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ABSTRACT

The study was conducted to investigate the mechanism of tumor promotion as the time courses
and the doses of promoter, and the effect of plant flavonoids on the TPA-induced ODC responses.

The results are summarized as follows :

1. A single, toppical application of 17 nmole of the potent tumor promoter, 12-O-tetradecanoyl
phorbol-13-acetate, resulted in an induction of mouse epidermal Ornithine Decarboxylase with
a peak at 5 hours after treatment and maximized 5.1 times as large as ODC activities of

control.

. Dose-response curve indicated that the tumor promotion increases proportionally between

1.7 and 170 nmole of TPA. This dose dependency relationship indicated that the ability of
TPA to stimulate ODC is linked its ability to promote tumors.

. Naturally occurring plant flavonoids with anticarcinogenic and antipromotional activities were

tested for their abilities to inhibit ODC response induced by skin tumor promoter TPA. Intra
peritoneal administration of flavonoids compounds (rutin, naphthoflavone, baicalein, quercitrin)
and herbal drugs (sophorae flos, crataegi fructus, armeniacae semen) inhibited 17 nmole TPA-
induced ODC activities in mouse epidermis in vivo.

Keywords : Multistage carcinogenesis, tumor promotion, ODC (ornithin decarboxylase), TPA (12-0-
tetradecanoyl phorbol-13-acetate), quercitrin, naphthoflavone, rutin, hesperidin, baicalein, armeniacae

semen, sophorae radix, crataegi fructus.
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Fig. 1. Chemical structure of TPA.
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Fig. 2. Chemical structures of flavonoids.
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Fig. 4. Separation of epidermis from mouse skin.
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Fig. 5. Principle of ODC assay.
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Fig. 6. ODC assay from mouse epidermis.
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Table 1. Procedure for the lowry rotein assay

Tube #
Reagent 1 2 3 4 5 6 7 8 9 10 1 12 13 14
Water (m/) 10 09 08 07 06 05 04 03 02 0 09 09 09 09
BSA (m/) ~ 01 02 03 04 05 06 07 08 1

Epidermal Ex. (m/)

Alkaline Cu soln

1ml

Vortex, standing 15 min

- - 01 01 01 01

3ml —

Folin reagent

Vortex, standing 45 min

Measurement Agy

Reagents : Alkaline Cu solution
A9 Na,CO; 10% in 05N NaOH.
Be} CuS0,-5H.0 1% in D.W,
Co Sodium tartrate 2% in D.W.
BSA Standard 0.3 mg/m/ in D.W.

2N Folin-Ciocalteus (phenol) reagent; 2N Folin reagent 10% in D.W.
Sample dilution : #11: Not diluted, #12: X5 dilution, #13:2Xx10 dilution, # 14 : X20 dilution.
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Table 2. Time course of induction of ODC by TPA

Enzyme specific activity

Time (p moles CO, in 1hr/mg protein)
Control Treatment

2 hrs 9.14+ 159 19.05+ 840

3 hrs 2435t 2.78 7872 + 1771

4 hrs* 23.08+ 262 99.77 + 1940

5 hrs* 91.07+ 4293 46848 +126.78

6 hrs* 57.13+ 17.96 209.87 + 5565

All values are the means +S.D.
Significantly different from control at the indicated
times(*p<0.05).

25 3 Y 4 45 5 55 e
hrs after 17 nmoles TPA

Fig. 7. Time course of induction of ODC by TPA.
Groups of 3 mice were treated with 0.2 m/
acetone or 17 nmoles TPA dissolved in ace-
tone and killed at the times indicated. Fur-
ther details were described in Materials and
Methods. Results are meanz S.D. (bars) of
enzyme assay. Significantly different from con-
trol at the indicated times (*p<0.05).

(M- : control, “T1: TPA treatment).
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Table 3. The dose response of a single topical apphi-
cation TPA between 0 and 170 nmoles on
epidermal ODC

Dose No. of Enzyme specific activity
(nmoles TPA)  mice  (pmoleCQOs:inl hr/mgprotein)
0 5 97.07+ 4293
0.17 5 10237+ 5247
1.7 5 22345+ 36.26
17 5 379.76+ 74.03

170 5 570.63% 152.40

All values are the means+ S.D.

8 & & 8

0DC acuvity(pmoies CO2mginr)
[

100 T T T VYT T LA S S e 2 0 T T T TTTY
10 100 1000
pmoles TPA

Fig. 8. The dose response of a single topical applica-
tion of 1.7, 17 and 170 nmoles TPA on epider-
mal ODC. Groups of 5 mice were killed with
the indicated dose of TPA and killed 5 hrs
later. The specific activity of enzyme were
measured as described in Materials and
Methods. Results are the means® S.D. (bars)
of enzyme assay.
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Table 4. The effect of five flavonoids on the stimulation of ODC activities by TPA

Enzyme specific activity

[reatment No. of mice (pmoles CO. in 1 h/mg protein) % Inhibition
1. PBS 6 130.10 * 48.92

2. Quercitrin 6 86.72+ 22.47* 33.24

3. Naphthoflavone 5 59.49+ 15.12** 54.27

4. Rutin 6 51.66+ 21.59** 60.29

5. Hesperidin 5 120.77 + 32.28 7.17

6. Baicalein 6 64.37+ 13.83** 50.52

All values are the means® S.D.
Significantly different from the PBS group (*p<0.05, **p<0.01).

G

ODC activity (pmoles CO,/mg/nr)

(ODC activities of the PBS-treated group)—(ODC activities of the flavonoids-treated group)

X100

Inhibition = (OI)L activities of the PBS-treated group)

1807 2182 Initiatione] %1 ‘& Promotionell W& in vive
160+ O{IH o] _ﬁ;}f— u}r K] §}o 5] OF sL 7]015}

uor | (1) o flavonoid# % #2] ODCAFiel] v] %)=
1201 N d%

100} NN WAk B 559 20 mgkgs 190 58, 597

PBS Querc  Naphtho Rutin Hespe Bud
Flavonoids (20 mg/ky)

Fig. 9. The effect of five flavonoids on the stimula-

tion of ODC activities by TPA. Groups of 5~
6 mice were given Lp. injections of 0.2 m/
PBS or samples (20 mg/kg) dissolved in PBS
for 5 days. The mice were killed 5 hrs after
TPA treatment at 6th day for enzyme assay.
Results are the means* S.I. (bars) of enzyme
assay. Significantly different from the PBS
groups (*p<0.05, **p<0.01).
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HYE vlepl i) 7)o shghEe] KA FOJ] Rutin,
Naphthoflavone, Baicalein, Qercitrin®} #-2.%2 77}
60.29%, 54.27%, 50.52%, 33.34%2] Hs| A K
A rHTable 4).

@ o HAEe] ODCHE vl

4l AgeF 338 400 mg/kgE 44719) flavonoid
shatEa el ‘”"i o2 7} §of & promoter
TPA] 2]8 ODC f-keoll w2l <388 E& Pro-
motiono* | ‘H’“‘“" #l7}skgi e Table 5, Fig. 10).

Fo] fFolat & X7} TPAo! 213 ODC =l
fi °16P #] 8l Fi»'h; BoltHp<0.01). &, 4k},
gl o 7t 59.67%, 50.61%, 41.08%% A.A
g e #aliE Bodvi(Table 5).

od gF

3. BOlMZE SoHyE M

Lowry methodell 2]&F BSA 3iiukl 2.8 o] 83k
depalell o7ato] 217k 3 (Table 6), TPA &
efl(Tabte 7) 2 7t ob% xfejol] w}E(Table 8)
A pub ek ksl AEHen vy w
WAL v]For 127k wkgFel Ayl CO,

g
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Table 5. The effect of three herbal drugs on the stimulation of ODC activities by TPA

Enzyme specific activity

Treatment No. of mice (pmoles CO, in 1 hr/mg protein) % Inhibition
1. PBS 6 130.10+ 48.92 -

2. Armeniacae semen (3§2l) 6 76.66+ 28.87** 41.08

3. Sophorae radix (¥]3h 6 52.47+ 16.89** 59.67

4. Crataegi fructus (AF4h) 5 64.26+ 11.75** 50.61

All values are the means®t S.D.

Significantly different from the PBS group (**p<0.01).

% Inhibition represents the same as Table 4.

1801
160
1401
1204
100

80+

ODBC activity (pmoles CO/mg/nr)

Sophora Cratae

PBS Armenia
Herbal drug (400 mg/kg)

Fig. 10. The effect of three herbal drugs on the stim-
ulation of ODC activities by TPA. The ex-
perimental procedures are as the same Fig.
9 except that the dose of samples is 400
mg/kg and samples are prepared as describ-
ed in Materials and Methods. Results are
the meanst S.ID. Significantly different from
the PBS group (**p<0.01).

Table 6. Total proteins by time course after a single
application of 17 nmoles TPA to mouse
skin
(Unit : pg protein/m/ crude epidermal Ex.)

Table 7. Total proteins by TPA doses
(Unit : ug protein/m/ crude epidermal Ex.)

Dose No. of Amounts of
(nmoles TPA) mice protein

0 5 21294+ 57.36

0.17 5 260.02+ 92.35

1.7 5 296.87+ 60.71

1 5 329.27+ 130.03

170 5 367.06% 48.65

All values are the means* S.D.

Table 8. Total proteins by chemical compounds and
herbal drugs
(Unit : ug protein/m/ crude epidermal Ex.)

No.of Amounts of

Treatment . .
mice protein
1. PBS 6 22894+ 94,62
2. Quercitrin 6 342.24+ 66.61
3. Naphthoflavone 5 367.491 61.52
4. Rutin 6 386.97+ 73.01
5. Hesperidin 5 240.82+ 49.39
6. Baicalein 6 27808+ 2743
7. Armeniacae semen (3§2l) 6 251.62+ 57.66
8. Sophorae radix (]3}) 6 264.76+ 46.19
9. Crataegi fructus (4HAP 5 282.29+ 49.34

Amounts of protein

Time

Control Treatment
2 hrs 216.34+ 40.85 22534+ 26.64
3 hrs 208.24+ 1445 236.14+ 38.72
4 hrs 184.12+ 26.34 214.54+ 43.60
5 hrs 124.91+ 60.63 167.03+ 56.99
6 hrs 208.42+ 93.17 192.22+ 7.56

All values are the means® S.D.

mole “(CO., moles in 1hr/mg protein)2 343}

a—i ‘:]_.36)

All values are the meanst S.D.

Table 6, 73 3to] TPAA = # A}zk3} TPAS]
B-gfol| whE el Aare] o) 2ol gldlch olw
promotery= DNAS] B4 ghAlol A 1§48 Z7}
A|A gk Ele) S ZoRA | AINHY 18] R ERE
g aelE B 5 gl& ov|shy, T {4
A& Al al cycloheximideo] 28 4% f-o& &
g Ho|z] roprHALE W 7] AN).

TPAo 2]g ODCe] zctaztE woly: 713
il A gh4d g 2bdl Ay, ODCe] £ 9) &3

(e3

olft
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o) QEYEE el T 7 5olch Table 85} 7o) fla-
vonoidA| BHiHE W WAL 5UT FolA] felah
ol el sl elslh webd flavonoid
SaHE 8 "Bel 23 EAAE ODCS by
el Malol 7]leke Aow 3

() A7rgshel ape EaAAEy Fohalaleke)

3}
(2) TPASEkoll w3 FEa A ¥ Zohzleks)
w3}
(3) 7t b E-A 2] F A2 Friwdddeke] w3}
2 E

B A8e clehA ubeleal 2 PromotionkHA ¢
Et Ay o AGEHE ¥z shsdch

Tumor promotion0ff ZHEt 917

L TPA 17 nmole2] 13] ﬁ]—“ S+ Mouse Epi-
dermal ODCE %o} % 4,5 64]7}o] Axslmd
7y AlZbE R YHJ—F—_L% e Ko #elE:
Belem(p<0.05), 5417} Fo oz Zv}
gted A2|rd diFEyol wlsl of 51w ukE
=t
w2} A7k et haeae &4 %
o] & 517k AFFr} p<0.05 FEolA #
olg-& iepylch

@) Promoter24} TPA®} 1 = X7} ¥+ Mouse
Epidermal ODC&} okub-& Ao 2]sf 114
AP e FHgleor, Lo Frh= TPAE:
Mouse Epidermal ODCE fxdk= d 2l
A7) oleE EYch

TPAS| ODCREo| cist =9l xjtg

(D Flavonoid# 3}3HE 555 20 mg/kg%iz~ 14 1
] 5] 7} 317L o:]s} 7ﬂ—vlr 5% 40 ] TPA
el %2l ODCe] &hAdef Tr«ﬁ} ek Ets
P AvHQuercitrin - p<0.05, Naphthoflavone,
Rutin, Baicalein p<0.01).

(2 Flavonoid &% A& ¥ 3%2% 400 mg/kgd
Fdet wyow Kok Aw), 3% nFE TPA
2] Fof ODCe] #Ao) gt xurasts
Bolokalal, #3}, 4bAF p<0.01).
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