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- FYI-o400-DOI372
CHEMICAL PRODUCTS CORPORATION
CARTERSVILLE, GEOROIA 30120

TELEPMONE T7C - 302-2raa

POST OFFICE GOX 2470
FAX FTO - 2RA-B082

April 5, 2000
Jocument Processing Center (TS-790) ,?1‘3- 7 .
(Attn: FYT Coordinator) SO =
Office of Toxic Substances he C& . -
U.S. Environniental Protection Agency / e i
401 “M" Street, S.W. o
Washington, D.C. 20460

Subject: FYT Submission for 9,10-Anthracenedione. CAS # 84-65-1

Dear Sir or Madam:

The National Texicology Program (NTP) has conducted studies of the compound
9,10-Anthracenedione, CAS # 84-65-1 (also known as Anthraquinone). These studies
found clear evidence of carcinogenicity in rats aid mice, the findings are reported in draft
technical report 494. We have demonstrated that the sampie of Anthraquinone employed
by the NTP is contaminated by at least one mutagenic impurity which was responsible for
part, if not all, of the carcinogenic activity observed in the NTP studies. We have written
two similar papers detailing our findings, copies of these papers are enclosed with this
letter. .

TSCA submissions found at OTS 0521344 detail a positive mutagenic response
abtained on one of six Anthraquinone samples submitted for bacterial mutagenicity
testng, iids sSingic posiiive muiagenic response was found to De the result of
contamination of the Anthraquinone sample with nitroanthracene resulting from the
production process (oxidation of Anthracene to vield Anthraquinone). We submitted the
NTP Anthraquinone sampie for mutagenicity testing along with three other samples of
Anthraquinone; only the NTP sample tested positive. Copies of the laboratory reports of
the mutagenicity tests of these four samples are enclosed with this letter

Analytical testing is being conducted to determine exactly which mutagenc impunties
are present in the NTP Anthraquinone sample, and in what quantities  The presence of O
nitroanthracene in the NTP Anthraquincne ssmple has been confirmad A further
submission will be made when a full quantitative anahsis of the NTP sample has been -
completed. o
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Dr Richard Irwin, the principal scientist for this techaical report 3t NTP. gnd Dx
Kenneth Olden, Director of NTP, have heen informad of our findings
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The enclosed documents discuss the very different production processes that o e
eapioved to praduce Aathraguinone  No Anthraquinone is produced in the U5 ai tins
trme  The product of the oxxdation of Anthracene represented less than 3% of the imports
of Anthraquinone nto the U.S. in 1999; the rematnder was . roduced by the Friedel-Crafts
process.  Thus. the Anthraguinone .n commerce i the US. would not be likely to be
contarunated by the mutagenic impunities tound in the NTP sample
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i * impunties in 9,10 anthracenedione (Anthraquinone) sampie zdministered by
ike aunal Toxicology Program in toxicity studies may hav. contounded study
ConCiusions

Charles Adams, Jr.'; Jerry A. Cook'; John R.Olsen®
Chem:cal Products Corporation, Cartersville, Georgia
* Chemical Products Te: nologies, Cartersville, Georgia

Abstract

Mutagenicity daia ar - available for |8 samples of anthraquinene fincivding the 4
samples ~e¢ported here); muiagenicity has been reported in only 3 samples. Al of the
previously published findings concerning bacterial muagenicire o7 anthraguirone are
tabulated here.

Approximately 99% pure unh’zraquimme (4Q) powder administered by the
Narional Toxicology Program in | vear feeding studies in rats and mice {Nationai
Toxicology Program Technical Report Number 494, Toxicolog: and C‘arc*‘nm,e;sem
Studies of Anthraguinone} was not tested by the National Toxicology Program (NTF) for
bacteriul mutagenicity. AQ is staied in the rerort ta be muitagenic in Saimonclia
(vphimurium strains TAY8 and TA100 with and without S9 metabofic activasion ensvmes
based on the findirgs of Zieger et al. (1988) pertaining t0 a differen: sampie o 9
purity AQ powder. A review of the other pub.’:vi:ed reparts concersing AQ midarenicin
shows that the Zieger et al. (1988 resulis are anomalous.

A sample of the unthraquinone powder adminisiered in the studivs reporied in
Technical Report 494 was obtained from NTP and submiticd to BioRehianve. s*s\‘ Jor
bacterial muagenicity testing, along with nvo sampies of commecialiv availub
technical-grade AQ. und a purified reagent grade sampic. This paper reporis a’\ﬁ‘%ﬁi;:{
MUIARENICIIV Icst resuils for these 4 samples. Ondv the NTP sample was muatagensc to
hacteriaf tester strains TA9S or T41.90, it was mutagenic in 74 68 wirh and withons SV
metabolic activation. and was mutagenic in 7100 oniv withow 85 motaiodine aorinason

EPA's TSCA submissions Jiles for 4¢3 conam Aacrerial munage: :
abowi 6 anthraquinone sampiex. Al were 10urd nor i ;e MR X0 B G wm:;fe
of AQ powder which tesied positive mr Aacterial MIATCMCNY I Siraey T AUN g
741338 as a resuit of the srosence of ma*\*\&tm < aw‘:mve-‘;y‘ FOARTIRT T
MURUIACIUrING PrOCess ;xera'rf\;m Aracene?
treatment; the sample was refested and was fowmd sy o A maoe i T R T aTmes

Oy firdings suQest ikl the 30 oswaior @emenstorod 0 TGy (g BN o
IOXICOTOLY @ CareinoLenicine shades reporred
mutageme apariie winek hav onrinenoad v oncome
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Anthraguinone (AQ) is used as an intermediate tor the production of dves and
prgments, and as a catabys, in the Kraft Process tor the pmductmn of paper. AQ s
mselubie tn water and in difute acid and alkaline soiutions. AQ dissolves in < oncentrated
sulfuric acid and this solution may be heated to 100°C without any reaction between the
acid and the dissolved AQ: this characteristic has been employed to remove organic
rmpurtaes from AQ (Allen’s Commercial Organic Analvis, 1929)

AQ s produced in large quantities by at feast three very different production
methads mvanous pants of the world. The oxadation of anthracene te vield AQ is the

cidest known production process and is now practiced poimarily in Europe. Bensene and
phthalic anhydride undergoe the Friedel-Crafts reaction to vield o-benzovibenzaic acid
which s treated with concentrated suifunc actd to vield AQ: this appears to be the most
amznzi:f production method end s :‘mpimcd in China. India and other parts ot the
world. Production of AQ by the Diels-Alder reaction between 1.4- ndpmhoqumom wnd
E‘Q,F«’c*uésd*mr s behieved to be conunuirg n Japan. A fourth producticn method based

H
an stveene was developed by BANF i the 1970 s 10 reportedy being pracuced in

Eastern Europe.

fhere are visible ditferences in the appedrance of the products of the different AQ
rraduction processes. The anthracene exidation product s tvpically a godden vellow
powider. whercas other preduction processes tvpacally vield a tan or cream-colored
powder. When sublimed. anthraguinene torms a pale vellow. erystalline material (Kirk-
thmer Encvelopedia of Chemical Technoiogy, 1992),

While the great majority of the techmical-grade AQ commercially available 1n the
United States s produced by the Fricdel-Crafts reaction. the available reagent grade
matertar 13 teiieved (o be amiost exclusively the gotden vetlow product of direci
oxidatton of anthracene.  The wirh-Othmer Encvelopedia of Chemical Technology
(I992) states concerning the anthracene oxidation process. “Unless the gurhiy of the
anthravene and the operating conditions are caretully controlled. the resuiting
anthracuinone may be contamimated ™

Bacteral muutagenicny test results tor AQ are contamed i TSUA submissions
(O TS 0S Ty dating from the late 10707 and carly T9807s. The submissions report the
occurrence of animpunt . mitroanthracene, a known mutagen. in AQ produced by the
direct oxadanon of anthracene A0} powder contaminated with O 15% niroanthracene
wils ound o be mutageme tin Salmoneilo behimunum mmagcnicity tests this same
sample wis mhtcc!cd tooun Lhahine teatment known o destroy the mroanthracene
repyety was retested, and was tonnd not o be mutagemes Five other samples of AQ

wod by the direct oxvdation of anthricene were tested at the <ame tme und
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fe Mitonal Toxscelogy Program NTPY recent v reported, i dratt techniead
!

sourtber G800 TROEN Sy thut pelden vellow AQ powder of about 99% purity obtained
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from Zenica Fine Chemicals produced clear evidence of carcinogenicity in mice and
female rats in a 2-year feeding trial; this report underwent NTP’s peer review on May 21,
1999 and was accepted as writ..n, according to the information posted on the NTP web
site. TR 494 states that AQ is mutagenic based upon the previous finding of
mutagenicity in Salmonella yphimurium strains TA98 and TA106 from a study
conducted by the National Toxicology Program on a sample of 97% purity AQ powder
(Zeiger et al., 1988). This bacterial mutation assay was performed for NTP by
Microbiological Associates, Inc. (now BioReliance, Inc.). Rockville, Marviand
employing a preincubation assay protocol

Because our research had brought to light the contents of the EPA’s TSCA file
conceming the presence of a mutagenic impurity in a sample of AQ. the AQ sampic
administered to rats and mice in the toxicology and carcinogenicity studies reported in
TR 494 was submitted for bacterial mutagenicity testing.

2. Materials and Methods
2.1. Ckemicals

A sample of the AQ powder employed in the NTP 2-vear toxicology and
carcinogenesis studies was obtained from NTP, and was submitted for bacterial
mutagenicity testing along with 2 samples of commercially available AQ produced by the
Friedel-Crafts reaction in Chinese chemica! facilities and a sample of reagent grade AQ
which was further purified in our laboratory.

The golden yellow powder obtained from NTP. bearing a label stating
“Anthraquinone. lot: 5893, CAS: 84-65-1. Store: RT™. was stated in TR 494 to have been
analyzed by NTP and found to be about 99% anthraquinone. A portion of the sample
was submitted to BioReliance. Inc. for bacterial mutagenicity testing.

The two tan-colored powders. both technical-grade AQ powders produced dv the Friedel-
Crafts reaction at different facilities in China. were obtained from th Chincse companies.
Zhou and Zhang Zhou. as being representative of commercially-ava able material.

These samples were analyzed and found to be between 97% and 98%: anthraquinonc:
they were submitted to BioReliance. Inc. at the same ume = the sampic obtained from
NTP.

The golden vellow reagent grade AQ powder ohained from Fas
Chemicals, Fastman Kodak Company was further purified by di )
sulturic acid followed by reprecipitation upon ditution woth hot water. A pale v olow
powder was obtained upon reprecipitation. filtration. and drving: thes was amahvied and
found to be over 99% anthraquinone. This highh punt™ed AQ powder was abse
submitted to BioReiiance. inc. for mutagenicity testing

2.2, Bacterial Mutagenicity Assay
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Rockville, MD. the y -2 labeled only Quinone 1. Quinone 2. Quinone 3, and Quinone
4. BioReliance repx ed the physical descriptivns of the samples in the final reports of
their studies: thess are in agreement with the descaiptions of the sampies given above.
Quirone I, the NTP sample. is described as a golden vellow powder: Quirones 2 and 3.
the Chinesc -\ samples. are described as tan powders: and Quinone 4. the puritied
reagent grade sample. is described as a light veliow powder.

o & ! > < - &~ 2 % .
w.der samples descnibed above were xu'e'“"e-é to BioRehance, Inc.,
-
1)

The ester strains used were the Salmoneila tvphimurium histidine auxotrophs
FASE and TAIQQ as describad by Ames etal. (1973). The test system was exposed to
the test anicle via the preincubation methodology descrnibed by Yahagi etal. (1°77). The
test artivie was tested at eight dose fevels along with appropriate vehicle and positive
contrels with tester strains TA98 and TA 100 with and without S9 activation. All dose
tevels of test artcis. vehicle controls and positive controls were plated in duplicate.
One-half (9.3 m;ihlgtgg‘ of 89 or sham mu. 100 microliters of tester strain and 30
micm%z%e:s ot the dirnethyi sulfoxide test s ehicle contro! or containing the test article
> ', 100 mm giass culture wbes prﬁ»‘tczip d to “~ +2°C. " fler vortexing.
thcsc mnures were incubated wath shaking tor 60£2 minutes at 37£2°C. Following the
premncubatior T A mL of selective top agar voas added to each tube and the mixture was
vortexed and averland onto the surface of 25 mL of minimal bottom agar. When plating
the positive wontrols, the tes: article aliquot was replaced by a 30 microliter aliquot of
approprate ;\V:xig\ e control. After the uverlay had solidified. the plates were inverted
and incubated for approximately 48 0 72 hours at 37227C. Plates that were not counted
immediacely !'e!fammg the . wubation period were stored at 2-8°C until colony counting

could be conducted. The condition o! the bacterial background lavm was evaluated for
erdenge ub test article toxicity by using a dissecting microscope. Precipitate was
eeabuated by ‘:‘muai examination without magnification. Revertant colonies for a given
rester strain and activation condition. except tor pasitive controls, were counted either
ertrelv Oy automated cofony counter or entireiv by hand uniess the plate exhibited
wexicity, {ates with sutticient test article precipitate to interfere with automated colony
ceunting were counted manually,

—w

bor the test article 10 be evaluated positive. (C must cause a dose-related increase in
rhe meun revertants per plate of either one tester stramn with a v .nimum of two increasing
ceneentrations of st article Data sers tor strains TAY8 and A 100 were judged positive
i the inerease 1 mean revertants at the peak of the dose response s equal to or greater

than two bimes the mean vehicle conirod valurs

: .c:suiis of the mutagemay assayvs are presented in Appendiy +and summarized

h ot the tour AQ powder samples wsted. precipitate -vas observed at

rams per phate or greater. No appreaiable oxicity  vas observed
Pluc to an unaceepteble pm‘]zz\‘a‘ vontrol value aties the firss

%:g: 'a:wpeuw ,"{‘E:m-.s stran FTATOO I‘t, absence 0 S92 activalic. was
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The sample cbtained from NTP. :~d submitted to BioReliance as Quinone 1.
caused positive responses with tester strains TA98 and TA100 in the absence of $9
activation and with tesier strain TA98 in the presence of Arochlor-induced rat liver S9.
None of the other samples caused positive responses with either of the tester strains.

Table i. A Compilation of all Available Bact-rial Mutagenicity Test Results for

different piocesses.
**Stated to be reagent grade anthragumone from Anachemia
*+**Staied to have been found to b contaminated with 9 15%. m &‘3?3?’"!\‘? 2 4% 4 rosul

of the manufacturing process. then purified by allaline treatment

Anthraquinone
Data Source TA98 TAI00 TAI1538 TA1537 TA1538
. S® [+89 89 [+S9 89 [+S9 |-S9 40 | S0 [+%9

Liberman et al. { PGS | NEG | NEG | NEG | NEG | NEG . POS | NEG : POS ' NEG
Zeiger et al. POS | POS | POS | POS
Salamone et al. NEC ' NEG | NEG | NEG | NEG I NEG | NEG | NEG | NEG | NEG
Brown and Brown | NEG | NEG | NEG | NEG - NEG ' NEG | NEG | NEG ; NEG | NEG
Gibson et al. NEG NEG ! ~ : NEG !
Anderson & Stvies NEG NEG . NEG NEG ;
Tikkanen et al. NEG | NEG : NEG | NEG
Sakai et al. NEG | NEG ' NEG | NEG .
Appendix A - NTP POS | POS ' POS | NEG
TR494 sample —
Appendix A -Friedel- | NEG | NEG | NEG | NEG !
Crafts AQQ from China ] ;
Appendix A - Friedel- | NEG | NEG | NEG | NEG
Crafts AQ from China
Appendix A -Purified ' NEG | NEG | NEG ' NEG !
reagent grade AQ : ? .

! TSCA Submission : !
QTS 0521244 : i :

7 Sampl NEG | NEG | NEG | NEG { NEG | NEG ¢ NEG | NEG
Sample 3* NEG | NEG § NEG | NEG { NEG | NEG | K { NEG I NEG
Sample C* NEG | NEG | NEG | NEG { NEG | NEG ! : NEG | NEG |
Sampile D* NEG ! NEG | NEG | NEG | NEG | NEG | NEG | NEG
Sample E* | POS : POS |NEG | NEG | NEG | NEG POS ' POS
Sample F** | NEG NEG ! NEG : NEG | NFG | NEG CNEG - NEG
Sampie E after : NEG i NEG NEG NEG " NEG \’FG Nta \EG ‘

alks'" : freatment*** ‘
*Lated to have all been pmduuzd by the direct oxidation of anth srace e b by e
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{0 Discussion
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We believe that a positive Saimencelia typhymurium mutagenicity test result for a
sample of AQ powder demonstrates the presence of one or more mutagenic impuritics:
this conclusion s supported by the many negative rest results tor AQ powders found in
our tests and reported elsewhere n the published literature. The only twe previous
studies reporting mutrgenic activay for AQ powders (Liberman et al.. 1982 Zeiger et al.,
1588} both obtained the powder tested from Aldrich Chemical Comeny. Zeiger et al.
¢ 19881 is the only previous report of mutagenieity in strain TA 100

Bactenal mutagenici:y test results tor 18 ditterent samples ot AQ are present_J in
Table | %ppe'xdx\ A contain m'ﬁ detatls ot the test results on the tour samples
¢ bactenal mutagenicity testing.

e

subnittzd 0 BioReliance. Enc.

EPA’s TSCA submissions docket contains information which is highly relevant to
e spparent vanabdity o bacterial mutagenicity wst results for AQ. As shown in Tabic
boasample of A stated mn the submission to have been produced by the oxidation of
anthracene. wus feund to be mutagenic. was then found to contain a mutagenic impurity
tstated to be 0.1 5% nitrcanthracene). \md upon retesting. was found not to be mutageme
atter the mmpurnity was removed (OIS 0321344) [his sample s not considered to have
been mutagenic because the cause of the positive test response was identificd as Fing a
substance other than anthraquinene.

The draft of TR 494 makes no mention of the bacterial mutagenecity information
concerniag AQ contained in the TSCA submissions. The report discusses the vanation in
the pubhished tindings concerning the mutagenicity of various AQ samples as tollows.

“Eariy mutagenicity studies of anthraguinone in Salmonelia typhimuanum. most using the
plate mmrpomuon ASSUY pmmwl rnpom.d negative results (Brown and Brown, 1970;

—a OO, Ol PO | I N lni/a W 1
Lal., 17777, l ll\Rd“Cn ¢l ai.

Anderson and Styvles. 1978 Gibson et al.. 1978 Salamone ¢

19853 Sakai et al.. EQ%;‘; Later studies showed clea” mutagenic activity tor
anthraguinone 1n 00 and the frameshift strams AR, TATS37 and TA1338: in the
preseace and Jb\fng\ of 39 acuvation enzvmes (Hiberman et al., 1982 ;"ugu °t ai..

1988). None of the bactenial mutagentcity assavs that reported negative results included
the purity ot the anthraquinone semples used toi testing. The Zeiger et al. (1988
premncubation assay that produced positive results tested an anthraquinone sample that
wis ‘f7“o pure. QLm*rpEe punty,aiong with dose selection and other protocol variations.

v have been eritical to the outcome of these mutagemicity assavs.”
The mutagenicity of the sample of AQ powder ebtained from NTP demonstrates.
i our optnten. that the findings reported in TR 494 are most probably contounded by the
presence of @ mutagenic impurity contaminating the A powder ted 1o rats and mice
NP did notdetermine the identities ot the substances composing about 1% of the
posder rested: this should be done ur an effort 1o leam which mutagen is present in the

powder

Cseme ather published findings concerming AQ are catled into
s concermng the NTR sample [)mc-rci:‘.!ui IICTeases in

L
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micronuclei were reported in cultured Syrian hamster embryo cells treated with 3.13 to
25 micrograms/m! of this same TR494 anthraquinone sample obtained from NTP
(Gibson et al., 1997). In contrast, a different AQ powder was tested for induction of
forward mutations in cultured human BT lymphobiastoid cells. a metabolically
competent cell line for polycyclic aromatic compounds (Durant et ai.. 1996), and no
mutagenic activity was detected.

References:

Allen’s Commercial Organic Analysis. Fifth Edition (1923) Volunse 111: editors S S.
Sadtier. E.C. Lathrop, C.A. Mitcheli: P. Blackiston’s Son and Co.. lac.: Philadelphia:
page 243.

Anderson, D and Sayles, JA. (1978) Appendix II. The bacter;al mutation test. Br. 1.
Cancer 37. 924.930.

Brewn. JP and Brown. RJ. (1976) Mutagenesis by 9. 10-anthraquinone derivatives and
rclated compounds in Salmonella ivphimurium. Mutat. Res. 40, 203-224.

Durant. jL; Busby. WF, Jr. Lafleur. AL: Penman. BW. and Crespi, CL. {1996} Human
ceil mutagenicity of oxygenatec. nitrated and unsubstituted polveyclic aromatic
hydrocarbons associated with urban aerosois. Mutat. Res. 371, 123-157.

Gibson. TL: Smart. VB: and Smith. LL. {1978) Non-enz' ic activation of polyeyvelic
aromatic hydrocarbons as mutsgens. Mutat. Res. 49, 153-161.

Gibson, DP: Brauninger. R: Shait” HS: Kerckaert. GA: LeBoeut. RA: Istort. R} and
Aardema. MJ. (1997) Induction ot micronuciei in Svrian hanster embrvo ceils:
Companison 1o results in the SHE cell transtormation assay for mational toxicotogy
program test chemicals. Mutat. Res. 392, 61-70

Kirk-Othmer Encyclopedia of Chemical Technology. Fourth Edition (1992
Anthraquinone. Volume 2: lohn Wilev and Sons, Inc.: page 802

Liberman, DF; Fink, RC: Schacter, FL: Mulcahv, RJ: and Stask. A A (19D
Mutagenicity of anthraquinone and hydroxyiated anthioauin e s
microsome system. Appl. Environ. Microb of 23 1354

%
hvdrocarbons and quinones on Salmoncil

Salamone. MF: Heddle, JA L and Kair, M7
Palyclelic Aromatic Hydrocarbons (P AR and (hdes 0 1
Environ Int. 2. 3733

i .

© o




'\wl—" L

Wk
N

Tikkanen. L: Matsushima. T: and Natori. S 1983 Mutagenicr:v of .nthraquinones in the
‘ genie) q

Salmonella preincubation test. Mutat. Res. 1 16, 28730

¢ SCA Submisston. EPA’s TOSCATS database. 42076 B2-2C: microfiche number

344: avaiiable from Chemical Information System. Oxterd Mclecular Group.
{nc.: r{am Valley, MD.

Zewger. E: Haseman, JK: Shelby, MD: Margolin, BH. and Tennant. RW ({988)
Evaluation ot foUr 1N VHIe genetc tOXICHY (ests 7or prudu.tmg: rodent carcinegenicity:
Confirmation of earlier results with 41 additional chemicals. Environ. Mol Mutagen. 16
tSuppl. 18 1-14.

R




A13

......

Mutagoiuc Impurities in the Test Maierial May Have Been Responsibie for the
Carcinogenic Activity Observed in the National Toxicology Program Bioassay with
Anthraquinone

Charles Adams, Jr. , Jerry A Cook *, and John R, Olsen®

* Chemical Products Corporation, Cartersvifle, A 30120
* Chemical Products Technologies, Cariersville, GA 30120

Submitted to Mulation Research for publication, February, 2000

"Corresponding author:

Jerry A. Cook

Chemical Products Corporation
P.O. Box 2470

Cartorsvilie, GA 30120

Tel: 770-382-2144

Fax: "70-586-b.53

e-mail: Jeracook@aot.com



A 1

M‘ e

Abstract

Anthraquinone (AQ) (9. 10-anthracenedione) iias been reported to be negative in

a vanetly of gencloxicity tes:s inciuding numerous Ames Salmcne'ta mutagenicity
assays. Neverthe'ess. in a long-term study conductad by the Naticinal Toxicology
Program (NTP} AQ induced a weak to modest dose related inar=ase in tumors in the

drey and biadaer of male and female F344/N rats and in the 'ivers of femez e BEC3F 4
mice. Commeraial AQ is produce Dy at least three differert production methods
wridwide, wiih the final product varying in celor and pumty. In the siudies rarerted
here. four samptes of AQ were subjecred '0 the Ames bactenal mutagenicity assay in
the same laboratory ot e same time. These inciaded a sample of the AQ used in the
NTP bicassay. two sampies produced in ractories using the Friedal-Cr afts reaction, and
punfed reagent grade AQ. The only positive responses observed were with the NTP
bigassa; matenal, this sample exhibited mutagenic activity in strans TA98 and TA100
of an 3-9 metaboiic activation SVSIGm decreased

or siminated the mutagenic actvity. The chiemical structure of AQ doe. not suggest

I>
-
13
oy
3
=
o

that the parent cempound would be DNA An eartier 18 month bicassay

cone

uctad with AQ agministered to male and female BoC3F, and (C57BL/C X AKR)F,
arted no mduction of cancer Therefore, i appears that a mutagenic

contamurant 1s pressa 3t the NTR hinassa 1y 83 ;‘T\Qim that s either direc TI\V 2l stgugg}:( or

CaN Qe actvated by Lactenal metaboism An earlier study aiso reported the obserabon

Coconiammant g sample of AQ. Ther=tor 3, b s hke'y that part f not all,

smogernc setvity abserved n the NTFR AC Dinassay was the resolt o
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mutagenic contaminants, rather than the AQ. The Ames test can be a vaiuable tooi {o
determine the presence of mutagenic contaminants and to avoid AQ production

processes that would produce potential environmental carainogens.

Keywords: anthraquinone, mutagenic impurities, Ames salmonella mutagenicity assay

1. Introduction

Anthraquinone (AQ) (9,10-anthracenedione) is used as an intermediate for the
production of dyes and pigments, and as a catalyst in the Kra®t Process for the
production of paper. AQ is produced in large quantities by at least three diferent
production methods in various parts of tt > 0. The oxidatic Y of arthracene io ek
AQ is the oldest known production process and is now practiced anmaniy v Europe.
Renzene and phthalic anhydride undergo the Friedel-Crafts reacthior. 10 veeid -

benzoylbenzoic acid. which is treated with concentrated suffunc 2o 10 vk A Ths

appears to be the most prevaient product.on methad and is ampioved n s
and other parts of the world. Production of AQ by the Diels-Adier eacion Detweer * &-

~aphttioquinone and 1.3-butadiene s bebevea 10 be contmung n Japas. A ot

production method based on styrene was develnped by BASFE (o ~ Pw 18705

reportediv practiced to some extort ic Eastern Euope



B 02

B RS

There are visible differences in the appearance of the precducts of the different AQ
production processes. The anthracene axication product is typically a gelden yeliow
oowder. whereas other production processes typically yield a tan or cream-colored
powder VWhen subimed, anthraguinone forms a paie yeilow, crystalline material [1].
Whie the great majonty of the technical-grade AQ commercially availabie in the United
States s produced by the Friedel-Crafts reaction, the available reagent grade matenial is
believed to be aimost exciusively the galden yellow product of direct oxidation of
anthracene In the oxidzuon of anthracene to AQ. the resuiting anthraquincne product
may be @AM ated unless the quality of the anthracene and the operating conditions

are cavefully controiied [1]

1a2d Jegative in the Synan hamster embrye (SHE) cel v ansformation assay
(9~ s alsn mor nuytagenic in 2 line of numan B-lymphioblast: o _eils thai

Two BattT o2l @xpress oy cromae FASGIAY T A 1w wess O wonducted with
AQ a1 wsirec e @k - en 2o 3F T and (CS7BLS X AKR,F 1 mice reported
rg nduction of cancer [11]. Thus, it was somewhat unexpected when the National

Toxicolegy Program (NTR) reperted in Technical Reg 2rt 494 that AQ induced a weak to

J

modest cose related increass in tumors in the kidvey and bladder of male and female
RN rats and i the livers of femate BEC3F. mice {121,

A targe number ot mutagenicity assays have reported that neither AQ nor its
‘metaboiites axhibit genotoxic activity  Negative resuits n the  mes salmonelia bactenal

n reparted by seven independent taboratories [2-8]. In

vuiirast o e nunierous papers Jocumenting a lack ot AQ mutagenic aclivity as noted

o 63

ADove Two papers reported that AQ was mutagenic i the Ames salmonelia
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mutagenicity assay. The pattem of activity of AQ reported was, however, unusual in
that mutagenic activity was seen without metabolic activation and that addition of an $-9
metabolic activation system reduced or eliminated the response {13, 14]. The chemical
structure of AQ does not suggest that the parant compound would be a DNA reactive
mutagen. Therefore, it seems likely that a mutagenic contaminant was present in the
positive Ames test samples that was either directly mutagenic or couid be activated by
bacterial metabolism.

rurther, bacterial mutagenicity test results for AQ are contained in TSCA
submissions dating from the late 1970's [15]. In those studies, six samples of AQ were
subjected to the Ames saimonella mutagenicity assay. Only one was positive: it was
positive in TA 98 and TA1538 both with and without metabolic actvation. it was
determined that the mutagenic activity came from contamination of the sampie with
0.15% nitroanthracene as result of the productior process employed. When that sampile
was purified and retested, it showed no mutagenic activity.

itis clear that samples produced by difierent production methods can vany wwdely
in the types and amounts of impurities associated with the AQ procuct. NTP dxt not
perform bacterial mutagenicity testing on the AQ emploved n its long-term skxdy: a
different sample of AQ had previously been tested by NTP [14] The purpose of the
present study was to determine the mutagemc activity of the actual matena ysed in the

NTP bioassay [12] and 10 contrast that with other commercigtiy-avasiabie AQ proxhcts

A sample of the archived AQ sampie tested o the NTP caronogeorty siud 83 was
generously provided by the Natonal Toxicokogy Program. The NTF AQ was qonirasiad

in the Ames saimonella mutagenioity 3883y with SaMDIes DROCUTRT i We Durmenty

* f
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operating facw. =_ 517y the Friedel-Cratis reaction, as well as pusified reagent grade
AQ. Assays w 3oL eridentical conditions n the same laboratory, at the same

time.

2. Materials :nd Methoos

E el

A samgle of the AQ powder employed u: tha BT 2-year toxoleny and
carcinogenes:s studies [12] was genercusly provided by Patricia Athev, NTP Chemical

Management ceader, Battelle, Columbus OM. The golden yal' ow powder obtamned from

5833. CAS: 84-65-1, Store RT™ The technical roport stated that b samr @ had be
analyzed by NTP and was found to be about 99% _athraquinone {721 This sam ple was
designated NTP AQ

Two samples of commercially avaiable technical grade AQ produced by the
Friedel-Crafts reaction were obtamed from two different Chinese companies whidl
supply techmeal grade AQ to Chemical Products Technologies, LLC in Cartersville,
Seorgia These sampies were designated as technical 1 AQ and techrical 2 AQ. Both

were lan-coiored powders representative of commereally avallable matenal

ey
ot
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Golden yellow reagent grade AQ powder obtained from Eastman Fine Chemicals.
Eastman Kodak Company was further purified by dissolution in concentrated sulfuric
acid followed by reprecipitation upon dilution with hot water. A pale yellow powder was
obtained upon repricipitation, filtrat.. .. and drying. This highly purified sampie was

designated pure AQ.

2.2. Bactenal Mutagenicity Assay

The four samples NTP AQ. technical 1AQ, technical 2 AQ. and pure AQ were
coded and submitted to BioReliance Laboratories in Rockville, MD for evaluation in the
Ames Salmonella mutagenicity assay according to their standard protocols. The tester
strains used were the Satmonelia typhimurium histidine auxotrophs TAS8 and TA100 as
described by Ames et al. [16]. The test system was exposed to the test articie via the
preincubation methodology descnbed by Yahagi et ai. {171, The test articie was tested
at eight dose levels along with appropriate vehicle and positive controis with tester
strains TA98 and TA1CC with and without SS activation. Al dose ieveis of test articie,
vehicle controls and pesitive controls were piated in duplicate.

Bnefly, one-half (0.5) mitikter of SQ or sham mix, 100 microiters of lester strae and 59
microliters of the dimethyl sulfoxide test vehicle controd or containng he lest arcle were
added to 13 X 100 mm glass culture tubes pre-hested 10 37 -~ 2°C  After vortexng.
these mixtires were incubated with shaking f0r 83 + 2 ~mutes 37 37 = 20 Soilowng

the preincubation. 2.0 mU of seiectve 10p 3037 was acded T o™ twde and the maxture
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was vortexed and overlaid onto the surface of 25 mb of minimai bottorm agar. When
plating the pocitive controts. the test article aliquot was replaced by a 50 microliter
atiquot of appropnate positive control. After the overlay had solidified, the plates were
nverted and incubated for approximately 48 to 72 hours at 37 + 2°C. Plates that were
nct counted immediately foilowing the incubation period were stored at 2-8°C ~ntil colony
counting could be conaucted. The cendition of the bacterial background lawn was
evaluated evidence of test articie toxiuaty by using a dissecting microscope.
Precipitate was evaluated by visual examination without magnification. Revertant
colomes for a given tester strain and activation conaition, except for positive controls.
were counted either entirely by automated colony counter or entirely by hand unless the
plate exhibited toxicity. Plates with sufficient test article precipitate to interfere with
automated ceiony count.ng were counied m.anually.

For the test article to be evaluated as positive. it must cause a dose-related
ncraase in the mean revertants per plate of either one tester strain with a minimum of

two increasing concentrations of test article. Data sets for strains TA98 and TA100

72

were judged positive it the increase in mean revertants at the peak of the dose response

was equai to or greater than two times the mean vehicle cortrol value.

3. Rasuits

g
:W
’
@
i
o Y
p
put

ot the four AQ powder samples tested, precipitate was observed at all

trators of 250 micrograms per plate or greater. The precipitate did not interfere

5
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with scoring the plates. No abﬁreciable toxicity was observed with any of the sampiles.
The NTP AQ sample was mutagenic in a dose dependent manner in strains TA8 and
TA100 (Table 1). Mutagenic activity was reduced or eliminated by addition of an S rat
liver microsome metabolic activation system. No mutagenic activity was observed with

the technical 1 AQ, technical 2 AQ, or pure AQ samples {data not shown).

4. Discussion

The lack of mutégenic- or genotoxic activity in a variety of assays it numercus
laboratories suggested that AQ would not be a DNA reactive genotoxic carcinogen {2-9].
When carcinogenic activity was observed in the NTP bicassay. an initial conciusian
might be that AQ was acting via a nongenotoxic mode of action [18]. The observation of
direct acting genotoxic activity in two studies {13, 14] was unexpected because the data
were in conflict with so many other reports of negative mutagenic achvity and hecause
the chemical structure of AQ does not suggest direct DNA reactivity AQ can de
produced from different starting matenals by different processes ieading to oroducts
containing different impurities; this fact raised the possitrlity that mutagenic
contaminants could be serious confounders in the trioiogecal activity of Efferont
preparations of AQ. in fact, TSCA submuissions for AQ cleariy cemonstiate thal 3
mutagenic impurity coukd be present in an AQ product and that ¢ couie afect e mesuits

of the bacterial mutagenicity assay [15)
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A previous bioassay with males and females in two strains of mice had been
conducted with AQ. This study was not done following contemocrary bioassay
standards and needed to be repeated. Nevertheless that bioassay did not show
carcinogenic activity with AQ [11]. Looking at the data as a whole strongly suggested
the possibility that the NTP bicassay cancer resuits might also be the result of
mutagenic contaminants.

indeed. resuits in this studyv show that only the NTP AQ sample. and not the
technical 1 AQ, the techrucal 2 AQ, or the pure AQ sampies, is mutagenic in tester
strains TAS8 and TA100. Mutagenic activity was reduced or eliminated with the -a-ulion
of an 39 activation system (Tabie 1) This indicates the presence of a mutagenic
impunty in the NTP AQ sample that 1s ether directly DNA reactive or is activated by
bactenal metabolism. The NTP AQ sample was also positive in inducing micronuciei in
SHE cells {9] These data suggest that part, if not all, of the carcinogenic activity of AQ
reported in the NTP bicassay may have been induced by the . rect-acting genotoxicant
in the sample.  Genoloxic carcinogens tend to induce ca
both sexes, and across species [19]. This was the pattemn produced by NTP AQ and is
consistent with a direct acting mutagen. It is not the pattern seen with nengennioxic
carcinogens, where tumars tend to be induced only in Uissues whare there are preceding
toxic avents [18, 19]. The fact that mutagenic activity of the NTP AQ sample was
readily measured, indicates that the ... purity «.Ls! be a fairly notert -utagen.

The definitive expeniment wouid be to test differen’ samples of techinical grade

or carainogemc achivity. Unfortunateiy. this 1s cost and time prohibitive.

i

L}
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One practical course of action is to utilize the Ames test as a too! to avoid AQ production

processes that would produce potential environmental carcinogens.
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Table 1. A .iv"v of the NTP AQ sample in the Salmonella Mutagenicity Acsay

Without liver microsomes (S9)

Micrograms  Average revertants per plate +/- SO

per plate JAS6 . TA1Q0

0 19 +/- 6 187 +/-5
10 16 +/- 3 181 +/- 23
25 20 +/-0 201 +/- 37
50 31 +/-1 197 +/-9
100 27 +/-1 193 +/- 29
250 61 +/-1 193 +/- 2§
500 108 +/- 6 224 +i- 26
1000 127 +/- 4 267 +/- 18
2500 225 +/- 1 409 +/- 11
pos control 626 +/- 37 621 +/-5

With liver microsomes (S9)

Micrograms ate +/- SD
per plate TAS8 JTA10

0 18 4/-7 142 +/-5
10 13+/-5 148 +/- 2
25 19 +/- 2 139 +/- 19
50 29 +/-3 139+ 3
100 20 +/- 2 118+/- 16
250 28 +-8 115 +- 24
500 44 +/- 1 115 +- 10
1000 52 +/-8 123 +/-8
2500 115 +- 21 144 +j- 22
pos control 840 +/- 35 455 +/- 28

o
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EXPERIMENTAL DESIGN AND METHODOLOGY

Test System
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RESULTS AND DISCUSSION
Solubility

Dimethy! sulfoxide was selected as the solvent of choice based on the Sponsor’s
request and compatibility with the target cells. Concentrations from 0.20 to S0 mg/mL
were delivered to the test system as workable suspensions.

Mutagenicity Assay

The results of the mutagenicity assay are presented in Tables 1 through 4 and
summarized in Table 5. These data were generated in Experiments Bl and B2
Precipitate was observed at =250 uy per plate. No appreciable toxicity was observed.

In Experiment Bl positive responses were observed with foster i TASN n the
presence (od-told, maximum ncrease ) and abvence (HES-toldomavmuem rcreiase? ot SU
activaion. No positive respoine wias observed with taster stam TATH ) the presence
of SO acovaion. Duce o an anaccepiable positive controd vadees iovies stran TATR
the absence ot SY activation was nuot evaluated but was retesiod o Faperivent B2

In Experiment B2, a positive response was observed with tever siran TATR an the
absence (2.2-fold. maximum increase’ of S activation,

CONCLUSION
Al eritenia tor aovadkid stody were et as deserbod e sierocss The renaing ot
the Sedmieonclle Premvubatton Mutugenicdy Assay dicnte 1ha Code” ine comd e o
thix study. Quimone 1 did cause positne tespores with tosivr stiaes TASN and TA R
in the absence uf S activanion and with tester iy AU g poseee 0 Agoghr
imduced rat Hiver N
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EXPERIMENTAL DESIGN AND METHODOLOGY
Test System

The tester strains used were the Sanonella tvphimurium histidine auxotrophs TA9R
and TAL00 as described by Ames e af. (1979 Tester virain TAYE ;s reverted from
auxotrophy to prototrophy by frameshift mutagens. Tester strain TA100 is reverted by
mutagens that cause both frameshift and basepair substitition mutations.

Experimental Design

The test system was exposed 1o the test article via the premcuhation methodology
dexcribed by Yahagi er af. (1977). The test article was tested at 4 minimum of eight
dose levels along with appropriate vehicle and positive controis with tester strains TAGR
and TAT0O with and without SY activation. Al dose loevels ot tew: article. vehicle
controls and positive controls were plated in duplicite.

Plating and Scoring Procedures

In the preincubation method. one-half {0.5) muilditer of N9 oy sham mu, 100 abl of
tester strain and SO uLoof vehicle or test article were adied to 13X H® mm glass
culture twhex pre-heated 0 37+2°C After vortexing, these minteres were mncuhated
with shaking for 60+2 minutes wt 37+2°C Foliowing the oremcubation, 2ivmbL of
selective top agar was added (o cach tube and the minture Wi vortened aod snverhad
onto the surface of 23 mL ot nimimad bottom agar - When plating 15 postve contrals,

the test article aliquot was veplaced by a 30 gL aliquot of sppioniigie posine o

a3yt Cavgraple s i *
(SRR TG £ £ 1Y wonbated tor

After the overlay had solidified. the platen were

. o . . il so- 37 I Ty Cotdas S e R oy v 3
approximately 48 1o 72 hours a1 374 2°C Plates that were »ot coomted immedicieh
fﬂl!ﬁ‘v\mg the ncubhation }3'\,1\\!\3 woere starod At 2870 unti ol wens VLaan AN

conducted.

The condition of the bacterad hadkgronnd oo wos (vel e

WHCke TONGHY DY asitg o dissedting microseope. Praamatae wae o

exaunmanon without owmembwanon Revertant cianies (o

acuvanon condition, c‘\\'{‘;!f T é}‘\\‘,ii\;‘ CONIMOY, WETE L ouniee ¢ oy 2oiirein By
N . : < TR TR 2

automated colory counter o enbireiv m hamt unies the prate ond Moy oo iy Plaes

with sufticie ooy arucie nreaipitite oanterlers wak Riamted v, O
counted nwe o !

Evaluation of Results

For the tovie i niele no by NN TR A
the mean ravernanin oe N :
INCTEANAL conee i - P Tl
padued positave e e > NN R .. .
vyual 1 or wiede TRN U WL Y s -

T N R A N

N




o)
o
o

compatihthity v

st the -,
W 0e IES Ssien

- ais oheerved at 2

AT ooy v

E{‘\Edt waN see

[N B

0 B e pos

th the target celis.
} le

hese Jdata

Sy plate.

eove P @ postiive canird valie

N O

N !‘l:"\;)u;’»&é WS

the saolvent of choice based or the Sponsor's
Concentrations trom 20 to 50 mg/mL
€ suspensions.

Cred as

os warkab

assay ure presented o Tabtes | through 4 and
vere generated i Fxperiments Bl and B2
No apprecuthie toxicty was observed,

BT ao positivg tosponses were obsenved with tosior stens TAYS and

- BT LA ALY
ENCILC ¢ O
TATOO in the
Pt was retosted o Faoernmer . B2

T oa Loe e L
[ LT L I R I

tester s n

abserved with tesier s AT 0 the

CONCLUSHON

The resulbs oof

condiiians of

were et as deseribed o the protoccd,

Aus v vrrdresae that ooyder the
Aesay ity thal vvdter the

O TENIET SPains

S @ SiORFUANCE



') 1 4
b
*d

Ll

W

Salmonells Mutagenicity Assav

Tible 1

Test Arrticle Id  Quinone -

Study Number COAAZZJK MU LULW BTL Exaeriwen: Neoo Bl

Strain . TAS8 Cells Seeded 28 X 14t

Liver Microsomes : None Date Plated 10726735

Vehicle : dimethyl sulfoxide {DMSO}

Plating Aliquor : 350 uL Counted bv . hand
Concentration Flate Re\excan;s Background  Average Standard
BE per plate Number per plate Code® Kevertants Dev:iation
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Study Number AAZZIK . SUL00G BTL ENperiment Ao a2
Strain TALQD Cell 3 o Q8 X
Liver Microscmes None Dstre 1l-2

Salmoneils Mutagenicicy

Tahie 3

Quinone 7

Vehicle dimechyv .
Plating Aliquort S0 gL
S S S R T S St £ A S e TS o« L & e e e
Plate Reverzunt«  BRackground

Number per plate Code®

.y T s o

Concentraticn
ug per place

wr

Vehicle 01 H
02 w3 H 5
10 0y o
(R "3 -
RN 0 RS :
i1 i
i i 12 i
a2 R 3 .
100 (1IN =8 i
2 mi i = T
250 i i INE
0n? HEIPN TNE
RINY ! 2
Tty 3 -
25 <1 ' N
Povyp o ooyt v [ ! Z € IS
) -
Tracrry v ¢ ie B

ey



-

NE
NP

N

AnmEy

[

\_/
s
7t




Ml |

)
)

o
(e

i

Salmounells Hutagenicity aAssav
Summary ot Results

Table 5

Test Article Id ¢ Quinone 2
Study Number : AA22JK. 301004 BTL Experiment Nos: B1/B?
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PERIMENTAL DESIGN AND METHODOLOGY

The tester strains used were the Sueronella aephinnetum histidine auxotrophs TAY8
and TATON as deseribed by Awes or @ (1975) Tester striin TAUN is reverted from
aunetrophy to protatrophy by tromeshift mutagens. Tester strawn TALOM is reverted by
motagens that cawse both framosharr and basepair substitution mutations

§

Experimental Design

dose fevels along with appropricte vehicle and posiuve controls with tester strains TA9S
ard TATH with wed wichour 89 actvation Al dose fevels of test article, vehicle

posiiive controby were plated i duphicate.
Plating and Scortay Procedures

Ehe prestvababon methed one-hadt g > mlhihter of SY o sham o nax, 100 gl of

stranand S0 b s vehicie o st wridde werc added o 8N TO0 mime gluss
cilic e whes preshoated to 37+ 270 After vortening, ihese imnaures were mcubated

2°C Following the preaacubauon, 20 mL of
selectve top agir was added o vach tbe und the mnure wis vorteaed wod overlaid

ante the sertace of 23 mb oo mad bottom agar When platine the positive controls,

weth shakig for o0+ 2 gnnotes o ST+

et ahignet was reprace]d by o st gl dhiguot of apprapnaae positnve control
A

vior the oserboy rag sohditied he phates were mverted  amd mceabated tor
T N T L L T T S Plates that were o counted rmmediatelv
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RESULTS AND DISCUSSION
Solubility
Dimethyl sultoxide was selected as the svivent of choice bused on the Sponsor's
request and compatibility with the warget cells. Concentrations from 20 10 S mg/mlL
were delivered to the test svstem as workable suspensions,
Mutagenicity Assay
The results of the mutagemcity assav are presented in Tabies | through ¢ and

summarized in Table S These data were generated in Experiments B1 and B2
Precipitate was observed at 2230 g4y per plate but no appreciabic Toveny was ohserved.

In Experiment Bl nu positive responses were obterved with tester sirams TAUK jed
TAI in the presence of SYactivation and with tester st TAUN o the absence o7 8
activation. Due 10 an unacceptabie positive control vadue, tesies strasa TAGRY o
absence of SY activation was not evaluated but was retested 0 BEapernrent B2

In Expermment B2, no posttive respome wis obsernved with tester st TATOB i the
absence of Y activation,

CONCLUSION

AN erteria for aovadid study were met as desenided i 10e pratoes
the Mdaimonclia Premceubation Mutagenaaiy Assay amdacade ihad anee

thiy study, Quinone N did Dot clune o positaive tespame with eubes o e e

i the presence and sbxence o Arodloroaducesd T e W
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Test Arcicle 1d
Study Number

Salmonell: Mutagevicity Assav

Table 2

Quinone 3
AAZZ2IL S0 p0a

Experiment Xo

Strain TAOS Cells Seeded 2.
Liver Microsomes Rat liver 3S9 Date FPlatsd U
Vehicle dimethyl suli~wide (DMSO}

Plating Aliquot 50 sl Counted
Concentration Plate Revertants Background
#g per plate Number per

Vehicle
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Salmoneila Mutagenicitv assav
Tabie 4

Test Article Id : Quinone 3
Study Number TAA22J1 301004 BTL Experiment No

Strain : TALUO Cells Seeded

Liver Microsomes : Rat liveiv $9 Date Plared

Vehicle . dimethvl sulfoxide {DMSO}

Plating aliquot - 50 uL Counted by

Concentration Plate Revertants Rackground  Average
#g per plate Number per plate Code?® Revertants Deviation
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EXPERIMENTAL DESIGN AND METHODOLOGY
s est Svstem

The tester strains used veere the Nadeonella sphiimiciien nstidine auxotrophs TAW
and TAIUO as described by Ames of @f (1975). Tester ~train TAUR s reveriad from
auxotrophy to prototrophy by frameshitt mutagens. Tester ~trinn TAI = 1 ed by
mutagens that cause both tra evhift and basepair substitution mutahions,

Experimental Design

The test system was exposed to the test article via the premcubation methodoiogy
described by Yahagi er al. (19773, The test articie was tested at a mumimum of eight
dose levels along with appropriate vehicle and posiive controls wath rester sirams TASR
and TATOO with and without 89 activation. Al dose eveis of e srpcle. vehicle
controls and positive cantrois were piated i duplicate

Plating and Scoring Procedures

In the preincubanion method, one-halt (1.3 auibliter of N9 1) 2
tester strain and S0 4L of vehicle or test arpele were adader 0 15\ i m
culture tubes pre-heated 10 37=27C) After vortexing, these tuduies wete s

' Following the ore aca

with shaking for a0=2 minutes at 37-27C
selective top agar was added to cach e und the muvtare © s vaitaaed

onto the surtace of 25wl of mumemad bottom sgar Whes £S
e test artiele abiguot was repiaeod v oa S8 gl Geguot o L e

After the overliv hag sobdihicd, tie dlates weic
approvnutely AN o T pouis al 3T 270 Plates T ware et v

following the mcubation penod were ~oree ai IN7TU it volara cel
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RESULTEN AND DESCUSSION

Safubihiny

wide was serecocd as the selvent of choee cised on the Sponsor's
eits The testarticke was ~oluble in dimethyl

rethve sl

Foguest G compat iy weth e Lar
SEITONGCE G i costeeha aien ob approniately L mgombs Concentrations

<

from 2t e S0 mgomi were deivered to the estavstem as warkuble suspensions.

Muotagenicity Assay

The rosales of the mutagaory v assay are presented i fables | othrough 4 and

safttaseed o1 Tabie S0 Those vate werg genernted w BEvperiments Bl oand Bl
Frocimne vas oo o 20 o per olare but ceoapirecable toxeciy was oberved.
oo e roscoises were observed with tester strans FAYR and

Cree b SV s e b wath toster stanny PAYN 1 e absence of SY

e piabie Dositve conrol vidue, tester st AT in the

. . ~ "
roy wos o cuaduaied but was retested i Fapenimenr 82
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Table 1

Test Article Id : Quinone 4

Study Number D AAZRIM 301004 STL Experiment Yo Bi

Strain . Ta9g Cells Seeqed v X AW

Liver Microsomes : None Date Plarted 10s2639

Vehicle : dimecthvl sulfoxide (DMSO)

Plating aliquot : 50 ulL Counted by © hang
Concentration Plate  Revertants Background  Average Standard
4g per plate Number per plate Code? Revertants QJeviation
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Test Article 1d
Study Number
Strain

Liver Microsomes
Vehicle

Plating Aliquot

Quinone 4

AA22IM S01004  BTL
TA100 Cells Sesdeg
None Date Plated
dimethyv] sulfoxide (DMSO)

50 al Counted by

Experiment No 82

Concentration

Plate

v = — e

Reverrtants Background

Average Standard

ng per plate Number pe:r piace Code? Reveytants
- 2 T £ S e e e
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Test Arciclie id @ Quiners 4
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Salmonells Muragenicity Assav
Summ:n e of Resulis

Table 3

Test Article Id © Quinons 4
Study Number T AA22IM SU1004 BTL Experimenc Nos BRI B2
Average Revertaunts Per Plate * Standard Deviation
Liver Microsomes: None

Dose (ug) TAOB TAlO®
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