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Antimutagenicity of the water extract of Gunguitang
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In- the present studies, decursinol angelate, decursin isolated from Angelica gignatis radix and oil
fraction of Cnidii rhizoma was analyzed by normal phase HPLC and GC/MS respectively. The
standardized water extracts of Angelica gignatis radix, Cnidii rthizoma and its cofhplex named Gung-gui-
tang was tested the anti mutagenic effects by in vitro genotoxicity using Salmonella reversion assay
(Ames test) and micronucleus test in chinese hamster ovary(CHO) cells. Angelica gignatis radix, Cnidii
rhizoma and Gung-gui-tang was not exhibited the antimutagenic effects in the Salmonella reversion
assays with or without metabolic activation. However, the micronucleus test assays, Angelica gignatis
radix and Gﬁng-gﬁi—tang was showed the antimutagenic effects signiﬂcantly. The maximum inhibition
observed with Gung-gui-tang was reduced by 59% in the micronucleus test without metabolic activation.
In this paper, results are presented on the availability of potential antimutagenic acﬁvity of the water

extracts of Gung-gui-tang.
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I.A &

FEHELH), EEMBFHRTLE 23
$E FAEHE) S YD oL A6
&) EE gHolst MAdN Fo Yo g
A, WEuEel 94 % R $¢ A=y,
Hargd o) dod golrt ZASAM YA
sk 4 o) Hom Fe Tt R e
T Fo 87 7153 n ATHE £,1983). &
ZYMIBEENS 2R YA B ETE

FAHEE = dEWHS A2sed

ol g3t 7B, BANYFHEL

e FEHBR , A5EHS AsIdn
7120} SIchFA #,1999). '
Aol dedtn o] ENEst & TH
B 32 U A8 g2ge AU 7
F (Angelica gigas Nakai)®t H F(Cnidium
chuanxiong var. officinale(=Cnidium officinale) 2.
2 7499 Aok 3 Mk FEstn W
H, 473E% 5o o) &5, o RES B84
B2 decursin, decursinol angelate%ﬂ] coumarin
Aol =22 %alA it} (Ahn et al., 1996; Ahn
et al.,, 1997) &3] = 3 Ql Angelica sinensis
2},‘ Y EFHAQ Ligusticum actilobum- -?4—‘?—,1—}]
2YEea so] Betoh)g YRANME o
& Aozt Qe Aoz FAA Yol 2 EE3}
of o2 AFEo] o] FOIFTHF etal, 1990; §
et al,, 2000, 2001). AF L FF, AFEFHA Fol
oe8m AguaA el derFA
A= A3t 43 AF Cnidium officinale
MAKINO®| #2)Z7]& 292 E& 95 d]
A Aoz FRHe] Yk FF9 FAIME
Ligusticum chuanxiong HORT.Z 35} gle
o QR PN E St B Foz
FRE o] gUrho] et al. 1999; et al. 2001 ). &
AFANE FALS FAYAQ FAst A3

o] f+EA S HPLCS GCMSE B, 4%
Aaged, BEsE gAY AT 291 9
E9) Y FALY E9¥) HL A B
€ Salmonella thyphimurium TA 98, 100 ¥F&
o] &3 Afnes test9} v ¥ Chinese hamster
ovary(CHO)M) £ & o] &% Micronuclei induction
test(AHAN YN AN se] fol@ 23E o
Q714 Radanz s}

I.208 9 =3
NESEES
Agol A& GAE ALE BAAA AR
2uE 4y 7Yagn, AFE 24 AFL

A% G A 2RE A7 FLskA LS
et ARE Agn dol e W

G RRFoh FARE Fne g

o2 3o A HAh F IA, AT % 2082
10t %) DWE 87| oA vtako 2 %A}
o 71:}?}%%7].2 23le SAAZ 8 T A
F A Ao} o 2H0.45um)3te AL ATh

HPLCOIl 28t Eh7io] REME HEY

7| 7] : HPLC 7]7] @ BA 24 & Table 15}
Zo] dgitt. 32 ¢ Bal: akdM 2d #
27 g 500 g& Scheme 13} o] 70% EtOH
2LE FEQ F CHCL = 23 34 tolune:
diethylether (1:1, 9:1)& silica gel column
chromatography & 4 A} 8}d coumarin A <¥ 9]
mixtureE A 31 o] & Hexane: EtOAc (15: )2
rechromatography & 4 Al 8}01 decursind}
decursinol angel.ate% 2tz do] HEEF OB 0]

L3t} (# etal, 2000)
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ZEoloj = A : Decursin EFF 10mgS v

&g 59 10 mLE B &5t o] 4& o
A] 500 uLE AH 3 gL 2 2.5mL7} HA
Rt}
Yol xH :FH 20gE EE AXG &
aEd e 2R I F 3gd FUs o}
ether 150mLE 7}3t4] 45-50C 484 ol A 4]
A FEdn B F AFsA o9
< A4dn F ARES ELE Holn 3
23] 100 mL2 3] o 7atgeh. thAl o] 9 10
mLE % # 3o WR&2 &3 50mL7} A
31 o 7(045um)3led 104 FE HPLC A%
971 2 injectiond} ] o}

GC/MSO| Q8 &To| HRNE B4

ARl =A : AT 100gE FFF 400miz}
Ne £%FZFP2I) Y FRAFHANE o]
294 AHFE FE3Ath. FEFE S ether
50ml& Wo] 353} 40|32 & A] etherE
F&3ld GO/MS B4 A8 2 A8

GC/MSZEZ 1 24 87]7)%= GC 5890/ MSD
HP5973& column -& DB-5MS (30m X 0.254mm
x025um)S FYF+ £5& 200C, AEAF L

Table 1. Analytical condition of decursinol

angelate(1) and decursin(2)

Instrument Waters HPLC
System 2690 separation module
Pump ~ 2690 pump
Detector 996 photodiode array detector
Column Nova Pak Si.lica
Mobile Phase Hexane:EtOAc (9:1)
Detéction 320nm

Flow rate(ml/min) 2

Column Temp.(T) room

40-450 amu, €472 @E(1.0mlmin)e] &
£02 GOMSEA ST

Salmonella typhimurium& 0|28
EHESHHO| A"

Al gl A8 ulA], Ak R SImixe] ZA] 2}
A & & Maron & AmesS} W (Ames et al.,
1975; Maron and Ames, 1983) o u}&} 3o
©] Salmonella typhimurium TA98 2 TA1002
Ames 52 ¥ E 2H EF ol histidine 87
A, deep rough(fra) 54, UVe] & "zt =
(uviB & o)), R-factorol} 2|3 ampicilline
4 59§39 BAY F AQol ALt
9t} (Levin et al., 1982; Levin et al., 1984). S9&
Microbiological Associates(Bethesda, Maryland,
USA)lA T4t A8 A A
7)A & 73 $(standard plate incorporation)$}
hALEA 32 7] & 7 S-(preincubation tes) 2 v}
ol Algsgict AP dd YAgFY 05
mL(AAFEA BA 71 & 7 ol S9 mix 0.5
mL), A E49 0.1 mLE Fo] 7PEA vortexdt
Atk WA BT E 4 ol 3082 37T
ol A ofv] W] g (AR ENTIA =
7 %o} = ¥} &) histidine/biotine] H7}+E top
agar (45C)E 2 mL 7}8t 3 327 vortexdtdq
minimal glucose agar plate’dol]l {0 H 13}
AlA T} 37 ¢ A 48A)17F vl ¥FE F revertant
colony® AlFatAct Edwol {4 A
£ A Aol wet BEH{Eol g/t &
o ti=Te] 2u) o] io]WA SFJEAE 3
© A$E oz Yk

ERF HISMEE 0|28 23AIH

Algol] AH&8 Chinese hamster ovary(CHO)
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Axe Agddta a8 Ffdass
g Rokulelr} w x| &= 10% fetal bovin serum,
100U/mL penicillin, 100 p#g/mL streptomycin, 5 X
10-5M 2-mercaptoethanol @ 20 mM -HEPES
bufferE 3 7}A}71 McCoy’s 5A vjR]| & A}&-&
Qov, 2% GIBCO BRL, Inc.(U.S.A)dA
etk WFS 23 gz 25 AA
5% CO,& ¥F73t= 37T9 CO, Incubatorel] A
38k Al IS CHO A E 8x10° 7)
£ Flaskette(19.8 X 51.8mm; Nunc)| #}-Z3}od 2
U M FE T, AP EA S Hulsta 447
o) A ¥ FE-L 9SSl Fenech and Morley
9] cytokinesis-block(CB) method(Fenech et al.,
1990)o} @} cytochalasin B(Cyt-B; 3 ug/mL,
Aldrich)& A EEAR &4 Hrtstdch WS
A& suction outA]Z1 thL, 1174 N (methanol:
acetic acid, 3:1)2. 2 33] nAAN T F7IAZ
HozZ NEFEL 5} 3% Giemsa § A
H(pH 6.5) 22 15¥3t FA3to] F3Hn|Z 2
2 4008 ol A #ZEstH Tt Cyt-B= DMSO9] 2
mg/mLE o] 70°co) B#eta, AHEE]
Ao = Hank’s balanced salt.solution®. 2 3]
Yot ALE ST AARA ZASE AP
2 o s AXE YT F, AEEAY
S9 mix(¥jA] 2] 20%¥] &)E H7tete 6AI3L F
ot Wi g obE, AAR iR 2 w stR Cyt-

4o ¥9 mytomycin C(Sigma)E 0.1xg/mL=
HALE A st ol A & DMSOd %<
benzo(a)pyrene(Sigma)& 0.02 mg/mLE F 7138}t
9t Micronuclei(MN)2] B#E2 Almassy s
(Almassy et al., 1987) o] 712} w}gtc}. 1,000
71 9] binucleated CBH| X E & MNE zte A X
€ A3t

I, Az 9 2%
gye FEME HPLC Hgk

EF3td @A FEHE AF 712
T2 3 FEAR
angelateE £}, A A3t HPLCE 97%2] &%
£ #ol3dl9 2 1H-NMR, 13C-NMR &3 3o
I FZ2E T8 AR B AohH et
al, 2000). ABe) Ahe] A FAY FE
4§91 decursinol angelate$} decursin& normal
phase column¥} Hexane: EtOAc &uf Al A o
F-EAIZ] 7483} 8.0RNAN T2 ¥38 &
U5 HAFAG BY B AHE 3
23 1} decursing 3t8Fo] 4.23%, decursinol
angelate7} 2.65% H-5o] &S &QAsFY o

9l decursin¥} decursinot

ol 33U YEGANA BolX go

BE Aslelel 18X 1) i F M EEE e B2 I e TEEIHE RS 5 U
HE A BB A4z HYsge  (Table D).
o, Algel HArtFe wit&Zel VoS dA
aA st sAdzZoZ e YA AR
40 S, FAUNZFo2E AHYANE FF7F
Table 2. The 'conten_t of active components of Angelicae gigantis Radix
' ‘ S‘émp]efr’n'g) . Content(-mé) Decursin(%)(n=2) S.D. C.V(%)
decursin 3002 129.71 432 : 0.008 0.09
decursinol angelate 3018 80.1 2.65 0.0007 : 0.01
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2 HRYEQ GC/MSo| st I

T%7) TR} &2 B /& GC/Massol ¢
3 ¥4 % ZA3 3-isobutyldienphthalide,
butylphthalideo] F4¥Y& A% £ AUz
ol FIATAAN &2 FHEQ 2-
propenylphenoxyacetate, butylphthalide 9} ¢4 23
29 A4 Z4 8l cydopropane-1-ethenyl-2-
hexenyl, 3-N-butylphthalide, 3-N-
isobutylphthalide 8} . 2 phthalide] 22&
vetd 4 Q1o pattern®EA & HAA| g A7
ato|Fo| Aol @ BAEE XA 1 7]
A4 B 71 o] £0] 8} thFig. 1. Table 3).

S7E Fdeng FOHO| oNEN

Ames test o] ©]8 FATe] SNl AT

ZR% A3 AFYANAN TAG EQ= L T
4 @Y BF FoA 84 & HolA ¥kon,
S9 mixE o] &g A g YA FARH
T4 ALY FAZ G 845 Y
(Table 4, 5).

T T AsHoiH|Ey

TAG A 2P AE FH T 2
ARYAN FAR EA27} 58.6%F =9 &
A& dehiiden FAZ] FAAASFA 29
7} 538%R T YAE B -7,‘—9,1_1:}. S9 mixE
o] 4% ZARANE TAT 74 A% I
7} o 52.5%F =9 A2 B FA(Fig. 2,
Table 6, 7).

FEA L] ¢H e 7jdo] FET A
g ol g3te Aol A7AL Y47t 2R

Fig. 1. TIC data Cnidium offcinal(Rhizome, Korea)

Table 3. TIC data of Esstetial oils from the Rhizome of Cridium officinale (Korea)

No.  Retention Time " Qual. MW. M. formula  Base peak  othér main fragment assignment

3 13758 83 190 C,H.0, 133 133,119,105,77.51 Butyl: phthalide

4 14226 80 150 C”‘Hls 79 135,121,107.93,79.41 - (EE)-1.3,5-Undecatriene

5 14.501 - 192 CH;,05- 107 161.133,107,77:41 Allyl phenoxyacetate

6 14.593 89 188 C,H,,0, 108 137,108794] 3-Iso butyldienphthalide
- 14.666 95 190 CpHO, 161 161,148,13410591,77.5541 ~ 3-N-buty! phthalide
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Table 4. Antimutagenic effect of water-soluble fractions from: Gunggui-tang and its ingredient in the S.

typhimurium reversion assay:

Test material ~I‘)ose/‘plat‘e mutagen S9 Mix No. of colonies/ plate _ Inhibition
o CR - _ TA98 mean ratio (%)
H,0 : - 33 32 33
GG! 3mg - NPD - 226 200 213 NE

6mg NPD - 212 210 211 NE
A. gigas 3mg NPD - 206 . 182 194 NE
‘6mg : NPD - 196 206 201 NE
C. officinale 3mg NPD - 195 198 197 NE
, 6mg - NPD - 209 223 216 NE
NPD - 20mg . NPD - 185 196 191
H,0 ' . + 24 VX 2
GGV :3mg B(a)P + 220 225 223 NE
6mg B(a)P + 210 205 208 NE
A. gigas 3mg B(a)P + 239 240 240 NE
6mg B(a)P + 207 205 206 NE
C. officinale 3mg B(a)P + 215 225 220 NE
6mg B(a)P + 230 235 233 NE
B@P  5mg B(a)P i 195 198 197

NPD(4-nitro-o-phenylenediamine) and B(a)P(benzo(a)pyrene) were used as positive controls for the corresponding
strains. 1Gunggui-tang ’

Table 5. Antimutagenic effect of water-soluble fractions from Gunggui-tang and its ingredient in the S.

typhimurium reversion assay

_ L No. of colonies/ plate Inhibition
Test material Dose/plate Mutagen S9 Mix
e L . TA100 . 'mean _ ratio (%)
H,0 - 157 157 157
GG1 3mg Na-Azide - 613 655 634 15
6mg Na-Azide - 771 673 722 NE
A. gigas 3mg Na-Azide = . 630 674 652 - 11
o .~ 6mg  NaAzide ; 692 675 684  NE
C. officinale  3mg . Na-Azide - 645 668 - 657 10 .
6mg -Na-Azide - 727 749 738 NE
Na-Azide . 1.5ug - - 720 710 715
H,0 - o + 143 147 145
GG!' - 3mg B(a)P + 750 . 746 748 20
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730 1720 725 . 23 |

6mg B(e)P +
A. gigas 3mg B(x)P + 680 695 - 688 28
6mg B(a)P + 640 630 635 35
C. officinale Img B(a)P + 893 930 912 NE
6mg B(@)P + 910 870 890 NE
B(a)P 5mg . B(a)P + 848 958 903

Na-Azide(sodium-azide) and B(a)P(benzo(a)pyrene) were used as positive controls for the corresponding: strains.
IGunggui-tang

8% 2 FAGOR EEo BV BE AT 439 #EARS BARH0 o8 ol g
go) o)A foh (Feral, 1990, ©) etal, o} BAH 1AL AN JR, F3| B,
1999, % et al, 2000, 2001). & A7 e A4g  AFHA FEE H&9 vk 12 EF
of AH&d B AL HPLCSY GOMSE ©] 88 FAE ol &3t F4E FATLR 1
G284 348t S. typhimurium #5+E
ol &dte] I & MY U] FEER
Ado] Y FAA o] Fojzon], o8
$4% FEAWO T4 A =W ge AT
7} o] o] At} (Sakai et al., 1986; Bala and
Grover, 1989; Higashimoto et al., 1993; Kaur et
al., 2001; Krui et al.,, 2001). HIE S o} &3 3}
gddold B 4ol AFERE0| BES
. Ao EdAAQA gk FEAM] A
Fig. 2. A micronucleus (MN) formed during the #3 AFE obx] uE st AAQo|t} o} A

metaphase/anaphase transition of mitosis S .
: A=Y FLA @ A 22 A
(cell division). M AYFde4rt desta Aegydol

Table 6. Antimutagenic effects of water-soluble fractions of Gunggui-tang in the micronucleus(MN)

assay using cytokinesis-blocked CHO cells

Material Conc MMC! Cells Cells with n MN No. of MN/IOOO cells? Inhibition
()  wWoMN 1 2 3 4 MN  (Men + SD) ratio(%)
HO . W SLo:m 1 0 S8 29343
GG 1000 + 1795 156 12 I 0 83 908+42 586
A. gigas 1000 +omr i 1B 0. 188 979416 538
C oficinlle 1000+ 1668° 194 31 50 7 1397488 257
MMC! 6 o+ - 168 51 &£ 7T 1 360 17794300

IMitomycin C; 2Total number of cytokmesns blocked(CB) bmucleated cells with MN in the dupllcated experlments
which 1,000 binucleated cells were scored. *Gunggui-tang : :
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Table 7. Antimutagenic effects of water-soluble fractions of Gunggui-tang in the micronucleus(MN) assay

using cytokinesis-blocked CHO cells

Material Conc. $9 BP!  Cells Cells with n MN - No. of MN/1000 cells? Inhibition
(¢g/ml) WioMN 1 2 3 4 MN (Mean + S.D.) ratio(%)
H;0 - 2938 §7 4 1 0 68 227+6.1
GG? 1000 + + 1719 144 18 1 0 183 96.3+£6.4 39.0
A. gigas. - 1000 + + 1794 117 15 3 0 156 80.0+35 52.5
'C. officinalle 1000 + + 1706 138 21 2 0 184 984+72 373
B(a)P1 5 + 1802 196 46 5 0 303 143.347.60

! Benzo(a)pyrene; 2 Total number of'"cytokinesis-blocked(CB) binucleated cells with MN in the duplicated
experiments which 1,000 binucleated cells were scored. 3 Gunggui-tang

G TATY FEAW Y £ S.
typhimurium & ©]-&3%} reverse mutagenicity test
£ A A8 32, CHO(Chinese Hamster Ovary)
HEE o] &3 micronuclei testz A3-L AR
3lch WA Ames testE o] &3 EAM] £
& AABY L AR} ANAE FARI 2 74
9ol 29, A3 EF 84L& YA ¢4t
on, 89 A4 /e IHEE KA 84
< 3FY F oAU 29 K¢ AALEAALE
S AP TATH 2 LA T
A 58.6%%} 538%=2 A e BHE #F
& 4 den 9 A28 FrHe AN
= ZHA90] 39.0% ZFHA7} 52.5% HAFo] 37.3%
o] 93 g4o] #FHA 53] GHAE &
52 AAEY AN FAY, HE B
5 50%01/4 9] #ol3d E4o] BAH TAR
849 Fa3 FAR YAt o|ZA T
o} 71948 BESe] 4oz FAYG AT S
HPLCS} GC/MSE £43te] A&, T3 A<
o 72Re 999 #9w, 2NV 24
ol o HQ gEAW] E4o] 3L S B F
At agln FADNA FEAE AL
Jehlls FEAES Zohdy] std A%
& ¥ 33t3 chromatographyE HAlete E4

2

}EE FHstn gl

Fagd

L %94, 2471000754 24} 39
(Angelica gigas Nakai )o] &2 A& A A
2 fASHRE dHY A7 BFHEY
kalalsl A, 292): 300-307.
£35, 327,438,499, 98w
c H932000) S FA , AT BAH
BE(2) AIdN =T, 28: 33-43.
S35, 23T, A3, B4 00) A
A oko] Azo FFAF, HFojFEtH
3. 37-105.

o|g$, vy, 2T (1999EXTH
Qe &% L FAvaol #F A7
@ - % 49 A7 A7 - 37 WA
SEETE S L EL S RICES)
3h8}8) 7)), 14(1): 55-61.

REF (B k8B £01999) FHEL
Bl BERMERE R, 2-120
% (1983) S RHEREN), A g, o
T}

[<X]
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