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Status of Developmental Toxicity Testing
for the 2,863 Chemicals

Produced Above 1 million pounds/year
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Most Chemicals Have Not Been Adequately
Tested for Toxicity

* 80,000*chemicals in commerce

* 2,863 produced or imported in quantities of 1 million
pounds or more per year (High Production Volume; HPV)

* No basic toxicity information is publicly available for about
half of HPV chemicals

« Information on developmental toxicity is publicly available
for about 20% of HPV chemicals

EPA: Chemical Hazard Data Availability Study,
1998
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Neurodegeser Dis. 2013 Aug 16. [Epub ahead of print]
Valproic Acid Attenuates Disease Symptoms and Increases
Endogenous Myelin Repair by Recruiting Neural Stem Cells and

Oligodendrocyte Progenitors in Experimental Autoimmune
Encephalomyelitis.

Pazhoohan S, Satarian L, Asghari AA. Salimi M, Kiani S, Mani AR, Javan M.
Department of Physiology. Facuity of Medical Sciences. Tarbiat Modares University, Tehran, Iran.

Neurascience. 2012 Sep 18:220:313-21. doi: 10 1016/ .neuroscience. 2012 .06.012. Epub 2012 Jun 13.

Valproic acid increases white matter repair and neurogenesis after
stroke.

Department of Neurology, Henry Ford Health System. Detroit, MI 48202, USA. xsfiu@neuro.hfh.edu

Nat Neurosci, 2008 Sep;11(9):1024-34. doi: 10.1038/nn.2172.

Age-dependent epigenetic control of differentiation inhibitors is
critical for remyelination efficiency.
Shen S, Sandoval J. Swiss VA, LiJ, Dupree J, Franklin RJ, Casaccia-Bonnefil P.

Department of Neuroscience and Cell Bloiogy, Robert Wood Johnson Medical School, 675 Hoes Lane,
Piscataway, New Jersey 08854, U

D
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Dentate gyrus o grsaes

HilusD vk
T—57%
“The rat neuvous system”

34 ed, Edited by G Paxinos
Elsevier Academic Press, p642
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' * Spon Glu(Glu2)

2B 1B AZ4 X1 B :AMPA-induced Glu

2R 1B XS4 A2 B :AMPA-induced GABA
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Crofton KM, et al. Prenatal or postnatal exposure to bis(tri-n- Crofton KM, et al. Prenatal or postnatal exposure to bis(tri-n-
butyltin)oxide in the rat: postnatal evaluation of teratology and butyltin)oxide in the rat: postnatal evaluation of teratology and
behavior. Toxicol Appl Pharmacol. 97(1):113-23, 1989. behavior. Toxicol Appl Pharmacol. 97(1):113-23, 1989.
Long Evans 5wk 10 mg/ke TBS v DAEEMOHNH +PND1/PND3 pupsDFE
RRAEHIRE : TBTOX1EIR6 B B A5 20H B Tl 148 R, 2.5, DEEGED,
5.0, 10, 12, 16 mg/kg #¥O#H5E, PND14T2.5~10 mg/ke# L FEIZE DR,
XiRIEEEFH

Crofton KM, et al. DTBTIS 4 IS .
B 5UDT4T2 5210 ne/keBt L2 BB DO Bl ~UTDFIVZAZDORESERSM

¥rdg Tt 1 v 1 3 é==——— ZEAEXFL FVIOEBITHEIUVRBICRE T bis(tri-n-
180 - ol 2 butyltin) oxidedd&EHE B #&iEE 45(4):926-934, 1990
o 0 i - N a THA(Tokai High Avoiders)Zwk
8 ol w1 RURMAEE : 10:BH8 TTBTOZ E441 261, 10, 15 me/ke 42O
:jl:; 120 - " . .:h T e lp—L L E‘Iﬁ 5‘0
2 | D i A #AIREE : TBTO%ITIR6 B B 5200 BETES 148 M., 5.0,
5 10 mg/kg BOH/E,
S e 1
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& 5.0 mglkg/day
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508



Bl LU TFIVZZORESRSY

=EBAEFL FYMDEBRFTESIUCHEEICRIF T bis(tri-n-
butyltin) oxideD=1 B&EEE 45(4):926-934, 1990
FRERIREE 15 meg/keBE TR EMHICBREOKE - BRITEIZED
B, BT HBRPEET, 10 mg/keBTEEABRBEOH
HIDIETIER,
BRAEHARREE 15, 10 mg/keB DB Y MFEAL, 10 mg/keBD
FSvb, £%I3BBETICTTRTIELE, 5 mg/ksBEDFS VML
£#%5BBFETICOMIEE, 5 mg/keHNEEHABRODBEZET,

Bl ~UTFIVZZDOFESRSMY

Ema M, et al. Comparative developmental toxicity of butyltin
trichloride, dibutyltin dichloride and tributyltin chloride in rats. J
Appl Toxicol. 15(4):297-302, 1995.
RRERARE - TBTZ#iTIR/B HE8H B, 40, 80 mg/kg #0045,
While treatment with TBT at 40 and 80 mg/kg caused a
significantly decreased maternal weight gain and increased
postimplantation embryolethality, no significantly increased
incidence of malformed fetuses occurred.
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Adeeko A, et al. Effects of in utero tributyltin chloride exposure in
the rat on pregnancy outcome. Toxicological Sciences 74, 407-415,
2003

TABLE 1
Effects of Tributyltin Chloride on Pregnancy Outcome
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5 HAfcase by caseTHY. PICITREER ~HAEZRIRFLEAIC
h-UREEHTTLSH4H5 5.
BARICEENHLRVILERNRICT 5%5maxTH5.0 mg/kglLF
MN? (ELESI12BRTOIESR).
AE-BEHPMEZEAT-IGE. BREOHETEIFNRETRIC
DVWTHEROTRIETAIENBETIE?
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= McMillan& Wenger Neurobehavioral toxicology of trialkyltins.
Pharmacol. Rev. 37(4):365-379, 1985.
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= Corvino V, et al. Neuroprotective strategies in hippocampal

neurodegeneration induced by the neurotoxicant trimethyltin.
Neurochem Res. 38(2):240-53, 2013.
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HFRLEAD, PRARERIZET I AFILAZXOIER. FFE127
(3):451-461, 2007
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HFREAD, PRARERIZET I AFIILAZXO/ER. FFE127
(3):451-461, 2007
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Table 1. Phenotypic Changes in Mice Injected with High-dose TMT

@ﬁ@]#ﬁ%’ﬂi~ E’?@Wﬁ%ﬁwgﬁfﬂ@ﬁﬁlzmis %q:jj Parameter Phenotypic changes Period (days)®
wiﬁ*tawq:m%ﬁgﬁ%b{%&)ron‘ u&i—ctwﬁﬁﬂbtﬁg General behavior Hyperactivity ‘)I'I‘o'l-l| ion and aggressiveness 1~3 .
é*[,éo A-‘_L._ ehavic .‘_u_. ,_.u .~.‘. and aggressiveness :

ppetite Decrease in food and water intakes ~2
Ifﬁ@%ﬁl:ab\r%‘ EmETMTG)EEWE'a_—(i\ El]g‘bgﬂa‘ Body weight Decrease (recovered —7 days) ~2
H.T.ﬁ\ ﬂﬁ?ﬂ%%ﬁﬁ'@{%?'\b\ mﬁf;gw@ﬁ#ﬁ‘@‘gglzﬂu OF‘iccl nwfnon- X l?i.ucrt.“.m_:.{rccm'crcd at 14 days) -l""
A FICKBODBRHECER. RRKE. REE. RiGH. § :‘1’:;‘ ol s T :;‘:ﬁ 4
ﬁbwug)[:i%ﬁg%gﬁlit° SR I;t:.trr::':]:::0:1:1::11:;: inoll'ukt-u ol neurons '-—-1{"—;-”
TMT&E%&*‘:TZH’?@%‘;@ Ch%@#ﬁ%%l:ﬁﬁﬁ?’éké Increase in granule cells 4~7
*Lé\ gg}f-’fggs Iﬂﬂﬂwiﬁf;go)ﬁgji#b‘ ﬁ&{g?[: Increase in genes related to neurogenesis 4~5

HHERD. ELTRERELEORRORBRELENBES
h. EO—BIXELDEFREELFLLI-LDENZ D,

Bl U XFILZZDW RS

Plasma corticosterone Increase 1~3#

a) Period when phenotypic changes were observed. b) Time course analysis was not performed.
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(3):451-461, 2007

Paule MG, et al. Developmental toxicology of trimethyltin in the rat.
Toxicol Appl Pharmacol. 30;84(2):412-7, 1986 .

SHEOTMTREE, 5YFTIXCAB L UDGHEZ(HH=CA3ME
B)DwEMEEEET S0, YV ATIIDGERAMAEE R
KHIHEET D

TMT(2.8 mg/ke) ZRAD <O A IR E Y 5. DGFELEIC
BLWTHRE1B#EASTER#EMAOBK%E. 5XUDNAOE 1t
(HussDNAGUAR S B DB M) AR TS, shiE R & (X2
—3HTRAELD, LALEDESBTRI— RE ST MiEH
RaSElE. CATRIBTIZ DAL R EIVAKRFETERDONELY,
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Pregnant rats were treated on either gestational day (GD) 7, 12, or 17
with single doses of trimethyltin chloride (TMT) ip at either 0, 5, 7, or
9 mg/ke.

A significant effect of dose was manifest as decreased maternal
weight at term, which persisted during lactation until postnatal day
(PND) 15 in some groups.

For all treatments combined, term weights of dams exposed on GDs 7
and 12 were greater than those treated on GD 17.

Litter sizes were decreased for groups treated on GD 17 with 9
mg/kg TMT.

Pups treated in utero and exhibiting treatment-induced decreases in
weight at or near birth remained smaller than untreated animals into
adulthood (PND 280).
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Paule MG, et al. Developmental toxicology of trimethyltin in the rat.
Toxicol Appl Pharmacol. 30;84(2):412-7, 1986 .
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By PND 20, weights of pups treated on GD 7 greater than GD 12
greater than GD 17.

Neuropathology of pups sacrificed on PND 1 was minimal in all
animals with lesions only identified in animals treated on GDs 12 or
17 which consisted of subtle degenerative changes in the CA3 and
CA4 regions of Ammon'’s horn of the hippocampus.

Muscarinic cholinergic receptor binding in whole brains from pups on
PND 1 did not show any significant changes compared to controls for
any dose or day of exposure.

These data indicate that prenatal TMT exposure results in postnatal
toxicity in treated pups but only in the presence of maternal toxicity.
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trimethyltin IREEDFE EXEF 31:363-371, 1989.
THA(Tokai High Avoiders)Zwk
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Tamburella A, et al. The selective norepinephrine reuptake inhibitor atomoxetine
counteracts behavioral impairments in trimethyltin-intoxicated rats. Eur J
Pharmacol. 683(1-3):148-54, 2012.
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Tamburella A, et al. The selective norepinephrine reuptake inhibitor atomoxetine
counteracts behavioral impairments in trimethyltin-intoxicated rats. Eur J
Pharmacol. 683(1-3):148-54, 2012.

This study was carried out to assess the behavioral effects of the non-
psychostimulant drug atomoxetine, in rats prenatally-exposed to the organic
compound trimethyltin chloride (TMT) and in spontaneously hypertensive rat

(SHR), two rodent models of Attention Deficit/Hyperactivity Disorder (ADHD).

At birth, neonatal reflexes (righting, cliff aversion, forelimb placing, forelimb
grasping, bar holding and startle) had an earlier onset (i.e. percent of
appearance) and completion (maximum appearance, i.e. 100% of the brood
exhibiting each reflex) in prenatally TMT-exposed and SHR pups as compared
to control groups. Two months after birth, TMT-exposed and SHR rats
showed impaired cognitive performances in both the step-through passive
avoidance test and the shuttle box active avoidance test.
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Atomoxetine (1, 3 and 6 mg/kg, i.p.), already at the lowest dose tested,
improved learning and memory capacity of prenatally TMT-exposed rats and
SHR; while methylphenidate (1, 3 and 6 mg/kg, i.p.), used here as positive
control, elicited a significant cognitive enhancing effect only at the higher
doses. In the open field test, both TMT-exposed rats and SHR displayed
enhanced locomotor activity. Methylphenidate further increased locomotor
activity in all groups, whereas atomoxetine reduced the enhanced locomotor
activity of TMT-exposed rats and SHR down to the level of controls.

These results suggest that prenatal TMT-exposure could be considered as a
putative experimental model of ADHD and further support the effectiveness
of atomoxetine in the ADHD pharmacotherapy. Furthermore, despite the
similar effect of the two drugs on cognitive tasks, they exhibit distinct
profiles of activity on locomotion, in ADHD models.
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Table 1
Effect of organctin mnd related chemicals on HAT activity
Chemical Abbreviation Relative HAT activity* CAS no, Purity (%) Source
[reiphenyitin chioside TP 2034013 £30.58.7 98 i ™
Diphenyltin dichloride DFT 163+ 0.061™ 1135:99-5 > Aldrich Chemicals

Monohenyltin trichloride MPT 0.97 £ 0,026 1124-19-2
Tribayltin chloride TET 23340137 1461.22.9

Aldrich Chemicals
Tokyo Kasei Kogyo

Ditustylrin dichlond DBT s

Monobutyltin trichloride MBT 1118-46-3

Tin chloride Sncls 10025-69-1 ‘Nacalni tesque

Tetrabutyltin TelBT 1461-25-2 Aldrich Chemicals
in chloride IMT 1066-45.1 Aldrich Chemicals

Tricthyitin bromide TET 2T67-54-6 Aldrich Chemicals

Tr'iEé\'llm{hlwi&k TBT 2179-76-7 Merck Schuchardt

Triphenylsitanol TPSIOH 791-31-1 ‘Merck Schuchard

Triphenylmethane TFM & 519.73.3 Kanto Chemical

Triphenylethylene TPE 091 &0.12 $8.72.0 Kanto Chemical

* Core higones and 10 pM of chemicals were used for the HAT assay. Relative HAT activity shows mean HAT activities (£5.D.) relative 1o
a control treated without chemical (three ndependent experiments), " P<0.05 md ™ P < 0.01 compared 1o control

Relative | RRU A== 7 &.&
HAT rJTFILZRZ FJAFILRR

activity FJZZ=LRR 1 0.956%
STFILARRX
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However, aberrant KCC2 regulation results in increased neuronal Cl and
contributes toward the pathophysiology of numerous neurological disorders

including epilepsy, autism, and neuropathic pain (Coull et al., 2005; Kahle et

al., 2008; Tyzio et al., 2014; Woo et al., 2002).

a High [CI]; (immature) b Low [CI); (mature)
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Nature Reviews | Neuroscience

Kainate Receptors Coexist in a Functional
Complex with KCC2 and Regulate Chloride
Homeostasis in Hippocampal Neurons

Vireh Manageuun,| Jssca C. Pressey, A Azton,!
Ancirew Puchall, Catwsi Ml LL! Eumk»mm Mari 5. uum e Dani Roercn B e
aind Mt A, Wi

ligomeric and
surface KCC2;
_ Low intracellular [CI] -
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» Native KCC2 exists in a
macromolecular complex that
contains kainate receptors
(KARS)

» Deletion of GluK1/2 KARs
reduces KCC2 oligomerization
and surface expression

» Acute silencing and genetic
deletion of KARs decreases
KCC2-mediated CI~ extrusion

»An ionotropic glutamate
receptor can positively
regulate the function of KCC2
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