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Abstract

The 7-irradiated medicinal herbs were examined the genotoxicological safety to consider the possibility of
application of the irradiation technology for hygienic purpose. The three medicinal herbs —-Glycyrrhizae Radix,
Aurantii nobilis Pericarpium and Bupleuri Radix- were irradiated with 7 -rays at the practical dosage of 10 kGy.
The hot water extracts of the irradiated herbs were examined in two short-term in vitro tests: (1) Ames test
in Salmonella typhimurium TA98 and TA100, (2) Micronucleus test in cultured Chinese hamster ovary(CHO)
cells. In the Salmonella reversion assays both with and without metabolic activation, the number of revertant
colonies was not increased with each extract from the irradiated herbs, compared with negative controls. No
significant difference in formation of the colonies was observed between non-irradiated and 10 kGy-irradiated
herbs. These results indicated that no mutagenicity of the irradiated herbs was detected. In the micronucleus
tests in cultured CHO cells, the incidences of micronucleus were not increased with irradiated herbs, and no
significant difference in the incidences was observed between non-irradiated and irradiated herbs. These results
indicated that no cytogenetic toxicity of the irradiated herbs was detected. The results of the two in vitro
tests suggest that the irradiated herbs do not show mutagenic effects and cytogenetic toxicity. Further tests
of in vivo genotoxicity and chronic toxicity are needed to determine the safety of the herbs irradiated with

7y -rays at practical doses.
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Table 1. Revertant colonies of the S. typhimurium strains in Ames test with hot water extract of ry-irradiated Glycyrrhizae
Radix

. T . Dose No. of revertant colonies (His") per plate
Test material Irradiation S9 mix (mg/plate) TA9R TAL00

H:0 - - 22, 20, 23 (22) 183, 208, 197 (196)

Glycyrrhizae Radix - - 5 26, 18 (22) 221, 212 (216)

- - 2.5 24, 24 (24) 191, 173 (182)

- - 1.25 25, 23 (24) 179, 177 (178)

- - 0.63 23, 21 (22) 188, 189 (189)

- 0.32 21, 23 (22) 160, 192 (176)

+ - 5 25, 29 (27) 194, 205 (200)

+ - 25 19, 24 (22) 209, 190 (200)

+ - 1.25 16, 20 (18) 177, 185 (181)

+ - 0.63 22, 18 (20) 187, 187 (187)

+ - 0.32 24, 26 (25) 187, 198 (193)

NPD - - 0.02 2089, 2130 (2110)

Na-Azide - - 0.0015 1120, 1159 (1140)
H:0 - - 26, 19, 22 (22) 170, 181, 195 (182)
H:0 - + 24, 26, 21 (24) 221, 209, 207 (212)

Glycyrrhizae Radix - + 5 26, 28 (27) 237, 185 (211)
- + 25 24, 23 (24) 201, 172 (187)

- + 1.25 32, 29 (31) 170, 173 (172)

- + 0.63 25, 26 (26) 163, 156 (160)

- + 0.32 29, 27 (28) 162, 176 (169)

+ + 5 26, 29 (28) 210, 204 (207)

+ + 25 28, 14 (21) 225, 202 (214)

+ + 1.25 20, 18 (19) 172, 187 (180)

+ + 0.63 38, 23 (31) 171, 158 (165)

+ + 0.32 28, 18 (23) 188, 157 (173)

2-AF ~ + 0.010 1204, 1229 (1217) 746, 771 (759)

YIrradiation (10 kGy of Co-60 7-ray) was treated to the sample before extraction.
*Positive control: NPD (4-nitro-o-phenylenediamine), Na-Azide and 2-AF (2-aminofluorene).

Table 2. Revertant colonies of the S. typhimurium strains in Ames test with hot water extract of y-irradiated Aurantii
nobilis Pericarpium

. . D . Dose No. of revertant colonies (His') per plate
Test material Irradiation S9 mix (mg/plate) TAGS TAL00
H=0 - - 21, 25, 21 (22) 186, 169, 152 (169)
Aurantii nobilis - - 5 29, 24 (27) 169, 178 (174)
Pericarpium - - 25 29, 19 (24) 146, 160 (153)
- - 1.25 25, 25 (25) 174, 164 (169)
- - 0.63 24, 25 (25) 160, 148 (154)
‘‘‘‘‘ - - 0.32 29, 24 (27) 147, 162 (155)
+ - 5 28, 22 (25) 150, 176 (163)
+ - 2.5 24, 23 (24) 135, 158 (147)
+ - 1.25 21, 16 (19) 174, 155 (165)
+ - 0.63 25, 21 (23) 125, 142 (134)
+ - 0.32 19, 21 (20) 153, 139 (146)
NPD - - 0.02 1963, 1987 (1975)
Na-Azide - - 0.0015 1017, 1052 (1035)
H:0 - - 21, 18, 21 (20) 174, 166, 167 (169)
H0 - + 27, 28, 27 (27) 170, 195, 166 (177)
Aurantii nobilis - + 5 18, 28 (23) 190, 185 (18R)
Pericarpium - + 25 28, 20 (24) 175, 179 (177)
- + 1.25 28, 26 (27) 179, 182 (181)
+ 0.63 22, 30 (26) 165, 177 (171)
.... + 0.32 29, 31 (30) 173, 176 (175)
+ + 5 26, 23 (25) 181, 176 (179)
+ + 25 21, 20 (21 186, 191 (189)
+ + 1.25 18, 25 (22) 167, 197 (182)
+ + 0.63 22, 28 (25) 183, 165 (174)
+ + 0.32 26, 21 (24) 173, 158 (166)
2-AF - + 0.010 1089, 1132 (1111) 758, 778 (768)

“Irradiation (10 kGy of Co-60 y-ray) was treated to the sample before extraction.
*Positive control: NPD (4-nitro-o-phenylenediamine), Na-Azide and 2-AF (2-aminofluorene).
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Table 3. Revertant colonies of the S. typhimurium strains in Ames test with hot water extract of y-irradiated Bupleuri

Radix
N , . b . Dose No. of revertant colonies (His') per plate
Test material Irradiation S9 mix (mg/plate) TAGR TAL00
H20 - - 16, 8, 22 (15) 142, 162, 136 (147)
Bupleuri Radix - - 5 22, 23 (23) 144, 143 (144)
- - 25 13, 12 (13) 145, 144 (144
- ~ 1.25 15, 18 (17) 140, 126 (133)
- - 0.63 20, 15 (18) 143, 142 (143)
T ~ 0.32 13, 6 (10) 148, 145 (147)
+ - 5 21, 16 (19) 146, 170 (158)
+ ~ 2.5 14, 14 (14) 142, 141 (142)
+ - 1.25 21, 17 (19) 146, 144 (145)
+ - 0.63 17, 19 (18) 138, 147 (143)
+ - 0.32 17, 15 (16) 137, 134 (136)
NPD - - 0.02 2042, 2068 (2055)
Na-Azide - - 0.0015 1235, 1258 (1247)
H:0 - - 19, 16, 18 (18) 158, 135, 138 (144)
HO - + 31, 21, 31 (28) 153, 152 (153)
Bupleuri Radix - + 5 32, 26 (29) 150, 176 (163)
~ + 2.5 41, 30 (36) 161, 163 (162)
- + 1.25 44, 25 (35) 146, 162 (154)
+ 0.63 28, 22 (25) 155, 158 (157)
- + 0.32 28, 18 (23) 156, 151 (154)
+ + 5 20, 35 (28) 164, 168 (166)
+ + 25 33, 29 (31) 179, 173 (176)
+ + 1.25 23, 26 (25) 177, 172 (175)
+ + 0.63 29, 37 (33) 154, 159 (157)
+ + 0.32 30, 21 (26) 187, 186 (187)
2-AF - + 0.010 1089, 1132 (1111) 758, 778 (768)

YIrradiation (10 kGy of Co-60 y-ray) was treated to the sample before extraction.
*Positive control: NPD (4-nitro-o-phenylenediamine) and Na-Azide.
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Table 4. Frequency of micronuclei (MN) in cytokinensis-blocked CHO cells following treatment with water extract of 7 -

irradiated Glycyrrhizae Radix

Test material Irradi;) S9 mix Dose No. of CB cells with n MN Total MN/1000 cells
ation (mg/mL.) 0 1 2 3 4 No. of MN  (Mean*tSD)

H:0 - - - 2,942 50 7 1 - 67 21.3*6.6
Glycyrrhizae Radix - -~ 1 2,937 56 6 1 - 71 237*%15
- - 0.3 2,940 56 4 - - 64 21.3+7.0
- 0.1 2,948 49 3 - - 55 183415
+ - 1 2,899 90 9 : - 114 38.0+4.6
+ - 0.3 2,908 84 6 2 - 102 34017
+ - 0.1 2,930 61 6 3 - 82 273+3.1

MMC - - 0.0001 2,698 266 30 5 1 345 115.0*+126
H0 - + - 2,920 73 7 - - 87 29.016.9
Glycyrrhizae Radix - + 1 2911 82 7 - - 96 327%71
- + 0.3 2,910 78 12 - - 102 34.0+9.6
- + 0.1 2,909 84 7 - - 98 327132
+ + 1 2,906 34 9 1 - 105 350+35
+ + 0.3 2,388 96 9 3 - 123 410146
+ + 0.1 2,907 33 5 - - 93 327127

Bla)P - + 0.02 2,634 324 35 6 1 415 138.3*194

YIrradiation (10 kGy of Co-60 y -ray) was treated to the sample before extraction.
*Positive control: MMC (mytomycin C) and B(a)P benzo(a)pyrene).

Table 5. Frequency of micronuclei (MN) in cytokinensis-blocked CHO cells following treatment with water extract of 7 -

irradiated Aurantii nobilis Pericarpium

Test material Irradil; S9 Dose No. of CB cells with n MN Total MN/1000 cells

ation’ mix (mg/mL) 0 1 2 3 4 No. of MN (Mean* SD)
H:0 - - - 2,948 45 7 - - 59 19.7£3.1
Aurantii nobilis Pericarpium - - 1 2,944 54 2 - - 58 193146
- - 0.3 2,950 46 4 - 1 58 193%1.2
- 0.1 2,962 38 - - - 38 12.7£31
+ - 1 2,954 42 3 1 - 51 17.0+53
+ - 0.3 2,969 24 6 - 1 40 12.0£53
+ - 0.1 2,963 35 1 1 - 40 133423

MMC - - 00001 2698 266 30 5 1 345 1150%126
H0O - + - 2,913 79 7 1 B 96 320135
Aurantii nobilis Pericarpium + 1 2,911 32 7 - B 9% 32026
- + 03 2,910 81 7 2 B 101 33.7*+23
- + 0.1 2,901 87 10 2 B 113 37.7*+2.3
+ + 1 2,897 93 8 2 B 115 38.3%65
+ + 0.3 2,917 79 4 - _ 87 29010
+ + 0.1 2,391 96 11 2 124 41.3%42

Bla)P - + 0.02 2,634 324 35 6 1 415 1383+194

YIrradiation (10 kGy of Co-60 y -ray) was treated to the sample before extraction.
*Positive control: MMC (mytomycin C) and B(a@)P (benzo(a)pyrene).
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Table 6. Frequency of micronuclei (MN) in cytokinensis-blocked CHO cells following treatment with water extract of 7 -

irradiated Bupleuri Radix

Test material Irradi S9 Dose No. of CB cells with n MN Total MN/1000 cells
ation” mix (mg/mL) 0 1 2 3 4 No of MN (Mean£SD)
H:0 - - - 2,946 43 5 1 - 61 20.3%55
Bupleuri Radix - - 1 2,923 66 10 1 - 89 29751
- - 0.3 2,926 72 1 - 1 78 27028
- - 0.1 2,954 41 3 2 - 53 177142
+ - 1 2,910 74 15 1 - 107 35.7+32
+ - 0.3 2,941 53 4 1 1 68 227121
+ - 0.1 2,942 55 1 - 62 207*+15
MMC - - 0.0001 2,698 266 30 5 1 345 115.0%£12.6
H20 - + - 2,041 57 1 1 - 62 20533
Bupleuri Radix - + 1 2,930 66 3 - 76 253%25
- + 0.3 2,946 53 1 - - 55 183%1.2
- + 0.1 2,961 37 1 1 - 42 14.0x35
+ + 1 2,940 54 3 1 2 71 237149
+ + 0.3 2,955 42 2 - 1 50 16.7£25
+ + 0.1 2,955 40 1 3 1 55 183£0.6
B(a)P - + 0.02 2,634 324 35 6 1 415 13831194

PIrradiation (10 kGy of Co-60 7 -ray) was treated to the sample before extraction.
*Positive control: MMC (mytomycin C) and B{@)P (benzo(a)pyrene).
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