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Literature Search and Analysis

A literature search was conducted to identify published literature with evidence of NMDR for
thyroid endpoints. This search was based on an ongoing (10+ year) literature review by one of
the authors (KC). Starting from the list of references in Brucker-Davis (1998), other references
were identified from additional review papers (Table C.1). PubMed searches were also
conducted using the list of key words provided in Table C.2. Finally, further additions to the
chemical list and references provided by Dr. Pamela Hurley, Office of Pesticides Program, US
EPA and Dr. Theo Colbourn, World WildLife Fund (personal communications). The end result
was 1256 publications for evaluation as to their relevance for the present effort.

Table C.1. Sources of information for references on thyroid disrupting chemicals

Source

Description

Gaitan and Cooksey (1989)

Review of environmental goitrogens, with 40 chemicals and 45
references

Mcconnell (1992)

Review of 342 2 yr NCI/NTP Cancer Bioassay for thyroid effects

Atterwill et al. (1992)

Review of over 50 drugs and chemicals with 88 references

Brucker-Davis (1998)

Published review of 381 references for over 90 chemicals

Devito et al. (1999)

Review of screening methods to detect thyroid dysfunction, 108
references

Hurley et al. (1998)

Table of 29 pesticides found to alter the structure or function of
thyroid

Howdeshell (2002)

Review of impact of thyroid disruption on brain development, 116
chemicals and 184 references.

Boas et al. (2006)

Review of environmental chemicals and thyroid function, 153
references

Kohrle (2008)

Review of environmental chemicals and thyroid, 79 references

Pickford (2010)

Comparison of rodent and amphibian assays for detection of thyroid
disruption, 36 chemicals and 185 references

Colborn
(personal communications)

Reference list of 1436 publications (contains original Brucker-Davis
list)

Crofton
(personal communications)

Personal reference library of ~1200 references for over 400
pharmaceuticals, pesticides, and industrial chemicals.
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Table C.2. List of key words used for searching literature for thyroid disrupting chemicals.

Thyroid
Hypothyroidism
Hypothyroxinemia
Hyperthyroidism
Hyperthyroxinemia
Thyroid dysgenesis
Thyrotoxicosis
Thyroid neoplasms
Thyroid follicular tumors
Thyroiditis
Follicular cell size/shape
Thyroid lumen size/area
Diiodothyronines
Diiodotyrosine
Monoiodotyrosine
Thyroid Hormones
Thyronines
Thyrotropin
Thyroxine(T4)
Triiodothyronine (T3)
Triiodothyronine, Reverse
Thyroid stimulating hormone (TSH)
Thyrotropin releasing hormone
(TRH)

Receptors, Thyroid Hormone

Thyroid Hormone Receptors alpha

Thyroid Hormone Receptors beta

Thyrotropin-Releasing Hormone
Receptor

Pregnane X receptor (PXR; NR112)

Constitutive androstane receptor
(CAR; NR1I3)

Sodium iodine symporter (NIS)

lodine uptake

lodine uptake inhibition

Peroxidases

Thyroperoxidase (TPO)

Lactoperoxidase

lodine peroxidase

Thyroglobulin

Deiodinases (Type |, li, lll)

lodothyronine deiodinases

Transthyretin (TTR)
Thyroid binding globulin (TBG)

Uridine diphosphoglucurono
syltransferases (UGTs)
Sultfotransferases (SULTs)

Phase Il Hepatic cellular
transporters

Organic anion-transporting
polypeptides (OATPs)

Monocarboxylate transporters
(MCTs)

Pendrin

Metamorphosis
frog tail length
frog hind limb growth

Male pubertal assay
Female pubertal assay
OECD 407

Extended F1 Study

Information on chemical names, doses, number of dose groups, species, lifestage and
significant thyroid-related effects were extracted from the references and added to a thyroid
knowledgebase. The knowledgebase was used to perform analyses of the available literature
to determine whether a publication had a sufficient number of doses reported to search for
nonmonotonicity in thyroid-related endpoints, and second whether any data in the publication
suggested an NMDR. Of these 1153 references, 339 were eliminated because they were review
papers, meeting reports, used undefined mixtures, or failed to contain thyroid-related
endpoints. The remaining 814 papers evaluated were original reports containing data from 987
chemicals. Information was then extracted from each publication on the number of “chemical-
studies” (Table C.3). Chemical-studies were defined as independent determinations of a dose
or concentration-response for a chemical. Thus a publication could have more than one
chemical-study for a single chemical (e.g., an acute and a subchronic on one chemical) or could
report on multiple chemicals (e.g., acute studies for 5 chemicals). A total of 2060 chemical-
studies were identified, and this information was further divided into mammalian and in vitro
(1831 chemical studies) and non-mammalian chemical studies (229 chemical studies). Most of
the non-mammalian studies were reported in the aquatic models section of the document
(Section 4.2.2). Information on the number of relevant papers based on species used, life
stages evaluated, and use of in vivo or in vitro techniques is shown in Table C.4. The number of
dose groups in chemical-studies is summarized in Table C.5.
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The publications containing the 1831 mammalian and in vitro chemical-studies were then
evaluated for the presence of NMDR effects at low doses that would impact regulatory action
(e.g., lowest effective dose for a chemical). The evaluation was conducted according to criteria
outlined in the ‘Decision Tree’ in Figure 1 of Appendix C. Briefly, the criteria for inclusion were:

Filter 1: ~ Minimum of 3 dose levels plus a control evaluated

Filter 2:  Evidence of a statistically significant NMDR on any thyroid endpoint

Filter 3:  Absence of observations at lower dose levels in the study that would have
been used to determine the LOEL/LOAEL

Filter 4:  a) Absence of other published reports on this chemical where effects were
observed at low levels.
b) Absence of other published reports for effects on other endpoints that
would have been used to determine the LOEL/NOEL below the dose
identified as an NMDR.
c) Absence of study quality concerns or statistical power issues that
weakened confidence in the NMDR observation.

Table C.3. Reference filters used to compile the final list of published papers searched
for any evidence of NMDRC for thyroid-related endpoints. All studies rated as relevant
(i.e., primary publication of chemical-specific information on thyroid endpoints) were
further divided into chemical-studies (see text for definitions).

Total Number of References 1153
Numbers of reference that were reviews or otherwise not relevant 339
Total number of relevant references with data from chemical exposures 814
Total Number of Chemical-Studies from relevant references 2060
Number of Non-Mammalian Chemical-Studies 229
Number of Mammalian In Vivo & All In Vitro Chemical-Studies 1831
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Table C.4. Breakdown of all chemical-studies by species, adult or
developmental exposures and in vitro studies. Note that some papers
contained data on more than one species or life-stage.

Summary of Non-mammalian chemical-studies species

Adult Developmental Sums
Bird 26 50 76
Fish 40 54 94
Frog 1 51 52
Lizard 3 0 3
Turtle 4 0 4
Total Non-Mammalian 229

Summary of mammalian chemical-studies by species

Adult Developmental Sums
Cattle 5 3 8
Dog 10 0 10
Gerbil 2 0 2
Goat 2 0 2
Guinea pig 3 0 3
Hamster 6 0 6
Horse 1 0 1
Human 26 2 28
Mice 87 13 100
Mink 3 0 3
Monkey 8 0 8
Pig 3 1 4
Rabbit 3 2 5
Rat 915 165 1080
Sheep 10 4 14
Squirrel 2 0 2
Vole 2 0 2
Total Mammalian In vivo 1278
All In Vitro studies | 553
Total Mammalian In Vivo & All In Vitro Chemical-Studies | 1831

Page | 6



Appendix C Mammalian Thyroid 07 03 13 DRAFT

Table C.5. Breakdown of the number of dose groups not

including controls for all 814 relevant references that

include 2060 mammalian, non-mammalian and in vitro

chemical-studies.

# Dose

Groups In vivo In Vitro

lor2 859 81

3 284 32

4 191 66

5 89 75

6 26 85

7 34 85

8 12 92

9 or more 10 39
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Figure C.1. Flow Diagram for Mammalian Thyroid Inclusion Criteria

Relevant Peer
Reviewed Papers
(N=814)

Total Chemical-
Studies (N=1831)

Does the study utilize a control and 3 or more dose 1
groups?

No _
Exclude € Yes (n=1005)
\ 4
Is there evidence of a statistically significant NMDR 2
for any endpoint?
No
Exclude |€ Yes (n=46)
A 4
Isthe NMDR effect the sole driver for the study-wide 3
NOEL/NOAEL or LOEL/LOAEL?
No -
Exclude |€ Yes (n=18)
\ 4
a) Do other studies not show report effects at these
doses for these endpoints?
b) Do other reports have affected endpoints that A4
would drive the LOEL/NOEL?
c) Are there study quality/statistical power concerns ?
Yes
Exclude ( No
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Study Evaluation Summaries

The following represents the summaries and evaluation decisions based on our filtering
paradigm that passed Filter Level 2 —i.e., these papers evaluated control and at least 3 dose
levels and reported data for a thyroid-related endpoint that displayed an NMDR curve. Further
filters were applied as indicated in Figure D.1 and 8 papers were identified that exhibited NMDR
of concern as described above. These were the 8 papers that were carried forward for
discussion in the main document in Section 4.2.3.

17a-methyltestosterone

Reference: Okazaki et al. (2002)

Study Details: 17a-methyltestosterone (0, 5, 20, 80 mg/kg-day) was administered once daily via
gavage to male and female SD rats. Male rats were dosed for 28 days with terminal sacrifice
one day after the 28" administration. Female rats were dosed for 28-31days until it was
determined that the female was in the diestrus stage of the estrous cycle. Females were dosed
until the day before sacrifice.

Primary Mode of Action: Unknown

NMDR Observation: Statistically significant increase in thyroid weight in female rats at lowest
dose. Changes in thyroid weight were not observed at any other dose level.
Decision/Comments: Exclude Filter 3. The NMDR for the increase in thyroid weight is not the
determinant of the study-wide NOEL. Monotonic dose response effects were observed in
organ weights of the adrenal and pituitary glands of the female rats, as well as the ovaries and
were significant at the lowest dose tested.

Table 4 Body weight and rela-
tive organ weights (g/100 g
body weight) for female rats 0 5 20 <0
treated with 17x-methyltestos- B
terone for 28-31 days

Parameter Dose (mg/kg per day)

No. of animals 10 10 9 10

Body weight (g) 259.2+133 2722+ 16.4 284.3 101+ 2854+ 164**
Liver 3.73+0.44 3.57+0.24 3.67+0.28 4.05+0.40
Adrenal 0.026 +0.003 0.019 + 0.003** 0.018 £0.003%* 0.014+0.003%*
Kidney 0.68 £0.05 0.70 +0.05 0.67 +0.04 0.78 £0.11%*
Pituitary 0.006 = 0.001 0.005 + 0.001* 0.005 +£0.001%* 0.004 £0.001%*
Thyroid 0.006 = 0.001 0.008 + 0.001** 0.007 +£0.001 0.006 +0.001
Ovaris 0.035£0.003 0.026 + 0.06%* 0.024 £0.005** 0.17 £0.002**
Uterus 0.19 +£0.03 0.16 +0.02 0.14+0.03* 0.18 £0.03

*P<0.05, significantly different from the 0 mg/kg group
#P <0.01, significantly different from the 0 mg/kg group
Data represent mean values £5D
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17B-Estradiol (E2)

Reference: Tyl et al. (2008)

Study Details: E2 was administered in the diet (0, 0.001, 0.005, 0.05, 0.15, 0.5ppm; ~0, 0.2, 1,
10, 30, 100 pg E2/kg BW/day, n=16-25) to CD-1 mice for 8 weeks prior to breeding, 2 weeks
during mating, throughout gestation (~3 weeks) and for 3 weeks during lactation. After
weaning, selected F1 mice continued to be administered the same doses until the conclusion of
the study at F2 weaning. Animals were sacrificed at various times and tissues collected.
Primary Mode of Action: Unknown

NMDR Observations: A statistically significant increase in thyroid weight in the F1 parental
male generation was seen at the 0.05 and 0.5 ppm dietary E2 exposure concentrations, and no
difference from control was seen at the 0.15 ppm exposure concentration or at the lower
doses.

Decision/Comments: Exclude Filter 3. The NMDR for thyroid weight was not the determinant of
the study-wide NOEL. Additionally, there is no statistical difference in thyroid weight between
the 0.05, 0.15, and 0.5 ppm exposure groups.

Excerpt from Table 3 is below:
TABLE 3
Selected Organ Weights from F0 and F1 Parental and Retained F1 Adult Males

E2 dietary concentration (ppm)

Parameter Generation” 1] 0.001 0.005 0.05 015 0.5
Mo. males Fi 24 25 25 25 24 25
F1 25 25 25 25 25 25
F1 retained 18 17 149 21 21 16
Terminal body wt. (g) FO 36.66 = 0.77 3834 £ 089 3645 £ 0.57 37294075 3598 £ 053 3568 £ 0.50
Fl1 37372071 37.67 £0.75 JRT0 £ 078 38452074 36,60 £ 0,65 3801 075
F1 retained 3889+ 1,12 3937 £ L16 3970+ 110 3758 2072 38.66 £ 0.72 3591075
Thyroid (g) Fi 00055 £ 00003 0.0053 + 0.0003 00053 £ 00002 00054 + 0.0002 00049 £ 00002 00053 = 0.0002
Fl1 0.0028 + 0.0001  0.0027 + 0.0001  0.0031 £ 0.0001  0.0032 + 0.0001* 00031 + 0.0001 00033 + 0.0001*=*

FI retained 0.0038 £ 00001 0.003%9 = 0.0002 00038 £ 0.0001 00039+ 00002 00042 200002 00038 + 0.0002

Note. *p < 0035, **p < 0.01, and ***p < 0.001, respectively: Dunnett’s test for pairwise comparisons o the concurrent control group value.
“There were 24-25 FO and F1 adult males per group and 16-21 retained F1 adult males per group.
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1-chloro-4-(chloromethyl)benzene

Reference: Yamasaki et al. (2012)

Study Details: 1-chloro-4-(chloromethyl)benzene (0, 10, 50, 250 mg/kg-day in olive oil) was
administered to male and female SD rats via oral gavage daily for 28 days, beginning at 8 weeks
of age.

Primary Mode of Action: Unknown, possible effect on liver metabolism

NMDR Observation: Statistically significant increase in serum T4 found at the middle dose in
female rats. No other changes were noted for serum T3, T4, or TSH in either sex.
Decision/Comments: Filter 4 Include. Changes in female serum T4 is not consistent with
observations in male rats from the same study. No other changes in female serum thyroid
hormones (T3 or TSH) were found. A very high standard deviation was reported for male serum
TSH values, it is not clear if this is biological variability or assay variability. No histopathological
changes were noted in the thyroid gland at any dose in either sex. Gender was not in the
statistical model. The statistical increase in T4 noted for females at the mid dose would be
selected as the LOEL for thyroid effects for this study. No other studies on the thyroid effects of
this chemical were found in the literature for this compound.

Table 5

Hormonal values (mean £5D) in 1-chloro-4-(chloromethyl)benzene.
Items Male Female

Control 10 mglkg 50 mg/kg 250 mg/kg Control 10mg/kg 50 mg/kg 250 mglkg

13 (ng/mi)
28-day administration 064 0.1 059+0.11 062013 0.61+0.10 0.74+0.07 0.71 = 0.07 0.79 £ 0.10 0.76 £0.15
14-day recovery 0.79+0.15 NE NE 0.68 0.21 0.76£0.19 NE NE 0.82:013
T4 (ng/ml)
28-day administration 44.1+104 40.7 £ 1.6 456+ 6.0 37.9%51 46.0+3.8 47.5+59 55335 50.1 44
14-day recovery 59.0+6.0 NE NE 51.8+79 382%53 NE NE 41.8+4.7
TSH (ng/ml)
28-day administration 254 +097 297 +0.95 253+ 099 186+1.58 093 +0.41 0.80 £ 0.29 091 + 061 0.98 +0.31
14-day recovery 1.63 £0.90 NE NE 198 £1.00 0.68 +0.29 NE NE 0.61+031

NE = not examined.
" Significantly different from control at P <0.05.
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1-methyl-3-propylimidazole-2-thione (PTI)

Reference: Biegel et al. (1995)

Study Details: 1-Methyl-3-propylimidazole-2-thione (PTI 0, 5, 10, 25, 75 mg/kg/day) was

administered orally by gavage in canola oil to adult male and female CD BR rats. Tail blood was
sampled for serum hormones 1 and 3 weeks and at the end of dosing. Animals were sacrificed
and tissue collected after 5 or 90 days of dosing.
Primary Mode of Action: TPO inhibition; liver metabolism

NMDR Observation: Statistically significant decrease in serum T3 at 5, 25 and 75 mg/kg with no
effect at the mid dose of 10 mg/kg/day at the 1-week time point in male rats only.
Decision/Comments: Exclude Filter 3 The NMDR for serum T3 is not the sole determinant of
the study-wide NOEL. Monotonic dose -response effects were observed for serum T3 and T4,
and hepatic UDPGT activity which were significant at the lowest dose tested.

TABLE 3
Mean Serum Thyroid Hormone Concentration in Male Rats
Dose”
(mg/kg/day) 0 5 10 25 75
1-Week analysis
Ty pghdl 4351 = 0.6597* 3.639 + 0.7435% 2999 = 0.3637* 2.127 = 0.6098*% 0695 + 03151*
T, ng/dL 74.860 = B.5196 55333 = 102213+ 66.438 = 13.7647 61.817 = 10.2596% 52.048 = 17.2260*
TSH ng/ml 0.957 = 0.2949 1.027 + 0.2848 1.158 = 0.2624 1.622 = 0.6576 5069 = 3.8064*
3-Week analysis
Ta pghll 4.695 = 0.5905 3697 = 0.8394 2786 = 1.3641* 1.705 = 0.5141* 0383 = 0.9243*
Ty ng/dl 64.602 + 163646 52241 = 5.6094% 52.397 + 11.1925* 47877 + B.1456*% 22429 = GR503*
TSH ng/ml 1.768 = 1.6360 1.250 = 0.3386 1.856 = 1.674]1 4372+ 4.5468 38,149 = 36.0498*
3-Month analysis
Ta pg/dl 4.802 = 0.6790 3.984 = 0.9543* 2753 £ 0.5042% 2407 £ 0.6588*% 0942 = 1.1847*
Ts ng/dl 56.884 = 10.5621 51.380 = 13.5649 44.622 * 12.8095 35.552 &+ 9.6824 75988 = 47.1221
TSH ng/ml 1.004 = 0.9468 0.771 = 0.3870 0.680 = 0.2404 0753 = 0.2908 1766 = (.7397*
“n =15
#Mean * standard deviation.
* Statistically significant (p < 0.05),
TABLE 4

Mean Serum Thyroid Hormone Concentration in Female Rats

Daose?

(mg/kpg/day) o 5 10 25 75
1-Week analysis

T, pgidl 3424 = 1.0074" 3128 = 0.8744 2753 = 06914 1.540 £ 0.6683* 0478 + 0.3521*

T, ng/dl 70.613 = 10.0168 75.165 £ 11 5588 73.081 = 14.4891 61.676 = 7.7728 36984 = 8.2839*

TSH ng/ml 0.880 = 0.2024 0939 = 0.1866 0.949 = 01971 0.801 = 0.3601 1.254 = 0.4346*%
3-Week analysis

T, pgidl 4,106 = 0.8581 3113 = 1 2869* 2588 = 0.6732% 2118 = 0.6833 0.820 = 0.6362*

T, ng/dl 78.298 = 14.3467 73483 = 15.0866 70.379 = 18.2218 58.372 £ 12.7213* 67.435 = |8.8918

TSH ng/ml 0.851 = 0.2024 0951 = 0311 0953 = 01507 1.026 = 0.3166 2783 = 2.7419*
3-Month analysis

T, pg/dl 2601 = 0.8302 2492 = 0.7640 2,060 = 0.5594 1.68] = 0.5235* 1.976 = 0.4795*

Ty ng/dl T8.981 = 10.5746 68.747 + 12,7325 70.010 + 14.5077 61.256 = 11.8370* 88.560 = 16.3990

TSH ng/ml 0.843 = 0.0664 0.852 = 0.0979 0.802 = 0.1389 0.880 = 0.1594 0853 = 0.1445

n =15

* Mean = standard deviation,
* Statistically significant (p < 0.05).
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2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)

Reference: Potter et al. (1986)

Study Details: A single dose of TCDD (0, 6.25, 12.5, 25, 50, 100 pg/kg) was administered to
adult male SD rats by gavage in acetone/corn oil vehicle. Measurements were obtained 7 days
later. Data compare to vehicle, pair fed and ad lib controls.

Primary Mode of Action: Increase liver metabolism

NMDR Observation: Statistically significant increase in serum TSH at lowest doses that decline
as doses increase.

Decision/Comments: Exclude Filter 4a. Increases in TSH are inconsistent with many reports of
TCDD which also reported declines in serum T4. Peak in serum TSH at lowest dose followed by
decline higher doses is secondary to hypophagia accompanying higher dose levels. Monotonic
effects of dioxin on other serum hormone levels have been reported at much lower doses
under repeated dosing regimens (e.g., Seo et al, Toxicol Lett 1995).
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FIG. 2. Effects of TCDD treatment (W) or paired feed
restriction () on plasma T, (top), Ty (middle), and TSH
{bottom) concentraticns. Plasma was taken late in the daily
light cycle 7 days after dosing, Each point represents x
+ SE, N = 12. Significant differences (p < 0.05) between
TCDD and ALC (%) or TCDD and PFC (%) are as shown.
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4,4'-butylidenebis(2-tert-butyl-5-methylphenol)

Reference: Yamasaki et al. (2008)

Study Details: 4,4’-butylidenebis(2-tert-butyl-5-methylphenol) (0, 5, 25, 125 mg/kg-day in olive
oil) was administered via oral gavage for at least 28 days to male and female SD rats beginning
at 8 weeks of age.

Primary Mode of Action: Unknown

NDMR Observation: A statistically significant increase in serum T4 was observed at the low
dose in male rats; no change in T4 at the mid dose, and a statistically significant decrease in T4
at the high dose.

Decision/Comments: Filter 4 Include. Thyroid histopathology was not performed for the low
and mid dosed male rat thyroids; however, no hypertrophy of the follicular epithelial cells was
noted in the control or high dose male rats. No changes were found in serum T4 for female
rats. An increase in serum TSH was found for both male and female rats at the high dose. It is
logical that as the thyroid hormone decrease (e.g., T4-- males at the high dose), the serum TSH
is elevated in an attempt to up-regulate the thyroid hormone. The reason for the increase in
serum T4 is unknown and not supported by any other endpoint in this study. No additional
studies on the thyroid effects of this compound were identified.

Table 2 Hormonal values (mean = SD) in the enhanced TG 407 of 4,4"-butylidenebis(2-tert-butyl-5-methylphenol)

Items Male Female
Control 5 mg/kg/day 25 mg/kg/day 125 mg/kg/day  Control 5 mg/kg/day 25 mg/kg/day 125 mg/kg/day
(n=10) (n=10) (n=10) (n=10) (n=10) (n=10) (n=10) (n=10)
T3 (ng/dl) 82417 87 £ 11 807 67 £ 9% 8710 8616 §7+6 8619
T4 (pg/dl) 447+£053 525+£0.71*% 486054 343 £ 0.56* 434057 488098 512+£054 4.85 £0.82
TSH (ng/ml) 2.61+£0.92 233£1.01 2694131 553 £3.77* LL16 £045 113061 1224070 2.18 £0.78*

* Significantly different from control at P < 0.05
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5-ethylidene-2-norbornene

Reference: Ballantyne et al. (1997)

Study Details: 5-Ethylidene-2-norbornene (ENB; 0, 52, 148, 359 ppm) vapor was administered
to male and female F344 rats. The rats were exposed 6 hr per day in inhalation chambers for 5
days, then given a 2 day rest period, then exposed for 4 more days.

Primary Mode of Action: Unknown

NDMR Observation: At the end of the 9 day exposure study, a significant decrease in serum T3
uptake compared to air-alone-exposed rats was reported for the low and high dose males, but
not for the middle dose. A statistically significant increase in serum total T4 was seen in the

middle male dose group, but not in any other male or female dose group. A statistically

significant decrease in relative thyroid weight was found for the lowest dosed female rats, and
no other changes in female thyroid weight were observed.
Decision/Comments: Exclude Filter 3. There appears to be a statistical issue surrounding the T3
uptake. The change in T3 uptake is -1.3, 0.76, and 2.3% for low-high dose with corresponding
standard deviations of 1.3, 1.4, and 1%, respectively. The NMDRs for the T3 uptake or thyroid
weight are not the determinants of the study-wide NOEL. A monotonic dose response effect

was observed in colloid size for male rats and was significant at the lowest dose tested.

Table 5. Serum thyroid hormones for ENB- and air-alone-exposed rats in the 9-day study*®

Exposure group {ppm ENB)

Serum measurement Sex [\ 52 148 359
Free T; (pg ml-") M 2.08+0.91 1.90:0.46 1.94+0.28 1.74£0.61
F 1.82+0.26 1.44 £0.37 1.83+0.61 1.74x0.12
Total T; (ngdI-") M 103.22+21.99 93.556+12.71 105.06 £ 19.92 100.68 £8.76
F 90.21+£9.25 80.88 £ 6.88 89.33+14.81 101.56 £9.62
Free T, (ngdl"} M 1.87+0.20 1.99+0.26 2.06+0.16 2.02£0.26
F 1.34+0.45 1.31£0.48 1.29+0.34 1.61=0.40
Total T, {ngdl-") M 5.65 +0.93 5.78 £0.50 6.76 + 0.54** 6.66*1.20
F 3.54+0.43 3.50+0.50 3.72+0.71 4.15+0.67
T: uptake (%) M 60.74 £ 1.05 59.46 £ 1.27* 59.98 £ 1.39 58.46 £ 1.02***
F 53.568 £ 1.35 53.58+£1.17 53.04 £ 1.63 52,65+ 1.26
®Results as mean £SD; *P < 0.05, **P < 0.01 and ***P < 0.001 compared to control.
cAir-alone control group.
Table 10. Thyroid gland weights of rats exposed to ENB vapor or air alone*
Exposure groups
Thyroid weight Sex Control Low Mid High
9-Day study
ENB (ppm) 0 52 148 359
Absolute {mg) M 16+1.9 16+3.9 18+ 1.5%* 21+5.2%
F 16+ 46 11£2.6** 14+3.0 1627
Relative to body weight (% x 10-%) M 8x1 8+2.1 9+0.8*% 11£2.6*
F 12+3.2 8+ 1.6%* 11+£24 12+2
Subchronic study: 14-week sacrifice®
ENB (ppm) 0 4.9 248 149.0
Absolute {mg) M 18+2.3 19+27 19+3.0 20+2.0
F 156+2.6 14+3.1 1419 13£28
Relative to body weight (% x 10-3) M 5+086 6+0.8 6+0.6 6+0.8
F 8+ 1.1 716 7+0.8 7:14
Subchronic study: 18-week sacrifice®
Absolute {mg) M 20+29 20+48 18+4.0 21+21
F 19+3.6 20£3.2 16+6.0 18+29
Relative to body weight (% x 10-3) M 6105 611 5+15 604
F 9+2.0 11+£1.9 829 915

*Results as mean+ SD; *P < 0.05 and **P < 0.01 compared to control.
bSacrificed after the final exposure.
=Sacrificed 4 weeks after the final exposure.
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Amiodarone

Reference: Freitas et al. (2011)

Study Details: Amiodarone (0, 0.5, 1, 5, 10, 15 uM) was added to cell culture of transfected rat
pituitary tumor GH3 cells (GH3.TRE-Luc) for 24hrs.

Primary Mode of Action: Thyroid receptor mediated, deiodinase inhibitor

NDMR Observation: A statistically significant increase in cell proliferation as measured in
luciferase reporter gene assay 24-hr after exposure tol uM amiodaraone. No changes in
luciferase induction were observed at 0.5 or 5 uM; with a decrease at the 2 highest
concentrations.

Decision/Comments: Exclude Filter 4c. The reduction in luciferase induction at the higher dose
levels (10 and 15 uM) is due to cytotoxicity, as indicated by the decreased resazurine. Visible
evidence of cytotoxicity was reported by the authors at the 5uM concentration. The NMDR
function for luciferase induction is due to cytotoxicity at concentrations exceeding 1uM.

40 2000
0O resazurine A
& luciferase
o *
=
2 304 F1500
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L 0
- a— +
§ 104 ———aoO e 500
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DMSO 0.5 1 5 10 15

Amiodarone (uM)

Fig. 6. GH3.TRE-Luc induction after 24 h exposure, in the presence of 0.25 nM of T,
to(A) amiodarone and (B) sodium arsenite. Luciferase activity (®, left axis) relative
to T3 maximal induction (at 10 nM set at 100%, DMSO set at 0%) and the number of
viable cells ([J, right axis) expressed as relative fluorescence units (RFU). Error bars
indicate SD of triplicate data points. *Significantly different from control (*p < 0.05,
“*p <0.01). ¥ = visible cytotoxicity.
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Chlorpyrifos

Reference: Jeong et al. (2006)

Study Details: Chlorpyrifos-methyl (CPM; 0, 1, 10, or 100 mg/kg-bw in corn oil) was

administered once daily via gavage to male and female SD rats for 14 days before breeding,
throughout gestation, lactation, and for 13 weeks post weaning.
Primary Mode of Action: Unknown; possibly through cholinesterase inhibition.

NMDR Observation: Statistical significant increase in thyroid weight in PND 21 male rats at the

lowest dose and in F1 females at lowest dose 13 weeks after weaning. Changes in thyroid
weight were not observed at any other dose level.
Decision/Comments: Exclude Filter 3. The increase in male thyroid weight at PND21 was not

seen in females. The increase in female thyroid weight at 13 weeks after weaning was not seen
in males. The NMDR for the increase in thyroid weight is not the determinant of the study-wide
NOEL. A monotonic dose response effect was observed in serum T4 and was significant at the
lowest dose tested.

Table 4

Body weights and organ weights of F1 rats exposed to CPM at weanling tume

Organs (g)

CPM dose (mg/kg)

0

10

100

F1 female body weight
Liver (%)
Spleen (%)
Kidney (%)
Adrenal gland (%)
Thyroid gland (%)
Owvary (%)
Uterus (%)
Bram (%)
Pituitary gland (%)

F1 male body weight
Liver (%)
Spleen (%)
Kidney (%)
Adrenal gland (%)
Thyroid gland (%)
Testes (%)
Epididymis (%)
Ventral prostate (%)
Seminal vesicle (%)
Brain (%)
Pitustary gland (%)

533+ 50
2.10 + 0.31(3.93 +0.26)
0.231 £+ 0.040 (0.432 £ 0.055)
0.251 + 0.024 (0.472 £0.028)
0.0074 = 0.0009 (0.0140 +0.0012)
0.0070 £ 0.0012 (0.01324+0.0022)
0.0070 = 0.0012 (2.8257 £ 0.3937)
0.0276 = 0.0041 (0.0520 £ 0.0079)
1.342 + 0.044 (2,537 +£0.224)
0.0024 =+ 0.0006 (0.0045 + 0.0010)

531+ 38
212 £ 0.22(4.00£0.22)
0.213 + 0.030 (0.403 £ 0.053)
0.241 £ 0.019 (0.455 £0.032)
0.0070 =+ 0.0025 (0.0133 + 0.0060)
0.0054 = 0.0017 (0.0103 £ 0.0031)
0.147 = 0.018 (0.276 £ 0.021)
0.0142 £+ 0.0035 (0.0265 £ 0.0054)
0.0233 £ 0.0045 (0.0439£0.0082)
0.0197 = 0.0024 (0.0372 +0.0037)
1.344 + 0.024 (2,545 £0.202)
0.0024 + 0.0008 (0.0045 +0.0014)

518 L49
211 £ 034 (4.05£041)
0.230 £ 0.042 (0.443 + 0.060)
0.253 £ 0.044 (0.490 & 0.088)
0.0073 £ 0.0010 (0.0141 % 0.0018)
0.0058 £ 0.0010 (0.0112 4 0.0019)
0.0066 = 0.0012 (2.7771 % 0.2809)
0.0264 + 0.0073 (0.0510 4 0.0122)
1.310 £ 0.048 (2.542 £ 0.185)
0.0021 £ 0.0006 (0.0042 4 0.0012)

546 + 46
219 £023(401£0.14)
0.222 + 0.035 (0.406 + 0.052)
0.247 £ 0.022 (0.452£0.017)
0.0077 £ 0.0010 (0.0142 £ 0.0023)
0.0076 + 0.0040° (0.0141 £ 0.0072)
0.147 £ 0.013 (0.269 + 0.013)
0.0155 £ 0.0020 (0.0287 4 0.0046)
0.0255 £ 0.0060 (0.0470 £0.0116)
0.0233 £ 0.0050 (0.0430 £ 0.0093)
1378 £ 0.035° (253940 209)
0.0023 £ 0.0002 (0.0042 4-0.0054)

5704+ 36
235 4+ 015 (4.13£0.18)
0.245 + 0.019 (0.432 4+ 0.042)
0.275 + 0.031 (0.482 £ 0.035)
0.0081 % 0.0008 (0.0142 = 0.0012)
0.0068 & 0.0014 (0.0120 < 0.0024)
0.0069 + 0.0013 (2.5599 = 0.4648)
0.0257 + 0.0059 (0.0454 < 0.0111)
1.324 £ 0.038 (2.332£0.164)
0.0025 & 0.0005 (0.0044 = 0.0008)

5494+ 45
227 £ 0.23 (414 £0.16)
0.242 + 0.029 (0.442 +0.038)
0.247 £ 0.026 (0.449 £0.021)
0.0066 + 0.0011 (0.0121 =+ 0.0016)
0.0060 &+ 0.0012 (0.0108 £ 0.0021)
0.155 + 0.019 (0.283 +£0.020)
0.0147 £+ 0.0033 (0.0267 £+ 0.0055)
0.0244 £ 0.0042 (0.0443 £ 0.0056)
0.0218 + 0.0057 (0.0401 = 0.0110)
1.369 + 0.054 (2.505+0.161)
0.0021 £ 0.0005 (0.0038 = 0.0009)

494 439
2.06 + 0.25 (4.17 +0.26)

0.198 + 0.019 (0.401 4 0.024)

0.241 + 0.033 (0.486 4 0.033)
0.0070 = 0.0009 (0.0142 % 0.0008)
0.0064 & 0.0012 (0.0130 £0.0027)
0.0056 & 0.0008" (2.3944 < 0.4867)
0.0244 + 0.0037 (0.0497 4+ 0.0082)

1.286 & 0.027" (2.615 £ 0.159)
0.0022 % 0.0005 (0.0044 % 0.0007)

480+ 31°
200 + 018 (4274+0527)
0.225 + 0.044 (0.489 £ 0.099")
0.232 + 0.022 (0.480+0.017)
0.0062 + 0.0012 (0.0120 & 0.0023)
0.0051 + 0.0019 (0.0096 -+ 0.0045)
0.136 + 0.021 (0.296 + 0.036)
00158 + 0.0030 (0.0335 +0.0068")
0.0231 + 0.0052 (0.0472 £ 0.0126)
0.0184 + 0.0033 (0.3901 £ 0.0071)
1.307 4 0.036" (2732 £0.112)
0.0020 + 0.0005 (0.0043 £ 0.0010)

Organ weights were measured on PND 21. Values are mean -+ S D. of 12 weaned pups from CPM treated FO female rats. (%) Relative weight represented the percentage of organ weight per body

weaght.

* Significantly different from control at p=0.05
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Liver (%)

Spleen (%,

Kidney (%)

Adrenal gland (%)

Thyroid gland (%)

Ovary (%)

Uterus (%)

Vagma (%)

Brain (%)

Pituitary gland (%)
F1 male body weight

Liver (%)

Spleen (%)

Kadney (%a)

Adrenal gland (%)

Thyroid gland (%)

Testes (%)

Epididymus (%)

“Ventral prostate (%)

Semnal vesicle (%)

Brain (%)

Prtustary gland (%)

859 + 149 (3.271048)

0.594 £ 0.052 (0.226 = 0.014)
0.757 + 0.089 (0.2887 -+ 0.0008)
0.0268 + 0.0023 (0.0102 +0.0009)
0.0136 + 0.0026 (0.0052 +0.0010)
0.0430 & 0.0071 (0.0164 £ 0.0023)

0.381 + 0.047 (0.145=0.019)

0.115 4 0.018 (0.044 = 0.007)

1.709 £ 0.133 (0.652 £ 0.042)
0.0130 =+ 0.0022 (0.0050 +0.0009)

4201 £ 187

13.71 + 091 (3.264+0.09)

0.727 £ 0.046 (0.173 = 0.010)

1.213 + 0.053 (0289 £0.012)
0.0232 £ 0.0013 (0.0055 +0.0003)
0.0185 =+ 0.0031 (0.0044 +0.0006)

1.899 + 0.078 (0.452+0.019)

0.586 + 0.028 (0.139=0.005)

0.526 + 0.076 (0.125+0.018)

1.486 + 0.120 (0.354 £ 0.030)

1.806 + 0.086 (0.430+0.016)
0.0114 £ 0.0011 (0.0027 +£0.0002)

829 + 0.82(3.02£025)

0.591 + 0.061 (0.215+0.022)
0.757 + 0.048 (0.2758 + 0.0002)
0.0286 + 0.0019 (0.0104 + 0.0007)
0.0159 & 0.0028" (0.0058 £0.0011)
0.0473 & 0.0073 (0.0172 £ 0.0021)

0.464 + 0.203 (0.169=0.073)

0.126 + 0.021 (0.046 = 0.008)

1.754 £ 0.062 (0.639 £ 0.024)
0.0117 + 0.0010 (0.0043 +0.0003")

4284 + 1294
1357 + 1.00(3.17+016)
0.758 & 0.088 (0.177£0.015)
1.242 + 0.086 (0.290 £ 0.018)
0.0229 + 0.0025 (0.0054 -+ 0.0006)
0.0186 + 0.0025 (0.0044 = 0.0006)
1.866 + 0.136 (0.436+0.026)
0.594 & 0.037 (0.139 £ 0.007)
0.521 4 0.087 (0.122 £ 0.018)
1486 + 0.166 (0.348 +0.045)
1.884 &+ 0.062" (0.441 £0.025)
0.0124 + 0.0013 (0.0029 £ 0.0002)

8.54 £ 0.66 (3.09 £0.20)

0.630 + 0.059 (0.228 +0.019)

0.765 + 0.046 (0.2777 4 0.0005)
0.0346 £ 0.0035"" (0.0125£0.0010°")
0.0147 + 0.0032 (0.0053 +0.0012)
0.0468 £ 0.0056 (0.0170 £ 0.0021)

0.364 & 0.051 (0.132+0.022)

0.122 4 0.028 (0.040 £ 0.016)

1.727 + 0.061 (0.626 £+ 0.030)
0.0131 + 0.0011 (0.0047 + 0.0004)

4322 £ 174

1435 £ 0.89 (3.32+0.19)

0.762 % 0.086 (0.176 = 0.016)

1.305 = 0.111° (0.302 £ 0.022)
0.0291 + 0.0040" (0.0067 = 0.0008"")
0.0173 < 0.0017 (0.0040 % 0.0004)

1.904 = 0.075 (0.441 +0.023)

0.600 £ 0.046 (0.139£0.012)

0.495 = 0.092 (0.1150.021)

1.448 = 0.198 (0.335+0.041)

1.869 = 0.064" (0.433 £ 0.023)
0.0109 < 0.0026 (0.0025 £ 0.0006)

Appendix C Mammalian Thyroid 07 03 13 DRAFT
Table 5
Body and organ weights of F1 rats exposed to CPM for 13 weeks
Organs (g) CPM dose (mg/kg)
0 1 10 100
F1 female body weight 2622 £+ 11.7 2747 £ 134 2765 £ 183 2508 £ 158

836+ 101(3.33+£034)

0.601 + 0.063 (0.240 + 0.021)

0.744 + 0.077 (0.2968 4 0.0008)
0.0356 £ 0.0038"" (0.0142£0.0014"")
0.0143 + 0.0023 (0.0057 £ 0.0008)
0.0455 £ 0.0053 (0.0182 £ 0.0018)

0.512 4 0.342 (0.206 + 0.142)

0.119 4 0.021 (0.048 £ 0.009)

1.713 £ 0.030 (0.685 £ 0.045")
0.0118 =+ 0.0029 (0.0047 £0.0012)

4031+ 217
1458 + 135(362+028"")
0.787 + 0.107 (0.195£0.020")
1258 + 0.107 (0.312£0.025"")
0.0319 + 0.0032" (0.0079 +0.0010"")
0.0154 & 0.0025" (0.0038 £ 0.0005")
1805 + 0.094" (0449 +0.025)
0.559 + 0.026 (0.139 = 0.009)
0.422 4+ 0.078" (0.105+0.020")
1388 + 0.124 (0345 + 0.030)
1.835 = 0.061 (0456 +0.025"")
0.0114 £ 0.0020 (0.0028 + 0.0005)

Values are mean + S.D. of 12 treated rats. (%) Relative weight represented the percentage of organ weight per body weight.
" Significantly different from control at p< 0.05
™ Significantly different from control at p<0.01
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d-d-T80-prallethrin

Reference: Seki et al. (1987)

Study Details: d-d-T80-prallethrin (0, 120, 600, or 3000 ppm) was administered via the diet to
adult male and female SD rats for 26 or 52 weeks of exposure.

Primary Mode of Action: Unknown, possibly through thyroid receptor.

NDMR Observation: A statistically significant decrease in the relative thyroid weight was seen
at the low dose for male rats following 26 weeks of treatment to d-d-T80-prallethrin, while no
change was seen in the mid dose group, and a statistically significant increase the relative
thyroid weights was seen at the high dose. In females, a statistically significant decrease in
thyroid weight was found in at the low and mid dose groups, while the high dose resulted in an
increase in relative thyroid weight following 26 weeks of exposure. After 52 weeks of exposure,
a statistically significant decrease was found in relative thyroid weight of males at the low dose
and an increase at the high dose; however, no change was seen at the middle dose.
Decision/Comments: Exclude Filter 3. The thyroid weight effects seen after 26 weeks of
exposure are not consistent with the 52 week exposure results and inconsistent between the
sexes. The NMDRs observed for changes in relative thyroid weight are not the sole
determinants of the study-wide LOEL. Other effects were observed in blood biochemistry panel
at 120 ppm.

Table 7-1 Relative organ weight in rats after 26-week treatment of d d-T80-prallethrin.

S Dose | ] BRN LUG HRT 5PL KID LIV THR PIT ADR TST PRT ovy
b (ppm] | £ % P g% % g% £ % mg % mg % mg % g % g % mg e
o] w 12 12 12 12 1z 1z 1z 12 12 12 12

AV LA749 <2873 L2788 L1381 6116 2.281 4.355 Z.848 9,380 G762 L1624
SE L 009G L0071 « OGS L0465 L0139 L0371 . 1556 074 L4841 L0168 L0113
120 N 12 12 12 12 1z 12 12 12 12 12 12
AV . 3817 . 2970 L2 . 1308 . 5962 2.356 3.508 2874 9307 Ry . 1395
Mal SE L0103 . DORY 60 N0 .0133 L0358 L2452 . 0ass L3334 L0181 L0080
= e | N 12 12 12 12 12 12 12 12 12 12 12
AV « a7 . 2901 L2714 L1420 . 5506 2.449 4.205 2642 5.903 o674 L1624
SE | .0l03 0071 L0061 .003@ L0145 045070 L1337 I8 L4615 L0222 L0116
5,000 N 12 12 12 12 12 12 12 12 12 12 12
AV L 4004 . 3058 L2040 L1382 L6747 2.906 5.327 2.697 9.127 . 5696 <1484
5E L0103 L0116 R L0054 _o1ge* L DBEEE" . B324* . 0515, .4had L0345 L0134
0| N 12 12 12 12 12 12 12 12 12 1z
AV . G485 . 445 + 3366 . 1651 OTES 2.333 5.890 8.313 21.35 17.93
SE L0174 L0246 LYy L0064 L0252 L 0604 L2195 . 9979 1.737 2.000
120 il 12 12 12 12 12 12 12 12 12 12
AV |- 6216 LAZ4E . 3371 L1640 L6255 2.259 4.879 5.3 21.61 7.
¥ | SE L0185 L0115 . 008Y L0053 0178 L0708 ST LB758 - BE1S 1.871
T 0 | w 12 12 12 12 12 12 12 1z 12 12
AV | .G7EZ 3892 L3854 L1600 L6501 20317 5.2 7.6 zmu 1711
SE L0212 L0131 . D83 L0064 L0130 L0781 . 190" . G264 1.007 1.317
3,000 1z 12 12 iz 12z 12 12 12 12 11
AV | L7I05  .ziz L3533 L1630 .7I&T 2770 7.9 8.5 0,93 15.62
SE J- 0238 L O0E3 L0112 _0041 et | L DgR3*™ _4D58* . BOO6 1.384 1.155

Significant differences from contrel % ¢ p<.00, 74 p<<.I1
BRN ; brain LUG ; lung  HRT ; heart  SPL; spleen  KID ; both kidneys LIV ; liver  THR . thyreid PIT ; pituitary  ADR : both adrenals
[ST; both testes  PRT ; prestate  OVY ; both ovaries

Relative organ weights are expressed as % or ¢ W7 % (mg %)
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Table 7-2 HRelative srgan weight in rats

after 52-week treatment of dd-T80—prallethrin.

Se Dr;;ﬁ !' BRN LUG HRT SPL KD LIV THR PIT ADR TST FRT ovy
* | tppm} | g% g% a % g% g% g% mg % mg % myg % g g% mg %
0N 23 23 22 23 23 s ] 23 25 2 2 23
AV -34h4 PHTE L2486 . 1649 L BO09 2.326 4.5771 2.638 8.688 4771 L0914
SE 065 06T . 0048 0130 . 0157 087 1310 . 0808 . 2852 L0243 L0074
120 | N 23 23 23 23 &3 23 23 23 23 23 23
AV L3284 . 2681 2475 LS L5831 2,340 4.122 2.755 7.856 . 48659 . 0816
SE L0072 068 L0047 . 0045 L0101 438 . 1352* JE3 L26RG T L0138 L0072
Male
600 | N 23 pal 23 23 = 23 23 v 23 23 23
AV L3202 . 2664 . 2387 . 1365 L5709 2.251 4.437 2.57 8.131 . 654 L0914
SE 079 S4B . D038 . 0030% L0128 . 0329 -1313 L1268 L4143 L0175 . D066
3000 | N 23 <t 23 23 21 23 23 21 23 23 23
LAY L3318 . 2588 . 2439 L1385 . B208 2.811 5,445 2.7 7.862 - 5005 L1044
SE . 0051 L 005 . 0037 L D0EE L0102 L0B30%" 1692 . 2457 - 23567 L0135 - D81
¢ N 24 24 24 24 24 24 24 24 24 24
AV L5449 - 3484 _DBdE - 1881 5776 2145 A 555 £.00A 18. /% 14,35
SE L0124 . 0% . 0054 . 0051 L0238 L0357 L2153 . 4185 - G050 1.040
120 | N 24 24 24 24 24 24 24 24 24 24
AV L5119 L3313 L2784 . 1465 L6006 2.230 6.039 6.560 18.37 12. 06
Femal SE L0153 . (08% L 0060 L (037 L0145 LM48 L2308 . 5066 L T2E5 &332
biaas) GO0 | N 24 24 24 24 24 24 24 24 24 24
AV L5260 .3315 . 2890 - 1472 5838 2.199 & .599 7068 18 38 14. 79
SE 01 . DA L0051 L1047 .0152 L0356 . 2506 L 33T 1.017 1.764
3,000 | N 23 23 23 23 23 23 23 ba] 2 -
AV . D648 . 3528 . 2905 - 1444 6072 2.548 .997 7.029 17.22 12. 77
SE . 0160 L0120 L0074 L0048 (115 085414950 -Al56 <6226 1.056
Significant differences from eontrol ' p; <0.05, e p<B.0L
BRM ; brain  LUG; lung  HRT | leart  SPL, spleen KID, both kidoeys LIV ; liver  THR  thyreid  PIT ;5 piteitery  ADR ; bath advenals

IS8T ; both testes

PRT ; prostate  GVY ; both ovaries
Relative organ weights are exprassed as % or x 107" % (ng %)
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Dibromoacetonitrile

Reference: Poon et al. (2003)

Study Details: Dibromoacetonitrile (0, 0.1, 1, 10, 100 ppm) was administered to adult male and
female SD rats in drinking water for 13 weeks. Measurements were taken at the end of the
study.

Primary Mode of Action: Unknown, possible effect on liver metabolism, metabolite
(cyanide/thiocyanate) may inhibit sodium/iodide symporter.

NDMR Observation: The thyroid measure “collapse/angularity” exhibited an NMDR for
incidence and severity in males only, with effects at lowest two doses and the highest dose;
however, no effect was seen at second highest dose (10 ppm). Thyroid cytoplasmic vacuolation
also had an NMDR with a decrease in vacuolation at the lowest and second highest dose, while
no effect was seen at the other two doses.

Decision/Comments: Exclude Filter 3. The NMDRs for the thyroid measures are not the
determinant of the study-wide LOEL. A similar dose response curve was not found for thyroid
effects in female rats. Effects on a bone marrow endpoint occurred at the lowest dose tested.
Statistics were not performed on these results.

Table 7

Histopathological changes following 13-week exposure to dibromoacetonitrile in drinking water

Dibromoacetonitrile Male Female

in drinking water

(ppm) Cont. 0.1 ppm I ppm 10 ppm 100 ppm Cont. 0.1 ppm 1 ppm 10 ppm 100 ppm
Thyroid

Collapse/Angularity 12 (0.05)® 8 (0.5) 5(0.35) 1 (0.1) 8(0.75) 2(0.08) 1 (0.05) 1 (0.05) 1(0.17) 9 (0.80)
Increased epithelial height 5 (0.48) 8(0.65 10(1.4) 10 (1.4) 9 (1.40) 5(0.55) 6(0.40) 10 (0.7) 8 (1.05)  9(1.55)
Cytoplasmic vacuolation 5 (0.38) 0 7(0.7) 2(035) 7(035 0 0 4 (0.18) 4 (0.20) 10 (0.80)
Vesiculation of nuclei 0 1 (0.15) 8(0.58) 9(1.48) 6(0.50) 0 5(0.20) 10 (0.65) 8(0.62) 10 (1.65)

Bone Marrow
Increased myeloid/erythroid 0 7(1.1) 7(0.95) 4 (0.65) 8 (1.4) 2(0.3) 2(0.05) 8 (0.75) 5(0.52) 7(1.1)

Renal tubule outer cortex
Cytoplasmic inclusion 9(0.75) nd-=c n.d. n.d. 10200 0 n.d. n.d. n.d. 0

* Number of animals out of 10 per group showing changes.

b Average Severity Index, where | =minimal, 2 =mild, 3=moderate and 4= severe. The scores were obtained by dividing the sum of total scores
by the number of tissues examined. For tissue changes that are focal, locally extensive and multifocal, a score of less than integer is assigned
as follows: minimal focal =0.25, minimal, locally extensive =0.5, minimal multifocal =0.75, mild focal =1.25, mild, locally extensive =1.50, mild
multifocal =1.75.

¢ n.d., not done.
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Diethylstilbestrol (DES)

Reference: Shin et al. (2009)

Primary Mode of Action: Estrogen agonist.

Study Details: Diethylstibestrol (DES 0 10, 20, 40 pg/kg/day) was administered to juvenile male
SD rats by oral gavage for 20 days. Animals were sacrificed 24 hours after the last dose and

blood and tissues collected.
NMDR Observations: A statistically significant increase in thyroid gland weight at the lowest

dose tested with no significant change at the two higher dose levels.

Decision/Comments: Exclude Filter 3. The NMDR for thyroid weight was not the determinant

of the study-wide NOEL. Significant declines in liver weight and serum levels of luteinizing
hormone were observed at all dose levels tested. No significant changes in serum T4 were

detected.

Table 2. Absolute (A) and relative (R) organ weights in control and DES treated male rats

Group Liver Heart Combined Combined Thyroid Hypophysis
adrenals kidneys glands
Control A 9.61£0.07 1.01£0.07 0.046 £0.007 244010 0.01320.003 0.011£0.001
R 3092018 033002 0.015 £0.002 0.79+£0.05 0.004 £ 0.001 0.003 +0.001
DES 10 ukg A 1212 £ 0.65* 1.04£0.07 0.069 +0.006* 242+031 0.017£0.003* 0.011 £0.002
R 4.01 £0.16% 034002 0.023 £0.002* 0.80£010 0.006 £ 0.001* 0.004 +0.001
DES 20 ukg A 1294 £0.58% 1.02£0.05 0.071x0.011* 231£012 0.010 £ 0.003 0010+ 0.003
R 426£021% 034001 0.024 £0.003* 0.77+£0.04 0.003 £ 0.001 0004 +0.001
DES 40 u'kg A 984073 0.87 £ 0.03* 0.073 £ 0.005* 220%021 0.013 £ 0.001 00110001
R 385+017* 034+ 0.02 0.029 +0.002* 0.86+0.05 0.005 = 0.001 0004 +0.001*
Values are mean £ SD; n=10. *Significantly different from control (P<0.05).
Table 3. Serum hormone levels in control and DES treated male rats
Group Testosterone (ng/mi) Estradicl (pg/ml) Thyroxine (ng/ml) LH (pg/ml)
Control 21031 287889 566+ 3.51 23.3£83520
DES 10 p'ke 0.5£0.19% 224+311 75.6+17.43 7.9+1.033*
20 ukg 0.6 £ 0.69% 229+1157 69.1+13.05 1075175+
40 pkg 0.3x021% 235+4092 541+1348 5.1+ 0.354%

Values are mean * SD; n=10.

*Significantly different from control (P

<0.05).
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Ethylenethiourea (ETU)

References: Graham et al. (1975); Graham et al. (1973)

Note: Both papers report data from the same study.
Study Details: Ethylene thiourea (ETU; 0O, 5, 25, 125, 250, 500 ppm) was fed to male and female
Charles River rats in the diet for 2, 6, 12, 18 or 24 months, beginning when the animals were
approximately 5 weeks old. At the end of the feeding period, rats were administered
radioactive iodine, then fasted for 24 hours and the thyroids excised and radioactivity
measured.
Primary Mode of Action: Inhibition of TPO.
NDMR Observation: A statistical NMDR in thyroid iodine uptake was found following 2, 18 and
24 months of exposure in male rats only. After 2 months of exposure, a statistically significant
increase in !l uptake was found at the 3 lowest doses, and no change at the two highest
doses. After 18 months of exposure, a statistically significant increase in thyroid iodine uptake
was found for the middle and next to lowest dose, while no change was seen at the lowest and
next to highest dose. At the highest dose a statistically significant decrease in uptake was
observed. After 24 months of exposure a statistically significant increase in 1311 uptake was
found at the lowest dose and a decrease at the highest dose, with no change at any of the
middle doses.
Decision/Comments: Exclude Filter 4c. A similar, but not statistically significant NMDR was
observed in females at 18 months of exposure; however, the inflection point was at 125 ppm
instead of 25 ppm. Thyroid weight changes are statistically significant at 250 and 500 ppm.
Changes in iodine uptake could be the result of compensatory changes in thyroid gland.
Graham et al. (1975) reported a high incidence of thyroid tumors in the two high dose groups,
which may account for the decrease in thyroid iodine uptake. Tumors do not take up iodine, so
it is expected that there would be less uptake the high doses where one see tumors but more
uptake at the lower doses where one sees only hyperplasia. The increases in 13 uptake were
not reproduced by O'Neil and Marshall (1984) who fed rats 75 or 100ppm ETU in the diet for 46
or 91 days and performed similar measurements in male and female SD rats. At dose levels and
time points roughly comparable across the studies (2 months) no increases in B3 thyroid
uptake were observed (O'Neil and Marshall, 1984).
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Fig. 2. Mean uptake of **'T by the thyroids of groups of five male rats fed 0-500 ppm ETU for (a} 18
or (b) 24 months. Vertical bars represent the SEM and asterisks indicate results differing significantly
from the control: *P < 0-05; **P < 001; ***P < 0-001.
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Figure 2. The uptake of
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Furan

Reference: Gill et al. (2010)

Study Details: Furan (0.0, 0.03,0.12, 0.5, 2.0, 8.0 mg/kg in corn oil) was given to 6-7 week old
male and female Fischer-344 rats 5 days/week for a 90-day study.
Primary Mode of Action: Unknown, possible effect on liver metabolism.

NDMR Observation: In males, an increase in serum T3 was seen at 0.12, 2.0, and 8.0 mg/kg-

day, while no change from control levels was noted in the lowest or middle dose group. In
females, an increase in serum T3 was seen at 2.0 mg/kg-day and no other changes in serum T3

were found.

Decision/Comments: Exclude Filter 3. The NMDR for serum T3 is not the sole determinant of

the study-wide LOAEL. A monotonic dose response effect was observed for serum T4 in males
and was significant at 0.12 mg/kg-day.

TasLe SA.—Clinical biochemistry parameters in male rats.

Furan dose (mg/kg bw/day)

0 0.03 0.12 0.5 2.0 8.0 p value for trend

Amylase 2702 + 146 2686 + 189 2518 + 106.3 2270 + 114* 2184 + 170* <.001*
Albumin 37.9 £ 0.67 38.20 +£ 0.72 3820 + 0.57 385 + 0.70 39.33 + 1.0* <.001*
Globulin 19.9 + 1.2 19.8 + 19.7 + 1.1 17.65 + 0.7* 17.92 + 0.6* <.001*
Albumin globulin ratio 1.9 + 0.10 2.0 + 20 + 012 2,19 + 0.07* 2.21 + 0.07* <.001*
Glucose 13.9 + 1.2 133 + 122 + L.I* 11.8 + 1.1¥* 10.8 + 1.0* <.001*
Total protein 57.8 + 1.5 58.0 + 579 + 13 . 5725+ 1.3 .015*
Cholesterol 1.7 + 0.15 1.7 1.8 + 012 + 1.9 + 0.1 1.9 + 0.16*% <.001*
Triglycerides 1.96 + 0.66 1.9 157 + 032 + 0.85 + 0.15* 0.82 + 0.16* <.001*
Conjugated bilirubin 0.24 + 0.18 0.22 022 +0.12 + 033 +0.14 0.32 + 0.1 <.001*
Total bilirubin 1.2 + 0.16 1.1 1.0 + 03 + 13 +03 1.4 + 0.163 .029*
Calcium 2.7 +0.05 2.7 2.7 + 0.05 + 27 + 005 2.8 +0.06 138

Chloride 97.9 + 0.9 98.9 983 + 0.80 98.7 + 0.8 988 + 09 98.8 + 1.0 0554
Magnesium 0.93 + 0.03 0.89 + 0.03* 091 + 0.03 0.89 + 0.04 0.89 + 0.04 0.88 + 0.04** 0154*
Potassium 421 +£ 026 443 +£0.23 433 + 0.26 4318 + 0.33 426 + 031 438 + 0.26 .890

Phosphorus 2.1 £ 0.16 2.1 £ 0.17 2.1 £ 022 2.2 +£0.25 24 +01* 2.7 +0.11* 0001*
Tritodothyronine-T3 (nmol/L)  1.38 + 0.29  1.67 + 0.30 184 + 0.37**  1.62 + 0.39 1.89 + 0.42* 1.79 + 0.25** 004*
Thyroxine-T4 (nmol/L) 5439 + 8.65 6594 + 1631 71.03 + 13.8%* 7218 + 14.77** 83.65 + 1249* 8L73 + 14.46* .0o0o1*

TasLe SB.—Clinical biochemistry parameters in female rats
Furan Dose (mg/kg bw/day)
0 0.03 0.12 0.5 2.0 8.0 P value for trend

Amylase (U/L) 1732 + 262 1622 + 120 1548 + 98 1632 + 149 1499 + 168** 1542 + 168 0.0038*
Albumin (g/L) 389 + 0.9 39.0 + 1.2 387 + 1.4 4025 + 1.5 41.25 + 2.7** 4483 + 22% 0.0001*
Globulin (g/L) 174 +£ 0.8 180 + 1.2 + 1.04 1758 + 08 18.25 + 2.9 1842 + 1.6 0.1673
Albumin Globulin ratio 23 +0.09 22+ 017 + 0.10 23 +012 23 + 036 25 +027 0.0034°
Glucose (mmol/L) 11.8 + 0.8 124 + 09 + 1.0 113 + 09 10.1 + 0.8* 104 + 09* 0.0001*
Total protein (g/L) 5633 + 14 57.0 + 1.2 + 2.1 57.8 + 2.03 59.7 + 2.1* 63.3 + 2.3*% 0.0001*
Cholesterol (mmol/L) + 23 +£0.14 0.19 23 + 017 2.3+ 028 24 + 026 0.865

Triglycerides (mmol/L) . 1.3 + 0.60 + 0.30 092 +0.17 0.61 + 0.09* 0.68 + 033* 0.0001*
Conjugated bilirubin (umol/L) 0.21 + 0.07 0.19 + 0.1 0.08 0.23 + 0.08 0.23 + 0.05 025 +0.13 0.184

Total bilirubin (umol/L) 1.1 + 0.28 0.30 1.1 + 034 1.3 +027 14 + 0.16 0.029*
Calcium (mmol/L) 2.7 + 0.04 0.06 27 + 004 2.7 + 0.06 2.8 + 0.05*% 0.0001*
Chloride (mmol/L) 1013 + 0.9 1006 + 1.8 1006 + 0.7 1006 + 1.1 9958 + 12 0.0048"
Magnesium (mmol/L) 0.96 + 0.06 0.94 + 0.04 0.92 + 0.04 0.95 + 0.04 0.96 + 0.03 0.792

Potassium (mmol/L) 37 +0.20 3.8 + 021 38 +020 3.9 + 035 39 + 035 0.0313*
Phosphorus (mmol/L) 191 + 0.22 2.1 +£034 2.1+ 027 2.5 + 0.21* 2.7 + 0.19*% 0.0001*
Triiodothyronine-T3 (nmol/L) 1.74 + 0.63 1.70 + 0.40 1.97 + 038 2.14 + 0.56** 21 + 035 0.0012*
Thyroxine-T4 (nmol/L) 50.59 + 9.9 47.06 + 10.7  49.06 + 17.1  55.77 + 1243  56.83 +£1535 5493 + 9.12 0.0699

* Data are significantly different from corresponding control using one-way ANOVA and using TUKEY column comparison (£ <0.01)
#* Data are significantly different from corresponding control using one-way ANOVA and using TUKEY column comparison (P <0.03).

* significant linear trend
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Hexachlorobenzene (HCB)

Reference: van Raaij et al. (1993)

Study Details: Hexachlorobenzene (HCB; 0, 3, 10, 30, 100, 300, 1000 ppm in an emulsion of
water and Tween-20) was administered to adult male Wistar rats (200-300g) via gavage 3
days/week for 5 weeks. Measurements were obtained two days post dosing.

Primary Mode of Action: Effect on liver metabolism and possible effect of metabolite on serum
binding proteins.

NDMR Observation: A statistically significant decrease in serum free T4 was seen at the next to
highest dose. No other changes in serum fT4 were noted.

Decision/Comments: Exclude Filter 3. The NMDR for the serum free T4 is not the determinant
of the study-wide LOEAL. A monotonic dose response effect was observed in total T4 and was
significant at the next to highest dose (2.6 mmol/kg) tested. The statistical significance of free
T4 in the male rats is likely due to the lower standard deviation for that group.

- Table 1. Effect of HCB on thyroid hormone status

"HCB - Expt : TT4 FT4 ™

| TSH
(mmol/kg)* N (weeks) (nmol/L) “(pmol/L) - (nmol/L) (ng/mL)
00 45 2 214£21 147222 044006 3505
08 35 2 B7x26 172222 0442008 49=x1.
1.7 3-5 2 19227  133%19  042:008 5.1=L6
2.6 5 2 16137t 11.8%07t 033013 4616
35 45 2 C135£12t 121212 038:007  4.8x18
0.0 35 4 35.3+3.8 9213  048%006 7604

3.5 4-5 4 20934t  27=06t 0502017 11.9+ 2.9t

Groups of rats (N = 3-5) were orally dosed three times a week with different doses of HCB for a
period of 2 or 4 weeks. Within 24 hr after the last dose, blood was collected from the tail, and thyroid
hormone parameters were determined.

* The doses of HCB expressed in mg/kg are 0, 250, 500, 750 and 1000, rcspcctwely Statistical
significance: +P < 0.05.
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Imidazole

Reference: Comer et al. (1985)

Study Details: SC-37211 (0, 20, 60, 200 ppm) was given in the drinking water to male CD rats in

the diet for 21 days.

Primary Mode of Action: Unknown, possible effect on liver metabolism.

NDMR Observation: A statistically significant decrease in serum T4 was seen at the middle dose

following 2 weeks of treatment. No other statistical changes were found for serum T4.

Decision/Comments: Exclude Filter 3. The NMDR for serum T4 is not the determinant of the
study-wide LOEL. A monotonic dose response effect was observed for serum T3 and was
significant at the lowest dose tested. Also, the standard deviation in serum T4 is greater for the
highest dose compared to the middle dose. The NMDR effect is likely statistical only and not

biological.
TABLE |
SERUM TRIODOTHYRONINE (T3} AND THYROXINE (T,)
CONCENTRATIONS?
SC‘3721 l T; T4
(mg/kg/day) (ng/dl) (ug/dl)

2 weeks of treatment

0 94.4 + 19.1 46+ 1.2
20 74,5 + 1.2¢ 40 + 0.6
60 67.7 + 14.8% 35 0.7

200 70.3 £ 10.6° 3.7 £0.9

2 weeks of recovery

0 850 £ 154 48+ 0.2
20 783+ 234 4905
60 835 £ 15,5 3314

200 772 x 12,1 55+ 1.0

7 X+ SD of 8 1o 10 animals after 2 weeks of treatment
and 5 animals after 2 wecks of recovery.
"1 test against control significant at the 5% level,
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Methimazole (MMI)

Reference: Hood et al. (1999)

Study Details: MMI (0, 3, 10, 30, 100, 300, 1000 ppm) or PTU (0, 1, 3, 10, 30, 100, 300 ppm)
were administered to adult male LE rats in the diet for 21 days. Measurements were obtained
at 3 days before and at 3, 4, 14, and 21 days of exposure.

Primary Mode of Action: TPO inhibition (MMI & PTU); deiodinase inhibitor (PTU).

NMDR Observation: Statistically significant increase in serum total T4 and free T3 following
exposure to 3ppm MMI for 21 days, with reductions at higher doses.

Decision/Comments: Filter 4 Include NMDR observed at low-dose level which would be used at
the LOEL for this study. No additional studies were located for this dose or lower. Increases in
TT4 and fT3 may be due to compensatory mechanisms to maintain serum T3, including
deiodinase activation, recovery of T3 metabolites and enterohepatic circulation.

Total T,
(wg/di)

Free T d
(ngtdi)

Total T,
{ng/dl)

Free T 1
(pg/ml)

0 3 10 30 100 300 1000
MMI (ppm)

FIG. 5. Diersy concencration-dependent effecrs of M0JI on semm thysoid

hormone concentrations. Towl T, (pgfidl), free T, (ngidl), total T, {ng/dl} and

free T, (pgfml) were measered on treamment day 21, *Significantdy different (¢
< 0.05) from controls.
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Methoxychlor

Reference: Okazaki et al. (2002)

Study Details: Methoxyclor (0, 20, 100, 500 mg/kg) was administered via oral gavage to five
week old male and female CrJ:CD(SD)IGS rats daily for 28 days. Male rats were sacrificed the
day after the 28" administration, while female rats were killed on the diestrus day during the 4
days after the 28" administration.

Primary Mode of Action: Unknown, possible effect on liver metabolism.

NDMR Observation: A statistically significant increase in serum T4 was found in male rats
dosed with 20 and 100 mg/kg, and no significant effect from control was found in the animals
dosed with the highest dose.

Decision/Comments: Exclude Filter 3. The NMDR for serum T4 is not the sole determinant of
the study-wide LOEL. A monotonic dose response effect was observed in other blood
biochemistry parameters where the effect was seen at the lowest dose (e.g., cholesterol and
albumin). Note: There appears a typo in the table such that the control T4 concentration for
male rats should be 4.7, not 47 ug/dL. This is evident based on the statistics reported, too.
There were no changes in thyroid pathology in males or females at any doses. Gender was not
included in the statistical models.

Table 3 Serum hormone levels in male and female rats treated with methoxychlor for 28-31 days

Sex Dose No. of T3 (ng/ml) T4 (ug/dl) TSH (ng/ml) Testosterone Estradiol FSH LH Prolactin
mg/kg animals (ng/ml) (pg/ml) (ng/ml) (ng/ml) (ng/ml)

Male 0 10 1.09+£0.09 47+0.7 8.0+3.2 5.0+3.3 207+29 171 +£32 17.9+24 36.8+£304
20 10 L12+0.13 5.7+ L1* 10.3+2.9 5.0+3.5 190+45 167 +£28 151+ 1.9 74.1£55.7
100 10 1.21+0.09 S.8+0.4%* 10.1+3.5 29+1.7 234483 206 +31 11.74+2.2%* 1274+ 50.7%*
500 9 1.26£0.14%* 5408 158+ 7.8%* 2.1+0.8% 232£55 257 +£93% 148+43 115.2+61.0%*

Female 0 10 1.01+0.18 45+09 13.1+52 0.8+0.5 185+89 186 +27 15.4+2.0 32.6+19.6
20 10 1.04+0.14 47+0.7 128+42 1.3+0.9 164=70 156 +23 141+24 34.7+£238
100 10 1.25+£0.15%* 5.5+ 1.0 13.0+49 0.8+0.2 245151 168 +31 124+ 2.1%% 43.1+27.6
500 10 1.25+0.11%* 5.9+0.8%* 12.1+593 1.2+04 209+ 108 186 +43 11.0+ 1 4%* 42.8+16.3

*P<0.05, **P<0.01 (Significant difference from the control group)
Values are mean +SD. (T3 triiodothyronine, T4 thyroxine, TSH thyroid-stimulating hormone, FSH follicle-stimulating hormone, LH luteinizing hormone)
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Parabens

Reference: Vo et al. (2010)

Study Details: The antimicrobials, propylparaben, isopropylparaben, butylparaben, and
isobutylparabaen (0, 62.5, 250, 1000 mg/kg/day) were administered by oral gavage in corn oil
to juvenile male and female SD rats from PND22 to PND41. Animals were sacrificed and tissue
collected on PND42.

Primary Mode of Action: Unknown; possible effect on thyroid receptor

NMDR Observation: Statistically significant decrease in serum T4 at 250 mg/kg of
propylparaben and isopropylparaben but not at higher or lower doses. A statistically significant
decrease in serum T4 at the lowest dose of isobutylparaben but not a higher dose levels. A
statistically significant increase in thyroid weight at the lowest dose of butylparaben.
Decision/Comments: Filter 3 Exclude The NMDR for the serum T4 for butylparaben,
isobutylparaben, isopropylparaben are not the determinant of the study-wide NOEL. A
statistically significant increase in liver weight was seen for all doses for butylparaben; a
statistically significant increase in uterine thickness was observed at all doses for
isobutylparaben. A delay in vaginal opening was seen at the two highest doses of
isopropylparaben. NMDR effect on serum T4 for propylparaben was not
accompanied by change in any other parameter assessed. No other studies of propylparaben
found.

Table 2
Effects of parabens on body weight and organ weight {uterine, pituitary, ovary, adrenal gland, thyroid gland, kidney, liver) in peripubertal female rats.
Groups Body weight (g) Uterus weight Pituitary Owary weight Thyroid weight Kidney weight Adrenal weight Liver weight
(mg/g BW) weight (mg/g (mg/g BW) (mgjg BW) (mg/g BW) (mg/g BW) (mg/g BW)
BW)
(A)
VE 118.60 + 6.4 1.29 £ 0.11 0,043 + 0.008 051 £ 0.06 0.86 + 0.07 831 £ 057 027 £ 0.01 4200 £217
EE {mg/kg BW/day)
1 61.56 + 485" 340 + 0.30° 0077 £0.012% 045 + 005 123+ 01 094 + 0.63* 0.38 + 0,03 5238 +277°%
Methyl paraben (mg/kg BW/ day)
625 11554 £ 807 138 £ 0.7 0,046 + 0.006 05 £ 0.08 00+ 008 7.88 £ 0.51 032 + 0.04(a) 4435 £ 357
250 123815 + 12 12303 0.045 + 0.008 0.43 + 0.08 1.01 +£ 012 752 + 045 0.28 + 0.02 4203 = 286
1000 1103 + 2050 0.86 = 0.26 0.041 + 0.004 0.29 + 0.05* 1.05 + 0.14° 777 £ 042 036 + 0.05° 50,03 = 1.84°
Ethiyl paraben (mg/kg BW| day)
625 125.66 + 922 134 +0.28 0.041 + 0.007 048 + 0.07 082 + 0,10 7.76 + 065 027 + 003 4475+ 217
250 12585 = 1378 1.22 £ 032 0,041 + 0.005 0.48 = 0.06 0,89 + 007 772 +034 027 £ 0.02 45391229
1000 11236 £ 7.84 133 £ 027 0,049 + 0.006 047 £ 0.08 098 £ 0.11 7.3+ 0.58° 032 + 0032 30,56 £ 2.26
Propyl paraben (mg/kg BW/ day)
625 10875 £ 416 141 £ 007 0,050 + 0.006 0.48 £ 0.08 005+ 0.08 8.00 + 0.61 0.26 £ 0.01 3064 + 1.89
250 11336 £ 13.51 142 £ 012 0,045 + 0.008 0.49 £ 0.07 004 + 0.08 7.60 £ 033 025+ 0.03 3854 £ 197
1000 111.69 + 5.67 146 £ 0,10 0.055 + 0.008 042 + 0,09 099+ 012 B.26 + 0.47 032 + 003 4458 + 257

(B)
Isopropylparaben (mg/kg BW/day)

625 11067 £ 7.85 1.19 £ 0.30 0,045 + 0.005 0.41 = 0.06 0.85 + 007 8.04 + 0.44 0.29 + 0,02 41,22 +3.00

250 11385 £ 587 115 £ 0.44 0,047 + 0.009 0.04 £ 0.07 0,82 £ 0.06 7.66 + 0.47 0.27 £ 0.02 4058 + 3.19

1000 10245 =438 0.87 £ 0.22 0,044 + 0.003 0.32 = 0.05° 0,88 + 0,08 7.25 + 0.35° 03 + 002 4175204
Butyl paraben (mg/kg BW/day)

625 112.09 £ 935 1.25 £ 015 0.054 + 0.01 0.49 + 0.08 1,29 + 0,130 B4B + 035 030 + 003 5191 277>

250 1229 +53 1.45 + 0,09 0.054 + 0.007 052 £ 005 095+ 012 B.03 + 0.45 027 +0.02 48,61 + 2637

1000 115.02 = 12.28 146 +0.13 0,050 + 0.01 0.50 = 0.04 093 + 008 8.66 + 0.62 0.28 + 0,02 4934 = 2982
Isobutylparaben (mg/kg BW/day)

625 11407 £ 11,53 144 £ 019 0,048 + 0.007 053 £ 0.05 087 £ 0.11 7.66 + 0.38 0.26 + 0,02 46.97 £3.19

250 11766 £ 39 122 £ 0.1 0,042 + 0.005 047 £ 0.07 081+ 008 8.05 + 0.49 027 £+ 0.03 4272 £ 256

1000 11572 £11.29 1.28 £ 0.40 0,040 + 0.005 052 £0.12 0,80 £ 0.12 8.16 + 0.60 03+ 001 4588 £ 257

Mean + 5D; n=10 prepubertal female rats/group.
# p=0.05 vs, vehicle (VE) (Tukey's multiple regression test at p< 0.05).
? p<0.01 vs. vehicle (VE) (Tukey's multiple regression test at p< 0.05).
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T.T.B. Vo et al / Reproductive Toxicology 29 (2010) 306-316

Table 4
Effects of parabens on circulating estradiol, prolactin, and T4 levels in peripubertal female rats.
Groups Estradiol (pg/ml) Prolactin (ng/ml) T4 (ngfml)
VE 4707 £ 1472 081+ 312 3.00 +£ 0.32
EE (mg/kg BW/day)
1 5537 £ 1477 238.093 + 35000 273 £ 050
Methyl paraben (mg/kg BW/day)
625 23321 £ 815 22834703 271+ 0419
250 2062 £ 1238 67.26 + 4254 231+033
1000 1974 £ B.76 30.35 £ 1998 1.38 + 0.07°
Ethyl paraben (mgfkg BW/day)
625 2741 £ 09080 10,01 + 1497 288 + 0.16
250 1846 £ 3.75 27.56 £ 2067 272 +£0.03
1000 1343 + 606" 85.46 + 46.86 240 £ 012
Propyl paraben (mg/kg BW/day)
625 2030 + 647 61.73 £ 67.59 234+ 024
250 2460 £ 574 41.26 £ 13.29 174 + 0200
1000 4008 £ 9.00 13.97 £ 378 254 4+ 045
Isopropylparaben (mg/kg BWfday)
625 3053 £15.91 45,10 £ 132 270 £ 039
250 2520 £ 6.05 49.76 £+ 58.31 173 + 0340
1000 16.23 + 6.857 2412 £ 646 3.06 +£ 0.19
Butyl paraben (mg/kg BW/day)
625 20322 + 235 965+ 1.15 258 £ 013
250 2007 +£ 312 16.03 + 825 2.64 + 0.07
1000 2381 £ 460 1554 + 6.04 271+ 041
Isobutylparaben (mg/kg BW/day)
625 26.00 + 6.00 567 + 164 1.67 + 0.02°
250 2008 £ 018 1472 + 855 230 + 038
1000 3334 £ 1.07 42 44 4 5585 288 + 038

Mean £ 5D; n=10 prepubertal female rats/group.

3 p<0.05 vs. vehicle (VE) (Tukey's multiple regression test at p<0.05).
b p<0.01 vs. vehicle (VE) (Tukey’s multiple regression test at p<0.05).
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Pentabromodiphenyl ether (DE-71)

Reference: Fowles et al. (1994)

Study Details: DE-71 (0, 0.8, 4.0, 20, 100, 500 mg/kg in peanut oil) was administered to 8 week
old female C57BL/6 mice via oral gavage. Time of sacrifice in relation to the dose was not stated
in the manuscript.

Primary Mode of Action: Effects on hepatic metabolism of thyroid hormones.

NDMR Observation: A statistically significant decrease in total T4 was observed for the 3 lowest
doses and the highest dose, while the next to highest dose (100 mg/kg) dose was not
significantly different from controls following a single exposure.

Decision/Comments: Exclude Filter 4a. The inflection in the dose response curve that resulted
in an NMDR for this endpoint is in the high dose range. Additionally, the results of this paper
are not consistent with known effects of DE-71 and other PBDEs. No effects on serum T4 were
found at 3 mg/kg-day for 5 or 20 day exposures in rats (Stoker et al., 2004), or 1 or 3 mg/kg-day
for 4 days in female rats (Zhou et al., 2001). The latter contained an extensive dose response
from 1 — 1000 mg/kg-day for 4 days.

Total T4 (ug/dl)
E

1.0
o

Fig. 1. Total T4 in female CS7BL/6 mice (5-8/dose) treated by gavage with 0, 0.8, 4.0, 20,

100, or 500 mgrkg DE-71 in an acute exposure, or with 0, 250, 500, or 1000 mg/kg over a 14

day period (1 experimental iteration for each exposure regime). Datz are presented as

‘mean + S.E.M. * indicates a sigrificant difference from contro! {represented by horizontal
lines for mean = S.E.M. of 3.68 + 0.3, n=14.
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Pentachlorodiphenyl ethers (PCDE)

Reference: Rosiak et al. (1997)

Study Details: 2,2',4,5,6'-pentachlorodiphenyl ether (PCDE 35 0, 25, 50, 100 mg/kg/day) or
2',3,4,6'-tetrachlorodiphenyl ether (PCDE 37 0, 50, 75, 100 mg/kg/day) were administered
orally by gavage in corn oil vehicle to pregnant SD rats from GD6-15. On PN16, pups were

sacrificed for tissue collection.
Primary Mode of Action: Unknown, possible effect on liver metabolism.

NMDR Observation: PCDE35 produced reductions in serum T4 at 25 and 100 mg/kg but not at
50mk/kg dose level PN16 pups. Increases in thyroid weight were also seen 25mg/kg but not
higher dose levels. PCDE37: Reductions in serum T4 at 50 and 75 mg/kg but not at 100 mg/kg

dose level.

Decision/Comments: Exclude Filter 4c. These observations were excluded based on study
quality concerns. Serum T4 in many dose groups was reported from a small number of litters

(1-4 litters for critical NMDR observations).

TABLE 2

Relative Thyroid Weights, Thyroxine Concentrations (T,), and Tritodothyronine Concentrations (Ts) of Postnatal day 16 Pups Exposed
to PCDE Congeners or Corn Oil Vehicle. Results Expressed as Mean +/- S.E. N Indicates the Number of Pups; d Indicates Data

are Significantly
Treatment #of Mean Body Wt (g) Relative #of T, (ug/dl) #of T, (ng/dl)
(mg/kg/d) litters Thyroid litters litters
(pups) gd 2 Wis (mg/g)
CONTROL 12(29) 349114 33.6+1.2 14.8+0.8 12 5.424£0.23 9 93.05+6.48
PCDE 32 25 4 8) 46.5:3.5° 443:33' 129409 4 1.76+0.16" 4 64.65+4.71°
50 T(14) 33.7£33 30.4+2.6 14.3+0.1 7 1.7940.13¢ 7 84.18+5.18
100 24 328+03 32.2+0.1 16.9+1.8 2 1.99+0.18* - -
PCDE 35: 25 4 (8) 448+4.1° 43.0+45° 1L1+04 4 3.8240.66 4 101.21 £5.86
50 7(14) 446128  40.0£1.7 14.4+0.6 7 5.14+0.38 124.90+5.40°
100 1@ 4.1+ - 36.2+ - 9.1+7.4 1 3.68+0.01* - -
PCDE 37: 50 6(12) 31.8+25 30.9+2.8 16.8+0.1 6 3.45+0.40 6 97.174£5.00
75 4 (8) 347107 32.4+1.9 14.8+1.0 4 2.58+0.36 4 74.25 £3.03

100 36 27.7+3.1 32.0+£2.9 154+1.8 3 5.36+0.07 --
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Perchlorate (ClIO,)

Reference: Thuett et al. (2002)

Study Details: Ammonium perchlorate (0, 1nM, 1uM, 1mM) was administered via drinking
water to male and female mice during mating and throughout gestation and lactation. Pups
were euthanized at PND21.

Primary Mode of Action: Competitive inhibition of sodium/iodide symporter

NDMR Observation: A statistically significant increase in plasma T4 was observed in the low
and mid dose groups, and no change was observed at high dose of PND21 mice. Thyroid
histopathology analysis found a decrease in active follicles at the low and high dose.
Decision/Comments: Exclude Filter 4c. The effects reported here are at very low levels of
perchlorate exposure (117ppt, 117 ppb and 117ppm, ~ 0.01, 0.1, and 1.5 pg/kg-day (Thuett et
al., 2002). Increases in serum T4 by perchlorate are counter to many other published reports in
rat and rabbit and the known mode of action of perchlorate to inhibit the NIS (NAS, 2005).
Study design is not well described and it is unclear that appropriate litter-based analysis was
performed on serum hormone data. The increases in T4 were based on very small sample sizes
(n=4-5), insufficient for reliable detection of small changes in serum hormone using RIA. The
increase in serum T4 at the low and mid dose group is not consistent with changes in the
thyroid follicle observed in this same study.

[Total T,] pg/dL

0 0_ | N —
Control 1nM 1uM 1mM
Treatment

FIGURE 1. Total T, ¢
cantly different (g
n=3for1 pM, 1 mM, a

use plasma at postnatal day 21. Asterisk indicates signifi-
ric ANOVA/GLM and Duncan’s multiple-range test);

300, 300
= -
c c
=)
-~ 2504 E’. 2504
3 T 3
£ o | :
E 200 £ 200
z3 z3 :
@ o
S < 150 2 % 1501 M
2 2
= 100 T 1004
< g
2 50 2 50
= F

1 ] R a — N
o 0
Control  1nM 1uM 1imM Control  1nM 1uM 1mM
Treatment Treatment
FIGURE 3. The number of active thyroid follicles per unit area for deer mice at postnatal day 21 a5 FIGURE 4. The number of active thyroid follicles per unit area for deer mice at postnatal day 21 as

determined by analysis of individual pup data. Asterisk indicates significantly different from centrol;  determined by analysis of litter mean data. Asterisk indicates significantly different from control; double
double dagger, significantly different from control, 1 nM. and 1 pM (nonparametric ANOVA/GLM and  dagger, significantly different from control, 1 nM, and 1 M (nonparametric ANOVA/GLM and Duncan’s
Duncan’s multiple range test); N = 5 for controls; n = 8 for 1 nM; n = 6 for 1 uyMand 1 mM. multiple-range test); n = 3 for controls; n= 4 for 1 nM; n=5 for 1 pM; n = 2 for 1 mM.
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Reference: Mannisto et al. (1979)

Study Details: Potassium perchlorate (0, 10, 50, 100, 500 mg/L) was administered via drinking
water to adult males. All animals were sacrificed on day 5.

Primary Mode of Action: Competitive inhibition of sodium/iodide symporter.

NDMR Observation: Intermediate drinking water concentrations (50 and 100 mg/L) resulted in
a statistically significant decrease in serum T3. No changes in serum T3 were seen following
exposure to the lowest or highest dose.

Decision/Comments: Exclude Filter 3. The NMDR decrease in serum T3 is not the determinant
of the study-wide NOEL. A monotonic dose response effect was observed in serum T4 and was
significant at the same dose where the decrease in serum T3 was first significant (50 mg/L).

20 T,

0f TSH

0 10 S0 100 S00 mg/l
KC10,

Fig. 3.
Serum T, Ty and TSH concentratiens as a function of the KC10, dose (mg/l in drinking
water; log scale). For further information. see Fig. 1.
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Reference: York et al. (2001)

Study Details: Ammonium perchlorate (0, 0.3, 3.0, 30.0 mg/kg-day) was administered via
drinking water to adult male and female SD rats through mating, gestation, and lactation. The
F1 generation was given the same doses in water beginning at weaning and continuing until
sacrifice. F2 generation pups were sacrificed on lactation day 21; other sacrifice times were not
clearly stated.

Primary Mode of Action: Competitive inhibition of sodium/iodide symporter.

NDMR Observation: Several NMDRs were observed in this study. For the adult males, an
increase in serum T3 was seen at the low and mid doses, but no change was observed at the
high dose. The adult females had an increase in serum T4 at the low and mid doses, but no
change at the high dose. The F1 male pups showed a decrease in serum TSH was at the low and
mid dose, with no change at the high dose. F1 female pups had an increase in serum T4 at the
low dose, and no other changes in serum T4 were observed. The F1 adult males had an
increase in serum T4 at the low and mid doses and a decrease in serum T4 at the high dose.
The only change in thyroid hormones in the F2 male pups was the increase in serum T3 at the
mid dose, while the female pups only had an increase in T4 at the mid dose.
Decision/Comments: Exclude Filter 3. The NMDRs were not the determinant of the study-wide
NOEL. The study authors based the NOEL (0.3 mg/kg-day) on the thyroid histopathology results
that showed a monotonic dose-response for hypertrophy/hyperplasia. The NMDRs were not
consistent between gender or generation. The authors also commented on the nonmonotonic
nature of the data, attributing the results to the data being a “snapshot in time” of a dynamic
system, where TSH regulation could “overshoot” causing an increase in T3/T4 relative to
controls.

TABLE 5
Summary of thyroid effects observed in P, F1, and F2 generations (Continued)
Male Female

4] 0.3 30 300 0 0.3 30 30.0

Effect mg/kg-day mg/kg-day mg/kg-day mg/kg-day mg/kg-day mg/kg-day mg/kg-day mg/kg-day
Hormone levels (mean + SD)

P adult (N) 29 30 30 29 29 30 29 30
Tz (ng/dl) 726 £ 11.2 87.4 £ 16.3° 88.4 £ 18.6* 78.6 £ 14.4 57.8+28.2 64.8 +29.3 56.4 £+ 14.0 60.4 £ 22.0
Ty (ug/dl) 4.64 £0.58 473 £0.82 474079 3.58 £ 0.86* 2,13 £ 0.68 2.90 £ 0.04* 292+ 084 2424079
TSH (ng/ml) 153 £0.96 1.35 £ 0.64 1.49 + 0.82 3.87 + 3.50* 205+ 0.87 221+099 1.99 +0.77 217+0.74

F1 pup (N) 27 21 25 23 28 22 25 23
T (ng/dl) 1059 =100 111.2x 164 109.8 £ 15.7 1074 £ 16.1 106.0 £ 13.1 1099 £ 13.1 109.3 £+ 13.6 97.6 £ 11.0*
Ty (pg/dl) 4.40 = 1.01 4.62 = 0.98 453079 452+ 1.09 427+ 1.02 4.86 £ 0.95* 4321078 3910098
TSH (ng/ml)  1.24 = 0.45 0.94 = 0.34* 0.88 £ 0.25* 1.27 £ 0.38 1.12+0.51 1.19 £ 0.35 1.14 £ 0.38 1.30£0.35

F1 adult (N) 30 30 30 30 30 29 30 29
Ta (ng/dl) 825 £ 87 813154 832+ 165 830+ 134 61.5+252 5124219 534+ 196 56.8 £ 18.9
Ty (pg/dl) 3718 £ 0.55 4.21 + 0.86* 4.20 £ 0.87* 278 £ 0.72* 2224+ 1.03 203 +0.84 227+ 105 213+ 0.86
TSH (ng/ml)  2.51 £ 1.01 2.16 £ 1.04 230+£1.73 5.18 £ 2.52% 1.62 + 1.01 1.22 + 0.66 1.65 + 0.88 2.12 + 0.69*

F2 pup (N} 20 26 28 25 20 26 28 25
Ts (ng/dl) 1063 = 18.3  108.0 £ 14.6 119.5 £20.1*  107.1 £21.4 1084 £21.1 1074+ 130 107.9 £ 20.7 08.8 + 24.0
Ty (peg/dl) 32£0.84 3.3£0.86 3.8+£0.88 34+£080 4+072 33099 42+ 1.0° 38083
TSH (ng/ml) ~ 0.82 £0.19 0.88 £ 0.26 0.95 +0.28 0.96 + 0.21 0.94 +0.28 091 +£0.29 0.96 £0.22 0.97 +0.22

*Significantly different from the carrier group value (p < .05).
**Significantly different from the carrier group value ( p < .01).
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Reference: York et al. (2004)

Study Details: Ammonium perchlorate (0, 0.1, 1.0, 30, 10.0 mg/kg-day) was administered in
drinking water to adult female SD rats from gestation day 0 through lactation day 10.

Primary Mode of Action: Competitive inhibition of sodium/iodide symporter.

NDMR Observation: A statistically significant decrease in follicular lumen area was observed at
the low (0.1 mg/kg-day), 2" intermediate (3.0 mg/kg-day), and high (10 mg/kg-day) dose in F1
male pups; however, no change in follicular lumen area was found at the 1% intermediate dose
(1.0 mg/kg-day).

Decision/Comments: Exclude Filter 4c. The standard deviation for the 1* intermediate dose
(1.0 mg/kg-day) that did not show a decrease in follicular lumen was very large, almost 3-times
the SDs for the other dose groups. This NMDR effect occurred in male F1 pups only, not in
females. No change in thyroid weights was reported for F1 male pups. Data from this study
and several others were previously subjected to re-analysis by outside experts. The data
presented in this paper is not consistent with the re-review results available in the U.S. EPA’s
2002 perchlorate risk assessment document. The reanalysis found a significant main effect of
treatment on lumen size for all doses at PND5 (U.S. EPA (2005); Figure 5-8).

TABLE 3

340

Thyroid hormone, morphology and histopathology of F1 culled pups (PPD 3)
w0l L PND5
Group I Group Il Group 1T Group IV Group V .
Parameters (Carrier) (0.1 mg/kg-day) (1.0 mg/kg-day) (3.0 mg/kg-day) (10.0 mg/kg-day) % 300
a
Pooled serum § =0 \
TSH (ng/ml) 451 +£0.46° 4524044 475+0.48 477+£0.48 5.52 +0.58* E 260 e -
[17] [14] [18] [171 [19] ] !
T3 (ng/dl) 88 +594 85+7.57 79 £7.08* 39 £3.47+ 38 £ 3.76"* 2 240
[10] [10] [10] [12] (121 g 220
T4 (pg/dl) 3.41+£0.37 3.32+031 3144027 2.68 £ 0.25%* 2.53 £0.23%* 3
[15] (1] [13] [t [12] 20
Males 180
Follicular cell hypertrophy 5 9 9 9 10 0 0.1 1 3 10
[10] [10] [10] [10] [10] 2400
Hypertrophy severit; 0.5 1.0 12 13 1.4*
Follculas lymen diameter (pm) 21224 188+£23 177427 172+ 16 164+ 2.1% 20 PNDS0
[10] [10] [10] [10] [10] E 2000
Follicular epithelial height (jzm) 6.3+08 62+08 68 +0.7 6.7+09 72+£1.0 b 1800 -
[10] [10] [10] [10] [10] 3
Follicular lumen area (xm?) 315.0+£5045 2550 £38.19* 290.8 £ 14321 2084 £ 46.14* 209.7 + 73.77* E 1%
[10] [10] [10] (101 [10] & ooy L 1
Females 2 12004 [
Follicular cell hypertrophy 4 5 7 8 9 g 1000 T
[10] [10] [10] [10] [10] 3
Hypertrophy severity 0.4 0.5 038 1.3* 1.8% 80
Follicular lumen diameter (um) ~ 20.5 £ 3.8 187+1.7 1754+ 1.9 17.1 £3.0% 16.6 £ 3.1* 600
[10] [10] [10] [10] [10] ° o ! ° '
Follicular epithelial height (m) 6.6+ 08 62+1.0 6.8+09 72+0.8 YNESRY Perchlorate (mgikg-day)
[10] [10] [10] [10] [10]
Follicular lumen area (;tm?) 320.7+£82.56 264.7 £63.18 255247469 235.64 132.05 2114+ 119.96* . _ N o - . .
v o T o o] TS slen fon i kg s o
Y 8 2 8
PPD = days postpartum, “mean % SD; [N] = number; average severity scored 0 (normal) to 3 (severe). offspring on PNDS as recalculated in Crofton and Marcus (2001). Data of
*Significantly different from carricr group, p < .05 Channel (1998¢) and Argus Research Laboratories, Inc. (1098a). Means with
*Significantly different from carrier group, p = .01. different letters were significantly different (p < 0.0). Daily dose was
“**Significantly different from carrier group, p <.001. estimated from water consumption data.
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Reference: Gilbert and Sui (2008)

Study Details: Perchlorate (0, 30, 300, 1000 ppm) was administered in drinking water from GD6
until weaning. Blood samples were obtained from pups on PNDs 4, 14, 21, and 80-90, and from
dams at weaning on PND30. Behavioral and electrophysiologic measurements were performed
on adult male offspring.

Primary Mode of Action: Competitive inhibition of sodium/iodide symporter.

NDMR Observation: A statistically significant increase was seen in TSH of PND14 pups at the
low and mid dose and no difference from control at the high dose.

Decision/Comments: Exclude Filter 3. The NMDR was not the determinant of the study-wide
NOEL. A monotonic decrease in serum T4 was seen beginning with the lowest dose in dams.
The serum TSH NMDR in PND14 pups was not seen in PND4, PND21, or dams. All functional
physiology effects observed were monotonic in nature, consistent with PTU observations.

<]
_ 1
S
=
©w 2
| MO0n |8 ﬂ ﬂ X ﬂ
1,000 1,000 1,000
Perchlorate ﬁppm} Perchlorate 1ppm} Perchlorate Eppm:l

Figure 3. Thyroid hormone concentrations (mean + SE) in pups exposed to perchlorate beginning on GD6
and sacrificed on PNDs 4, 14, or 21. (A} Ts. (B) T,. (C) TSH. Data from PND4 represent males and females
because samples were pooled to provide sufficient serum for the assays. No differences in serum hor-
mones were detected between sexes on PND14 and PND21 (p > 0.05), so data were collapsed across, and
mean value per litter at each age was analyzed. Numbers within the bars represent sample sizes.

*p < 0.05 by Dunnett's
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Polychlorinated Biphenyl (PCB)

Reference: Li et al. (2001)

Study Details: 2,2’,3,4’,5’,6-hexachlorophenyl (PCB149 0, 8, 32, 96 mg/kg/day) was
administered ip in corn oil to juvenile female SD rats on PND21 and 22 and sacrificed on PND24.
Primary Mode of Action: Liver metabolism.

NMDR Observation: Statistically significant reduction in serum T4 at 32 but not 96 mg/kg dose
level.

Decision/Comments: Filter 4c Exclude. Lack of effect on serum T4 at highest dose attributable
to high variability likely stemming from small sample size (n=5) for serum hormone assays. The
NMDRC is not consistent with findings from extensive dose response curves for 12 different
PCBs tested at lower dose ranges in a 4-day oral dosing paradigm in juvenile female rats.

(Crofton et al., 2005)
i B0 ma'kyg
:l:iarngfkg \;
| @32mghkg |

—— B9 mglkg

0

£

T4 concentration (ugidL)

100

T3 concentration (ng/dL})
3

t
(=]

CB 132
Fig. 1. Thyroid hormones status in prepubertal female rats adminis-

tered CB 132 or CB149. *Significantly different from controls by
Dunnett’s t test (p = 0.05)
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Reference: Desaulniers et al. (1997)

Study Details: PCB77 (0, 10, 100, 1000, 10,000 ppb) was administered in the diet to young

female SD rats for 13 weeks. Animals were sacrificed at the end of the exposure period.

Primary Mode of Action: Liver metabolism, T3 receptor activation

NMDR Observation: Statistically significant increase in serum T4 at 10, 100, 1000 with declines
at the highest dose tested.

Decision/Comments:

been reported.

Although an NMDR was not seen with a related PCB
(PCB 28) assessed in the same study, the increase in serum T4 at the equivalent of 0.'06,.0.6 and
6 ug/kg/day is the lowest dose for which an effect on thyroid or any other endpoint in vivo has

TABLE 1. Serum Concentrations (Mean + Standard Error) of TSH and T4, and
Hepatic UDP-GT Activity in Female Rats Following 90-Day Dietary
Exposure to 0, 10, 100, 1000, and 10 000 ppb of PCB 77 or 0, 50, 500, 5000,

and 50 000 ppb of PCB 28
PCB congeners ppb TSH ng/mL T4 pg/dl UDP-GT'
nmoles/min/mg
prot
PCB 77 0 1.0 1 0.2b 27£03c 0.65 + 0.08b
ay (8) (10)
10 1.3 £0.1ab 48+ 03a 0.84 = 0.16b
(10) (10) (10}
100 1.3 40.2ab 4.2 £ 0.2ab 0.75 £0.13b
(10) (10) (10)
1000 LOt0.1b 34%03b 116 £0.13b
10y (10) (10)
10.000 1L.7%0.2a 13+01d 201 £0.392
(3) (10) (10)
p value? 0.09 0.0001 0.0002
PCB 28 0 09+02 3.1 £0.2ab 3.74 20.85
(5) (10) {10)
50 1.3£0.1 38+04a 3.29£0.51
(6) (10) (10)
500 1L.2+0.1 3.1 +0.4ab 351055
(5) (6) (10)
5,000 1.6+0.2 4.0%05a 345+ 054
(3) (5) (10)
50,000 15204 25+0.3b 408 £ 045
6) (6) (10)
p value 027 0.06 0.89

'UDP-GT activity measured from the liver homogenate of rats treated with PCB 77 and the liver

homogenate S9 fractions for rats treated with PCB 28

*number of rats per group;
serum samples.
'p value from one way analysis of variance

a.b.c.d: within eolums, means with the same letter are not significantly

range test, p > 0.05),

partial results are presented in some groups due to limited volumes of

different {Duncan’s multiple
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Reference: Zoeller et al. (2000)

Study Details: Aroclor 1254 (0, 1, 4, 8 mg/kg/day) were administered to pregnant SD rats from
GD6 to PND21 in food and pups sacrificed for tissue collection on PNDs 5, 15 and 30. In situ
hybridization in brains of pups was performed. Myelin basic protein (MBP) was examined in the
medulla and cerebellum at all 3 ages. Neurogranin (RC3) was examined in the retrosplenial

cortex on PND15.

NMDR Observations: A transient and statistically significant reduction in MBP was observed in

medulla on PND5 at 4 but not 8 mg/kg dose level. On PND15, MBP was reduced in the
cerebellum and medulla at 1 mg/kg but not 4 or 8mg/kg. A monotonic increase in RC3
expression was seen in the cortex and was significant at 4 and 8 mg/kg dose levels.

Decision/Comments: Exclude Filter 3. The NMDR for expression of MBP in the neonatal brain

was not the determinant of the study-wide NOEL. A monotonic decline in serum T4 was
observed and was significant at all dose levels.

il

bt

F Cerebellum
O Medulla

il

P30

=

i1

A1254 (F, ., = 4926 P <

0
Daily A1254 Dose [mg;'kg}

Fig. 7. MEP mERNA levels in the cerebellum and medulla of pups
derived from dams treated with different doses of A1254. Bars rep-
resent mean * SEM of film density, displayed as percent control
Measurements were taken from different pups within each litter on
P&, P15, and P30. Treatment effects on MBP mENA levels in the
cerebellum were restricted to P15, where 1 mgllig A1254 induced a
significant decrease in MEP mENA levels (F,
MEP mENA was also I\educedmthe medulla, atthlanme by l. melkeg
- 0.01) Interestingly, only the integrated
density 0f 'Lhe MEP signal was affected in the ponsimedulla. On P5,

MEP expression was not detected in the cerebellum.

2 = 3.291; P = 0.06)
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Reference: Li et al. (1998)

Study Details: A PCB mixture (PCB110 + PCB126) or PCB110 alone (0, 8, 32, 48, 96 mg/kg) was
administered ip in corn oil vehicle to juvenile female SD rats on PND21 and 22. Animals were
sacrificed on PND23 for tissue collection.

Primary Mode of Action: Liver metabolism.

NMDR Observation: A statistically significant increase in serum T4 was observed in PCB110
group at the lowest dose, followed by a monotonic decrease in T4 at higher dose levels. A
monotonic decline in serum T4 was seen in the PCB110+PCB126 mixture.
Decision/Comments: Hepatic microsomal enzymes (PROD) were not induced
at lower dose of PCB110 which may have permitted mobilized T4 to reach higher serum levels.
This conclusion is supported by induction of metabolic pathways in the PCB110+126 group
where a monotonic dose-response pattern was observed for serum T4.

PCBs in Prepubertal Female Rats 101

125

100 4

754

T4 % Control

Fig. 2. Serum total T, level in prepubertal female rats
dosed with CB 110 purified to remove Ah-receptor ago-
] nist (CB 110P) compared to the preparation before re-
25 4 . moval of Ah-receptor agonists (CB 110C). Values
—e— CB 110 Contaminated (mean * SE) have been converted to percent of the
_m— CB 110 Purified same litter control. Control levels were 2.02 * 0.12 pg/
04 del or 100 * 5.9%. T4 levels are significantly different
0 8 16 24 32 40 48 56 64 72 80 88 96 104 (< 0,05) between dose groups at § and 96 mg/kg and
Dose (mg/kg) significantly lower than controls at 48 and 96 mg/kg

50
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Reference: Collins and Capen (1980)

Study Details: Aroclor 1254 (0, 5, 50, 500 ppm) was administered to adult male O-M rats in the
diet for 4 weeks. Animals were sacrificed at the end of exposure.
Primary Mode of Action: Liver metabolism.

NMDR Observation: Statistically significant increase in serum T3 was observed following

exposure to 5 ppm PCB with reduction at the 500ppm dose.

Decision/Comments: Exclude Filter 4b. An increase in serum T3 is inconsistent with the

majority of PCB literature. T4 was monotonically reduced at 50 and 500ppm. A lower LOEL was
seen for serum T4 after 15-weeks of exposure to 0.1 mg/kg/day A1254, equivalent to dietary

exposure of ~1.7 ppm (Gray et al., 1993).

228

Table 1. Serum thyroxine (T,) and
iriiodothyronine (T3) concentrations
in rats administered PCB, thyroxine,
or fed iodide deficient or excess diets
for 4 weeks

N=b/group
Mean -+ Standard error of mean
*P<0.025; ¥*P<0.005; **% P < 0,001

Group T, (ug/dl)

T3 (ng/dy

Control rats 371 +0.04

5 ppm PCB 356 +0.10

S0 ppm PCB 2,14 +0.10%%=
500 ppm PCB  0.78 +0.04%»*
1% KI 3.22+0.10*
I-deficiency 2,74 +0.40%
T,-suppression 8§.55 +0.9%=#

86.80 + 2.0
10596+ 3 e
B2.13+ g7
87.06+ 56
384.23 £3(.9%u

T ——

—

W.T. Collins and C.C. Cﬂpe L
n

3L
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Potassium Bromate (KBrO;)

Reference: Wolf et al. (1998)

Study Details: Potassium bromide (KBrOs: 0, 0.02, 0.1, 0.2, 0.4 g/L) was dissolved in the
drinking water administered to 30-day old male F344 rats for 12, 26, 52, 78, or 100 weeks.
Primary Mode of Action: Competitive inhibition of sodium/iodide symporter.

NDMR Observation: After 12 weeks of treatment, serum T3 concentrations were reduced
relative to controls for all dose groups, and Group 3 (0.1 g/L) showed an increase relative to
higher and lower dose groups though additional statistics and standard deviations were not
reported.

Decision/Comments: Exclude Filter 3. The NMDR for serum T3 is not the sole determinant of

the study-wide LOEL. A monotonic dose response effect was observed for thyroid tumors
following 100 weeks of exposure.

T3 Serum Concentrations

60 . -
50
40
30

20

T3 Concetration {(ng/dl}

Control Group 2 Group 3 Group 4 Group 5

T4 Serum Concentrations

3.00 pgrdl T
2.50 pg/dL T
~ 200 pgrdL
b
< 1-50 povdl 4

=
~ 1.00 pg/dL

.50 ug/dl 4

T4 Serum Concentration

0.00 pg/dL

Control Group 2 Group 3 Group 4 Group 5

Fis. 5.—Serum concentrations of T, and T, in control and KBrO;-treated male F344 rats after 12 wk of treatment. Scrum T, concentrations were

decreased in a treatment-dependent but not dose-dependent manner. T, concentrations were unaffected by KBrO, treatment. * p < 0.05. ** p =
0.07.
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Propazine

Reference: Laws et al. (2003)

Study Details: Diamino-S-chlorotriazine (DACT 0, 16.7, 33.8, 67.5, 135 mg/kg/day), an atrazine
metabolite, was administered to juvenile female SD rats from PND22-PND41. Animals were
monitored daily for pubertal development and sacrificed on PND41 for tissue collection.

Primary Mode of Action: Aromatase inhibition.

NMDR Observation: Statistically significant increase in serum T4 at 67.5 mg/kg with no effect at
the higher 135 mg/kg dose. No other thyroid serum parameters altered at any dose.

Significant reductions in female pubertal endpoints at lower doses.
Decision/Comments: Filter 3 Exclude. The NMDR for increases in serum T4 is not the

determinant of the study-wide NOEL. A monotonic dose-response effect was observed for

delay in vaginal opening which was significant at 33.8 mg/kg/day and above.

TABLE 7
Serum Thyroid Hormone Concentrations at Necropsy

Chemical Dose (mg/kg)® Dose (AED)* T, (ng/ml) T; (ng/ml) TSH (ng/ml)
DACT 0 0 500 =32 1.06 = 0.05 0.858 = 0.003
16.7 25 520 =36(14) 1.19 = 0.06 (14) 0.960 = 0.088
338 50 507 =39 1.31 = 0.07 0.857 = 0.000
67.5 100 639 +37¢ 1.23 + 0.06 0.641 = 0.081(14)
135 200 548 =30 1.18 = 0.08 0.744 = 0.085
OH-ATR 0 0 36.6 = 1.67(14) 1.35 = 0.08 1.09 = 0.108 (14)
22.8 25 453 + 240 1.30 = 0.06 1.34 = 0.137
457 50 448 +249 1.27 = 0.06 1.50 = 0.106
91.5 100 391 =244 123 = 0.11 1.10 = 0.113
183 200 338248 1.17 = 0.08 1.17 = 0.100
PRO 0 0 36726 1.54 + 0.08 1.17 = 0.100
13 12.5 3717 +20 1.75 +0.11 1.3 = 0.116
26.7 25 403 +24 1.60 = 0.09 1.43 = 0.137
53 50 429 +27 143 +0.10 1.40 = 0.084
106.7 100 40.6 = 24 145 = 0.01 1.28 = 0.101 (14)

Note. DACT, diamino-s-chlorotriazine; OH-ATR, hydroxyatrazine; PRO, propazine.

“Actual dose (mg/kg) of each test chemical used.

*Doses used for each chemical were equimolar to doses for ATR (mg/kg, AED)
“Mean + SE (n = 15 unless noted). DACT: Combined data from DACT Studies 1 and 2; OH-ATR: data from Study 1; PRO: data from Study 2.

“Significantly treatment effect by ANOVA (GLM) and different from control by Dunnett’s multiple comparison test, p < 0.05.
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Propylthiouracil (PTU)

Reference: Gordon et al. (2000)

Study Details: PTU (0, 2.5, 5, 10, 25 ppm) were administered to adult male LE rats in drinking
water for 21-28 days. During the 4ths wk of exposure animals were subjected to heat and cold
stress and temperature monitored by radiotelemetry, Animals were sacrificed at the end of
exposure and blood collected for hormone measurements.

NMDR Observations: A statistically significant reduction in serum T3 was seen at the lowest
and two highest dose levels with no difference from control at the middle dose of 5ppm.
Serum T4 was dose dependently reduced with significant declines first evident at 5 ppm.
Decision/Comments: Exclude Filter 4a. The NMDR for serum T3 at this dose of PTU is
inconsistent with findings for T4 within the same paper and with a number of other published
reports using this dose range and dosing duration for PTU.

1.00

.75

0.50

Serum T4, ng/ml
Serum T3, ng/mi

0.25

.00

PTU dose, mgllit

60

Serum TSH, ng/ml

caontrol 2.5 50 100 250
PTU dose, mg/lit

ig. 5. Effect of 37 days of PTU treatment on serum levels of
ayroxine (T, fop), triiodothyronine (Ty, middle), and thyroid-stim-
lating hormone (TSH. botfomn). ANOVA results: T., Fi(4,28) = 17.9,
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Reference: Gilbert (2011)

Study Details: PTU (0, 1, 2, 3, 10 ppm) were administered to pregnant LE rats from GD6 to
PND21 in drinking water. Pups were sacrificed for serum collection on PNDs 14, 21 and 30;
dams sacrificed at weaning. Adult male offspring assessed for hippocampal synaptic function
and learning and memory.

NMDR Observations: A statistically significant reduction in freezing behavior detected at two
lowest doses, followed by return to control levels at highest dose in a trace fear conditioning
paradigm.

Decision/Comments: Exclude Filter 3. The NMDR for learning was not the determinant of the
study-wide NOEL. A monotonic decline in serum T4 was observed and was significant at all
dose levels in dams and pups prior to weaning.
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Reference: Lasley and Gilbert (2011)

Study Details: PTU (012 3 10 ppm) were administered to pregnant LE rats from GD6 to PND21
in drinking water and male and female pups sacrificed for tissue collection on PNDs 14, 21 and
30. Protein levels of brain-derived neurotrophic factor (BDNF) were measured using ELIZA in
cortex, hippocampus, and cerebellum.

NMDR Observations: A statistically significant reduction in BDNF was observed in hippocampus
and cortex of adult offspring that was greater at 1 and 2 ppm, returning to baseline at 3 and 10
ppm, and in females, exceeding control levels at 10ppm.

Decision/Comments: Exclude Filter 3. The NMDR for expression of BDNF was not the
determinant of the study-wide NOEL. A monotonic decline in serum T4 was observed and was

significant at all dose levels in dams and pups prior to weaning.
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Reference: Sawin et al. (1998)

Study Details: PTU (05 15 25 ppm) was administered to pregnant LE rats from GD18 to PND21
in drinking water. Pups were sacrificed for serum and brain tissue collection on PNDs 7, 14, 21,
35, 120; dams sacrificed at weaning.

Primary Mode of Action: TPO Inhibition.

NMDR Observations: A statistically significant reduction in choline acetyltransferase in
prefrontal cortex in adult rats at 15 ppm concentration but not at higher or lower levels. A
statistically significant increase in brain weight in adult female offspring at the lowest
concentration of 5ppm. No difference from controls at higher dose levels.
Decision/Comments: Exclude Filter 3. The NMDR for learning was not the determinant of the
study-wide NOEL. A monotonic decline in serum T4 was observed and was significant at all
dose levels in dams and pups prior to weaning. Brain weight changes were restricted to females
at the low dose and not observed in males. Decrements not increases in brain weight are
anticipated by developmental hypothyroidism. No differences were evident when data
expressed as brain/body weight ratio. Choline acetyltransferase decrements were not
observed in the hippocampus.
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Ratlo of

Brain/Body Weight Ratio

08

e

Female Male

ning development. Letters denote significant differences
'

Page | 49


http://hero.epa.gov/index.cfm?action=search.view&reference_id=1308824

Appendix C Mammalian Thyroid 07 03 13 DRAFT

Saisentong

Reference: Zhang et al. (2010)

Study Details: The thiadizole fungicide, Saisentong (0, 5, 10, 15 mg/kg/day) was administered
by oral gavage in soybean oil vehicle to juvenile male SD rats from PN22 for 20 days. Animals
were sacrificed 24 hours after the last dose.

Primary Mode of Action: Liver metabolism.

NMDR Observation: Activation of liver microsomal enzyme UDPGT is reduced at middle doses,
with return to control levels at the high dose level. No changes in serum T4 or evidence of
thyroid histopathology were detected, but significant dose-dependent increases in thyroid and
pituitary weights were observed at the two higher doses. Body weight deficits were also seen
at the high dose.

Decision/Comments: Exclude Filter 4c. The non-monotonicity was evident at the high dose
only, a dose which also negatively impacted body weight. The dose labels in this publication
are higher than those reported in the methods (0, 20, 40, 80 mg/kg/day). If this is not a
typographical error, a lower LOEL is evident in thyroid and body weight decrements. For this
reason, this paper was excluded based on study quality issues. No other papers on Saisentong
were found.

50 -

40

n/mg proem)
=)

%

0 20 40 80

Saisentong Exposure (mg/kg/day)

Female rats UDPGT

Fig. 3. Effect of pubertal exposure to Saisentong on liver
microsomal enzyme, 4-nitrophenol uridinediphosphate-glucur-
onosyltransferase (UDPGT), activity in female rats. Data are
presented as means+ SE. *Denotes value significantly different
from the control group at o = 0.05.
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Tamoxifen

Reference: Kim et al. (2002)

Study Details: Tamoxifen (0, 10, 50, 200 pg/kg; n=10) was administered for 20 days to
immature female Sprague-Dawley rats by oral gavage dissolved in 95% ethanol and diluted with
corn oil vehicle. Animals were euthanized and tissues taken 24 hours after the last dose was
administered.

Primary Mode of Action: Unknown.

NMDR Observation: Thyroid gland weights, serum TSH, and serum T3 displayed NMDR
response, with statistically significant increases relative to control at 10 and 50 pg/kg/day but
not at 200 pg/kg/day. No effects were observed on serum T4.

Decision/Comments: Reasons for the NMDR are not known, but tamoxifen is a
well known estrogen receptor antagonist. Estrogen and thyroid receptors share a common
binding site on their molecular response element (TRE and ERE) so interactions between these
two hormone systems is not unprecedented (Zhu et al., 1996) and may contribute to the
pattern of effects observed. However, another report in the literature using a very similar
dosing regimen did not replicate the pattern of effects observed here. Kennel et al. (2003)
reported no effects on serum hormones or thyroid gland weight in male rats any dose of
tamoxifen (5, 30 or 200 pg/kg/day for 28 days). Females exhibited a decrease in serum T4 with
no changes in other serum markers or in thyroid gland weight.

TABLE 1
Absolute Organ Weights in Sprague-Dawley Rats Treated with Various Endocrine-Relative Compounds
in the Female Pubertal Onset Assay

Treatment Dosage Initial BW Necropsy BW Thyreid gland Ovary Uterus
Control 0 52.50 = 1.13 156.70 = 1.81 891 = 0.56 5477 = 3.04 028 =002
DES

0.2 pgkg 51.00 = 1.02 16401 = 549 969 = 1.03 60.28 = 481 028 = 0.02

1.0 pgkg 53.60 = 093 15862 = 443 1017 = 1.09 4721+ 279 023 £ 001

5.0 pg'kg 5378 =115 16021 = 2.55 1052 = 1.14* 35.18 = 3.42* 029 £ 002
Tamoxifen

10 pglkg 52.00 = 0.59 16085 = 1.26 1294 = 091* 5732+222 0.30 = 0.03

50 pg'kg 51.80 = 051 15901 =221 11.66 = 0.92% 51.96 = 2.09 024 = 0.03

200 pgkg 5221 =071 14131 = 2.43% 978 = 0.64 25.64 = 1.81% 0.11 = 0.01*
Testosterone

0.05 mg'kg 4990 =126 15990 = 3.04 831 =050 37.58 = 1.70* 024 002

0.2 mg/kg 4990 = 086 163.30 = 3.80 790 =129 28.37 = 294* 022 +0.02*

1.0 mg/kg 50.22 * 091 173.11 = 3.73* 748 = 0.57 23.24 + 1.70* 0.16 = 0.01*
Flutamide

1.0 mg/kg 50.50 = 093 15740 =3.76 844 =058 52.26 + 1.58 027 =002

5.0 mgkg 50.80 = 0.78 164.80 = 2.53 886 =089 51.51 =329 027 =002

25 mg'kg 51.00 = 097 159.70 = 1.95 828 =0.77 41.73 = 2.10* 023 001

Naote. Values are mean + SE (n = 10 animals per treatment group). BW. body weight; Initial BW. body weight on the first day of treatment (21 days of age)
Necropsy BW. body weight at necropsy (41 days of age). Body weights and uterus weights given in g; thyroid and ovary weights given in mg
*Significantly different from control by Dunneit’s test (p < 0.05).

Page | 51


http://hero.epa.gov/index.cfm?action=search.view&reference_id=1311107
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1639194
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1326332

Appendix C Mammalian Thyroid 07 03 13 DRAFT

TABLE 3
Serum Hormone Concentrations in Sprague-Dawley Rats Treated with Various Endocrine-Relative Compounds
in the Female Pubertal Onset Assay

Treatment Dosage Estradiel (pg/ml) TSH (ng/ml) T, (pg/dl) T; (ng/dl)
Control 0 1581 =174 0.683 = 0.056 327 + 023" 7988 * 242
DES

02 pg'ke 2115142 0.782 = 0.060 380019 106.99 + 8.24%

1.0 pe'ke 15.65 = 1.22 0.469 = 0.046 3742033 111.91 = 9.07*

50 pg'ke 1558 = 094 0.576 = 0.079 347025 122.59 + 5.44%
Tamoxifen

10 pgkg 20.75 £1.53 1.422 * 0.088* 378 £033 124.69 = 10.46*

50 pekg 24.99 = 2.16* 2,172 £ 0.233* 402 £022 12748 = 5.29*

200 pgke 18.07 = 1.55 1.024 £ 0.136 3.93 £ 0.08 101.59 = 7.54
Testosterone

0.05 mg'kg 1748 = 1.28 0.919 = 0.110 1.80 = 0.20* 86.15 + 6.18

0.2 mg/kg 18.18 = 1.26 1.294 = 0.132% 1.95 £ 0.17* 100.84 = 5.04

1.0 mg'kg 1813 = 128 0.674 = 0.047 209 +0.17* 111.62 + 8.19*
Flutamide

1.0 mg'kg 1972 =105 1.551 + 0.212* 403 =025 117.06 + 10.14*

5.0 mg'kg 15.14 = 1.02 1.095 £ 0.163 342+012 114.38 = 8.51%

25 mglkg 16.01 = 0.87 1474 + 0.187* 376 =034 103.68 = 9.62

Note. Values are mean = SE (7 = 10 animals per treatment group).
*Significantly different from control by Dunnett’s test (p << 0.05).
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Thiazole-Zn

Reference: Yang et al. (2013)

Study Details: The systemic fungicide, thiazole-Zn (0, 40, 100, 200 mg/kg/day) was
administered to juvenile female SD rats from PND22 to PND42. Animals were sacrifice on
PND43 and tissues collected for analysis.

Primary Mode of Action: Unknown.

NMDR Observations: Statistically significant reduction in serum T3 at the lowest dose of 40
mg/kg, with no effect at 100 or 200 mg/kg dose levels. Serum TSH and thyroid weights were
increased at the two highest doses. Serum T4 was monotonically reduced and thyroid
histopathology evident at all dose levels.

Decision/Comments: Filter 3 Exclude. The NMDR for serum T3 is not the determinant of the
study-wide NOEL. A monotonic dose-response effect was observed for serum T4 and thyroid
histopathology.

Table 3
Effects of thiazole-Zn on serum hormone levels in the female pubertal assay.
Treatment Dosage T4 (ng/ T3 (pg/ml) T5H (mlIU/ E2 (pg/
(mg/ ml) L) ml)
ke bw)
Control 0 26728 5741 +328 3.12x026 63034
Thiazole- 40 326+28" 2119+839° 3.33+0.18 707%5.1
in
100 339+35" 5620+626 3.56x0.18° 64.1+49
200 303 +1.8" 5841 +412 3.40+0.14" 662+36

Note: Data are expressed as mean £ 5D (n =10 animals per treatment group).
" Significantly different from the vehicle controls (p < 0.05).
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Thiazopyr

Reference: Hotz et al. (1997)

Study Details: The pre-emergent herbicide thiazopyr (0, 10, 30, 100, 300, 1000, 3000 ppm) was
administered to adult male SD rats in their diet for 56 days. Animals were sacrificed at the end
of treatment.

Primary Mode of Action: Liver metabolism.

NMDR Observation: Significant reductions in serum T3 were observed at the mid-dose of
30ppm and increases at the highest dose tested.

Decision/Comments: Within this study, increases in serum T3 were not
consistently observed at the high dose at 56-days, whereas high dose effects on T4, TSH, liver
and thyroid weights were replicated. The decrease in serum T3 at the mid- dose level is not
consistent with an upregulation of hepatic metabolism in the absence of an effect on T4.
Effects on serum to T4 and TSH were limited to reductions and increases, respectively, at the
highest dose of 3000ppm. UDPGT effects at the two highest doses are consistent with a liver
metabolism mode of action. No other thiazopyr studies found.

TAELE 2
Dose-Related Effects of Dietary Administration of Thiazopyr on Thyroid Function in Male Rats®
Treatment Body wt (g) Liver wt (g) Thyroid wt (mg) T, (ug/dl) T; (ng/dl) 1T; (ng/dl) TSH (ng/ml)
Control 565+ 9 212+08 23207 41 =02 843 0.047 = 0.004 27x02
10 ppm 500+ 9 2405 24407 4303 82 +4 — 35+x04
30 ppm 576 x 12 216 =07 24508 o =02 68 + 2% — 27 =01
100 ppm 560 x 10 217+ 06 23806 41 =02 843 — 3i1x=04
300 ppm 578 £ 12 241 +08* 255207 40 =02 82+3 — 20+03
1000 ppm 579 = 11 284 x1.1% 201 = 08 40 =02 91 =4 — 31x02
3000 ppm 566+ 9 385 =x017 330+ 137 290+ 017 110 * 6* 0.071 = 0.006* 43+ 04"

“ Rats were treated with thiazopyr in the diet for 56 days. Data represent the mean =+ standard error of the mean for 19 or 20 rats per group.
* Signeficantly different from control with Dunnett’s test after ANOVA (p = 0.05).

Female rats UDPGT

(nmol/fmin/mg protein)

1] 20 40 &0
Saisentong Exposure (mg/kg/day)

Fig. 3. Effect of pubertal exposure to Saisentong on liver
microsomal enzyme, 4-nitrophenol uridinediphosphate-glucur-
onosyltransferase (UDPGT). activity in female rats. Data are
presented as means+ SE. *Denotes value significantly different
from the control group at o = 0.05.
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Triclosan

Reference: Zorrilla et al. (2009)

Study Details: The antibacterial/antifungal triclosan (0O, 3, 30, 100, 200, 300 mg/kg/day) was
administered by oral gavage to juvenile female SD rats from PND23 to PND53. Animals were
sacrificed on PND53 and serum and tissues collected for analysis.

Primary Mode of Action: Liver metabolism.

NMDR Observation: Statistically significant increases in serum T3 following exposure to 3
mg/kg/day triclosan followed by significant declines at 200 and no change from control at 300
mg/kg/day. Monotonic reductions in serum T4 were detected beginning at 30 mg/kg/day dose

level. NMDR increase in T3 at lowest dose.

Decision/Comments: Filter 3 Exclude. The NMDR for serum T3 is not the sole determinant of
the study-wide NOEL. A monotonic dose response reduction in EROD enzyme activity was
observed and was significant at the lowest dose tested.

TRICLOSAN EFFECTS IN THE MALE PUBERTAL WISTAR RAT

A Thyroxine (T4)

ug/d
W

i
i
0 | |

—

*

B

Control 3 30 300 Control100 200
Triclosan (mg/kg)

Triiodothyronine (T3)

ng/ml

NEEN
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200 300
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Thyroid Stimulating
Hormone (TSH)

]
Control 3 30 100

200 300
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FIG. 6. The effect of a 31-day exposure to triclosan (mg/kg/day) on (A) mean total serum T4, (B) mean total T4 shown as percent of control, (C) mean total
T3, and (D) mean serum TSH concentrations in the male Wistar rat. *p < 0.05 as compared with control mean.
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