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Abstract — Angelicae gigantis Radix aqua-acupuncture solution (AGRAS) and Angelicae gigantis Radix
water-extracted solution (AGRWS) were prepared and tested for their organ toxicities and chemopre-
ventive potentials. The organ-toxicity of AGRAS to male ICR mice was studied by the measurements of
glutamic oxaloacetic transaminase (GOT), glutamic pyruvate transaminase (GPT), lactate dehydrogenase
(LDH) and alkaline phosphatase (ALP-s) activities after injection of AGRAS for 7 days. The activities of
GOT, GPT and LDH were decreased, but the activity of ALP-s was not changed with AGRAS. When
AGRAS was administered once daily for 10 days before the tumor implantation, AGRAS exerted antitumor
activity by inhibiting the growth of Ehrich ascites tumor cells (EATC) in vivo. The inductions of quinone
reductase (QR), glutathione (GSH) and glutathione S-transferase (GST) and inhibition of polyamine metab-
olism were tested for the chemopreventive potentials of AGRAS and AGRWS. AGRAS was potent inducer
of QR activity in murine hepatoma Hepalclc7 cells. In cultured rat Ac2F cells, AGRAS was also sig-
nificantly induced QR activity. GSH levels were increased about 1.3 fold with AGRAS. In addition the activ-
ity of GST was increased about 2.5 fold with AGRAS at the concentration of 0.1 X . The effects of AGRAS
and AGRWS were tested on the growth of Acanthamoeba castellanii. Proliferation of Acanthamoeba cas-
tellanii in a broth medium was inhibited by AGRAS and AGRWS at the concentration of 1 X and 5 X,
respectively. These results suggest that AGRAS has chemopreventive potential by inducing QR activity,
increasing GSH and GST levels and inhibition of polyamine metabolism.

Keywords [ Angelicae gigantis Radix, organ toxicity, chemopreventive potential, quinone reductase, glu-
tathione, glutathione-S-transferase, polyamine metabolism.
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Minimum essential medium eagle's(MEM), dulbe-
cco's modified eagle's medium(DMEM), NCTC-135
medium, antibiotics, dimethyl sulfoxide(MSO), 3-
[4,5-Dimethylthiazol-2-y1]-2,5-di-phenyltetrazolium
bromide(MTT), 99% ethyl alcohol anhydrous, bovine
serum albumin(BSA), tween-20, flavin adenine
dinucleotide(FAD), glucose-6-phosphate, B-nicotina-
mide adenine dinucleotide phosphate(B-NADP), yeast
glucose-6-phosphate  dehydrogenase, menadione, di-
cuomarol, potassium phosphate, crystal violet,
glucose, thiamine HCI, biotin, vitamin B12, ferric
citrate, yeast extract, proteose peptone, triton X-
100, 5,5-dithiobis-(2-nitro-benzoic acid}(DTNB), gluta-
thione reductase, NADP*, bicinchoninic acid solution
protein kit:= Sigma chemical Co.(U.S.A)A <
31513, fetal bovine serum(FBS) Gibco(U.S.A)l
A, GOT, GPT, LDH, ALPs kits‘= opiiAlek 4
Aol It 71EF Aloke AR HijRE 2 1
F Ae ARSI

AlENI=

ctH ofEjolo] M= - B Aol I (Angelicae
gigantis Radix) SFAAE AZs] 310 =St

Fasbg ol 115t FAE Al ARSI,
FEguql B2 ol RE T FRTE
AN oFlS ok BuE ¥ 5% 71 519
o] Whol| oJakd Al dEECE AR &,
3 60 goll 7 400 mie 71%F F rotary eva-
porator(BUCHI RE121, Switzerland)llA 3A17F A
g23le] F&dla 7 ¥ 4°C, 2,500 rpmelA 10
B2F faielsle] A2 A 200 mE AEESt
g}, =g gl 99.9% ethanols 7}l 75%,
85%, 95%2] ethanol §-o] HA djo] JAES o
Hsta, pH 748 AAe § Aol 2403 HJZ] at
o] membrane filter(0.22 pm, Whatman, Germany)
2 33}, a8a 33 SRE 718 200 miol
HA sl 1x9] Ao 7 AMGIIG T 10X, 5%,
IxOAL 1x 9] oS 7ekEEslo] ARSI
Z=§F<1} phosphate buffered saline(PBS)S 247]-0}
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e ZEYYoT APS BTEHE s
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T mEgyow AT mEazEaAle o8| At

Vol. 44. No. 3. 2000

319 K-A unitZ 3£7]83i0t.

AFo| ==t (EATC) Ol CHEH Aol St

EATC E<qbe]l thgt g 2 de] adrofofl <)%
o 7 53E A8l R ICR vIAE 2 T2
10kl slod miAEs e, e 3 43
EATCRHE o] 43 iz, 37 oFlds v)733
S|E(AGARS-BLYll HEF AT 9 oS
F(AGARS-CV, )% 8 (AGARS-BL el ¥& 4
Proz thre] 3 AR of4 B 37
9 e s3ck. 3 Y 1%, 5xF 108] Fo
3§, 1xX10° EATCE H¥FE9 Hhhel ol4sta
64 ¥ Z1ze] AYTY L spleen FAIS FH3H
1, 2 AT w2 B gAES) 5 578t
of Z9) e ATl AF P EAE U
Hake.

o gk
-9
o

gtofitofl o[xX[= A&

QR MM =X —QR A4 #% &= Prochaska'”
S wiel me HAsd. 3, 1x10719
Hepalclc? A|E9} Ac2F AXE 200 wel MEM Hj
Aol F-GAA 96-well plated] HFA71 CO,
incubatoroll 4] 24A17F Wl ¥, A wiekd 190 wet
o9 oFdel(0.1%, 05X, 1X, 3X, 5X) Ex 53
ZH(0.1%, 05%, 1X, 3%, 5X)& 10 w¥ 2 well
o 7lEilct. NEE 9 e F5FEde] 7t
g uljokooll ] 48A17F wiok 3 ekl wiE|al Al
E &38| A)FATE 200 pl reaction mixture {7.5 ml
of 05 M Tris-HCIpH 74), 100 mg of bovine
serum albumin, 1 W of 1.5% Tween-20, 0.1 m/ of
75 mM FAD, 1 mil of 150 mM glucose-6-phosp-
hate, 90 W of 50 mM NADE 300 U of yeast
glucose-6-phosphate dehydrogenase, 45 mg MTT,
150 p/ of 50 mM menadione in 150 pl H,0}&
Z} wellel] @il 583 kg § 0.3 mM dicuomarol
(in 0.5% DMSO)® 5 mM potassium phosphate”}
Sl &9 50 wE Hsle] HheE A F
microplate readerZ ©]€-31%] 630 nmolld FHEE
ST o=

M=ZUW GSH 483 28 - Al F GSH ¥
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GSHY & ZAsih 1x10°9 AZEE 200 W
MEM ujjR|o]] H-H-AlH 96-well plateol] HEA72
CO, incubatorellA] 24A17F wljoF ¥ 10 W 39 2
H0.1X, 0.5%, 1%, 3X, 5X) E AFFE9(0.1
X, 05X, 1X, 3%, 5x)] E3E wiAE 7} welll
7¥slsith. AlExE & 48A17F F WiRE WElL PBS
2 A Ax AEE LA F 40 W stock buffer
{125 mM sodium phosphate, 6.3 mM ethylenedia-
minetraacetic acidNa-EDTA), pH 74}& 7}3lx1
170 W9 reaction mixture {20 W 6 mM 55-
dithiobis-(2-nitrobenzoic acid) (DTNB) in stock buffer,
10 W glutathione reductase solution(50 units in 10
m/ stock buffer), 140 W of the NADPH-generating
system {25 m/ 0.5 M Tns-HCI(pH 7.4), 330 Wl
150 mM glucose-6-phosphate, 30 @/ 50 mM NADP,
100 umits of glucose-6-phosphate dehydrogenase
in 50 m/ distilled water)}$} WhEAIHTE A2elA 5
23k shakmg % 450 mmolld EFEE i
A ke GSH 24 5745 § plates} Zo] A
gt plate°ﬂ/\1 binchinchoninic acid solution protein
kits ARgSte] S35

MZL GST 4M% £ _GST o GST s
Wdl3H= Hepalcle7 cells AMESI] GST 84 =
74-& sFt}. Hepalclc? cell2 96-well microtiter
plate®) Z} wellell 1x10* cells® HFEAI7IZ 37°C,
CO, incubatorold] 24A|7F Hijek & A Hjoked 190
wel g RN 0.1%, 05%, 1X, 3%, 5X) T
EFFE9(0.1X, 05X, 1X, 3X, 5X)& 10 wH
7} welle]l At AEE Y = dFFE
Ho| Xajg ufokellofA] 48x]7F Wik & PBSE 33
A1, 33|19 freeze-thaw cyclesel]l 23] A|EZ 3]
NZAS. GST 84 53L& 93] 100 W reaction
mixture(2.5 mM GSH, 1 mM CDNB in 0.1 M

potassium phosphate buffer, pH 6.5/ 75k 1
F7t plate shakerolA] shaking®t & 405 nmeolA] 3
27 459 5712 microplate readerollX £33}
St} ol sheke GST 84 248 3 plates) 7
o] g%t plates A binchinchoninic acid solution
protein kitg A3l Z33I5]c).

Polyamine metabolism ZX*” - Acanthamoeba
castellanii®] 2= 5781 polyamine metabolism
< =439t 2X10° cells®] Acanthamoeba castel-
lanitS 3 ml OGM {3 N KOH, 30% glucose. 2,000
Xvitamins(0.2 g thiamine HCI, 40 mg biotin, 200
Mg vitamin B,/100 m/ 95% ethanol), 100X salt
(04 g ferric citrate, 0.1g CaCl, - H,0, 3.1g MgSO, -
7H,0 in 250 m/ dH,0), 100XKH,PO,(136 g,
pH 7.0), yeast extract-proteose peptone(7.5 g/l)}ell
B34 T-25 tissue culture flaskolld 2 oo
(1%, 5X) BEE FFF2A(1X, 5%) 150 po} vk
3tk 1=l 24, 48, 96, 120, 144, 16843 F2
A E4E hemocytometerS ©]&-31] A3kt

EAXME -AEE e Ho £ X2 FHAKStandard
deviation, SD)E EH3}). Student's t-testS A8y
ato], A3)E P glol 0.05 E= 0.019)3ke SAS
Hog ouglE Ao 753G
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7 dod, SEE, el FARt HETH o
& PR &2 R YR X ol
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Table I- Effect of AGRAS on serum GOT, GPT, LDH and ALP-s activites

Group GOT . . LD H. . ALP'S.
(Karmen unit) (Karmen unit) (Wroblewski unit) (K-A unit)
Control 132.5 = 20.3 23.7£29 485.1 * 63.0 222 27
AGARS-BL 1 X 775 £ 8.1 225+ 47 536.8 = 71.1 276 £ 19
AGARS-CV;, 1 X 112.3 £ 10.3 15.0 £ 2.7 4469 T 453 199 £ 2.1
AGARS-BLg 1 X 625 £ 73 100 £ 15 515.5 £ 63.1 20.0 £ 24

Each value represents the mean * SD (standard deviation).
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Table II — The effect of AGRAS-pretreatment on the weight of spleen and antitumor activity against EATC in the ICR mice

AGRAS injection Concentration Spleen weight (mg) rgc%vgﬁegjg(%) % Inhibition
Control 125.7 £ 24.3 1239 * 34.1

AGARS-BL 5% 1345 * 204 3+ 117 69
AGARS-CV, 5 x 1432 * 174 578 383
owew, 3 mmim omiw

Each value represents the mean = SD (standard deviation)

okgole] ZhA|Xejl WX FTFES Lol HSIth Table
12] ArjofXgl Zo] B FHAS FAGE AL
M o de Folahx] 92 tiZT(132.5 unit)el v
3l GOT #/do] U9, T¢d, 1delN 24
775 unit, 112.3 unit, 62.5 unit= 42%, 15%, 53%%
Z}z} 7hadislon, 98w 5 Aolelle GOT
Aol 2 zlol7t ggich GPT AL 999, 5¢
Y, 7458 A¥dTo] hRT23.7 unit)el vl 2zt
22.5 unit, 15.0 unit, 10.0 unit® Z4slg oo, viAE
ol Ao Hlz) AYo] T2 TAES HSTh
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AEZE ARSI} Table Iof) 1 232 Vehd vk}
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wnit? 18I, SHEE 4469 unit2 °F 8% 7
aEReH, 718 FARE APTS 5155 unit®
7Yt

B3 = ALPs #8450 55 — 1AEel SA4Ee
i3t 54 &59E Yohry] $8l] ALPsE A
Yol FAsl0] ZA FHNE AN ABrH F
AR 2 diRTE AW £ ZF, Table PIA9}
2o} YooM= 27.6 unit® 1SR, 9, 7+
482 199 unit, 20.0 unit® 24z} 10% 7HAsle] B
A8 ddejdel nls] A ATl ALPs &4
=7t @A) A3t

EAXE
spleen S20I| Cigt &2 — BARolA] F R
9] ZFojo] & spleen®] FF H3E AHET] 9
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ajo] 29 FdNE 108 FoIF § EATC 1x10°
cellsE& F7}ol o]asto] ¢h& FAAZ FHAAA
spleeng F 3o FAIE SA3NIUHTable ). AEE
AshA] & thEFol 125.7 mgeldl Bl&] 4,
S8, 711582 AT spleend] FF FE
By, 53, 7148 s5xolME 197.7 mgl 2 ulxT

ol wlai w7 EThEI). e opgele] St ¥

o}AFE spleend] T SV FHEHA LT
opMizel ME Maf Fat— AARelA B FI
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Fig. 1 -Effect of AGRAS and AGRWS on induction of
quinone reductase activity in murine hepatoma
Hepalclc7 cells. Cells were treated with AGRAS
or AGRWS for 48 hours, and the change in the
levels of QR was measured. Each point
represents the mean * SD (standard deviation)
of three separate experiments. Mean significantly
different from control *P<0.05, **P<0.01 using
student's t-test with n=3.
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Fig. 2 —Effect of AGRAS and AGRWS on induction of
quinone reductase activity in rat Ac2F cells.
Cells were treated with AGRAS or AGRWS for
48 hours, and the change in the levels of QR was
measured. Each point represents the mean + SD
(standard deviation) of three separate experiments.
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Hepalcle7H32e] gt A3ellA 5x =X 713
T A 26009 F& A FEES Bvh E
FEEAME FE 2old] w2 QR A A=&9
HEp} glom dizTa 22 1009 Y AEES
Belv) meb AF ] 71bA Q] Hepalcle7olld oF
HHo] QR e F=siler 1 2.6008] =g
S RO GFFENL 109 FEEE Uy
7 5392 BYvkFig. 1).

Ac2F Aol Uizt 3 QR &S
A7, oo AL F5 0.1x0A 1.0
ot} FE s5xoME FES 218 dAF) B2 QR
o] RESHSICE E5F28E Ac2Pl H2Fe o
AE FE 0.5%x04 15812 QRS AF] F7ta)
Som, FE 5xoME 1002 ZHA3INT) Ac2Fol
M ofldlo] IFFdnn) 247to] Fhod o &

2 QR A4 =S Hol FUrHEFg. 2).

Concentration (X)

Fig. 3 —Induction of glutathione levels by AGRAS or
AGRWS in murine hepatoma Hepalclc? cells.
Cells were treated with AGRAS or AGRWS in a
concentration range of 0.1x~5x for 48 hrs.
Glutathione level of sample-treated cells was
analyzed and compared with the level of solvent-
treated cells to calculate the ratio of GSH
induction. Each point represents the mean = SD
(standard deviation) of three separate experiments.

BAGRAS
OAGRWS

n

Ratio (treated/control)

0.1 0.5 1

Concentration (X)

Fig. 4-Effect of AGRAS or AGRWS on induction of
glutathione S-transferase in Hepalclc7 cells.
Cells were treated with AGRAS or AGRWS at a
concentration ranging from 0.1xX~5Xx for 48 hrs.
Glutathione S-transferase level of sample-treated
cells was analyzed and compared with the level
of solvent-treated cells to calculate the ratio of
GST induction. Each point represents the mean
+ SD (standard deviation) of three separate
experiments. Mean significantly different from
control *P<0.05 using student's t-test with n=3.
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Fig. 5-Inhibition of the growth of the Acanthamoeba
castellanit by AGRAS (A) or AGRWS (B).
Acanthamoeba castellanii were incubated with
AGRAS or AGRWS for each time.
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Polyamine metabolism0f O{X[= & - polya-
mine- opl S]] WHolm 2 g opddlo] of
ke polyamine TiAlel) m)x)= A3ES go} H7)
Asl opulute] FAg FHQSTHFg 5). 2x10°
cells®] Acanthamoeba castellaniiol 150 pl 3%} S5
The A3 & 24717E, 48AI7Y, 96717, 1204171, 144
AIRE, 168R17bs THEFS w), Fig. 60ldgl o] of
vlake] AEFE 1.8X10° 9.0X10°, 44.0X10°C2
AR MA8] IRz} 120/17F 0% F243] A
2 F7HE B 16827kl 15.0x10° 74 S
ST ZF HEAzbel g ol 1x, 5X EEE
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F2A 1x, 5X0X 20%, 43%2] ohdflul 22 oA
EI7} Rk
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