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CONCLUSION(S) - Executive Summary:

No increase in the number of revertant colonies was noted in
Salmonella strains TA98, TA100, TA1535, TA1537 and TA1538 up to
5000 ug/plate with and without metabolic activation. This assay
was performed twice with only one plate used per concentration
per experiment. Also, there was a lack of positive controls in
several instances for particular stains and activation
conditions. Due to use of only one plate per experiment (which
limits the confidence of negative results) and the.lack of
positive controls in several instances, this study is
unacceptable.

Classification: Unacceptable




SALMONELLA

-— -2_

Bibliographic Citation

Simmon, V.F. (1979) °In vitro® Microbiological Mutagenicity and
Unscheduled DNA Synthesis Studies of Eighteen Pesticides: Report
No. EPA-600/1-79-041. (Unpublished study including submitter
summary, recieved Apr 3, 1980 under 279-2712; prepared by SRI
International, submitted by FMC Corp., Philadelphia, PA.:;
CDL:099350-2) :

Simmon, V. (1979) In vitro Microbiological Mutagenicity and
Unscheduled DNA Synthesis Studies of Eighteen Pesticides:
Contract No. 68-01-2458. (Unpublished study received Dec 5, 1983
under 239-2471; prepared by SRI International, submitted by
Chevron Chemical Co., Richmond, CA; CDL:251894~F)

Simmon V. (1979) In vitro microbioclogical mutagenicity and
unscheduled DNA synthesis studies of eighteen pesticides. By SRI
International. Research Triangle Park, N.C.: U.S. Environmental
Protection Agency, Office of Research and Development, Health
Effects Laboratory, Genetic Toxicology Div. (EPA 600/1-79-041;
Contract No. 68-01-2458; also in unpublished submission received
Dec 2, 1983 under 279-2038; submitted by FMC Corp., Philadelphia,
PA; CDL:251984-C)

A. MATERIALS A copy of the "materials and methods" section from
the investigators report is appended. '

1. Test Material: Name: Methoxychlor
Description: technical
Batch #6543-108 Purity: Technical
Contaminants: none reported
Solvent used: DMSO
Other comments: Manufactured by E.I. du Pont de Nemours & Co.

2. Control Materials:
Negative: DMSO

Solvent/final concentration: DMSO, 1%
Positive: Non-activation:
Beta-Propiolactone: 50 ug/plate TA1535 and TA100
_ Activation: .
2-Aminoanthracene (2-anthramine) 20 ug/plate
for strains, see tables
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3. Activation: S9 derived from Aroclor 1254 induced rat liver
S9 mix composition:
The metabolic activation mixture consists of, for 10 ml:
1.00 ml of freshly thawed S-9 fraction
0.20 ml of MgCl, (0.4 M) and KCl (1.65M)
0.05 ml of glucose-6-phosphate (1 M)
0.40 ml of NADP (0.1 M) )
5.00 ml of sodium phosphate (0.2 M, pH 7.4)
3.35 ml of Hy0

4. Test organisms: Salmonella typhimurium strains
TA98, TAl00, TA153S5, TA1537, TAl538
Properly maintained? yes
Checked for appropriate genetic markers (rfa mutation,
R factor)? yes
Obtained from Dr. Bruce Ames

5. Test compound concentrations used:

Non-activated conditions: 1, 10, 50, 100, 500, 1000, 2500 and
5000 ug/plate
Activated conditions: 1, 10, 50, 100, 500, 1000, 2500 and 5000
ug/plate :

B. TEST PERFORMANCE

1. Type of Salmonella assay: standard plate test,

a. Protocol:

Stock cultures were grown overnight (see attached "materials
and methods" for detail). The investigators mixed the culture,
agar, the test compound and the metabolic activator (as
necessary) together in a tube and added this to minimal agar
plates. The glates were then incubated for 2 days at 37°C. The
number of _his™ revertant colonies were then counted.

2. Preliminary cytotoxicity assay:

No preliminary cytotoxicity studies were conducted, two
primary studies were conducted (see section 3 following).

7
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3. Mutagenicity assay:

Attached Tables 35 and 36 (appended from the investigator's
report) presents the results of the 2 assays conducted. The test
article was assayed in two separate experiments with one plate
per concentration used. No differences in numbers of revertant
colonies were noted at any of the dose levels tested with and
without metabolic activation, whereas the positive controls that
were used, did cause an increase in numbers of revertant
colonies.

4. Reviewer's discussion/conclusions:

The first test assayed to 1000 ug/plate with no apparent
toxicity noted. Therefore, the second test (Experiment 2, Table
36) went to the limit dose of 5000 ug/plate with no apparent
effects with and without metabolic activation. As only one plate
per concentration was used, this would limit the confidence in
assessing the apparent negative result. Also, there was a lack
of appropriate positive controls in several instances for
- particular strains and activation conditions (e.g. no positive
controls for strains TA1537, TA1538 and TAS8 without activation).
Therefore, this study is not adequate for regulatory purposes and
should be repeated to satisfy regulatory requirements.

5. Was test performed under GLPs (is a quality assurance
statement present)? no

6. CBI appendix attached? This is a published study.

L
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METHODS

Microbiclogical Assays

The in vitro microbiological uciy systeas used to exsmine the 18

>

pesticides fo- mutageaicicy were Salmonells typhimugium (TAL53S, TA1537, -
TA1538, TA98, and TA100), Escherichia coli WP2, repair-deficient and ;
-proficient strains of Bacillus subtilis (H17 and K45) and of E. coll
(¥3110 and p3aT8); and the yeast Seccharomyces cereyisiae D3. In each
procedure exgcp:‘ the relative toxicity assays, an Aroclor 1254-sgtimulated,

rat liver ho:-o;mu metabolic activation system vas i{ncluded to provide o te ';‘ e
metabolic -tfcpc that the microorganiems either are incapable of coniucting - 4

or do not eairry out under the ssssy conditioms. A= i

) The sesay pfocoduzc with §. typhimurius has proven to be 80 to 90Z ‘

sccurate in detecting carcinogens as mutagens, and it has about the same ‘,'

sccuracy in -’;‘Ldentifyin; chamicals that are not urcino;euic."' The asssy S ; . )
?roceduu with §. cerevisise is about 351 accurate in detecting carcino- — -

geas as qeéu that incresse mitotic recombination.® E. coll WPe end the
relative toxicity assays are three additional methods of detecting muta- .
geas; bovevi.r. the relisbility of these test methods has not been ade-
quetely validated yet. The combination of these five assay procedures
significently enhances the probabilicy of detscting potentially h;urdou-
chemitals. - _ _ y
Stlnonc!lh typhimurium Strains TA1535 537, TA1S38, -~ ...
©TA98, #nd TA100 i - :
nn' su’mcu- typhimuriun strains used st SRI are &ll histidine
suxotrophe hy wirtue of mutations in the histidiae opefon. - Whea these
histidine~-dépendent cells are grown.on & rinimal media petri plate
- containing l!'tricc of hluid_iu. only thoee clll_s that revert to histi-
dine indepetdence (g_g_*) are sble to form colenies. The small amount
of hiuidino‘;-cuwo all the plated bacterisa to undergo & fev divisions; o
.in many cases, this growth ie essentizl for wmutegenesis to oceur. The
his I'CVlttM..lt.lf'ltt easily scored as colonies n(iinl-: the slight
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» HReT
ive? DY STENS ‘34?. 57’?"' e I
RV, 22 T ra s geilomens 3 1D .
bsckground growth. The spontaneous mutation frequency of each strain is -\
nluively constant, but vhec a mutagec is added to the agar, the %

sutation frequency is incressed 2- to 100-feld, usually 'ln a dose-

telated manner.

' We obtained our S. typhimurius strains from Dr. Bruce Ames of the .
University of Califoruis at Berkeley.®'’™'® In addition to having - o
mutations in the histidine operan, all the indicator strains have a
nutatica (rfe) :tu: leade to a defective lipopolyseccharide coat; they
8lso have & d.l:cuon that covers genee involved in the synthesis of the
vitamin blotin (_i_o) and in the repair of ultrnvtolet (uv)=-1nduced DNA
dansage (_).“ The rfs mutation makes the straine ior. pcmcbh to
nany large arodatic molecules, thersby incrsssing the mucagenic effect
of these -oleculu. The uvrB mutst’sa ceuses decreased repair of some L
types of che-ic‘lly or physically damaged DNA and thereby enhances the :
uuina' sensitivity to some mucagenic agsats. Strain TA153S is reverted
to hh by uny -utuens that cause base-pair substitutions. TAl00 s
derived from '1'4.1535 by the introduction of the resistance transfer .
faceer, ph--.l; pRM101.  Thie plesmid is believed to cause an increase
in e:tor-pron:' DNA repair that leais to meny wore mutations for & given
dose 2f most mutagens.” In addition, plasmid pKMIOl coafers resistence
to the antibiotic empicillin, which is a convenient marker to detect the
presence of the plasmid in the cells. WUe have chown that TAl00 can
detect mutsgens such as benzyl Ehloridc and 2-(2-furyl)-3=-(S-nitro~-2~
tunl)nctyln&?c \AFZ) that are not detected by TA1S3S. The presence of
this plu-u -.lno makes strain TAlO0 seasitive to uome frameshift muca- "
gans [e.g., IC!.-191 bmo(c)‘pyrenc. aflatoxin By, and 7,12-dimethylben~ )
'z(c)-um-ccnc']. Straine TA1517 and TA1S)$ are vreverted by many frame-
shife. mutagens. Strain TA98 ic derived from TAL538 by the addition of
plasmid pKMIOY, vhich makes it more seasitive to some mutagenic agents. i

411 i{odicator strains are kept at 4° C on minimal agsr plates,
supplemented u_ith an excess of biotin snd histidise. The plntél with
the plasmid-carrying straine contain, in eddition, ampiciliin (25 ug/ml)
to easure lnliic saintenance of plasaid pl3{101. " New stock culture
places are u@ every four to six vuh from u.n:lc colony teigclates ‘

© BEST DOCUMENT AVAIABLE | B
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that have been checked for thelr genotypic characteristics (his, rfa.
uvres, bio) snd for the presence of the plasmid. For each experiment, an
inoculus froe the stock culture plates is grown ovemi;fu st 37° C in
putrient broth (Oxoid, 467). After stacionsry overnight growth, the

i

cultures are shaken for 3 to & hours to ensure optimal growth.

v
-

70 a sterile 13 x 100 sm Cest tube pll‘,ced {n & 43° C heating ;
block, we add in the following order: A - T

(1) 2.00 ml of 0.6% agar* - | t;

(2) 0.05. =l of indicator orgsanisms ' . ’ -'-i" 3

(;) 0.50 ml of megelolic sctivetion mixgure (oyttonnl)f %

(k) 0.02;:'-1 .ot_‘a sclution of the pasticide dissolved in DMSO. . I8
For negative éoutr:oh. ve use steps (1), (2), ead (3) (optional) and E .
0.05 al of the solveant used for the test chemical. For positive 'f
controls, we cest each culture by specific mutagens knoun to Fevert : -
each strain, using steps (1), (). (3) (optional), and (4). L ",

P
_ Thie mixture is stirred gently and thea poured onto minimal sgar

phtu’.* A!t’c}; the top agsr has set, the plates ate {ncubated at 37° C -

for 2 days. ;ﬂu ousber of 3:_11* revertant colonies is counted and |

recorded.

A positive respouse in the Salmonella/microsome &ssay is indicated
by s reproducibls, dose-related increase in the sumber of revertaats in
one oY more o; the tester strains.

abrained origiually from

Dr. D. McCalle. ' It s oph (trp) by virtue of &

: )
0.61 agar coantains 0.05 =X histidine, 0.05 =¥ biotin, asd 0.6% RaCl.

*Sa. page 9. : : . b .

*nmmx sgar pletes consist of, per liter, 15 g of i;lt. 20 g of I
glucose, 0.2 g of MgSO.*7H.0, 2 g of citric scid wmopohydrate, 10 g
of K¢HPO., &nd 3.5 g of WeHNH PO, *&H;0. -
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scrain Therefore, if a chemical interacts with DNA, straiy’ pl478 should 6 [ . <
be mote n\r.{itive than strain W3l10 to any toxic effect dud to this :

interaction.

Cas geeme oe

The B. subt}is streine H17 and M4S were obtained from Dr. T. Kada.''
Strain M4S (rec”) 1N derived from H17 but 1s:deficyént in the genetic
recosbinstion mechani ge. Cells deficlent
is this repair mechenism\gre killed more easily by chemical mutagens than ‘

-

necesssry to repeir DNA

are vild-type cills (r_e£+). If the chemical/is toxic to rec” cells but .

t toxic to cc* cells, the chemical is ) .

_ at the same concentration is
) » = sssumed to interact with DNA.

e A

Tor each efpc‘zmut. an isocul
overnight at 37? C vith shaking 1
= "7 ‘tone snd 0.5% yeast extract. A

(cpproxtntely 32 10° cells) s added to Aml of nutrient broth coatalmiag
".0.62 agar. The luspmion ,{uxcd and poured onto the surface of a plate
‘caautung :hc un ingredientes es the broth plug 2% sgar (25 ml). Uhem -

the top agar hu .‘clidm"l sterile filter disc\impregnated vith the
test substance h pld‘ccd in the center of the plate.\ The plates sre
R incubeted at 137 fur 16 houre; then the width (duu r) of the zone
3.7 of {ahibition g/{
stence are u

from frozen stock cultures is grown
ient broth consisting of 1% tryp-
quot of this bacterial culture 3

rowth {8 measurad. Several concentrati 2f che sub-
1ly tested. We routinely use DMSO ae diluend @nd as solvent

for crystpfline chesicals.

e positive coatrol for this sssay is l-phenyl~3,3-dimethylkriszine.
negative contfol ie chloramphenicol, which should cauee equal z
¢ ishibicien ig both strains because it is toxic to bacteria but doe
Bot ki1l by inceracting with DNA.

\," Aroclor 1254-Stimulated Metabolic Activation

) Some carcinogenic chemical (e.g., of the aromatic smino type or .

polyeyelic hydrocarboa type) are fnactive unlese they are nuboltzd

to active forme. Io snimels end man, an enzyme oyltia in the liver or .
* ether ergane (':l',' lung or kidney) 1o capable of wetebolizing a large . '
- N_:bcr of theee chemicals to carcinogens.®"'® Some of these inter- Tt

®ediste metabolites are very potent mutagens in the 8. typhigyrium ‘

b ’ 10
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Auc has described the liver metabolic activation system ¥ 14
® 1n brief, adult male Sprague~Dawley rats (250 to 300 g) are

test.

we use.’
given a single 500-mg/kg intraperitoneal injection of » polychlorinated

biphenyl, Aroclor 1254. Thie treatment enhances the syncthesis of

enzymes involved u' the metebolic conversion of chemicals. Four dayse’
after the 1njcctton. the enimels' food e :cmvcd. but drinking water
s provided ad libitus. On the fifth day, the rats are killed and the

liver hoco;&@ltc is prepared as followvs.

'.""\"';".v""\. = egemy o
0

The livers are removed ucpticglly end placed in a preveighed
sterile glass besker. The organ weight is dc:cnincd. snd all sub-~
sequent opcur.tunl are :oaducud in an ice b;th.- ‘l‘hc 1ivers arce
veshed 1a m cqual. volume ct cold, sterile 0.15 M KC1 (1 -1/; of
vet orgea), u.nc-d with sterile surgicsl lctnon in three volumes

B R i ottan na da L IR
. . .

of 0.15 M KC1, and howmogen'zed with a Potter-Elvehjem apparatus. The

hmgeuu is centrifuged for 10 minutes at 9000 x g, and the super-

natant, veferred to ss the $-9 fractiom, is quickly frozea in dry ice N
~ snd stored az -80° C. ..

o ) .

The nfdmltc sctivetica mixture counsists of, for 10 ml: .

o 1.00 al of !ruhly thaved $S-9 fraction

e 0.20 &l of MgCls (0.4 M) end KC1 (1.65 M)

0.03 sl of glucose~6-pboephate (1 W)

0.40 ml-of WADP (0.1 M)

$.00 wl of sodium ptosplate (0.2 M, pH 7.4) .
3.35 ul of ¥,0. '

been shown to induce
tro tissue c lture syetes

f mswmalian repeir syntheeis

ex first, the agant interacts vith
then follows iacorporstion

L LK)

1

B‘EST DCUIENT AVAILABLT £

whied

[]

Aeiibqovigre % R s

‘ ‘

.

r e s, g
. .
$
)

.
b
N\,
]
L
M

A

B, TS

- - "". Par s ek Ao e 3R LA - . *
= I LT e o -

=N e



T HITONR T AN, T A ARG M ARy L gt
ERELEE A R I B N N AN ¥

R

—'JJLL"A EEEeN '.»'--Ie\.sﬁ:«_ut -

R a2 A
i d

q..-' o b v ARG, wedt. ¢

A e ® o ®

RETERENCES

V. F. Stamon, A. D. Mitchell, and T. A. Jorgeuson. ELvaluition
of celect pesticides ss chemicel sutegens: In vitro and ia vivo
studies. [Invironsenctal Mealth Tffects Lesearch Series LPA-600/Il~-
77-028, Msy 1977,

d. McCann, E. Chol, L. Yamscaki, end 3. ¥. Amps. Detectioca of
carcinogens ¢s mutsgens in the Seslmonella microsome test: Ascay
ef 300 chemicels. Proc. Nac. Aced. Sci. USA 72, 5135-351)% (1913).

1. F. M. Putchase, £. Loagetell, J. A2hdy, J. A. Styles, D. Anderece,
P. A, Lafevre, and 7. B. Vestvwood. 2velua:ton of siz ohort term
tests for detecting orgenic chemical carcinogens snd recemmends
tions for their use. NKeture 204, 624-327 (1976).

¥. 7. Simmon., In vitro aessys for recombimogenic activity of
chenical cercincgens aad relsted compowmds with Seccharomyces
getevisiae DI. J. Mac. Caacer lnet. C2 (ia prees) (1929).

8. K. Ames, E. C. Curcey, J. A. Filler, sad U, Bartech. Carcimozeas
88 framsehift msutegene: Vatsbolites and derivatives ef 2-scecy.~-
eninclluoteae and other arcmetic saine carcisogens. Proc. Ust.
Aceé. Sci. USA 69, 112C-3132 (1972). )

B. K. 4mse, F. N. Lee, oad U, L. Dureton. Aa impreved Racteriel
teet system for the detection and clessification ¢f sutagens ead
carcinsgene. Proc. fat. Aced. Sci. USA 10, T82-786 (1%7]).

do NecCana, L. R. Cpinpare, J. Kobertl, and B. M. Ancs. The detectiom
of carcisogens ¢s mutagens: Bacterial tester etreise with & fecter
plesmide. Proc. Met. Aced. Sci. LEA 72, ¥79-98) (1973).

B. L. Amse, W. L. Dureton, £. Yemasaki, and F. D. Les. Carciuosene
ere sutagens: A eimple test cystem comdiming iiver bowmopgensces

for cctivation and becterie for detection. Prec. Ket. Aced. Sci.
USA 39, 23:.5-2285 (1973).

L. O, Kter, £. Yamacekti, and B. M. Ames. Detectios ef_mutageaic.
ectivity im cigerette saoke comdensales. Proc. Met. Aced. Sci.
LSA 71, 4159-4183 (197¢). ’

‘8. M. Ames, J. McCeona, end £. Yemsssci. Mathods for aué:i"'

carcinegene sal mutagens with the Salmonelle/sammellan-aictoscne

_mu;utctty teet. Mutatiom Res. )1, J47-)4 (1973).

D. R. McCalls eod D. Veutsimes. Ou mutagesmicity eof sitrofurane.
Nutecfon Ree. 26, J-16 (1974).

8. A. Bridges. Simple becterial systems for detectiag mutegesic
egents. Lab. Pract. 21, 413-419 (1972).

1o EZST DOSUMENT AVAILABLE



et

Aol .2l e

N RTINS §

WA

[

e

.c;!. Yo

v 0 ok ade ot ARt

o oo wh

e @At \ive RMRPANRA meflla

l,‘
6.

13.
16.

.
it.
9.
20.
1.
2.

23.
2.
2s.

26.

2.

:,.

e

7. X. Zimmersans and R. Schvater. A genetic elfect of symmetric
dimethylhydraines induction of sitotic tecombination.
Neturwissenachaften 54, 25] (1967},

p. J. Srusick and V. ¥, Mayer. Wev developments in mutagenicity
scresniag techniquse with ysast. [avic. Neslth Perspectives b,
8396 (1973).

L. L. Slacer, M. D. Andarson, and K. §. Poseakrans. Rapid t.cu_c-
tion of sutagens snd carcimogens. Cancer Ree. 31, $70-973 (1%71).

J. Cress sad M. Croes. Censtic snalyeis of as [. coll straia with
e sutetion sffecting DNA polymersse. Nature 224, 1166=-1168 (1969).

T. Eada. Nutageaicity testing &{ chemicals in sicroble]l systesms.
8 Fev Msthods ia gavizonasatel Chesistry sad fosicology. luter~
satiocnsl Acsdesic Priatisg Co., Totouka, Tokye, 1973.

2. N, C. Som ond 8. T. gScich. DNMA trepsir systhesis of cultured
hunan cells se & vepid biceseay for chesical cevcincgons.

iat. J. Cancer 16, 284-291 (1925).

8. Djesdjevic end L. Tolmech. Responss of eynchronized populstions
ef Msla cells te ultrevielet teradiation st selected staged of the
gesecation cycle. BRadiat. Res. 132, 327 (1967).

2. L. Roouussen asé R. B. Painter. Radistica-etinulated DNA sym~
thosis ia cultured msmmalion celle. J. Cell Bfel. 29, 11 (1964).

C. Schaidt and $. J. Thastnhauser. A nothod for the deteruination
of deexyriboanucieic axfd, cibonucletc ecid, esd phogphoprotetins
1o sainsl tissues. J. Biel, Chesm, 161, 83-89._(1943). — .

€. . Richerds.  Wodificatien of the dipheylanise vesction giving
iscressed senastivity sad cimplicity is the estimation of DRA.
smsl. Blechwm. 37, 343-374 (197%4). v

% 8. Splegel. Theory end Problems of Stetistics. Schaan
Nlulu‘ Co., | '.'t. l“l. | 1 QO 36!-3‘..

¥. C. Cusather. Anslysis of Variamce. Pretice-all, Inc.,
Englenoed Cliffs, 8. J., 1964, pp. 20-21, 2i-43.

g. Slegel. Uosparemetric Stetistice for the Sehavioral Sclewces.
NeCrow-lt1ll Bosk Compuay, New York, 1956, pp. 184=194,

$. 8. Epetein, E. Armeld, J. Andres, V. Base, ssd V. Itiﬁop.
Pegactisn of chemicel mutegens by the dominsat lethal ascay ta
the meuse. Toxzicel. Appl. Pharwmacoel. 23, 288-323 (1972). )

V. ¥. Breheshii. Pocetbilicy el iaductioa of sutstions 1o
sophils melanogester with chlovephes. Mad. Pavesit. Pacsstl.
Beles. &4, 703-706 (1373).

IABC. 2.4-D end Leters. la IARC Monegrephe e the Lvalustics of
Carcimogeaic Rish of Chemicels te Kem vel. 13,1AC, Lyos, Freace,
‘,7,. 14 X lii-l”- ©

Y. Shiresu. Significamce of sutegemicity testing ou pesticides.
Eavives. Qual. Sat. &, 226-231 (1973).

ws  BZST DOCUMENT AVAILABLE

.
H
3
.
'
.
4
’
.

%]

T

!

a v

.

Vi

P
<

¥

di - Koot




