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Genotoxicological Safety of the Gamma Irradiated Medicinal Herbs
in the Salmonella typhimurium Reversion Assay

Sung-Kee Jo*, Hong-5un Yook and Myung-Woo Byun

Dept. of Food Irradiation, Korea Atomic Energy Research Institute, Tagjon 305-353, Korea

Abstract

The three medicinal herbs—~ Curcuma longa Linne, Faeonia jeponica Miyabe, Scutellaria baikalensis
George—irradiated with gamma rays have been tested for their possible genotoxicity. The methanol~
soluble and water—-soluble fractions of the 10kGy gamma-irradiated herbs were examined in the Salmonella
typhimurium histidine reversion assay(Ames test) using S, typhimurizm TA98, TA100 and TA102 as
tester slrains. No mutagenicity was detected in this assay with or without metabolic activation. The
safety of the herbs irradialed with gamma rays at practical doses needs to be evaluated in further tests
of genotoxicity in vivo and chronic and reproductive toxicity.
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Table 1. Revertant colonies in the S. typhimurium reversion assay wilth methanol-soluble fraction of Y-irradialed

Curcuma longa Linne

Number of revertant colonies(His ") per plate

Test. Trradi 59 Dose

material -ation” mix (ug/plate) TA9S TAIN TAL0Z

DMSO - - 24+ 4 170% 8 207+ 58

Test - - 40.0 4= 2 166+12 302+ 20

material - - 123 BT 7 156111 335* 16
- - 44 32+ 4 159t 1 33+ B
- - 13 28 1 154411 310 13
- - 0.4 21 2 167+11 07 2
+ - 40.0 26= B 158+ 5 o8 7
+ - 133 257 1 154£11 322+ 30
+ - 4.4 24+ 1 141+ 1 304 9
-+ - 1.3 231 143=20 259 4
+ - 04 24+ 3 15413 313+ 13

NPD - - 20 204940

Na-Azide - - 15 1243—=38

MMC - - 05 5110139

DMSO - 3+ 6 202123 205+11

DMSO - + x5 225116 320t 15

Test - + 40.0 25+ 4 217 7 353+24

material - + 133 30+ 8 217+ 2 328E£26
- + 44 33+ 7 206t 4 31T
- + 13 w2 20211 323+18
- +- 0.4 J/E T 223+ 2 J25E18
+ - 400 3010 21513 30410
+ - 13.3 314+ 3 212+ 2 320= 8
+ - 4.4 2t 8 208+ 7 J13+14
+ -+ 1.3 34+ 3 212% 6 28128
-+ + 04 29t 4 218+£13 g+ 2

2-AF - + 14 1247157 TI1£30 48547

rradiation!10kGy of Co-60 gamma-ray) was treated to the medicinal herh before extraction

NPTH4-nitra—o—phenylenediamine), Na-Azide(sodium azide), MMC(rmitomycin C) and 2

used as positive controls [or the correspondmg strams

- AT {2-aminofluorens) were

Values represent mean+ 5.0, of revertant colonies per plate in duplicate experiments excepl for negative control groups
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Table 2. Revertant colonies in the S. typhimurium reversion assay with water-soluble fraction of Y-irradiated Cur—
ctima foriga Linne

Test Ireadi o) Dose Number of revertanl colonies(His ") per plate
material -ation” mix {ug/plate) TAGK TALOD TALD2
H:0 - - o6t = 241+ 19 310 33

- 26+ 5 n

Test - - 7,500 m 4 275+ 3 391+ 8

malerial - - 2,500 o7t 1 252123 Ik 23
- - 833 ?71 1 237+12 359 10
- - 278 ;11 3 238% 4 306t 39
- - a3 ;2£ 4 240+13 297 235
+ - 7.500 ;2+ 1 226417 384= 14
+ - 2,500 ;8‘—“ 1 219+ 4 B/l 1
+ - 833 e 4 225+ 32+ §
-+ - 278 55: 5 23252 276+ 10
-+ - 93 25; 3 24118 280 20

NFD ) - 0 216455

Na-Azide - - 15 - 1136+t54

MWNVIC - - 05 52051138

H:O - - 23+ 3 214= 9 294t 6

H:C - + 6+ 8 256+19 324+ 15

Tesl - + 7500 33f 8 228113 344+ 12

material - -+ 2,500 3/E10 256+ 3 336+ 16
- + 833 34+ 4 |39+ 7 316 74
- + 278 35+ 8 250+18 342+ 33
- + 93 37t 1 27+ B 308+ 52
+ + 7500 34+ 4 243120 354k 11
+ + 2,500 M+t g 6127 M6 |1
+ + 333 33+ 4 245138 320L% 41
+ + 278 0= § 222+ 3 312+ 13
+ -+ 93 Bt 2 254+ 35 324t 34

2-AF - + 10 118625 762159 589=* 81

Ulrradiation{10kGy of Co-60 gamma-ray) was trealed 1o the medicinal herb before exiraclion
NPD{4-nitro-o-phenylenediamine), Na- Azide{sodinm azide), MMC(mitomyem C) and 2- AF{2-armnofluorene) were used

as positive controls for Lhe corresponding strains

Values represent mean £ 3.D. of revertant colomes per plate m duplicate expenments except for negative control groups

(triplicate)
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Table 3. Reverlanl colonies in the S. fyphimurium reversion assay with methanol—scluble fraction of Y-irradiated Paeornia

Japonica Miyabe

Test Irradi 59 Dose Number of reverranl colonies(His™) per plate
material -aticn” mix {pbg/plate) TAIS TAI0D TAL02
DMSO - - 2410 246+ 18 290+ 24
Test - - GI(5094) 251+ 3 227t 1 297% 44
material - - GI{E0%)/3 20t 1 200+£ 17 308+ 16
- - GI{6(%:)/4 2= 1 214+ 22 298+ 2
- - GI{50%6)/27 27t 8 244+ 4 126+ 43
- - GI{5026)/81 23+ 2 232+ 30 307+ 11
+ - GL{E0%) 27+ 1 213 B 332+ 9
+ - GI{50%)/3 24+ 2 222+ 10 297+ 23
+ = GI(JO%)’Q 20+t 2 /4T 7 1 7
+ - GI(E026)/2 28t 5 238+ 4 330+ 34
+ - Gl JOO/)/SI 18 5 218 8 310+ 33

NPD - - 20 1897 =40

Na-Azde - - 1o 894 +138

MMC - - (b 5340161

DMSO

DMS0 - - 25t 4 221+ 19 337+ 9

Test - + 31= 4 245=x 10 3™t 18

aterial - + GI(50%) 28+ 1 236+ 17 337+ 37

- + (309’)/3 31t 6 214 1 30+ 13
- + GIB0%)/9 2t b 224+ 4 3|t 1
- + GI(0%6)/27 20T 1 226+ 1 ;2
- - GI(5025)/81 27t 8 206t 12 349+ 11
- + GEHE0%) 22T 4 2Rot 28 334+ 23
- + GI{50%:)/3 6T 2 213+ 8 368+ §
- + GI{5025)/9 3= 9 223 1 383= 28
— + GI0%)/27 28T 9 231 9 328 6
— + GI{50%)/81 27+ 4 214= 21 M2t 8
- + 10 1090+ 95 72— 7 3B3= 63

2-AF

”Irradiation(lOkGy of Co—B80 gamma-ray) was treated 1o the medicinal herh before extrachon
GI{50%)=concentration of 30% growth inhibiticn, 50ug/plate for TA9S, 400g/plate for TAL00. 2,000ng/plate for TAL02
NPD(4-nitro—o—phenylenediamme), Na-Azide(sodium azide), MMC(mitomycin C) and 2- AF(Z2-aminofluorens) were used

as posttive controls for the corresponding strains

Values represent mean = 5.0 of reverlant colonies per plaie in duplicate experiments excepl [or negative control groups

(triplicate)
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Table 4. Revertant colonies in the 5. typhimurium reversion assay with water—soluble fraction of Y-irradiated Paeonia
Japonica Miyabe

Test Irradi 59 Dose Number of revertant colonies(His") per plate
material ~ation” mix {ug/plate) TABS TAL00 TAL0Z
H:0 - - 23+ 9 170+ 6 297+ 38
Test - - 15,000 33+ 4 166+ 12 302 20
material - - 5,000 23+ 1 156+ 11 335+ 16

- - 1,667 27t 4 159+ 1 335+ 8
- - 556 19+ 7 154+ 11 310+ 13
- - 185 24+ 2 167+ 11 307 2
+ - 15,000 Ax 11 158t 9 308+ 7
+ - 5,000 30+ 2 154+ 11 322+ 30
+ - 1,667 18 1 141+ 1 304t 9
+ - 556 18t 6 143+ 20 209 4
+ - 185 20+ 2 154+ 13 313+ 13
NPD - - 20 2340 92
Na-Azide - - 15 1220+ 103
MMC - - 0.5 5189+ 306
H:0 - - 24+t 4 27+ 7 309+ 14
H:z0 - + 31 3 257t 6 32+t 16
Test - + 15,000 31 3 315+ 25 34t 3
material - + 5,000 2t 8 254 11 382+ 18
- + 1,667 25+ 3 P Jum 367+ 12
- + 558 32+ 12 246+ 10 391+ 25
- + 185 20+ 1 235+ 14 321+ 16
+ + 15,000 20+t 3 301= 6 411+ 6
+ + 5,000 24+ 1 226= 6 37BE B
+ + 1,667 26 10 29= 1 [0 3
+ + oh6 25t 11 247+ 11 329+ 13
+ + 185 2Bt 1 223+ 25 319+ 11
2-AF - + 10 1641+ 158 go9t+ 78 531+ R/7

1)Il'radiEn;ion(l()kGy of Co—60 gamma-ray) was treated to the medicinal herb before extraction
NPD{4-nitro-o-phenylenedizmine), Na—-Azide(sodium azide), MMC{mitomycin C) and 2-AF(2-aminofluorene) were
used as positive controls for the corresponding strains

Values represent mean=®S.D. of revertant colonies per plate m dugplicate experiments except for negative control groups
(triplicate)
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Table 5. Revertant colonies in the S. typhimurium reversion assay wilth methanol-saluble fraction of Y-irradiated

Scutellaria batkalensis George

Test Irradi 59 Dose Number of revertant colemes(His ) per plate
material -ation”’ mix {ug/plate) TAGS TALOO TAL0?
DMSO - - 22+ 2 61+ 3 270 6
Test - - GI(50%) 0+ 6 154t 4 268+ 39
material - - GL50%4)/3 18t 2 162+ 7 305F 12

- - GI(5024)/9 21+ 6 168+ 3 27 21
- - GI(50%4)/27 181k 8 152+ 17 294+ 18
- - Gli509%)/81 13 1 153 4 292+ 8
+ - GI{50%) 16= 4 169+ 1 277 10
+ - GI(50%6)/3 6= 3 154+ 7 275t 22
+ - GI(50%)/9 17 1 166t 1 283 18
+ - GI(50%)/27 I1B£ 5§ 151+ 19 305 1
+ - GI{50%)/81 19 5 142+ 33 281 1
NFPD - - 20 2178+ 197
Na-Azide - - 1.5 12274173
MMC - - 0.5 5520356
DMSC - - 24+ 2 2214+ 23 297+ 15
DMSO - + BdBE 3 241£ 26 33t 8
Test - + GI(50%} 26 5 221+ 13 a7+ 4
material - + GI(50%1/3 32+ 8 218+ 3 367+ 1
- + GI(50%)/9 A+ 4 224+ 8 336E 18
- + GI(00%5)/27 32t 6 215+ 21 353+ 38
- + GI(50%4)/61 Z2ht 1 200t 1 305+ 3
+ + GIB0%4) 26t 6 219 4 363+ 11
+ + GI(50%3/3 Mt 2 216 4 344+ 23
+ + GI(50%4)/% 0+ 4 190= 8 340% 59
+ + GI(50%4)/27 3+ 6 171= 8 336+ 4
+ - GL50%)/81 3Z2+ ) 154+ 2 312L B
2-AF - + 10 1687+ 121 871+ 19 523+ 81

“Irradiation(lOkGy of Co-60 gamma-ray) was treated to the medicinal herb before exiraction
GI(50%)=concentration of 50% growth inhibition; 24pg/plate for TASS, 84ug/plate for TA100, 160ug/plate for TAL02
NPD{4-nitro-o-phenylenediamine), Na-Azide(sodium azide), MMC (mitomycin C) and 2-AF{2-ammofluorene) were

used as positive conlrols for the corresponding strains

Values represent mean =S, of revertant colonies per plale in duplicate experiments excepl {or negalive conlrol groups

{triplicate)
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Table 6. Revertant colonies in the S. typhirmuritm reversion assay with water—soluble fraction of Y—irradiated Scutellaria

baikalensis George

Test Irradi S5 Daose Number of reverlant colomes(His") per plate
material —aticn” mix (Lg/plate) TA98 TALK) TAL02
H:0 - - 2t 6 203+ 18 317 24
Test - - 1.500 M 7 202+ 11 346+ 8
material - - 500 28+ 4 210t 9 320+ 13
- - 167 Bt 8 188+ & 313+ 12
- - 56 0L 2 203+ 15 323= 16
- - 19 20+ 11 208t 4 308= 1
+ - 1,500 25+ 4 189+t 6 360 1
+ - 200 28t 1 196+ & 317 10
+ - 167 2+ 2 177t 6§ 330+ 5
+ - 56 32k 9 185+ 11 313+ 4
+ - 19 31+ 4 192+ 4 327+ 20
NPD - - 20 2226+ 173
Na-Azide - - 1.5 1382£126
MMC - 03 H265 1228
He0 - - 24+ 5 252= 9 323+ 28
H:0 - + 38+ 4 270+ 14 333+ 74
Test - -+ 1,500 B/t 4 273= & 372t 31
malerial - + 500 43+ 4 w/= 1 It 4
- + 167 okt 1 66T 6 M2+ 69
- + o5 28+ 4 BRE § 318+ 29
- + 19 42+ 13 224+ 16 297+ 13
+ + 1,500 27t 2 287+ 28 353+ 43
-+ + 500 3/t 2 28 23 307+ 12
+ + 167 32+ 5 2231+ 9 313%x 11
- + 26 29— 1 224t B 327 11
-+ - 19 mz 1 215+ 13 293+ 4
2-AF - - 10 1548 +350 Brd+ 47 G06E 50

LJIrradiatlon(1(')14:Gy of Co-60 gamma-ray) was treated to the medicinal herb before extraction
NPD{4-nitro-o-phenylenediamine), Na-Azde(scdium azide), MMC(mitomycin C) and 2-AF{2-aminofluorene} were
used as positive controls for the comresponding strains
Values represent mean =3 D. of revertant colonies per plate m duphicate experiments except for negative control groups

10

1L

(triplicate)

nicity assay. Mutation Fes., 69, 199(1580)
. Hubbard, 5 A . Brooks, T. M., Gonzalez, L. P. and Bri-
dges, J. W. : Preparation and characterisation of S8-
fractions. In “Comparative genetic toxicology ~ Parry,
J. M. and Arlett. C. F.(eds.), Macmillan, London, p
41301985}
Ashby, J. and Tennant, R. W. : Chemical slructure, Sal-
monella mutagenicity and extent of carcinogenicity
as mdices of genotoxic carcinogens among 222 chermni-
cals tested in rodenls by the US NCI/NTP. Mutation
Res., 204, 17(1938)
Ashhy, J.. Tennant, B. W.. Zeiger, E and Stasiewicz,
S. : Classificalion according to chemical structure, mu-
tagenicity to Salmanella and level of carcinogenicity
of a further 42 chemicals tested for carcinogenicity by
the US National Teoxicology Program. Mutation Res.,
223, 73(1989)

13. ¢

14,

. Prival, M. ], Bell, 5. J., Mitchell, V. D, Peiper], M. D.

and Vaughn, V. L. . Mutagenicity of benzidine and ben-
zidine—congener dyes and selected moneazo dyes in
a modified Safmonella assay. Mutation Res., 136, 33
(1984)

-, Al 2

)4, 89, a5, T4, A,

Aol Aol AR, £33 WALLEAL kel
A% A o) T T, WAl 4 AR A 84, 9, 67
{1994)

Brusicl, . : Genetic loxicology. In “Principles and
methods of foxicology” Hayes, A. W.(ed.), 3rd ed.. Ra-
ven Press, New York, p. 545(1994)

. Depariment of Health | Guidelines for the testing o

chemicals for mutagenicty. Committee on Mutage-
nicity of Chemicals m Foad, Consumer Producls and
{he Environment. Report on Health and Saocial Security,
HMSO, Londen, No. 35(1989)

(1907d 79 29 A5



