Linuron

4,4-DDE

5000
4500
4000
3500
3000

2500 T

2000
1500
1000

500

o I |

i

Dietary

Gavage

Dietary

Gavage

Dietary

Gavage

41

3

73

100

13

160

Flutamide

Linuron

4,4-DDE

Fig. 4 Hershberger assay (A) dose normalized
maximum blood concentrations (Cmax) and
(B) dose normalized area-under-the-curve
values (AUC,,;,) in non-fasted rats on day 9 of
dosing via dietary and gavage administration
for flutamide (hydroxyflutamide metabolite),
linuron, and 4,4’-DDE. Dosing concentrations

are mg/kg/day.
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4. DISCUSSION

For both the uterotrophic and Hershberger asshggest guidelines specify that test
substances are to be administered daily by eitii®uganeous injection or oral gavage.
However, the guidelines also state that the relesdam humans should be considered when
determining the route of administration. In thegam study, positive control chemicals were
administered by either diet administration or gg@vage in order to assess the sensitivity of each
administration method for identifying endocrineiaettest substances in both the uterotrophic

and Hershberger assays.

In the Hershberger study, significant body weightréases in excess of a typical maximum
tolerated dose (10% difference in terminal bodyghtcompared to the control group) were
observed for linuron and 4,4’-DDE after dietary awdistration. Body weight decreases were also
observed by gavage administration, and were alsadess of the MTD, but to a lesser extent.
Consistent with the body weight decrements obserfeed consumption was reduced two-fold
when compared to gavage administration, suggesiatghere may be an effect on palatability
that may be contributing to the more severe bodghtesffects observed after dietary
administration. For the Hershberger assay, thegtedelines specify that the highest dose should
not cause a reduction in the terminal body weigbatpgr than 10% of control weight (OECD,
2009; EPA, 2009a). Previous studies in male Wister have shown that the weights of
secondary sex organs such as the epididymis, V@nastate, and seminal vesicles in males can
be impacted by body weight loss exceeding 10% ofrob(Laws, 2007; O’Connor, 2000).
Therefore, the potential for reduced food consuampénd body weight losses must be

considered when using the dietary route of expofurthe Hershberger assay, as potential
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differences in food consumption and/or body wetgdrements can be significant between the
different routes of exposure. Despite the body Welgsses observed after dietary administration
of linuron and 4,4’-DDE, the results from the Hdyslger assay demonstrate that positive
controls chemicals can be correctly identified whentest substances is administered by either

gavage or via the diet, and the sensitivity fohbmiutes of exposure were similar.

In the uterotrophic assay, body weight decreases also observed at the highest dose of EE2,
although it was comparable for both the gavagedaetary routes of administration, and food
consumption was also comparable for both routésstfsubstance administration. In contrast to
the Hershberger assay, the uterotrophic assaguetlines indicates that the body and uterine
weights are not correlated (OECD, 2007; EPA, 2008)en body weight loss was evaluated in
female Wistar rats, statistically significant dexges in the wet and blotted uterine weight were
not observed, although a trend was observed whehddy weight loss was equal to 40% (Laws
et al. al., 2007). While there is still potential forrdfound results in the uterotrophic assay under
conditions of severe body weight loss, the shoration of the test helps to reduce the likelihood
of exceeding a typical maximum-tolerated dose. lgMody weight effects were not a factor in
the current study, the results from the uterotropisisay were similar to those from the
Hershberger assay and demonstrate that posititeotehemicals can be correctly identified
when administered by either gavage or diet. Tleeethe sensitivity for both routes of

exposure are essentially equivalent.

While the test guidelines indicate that oral gaviagée surrogate model for ingestion, kinetics
between different routes of oral exposure sucheaage and dietary exposure can be dramatic

(Hannaset al., 2016; Gayrardt al., 2013; Sieliet al., 2011; Atcheet al., 2010). By measuring
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the concentration of the test substance in thedhltmxicokinetic analysis can generate both
AUC,, and Gnax vValues, and differences in these measurementgderowight into the

endocrine findings. In this study toxicokinetic @atas generated by collecting blood and
evaluating positive control chemical concentratiahspecific timepoints. In the uterotrophic
assay, the dose required to elicit an estrogefecteivere in the pg/kg/day range. Although the
EEZ2 limit of detection for the developed analytioethod was 5-10 pg/mL, at the timepoints
evaluated with the volume of blood collected, EEEswiot quantifiable. Therefore, we were
unable to correlate administered dose via eithsingdregimen with toxicokinetic parameters of

exposure.

In contrast, due to the higher dose levels adnaraestin the Hershberger assay, toxicokinetic
parameters could be evaluated. The daily exposuddbary and gavage administration was
similar for flutamide, linuron, and 4,4’-DDE. Ovdlraa higher G.xwas observed when each of
the positive control chemicals was administeregéyage. The Gax normalized by dose for
flutamide and 4,4’-DDE for gavage administrationswethin 1.6-fold of the dose-normalized
Chax for dietary administration, while the dose-normetl G..« Of linuron was 2-fold greater by
gavage relative to the corresponding dose-norntalizex by diet. When comparing blood
concentrations across all 3 positive control chamidlood concentrations of the test substances

after dietary administration remained relativelgidé over the 24-hour measurement period.

Invitro assays such as the estrogen and androgen rebgmptiorg assays and
corresponding transcriptional activation assayshmahelpful to determine the likelihood of
identifying a response in the uterotrophic and Hieesger assays. Blood concentration data from

the toxicokinetic analysis can support these ptextis. In a very simpléen vitro toin vivo
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458 extrapolation, the E4g value in arin vitro binding experiment can be compared to the blood
459 concentrations achieved through dosimgivo. If the test substance (ligand) reaches a

460 concentrationn vivo at which test substance is available to bind ¢éorditeptor, a response may
461 be elicited, assuming that the cascade of evertgiendocrine pathway occur. The degree of
462 effect will depend on the potency of the test sabst and the duration that the test substance
463 concentration is maintained (Salahudeen and Nesh28l17). Therefore, the choice for route of
464 administration in these endocrine assays is impgrés test substance toxicokinetics may lead
465 to varying organ weight changes based on the bdoadentration of the test substance that is
466 achievedn vivo.

467 When conducting repeat dose studies such as thetrofghic and Hershberger assays, it
468 is important to reduce the potential for effectst ttould confound the ability to interpret apical
469 outcomes. For example, initial exposures by gavege high G.a) may induce acute toxicity
470 leading to adverse effects in test animals thatidvoat be observed by diet administration

471 where variations betweeng and G,,are more limited. Dosing via oral gavage may also
472 result in generalized stress and increased rigkjurfy to the animal as a result of perforation of
473 the esophagus (Reviewed in Vandenletrg., 2014; Balcombet al., 2004). Further, dosing by
474  oral gavage results in bypass of initial digesao absorption that occurs via mucosal surfaces
475 of the oral cavity that may impact the overall sysic exposure (Madhaat al., 2012). At the

476 same time, the palatability of test diets can taausignificant decreases in food consumption
477 and subsequent body weight reductions. Multipléofactherefore must be considered when
478 selecting the most appropriate route of administnat

479 The objective of the current study was to complaeedifferences in responses observed

480 in the uterotrophic and Hershberger assays witera¢positive control chemicals by both the
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dietary and oral gavage routes of administratiBar both the uterotrophic assay and the
Hershberger assay, the data demonstrate thatstheutestances were identified for their
potential endocrine effects whether the test salostawere administered by diet or oral gavage.
In addition, the effects that were observed aftgh administration methods showed similar
magnitudes of change and an overall similarityh $ensitivity for detecting endocrine effects.
The pharmacokinetic data from the Hershberger assay that the daily systemic exposures by
dietary and gavage administration were nearly eddent for all three test substances, which is
consistent with the similar degree in organ wergkponses observed by both routes. Taken
together, the results of this study illustrate thatdietary route of exposure is a valid altexati
dosing method for both the uterotrophic and Herglgreassays and should be considered for
test substances where the dietary route is moggaet for assessing the potential for human

exposure.
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Figure Legends:

Fig. 1 Absolute (A,C) and relative (B,D) uterus ghgis by gavage and dietary administration of
EE2 over 5 days in ovariectomized rats. (n= 6 gatslp) * Statistically significant (p < 0.05)

using Dunnett’s test.

Fig. 2 Absolute (A,C) and relative (B,D) organ weig by gavage and dietary administration of
flutamide, linuron and 4,4’-DDE over 10 days intcated rats. Control rats for both gavage and
dietary administration were dosed by dietary adstiation, n=4 rats/group. For all positive
control chemicals, n= 6 rats/group. LABC = levadar plus bulbocarvernosus muscle. *

Statistically significant (p < 0.05) using Dunnsttést.

Fig. 3 Hershberger assay blood concentrations mfasted rats over 24 hours on day 9 of
dosing via dietary and gavage administration fa):flutamide (hydroxyflutamide metabolite) at
4.1 (diet) and 3 (gavage) mg/kg/day , (B) linuré@ &3 (diet) and 100 (gavage) mg/kg/day and

(C) 4,4'-DDE at 143 (gavage) and 160 (diet) mg/kgy/d

Fig. 4 Hershberger assay (A) dose normalized maxitkood concentrations (Cmax) and (B)
dose normalized area-under-the-curve values (AW @ non-fasted rats on day 9 of dosing via
dietary and gavage administration for flutamidedfioxyflutamide metabolite), linuron, and

4,4-DDE. Dosing concentrations are mg/kg/day.

Fig. S1: Hershberger assay diet and blood sampllyses.

An aliquot of 4 gram of each diet sample was ex&havith 40 mL acetonitrile by grinding at

1400 stokes/min for 5 minutes, then followed bytd&rgation at 4250 rpm for 20 minutes. The
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supernatant was analyzed for diet concentratioaraetation by UHPLC coupled with tandem
mass spectrometry (LC/MS/MS) by multiple reactioonioring (MRM). Blood samples were
evaluated for concentrations of flutamide, hydrduxtgmide, and linuron using LC/MS/MS.
Briefly, 30 puL of blood sample was mixed with 90 pL0.1 M ZnSQ and extracted with 360

pL of acetonitrile containing 0.1% formic acid byofein precipitation. The extracts were
injected into the LC/MS/MS for concentration deteration. The UHPLC system was an
Agilent 1290 infinity directly connected to electpray ionization mass spectrometer, AB Sciex
Qtrap 5500. The column used was Phenomenex Ki@¥B«C18, 1004, 2.1x30 mm, 2.6 um
and kept at 30°C with a gradient separation. Taeignt started from 5% mobile phase B
(acetonitrile containing 0.1% formic acid) and 9%%bile phase A (water containing 0.1%
formic acid), linearly raised to 95% mobile phasatB8 minutes and stepped back down to 5%
mobile phase B for equilibrium. The mass specttem&as operated at negative mode
monitoring MRM transitions for Flutamide (2#8205) and Hydroxyflutamide (292205), and

at positive mode for monitoring Linuron (248.33). Analyst® software was used for
calibration curve construction and sample concéntraletermination. 4,4-DDE was evaluated
with gas chromatography coupled with MS detect@&/(MS, Agilent 7890A gas
chromatograph with 5975C inert XL EC/CI MSD) byesgkd ion monitoring (SIM). The GC
column used was Agilent J&W DB-1701, 30 m x 250 25 pm. The oven temperature was
hold at 100°C for 0.5 minutes, then raised at 28fi@dte to 280°C and hold for 2 min with a

total run time of 9.7 min. SIM was set to monitgrion of 318.

Uterotrophic assay blood sample analysis.
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Prior to analysis, each blood sample was thawedldntkd 1:1 with HPLC grade water. 20 pL
of each sample was partitioned against 200 pL dfGgrade ethyl acetate and the organic layer
transferred to a 1.5 mL Eppendorf tube. Each tuhethen taken to dryness under a low flow
of nitrogen gas and the dried residue reconstitwitid 20 pL of a solution composed of 60%
methanol, 40% water and 1 ng/mL of 2,4,16,16-d4 B#Zed as an internal standard. After
vortex mixing for 30s to ensure homogeneity, thagas were analyzed for EE2 via

LC/MS/MS (Agilent 1290 Infinity 1l system running'® ammonium fluoride as solvent A and
methanol as solvent B; Restek Raptor Biphenyl 310 cm, 2.7 um). The gradient program
started at 60% methanol and progressed to 99%4owenutes. Following a 2.5 minute isocratic
hold at 99% methanol, the gradient returned itdiatacondition to re-equilibrate the column.
This system was coupled to an ABSciex QTRAP 650fhfigured with an ESI source operated
in negative ion mode and utilized multiple reactianitoring (MRM) to quantify the residue of
EE2. The method performance was validated at 4bE®ymL of whole blood (LLOQ), with a
mean recovery of 80 + 11% and individual recoveiaditng between 73 and 93% (N=5). The

method LOD was estimated to be 5 - 10 pg EE2/mlvtadle blood.
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A

. Dose Terminal Body Weight Bod Bod Food Food .
Ute'rA(\JSt;c;shlc (na/kg Body Weight v)érsusg Weig)rllt Weig)kllt Consumption Cor\llséurrsnupsnon
bw/day) (9) control (%) Gain (g) Gain (%) (g/day) control (%)
Control - 311.7£20.4 - 25.3+6.5 8.9 19.2+1.6 -
EE2 (low) Gavage 10 294.8 £21.7 -5.4 92+21* 3.2 146+1.6* -23.6
EE2 (high) 100 278.4+16.1* -10.7 -49+59* -1.7 125+0.6* -34.9
control - 310.2 £18.8 - 24.2+6.4 8.4 19.1+1.0 -
EE2 (low) Diet 9.3 2825+12.3* -8.9 -29+7.2 -1.0 129+0.5* -32.5
EE2 (high) 77.6 267.0+13.1* -13.9 -149+6.9 -5.24 10.5+£05* -45.0
Dose Terminal Bqdy . Bod Food Food .
Hershberger Route (mg/kg Body Weight Weight Body.Welght Weig)lqt Consumption Consumption
Assay bwiday) ) versus Gain () Gain (%) (g/day) versus
control (%) control (%)
Control Diet - 351.2+19.0 - 95.2 +£10.7 37.2 26.3+1.1 -
Flutamide 3 325.3+25.5 -7.4 73.5+10.2 29.2 232+1.2* -11.7
Linuron Gavage 100 302.3+28.4* -13.9 48.6+16.2*| 19.2 18.1+2.7 * -31.0
44'-DDE 160 309.3+29.4 -11.9 56.2 +14.6 * 22.2 20.4+0.7* -22.2
Control - 351.2+19.0 - 95.2 +£10.7 37.2 26.3+1.1 -
Flutamide Diet 4.1 335.5+£27.0 -4.5 80.8+11.6 31.7 24.2+1.8 -7.8
Linuron 71.3 2525+15.6* -28.1 -1.6+14.2* -0.6 114+1.3* -56.7
4,4-DDE 142.6 271.0£26.5* -22.8 17.5+17.3* 6.9 145+15* -44.8

Table 3




Summary of in-life parameters as mean + standavitien for the (A) Uterotrophic and (B)
Hershberger assays. Six ovariectomized femaléarrdle uterotrophic assay and 6 castrated ratsein t

Hershberger assay were used per treatment grosipghe group of 4 castrated rats administeredén th
diet were used for the Hershberger controls. *i8teally significant (p < 0.05) using Dunnett'ste
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Highlights:

e Hershberger and uterotrophic assay guidelines specify test substance is administered by
subcutaneous injection or gavage

* Positive control chemical evaluation suggests dietary administration is also an acceptable route
of exposure

* Dietary administration is a more appropriate environmental exposure scenarios with potential
human intake via crop residues
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