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Genotoxicological Safety of the y -ray Irradiated Herbs:
Astragali Radix, Atractylodes Rhizoma and Cimicifugae Rhizoma
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Abstract

This experiment was performed to test the genotoxicological safety of the three medicinal
herbs - Astragali Radix, Atractylodes Rhizoma and Cimicifugae Rhizoma - irradiated with 7y
-rays. The hot water extracts of the herbs irradiated with y-rays (10 kGy) were examined in
two short-term in vitro tests : (1) Ames test in Salmonella typhimurium TA 98 and TA 100, (2)
Micronucleus test in cultured Chinese hamster ovary (CHO) cells. No mutagenicity was
detected in these two assays with or without metabolic activation by S9 mix. From these
results, the safety of the herbs irradiated with y -rays at practical doses could be revealed in

further tests of genotoxicity in vivo, chronic and reproductive toxicity.
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4 I Q6] FHANE FHAH WA ZAF A 17]7F 1987d 69 FE 7}

TEI e, 20000 137) A FFE Ui WA A RABXRZRE 57ENeH

[7] Fol g Agoltt. ey A AL A F g ARAEY 84 Adde B2 3

A ta lom, WAlA FAMAE] kAo e #shA Qo] Hdo] FrzAo|th

27 FF33a Ae gAY JAE A ek 2AEY HE
1

< 27, fER sviE WEeE ekl E=AF A

H 7
AE U dlE 2 55 5o AFSEHE[8] A Aot
B AFME 298 7A &A FA A 10 kiye] el FAS AZe §HEAE
 tHAdS HIIS AL, Salmonella  typhimurium-S  o]§3 EHAEAWHo] AldHy wjdE

Chinese hamster ovary (CHO) M3ZE o] &3 &3 FEA TS AP
2 AR 2 W

21 IA A=

Nge FWAZAA FEEHZ e dAF AtAZ 37] (Astragali Radix : the root of
Astragalus membranaceus Bunge), W& (Atractylodes Rhizoma : the root of Atractlodes japonica
Koidzumi) ¥ <%} (Cimicifugae Rhizoma : the root of Cimicifuga heracleifolia. Komarov)E 74&
Aol A 1999 129 A8

AofA o] WA EARE S AT g A (A9l Co-60, 108t Ci)& ©] &3t
Ao AIZES 2 kiye] AFEE 10 kiye] FFFAFS A== sh3ith

b zA 2 Bl EAL goRA) AR 30gell oF 108} ) FRFES vhete] ofgrldlA 2417+ 3

ES

3 deFEta d4wy 2 A% F AgEFEe AEE A
22 BAEAMo] AlF (Ames test)

Al Marons}t Ameso] WH[9, 10[0l] weh wix], AleF 2 4% S9 mixE ZA|sk] AlF el
AbgEtg o™ e glol FFE Salmonella typhimurium TA983} TA1000]ith. A&7} 242 &
dwolgoz A5t AT APste AUWL APBo] QVRFEA 05, A=) NBE
4 01med} 12413 v kg dulFd 01mes ¥ol 7PEA vortexdti Ao Afoe SHE
histidine/biotino] Z7}¥ top agar (45C)& 2m¢ 7}3}al vortexdte] wg] ¥FEo] F-2 minimal
glucose agar plate ZJoll o tA|Z . Rate] FoZHE #2d S9 2 FI7|9F mixsE 7
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2 g w3 HHWols  2-amino-fluorene (2-AF)S FFH
4-nitro-o-phenylenediamine (NPD)¢} sodiumazide(Na-azide)E FANZTo 2 H7iste] Aol 4
4 ARE FAI}A

2.3 231 A]3 (Micronucleus Test)

NP A" FEAFEE Chinese hamster ovary (CHO) A2, RPMI 16404 2| o] HEPES
buffer, fetal bovine serum, penicillin-streptomycing- H7}A| 71 SFHHI A& AFE-5o] uj 315 T}
23t FllsE 2138 B7C)A 5% COE FFalF= wd7lodA AXES wfdstdtt

A@He CHO AXE 5x100E culture dish (@60mm)e] shEsle] 2U7F wjga 3,

Fenech¢} Morley2] cytokinesis-block (CB) method[11]o] w&} FEEA g9} MEA] EIE <
A= B cytochalasin B (Cyt-B; 3ug/ml)E A F7Fsta 24A17F v Fstdh v gFd S A

A3til, hypotonic & (76mM KCI)S 718t AIZE BEAIZ s, 127 A (methanol : acetic
acid, 3:13} 6:1)0.& 23] G F FVIHEAA AXFES WEAT AEEY IS HF5
S8 Giemsa @Adloz Ay F71d% F FeAEFoD 100094 BRaAT. Y
ANE Be PHOE ATE NFF T, APEAD 9 mixE H7Sel 6ATFL NI T,
AR A2 wgetal Cyt-BE H7hete] 18A17F O] Wi ge $ AlX S WE

o4 WEFoRE ZR4E, %4 WETOZ FPWAE mytomycn C
DMSO®|| =21 benzo-(a)-pyrenes #7138ttt A9 =L Almassy 5[12]9] 7|5 wsio
o, Ax3 £9 F9 Cyt-Boll o3t Alxd 4 = H4dd binucleated CBAE1,0007] F 4
g zte AEES AFIATH
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3.1 Sahnonella typhimurium-S o] $3 SAWo|UA A
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N7 HAAFAYS 13  Sng/plates: HiaFEE  AFESF o™,  Salmonella
typhimurium TA98%} TA1009] HFAEZAHo] JEgFE ZAIS A= Table 1, 2 2 39 EFY
Atk 4 AFoA SAdHETS EAde] Jg5ss £ A9, 10, 13]9 B ool ¥4
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< At
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CHO A= #jfol e Img/mS HFEE 3lo], binucleated cellE Fof F2d 23S %A}

A3} Table 3, 4 2 59 YUY SAANZTS ¢ 1,0007] 9] binucleated cells Fol &
£ 2 L ST AR dehte, AR s S8 49 71 Al Sl
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Table 1. Revertant colonies of the S. typhimurium strains in Ames test with hot water extract

of y-irradiated Astragali Radix

Test material radiation” 59 Dose No. of revertant colonies(His+) per plate
mix  (mg/plate) TA98 TA100
HO - - 19, 29, 25 (24) 182, 184, 183 (183)
Astragali Radix - - 5 28, 27 (28) 186, 157 (172)
- - 2.5 29, 23 (26) 173, 184 (179)
- - 1.25 23, 26 (25) 172, 175 (174)
- - 0.63 29, 22 (26) 176, 175 (176)
- - 0.32 17, 20 (19) 190, 165 (178)
+ - 5 24, 24 (24) 191, 192 (192)
+ - 2.5 19, 25 (22) 152, 171 (162)
+ - 1.25 22, 21 (22) 188, 177 (183)
+ - 0.63 22, 25 (24) 190, 205 (198)
+ - 0.32 25, 20 (23) 196, 182 (189)
NPD - - 0.02 2042, 2068 (2055)

Na-Azide - - 0.0015 1235, 1258 (1247)
H,O - - 20, 21, 26 (22) 178, 171, 202 (184)
H,O - + 29, 24, 36 (30) 204, 196, 188 (196)

Astragali Radix - + 5 34, 32 (33) 227, 191 (209)
- + 2.5 28, 33 (31) 173, 194 (184)

- + 1.25 34, 31 (33) 199, 167 (183)

- + 0.63 28, 26 (27) 193, 161 (177)

- + 0.32 28, 32 (30) 191, 172 (182)

+ + 5 24, 37 (31) 198, 192 (195)

+ + 2.5 24, 23 (24) 208, 178 (192)

+ + 1.25 29, 33 (31) 178, 189 (184)

+ + 0.63 25, 22 (24) 166, 190 (178)

+ + 0.32 33, 23 (28) 174, 168 (171)

2-AF - + 0.010 1183, 1207 (1195) 723, 757 (740)

Y Trradiation(10kGy 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 Atractylodes Rhizoma.

Test material radiation” 59 Dose No. of revertant colonies(His+) per plate
mix  (mg/plate) TA98 TA100
H,O - - 19, 20, 21 (20) 145, 144, 142 (144)
Atractylodes Rhizoma - - 5 23, 21 (22) 158, 155 (157)
- - 2.5 23, 22 (23) 138, 134 (136)
- - 1.25 18, 25 (22) 145, 140 (143)
- - 0.63 20, 22 (21) 144, 141 (143)
- - 0.32 19, 21 (20) 144, 136 (140)
+ - 5 35, 26 (31) 157, 146 (152)
+ - 2.5 22, 19 (21) 134, 157 (146)
+ - 1.25 28, 23 (26) 133, 136 (135)
+ - 0.63 17, 17 (17) 148, 140 (144)
+ - 0.32 21, 21 (21) 151, 146 (149)
NPD - - 0.02 2042, 2068 (2055)
Na-Azide - - 0.0015 1235, 1258 (1247)
H,O - - 19, 16, 18 (18) 158, 135, 138 (144)
H,O - + 31, 21, 31 (28) 153, 152 (153)
Atractylodes Rhizoma - + 5 32, 26 (29) 150, 176 (163)
(non-irradiated) - + 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)
+ + 2.5 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
2-AF - + 0.010 1089, 1132 (1111) 758, 778 (768)

Y Trradiation(10kGy 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 3. Revertant colonies of the S. typhimurium strains in Ames test with hot water extract

of 7 -irradiated Cimicifuge Rhizoma.

Test material Lradiation” S9 Dose No. of revertant colonies(His") per plate
mix (mg/plate) TA98 TA100
H,O - - 17, 33, 15 (22) 161, 131, 120 (137)
Cimicifuge Rhizoma - - 5 34, 32 (33) 143, 170 (157)
(non-irradiated) - - 25 31, 24 (28) 139, 140 (140)
- - 1.25 26, 26 (26) 143, 132 (138)
- - 0.63 25, 26 (26) 123, 119 (121)
- - 0.32 32, 30 (31) 115, 116 (116)
Cimicifuge Rhizoma + - 5 33, 33 (33) 250, 221 (236)
(irradiated) + - 2.5 40, 34 (37) 175, 202 (189)
+ - 1.25 33, 33 (33) 153, 167 (160)
+ - 0.63 30, 25 (28) 145, 140 (143)
+ - 0.32 26, 30 (28) 145, 168 (157)
NPD - - 0.02 2042, 2068 (2055)
Na-Azide - - 0.0015 1235, 1258 (1247)
H,O - - 19, 10, 16 (15) 127, 116 (122)
H,O - + 24, 19, 23 (22) 120, 113 (117)
Cimicifuge Rhizoma - + 5 28, 25 (27) 122, 119 (121)
- + 2.5 19, 23 (21) 102, 94 (98)
- + 1.25 29, 20 (25) 109, 100 (105)
- + 0.63 19, 29 (24) 81, 110 (96)
- + 0.32 19, 18 (19) 108, 102 (105)
+ + 5 31, 31 (31) 172, 212 (192)
+ + 2.5 24, 11 (18) 132, 123 (128)
+ + 1.25 24, 28 (26) 137, 120 (129)
+ + 0.63 18, 24 (21) 128, 127 (128)
+ + 0.32 22, 17 (20) 110, 110 (110)
2-AF - + 0.010 1089, 1132 (1111) 758, 778 (768)

" Trradiation(10kGy of Co-60 7y -ray) was treated to the sample before extraction.

* Positive control: NPD(4-nitro-o-phenylenediamine), Na-Azide and 2-AF(2-aminofluorene).



Table 4. Frequency of micronuclei(MN) in cytokinensis-blocked CHO cells following treatment

with water extract of y -irradiated Astragali Radix

Irradi g9 pDose  No. of CB cells with n MN Total ~ MN/1000 cells

Test material No. of MN  (Mean*S.D)

ation” mix (mg/ml) 0 1 2 3 4
HO - - - 2,944 53 2 - 1 61 20.3+4.0
Astragali Radix - - 1 2,937 58 5 - - 68 22.7+35
- - 03 2945 49 6 - - 61 20.3£5.0
- - 01 2964 34 2 - - 38 12.7+0.6
+ - 1 2,938 52 9 1 - 73 27.7+10.0
+ - 03 2958 36 5 - 1 50 15.3+4.0
+ - 01 2965 34 1 - 36 12.0+3.0
MMC - - 0.0001 2,698 266 30 5 1 345 115.0+12.6
HO - + - 2,944 50 6 - - 62 20.7+£4.0
Astragali Radix - + 1 2,937 57 6 - - 69 23.0*2.0
- + 03 2948 47 5 - - 57 19.0+4.0
- + 01 2939 55 6 - - 67 22.3+0.6
+ + 1 2,927 65 8 - - 81 27.0+1.0
+ + 03 2935 53 12 - - 77 25.7+1.5
+ + 01 2931 63 6 - - 75 25.0£6.0
B(a)P - + 002 2634 324 35 6 1 415 138.3+19.4

Y Trradiation(10kGy of Co-60 7 -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 y -irradiated Atractylodes Rhizoma

Irradi g9 Dose  No. of CB cells with n MN Total ~ MN/1000 cells

Test material . o i (mg/mb) 0 1 2 3 4 Noof MN (MeantSD)

HO - - - 2,945 51 4 - - 59 19.7+3.2
Atractylodes Rhizoma - - 1 2,944 51 5 - - 61 20.3+6.8
- - 03 2962 38 - - - 38 12.7+1.5
- - 01 2946 40 13 1 - 69 223+6.4
+ - 1 2,953 43 3 1 - 52 17.3+4.9
+ - 03 2953 43 4 - - 51 17.0+£3.0
+ - 01 2954 43 3 - 49 16.3+3.8
MMC - - 0.0001 2,698 266 30 5 1 345 115.0+12.6
H>O - + - 2,956 38 6 - - 50 16.7+0.6
Atractylodes Rhizoma - + 1 2957 34 8 1 - 53 17.7+t8.1
- + 03 2957 35 7 1 - 52 17.3+5.5
- + 01 2941 45 12 1 1 76 253+8.7
+ + 1 2,950 40 8 2 - 62 20.6+6.5
+ + 03 2945 45 8 1 - 64 21.3+4.0
+ + 01 2948 44 4 4 - 64 21.3+5.1
B(a)P - + 002 2634 324 35 6 1 415 138.3+19.4

" Trradiation(10kGy of Co-60 7y -ray) was treated to the sample before extraction.
* Positive control: MMC (mytomycin C) and B(a )P (Benzo-(a )-Pyrene).



Table 6. Frequency of micronuclei(MN) in cytokinensis-blocked CHO cells following treatment

with water extract of 7y -irradiated Cimicifugae Rhizoma

. Irradi g9 pDose  No. of CB cells with n MN Total ~ MN/1000 cells

Test material ation” mix (mg/ml) 1 2 3 4 No.of MN (Mean*SD)
HO - - - 2,944 51 5 - - 61 203+7.4
Cimicifugae Rhizoma - - 1 2,955 41 4 - - 49 16.3+3.1
- - 03 2948 49 3 - - 55 18.3+2.3
- - 01 2938 58 4 - - 66 22.0+4.3
+ - 1 2,961 39 - - - 39 13.0+2.6
+ - 03 2952 46 2 - - 50 16.7+4.7
+ - 01 2949 46 4 1 - 57 18.8+1.0

MMC - - 0.0001 2698 266 30 5 1 345 115.0+12.6
H>O - + - 2,949 45 4 2 - 56 19.7+21
Cimicifugae Rhizoma - + 1 2,941 53 5 1 - 66 22.0+3.6
- + 03 2946 49 3 1 1 62 20.7+7.6
- + 01 2939 51 9 1 - 72 24.0+6.6
+ + 1 2,949 43 6 1 1 62 20.7+10
+ + 03 2957 40 3 - - 46 15.3+1.5
+ + 01 2940 48 10 1 1 75 22.7+55

B(a)P - + 002 2634 324 35 6 1 415 138.3£194

Y Trradiation(10kGy of Co-60 7 -ray) was treated to the sample before extraction.
* Positive control: MMC (mytomycin C) and B(a )P (Benzo-(a )-Pyrene).
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