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Chemopreventive activity of Prunella Herba Vulgaris L.
Aqua-acupuncture Solution

Shin-Hwa Park’ - Jong-Kook Lim'
Dept. of AM-Pointology, College of Oriental Medicine, Dongguk University'

Abstract

Cancer chemoprevention refer to the use of natural or synthetic substances to prevent the
initiational and promtional events that occur during the process of carcinogenesis. The effect of Prunella
Herba Vulgaris L. Aqua-acupuncture Solution (PVAS) and Prunella Herba Vulgaris L. Water-extracted Solution
(PVWS) on the induction of phase II detoxification enzyme (quinone reductase, Glutathione S-transferase)
and inhibition of phase I enzyme (cytochrome P4501A1) and benzo[a]pyrene-DNA adduct formation was
examined. PVAS is potent inducers of quinone reductase activity. Glutathione levels were increased with
PVAS, in cultured murine hepatoma Hepalclc7 cells. In addition glutathione S-transferase levels were
increased with PVAS. However, there was 45.2% inhibition in the activity of cytochrome P4501A1 enzyme
with the treatment of PVAS, 5X. At concentration of 1x and 3X of PVAS, the binding of [’H]B[a]P
metabolites to DNA of NCTC-clone 1469 cell was inhibited by 25.3%, 45.0%, respectively. These results
suggest that PVAS has chemopreventive potential by inducing quinone reductase and glutathione
S-transferase activities, increasing GSH levels, inhibiting the activity of cytochrome P4501A1 and
benzofa]pyrene-DNA adduct formation.
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HAAAR ez B FAE o 9l
EHEE 223 (BEHLabiatae)d Bile
£ 44 Prunella Herba Vulgaris L.2) #b_EE}
28 EE3 EHESY 9 deleddE
HFFHSatalaceae)o] 43 Fne] EIEEA M
%) Thensium Chinese Turczaninow® 2%
2 #5Re ¥ ZEAEHEY AN ERES
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% A532d e z2AHL, o|RS o] &3ty
phase I enzymes (Quinone reductase,
GST), GSH A A, cytochrome P4501A1 &4
2} oAl &3}, carcinogen-DNA binding A 8] &
Be 2 sled Qeul aRE FHERA 5
o},
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Alet

Minimum essential medium eagle’s (MEM),
NCTC-135 medium, dimethylsulfoxide
(DMSO0), Tris-HCl, ribonuclease A (RNase
A), ribonuclease T (RNase T1), cytochrome
C, potassium acetate, proteinase K, ellagic
acid, 3-4,5-dimethylithiazol-2-yl1-2,5-

diphenyltetrazolium bromide (MTT), flavin
adenine dinucletide (FAD), dicuomarol,
glucose-6-phosphate, £ -nicotinamide ade-
nine dinucleotide phosphate (8 -NADP),
glucose-6-phosphate dehydrogenase, mena-
dione, laury sulfate (sodium dodecyl
sulfate), crystal violet, NADP', chloro-2,
4-dinitrobenzene (CDNB), glutathione
reductase, triton X-100, Na-EDTA, bovine
serum albumin (BSA), tween-20, 5,
5-dithiobis-(2-nitrobenzoic acid) (DTINB),
superoxide dismutase (SOD : from bovine

liver), 9,10-Dimethyl-1,2-benz-anthracene
(DMBA), phorbol 12-myristate 13-acetate
(TPA), cupric sulfate, ethoxyresorufin,

bicinchoninic acid protein kit Sigma (St.
Louis, MO, USA)d|x Fds}9ls, fetal
bovine serum (FBS)2 GibcoAl (Grand
Island, NY, U. S. A), [G-*H]Benzo[a]pyrene
([3H]B[a]P)—f’: Amersham pharmacia biotech
AL A FE AHEstd ok 71Er Aok Az vk

% 9 5F Aoke 79, g

Ml Z et

A B& Z9] Hepalclc 7 cell g 10% fetal
bovine serume] =ZEF¥EH MEMZ ujcflo =
o] COg wiok7] (5% COq, 37°C)A A wj ksl
913, NCTC-clone 1469 (from : mouse liver)
A x= 10% FBS7} =35 NCTC 135& ik
Aoz stdslged, o] vkl 3 = 4
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o ZtAoz i FHoh o] Alxzs A4
&8 1A A= (-150C)e BEs) FHost 2

HEE 7 AZE B4 AHgs
gtk Aze AHE=2 trypan blue dye
exclusion ¥l o = el s}glt}.

Mot obEd Xz

P B Al FEAY 3l =A AT
Y. el stz 60 g2 HAste] FFS 400
m<g 7}3 5 rotary evaporator (BUCHI
RE121, Switzerland)sll A 3A17} A eksie] 3
£33 o33t % 4°C, 2,500 rpme| A 107+
dAEe st 42 A3 200 mE HYFEF
stgicth o] 55 Lo 99.9% ethanol& 7}
3ted 75%, 85%, 95%<] ethanol §-<fe] =)
sl AMEL 43, pH 742 HH% F
Aol 4] 24217t ¥kx] dte] membrane filter
(0.22 m, Whatman, Germany)2 ¢ 3}3}¢d ).
a8z 3x FH45 7hste] 200 mo] SHA 3
o 1xe] Aoz Agsgien 5x, 3x
A 1x A& FAtgHite] AHL-3
g1, %45 PBSE Arkste] 0.1x, 05x
FE2 zA s

QR 44 =

QR 24 £ % x3}E Prochaska™ Z¢] why
ol wel &xstgdct. 1x10°49 Hepalcle?
A2 (mouse hepatoma)E 200 ul 10%
FBS7} #7}¥ minimum essential medium
eagle’s (MEM) wj &joll ¥-fA17A 96-well plate
of AFA7IZ COx wiok7iol A 24417 wi<f
F, A wioke] 190 ue} Y Y dFxFEd
0.1x, 05x%, 1x, 3x, 5x)& 10 uxd 7z
wello] 7hatgich Az FPYel Arhe wio
Mol A 4BA17F wioF F wiokd & BiElx A=z
£ a2 4t 200 4 reaction mixture {7.5
ml of 0.6 M Tris-HC! (pH 7.4), 100 mg of
bovine serum albumin, 1 4 of 1.5%
tween-20, 0.1. m of 7.5 mM flavin adenine

dinucleotide, 1 ml of 150 mM glucose-6
-phosphate, 90 ul of 50 mM B -nicotinamide
adenine dinucleotide phosphate (INADP),
300 U of yeast glucose-6-phosphate
dehydrogenase, 45 mg 3-[4,5-dimethylthia-
zol-2-yl]-2,5-di-phenyltetrazolium  bromide
(MTT), 150 ul of 50 mM menadione in 150
ml dH:0}E 7} wellell €3 5§87} ¥b§ % 03
mM dicuomarol (in 0.5% dimethyl sulfoxide)
3} 5 mM potassium phosphate’t E¢j9l &=
L. 50 w1 #H7}sled microplate readerE
o]-8-5k] 630 nmol A FFEES 2kt

Crystal violet assay

Az dg QR AAHFS FH 37 $+
o Al#g 3z} 7o) 96-well plates] Hepalclce?
cell & HEZAFI I A8 E Al gle] 48A17F )
o F wiA & W} 0.2% ethanole] o} g)
= 0.2% crystal violete] 107 &2 % 2%
7b 2y E4 A9 FAU. 0.5% SDSE
50% ethanolel] o z} wellell 200 14 27}
33, 37°CelA 147} w5417 ¥ 630 nmel
A F3=F At

AEW & GSH ¢3e Griffith'e) oy g
W 3 A} 7 4] 96-well plates] A = s}gic}. 1x
10°e] A& 200 4 MEM wjx]o] 282
96-well platesl] HZA)7]3 COz ujj k7)ol A]
24417 o} F 10 W& Z7}7ke) ok de] 23
2 WA 200 4 & 7 welld) 7} A=A

8 F 4847 o wiAlg sz PBS= A

Az AMEE L8470 F 40 u stock
buffer (1256 mM sodium-phosphate, 6.3 mM
ethylenediaminetriacetic acid, pH 7.4)& 7}
8l 170 ple reaction mixure {20 49
6mM b5, 5'-dithiobis-(2-nitrobenzoic acid) in
stock buffer, 10 19] glutathione reductase
solution (50 units in 10 ml stock buffer),
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140 w ¢ the NADPH-generating system
{2.5 m2] 0.5 M Tris-HCI (pH 7.4), 330 u1 4
150 mM glucose-6-phosphate, 30 u¢ 50
mM NADP', 100 units®] glucose-6-phos-
phate dehydrogenase in 50 ml distilled
water} o} 8H-3-A| 7t} Ab-2ol| 4] 53%7F shaking
% 450 nmel A FF=E FA st DA
¥ GSH &4 £ & 3 plates} o] A
2} 8t plateo} 4] Dbicinchoninic acid solution
protein kitE& A}4-3te] &7 3tqlot.

GST 4% &H

GST ¢ % GST g €& w43 3l= Hepalcle?
AT Aeste] GST &4 24& A
Hepalcle? Al=& 96-well plates] 7} welld]
1x10* cellsg A FA7]z 87°C, CO; ®)o}7)
ol A4 247k whofF F A§ wjofe 190 um o} 747
o} efaled (0.1x, 0.5x, 1x, 3%, 5x)& 10
w7 welle) zlsioich MEZE o]
el = sfefad oA 487k wiol & PBS= 33]
# 3 freeze-thaw & 33 HFE-dle] HEE L35
AlZck GST 24 #x4& $s1 100 u
reaction mixture (2.5 mM GSH, 1 mM
1-chloro-2, 4-dinitrobenzene in 01 M
potassium phosphate buffer, pH 6.5)& 37}
sl 187 shaking & % 405 nmej4] 37
3 x9 Z71E microplate readerd 4 =3
sl 9wz e GSH 24 232
plates} 7o) 3z2]3t plates] 4] binchincho-
ninic acid solution protein kitS- Al&-3} &=

A st ot

Cytochrome P4501A18] &M Xl &F

Cytochrome P4501A1+ ethoxyresorufin-
O-deethylase (EROD) &4 ez ZAslgct
8 =z oo =2E) ¥2) 3 microsomal protein
(2 mg/ml) 200 o] 640 w9 0.05 M Tris-HCl
buffer (pH 7.5), 100 u12] BSA (10 mg/ml in

Tris-HCl buffer), 20 .12 0.25 M dehydro-

9%

genase), 10 u12} substrate (1 mg of ethoxyre-
sorufin in 10 ml of methanol), 10 ¢ Z+&
¥Eo AAsia Y % d52EYLe
A7 BE AGES A 4L F, 37CHA
4E7F 9+-¢A171 2, 2 nl2) methanol2 ¥I&&
FA A 2,000xgel A 20% < A4 EH
st AEdE  Hslx, HFEFFEA
(SHIMADZU RF-5000, spectrofluoro-photo-
meter)2 23 (550 nm excitation and 585
nm emission) 3}¢1t}. Positive control& &= f
-naphthoflavone-g&  A}£38}¢l 3, negative
control 24 & SF4E AHEsigch o] A¥ &
3% W2 Adoz 44 sgos, 27y 2
i} controle} ©gt 7} sampleE2] A= A
X & percentagez lel gl

Carcinogen-DNA binding Xslf §2} &H

" 1x10° e mouse normal liver (NCTC
clone-1469) M £E 5 nl¢} NCTC 139 =) 4]
F#A1A 6-well plateel] A ZFA1#A 18417 =)
ofste] A wixl2 w2 §, Axe stz o
AR 1x, 3xES HMejstz 2417F wjoFstedct.
10z Ci [PHIBla]PS #2lste] 124]7b5<k
oFg ¥ Sharma ' So g uhyg W5l
o] t}g3} o] DNAS %3 3t9ct. PHIBlalP
o Mel® AEz:= PBSZ 3d& AHadz,
proteinase K (100 # g/nl)7} 439 02 M
Tris-0.1 M EDTA (pH 8.5) buffer 0.5 m-&
welld] 2 stgich 120 V& BAHA)
7 e 1085 okt 7, wellz e Az
£ delvel sssignh H4H AZE 10%
SDS )& #7}bste] 55C A 3217 Sk w)
il AL AAsged, 5 Mo
Potassium acetate &< 2 A r}sled 30E %9t
4Cel A A =S wxA17] 3§, 13,000 x gol| A
1537 Qe sgct ddns A 9,
cold ethanolg Arzei 2uje] ofe] H T 3}
o A7tstd 7, DNAS AA77] $isted -2
0ol 12417k ol 4 5 shedc}. 13,000 x gol
A 1525 QAR 3 429 & A A e
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Figure 1. Effect of Prunella Herba Vulgaris

L. Aqua-acupuncture Solution
(PVAS) and Prunella Herba
Vulgaris L. Water-extracted

Solution (PVWS) on induction of
quinone reductase activity in
murine hepatoma Hepalclc7 cells.
Cells were treated with PVAS and
PVWS 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).

DNAE 3]43lgict. DNA  pellete 70%
ethanolell A% & 5 500 u of 10 mM Tris-1
mM EDTA (pH 8.0) buffer2 3 g3}l on,
RNAE A #Asl7] ¢18le) RNase A9} RNase
Tl& 72zt 5 WA steled 87 °C, 1 A1 2k5< A
25t DNA 3432 260 nm (1 Az om
unit = 50 # gl A ¥FAEE FA 3t ZAA 3
Aot FAEE AT A F=e DNAE
radioactivity &A el AM&EHdct 2E gL
3% gAY oz sdsigon, Y sluz
o3 oo 9]} carcinogen-DNA binding =} &)
234 53 2 FAez A=

% inhibition=[1-dpm per ug DNA test

cells/dpm per g control cells] x 100

Exjsts =2
=

A¥8ZAIAE EAAYE ’3}"4 YgLtEFEHR

-15 .

E Yeiglen, A g f44 HAAge
Student’ s t-testE £ 3)3le] A=) 3bglc}.

42
QR ddojl olx= EE

dHe stz o3 QR 44 =8 =

A 23, 0.1xg=A dzFe vlstd 1.0
Wl 2518 Bgon, 1xEEoA 1.654], 5x
AA 74 2 $x9 18249 A4 f=g
€ 2t 25322 A9 1xd4 2,04
2 M 22 FESE Jehiden xxo)
57t 85 E 2 do] Fastes A% Jehy
sict (Fig. D).

MZLW GSH ol ojxl= Hg

F Ao 23 glutathione YA L A e 7
7 0.1x, 05%, 1x ¥x¢ P g st
Az HzFrcoh 1.02, 145w, 1.26w) 2
F7He dehliddeh 24252 d9 A9, RE
Fxd A GSHY levelel 718 Jetvpr o
aet. AFlM FA= Hepalcle? A Zuje)
glutathione2 <Fefo] 7 gz uc o
< ol AAHAEE ¢4 AN Fig. 2).

MZWH GST Mool o|x= &

G el o3 GST A= A3g A
05x, 1xd4 174, 1.38) A=z =7}%
et o @5FEHd M= GST &4 o]
et (Fig. 3).
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Cytochrome P450 1A12| &4 X3 &z}

Cytochrome P4501A1& phase ] &4 =
ot FrEd7]) g Fe o] mA9 8L o
Aate AL dedwas 71z seld. o
2 dxelsine FHd P dFZsa) o
3 cytochrome P 450 1Al &A% A as
£ A7) st 7 Exe Wi A=
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Figure 2. Induction of glutathione level by
Prunella Herba Vulgaris L.
Aqua-acupuncture Solution
(PVAS) and Prunella Herba
Vulgaris L.  Water-extracted
Solution (PVWS) in murine
hepatoma Hepaleclc7 cells. Cells
were treated with PVAS and PVWS
for 48 hrs, and the change in the
levelsof glutathione was measured.
Each point represents the mean of
three separate experiments.

0.1

z#seich FPAe 01x, 05x%, 1x, 3x,
5xelx  Z7+ 10.33%, 13.76%, 17.81%,
32.85%, 45.19%9] A8 go] Yeiy, dFF
Fde 362, 12.22%, 12.23%, 14.92%,
21.32%2] A3 &< detlct (Fig. 4). 3
9 Fx=7t F7ME4E cytochrome P4501A1
24 AAA 7 ¥4 e, 2552
Hls A azst ZA delde & = 9
%<t '

Carcinogen-DNA binding A 5f & =}

TerEge) AN 4= Qs w£4

Ay A 29 DNAY T3 &AL

Sl & fudl: AL H17}°—“131°i A
PF3te ez deid gl 4 £49 DNA
7} $E5 gow ETodwo]|E Yoy DNA
2l M EF3 HFH A BA=E AErl Az
2 A#HsA FHE5 Flolth wrela] wepEale]

DNAst A g3t €42 F4 HE AL A
sjgtchs otedAl mHUE 9le Zejh whebd

o2

3=
2.5
; BPVAS
g 2 . BPVWS
s
Q
3
©
£
L
(-]
2

0.1
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Figure 3. Induction of glutathione
S-transferase by Prunella Herba
Vulgaris L. Aqua-acupuncture
Solution (PVAS) and Prunella
Herba Vulgaris L. Water-extracted
Solution (PVWS) in murine
hepatoma Hepalclc? cells. Cells
were treated with PVAS and PVWS
for 48 hrs, and the change in the
levels of glutathione S-transferase
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).

Axte] stz oA Ao ¢33 carcinogen-DNA
binding inhibition & IF}&§ Lolrr] 93
NCTC-clone 1469 A =& o] &-35le] A¥3} A
B, 1x9 o Eemer] 25280k, 3x o)A
45.00%2) A& =z et (Fig. 5).
Positive control&4] ellagic acid& A}-&3}4d
:9: o, 68.43%¢] A &o] Yeld 7-& Zored

, Aatel st nzx oA 3xelA gk 24
-‘5‘-47} 9\121?—2- &4 A

2

LdTFelM = ERE, L, BE U ER
R, BUERE, MESS Edez A8sT 9]
£t WSz E g oL, dPAL o] o]
7 A &zt FA S A3t QR fr=ad,
Az GSH #4% 54 o GST f=xax3,

I
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Figure 4. Effect of PVAS and PVWS on

DMBA-induced cytochrome
P4501A1 activity. Experimental
details are described in Material
and Methods. Values represent
mean+SD (n=3). The value of each
group statistically significant as
compared with control (* : p<0.05,
** 1 p<0.01).

DMBA-induced cytochrome P4501A1 &4) -
§) 2.9}, carcinogen-DNA Z 3% Asjlast 5
3oz Lotae] initiation A
(blocking agents)e] =X+ o & Arwjmg)
}.

QRe) W GST$} 7o) phasell drug-metabo-
lizing enzymes®] X%+ chemical stress-}
carcinogenesis®| initiationell w3t Fa ¥ u}
o} 7} zteltt.  mAe] Fx  HEle] 9
drug-metabolizing A Z HE3= EZL
Phase ] & phase [ 422 2% Z7A7=
bifunctronal inducers (planar aromatic
compounds)?} phase [ £49E Z7pAl7l =
monofunctional inducers (diphenols, thiocar-
bamates, isothiocyanates, 1,2-dithiol-3-thio-

nes)e] ¢lct *”. Phase I & $EL wotE

A& Z¥AstE wokEA (ultimate carcino-
gens)2 w}7] o Feoll o fI A el
a2 ojAH sl GduEdE ey
£ 7}2 monofunctional &4 Fx Aok
Aefenz PR S AFH 7+gHZ Hepa-
lclc 70 A28ld S o S5xFxelA 1.82u) 9
QR YA FF=FE 2oy, 557 2S4S

100

% of inhibition

PVAS 1y

PVAS 3y ellagic acid

Figure 5. Inhibition of the binding of B[a]P
metabolites to DNA of NCTC-clone
1469 cells. B{a]P-DNA binding was
determined in the presence of the
indicated concentrations of PVAS.
Experimental details are described
in Material and Methods. Values
represent mean=+SD.

QR A FE=&Y FA7t 4 Jdebdezy
dxe]slnze A fo] o adel}= phase
I enzymeZ2 JAe 9 &4 HHE 23]
o] phase I enzymeEoA F= 4% 2 714
¢ A=dd AF% 717} Qo

GSHE Adxel stz webaae
initiatone]+} promotionst#Alol A Az E B3
3 4 9led, initiation HA A= gluta-
thione®] A3l A= 93 932
o] DNA¢} ZA&sle] o4& Fistes A& o}
3, Promotion ®Ale A= oxidative free
radical®] 7§ Asioey TUdHAH L A
#f & %= slch. Aflatoxine]] o] 3t 7tgekg s1al
Hell B2 oF2] GSHE T35 € d, Fokol
a8ty o, =3 butylated hydroxyanisole-$-
GSH #3F& F71 A1AA L3y A& s
At . o)3® dFEel sk GSH
reactive oxygen intermediatesZt:& 7} &
€ free radical & AMAgcte 38 FAE A
gk}, GSTE f#-8]7] (free radical)E =}3 3}
3ol £ A2V AXE 23 ¥
2 2383 g% . 4xsna Ay
Hepalclc7 A zZollA] GSH, GST2 4A &
Z7HA ek olZl & Al E:V glutathione A
+ ER 50l Alxzuy PR AREAF 7)et

ok o rfo T & of 1
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o] EMHEASE FE3A ez 237
9] X o] uielB 29 cytochrome p-450-depen-
dent monooxygenase systemel] £]&] =) A5 o
A A2 54 82 (electrophilic product), epoxi-
des T wl§ FAo] 73 o) A} ¥,
m}2}4] cytochrome P450 Z29] A48 oA
AlZ 2 glohd geflube] Al )& Aoz
2 e stz QA E o] 43t DMBA-
o8] 43 cytochrome P4501A1 &49 o
AgES AT A, dAgsiizx YL
cytochrome P4501A1 &40 42 A& &
Hast £ 9glejrd. &z, Cytochrome
P4501A1 ¢ HAA7E BA =2 vitamin A,
phosphorothioate oligonucleotide 52 22 =
TA gle F,

Polycyclic aromatic hydrocarbons (PAHs)2
Bla]Pg} o] b obejzl wtEAl-& x 33 5
gz AgdHezy, F9, £8 2

245l oo AREL ol Y HRHEAA =

5d. ¥ THFE A £ = carcinogen-me-
tabolizing enzymessi|. 2} 8} polycyclic aroma-
tic hydrocarbons& polycyclic phenols, dihyd-
rols, epoxides, quinones, 1@ I water-solu-
ble conjugatesz ] A}A] 71}, o] 2] d} ukE-Af o]
E& F7AE2 DNA, RNAsH Z @3tz o]
789 7} hydrocarbonse] Wete] §-aA
7 2774 91", Bla]P-DNA adducts: # 3
gate] sz A BAHA e SFAE =
3% od2] AlE phenolsid #o] WFAA L o
AEe ez deyx gl 2 Fd A ellagic
acid7} B[a]P<} DNAY ZA e A&ses A2
= 4854 sled <y #2442 BlalP
epoxides} adducts& A3t FEshaict .
ozt AL Sel ool stz o
o) BHmas) A, FE%aLe FES 2
o] DNA-carcinogen®-8#¢8 3A-& 1x, 3x
2} ok =wof 4] 25.3%, 45.0%5 A o
24 4o &£t g Aoz F3HH3
=

o4 AE ¥ T o YAtz o
JH e ax3xeow A =xW QR W GSH, GST

$=%  A4FL 4RI cytochrome
PA501A1 &40 4& HaAZ B 7 of
3}, wer2s DNAY 2¥e dANZez
W % 2 w= AT 8 Lot 4 9
£ sdolst o AL AL R A=
A,

2 o

Pt ia G YL o] 43led phase [
detoxification & A9l quinone reductase (QR
2 GST) $-=, GSH AAe, phase ] &4
cytochrome P4501A1 #Aeja), LotE
Bla]P-DNA adduct 84 AHsas 5&
Asgdc. QR 44 FxE Hepalcc7z 4
% A3, WAz AR 4E3Y
ERdd 45 Hgled, $EI FolusE
=& o ¥ Jehxkes, GSHs} GSTe)
$EEE HIeA Vet YA sz
ok of 5 off 4 45.2%¢2] cytochrome
P4501A1 284 Afazkg 4 AA
o}, =3 Bla]P-DNA binding A s 235 43
g A3}, A 3x oA 45.0%2 A&
F7F At ofae] A3 2fEH = xie) st
& FPY L 4gdA R =AY 75 E FE
5 43 oz Alsdch

7

o e X
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