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for the microbial mutagenicity tests

Fumiko Banno, Shoji Saito, Toshiyuki Tsuchiya, Yuji Hagiwara
Safety Evaluation Center, Central Research Laboratory, Showa Denko K. K.
1-1 Ohnodai 1-chome, Midori-ku, Chiba City 267-0056, Japan

Summary

We examined six different solvents to determine their compatibility with the Safmonella
and Escherichia/microsome mutagenicity (Ames) assay. These solvents were acetone, 95%
ethanol, ethylene glycol, glycerol formal, formamide and 1096 PLURONIC F-68 solution. The
standard mutagens used were 2-(2-furyl) -3- (5-nitro-2-furyl) acrylamide, benzo (a) pyrene,
2-aminoanthracene, 9-aminoacridine hydrochloride monohydrate, sodium azide and
bleomycin hydrochloride. Tests were carried out in five histidine-requiring strains TA 98,
TA 100, TA 102, TA 1535 and TA 1537 of S. typkimurium, and three tryptophan-requiring
strains WP 2 uvrA, WP 2 uvrA/pKM 101 and WP 2/pKM 101 of E. coli, both in the absence
of and in the presence of metabolic activation (S 9mix), in two separate experiments. All
treatments were performed after a 20-min. pre-incubation procedure. 50 4/ of each test
article solution and solvent was administered per plate. Five solvents (acetone, 95% ethanol,
ethylene glycol, formamide and 1096 PLURONIC F-68 solution) were found to be compatible
with the eight test strains. Glycerol formal was found to be toxic (inhibiting growth) to
TA 102, TA 1535 and TA 1537. It is suggested that glycerol formal should not be used as a
solvent in the Ames test.
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Table | Positive control chemicals and test strains

Positive control chemicals (within the limits of dose : ug/plate*)

Without S9mix With S9mix

Test strain

S. typhimurium

TA98 AF-2 (0.02500~ 0.40) B(a)P (1.25~20)
TA100 AF-2 (0.00250~ 0.04) B(a)P (1.25~20)
TA102 BLM (0.25000~ 4.00) 2AA  (0.50~ 8)
TA1535 NaN, (0.12500~ 2.00) 2AA  (0.50~ 8)
TA1537 9A  (1.25000~20.00) 2AA  (0.50~ 8)
E. coli
WP2uvrA AF-2 (0.00250~ 0.04) 2AA  (1.25~-20)
WP2uvrA/pKM101 AF-2 (0.00125~ 0.02) 2AA  (0.50~ 8)
WP2/pKM101 AF-2 (0.01000~ 0.16) 2AA  (1.00~16)

* The mutagenicity test was performed with five doses at least twice.
AF-2 12-(2-furyl)-3-(5-nitro-2-furyl) acylamide (CAS No. 3688-53-7) (RIY:#1%E T 265)

BLM : bleomycin hydrochloride (CAS No.9041-93-4) (Rl T 360

NaN,

: sodium azide (CAS No. 26628-22-8) (FIYLHi3%E T 268)

9A : 9-aminoacridine hydrochloride monohydrate(CAS No. 52417-22-8) (Aldrich Chemi-

cal Co,, Inc.)

B(a)P : benzo(a)pyrene (CAS No.50-32-8) (HIJLshs3E T 264)
2AA :2-aminoanthracene [CAS No.613-13-8) (FIM#i3E T %68)

AU Far—yva rOFRLRHNT2LEELD 2,

7z, = — A AFERC A ATRE AoV« B T 2 SCEkig,
S. typhimurium TA98 H 2 i3 TA100 kB4 27
—F3H 20, TOMDOT A MEKICET ST —5 134
T,
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HEhTw2 72 EEZ Y SERCHER TS 284 %
BREZERT 5101, BEXEYERRW T 6 EED
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—AABBILITC, 20O v A vFaR— g Vi
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1. BEFLI-BE

acetone[CAS No. 67-64-1] (FAZE, ME 99.5%,
FILREZE T 260), 95 % ethanol[CAS No. 64-17-5] (&
EEE, M 99.5%, BAHE{LZEE), ethylene glycol
(CAS No.107-21-1] (3R, #E 99.5%, HEL
2#69), glycerol formal [CAS No. 4740-78-7] (ER1L
BT %89, formamide [CAS No. 75-12-7] (& 98.5
%, EEALERIT#EH) BL1T10% PLURONIC F-68
solution [CAS No.9003-11-6] (Sigma Chemical Co.)
KDOWTRET L7z, &8, SMEBEE LT DMSO[CAS
No. 67-68-5] (AL H, #iE 99.5 %, FIYEHI3E T 36)
B LUK (FEHAK, KERETER 2EHLL.

2, RALLT R EHE L UBMERYE

FMRTEAL 7 A K, BESEYE L 2 0%
EREHE % Table 1 12~ L7z, B EY 2- (2-furyl)
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-3-(5-nitro-2-furyl) acrylamide (AF-2), benzo(a)
pyrene (B(a)P) 8 & Uf 2-aminoanthracene (2 AA) i,
EFNEFN10mg/mIBE W22 X 5 DMSO B ##
L, 9-aminoacridine hydrochloride monohydrate(9 A)
iE, 50mg/m/BEC22 L5 DMSOCEREL,
sodium azide (NaN;) 3 & Of bleomycin hydrochloride
(BLM) i3, 10mg/m! BEC % % & 5 W EKEKICERE
L, ZRENT 7R F v 78/NEABUTA0.2ml T2
SELT-20CTRE L7z, s OB BYEEE
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—Bi3, TRThOBEEMBO 2EU oI =—Ho
HOONTEHEAT, BHEMBEOI 0= —HEZEL5| X,
nmol H 2 WiF ug BV CHE LT, Ih5DHMEMED
FTRbEWELRD, NBEEICHAWLETAKD 5
[EDMSO i E%* 1.0 Lt 2 0HEE®EE LI
wLie.

TRNTNOEED 7T A PEKIC T 2EMI1E, AEK
H 5 i DMSO 2EE & U723 EB& D background lawn
OEBEREEEREFXATIHBBET LI Licd>T
A A

5 R

SEERL 2T RTO T — L ARERIZ, HRERCIZ
LEBEOGMEE S04l 1, 37°C, 2030711 >~
Far—va VETERL:, ZOBELZLITIRLT.

1) SEERLLEBHED > b glycerol formal 13, 1%
HEEERCL o WEED TA102, TA1535 BL
TAIS37TH T, BENHBEO 7V — o BEOEBHE
BsELon (Fig I-E, GBLUI)., IhHNDEBE
OB 7V — P CEHEROEBTHERR D Lo
7z, # L T glycerol formal DIAA OB 2 {F B L 7- RER
BT, TRRTO7 A MEHBECBWTEEHEBO 2
FBLULLOBFRER 2 v —HPHBCKEL CED S
n, SEFEALCBESEYESBE L HET 22 L8
T&7z, THASOFBRICBEEESED ST,

2) &RBRICEY 2¥HEE (Fig. 1) 8X UHE—KIG
thif (Fig. 2) LI5S, 7 A MEBERS L UVBHEO
BEICL-oTE, ZhZhBlaoEB L MEE (KIE)
xRz,

3) Acetone, formamide B & 1f 95 % ethanol T#H
BLI-9ABIKRDO TAIST BROBRICBWT, FhFh
OHEES L URAE—- KGR IE, DMSO 265 L 73
BOBRIH®L TEWEL L MEE 2R U (Fig. 1-
I XU Fig. 2-A), &t B, acetone TD 9 A ¥ D 5
RFICTE R /AT 0358 8D & 72 3, formamide 3B L 7095 %
ethanol TOFBFFIZ B/ ITHIEED o 7z,

4) Formamide i3, B(a) P O 3SR bR /47 H 2558
oz, TOB@QPBEEREFEHAL TABKOR
BOBEES L UBE—KICHE, DMSO »%iF & L
TeRBOERE L EML Twi: (Fig. 1-B B X O Fig. 2-
B). %7z, TA 100 (kO AR OB EfEIX DMSO Of5H &

FBUPL Twiedd, HE-—RICHBORIGHERS» - 72
(Fig. 1-DB X U Fig. 2-D). & 52 10% PLURONIC
F-68 solution i, B(a)P B X U 2 AA O FRIEFIC 9@ »
wHohih, ThoDBEREERLHBOBREES
L UAE—KIGHE I, DMSO 23 & L-RBOFER
sl Twi: (Fig.1-B, D, H, ], L, N, PB
LU Fig.2-B, D, G). &8, IhsOWE/HiEE,
TV — P TOBEETRICEFZED shkd o,

5) Acetone, glycerol formal 8 & 1795 % ethanol
THELLBQQPH#EEPH YV TAB B L F TAL00
BRORAEBRFERIE, DMSO %5 & U ABROMEE & L
BLT1.7~-3.2F0E%2R LK (Fig. 1I-BBXLUD),

6) Acetone, glycerol formal 8 & 1¥95 % ethanol
THEL B@QPEKRO TASBBKORRBIZB VT, #
NFhORE—-RIGHBCE— 78R o oz, BU
THRI2EEBED 57z (Fig. 2-B).

7) Acetone, ethylene glycol, 95 % ethanol ¥ & f
10 % PLURONIC F-68 solution TZH% L 7z BLM %%
PR TA102 BRORER ORI, KEBHEL LR
BOBEEI B L TENLTN2HEHMEOERR LT,
UL, formamide THEIL 7- BLM BB O#EEIT,
AREBHRE ULFABROBEHEL DENHER2SRLL (Fig
1-E).

8) Acetone X, EEMNEWI L, 10% PLUR-
ONIC F-68 solution i3, €2y hIRFEPIC KA B P
T E»S, TheOBEFRIIFERLICL ok,

% =

I-LAXARABEERT 2HE, BF, Kdd i
DMSO  E5FHT 2, LarL, INSDOBEIHERED
ZVEH-CEBELWLELE L, 20 L5 B8E,
HERCER T RITOLERLERL 2R S5 2w
23, FEIRUEHEPIFERT 2T RTOT7T A NEKRCENE
ERITLIEERALZTFRER S, IALDE
LSz — AARBHERASURETH D Z EWREE
N T 5 FHBEIC acetone, 95 % ethanol, ethylene
glycol, glycerol formal, formamide, acetonitrile,

dimethyl ether, 1- methyl -2-
pyrrolidinone, p-dioxane, tetrahydrofurfuryl alcohol
¥ & Ftetrahydrofuran 7z £ #3% % (Maron et al,
1981), %72, TA BLIU TAI0REFEHR L2 — A
ARE (VA v Fa—va vk CHWZEEE
DO#Et 21T\, ethylene glycol, formamide 7 & 12 38
ODBEHCEHKOEFTHEY TSR > IEDOREDL D
Z(BHEHEFS, 1994), ddv2zofboEH LTIk
A F W REEEHITH 2 Tween 80 2 A L TRABRE
WEHARL T AHERL EDH H 5 (J. M. Lockard et al.,
1982 ; EAiC &, 1994), 4 b, TA98, TA 100, TA
1535, TA 1537 B L U WP 2 uvrA BRIZ DWW Tid, 20 %

ethylene glycol
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Fig. | Comparative examination of 6 solvents with the microbial mutagenicity test
The microbial mutagenicity test was performed with a 20-min preincubation (Ames et al., 1975 ; Maron and Ames, 1983)
at least twice. All test article solutions and solvents were screened with 50 u/per plate. The number of induced His* or
Trp* revertants per nmole or y g was calculated at every dose ; the highest value for each chemical and strain is indicated.
The numbers in parenthesis represent the relative values when the number of His* or Trp* induced revertants per nmole
or ug of DMSO or water is set as |.0. The symbols, # and * indicated precipitation and white cloudy, respectively. The
symbol, 3% indicated growth inhibition (toxicity) of test strain.

Tween 80-DMSO B2 = — L ARBICEWTH 2 =
ELFERL T3 (KR¥ER). %7, ethylene glycol
dimethyl ether %, TA 98, TA 100, TA 1535, TA 1537
BIUWP2uwAERAWES Y — Mt (BRI
RIEEEORMER 100 o) ZERLUER, TAOSE
DEEED 7V — T DMSO OB #MFHO 71— b
D au=—HPRIVEHRT A EACHD, O
—TNVEIPSFERALIZS WERBBHETh - (RER).
¥ 7z, PLURONIC POLYOLS @ in vitro B TOBE
BEMHCDOVTIE, BEMRCHL TEERRL, R
FEHb W LY O®ENH 2 (R.]. Papciak et al,,
1985).
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Fig. 2 Typical dose-response cureves to 6 solvents of positive control chemicals

The symbols, I, 00, A, @, ®, A, O and { indicated DMSO, water

, acetone, glycerol

forma ethylene glycol, formamide, 95% ethanol and PLURONIC F-68(10 %), respectively.

FRIZOWTHSEHOZ SR IRNBLETHL LED
iz, COEIBRBEECII2FRER 20— BOHHR
KT AEEDLTIEWLL OLORESDD, 2AD
ZRFMIL, acetone 3B L LIzBH L D DMSO 2%
e LA DESESE L, FHL % DMSO E4354%
BupgEyz8dohTwvw? (Anderson et al,

1980), Fx BERL Iz TA1535 8L U TA 1537 =AW
eABIIBY 5 2AOKREHICOWTY, BEELT
acetone £ Y & DMSO 2{#FA L - AV HE— RIGHR
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1985) & S. mphimurium TA 1008 X 4+ 2 N -
nitrosodialkylamines D28 &AM 0 H S O HEI7E A
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DMSO DA st % © — 2 AR {H AT 2185, 8
TE5IRTDT A MERICH T 2BEOBEEEFIC
ERLAZTNhEROR NI EBTRB IR,

Z2EXH®
Ames, B. N, J. McCann and E. Yamasaki (1975) Methods for

detecting carcinogens and mutagens with the Salmonellaf
mammalian-microsome mutagenicity test, Mutat. Res., 31,
347-364.

Anderson, D. and D. B. McGregor (1980) The effect of solvents
upon the yield of revertants in the Salmomnella/activation
mutagenicity assay, Carcinogenesis, 1, 363-366.

ERACT, PEEITH (1994) 75 R F v 7 KO R FMHE,
FRFMFRER, 3, 147-154.

HHAETF, AT (1994) Ames HERZHV 2B ORKRET, B
AXRELZRFYSHEE, p 89,

Lockard, J. M., J. W. Prater, C. J. Viau, H. G. Enoch and P. S.
Sabharwal, with technical assistance from N. S. Hansberger,
J. R. Gleason Jr,, S. J. Kamber, C. E. Lambert and J. C. Carter
(1982) Comparative study of the genotoxic properties of
Eastern and Western U. S. shale oils, crude petroleum, and
coal-derived oil, Mutat. Res., 102, 221-235.

Maron, D.M. and B. N. Ames (1983) Revised methods for the
Salmonella mutagenicity test, Mutat. Res,, 113, 173-215.

Maron, D,, ]. Katzenellenbogen and B. N. Ames (1981) Compat-
ibility of organic solvents with the Salmonella/microsome
test, Mutat. Res., 88, 343-350.

Nestmann, Earle R., George R. Douglas, David J. Kowbel, and
Tina R. Harrington (1985) Solvent interactions with test
compounds and recommendations for testing to avoid arti-
facts, Environmental Mutagenesis, 7, 163-170.

Mori, Y., H. Yamazaki, K. Toyoshi, Y. Emi, K. Uchida, M.
Tsutsumi and Y. Konishi (1985) Inhibitory effect of organic
solvents on the mutagenicity of N-nitrosodialkylamines in
Salmonella, Mutat. Res., 142, 153-158.

Arimoto, S., N. Nakano, Y. Ohara, K. Tanaka and H. Hayatsu
(1982) A solvent effect on the mutagenicity of tryptophan-
pyrolysate mutagens in the Salmonellz/mammalian mi-
crosome assay, Mutat. Res., 102, 105-112.

27

NI | -El ectronic Library Service



