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North American Flame Retardant Alliance (NAFRA)
http://flameretardants.americanchemistry.com/

NAFRA’s members represent the world’s leading
producers and users of a variety of flame retardants.

Promotes

» the safe and effective use of flame retardants

» responsible methods for developing/handling flame
retardants

» sustainable stewardship for flame retardants

» dialogue with regulators, policymakers, and stakeholders
» expanding existing knowledge about flame retardants



http://flameretardants.americanchemistry.com/

Topics to Be Covered

 Science Issue #1 - Thyroid Endpoints and
Relevance

 Science Issue #2 - Liver and Thyroid
Effects

] Science Issue # 3 - Mode of Action



SCIENCE ISSUE #1




Biological Endpoints

The Toxicological Review of HBCD will consider:

» Endpoints under consideration: reproductive and
developmental toxicity endocrine effects (including
thyroid and reproductive hormone), neurotoxicity,
neurobehavioral, and immunotoxicity

Considerations for Data Evaluation

» Time of sampling for thyroid hormones levels

» Correlation of thyroid hormone levels changes to
adverse outcomes

» Species and sex specific differences

» Life stages 5



Biological Relevance of Thyr0|d
Hormone Changes

Science issue 1. Changes in thyroid hormone levels have been reported following HBCD
exposure in several rodent toxicity. EPA is seeking public discussion on the levels of change in'
thyroid hormones that are biologically significant.
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Zoeller, R. T., & Rovet, J. (2004). Timing of thyroid hormone action in the
developing brain: clinical observations and experimental findings. Journal of
neuroendocrinology, 16(10), 809-818. 6
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Presentation Notes
Level Changes
TSH levels change depending on time of day tested

Generally increased blood thyroid hormone levels above normal levels inhibit the release of thyroid stimulated hormone and thyrotrophin releasing hormone. Low thryroid hormone serum levels lead to increased TSH which lead to stimulation of T3 ad T4 production. 
The thyroid hormones, thyroxine (T4) and triiodothyronine (T3), are tyrosine-based hormones produced by the thyroid gland.
The thyronines act on the body to increase the basal metabolic rate, affect protein synthesis and increase the body's sensitivity to catecholamines (such as adrenaline) by permissiveness.
 The thyroid hormones are essential to proper development and differentiation of all cells of the human body.
 These hormones also regulate protein, fat, and carbohydrate metabolism, affecting how human cells use energetic compounds.


Biological Relevance of Thyroid
Hormone Changes

Science issue 1. Changes in thyroid hormone levels have been reported
following HBCD exposure in several rodent toxicity. EPA is seeking public
discussion on the levels of change in thyroid hormones that are
biologically significant.

O Thyroid hormone levels can be impacted by physiological stress, illness,
depression and obesity

O There is no consensus on how far thyroid levels must fall for adverse health effect
to occur in humans

Thyroid Hormone Normal Levels

TSH 0.3 - 4miU/L

T3 80-220 points (Total)
0.2-0.5ng/dL (Free)

T4 4.5 - 12.6ug/dL(Total)

0.7-1.8ng/dL (Free)

National Endocrine and Metabolic Diseases Information Service :
http://www.endocrine.niddk.nih.gov/pubs/thyroidtests/thyroidtests 508.pdf 7
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Presentation Notes
Level Changes
TSH levels change depending on time of day tested

Generally increased blood thyroid hormone levels above normal levels inhibit the release of thyroid stimulated hormone and thyrotrophin releasing hormone. Low thryroid hormone serum levels lead to increased TSH which lead to stimulation of T3 ad T4 production. 
The thyroid hormones, thyroxine (T4) and triiodothyronine (T3), are tyrosine-based hormones produced by the thyroid gland.
The thyronines act on the body to increase the basal metabolic rate, affect protein synthesis and increase the body's sensitivity to catecholamines (such as adrenaline) by permissiveness.
 The thyroid hormones are essential to proper development and differentiation of all cells of the human body.
 These hormones also regulate protein, fat, and carbohydrate metabolism, affecting how human cells use energetic compounds.

http://www.endocrine.niddk.nih.gov/pubs/thyroidtests/thyroidtests_508.pdf

Species Differences in Thyroid Hormones

Changes in Thyroid Hormone Levels

O  Different parts of the brain are sensitive to the level of thyroid hormones at different points
in time

O Species and sex differences exist in thyroid development between rodents and humans

Table 2
Selected Parameters of Thyroid System in Humans and Rabs (Adapted From US. EPA, 1996)
Pammeter Human Rat
Half-life of T4 5-9 days 05-1 day
Half-life of T3 | day 025 day
Thymxine-binding globulin levels High Very low
Amount of T4 required in absence of functional 22 pp/kg bw/day 20 pg/kg bw/day
thymid gland
T4 production (rate/kg bw) | = 1) =
Sex difference in serum TSH levels No difference Adult males have higher levels than adult
fernales
Follicular cell morphology Low cuboidal Cuboidal
Follicular height is equal in Follicular height in males & greater than in
males and females, fernales

Reference - Choksi, N. Y., Jahnke, G. D., St Hilaire, C., & Shelby, M. (2003). Role of thyroid hormones in human and laboratory animal
reproductive health. Birth Defects Research Part B: Developmental and Reproductive Toxicology, 68(6), 479-491 8
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Presentation Notes
Species and sex differences 
Thyroid morphology
Thyroid pharmacokinetics
Thyroid receptor binding different in humans and rats
Studies indicate that thyroid hormones have little to no effect on human female reproductive tract development



Exposure to HBCD

Food and dust are considered main sources of human exposure

m HBCD Concentrations

Dust 4.5 - 140,000pg/kg dw

Meat 0.86 pg/kg G ©
Dl 028l [ 92 0 Levels Tested in Animal

Eggs 0.01 pg/kg ww Studies

Fish and Fish 1.46 pg/kg ww 10.2- 4,900mg/kg-d
Products y
Cereal 0.180 pg/kg ww ~

Apples 0.022 pg/kg ww

Potatoes 0.018 pg/kg ww

Reference: Environment Canada
Health Canada 2011 Assessment of HBDC
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Link for Liver and Thyroid Effects

Science issue 2. EPA is seeking public discussion on what sequence(s) of
mechanistic events may be hypothesized to link effects in the liver and

the thyroid.
Targets Cancer and developmental
outcomes
i Early Tissue Altered Chinical
Thyroidal iological — | specific |3 | structure/ | eoneq
affect effect function
| Thyroperoxidase
wding symparier |7
Extra-thyroidal Thyroid Thyraid
L lTEH > hyparplasia }’ tumors
> Hepatic UDPGTs Serum
O T.ond Ty
Exposure ~m changes
indi Tissue Altared Birth
Deind | - > i
- Tychanges " |devalopment defects

| Cellular transparters

A

|y T TTR binding

e Thyroid receptors

Reference: Environ Health Perspect. Jul 2009; 117(7): 1033-1041.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2717126/figure/f3-

ehp-117-1033/

Sub-chronic rodent studies

suggest:

= |iver and thyroid are target
organs in HBCD exposed
rodents

= some thyroid effects and liver
weight changes

= HBCD does not exert the
toxicity on the thyroid
directly but perhaps acts
through liver enzyme
induction and consequent
metabolism of thyroxin

11



http://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click on image to zoom&p=PMC3&id=2717126_ehp-117-1033f3.jpg
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2717126/figure/f3-ehp-117-1033/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2717126/figure/f3-ehp-117-1033/
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Figure A-3. Exposure-response array of neurological effects following oral exposure to HBCD
Thiz document is @ preliminary draft for review purposes only and does not constitute Agency policy.
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Liver, Thyroid and Development Effects

Lack of correlation btw HBCD exposure and neurophysical and behavioral

effects
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Figure A-2. Exposure-response array of liver effects following oral exposure to HECD

** Significant dose respense as repnmed by study authors



SCIENCE ISSUE #3




Possible Modes of Action

Science issue 3. EPA is seeking public discussion about (1)
MOAs/AOPs that might be supported by the studies cited In
Table B-1 and (2) suggestions for improving the presentation of
this type of information at this early stage of draft
development.
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Possible Supportive Evidence for the MOA

» Induction of CYP3A1/3 (PXR activation)

» Induction of CYP2B1/2B2 (mediated by CAR)

» Induction of CYP3A4 in female rats (PXR mediated)
>

Possible sex-specific cytochrome P450 stimulation 14


Presenter
Presentation Notes
Proposed MOA = HBCD induces liver enzymes which increases thyroid hormone metabolism, resulting in decreased blood thyroid levels. 

Induction of CYP 3A4 was observed in females while induction of CYP 2B was reported for males, suggesting that sex-specific metabolism could explain the thyroid toxicity noted in females only. 

Toxicology. 2006 Feb 1;218(2-3):229-36. Epub 2005 Dec 2.
Subacute effects of the brominated flame retardants hexabromocyclododecane and tetrabromobisphenol A on hepatic cytochrome P450 levels in rats.
Germer S1, Piersma AH, van der Ven L, Kamyschnikow A, Fery Y, Schmitz HJ, Schrenk D.
Author information 
1Food Chemistry and Environmental Toxicology, University of Kaiserslautern, D-67663 Kaiserslautern, Germany.
Abstract
hexabromocyclododecane (HBCD) and effects on rat hepatic cytochrome P450 (CYP) levels and activities were investigated. HBCD treatment led to a significant induction of CYP2B1 mRNA, CYP2B1/2B2 protein and 7-pentoxyresorufin O-depentylase (PROD) activity suggesting a phenobarbital-type of induction. Furthermore, a significant increase in CYP3A1/3A3 mRNA, CYP3A1 protein, and luciferin benzylether debenzylase (LBD) activity was found, being more pronounced in females than in males. The effect on CYP3A1/3A3 mRNA was significant in female rats at a daily dose of 3.0mg/kg body weight and above. HBCD exhibited no effects on CYP1A2 mRNA, CYP1A1/1A2 protein, or microsomal 7-ethoxyresorufin O-deethylase (EROD) activity suggesting lack of activation of the aryl hydrocarbon receptor. findings suggest that oral exposure to HBCD induces drug-metabolising enzymes in rats probably via the CAR/PXR signalling pathway. Induction of CYPs and co-regulated enzymes of phase II of drug metabolism may affect homeostasis of endogenous substrates including steroid and thyroid hormones.
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