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Too Many Chemicals
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<EPA Future of Chemical Toxicity Testing
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in vitro testing in silico analysis
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Toxicity Testing in the 21st Century:
A Vision and a Strategy

Advances in molecular biology. biotechnology, and other fields are pav-
ing the way for major improvements in how scientists evaluate the health risks
posed by potentially toxic chemicals found at low levels in the environment. These
advances would make toxicity testing quicker, less expensive, and more directly
relevant to human exposures. They could also reduce the need for animal testing b
substituting more laboratory tests based on human cells. This National Research
Council report creates a far-reaching vision for the future of toxicity testing.

oxicity tests on laboratory
animals are conducted to

evaluate chemicals—including
medicimes, food additives. and industrial,
consumer. and agncultural chemicals—for

their potential to cause cancer. birth

defects. and other adverse health effects.

Information from toxicity testing serves
as an important part of the basis for
public health and regulatory decisions

concerning toxic chemucals. Current test

methods were developed
incrementally over the
past 50 to 60 vears and
are conducted using
laboratory animals, such
as rats and mice. Using
the results of animal
tests to predict human
health effects involves a
mumber of assumptions
and extrapolations that
remain controversial.
Test animals are often
exposed to higher doses
than would be expected
for typical human
exposures, requiring
assnmntinns shont

s,

effects at lower doses or exposures. Test
animals are typically observed for overt
signs of adverse health effects, which
provide little information about biological
changes leading to such health effects.
Often controversial uncertainty factors
must be applied to account for differences
between test animals and humans. Finally
use of animals in testing is expensive and
time consuming, and it sometumes raises

Today, toxicological
evaluation of chemicals
is poised to take advan-
tage of the on-going
revolution in biology
and biotechnology. Thi
revolution 1s making 1t
mcreasingly possible
to study the effects of
chemicals using cells,
cellular components. an
tissues—preferably of
human origin—rather
than whole animals.
These powerful new
approaches should help
to address a number of

challenges facing the

EPAs Contribution:
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Transforming Environmental

Health Protection

Francis S. Collins,™" George M. GrayZ* John R Bucher®

Agency (EPA), with support from the .S,

National Toxicology Program (NTP),
funded a project at the National Research
Council (NRC) to develop a long-range vision
for toxicity testing and a strategic plan for
implementing that vision. Both agencies
wanted future toxicity testing and assessment
paradi gms to meet evolving regulatory needs.
Challenges include the large numbers of sub-
stances that need to be tested and how to incor-
porate recent advances in molecular toxicol-
ogy, computational sciences, and information
technology; to rely increasingly on human as
opposed to animal data; and to offer increased
efficiency in design and costs (/-5). In
response, the NRC Committee on Toxicity
Testing and Assessment of Environmental
Agents produced two reports that reviewed
cwrent toxicity testing, identified key issues,
and developed a vision and implementation
strategy to create a major shift in the assess-
ment of chemical hazard and risk (6, 7)
Although the NRCreports have laid outa solid
theoretical rationale, comprehensive and rig-
orously gathered data (and comparisons with
historical animal data) will determine whether
the hypothesized improvements will be real-
ized in practice. For this purpose, NTF, EPA,
andthe National Institutes of Health Chemical
Genomics Center (NCGC) (organizations
with expertise in experimental toxicology,
computational toxicology, and high-through-
put technologies, respectively) have estab-
lished a collaborative research program.

In 2003, the U.S. Environmental Protection

EPA, NCGC, and NTP Joint Activities

In 2004, the NTP released its vision and
roadmap for the 21st century (1), which
established initiatives to integrate high-

*Director, National Human Ganame Research Institute
(WHER Watinnal ncitutas of Haslih Rathards M

*“The views expressed here are those of the individual
authors and do nat necessarily reflect the views and
palicies of their respadtive agencies

“Puthar for correspondence. E-mail francisc@mail nih.gov

throughput screening (HTS) and other auto-
mated screening assays into its testing
program. In 2005, the EPA established the
National Center for Computational Toxi-
cology (NCCT). Through these initiatives,
NTP and EPA, with the NCGC, are promot-
ing the evolution of toxicology from a pre-
dominantly observational science at the
level of disease-specific models in vivo to a
predominantly predictive science focused
on broad inclusion of target-specific, mech-
anism-based, biological observations in
vitro (1, 4) (see figure, below).

Toxiciry pathways. In vitro and in vivo
tools are being used to identify cellular
responses after chemical exposure expected
to result in adverse health effects (7). HTS
methods are a primary means of discovery
for drug development, and screening of
=100,000 compounds per day is routine (§).
However, drug-discovery HTS methods tra-
ditionally test compounds at one concentra-

Standard rodent
toxicological tests
10-100/year

Human experience
1-3 studieshyear

We propose a shift from primarily in vivo animal
studies toin vitro assays, in vivo assays with
lower organisms, and computational modeling
for toxicity assessments.

tion, usuallybetween 2 and 10uM, and toler-
ate high false-negative rates. In contrast, in
the EPA, NCGC, and NTP combined effort,
all compounds are tested at as many as 15
concentrations, generally ranging from ~3
nM to ~100 M, to generate a concentration-
response curve (9). This approach is highly
reproducible, produces significantly lower
false-positive and false-negative rates than
the traditional HTS methods (9), and facili-
tates multiassay comparisons. Finally, an
informatics platform has been built to com-
pare results among HTS screens; this is
being expanded to allow comparisons with
historical toxicologic NTP and EPA data
(http:/‘mcge.nih.gov/pub/openhts). HTS data
collected by EPA and NTP, as well as by
the NCGC and other Molecular Libraries
Initiative centers (http:/‘mli.nih.gov/), are
being made publicly available through Web-
based databases [e.g., PubChem (http://
pubchem.nchinlmnih gov)]. In addition,

Alternative
anfmal models
100-10,000/year

fed from wwav.sciencemag org on February 15, 2008

Knowledge

Transforming toxicology. The studies we prop

ill test whether high

of chemicals for further testing, and can assist in prediction of risk to humans.

15 FEBRUARY 2008 VOL319 SCIENCE www.sdencemag.org

put and computational tox- g
icology approaches can yield data predictive of results from animal toxicity studies, will allow prioritization 'g
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S ToxCast™ Bac kground

Agency

¢ Research program of EPA’s National Center for Computational
Toxicology (NCCT)

o Addresses chemical screening and prioritization needs for
pesticidal inerts, anti-microbials, CCLs, HPVs and MPVs

a Comprehensive use of HTS technologies to generate biological
fingerprints and predictive signatures

@ Coordinated with NTP and NHGRI/NCGC via Tox21
a Committed to stakeholder involvement and public release of data

» Communities of Practice- Chemical Prioritization; Exposure
» NCCT website http://www.epa.gov/ncct/toxcast

0o ACToR http://www.epa.gov/actor/
0 ToxRef DB http://www.epa.gov/ncct/toxrefdb/
0 DSSTox (PubChem) http://www.epa.gov/ncct/dsstox/

- Office of Research and Development
National Center for Computational Toxicology



wEPA Chemical Classes in

United States

ke ToxCast_320 (Phase ) e —

AMIDE

ESTER

ETHER

PYRIDINE
FLUORINE
CARBOXYLIC ACID
PHENOXY
KETONE

TRIAZINE
CARBAMATE
PHOSPHOROTHIOATE
PYRIMIDINE
BENZENE
ORGANOCHLORINE
AMINE
PYRETHROID
SULFONYLUREA
TRIAZOLE

UREA

IMIDAZOLE
NITRILE

ALCOHOL

CYCLO
PHOSPHORODITHIOATE
THIOCARBAMATE
ANILINE
THIAZOLE
DINITROANILINE
OXAZOLE
PHOSPHATE

IMINE

NITRO

PHENOL
PHTHALIMIDE
PYRAZOLE 7
SULFONAMIDE

@ 309 Unique Structures
& Replicates for QC

@ 291 Pesticide Actives
@ 9 Industrial Chemicals Misc (<4 members)
@ 13 Parent/Metablolite
pairs

@ 56/73 Proposed Tier 1
Endocrine Disruption
Screening Program

@ 14 High Production
Volume Chemicals
@ 11 HPV Challenge

- Office of Research and Development
National Center for Computational Toxicology
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SEPA ToxRefDB: >$1Billion Million Dollars Worth of In Vivo
e St erotection Chronic/Cancer Bioassay Effects and Endpoints

Agency

T BRI mmm WMWWHW
Effects & Endpomts Mﬂm

'-E.-"'-,a—

ToxRefDB
Input Form

Partially Complete (Effect Data)

| Historic Study Identifiers | | Study/Data Quality Test Material Information [ search Chemical List | [ Search PC Code |

MRID# 44853001 Data Usability [Acceptable Guideine (post19981 %] | | chemical [mazai &
Primary Study Year | 1333 Study-Level Comments Purity (%) | 974 | LotBelch# ZRO23379G3F661 | Saurce wn
Supplemental MRIDHistoric D(s) et in female Test Material (Chemioal) Comments ""
\ZROZ3979G3FEE1 /=97 4% =i, /i ZRO23379G3GE41 /=95 6% ali Q_

nd Dose Information U

v Method/Route of Administration (q}]

[Cther) v Feed Bl

3

e Chemical/Study-centric T e o Lt
| » Detailed toxicity data B B[ |

ToxCast Phase | Chemicals

2 1A~ Duration o j

[ ==  Toxicity standards/Data model =N | = g
B * Exportable i e e
= . ' i i e = i ) G
= = == g © Compatible with multiple platforms |- - e

— e (ACCESS, xmil, MySQL) SN o .

- @ - S ail

Effects

{ Fishers Buact Text ] [ Toggle to Critical Effects Form ] [u[q]»]n] [LgAEL]

http //www epa.gov/ncct/toxrefdb/

Record; (14 y—@@- of 1 {Filtered) I




SEPA  ToxCast In vitro HTS Assays

Environmental Protection
Agency

Biochemical Assays Cellular Assays

_ N  Cell lines
« Protein families — HepG2 human hepatoblastoma
— GPCR — A549 human lung carcinoma
_ NR — HEK 293 human embryonic kidney
— Kinase :
_ Phosphatase « Primary cells
— Human endothelial cells
— Protease — Human monocytes
— Other enzyme — Human keratinocytes
— lon channel — Human fibroblasts
— Transporter — Human proximal tubule kidn_ey cells
— Human small airway epithelial cells
- Assay formats - Biotransformation competent cells
— Radioligand binding — Primary rat hepatocytes
— Enzyme activity — Primary human hepatocytes

— Co-activator recruitment
« Assay formats

467 Endpoints — Cytotoxicity
— Reporter gene
- Office of Research and Development — Gene expression )
National Center for Computational Toxicology — Biomarker produc“on

— High-content imaging for cellular phenotype



ToxCast: High-Multi-Dimensional Data
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ACToR Home

Search: © AIEPA ™ This Area

“ou are here: EFAHome # HWational Centerfor Computational Toxicology # ACToR #

U.5. ENVIRONMENTAL PROTECTION AGENCY
ACToR: Aggregated Computational Toxicology [¥IS Ay VN
Resource

Recent Additions | Contact Us

Data Collections

Details

Details
Details

Details

Details
Details

Datgr

Detar j

By Phenotype
r Show Hazard (39

# Show Carcinogenicity (33)

r Show Genotoxicity (19

» Show Developrmental Toxicity (131
r Show Reproductive Toxicity (12
r Show Chronic Toxicity (5

» Show Repeat Dose Toxicity (11

# Show Dermal Toxicity (4

)

Details

Details

Details

Details

Details

CalEPA QEHHA

CambridgeSoft Corporation

CERCLA

CERHR

ChEBI

developmental defects

Office of Environmental Health Hazard Assessment Toxicity
Critera Databaze

CarmbridgeSoft Chemical Source

CERCLA Priority List of Hazardous Substances this iz a list
published by ATSDR (Agency for Toxic Substances and Dizey
Registry) which is part of the Center for Dizease Control. Eacl
the 275 chemical is provided with a toxicity score and & rank.

MTP Certer for the Evalustion of Risks to Human Reproduction
[CERHR) provides summaries of studies to determine human
reproductive health rizks of chemicals.

Chemical Ertities of Biological Interest

Enter Chemical Mame

atrazine

Structure

CASRN

1912-24-8

1007-25-9

s Number N:Sn;t;gr # Show Imrmunotoxicity (5)
o ) Resuts |- levioncily
Chemical-centric I
*Cross-indexed by CAS, Name, structure E
*Environmental tox focus =
« > 250 Data Collections, >500K Chemicals
Annotated by data type/gross phenotype ) ; Lo
* Built on publicly available tools : Lo

(MySQL, CDK, EPISuite)

http://www.epa.gov/actor/

Chemical

Name

Atfrazine

DetaIIS ﬂ ﬂ
B-Deisopropylatrazine  Details ﬂ

Details  Hazard Carcinogenicity Genotoxicity

Developmental Repraductive Chronic  Food
Taxicity Toxicity  Toxicity Safety

T |



ToxCast & Tox21 N

ToXEasT: 320 chemicals x -
Phase | >450 HTS assays
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ToxCast & Tox21

320 chemicals x
>450 HTS assays

b g R WARS
SR

ToxCast Phase | Chemicals
[ Wi

ToxCast: predictive
Phase I signatures

~1000 chemicals
>400 HTS assays

Refined predictive
signatures




ToxCast & Tox21

320 chemicals x
>450 HTS assays

T i

1L
ToxCast Phase | Chemicals
Il |

predictive
signatures

~1000 chemicals
>400 HTS assays

Tox21

Refined predictive
signatures

~10,000 chemicals, l
100s -1000s of
HTS assays
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ToxCast & Tox21 ™

320 chemicals x
>450 HTS assays
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ToxCast/Tox21: Chemical Annotation & Data Publication

Register ToxCast/Tox21
Substances in PubChem

Chemical Annotation
Chemical QC
Sample tracking

c
S

@/ el

S HTSData

Biochemical, Cell-based, ...

ummarized
endpoint data for use
in SAR modeling

/- Bioassay Data “_y

ToxRefDB .

ey Toakeilil
e W




ToxCast/Tox21: Chemical Annotation & Data Publication

I\@GC (9 Cheminformatics Needs: >

e » Select chemicals for testing otation
- v" high environmental / tox interest
. . v suitable for testin
SEPARC e orEs Y
v chemically diverse
v analogs, metabolites, etc

» Standardized chemical sed
structure/substance annotation across |5~ ¢
all testing & reference inventories

» Chemical annotation QC
» Analytical QC
» Public reporting of data & QC

ng

@ -
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DSSTox Project
&

Chemical QC




SEPA DSSTox: Distributed Structure-Searchable
Envcarmanta Protection Database Network Project...& ToxCast™

Agency

Distributed Structure-Searchable Toxicity
Public Database Network

Recent Additions | Contact Us Search: © all EP4 & This Area

ou s
(D55Tax) Pub

workinProcress http://www.epa.gov/ncct/dsstox

DSSTo:

Frequent Questions

Structure Data Files

U.S. Environmental Protection Agency

re hera: EPA Horme % Cormpbuotational Toxicoloaw Research Distributed Structure-Searc

(DSSTox)

6|

hable Toxicitu

Ceniral Field Definition Distributed Structure-Searchable Toxicity

Table (DSSTox) Database Network is a project of EPA's Chemical Toxicity Data
Computational Toxicology Program, helping to build a public data Structures -
Apps, Tools & More foundation for irmproved structure-activity and predictive toxicology ﬂ:@: -
capabilities. The DESTox wehsite provides a puhlic farum for +

DSSTox Community - ;
publishing downloadable, structure-searchable, standardized

Site Map chemical structure files associated with toxicity data. more= %

Glossary of Terms " "QJ*\

R “EPA DssTox @

External links: PubChem, ChemSpider, Lazar, ACToR

B Publishes high-quality standardized structure-
data (SD) files pertaining to toxicology:
- EPA, HPV-IS, IRIS, NTP, FDA, NCBI, EBI, ...
» Strict chemical QA procedures

B Public substance/structure ID registry system
» DSSTox Structure-Browser ~— $EAwe s

- Search by structure, name, CAS,

- Similarity & fragment search

(55 i e

A . s s 81

14 current files, >15 substances, >10K structures

- Search within a DSSTox file Emm_
- Link-in and link out of browser el i o 1

-8- -~ADQ0000

[rmm ot iasnet ] *

''''''

o Chemical information QA

and structure annotation
» ToxCast Phase | & Il
» ToxRefDB
> Tox21

o Primary source of QC’'d
structures for ACToR

o Facilitate external linkages
and data publication

o Publish summary activities
and chemical classifiers for
modeling

o PubChem Source
depositor for structures &
‘assays”



DSSTox Standard Chemical Fields:

< of < >
STRUCTURE < "I STRUCTURE_Shown [DSSTox_Generic_SlD

- tested chemical, 'I [ TestSubstance_ChemicalName
- general form of chemical,

- active ingredient of formulation,
- representative isomer in mixture, [ TestSubstance CASRN
- representative component in mixture, -

- monomer of polymer
, simplified to parent [ TestSubstance_Description

DSSTox_CID

STRUCTURE_Formula - single chemical compound
- macromolecule

i - mixture or formulation
STRUCTURE_MolecularWeight - unspecified or multiple forms

STRUCTURE_ChemicalType . :
- defined organic [ ChemicalNote

- inorganic
STRUCTURE_TestedForm_D - organometallic
- description of mixture

efinedOrganic

- nature & CAS of components
- tautomers
- stereochemistry

STRUCTURE_ChemicalN \- - parent,

ame_IUPAC - salt Na, Cl, etc
- complex HCI, H20,
mesylate, etc [

DSSTox_RID

STRUCTURE_SMILES

STRUCTURE_Parent_SMILES
- - [ DSSTox_FilelD

STRUCTURE_InChl




Candidate Source
Data File

Source
Assign MAMEID, Content
FilelDs, RIDs
D S S I OX C h e I I l I Cal e, CAS, chemical ——Eige___ _S_ngrge__- toneic ity related fialds,
hames, SMILES, [ : . r - activities, LIRS,
structures Chemical Fields Content Fields notes, etc.

Quality Control 1

Structure
Procedures: ARTOISHON /\ane-chs /oo

l Frocess Source
Toxicity Data Fields

dentifiers %cient Ho fokmating,

= ! Agrea? 1o identify? systeor}*.uaﬂz?e,

I monal units,

-~ eit.
. . 5 0 . /’Structure HO Consult
Chemical identification i

YES YES

Structure annotation L.{ Cun 0 o
‘ Record

to identify?
CAS Ho CAS available
o available
Substance details v
etrieve Structure from
CAS in HO 5 public/commercial
Master File? SOUrces
1 DSSTox
Label consistency w| e v
Y — Fie |
Aszsign existing

Internal consistency Socmnse  ws S

Fields Master File?

Generate new CIO, v

PubChem deposits

Generic_SID, Merge Standard Chemical
Standard Chemical Fields Fields w/ Source Fields
using FilelD

Extract
all FilelD

Chernical records
from Master File

P
*

Finalize DESTox MAMEID
S0 file for publication




DSSTox_RID

D5STox_FilelD Tables Table
1_CPDBAS via | 20000
2_CPDBAS_via | 121 (uq) 20001
3 cPDRas | 20003 D35Tox_Generic_SID
1_CPDBAS_v5a o > [ 2000 Table
2_CPODBAS_vaa (all versions) | 2p00s 20000 DSETox_CID
: 20001 Table
1481_GF 3 _ZPOBAS waa 20005 —— 1
4 CPDBAS_waa 20007
© > 1 © > 1
20008 20004 2
1_EPAFHM_vda  PBAS_v5a 20003 20005 3
2_EPAFHM_vda 20006 4
— — LInigue File %ersion 200
3_EPAFHV_w3 | Rocord D 20011 | Unigue 20097 1\ nigue * | Unique
et 20008 i
1_EPAFHM_vaa 20012 | Record 1D o Test Substance D : Structure D
2_EPAFHM_v5a 20013 e -
20014
3_EPAFHM_v5a
— — : 20011 . .
4_EPAFHM_va 20015 | Maps 1:1 to baps 1:1 to baps 1:1 to
20016 Source Content 20012 | Testsubstance ... =TRUCTURE ..
Fields for file version fields 001 fields
B17_EPAFHNM_vaa
9002
.. for all DSSTox 40000 30000
Data Files and versions 400071 30001
After June 2007

DSSTox Master File

W Standardized representation of structures (CID) and
substances (Generic_SID) across all files

B Public chemical registry system allows user to create
database from published DSSTox files




PubChem

Substance

| Limits | Previewindex | History | Clipboard | Details |

Go I Clearl save search

DiSpIa*_-,-fl Summary

~| show |20 =l Sonby ~lfsendto =]

Tools: CE)J =E| & Links: Related Structures, BioAssays. Literature, Other Links 21

[T 21: SID: 49593738

\,&u/\/\

[T 292: SID; 49593737

M 23: 5D 49693736

3

Items 1 - 20 of 16931

Fage ||1 of 847 Mext

Related Structures

U.5, ENVIRONMENTAL PROTECTION AGENCY

Ethyl pentanoate/c THYL WALERATE, 5359-82-2 A B Distributed Structure-Searchable Toxicity
Compound ID: ff0852 \ Public Dalabase Netwmk
Source: EPA DS5Tox (45868) . ST T T

IUPAC: ethyl pentanoate

SDF Download Page

MW 130.184860 gfmol | MF: i

Frequent Questions.

EE————
[ NTPBSI: National Toxicology Program Bioassay On-line Database

Structure-Index Locator File
——
“ Version da, updated 15 Seprember 2008

* Update comesponds to chemical and Study Area content of NTP Qn-
AJgus( 2008, with addilion of 12 new records and comesponding studies i
Asea

Aretyl-L-carnitine bydrochlorde; (3R)-3-(ace
brydrochloride; S080-50-2

sy == Erirn ety

* NTFESI substances nare been deposited in PUbChem and Include LIRL links 1o chemicakspecific NTF Stludy Pages.

Quick & Easy File Downloads: ¢

Compound ID: 53173559 o Duscrioton
Source: EPA DS5Tox (45864) National Toxicoloay Pr
IUPAC: (3R} 3-acetylony-4-trimetiylazaniu s 209 hatonal Toxicolegy Program e e
MW 239 98520 g;’mg| | MF: CQH1BC|N04 Search History: Search Results for 538-62-2
Found 1 Search Result for Search Term '539-82-2" ¥ Mew Search | Clear History ‘ 4 Hide History

Table Instructions and Notes:

Selecting a CAS number will show you the studies conducted on this chemical. If applicable, matches on chemical synonyms are shown in parenthesis.

Studies with this Test Agent | 539-82-2 Ettvyl valerate

Alpha/Beta Hydroxy Acids (Glycolic Acid, S Tosing Siats

Cﬂ'mpﬂund ID: 338 open all For This Test Agent |
Source: EPA DS5Tox (45863)
IUPAC: 2-flydraxybenzoic acid I

MW 138.120740 gfmol | MF: CrHgOz

& Backto Top



Search |PubChem BioAssay x| for [dsstox

7 Pu b©hem
BmAssay
Go | Clearl Save Search

[Limits | Preview/index | History | Clippboard | Defails |

DisplaylSummaryj ShDWIEU jISDﬂ by

e =] 12 DSSTox “Bioassays”

Tool: CE) Links: Related BioAssays. Compounds, Literature, Other Links

[ aI: 74 | Confirmatory: 63

Items 1 -

r1:

2

a:

4

[ s:

AlID: 1205

AlID: 1189

MLSCN: 63

Protein Target: 0 | Screening: 1 | Summary: 0 '|§|

20 of 74

AlD: 1204

Summary | Data (Active)

Felated BioAssays, Compounds, Literature, Other Links

DSSTox (NCTRER) National Center for Toxicological Research Estrogen Receptor Binding Database [Screening

Method]

Source: EPA DSSTox
Substances Tested: 232; Active: 131

AlD: 1195

summary | Data (Active)

Related BioAssays, Compounds, Literature, Other Links

DSSTox (FDAMDD) FDA Maximum (Recommended) Daily Dose Database [Other Method]
Source: EPADSSTox

Substances

DS5Tox (CPDA
Source: EPA
Substances T

DSSTox (CPDA
Source: EPA [
Substances T

AlD: 1208

wCoNGRARLON P

AID 1194:
AID 1189:
AID 1205:

AID 1208

AID 1199:
AID 1190:
AID 1195:

AID 1204:

10 AID 1188:
11. AID 1201:

CPDBAS Salmonella Mutagenicity 403
CPDBAS SingleCellCall 806
CPDBAS MultiCellCall 582
CPDBAS Rat Bioassay (M/F/Both) 587
CPDBAS Mouse Bioassay (M/F/Both) 445
CPDBAS Dog & Primates Bioassay 15

FDAMDD — FDA Maximum Daily Dose
NCTRER — NCTR Estrogen Receptor Binding
EPA Fathead Minnow Acute Toxicity

EPA Disinfection By-Products Carcinogenicity Estimates 80
EPA Estrogen Receptor Ki B|nd|ng Study (Laws et al) 17

131

/860 Active
/1547 Active
[1152Active
/1240 Active
/1007Active
/32 Active

1216 /1216 Active

/232 Active

580 /617 Active

/209 Active
[278 Active

DSSTox (CPDE

Source: EPA DSSTU'-

Substances Tested: 1240; Active

12. AID 1576

=

AT e T L T

co
Sa7




U.5. Environmental Protection

Carcinogenic Potency Proj
hitp://Dotency berkeley.edu/

NEHUBAL\CTEPPS_V1A_50|

a—— [ i epeia] Tt
. i |5 oo | e [ Goite | e [loner | - ! FuBChen
[0 postve m tes [ test_[otest |0 posive s test| L D7) § =

search [Fubthem Compouna =] [

Lm Lazar Toxicity Predictions
[Vatstion | bocumenttion i

N 1. Draw a chembcal structure {heln} |

Compound Summary:

o dfinitioes of Earmas bn the (1% Wel die, refer tn B 515 Glasiare.

Status of Data for Aniline

U.5. Environmental Protection Agency
h Preduction Velume Infermation System (HPVIS)

Hi

N— atdo (e
o~ L E

\2',3,5-efrachiorobilph |~ PCH ﬂ = -B==~A000000 i

| [EEE o chemSplder

U.S. Environmental Protection A simple Search
Distributed Structure-Searchable Toxicity (DS5To
Public Database Network

Search: © allERa & This trea Go|

S o et st fospa of e speces s e g a5 e fipa ceinced e ot o s

T SR o P 0 L YR SRS T E T 5 1S

search REsources About

1 hit{s) found in 0.08 second
Search Lerm: MXWIVTOOROXGIU-UH
Found by InChIkey {full matc

Shructire Search

legin to be ab add spectra, Wenti

“fou are b [Pnhg‘-\-; sional Toolcology B . Biptributad Structura-Sasrchables Toxicty
- (D35Tex) Public Database Natwerk H
D S STO X InHERENT PROPERTIES, IDENTIFIERS AND REFERENCES
DSSTox o] (o i
] - ChemSpider 10;
[ _sunsearsh | FEmctmaiches on e P o ] NEBI Entrez Search Emplrical Formula:
mical Tonicity Data . Molecular Welght:
comstrstion Fort i = - s L ,iﬁ lr [ Maminal Mass:

Advanced Search e et e

Average Mass:
Histary Monoisolopic Mass: 2

1 0G5 108 ool Dt
ot s s s s b b mumN Tm. ot o1 ToW: e sl 19831 setnal o e 200
e

et oo ot o o

DSSTox SDF o bF
Files & |

araalso ncluded wih i st

Eniar CaS

man Scorch

309-p0-2 S103-71-9

Documentation |- apna-cncrsane
Ber 2007 Stuchun-Sewchath &) 140

Appl aor-rSoperidont

ol Irvardory foe EPA's Toxlgst

Erogram - Updated

ACToR: Aggregated Ccmpumtlonal Toxicology
Resource

Searcke © ANEPA W

Chemical Summary : 1,3,5-Triazine-2,4-Diamine, 6-Chloro.
N-Ethyl-N'-(1-Methylethyl)-

EPA A

Labies oty Bty o s

Psbcann Ay pamates
= ey Fch = [+ domt specy » =l i
e crigaion corram e wond

". TRaw accour T




Chemical Supplier

Chemical Lot/Batch
Sample Details Certificate of Analysis
Solubility
Purity & Stability
Chemical Name Toxicology literature
CAS Public databases
SMILES Cheminformatics resources

EEEEEEER

Chemical
Annotation

| aver INChl / Structure .
U Substance details W@

Cl



Chemical Errors in Toxicity Information:

ical Annotation
blic resources

Generic
Chemical of
Toxicological

Interest

e IS misspelled or
ect

e and structure do

e Is insufficient for
ure assignment
ufficient description

Procure
from
Chemical
Supplier

Name, CAS,
purity (COA)

ple Annotation
& QC

v Not same as
generic chemical
Salt, isomer, ...
v Name does not
match COA
hydrate, stereo
v Wrong MW, dose
v' COA purity <90%

v’ Purity <90%

v Active impurities
v’ Sample degrades
v' Rxn with solvent




Current Guidelines & Chemical Standards In
Toxicology & Biological Effects Publishing:

Archives of Toxicology

Brain Research Bulletin Independent
Ecotoxicol. Environ. Saf. Chemical QC
Envion Health Perspect
Envion.Sci. Technol.
Environ.Toxicol.Pharmacol.
Environ & Molec Mutagenesis
Environmental Toxicology
International J. of Toxicology naimes Nature

Chemical
structures &

_ hyperlinks
Systematic

J.Appl.Toxicol. encouraged Chem. Biol.

J Toxicology & Enviro.Health Part A
Neurotoxicology & Teratology
Reproductive Toxicology

Toxicol. Appl. Pharmacol.
Toxicological Sciences

Toxicologic Pathology

hem. Res.Toxicol.

: Author responsibility
Toxicology

“Authors should provide sufficient detail to allow the work to be reproduced.”




Current Guidelines & Chemical Standards In
Toxicology & Biological Effects Publishing:

Archives of Toxicology

Brain Research Bulletin
Ecotoxicol. Environ. Saf.
Envion Health Perspect
Envion.Sci. Technol.
Environ.Toxicol.Pharmacol.
Environ & Molec Mutagenesis
Environmental Toxicology
International J. of Toxicology
J.Appl.Toxicol.

J Toxicology & Enviro.Health |
Neurotoxicology & Teratology
Reproductive Toxicology
Toxicol. Appl. Pharmacol.
Toxicological Sciences
Toxicologic Patholg

In
Cl

Survey journal articles over
4 year period:

»Approx 30 cases of reported
purity (from Supplier)

»Aside from reports of new
compounds (rare), virtually no
analytical QC follow-up.

”?ndent
wiP%al QC

J

Author responsibility

“Authors should provide sufficient detail to allow the work to be reproduced.”




nature Editorial
‘ ' Ui 15, {058 menemcio067 207
chemical biology

A new look for chemical information

“Chemical compound information
For all significant compounds included in
Nature Chemical Biology original research
papers, a compound data page, linked
directly from the compound reference in the
full text, appears in the online journal.

Nature Chemical Biology is committed to enhancing
interdisciplinary communication and features online
content to increase the accessibility of chemical

information for our readers.

Compound Data Index

From the following article
Small molecules enhance autophaqgy and reduce toxzicity in Huntington's disease models

Sowvan Sarkar, Ethan O Perlstein, Sara Imarisio, Sandra Pineauw, Axelle Cordenier, Eebecca L
Maglathlin, John A Webster, Timothy A& Lewis, Cahir 1 O'Kane, Stuart L Schreiber & Dawid C
Fubinsztein

MNature Chemical Biofogy 3, 331-338 (2007) Published online: ¥ May 2007

A PubChem link allows users of Nature Chemical Biology to go, in
a single click, from the mention of a molecule in a paper to a rich
Hﬂwl&_‘ compound 1 and growing collection of information about chemical structures
OH oH IEEtie! and their biological assay results, hosted by the NCBI.

Wiew in PubChern

View compound page (2 KB | View in 20 (2 KB | Download ChemDraw file of
structure [2 KB

“Authors ensure that the chemical compound information within their
papers is complete, scientifically accurate and appropriately formatted.”




Carcinogenic Potency Database:
Hamster Carcinogenicity Results

From CPDB Hamster Table:
N-Nitroso-oxopropylchloroethylurea NOCAS

0 0
o I
\/\ITI NH
_N

@)

N-{[(2-chloroethyl)(nitroso)amino]carbonyl}propanamide
O

cl )k CH
\/\’Tj NH/ﬁ( 3
NQO (@]

1-(2-chloroethyl)-1-nitroso-3-(2-oxopropyl)urea
N-{[(2-chloroethyl)amino]carbonyl}-N-nitrosopropanamide

CPDB Hamster Rat Cancer | Chemical synthesis
Carcinogenicity Study paper, NMR; IR
Data Reference (Materials) structure confirmation




Carcinogenic Potency Database:
Hamster Carcinogenicity Results

From CPDB Hamster Table:
N-Nitroso-oxopropylchloroethylurea NOCAS

I i I
cl CH
cl CH ~ O Jk/ 3

~ N N/w( 3 ITI NH
| _N

N 0] o~
~
o

3-(2-chloroethyl)-1-nitroso-1-(2-oxopropyl)urea N-{[(2-chloroethyl)(nitroso)amino]carbonyl}propanamide

O

0 0
CI\/\NHJKNJK/CFB CI\/\TLNHWCFE
|

N
~o

1-(2-chloroethyl)-1-nitroso-3-(2-oxopropyl)urea
N-{[(2-chloroethyl)amino]carbonyl}-N-nitrosopropanamide

Chemical
synthesis paper, Determined to be same chemical as:

NMR. IR —) IUPAC- O7ASIL___ A 1-(2-Oxopropyl)nitroso-3-(2-chloroethyl)urea
’ Name CAS [110559-85-8]

Struc?ture : Already listed in CPDB Rat and Mouse Table
confirmation




<EPA .
i Ap— Perfluoroalkylacids (PFAAS):

@ Man-made, lipophilic, stable, biopersistant

@ Widespread industrial use as surfactants (stain and oil-
resistant coatings, microwave popcorn bags, emulsifier, etc)

@ Widespread exposure & environmental contamination

a PFOA (perflurooctanoic acid ammonium salt) and PFOS
(perfluorooctane sulfonic acid) of greatest health concern

@ PFOA and PFOS have undergone extensive toxicity
testing

» Hepatotoxic
» Developmental toxicants

» Immunotoxic

- Office of Research and Development
National Center for Computational Toxicology



About + Contact = Search
Mational Library of Medicine
Specialized Information Services

ChemIDplus LItE' * Tox. & Env. Health P TOXNET [ Return to Results Page
Full Record A N Y N
Potassium perfluorooctanesulfonate \ ' M
RN: 2795-39-3 F- 5.
I J [N i III I:IH
Names and Synonyms F F F F F F F o
Synonyms il4,1,2,2,3,3,4,4,55,6,6,7,7,8,8 8-Heptadecafluoro-1-

octanesulfonic acid, potassium salt

[i] 1-Octanesulfonic acid, heptadecafluoro-, potassium salt
] AI3-50950

1] EINECS 220-527-1

ilFC 95

[i] Floral FC 95

1] Fluorad FC 95

ﬂ Heptadecafluorooctanesulfonic acid, potassium salt
i|NSC 18405 : : :
1] Perfluorooctanesulfonic acid, potassium salt *~ MajOr SynthEth pathway IS

i] Potassium PFOS .
1] Potassium heptadecafluorooctane-1-sulfonate e I eCtrOCh em ICaI

[i] Potassium perfluorooctanesulfonate ﬂ Uori nation

Systematic Name

il 1-Octanesulfonic acid, 1,1,2,2,3,3.4 4,55 6,6,7,7.8,8,8- rY YleldS apprOX 60_80%

heptadecafluoro-, potassium salt

1] Potassium heptadecafluorooctane-1-sulphonate |inear form, Wlth Significant
non-linear (branched form)

Registry Numbers  CAS Registry Number . :
contamination

il2795-39-3

Other Registry Number
i]117925-64-1
1]59112-13-9

+ Verified by primary.
1]62010-27-9 manufacturer (3M) and
1]69458-54-4 NMR



©www.si gma-aldrich.com

| |Pru:-duc1 MNarme or No. :'

77282 Heptadecafluorooctanesulfonic acid potassium salt

Fluka  purunt Eﬂﬂ.u'fw P F O S
o Synonym Perflucrooctanesulfonic acid potassium salt
| | \ Potassium heptadecafluoro-1-octanesulionate
CFa'{CFz]‘EC Fz_ ﬁ — UK w Jlecular Formula CF4(CF,), 80K
‘ 0) Molecular Weight 538,22

CAS Number 27953583

Beilstein Registry 3864570 + Listed as 98.0% pure (T)

Number
EG/EC Number 2206287

MDL number MFCDOO0ES 407 + (T) indicates titration
Expend/Callspse Al method, which confirms

Price and Availability

Produst Your Pri only empirical formula

Murnbssr s Available to Ship Actions

TT282-10G 6270 0272272007 details. .. |

TV2e2-50G 238.00 0272272007 details..

+ Listed incorrectly as linear
Properties form by both structure and

grade purum

assay =08.0% (T) CASRN

mp 277-280 °Cilit.)

Safety + No Certificate of Analysis

Hazard Codes Xn

ok S 23 saraa available from Sigma
Safety Statements 26 (F| u ka)

WGHK Germany 3

Related Categories




Problems with using CAS as Primary Registry
for Public Toxicity Databases (and EPA):

CAS Registry Number
3068-88-0 REGISTRY *~ i i
Deleted Registry Number Commercial, costly, unavailable
36536-46-6, 43137-57-1 to many
Chemical Name : . :
2-Oxetanone, 4-methyl- (CA INDEX NAME) + High incidence of errors In
Butyric acid, .beta.-hydroxy-, lactone (4Cl) . . .
Butyric acid, 3-hydroxy-, .beta.-lactone (6Cl) aSSIQnmg_ CAS V_Vlth chemical
(.+-)-.beta.-Butyrolactone and data In tox literature (1-10%)
(.+-.)-.beta.-Methylpropiolactone

(RS)-.beta.-Butyrolactone + CAS assigned post_study by
.beta.-Butyrolactone

.beta.-Methyl-.beta.-propiolactone biologists/toxicologists

.beta.-Methylpropiolactone ]
3-Hydroxybutyric acid lactone + Test substance annotation

4-Methyl-2-oxetanone : "
Butanoic acid, 3-hydroxy-, .beta.-lactone unavailable for purlty grade,

DL-.beta.-Butyrolactone mixture details, etc.
Molecular Formula

CAH602 _ + Not unique in public resources —
deleted, alternate




Chemical Annotation of Public
MicroArray Resources:

GEO & ArrayEXpress




Towards a Public “Toxico-chemogenomics” Capabillity

CJ9

Gene Exprassion Omnibus

HOME | 'SEBRCH | &

| Handout | NAR 2006 Paper | NAR 2002 Paper | FAQ | MIAME | Email GEO

MCBEI = GEO

Gene Expression Omnibus:

a gene expression/molecular abundance
repository supporting MIAME compliant data submissions, and a curated,
online resource for gene expression data browsing, query and retrieval.

Mot logged in | Login &

GPL Platforms 4954
GSM Samples 249147

—| DataSets |

GSE Series 9567

Total 263718

1 =[te content

Give an experiment accession nummber |

for example E-MANP-2

or fill out some of the following fields to get a list of matching experiments:

Species

| « any species » j
Experiment type

| « any type » =
Experimental Factors

| « any factar » j

Description contains the word

Author

Laboratory

Publication

|« don't specify » j

ArrayExpress (717 Experiments with 21083 Hybs, 468 Arrays )

Query for Experiments

Array accession number

Array design name

Array provider




Accession Number

Chemical Names:

- Non-standard entry

*No ability to structure-search
or structure-analog search

Listed Chemical Name

« Fewer than 30 CAS In >2000 [upsegn
experiments E-GEOD-2195

E-GEOD-2251
E-GEOD-2292

Abbreviations: E-GEOD-2889

CCCP E-GEOD-3529

. E-GEOD-4668

Carbonyl Cyanide 3- E-MEXP-1053
ChloroPhenylhydrazone E-TABM-231

Cat Colony Care Programme
Caltech Core Collapse Project

E-MEXP-132 estrogen
E-MAXD-39 oestradiol
E-GEOD-4025 estradiol (E2)
E-GEOD-848 E2
E-NASC-65 estradiol
E-SMDB-1443 Beta-estradiol
E-TABM-269 Estradiol
E-AFMX-12 17 beta-estradiol (E2)
E-AFMX-13 Estrogen
E-GEOD-1045 Estradiol
Estradiol E2

17beta-estradiol
17beta-estradiol
17beta-estradiol
17beta-estradiol
Estradiol(E2)
17beta-estradiol
Estradol
Estradiol

Incomplete Chemical names

g . _ 1 . 1. e ] - , 7
Mtm or MMC ..... Mitomycin C gljpc{ilr?gtleA """ Na4i ’C3a’§ , 2,4'-; 2,3~ 0r 2,2'- "
DOX ...... Doxorubicin or Doxycline — 7 [Ny h=ons

109 ...... ?? triazine compound

Misspellings:

Carconyl chlotide ... Carbonyl chloride (phosgene)
ciprofbrate .... Ciprofibrate



EBI ArrayExpress: Submitter Experiment Description

: produced
User guest, your query for Experiments

with experiment type = compound treatment 59

with keywaord = estradiol
matches

1 Experiment Design Type : Mdyl«oVlgiaiii==ty e leTg ey, development or differentiation Lab: Syngenta CTL
1 1

Experiment Design Type : compound treatment , dose response , development or differentiation

(Generated description): Experiment with 49 hybridizations, using 49 samples of species [Mus musculus], using 49 arrays of array design [Affyrmetrix
GeneChip® Murine Genome U74Av2 [MG_UT442]], producing 49 raw data files and 0 transformed and/or narmalized data files.

(Submitter's description 1): A major challenge in the emerging field of toxicogenamics is to define the relationships between chemically induced changes in
gene expression and alterations in conventional toxicologic parameters such as clinical chemistry and histopathology. We have explored these relationships in
detail using the rodent uterotrophic assay as a model system. Gene expression levels, uterine weights, and histologic parameters were analyzed 1, 2, 4, 8, 24,
48, and 72 hr after exposure to the reference physiologic By EIRERLEER R EW IR (=41 4 multistep analysis method, involving unsupervised hierarchical
clustering followed by supervised gene ontology-driven clustering, was used to define the transcriptional program associated with E2-induced uterine growth
and to identify groups of genes that may drive specific histologic changes in the uterus. This revealed that uterine growth and maturation are preceded and
accompanied by a complex, multistage molecular program. The program begins with the induction of genes invalved in transcriptional regulation and signal
transduction and is followed, sequentially, by the regulation of genes involved in protein biosynthesis, cell proliferation, and epithelial cell differentiation.
Furthermaore, we have identified genes with common molecular functions that may drive fluid uptake, coardinated cell division, and remodeling of luminal
epithelial cells. These data define the mechanism by which an estrogen induces organ growth and tissue maturation, and demaonstrate that comparison of
temporal changes in gene expression and conventional toxicology end points can facilitate the phenotypic anchoring of toxicogenomic data.

- Free text description
- No curation or external review
- No chemical indexing of experiment




Series GSE2187 Query DataSets for GSE2187

Status Public on May 01, 2005

Title Classification of a large micro-array dataset. Algorithm comparison and
analysis of drug signatures.

Organism(s) Fattus norvegicus

Summary Classification of a large micro-array d-----* *'--—*b— == omim s =
analysis of drug signatures. o _ NO Chem|Cal Standards

These data support the publication ti
array dataset. Algorithm comparison

Some of the calculations in the public ™ Difficult to |dent|fy chemical

version of the data available at http:

Copyright () 2005 by Iconix Pharmat exposure'rEIated expel‘iments
Guidelines for commercial use: » Fewer than 30 CAS RNs

http:/fwww.iconixbiosciences.comy/gu

Keywords: other prOVided N >2000

experiments
Contributor(s) Natsoulis G, El Ghaoui L, Lanckriet GR, Tolley AM, Leroy F, Dunlea 5, Eynon
BP, Pearson CI, Tugendreich S, Jarnagin K

Citation(s) Natsoulis G, El Ghaoui L, Lanckriet GR, Tolley AM et al. Classification of a
large microarray data set: algorithm comparison and analvsis of drua

signatures. Genome Res 2005 M . .
Submission date  Jan 25, 2005 o PERL SCflptS tO fllter Web-

Contact name Mark Fielden accessed data content
Organization name Iconix Biosciences

Street address 325 East Middlefield Road » Manual review of Submitter

City Mountain View N
Statejprovince  CA textual descriptions

e » Creation of initial chemical
Country LISA . -
& experimental index

> QC & structure annotation
Sam[]lES [58?} G5M43278 1-MAPHTHYL ISGTHIUL.-THI"IHIE O af ) LIV A

Platforms (1) GPL1820 Rat Uniset 10K

G5M43279 1-MAPHTHYL ISOTHIOCYANMATE_30_.25_LIVER_ CDRN
OIL_ORAL GAVAGE_RATM, Replicatez




& nes RE3S,

Gene Expression Omnibus

9957

Experiments

/

Pubihem

e I ChemS pider
o P P

2381 NEWEE
Chemical WUEBIE!

experiments |=¥eiiaigzlales
Combinatié

f 2134
N

Chemical BEEEUE 1014
Unique
chemicals DSSTox

837 defined organics GEOCSI
84 inorganics

treatment-
related
experiments

22 organometallics



aEPA DSSTO): ( =earch 1 f File Incidences

Structure- Browser v2.0

Gene Expression Omnibus

[ Handout [ NAR 2006 Paper | NAR 2002 Paper | FAQ | MIAME | Email GEQ

GEDGSE: NCBI = GEO Not logged in | Lagin [2]
"CBI GE"E EKI}rESSi‘)" Dl“"ih“s Gene Expression Omnibus: a gene expression/molecular abundance
EHI}Eril“E"tS {-"]14 recﬂr(ls} repository supporting MIAME compliant data submissions, and a curated,

online resource for gene expression data browsing, query and retrieval. GPL Platforms 4954

GSM Samples 249197
” '

GSE Series 9567
{Datasets Il o Total 263718
E
1Gene profiles H

Documentation

;G':D accession H | Overview | FAQ

Submission guide
T Linking & citing

GEQ BLAST | Journal citations
Programmatic access

It 7 2 Dataset clusters
| DataSets | H:| Platforms GEO announce list

€38

D55To H_RlD 55218 : Gene Expression Omnibus

£ | Handout | MAR 2006 Paper | MAR 2002 Paper | FaQ | MIaME | Email GEQ
NCBI= GEOQ = Accession Display (2 Mot logged in | Login ]
ox_Generic_ (oriBIn}

" . ] GEC help: M lements for information.
TestSubstance_ChemicalName 17 beta-Estradiol (E2) STIELR| ©*0elprMouee vor soroen clements Tor mlometer
= Scape: [sek | Format: [RTwe =] Amount: [Quick »] GEO accession: [esedees | [
TestSubstance CASRN o0-28-2

. ) Series GSE4664 Query DataSets for GSE4664
TestSubstance Description gingle chemical compound Status Public on Apr 14, 2006

Title 24 hour time course: regulation of uterine genes by estradiol in

STRUCTURE_Shown tested chemical Oratisctomized misy

Organismis) Mus musculus

CI]E'“iCaI Stllil:ﬂ_ﬂ}& TrEatmE Experiment type  Expression profiling by array

surnrary Using rnicroarray technology, we compared the global expression pattern

. of uterine RMA from ovariectomized control mice to those of ovariectomized
Stll{lyT'fl}e FCEQaFr mice treated with estradiol for various intervals between 20 minutes and
24 hours,

GSE-“-EE-& GSE3D1 3 GSE2251 Keywords: estrogen, uterus, genomic, mouse
GSE?de GSEBAB GSEEBEB Cwerall design Mice {C57 BI/&) were treated with sesame oil or estradiol and uteri were

collected at 30 minutes, two hours, 6 hours, 12 hours and 24 hours after
treatment and snap frozen in liguid nitrogen, Three or four uteri from each

GSE1 839 GSE1 D-‘q-E GSE531 5 treatment group were pooled and RNA was prepared using Trizol reagent
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wEPA 2 Chemical Search Paradigm
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Conclusions from GEO/ArrayExpress Effort:

Past attention to chemical aspects of experiments and
data — none !

Structure annotation and linkages enhances scientific
value of resources

Automated text mining methods Inadequate; required
significant manual review & curation

Recommended addition of two required data-submitter
flelds:

— Unambiguous chemical name, CAS if available

— Purpose of chemical in relation  to experiment, select one:
treatment, vehicle, reference, other.




Recommendations:

+ Toxicology journals & public databases should
strengthen standards for chemical annotation and
sample QC reporting

+ ACS, CAS/STN should support public efforts to QC
association of biological effects data with
CAS/name/structure

— Allow >10K chemical substance/CAS lists for high-interest
chemicals

— Make STN available at no-low cost to public QC efforts

+ Chemical annotation efforts first step, but insufficient
without chemical QC review

+ Public database projects can contribute to QC
— Toxicology: DSSTox
— ChemSpider — Wiki
— PubChem — Source reliability for QC’d chemical info




“Cheminformaticon”: Intrinsic Information Content

|. Representations of chemicals in public literature & databases

Intrinsic @ QQ0 QOOQ0

information
content Low High

CASRN [7696-12-0]

Chemical Name _
CCRIS 3284 Tetramethrin (1,3-dioxo-1,3,4,5,6,7-hexahydro-2H-isoindol-
2-yh)methyl (1R,3R)-2,2-dimethyl-3-(2-
methylprop-1-en-1-yl)cyclopropanecarboxylate

SMILES _
C\C(C)=C/[C@@H]3[C@@H](C(=0)OCN2C(=0)C=1CCCCC=1C2=0)C3(C)C

Examples

InChl _—
INChl=1/C19H25N04/c1-11(2)9-14-15(19(14,3)4)18(23)24-10-20-16(21)12
-7-5-6-8-13(12)17(20)22/h9,14-15H,5-8,10H2, 1-4H3/t14-,15+/m1/s1

o

- Chemical
Y Structure

Requires

CAS »>
Name,
Structure

Name =
Structure

SMILES -2
Structure

InChl =2
Structure

Mol File
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“An expert is a person who has made all the

mistakes that can be made in a very narrow field.”
- Niels Bohr

“Whoever Is careless with the truth in small matters

cannot be trusted with important matters.”
- Albert Einstein




