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of Active Components and Safety in Genotoxicity Test
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Abstract

In the present studies, we assessed the stability of active components and toxicological safety of irradiated
Angelica gigas Nakai (Danggui). In order to confirm the stability of active components in the r-irradiated
roots of Danggui, the quantitative analysis of decursin and decursinol angelate of r-irradiated sample
was carried out by high performance liquid chromatographic (HPLC) methods using reverse phase columns
and normal phase columns. From the root of Danggui, decursin and decursinol angelate were isolated
by a silica gel column chromatography (toluene : ether (1 : 1), Hexane : EtOAc (15 :1)). And then the struc-
tures were confirmed in the 'H and *C-NMR analysis. The HPLC chromatograms of decursin and decursinol
angelate in y-irradiated Danggui were similar with those of non-irradiated sample. In the examination
of in vitro genotoxicity of the water extract from 7-irradiated Danggui using Salmonella reversion assay
(Ames test) and micronucleus test in Chinese hamster ovary (CHO) cells, mutagenicity was not exhibited
in the two assays with or without metabolic activation. These results suggest that active components
in the 7-irradiated Danggui should be stable and that the safety of r-irradiated Danggui could be revealed

in further tests in vivo.
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Fig. 1. Isolation of decursinol angelate and decursin from

the root of Angelica gigas Nakai.

Table 1. Analytical condition of decursinol angelate (1) and decursin (2)

A B C
Instrument Waters HPLC Waters HPLC Shimadzu HPLC
System 2690 separation module 2690 separation module CBM-10A
Pump 2690 pump 2690 pump LC-10AD
Detector 996 photodiode array detector 9936 photodiode array detector SPD 10A
Column Nova Pak Silica Nova Pak C18 Shim -Pack CLC-ODS{M)25
Mobile Phase Hexane : EtOAc (9:1) Acetonitrile : HxO (6:4) Acetonttrile : H:O (6 4)
Detection 320 nm 320 nm 254 nm
Flow rate (mL/min) 2 1 1
Column Temp. ("C) room room 30°C
Retention time (min)
Decursin (1) 8.057 3.869 13.717
Decursinol angelate (I1) 7.422 4.046 14.333
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Table 2. '"H-NMR spectral data of decursinol angelate and

decursin (in CDCls)

Proton Decursinol angelate Decursin

3 6.24,d (9.5) 6.23,d (9.5)

4 7.59d (9.5) 759,d (9.5)

5 6.80,s 6.80,s

8 7.16,8 716,

3 5.13t (4.8) 5.09t (4.8)

4’ 2.90,dd (17.64.8) 2.87,4d (17.6,4.8)
3.23.dd (17.6,4.8) 3.20,dd (17.6,4.8)

Gem(CHs)z 1.38,s 1.36,s
1.40,s 1.39,s

2" - 5.76,m

3" 6.11,qq (7.2,1.4) -

2"-CHj3 1.84,d (1.4) -

3"~-CH; - 2.15d (1.2)

4" 1.89,d (7.2) 1.88d (1.2)

Table 3. “C-NMR spectral data of decursinol angelate
and decursin (in CDCls)
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4 143.1 143.2
5 128.6 1287
6 1154 1159
7 156.4 156.4
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Fig. 2. HPLC profiles of decursinol angelate (I) and decur-
sin (II) isolated from 7 —irradiated Angelica gigas
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Fig. 3. HPLC profiles of decursinol angelate (I) and decur-
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Table 4. The content of active components of Angelica gigas Nakai

Radiation  Sample (mg) Content (mg) Decursin (%) (n=2) S.D C.V (%)
Decursin 0 kGy 3002 129.71 432 0.008 0.09
10 kGy 3012 138.12 459 0.025 0.27
Decursinol angelate 0 kGy 3018 80'1_ 2.65 0.0007 0.01
10 kGy 3019 80.25 2.66 0.005 0.09
B3l BEAZSE BAE e He, OH-, Ho, HO:ol Aehprl x5 Folste] 2 Aol A A dsto] 4
) F2 dojili Ao dedA deh10-13). 2l e TE e = e PO T B R R I S B SR Bl
Az Aol el Aol AAHnzA AR A RFold Fobad £} FHFEE & 2} FFe
s} ol e s R ol ik 2t sAEAHe] A 21E AR & P =
Az Aokl §EAE AL Fr3}t= F83% 7F 8-k Ao A 7dulAd FALZEH vl 2] A au,:i
Astz Q7R #o)7} %K Table 5). o] 472 1o} 7Hohal 24} @
H F&Eo] AAuo]dol} ThHe] o g 43517
So|AY HE 2225 o = glglew Ha 5(30), Jo(31)2] A3 A=}e}
o x3}kar 9le).

bl 2AH10 kGy) B9 A5 F+FE2] HoldAd
Salmonella B E<do] Al gl A AFslgch AL
50% #FAAAAE el $2 8 HuFER 3t

rlo
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50 ug/plate® #¥] 3m)<=& 5 mg/plate7tA] 5717] ¥ 7Hebd FAH10 kGy) B AFE o] SEAEAAM F
ol 4] atelct. 2t FEe] B Edue] HgpE 24 A 2.2 548 vehl e & 37st7] $1ste] CHOA
Az e zTo BAwo] Akl F 8 2(22,2330) Foj A o] Ak gutAd-g 2}t Cytokinesis-block

o] W] ol ony oFdulE atEel 23 23wo) methodell @l A4 A1 7] binucleated cells 3l 842

Table 5. Revertant colonies in the Samonella typhimurium reversion assay with nonirradiated and gamma-irradiated
Angelica gigas Nakai

Number of revertant colonies (his’) per plate

Material Conc. (mg/plate) Irradiation’’ S9 mix.

TA98 TALN0
H-0 0 - - 29 25 27 183 207 (159)
Angelica 0.05 - 24 32 (28) 206 219 (213)
gigas 0.015 - - 31 20 (26) 224 238 (231)
05 - 29 27 (28) 241 225 (233)
15 - - 29 34 (32) 237 251 (244)
5 - 38 34 (36) 265 279 (272)
0.05 + - 28 25 270 201 209 (205)
0.015 + - 23 28 (26) 219 224 (222)
05 + - 27 26 (27 206 218 (212)
15 + - 32 35 (34) 224 237 (231)
5 + - 36 32 (34) 251 272 (262)
NPD 20 ug/plate - 1276 1200 (1238)
Na-Azide L5 ng/plate - 1093 915 (1004)
H:0 0 + 28 27 (28) 221 209 (215)
Angelica 0.05 + 30 23 (27) 225 231 (228)
gigas 0.015 + 24 28 (26) 209 219 (214)
05 + 30 29 (30) 227 239 (233)
15 - + 29 338 (34) 214 245 (230)
5 + 34 31 (33) 274 288 (281)
0.05 + + 20 27 (24) 203 198 (201)
0.015 + + 21 30 (26) 217 235 (226)
0.5 + + 20 31 (26) 226 207 (217)
L5 + ; 34 30 (32) 24 263 (253)
S + + 39 32 (36) 278 286 (282)
2-AF 10 ng/plate - + 873 1022 (948) 705 827 (766)

I8! . e ~ .

Irradiation (10 kGy of Co—fSO gamma-ray) was treated to the Angelica gigas Nakai before extraction.

NPD (4-nitro-o-phenylenediamine), Na-Azide (sodium azide), MMC (mitomycin C) and 2- AF (2-aminofluorenc) were used
as positive controls for the corresponding strains.
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Table 6. Frequency of micronuclei (MN) in cytokinesis—blocked CHO cells following treatment with water extract of

gamma-irradiated Angelica gigas Nakai

Material ) 359 Conc. Cells w/o Frequency of the cells with MN  Ng. of MN/1000 cells?
(mg/mL) MN 1 2 3 4 MN (Mean*+S.D.)
H,0 - - 2937 60 3 0 0 66 220*+ 57
Angelica - - 0.1 2942 54 5 0 0 64 21.3t 38
gigas - - 0.3 2949 48 3 0 0 54 180+ 36
- k 1.0 2919 74 6 1 0 89 207+ 3.1
+ - 0.1 2946 50 4 0 0 53 19.3+ 31
+ - 03 2917 78 4 1 0 89 297+ 23
+ - 1.0 2930 65 5 2 0 81 270+115
MMC - - 0.001 2704 256 32 6 2 346 115.3+19.6
H0 - + 2944 53 2 1 0 60 200+ 46
Angelica - + 01 2945 52 3 0 0 58 193* 55
gigas - + 0.3 2938 58 5 0 0 68 227+ 25
- + 1.0 2929 58 11 2 0 87 290t 92
+ + 0.1 2949 47 4 0 0 55 183% 31
+ + 0.3 2921 69 10 0 0 89 296F 2.1
+ + 1.0 2919 72 9 0 0 90 300+ 5.0
B(a)P - + 0.02 2648 311 3H 5 1 400 133.3%21.4

‘“Irradiation (10 kGy of Co-60 gamma-ray) was treated to the Angelica gigas Nakai before extraction.
“Number of MN/1000 binucleated cells in the triplicate expriments in which 1,000 cells were scored.
MMC {(mitomycin C) and B(2)P (benzo(a)pyrenc) were used as positive controls.
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