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Induction of Phase II Enzyme Activity by Artemisia
asiatica Nakai Aqua-acupuncture Solution
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Dept. of AM-Pointology, College of Oriental Medicine',
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Abstract

Artemisia asiatica Nakai aqua-acupuncture solution (ANAS) was administered once’ daily for 10 days
before the tumor implantation (1x10° cells). Body weight, spleen weight and the number of ascitic tumor
-cells were measured at 6 days after tumor implantation.  The change of body weight and the survival rate
of mice were observed for 21 days. It was used three biomarkers (quinone reductase, glutathione,
glutathione S-transferase) to test chemopreventive potentials of ANAS. ANAS exerted antitumor activity by
inhibiting the growth of Ehrlich ascites tumor cells in vivo. Mice giveni Ehrlich cells and ANAS at CV;2 and
BLis had 57.1% to 42.9% survival after 21 days. Quinone reductase activity and glutathione levels were
increased with ANAS. However, glutathione S-transferase level was 1.1-fold with ANAS. These results
suggest that ANAS has chemopreventive potential by inducing QR activity and increasing GSH level.

Key Words : Artemisia asiatica Nakai aqua-acupuncture solution (ANAS), Quinone reductase, Glutathione,
Glutathione S-transferase
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Minimum essential medium eagle’'s (MEM),
RPMI-1640 medium, NCTC-135 medium,
antibiotics,  dimethylsulfoxide (DMSQ),
bovine serum albumin (BSA), Tween-20,
NaCl,3-4,5-Dimethylthiazol-2-yl-2,5-diphenyl
tetrazolium bromide MTT), 99% ethyl
alcohol anhydrous, KCl, NaH:PO, Tris-HC],
FAD, glucose-6-phosphate, £ -nicotinamide
adenine dinucleotide phosphate (8 -NADP),
glucose-6-phosphate
menadione, dicuomarol,
(sodium dodecyl sulfate), crystal violet,
NADP, Na-EDTA, triton X-100, 5,
5'-dithiobis-(2-nitrobenzoic acid) (DTNB),
chloro-2,4-dinitrobenzene (CDNB), charcoal,
copper sulfate, glutathione
bicinchoninic acid protein kit:
Louis, MO, USA)9lA{,
bovine serum (FBS)&
Island, NY, USA)e] A,

dehydrogenase,
lauryl sulfate

reductase,
Sigma (St.
Fdsted 1, fetal
GibcoAt  (Grand
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3, 3340 BL ol LTBEAE T
ZR4E AgFAT

e A QAP sl zAss
o} o 60 g& zate] AHAS 400 m g 7}
g % rotary evaporator (BUCHI RE121,
Switzerland)ol| 4] 327} A e}lsle] 22357 o
I35 & 4°C, 2,500 rpmolj A 1087} €A 2&
o] 9 Azl 200 me ZEEstelch
i‘"‘ﬂ Llo] 99.9% ethanolz 7}3le]
T5%, 85%, 95%92] ethanol &<Ho] = A 3}o
AAEE 4¥sly, pH 742 HAs ¥ e
ol Al 24A) 7+ H}x] 8t membrane filter (0.22
wm, Whatman, Germany)g o s}s}eit}t. 28
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phosphate buffered saline (PBS)& 3 7}3}4
0.05x%x,01x, 056x F5& =Astyc].

ool 60 g& 23] AASF 400 m & 73
) 3x17k Asrsle FE3}3 4% F 47T,
2,500 rpmelj A 10%7F JAd ek q& A
2 200 m& Z4F S pH 742 4%
F Ao 2447t ¥x 3 membrane
filter2 o 3}sl2 PBSE 7}sted 200 mio] H
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FAg 9 dAZE ol4sigdet.  EATC
QA Be] 2x10" AZE ojA g & 2
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223} HZX trypan blue exclusion oz
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S EL

Ad  2E FA AFHY A=
Hepalclc7 cell- & 10% fetal bovine serume]
=#3 MEM (Sigma)g w4225 CO
weks] (5% COq, 37TC)IA whoksbed T, wo}
de 3y 49 Aoz TR FHch ol
Az dAA L2 7idatd (150C) =&
3 FAchrt -2 passage WEE 7t A ZE
oA Ab&salt

Quinone reductase (QR) AHAd

QR A4 f=a37E Prochaska ¢ Hbef
ezt x5t @ 1x10'7) 9 Hepalele? 4

Z 200 g8 MEM wjz|e] 2847 96-well
plateel] HZA)7|3 CO: wjof7l= A 24417

slof 3, A whokel 190 weh oY U
005%, 0.1x, 05x%, 1x) B 95259

0.05%, 0.1x, 0.5%, 1x)2 10 w4 7 well
o 7hatdth AZE G =25 dFFE
o} A7tEl whokfell A 48417 ik F whokd
2 Hgdn AZEE lysisA|ZH o 0.5 M Tris-HCI
(pH 7.4), 100 mge] bovine serum albumin,
1.5% Tween-20, 7.5 mM FAD, 150 mM
glucose-6-phosphate, 50 mM NADP, 300 U
glucose-6-phosphate dehydrogenase, 45 mg2]

-MTT, 50 mM menadioneg &% 3 reaction

mixture, 200 Wl & 7zt welle] Y3 587 8t&
% 5 mM potassium phosphate buffer<]] 0.3
mM dicuomarol# 0.5% DMSOE 713t &
of 50 ul& 2z wello] 748t wbgg FA A7)
% microplate readerg o]-43ls} 630 nmel 4
FR=E A3 Az5e] e QR 44
2o Ay g8 o A 7o) 96-well
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plateo] Hepalclc7 cellg HEA7131 Al8E
22 ste] 4841 7F v ok F WA & W3, 0.2%
ethanole] =0} ¢l 0.2% crystal violets] 10

7 9E ¥ 237 s2x B Ad R
0.5% SDSE 50% ethanolel] = Z+ wellej
200 w4 Arrspz 37CeHA 1A 7F kA7)
H 630nmel 4 FIF=E A3

-
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QR $=8& & TAd 98 4Esgrh

Absorbance change of MTT/min
Absorbance of crystal violet

% 3247 nmol/mg

Glutathione 4% &3
A ZUl & glutathione 3te& Griffith 52}
ulh g 83 3le] 96-well platedl A & 315

o”. 1x10%e) A ZE 200 | MEM wj=|o] &

4217 96-well plated)] H&A]|7]22 CO2 wjof —

71ol A 242417 Wiy F 10 w g I
(0.05%, 0.1x, 05%, 1x) =& 95329
(0.05x%, 0.1x, 0.5x%, 1 x)o] =3 wWix & 7}
wello] 7hsteich Al2Ae F 4842 H WA
£ vlglz PBSE AW A3 A=EEZ lysisA )
& 40 4 stock  buffer (125 mM
Na-phosphate, 6.3 mM Na-EDTA, pH 74)&
7}sl 6 mM DTNB, glutathione reductase
solution (50 units in 10 ml stock buffer),
NADPH-generating system {0.5 M Tris-HCl
(pH 7.4), 150 mM glucose-6-phosphate, 50
mM NADP’, 100 units glucose-6-phosphate
dehydrogenase}-& &3%3t reaction mixture

170 wi s} ARt Aol A 57 shaking -

% microplate reader 450 nmdlA FI=E
zxstgch Az ohwlal 2k binchinch-
oninic acid protein assay kit A}-4-3te] &
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o] 1x10* cells& HZA|7]3 37°C, COz ¥l oF
71 A 24217 ok F A wioked 190 ul g} of
o ¢Ale (0.05x%, 0.1x, 0.5x%, 1x) == &
422d (0.05x%, 0.1%, 0.5x%, 1x)2 10
Azt welle] g5t AxE 4JY =&
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of o A=EE lysisA| @t GST 24 Hx4$
23] 0.1 M potassium phosphate buffer (pH
6.5)) 2.5 mM GSH, 1 mM CDNBE #7713
reaction mixture 282 100 4 7 welll
7}sl3 187} plate shakerol| 4] shakingsl %
405 nmejA 3%} FF=EY  FIHE
microplate readere| A} &3 a4t GST A
24 4% A=e 99Ad F2 binchin-
choninic acid protein assay kit& #}-8 3}
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Number of EATC recovered
(y10°)

Only EATC 8L cviz BL18
ANAS Injection {1X})
Figure 1. Antitumor effect of ANAS-pre-

treatment against EATC in ICR
mice. The value of each group

statistically significant as
compared with control (**
p<0.01).

2) Spleen S0l cHdt St

AARAA oy ehHde) HFoiel o
spleen W A He] A wW3E dolrr] ¢
s QAHZE o]AFE, 64 % A3 =24¢E spleen
S A&l FAE 2Asi 2 574 HiE
& Lolmsith YA, F9Y, 7FYA
spleene] ®A7} ztzk 186+0.06, 225+0.08,
2414005 (g)ez2 A|l8E A=lsla] gL d=x
Fof u]s) 21%, 33%, 38% =% Z/lE B
Qi EFAC] HilE AHE Ay, AL F
o 31%] ¥3 Bfod A Zakg o] A% =Tl
vls) EFA ZF7Hgo) dAHUSES €F A

Table 1. The effect of ANAS-pretreatment
on the weight of spleen and body
weight in the ICR mice :

ANAS Spleen Increase . of

injection weight body weight
X) (mg) 4]
Control 150+0.02 9.00
BL 186+0.06 8.17
CVie 225+0.08 8.00
Blas 241+0.05 7.60

Table 2. Antitumor activity
against Ehrlich ascites
cells in ICR mice

of ANAS
tumor

ANAS  Ehrlich ascites Survival rate
injection tumor cells (% after 21
X challenge days)

10° cells 0
BL - 100
CViz - 100
BLis - 100
BL 10° cells 28.6
CViy 10° cells 57.1
BLis 10° cells 42.9
t} (Table 1).

J ME HgEg

104§ AL YAgH 9, s
go| Hejstz EATCHZE o438 Ay 73t

EATC Alxghes 27 W o]Ag ozl A
213 £ 8% A= A9 BT wsg
DAt A, o, 298, HEdea 2t
10.32+3.86, 8.57+2.45, 8.00+4.87 (gle=
Y279 16.1+252 ()] ®ls E2H 2717}
JAEdon B3 Ay 29y 5do)
A g FAR AYFAA 47% 50%2 =L
oA asrt ids (Fig. 2).
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Change of body weight {g)

0 5 10 15 20 25
Days
Figure 2. Change of body weight after
ANAS-pretreatment against EATC
in ICR mice.
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Figure 3. Effect of ANAS and ANWS on
induction of quinone reductase
(QR) activity in  murine
hepatoma Hepalclc7 cells. Cells
were treated with ANAS and
ANWS for 48 hours, and the
change in the levels of QR was
measured. Each point
represents the mean of three
separate experiments. The value
of each group statistically
significant as compared with
control (* : p<0.05, ** : p<0.01). .
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AWl A ofsd eFxeleo] Ehrlich ascites
tumor cell (EATC)e| wmjA= AdE A5E
23, oy kY He F EATC o] Ao &3t
A7 9 dx axe= Table 29 7gtch
ohed ke Ixgrg 7tz gJojdd, o, 7
T3 AP 9 214 F AEg<] 100%
2 velstch dbE, 4Fe EATC =hg 27}
W ool A gk A, 21 F B4 Az &4
22 AqFY 4252 %2 Yeiged 109
T¢ dAAE d g Fod, A5 H
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AE e $9 9% £33} %) o) o)
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ZA g AAse 59 Qg 2z} AN, ¥
Aol MM AW FHY, DHYeAA 2

37} Fokeh

CMIZL GST MMoj| ojxjs

&

QR oo o|X|= Hgt

o okyede ey axtg Anar §3
o P4EALT FEA4FHA 7= Phase I
enzyme?l QR 449 f= xwE A 2
#, 49 FAY 0.05x 34 1.3u), 0.5x
8] FEA 1.64), 1xe)4 1.3u)9) QR B4
£ deEhid R 0.1x9 ofqd kA A 7}
FL AL 280 A &g B o
d EFFE2IAAE 01xelA 1699 QR
FEEE e A2 Exe gloid
FFFEYudg FPA4H QR AN F=7}
EA debde gt AR padEq
Hepalclc7ell 4| d53&9, 3 2% QR
AAE frEstddeny Gde 49 28e] 3z
ZEAeld whs] deFEde 169 FEES
2o o] dpfaduct o e QR A
e =TS ¢ + dda (Fig 3).
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MEL GSH MAMo|| ojxj= ofs

kel 98 GSH A& Hepalcle? A=
A 2RE A3, 0.05xe)A 14w, 0.1x 3=
=) ofaAYL s Az GSH levelo]
16w e F718 vl dFF2dexs
0.05x et 2.1vh8] GSH $-=§2 w9 o}
GE sEeAdE 10w $£2& myc) (Fig
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X8 GSHe F3 A3t I3z s
Aol f=E )
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Figure 4. Induction of glutathione (GSH)
levels by ANAS and ANWS in
murine hepatoma Hepalcle?
cells. Cells were treated with
ANAS and ANWS in a

concentration range of 0.05x ~1
x for 48 hrs. Glutathione levels
of sample-treated cells  were
analyzed and compared with a
solvent control to calculate the
ratio of GSH induction. The
value of each group statistically
significant as compared with
control (* : p<0.05, ** : p<0.01).

(carcinogenesis)S A&, AAANAV GEH
7 & ABA7E Lol A ey EA
of tha @we ATVl AYHI glen, a3ty
¢l ¢}efju} E-A (chemopreventive agents)®]
ATE 98 Astety #EA Rl (biochemical
markers)& A-43t3 gk % o] EAAEL
ottt 2] webEAe] AR 29 F4b
Eax w3 deksln g A E A
He4E adq dedwEAz HFId.

QR< GST# UDP-glucuronosyl transferase -

9} 7o) phase [ enzymeo = 9] H-o] EAfo]
A AT EQHelEA, YA EAERH A
ZE 2538t} Phase [l enzyme A9 =
=, Z 3984 (anticarcinogenic activity)e
2 ARG % 2 A4 g FHAL 4
Aol AFeqel F, Bt of4el) ¥ ey
a3 AL g5t ¥ FF, 559 A=
&, A% A5g, 47 £94 AL %5
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Figure 5. Induction of glutathione S-transfe-

rase (GST) levels by ANAS and
ANWS in murine hepatoma
Hepalelc7 cells. Cells were treated
with ANAS and ANWS in a
concentration range of 0.05 x ~1 x
for 48hrs. Glutathione S-transfe-
rase of sample-treated cells were
analyzed and compared with a
solvent control to calculate theratio
of GST induction.
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QR #4 f=, GSH %3, GST &4 £ =&
FAs Bt

oo A& A2l 7retA E HepaleleTol
A e o 0.1xy=olA 2882 QR A
A FEES 2T dFFEYEg FA Y
A QR gAde] o EA el ole B A
dAAA A ZAY FeF Y T, 2%
% opyd Pud & QR BYHEE eh)
Ak 2=2 Ay AL FAWeAA,
WA e diAarFAAl 44 quinones] 2
T A=zl SA ¥ A=z DNA¢AE gl &
Aoz F5H.

R R HEF{FHL  cytochrome
p-450-dependent monooxygenase systemol]
o)s] hArxEle] AAAEHHEA (electrophilic
product), epoxides == wj§ FAle] 743k &
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33 (oxidative free radical attack)e 21
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sto] AMEW LA AsEA R Vet FAE
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ag¥eoz AEZW QRY $ET EHFT
GSH #3< F7HA 9% 2 =& 442
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dA T Aoz Asdd

2 9
cjedos PN E A sty g} aHE A
o E A g 22 2L A
°H°3 okx el o 2 1097 AF338 & Ehrlich
ascites tumor cell-& o]A] sled Bqle] ft

% QA BEATC A%e Ad 2 23 %39
o =og 47 EATCS Aol = <)
sqleny, Bagte]l it AF ¥ FA
7t 2Tl vis) Frlsigich =3 37|71
#Fge] AT Bt Axe] A Al
g8 AH] AFHsEL =Tl vld =24
dA R en £ Aa aHs} yepget o]
shzre. Aol Aol otev) &IE in vitro A

Kim JJ, Choi MK, Han DS, Kim JB. J
Wonkwang Med Sci 1987; 3: 13-18.
Sheela SJ, Stutzman K, Kelloff GJ,
Steele of potential
chemopreventive agents using biochemi-
cal markers of carcinogenesis. Cancer
Res 1994; 54: 5848-5855.

. Chesis PL, Levin DE, Smith MT, Ames
BN. Mﬁtagenicity of quinones
pathways of metabolic activation and
detoxification. Proc Natl Acad Sci 1984;
81: 1696-1700.

. Ernster L. In : Estabrook RW, Pullman

ME. eds.. Methods in Enzymology. Vol

10 New York: Academic Press 1967;

309-317. .

Lind CP, Ernster LD. T-diaphorase as a

quinone reductase : a cellular control

against semiquinone and
superoxide radical formation. Arch
Biochem Biophys 1982; 216: 178-185.

. Prochaska HJ, Talalay P, Sies H. Direct
protective effect of NAD(P)H : quinone
reductase against menadione-induced
chemiluminescence of. postmitochondrial
fractions of mouse liver. J Biol Chem
1987; 262: 1931-1934.

. Griffth OW. Determination of
glutathione and glutathione disulfide

glutathione  reductase and

Anal Biochem 1980;

VE. Secreening

device

using
2-vinylpyridine.
106: 207-212.
. Habig WH, Pabst MH, Jacoby WB.



10.

11.

12.

XIE FEEEel o3 Phase 0 &4 84 f=

Glutatione S-transferase the first
enzymatic step mercapturic acid
formation. J Biol Chem 1974; 249:
7130-7137. '
Talalay PM, Delo J, Prochaska HJ. In:
Cory JG. Szentivani A. eds. Cancer
Biology and Therapeutics. New York:
Plenum 1987; 197-216.

Talalay P, Prochaska HJ. DT-Dia-
phorase: A Quinone Reductase with
Special Functions in Cell Metabolism
and Detoxication. In: FErnster LR,
Estabrook W, Hochstein P, Orrenius S.
eds. Cambridge: Cambridge Univ Press,
1987; 61-66.

Kim JW, Choi, HK, Shon YH, Lim JK,
Lee HW, Nam KS. Chemopreventive
potential of Lonicerae flos aqua-acu-
puncture solution. Kor J Pharmacogn
1999; 30(3):261-268.

Han SH, Cho KH, Choi HK, Lim JK,
Shon YH, Iee YT, Nam KS.
Chemopreventive effect of Gamdtang
aqua-acupuncture solution. Korean J
Life Science 1999;9:684-691.

13.

14.

15.

16.

17.

Jollow DdJ, Smith C. Biochemical
aspects of toxic metabolites formation,
detoxification and covalent binding. In:
Jollow KdJ, Kacsis JdJ, Snyder R, Vainio
H. eds. Biologically Reactive Interme-
diates New York: Plenum Press 1977;
42-59.

Jollow DJ, Kocsis JJ, Snyder R, Vainio
H. eds. Biological Reactive Intermedia-
tes. London: Plenum Press 1977.
Mitchell JR, Hinson JA, Nelson SD.
Glutathione and drug induced tissue
lesions: metabolism and function. In:
Arias IM, Jakoby WB. eds. Glutathione.
New York: Raven Press 1976; 357-367.
Cerutti PA. Preoxidant states and
tumor promotion. Science 1985;227.375
-381.

Ahn SJ, Park RK, Lee SR, Chung WK,
Nah BS, Nam TK, Chung HT, Moon
SR, Kang HK, Park SJ. Radiation-in-
duced apoptotic signaling pathway in
HIL-60 cells. J Korean Cancer Assoc
2000; 32: 156-167.



