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Effect of Prunella vulgaris L. on Chemopreventive Enzymes
of Colorectal Cancer

Yun Hee Shon‘, Jae Beom Seo, Kyung Soo Nam=

Department of Pharmacology, College of Medicine, Dongguk University, 1 : Intractable Disease Research Center, Dongguk University

Water extract from Prunella vulgaris L. (PVW) was tested for colon cancer chemopreventive activity by measuring
the activities of cytochrome P450 1A1, phase Il detoxification enzyme [quinone reductase (QR) and glutathione
S-transferase (GST)] and ornithine decarboxylase (ODC) and glutathione (GSH) levels in cultured human colorectal
adenocarcinoma HT-29 cells. PVW significantly inhibited 7,12-dimethylbenz[a]anthracene (DMBA)-induced cytochrome
P450 1A1 activity at 10 and 50 wg/m{. PVW induced QR activity in a dose-dependent manner over a concentration
range of 1~50 wg/mé. GST activity was also induced with the treatment of PVW in HT-29 cells. In addition GSH levels
were increased with PVW. PVW inhibited ODC activity, a key enzyme of polyamine biosynthesis, which is enhanced
in tumor promotion. These results suggest that Prunella vulgaris L. has colon cancer chemopreventive activity by
inhibiting cytochrome P450 1A1 and ODC activities and by increasing phase Il enzyme activity and GSH levels.
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1) Al

RPMI 1640 medium, antibiotics, flavin adenine
dinucleotide (FAD), 3-4,5- dimethylthiazol-2-yl-2,5-

diphenyltetrazolium bromide (MTT), [-nicotinamide adenine
(:-NADP),
dehydrogenase,

dinucleotide  phosphate glucose-6-phosphate,
sodium
NADP+,

reductase,

glucose-6-phosphate menadione,

dicuomarol, violet,
(CDNB),
7,12-dimethylbenz[a]anthracene (DMBA), Na-EDTA, tert-butyl-
hydroquinone(tBHQ), ellagic acid, resveratrol, difluoromethyl-
ornithine(DFMO), 5, 5-dithiobis-(2-nitrobenzoic acid) (DTNB),
Tris-HCl, bicinchoninic acid protein kit SigmaA} (St. Louis,
MO, USA)olA T3+, fetal bovine serum (FBS)S LA}

dodecyl sulfate, crystal

chloro-2,4-dinitrobenzene glutathione

(Daegu, Korea) Al &2 A8t th. 7IEF Al E vk Al 9 5
=8 f718vl= SFA%S AMESFA T
2) BEux EFEY Ax

EEdtaxe sadta P& AN FYs AL, E
E3}312 9 voucher specimen(no. 00P-29)2 5=t 3tal WX
FFAgATLY BAH] Yok EEFRxY EFEELS

Aok 60 g& S 3a FHF 400 mt 7HgE FH rotary
evaporator (BUCHI RE121, Switzerland)oll A 3A17F A&3sle]

[e]

8lal o s 4T, 3,000 rpmol A 1087 GAE 2 5he] I

3
33N 200 mt& et pH 742 AT 22 A

W43t membrane filter (0.22 (m, Whatman.

2ol A 24A17F
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0.05 M Tris-HCl buffer (pH 7.5)¢l
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Microsomal protein &=72
sk
3) Cytochrome P450 1A1¢] &7 A3 =4
Cytochrome P450 1Al&
(EROD) &4o2 =4 s, 2, microsomal protein (2 mg/
ml) 200 ol 640 ©02] 0.05 M Tris-HCI buffer (pH 7.5), 100 x4
9] BSA (10 mg/me), 20 0] 0.25 M MgCly, 40 x09] cofactor
solution, 2.5 unit®] glucose-6-phosphate dehydrogenase, 10 10

ethoxyresorufin-O-deethylase

9] substrate (1 mg of ethoxyresorufin in 10 m¢ of methanol), 10

Mol BHnz BFEAS FEEe YA BE AFES 3

TE O =E ox— =
Ao Z 37T A 487 vk A 7)1, 2 MY methanolE ¥FS-S
ZAAAT 2,000 x gol A 208 T ARt AL FH
&al, PFEFF=A (SHIMADZU RF-5000, Kyoto, Japan)E
=74 (550 nm excitation, 585 nm emission) 3}$3T}.
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7) Ornithine decarboxylase (ODC) assay

HT-29% 24-well tissue culture platedl] well &
2 % 10° cells/ml MEZ FEAF) T, 18A7F Fo]] TPAS} A& &
= F4dE7TY 001 mM  difluoromethylornithine (DFMO)<
Azt 6A17F FF Wit AHIE & GATIL cell
extract®] ODC &4 L-[1-"*Clornithinedl| A [*C]CO, W=
93] =459, ODC FA4 A= 12-O-tetradecanoylphor-
bol-13-acetate (TPA)RF A ejgt Aol gk 2+ A5 A3
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T AEE percentageZ UEH AT}
8) EASA A

AP A= Hd+EFHA}(standard deviation, SD)Z UE}
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1. Cytochrome P450 1A1] Ao mjx& g

Cytochrome P450 1A1 84874 AA&aF= et axE
oujslng HEEI}AE EFEEC] DMBAY 93 F=dH

cytochrome P450 1A1 8484 JA&S A 29, 1, 5 10
2 50 pg/moAN A 22t 74%, 11.8%, 164%SF 20.9% 2] A &) &-0]
YEIt o B2 (Fig. 1), BE31x EFFE°] cytochrome P450
1A1 24& AsfA7Ied a7 A5 ¢ F Ay
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Fig. 1. Effect of water extract from Prunella vulgaris L. on

DMBA-induced cytochrome P450 1A1 activity. RV, 0.05 nmole resveratrol.
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, ** p<0.01).

2. Quinone reductase (QR) &3
EEALE 2= T QR
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Fig. 2. Induction of quinone reductase (QR) activity in HT-29 cells by
water extract from Prunella wulgaris L. tBHQ, 50 uM
tert-butylhydroquinone. Indicated values represent mean+SD (n=3). Values
statistically significant compared with the control are marked as asterisks (+ p<0.05).

3. Glutathione S-transferase (GST) &/d¢l v]X= 43
HES1Z EFEE 3 GST 42 ##3 A7, 50
pg/ni] BRI o] Ws) 12309 Fo]4 e (p<0.05)
PAFEEL WAL, AP0 AT 299 FEANE FaT
TEEAE FET 5 sl%lchFig. 3).
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Fig. 3. Induction of glutathione S-transferase (GST) activity in HT-29
cells by water extract from Prunella vulgaris L. EA, 50 uM ellagic

acid. Indicated values represent mean+SD (n=3). The value of each group
statistically significant as compared with control (+ p<0.05, ** p<0.01).

4. Glutathione (GS

EESlx EFEE4 93 GSH A%
/mlell Al 1.254] (p<0.05), 50 pg/ml T=E
g 1308 (p<0.01)] ) sle S7HE

O M

H) Ao vxe= 9
95 A9 A9, 10 ug
A s AEA GSH

YER A THFig. 4).

5. Ornithine decarboxylase (ODC) &/l WX+ 9
HT-29 Az dgdr EZsux EFEFE| TPAY ¢
M =¥ ODC &40l vA= 9F& 4 24, F&stn

==

z BEFEE
oDpCcEgd o

=

EX 10 # 50 pg/ml (p<0.05)°l1A 13.6 E 19.1%<]
AE7L Jehch(Fig, 5)
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Fig. 4. Increase of glutathione (GSH) levels in HT-29 cells by water
extract from Prunella vulgaris L. tBHQ, 50 uM tert-butylhydroquinone.
Indicated values represent mean+SD (n=3). Values statistically significant
compared with the control are marked as asterisks (+ p<0.05, * p<0.01, * p<0.005).

40 *k
c
o
5 380 r
2
c
] *
« 20
°
R

10

o L]

1 5 10 50 DFMO

Concentration (pg/ml)

Fig. 5. Effect of water extract from Prunella vulgaris L. on
TPA-induced ornithine decarboxylase (ODC) activity in human
colorectal adenocarcinoma HT-29 cells. DFMO, 001 mM
difluoromethylomithine. Indicated values represent mean+SD (n=3). Values
statistically significant compared with the control are marked as asterisks (x
p<0.05, = p<0.01).

al z

1_4

Phase I #Z:%l cytochrome P450 B4 f 5+ Hd=4
1

Z335te HY=4 (ultimate carcinogens)Z HHE7] w0
1 AAA ot} wWebA] cytochrome P450 EA 9] &4&
AR & Ao et 2t gle AolBE EFEsha

EFEES o|83t9 DMBAl 93 =% cytochrome P450
1A1 49 JA&S SHT 2, 849 A4S Asghs &
438 4 913l Cytochrome P450 1A1 E4& AN 7= &4

2 vitamin A, phosphorothioate oligonucleotide 59 Ed% ¢

R LR

QR  quinone® quinoneimines% AAAA AzEA

B 1o o rulo

(cytotoxicity) L2 HE HEE Hostr, o] & €@ #et
40 3 FFEAZREH EoAES I GSTE 9 ol
Ao g 44 F Y A4 S-S GsHeE 2§t

o §3H7] AL F84 ELE wE] MANINE EAEA,
AEAY thgFo g ZAs oJeFHFe
oH w3, o] EAE AAYY GSHE 7|A = o] &5te] 1t
RN %° o] H& AFL HAMIES AATLS

T gtk wpebA, e EEE A

Al GST= phase II enzyme %9 3lutZ4] 7lA] (initiation)
A ¢l biomarkerZ ©]&% 1l AT} FALAH EF HT-299] A 2]
7}gk phase II AA sl5a4e] &4 F7te AAgdAY A%
A B A Ed Y] 848 AAste, ARH oz gt LA
AR & ' Hog muddn’). aE FEFunz
&2 phase I A Ear] A F712HE0 935ty 4
LAY ANGAE A + s A2 Bl
3dF glutathione (GSH) E3H el EA S 23| AL
4¥th GSHe w4l At WAEIEEREH AEE BHed

a2 ofN g

°
N
(o}

_E

o

Lo

> 4

O
=

E
i

0

n

T

T

L

I

o

o

S

9
3 9F-=4o] DNAS’Jr mﬂo}oq ole guralE AL wolz
g - 219 GA N AME oxidative free radical®d] AL A
oA waARF S AT  Uvk T3 GSHE o179 54
Edo]l Alxd AANE W HA ¥ AY GSToll 5 EA4=
A3 Agste FE58H ste 7)eS 7HAL vk & AF A
GSHY] Aol BEstuzx BEFEEY v &0z 7}
e A%S EYoh
ODCE polyamine AFEAA &
polyamine—o‘ A 29 50“1]394 Z A
3 ODC f&E& °*§Wr7b«i ZAd Fasd
o] FEXHGME & EAE] ODC B4
oz Budey. 58 AgA T 3} %
o A A E ] AETA 9o polyamineZ}
$ FaF 24 FRHIAGY. a¥mE O
2 2838k polyamine Fd<
Azol AHRE F UE Ao

{0

].

rr
ml
B
fu
>

o)
o

o2 mlo off X

S
mﬂ“iw

N
S
ﬂﬂ oL
X M
S

-
209w B &

o tlo rS

mﬁ&‘%iﬂ

g
@
o,
24
ol
2

oX
2
2
N
o
=2
1o
_C'&
g
i
L
QL
&
PNy b
oo >
JEH"E
o},‘.,w—h
2 Ml yo
o
dﬁ mn ﬂﬁ
—Y‘—‘fomﬁ
oﬁolo
T
e O oy
(R

& i

jih)
H

(microsome) #& ol A cytochrome P450 1A1 &4, Al A4

AIEQ] HT-294 Zol A QR¥} GST9] &4 2 GSHe A4 #=

&S EAHS 2y, EEuzx EFEES o7

cytochrome P450 1A1 €45 A stHth. 18]3L phase 11 A

d=a29 QR GSTS] 4 3 GSHY| A4S S7HIReR

= Z]%?}““g (carcinogenesis)Ql A (initiation) 4HAE A
A

%5 U

1

Q4% B9 ANDASL FATAA AR T A, 2712

2 BEFRZE A4Y 2ol BUL J Be ATE oo

gl AN A As4el dE Aoz Badn
i

1. Parkin, D.M., Pisani, P., Ferlay, ]J. Estimates of the

worldwide incidence of eighteen major cancers in 1985. Int.

- 129 -



N

b
Ho

ot

.

J. Cancer 54: 594-606, 1993.

. Jollow, D.J., Smith, C. In Jollow, K., Kocsis, ].J., Snyder, R,
Vainio, H.
Plenum Press. New York, USA, pp 42-59, 1977.

. Prochaska, HJ., Talalay, P. Regulatory mechanisms of

(eds.), Biologically Reactive Intermediates.

monofunctional and bifuncitonal anticarcinogenic enzyme
inducers in murine liver. Cancer Res. 48: 4776-4782, 1988.
. Mitchell, J.R., Hinson, J.A., Nelson, S.D. Glutathione and
drug induced tissue lesions: metabolism and function, In
Arias, I. M. and W.B. Jakoby (eds.), Glutathiones, Raven
Press. New York, USA, pp 357-367, 1976.
. Li, L., Carol, T., Susan, KG.

decarboxylase (ODC) decreases tumor vascularization and

Inhibition of ornithine

reverse spontaneous tumors in ODC/Ras transgenic mice.
Cancer Res. 60: 5696-5730, 2000.
T, T, M., Mori, H.

Chemoprevention of colon carcinogenesis by the natural

Tanako, Kojima, Suzuki,
product of a simple phenolic compound protocatechuic acid:
suppressing effects on tumor development and biomarkers
expression of colon. Cancer Res. 53: 3908-3913, 1993.

S5 i ERARRE. B, =R, pp 19-20, 1990.

8. GBI AL N, BEIESEIHIIHHS, pp 166168, 1994,

9. AFA, WA, o

10.

B, sy, 453 stz (EHE,
Prunellae Herba)Z ¥ Ursolic acid®] &4, Ay <ksts)
A 31: 416-420, 2001.

Pohl, RJ., Fouts, JR. A rapid method for assaying the
metabolism of 7-ethoxyresorufin by microsomal subcellular

fractions. Anal. Biochem. 107: 150-155, 1980.

11.

12.

13.

14.

15.

16.

17.

18.

- 130 -

Rodrigues, A.D., Prough, R.A. Induction of cytochromes
P450 1A1 and P450 1A2 and measurement of catalytic
activities. Methods Enzymol. 206: 423-431, 1991.
Prochaska, H.J.,, Santamaria, A.B. Direct measurement of
NAD(P)H:Quinone
microtiter wells: A screening assay for anticarcinogenic
enzyme inducers. Anal. Biochem. 169: 328-336, 1988.
H5E, £33, 43, 94T, 9FT. A FH Al g
phase I &4 &4 fr=. W44 8334 18: 1-9, 2001
Sindhu, R.K.,, Mitsuhashi, M., Kikkawa, Y. Inhibition of
cytochrome P450 1Al by antisense phosphorothioate

reductase from cells cultured in

oligonucleotide in Hepalclc7 cells. Biochem. Biophys. Res.
Commun. 229: 673-680, 1996.

Inouye, K., Mae, T, Kondo, S., Ohkawa, H. Inhibitory
effects of vitamin A and vitamin K on rat cytochrome
P4501A1-dependent
Biophys Res Commun. 262: 565-569, 1999.

monooxygenase activity. Biochem

Wattenberg, LW. Bueding, E. Inhibitory effect of
5-(2-pyrazinyl)-4- methyl-1,2-dithiol-3-thione (oltipraz) on
carcinogenesis induced by benzo(a)- pyrene,

diethlnitrosamine, and uracil mustard. Carcinognesis 7:
1379-1381, 1986.

Talalay, P., Fahey, J.W., Holtzclaw, W.D., Prestera, T.,
Zhang, Y. Chemoprotection against cancer by phase II
enzyme induction. Toxicol. Lett. (Amst.) 82: 173-179, 1995.
Marton, L.J, Pegg, A.E. Polyamines as targets for
therapeutic intervention. Annu. Rev. Pharmacol. Toxicol.
35: 55-91, 1995.



