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Antitumor-promoting activity and mechanism of action of
Hibiscus protocatechuic acid.
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PCA: Protocatechuic acid

XO: Xanthine Oxidase

LO: Lipoxygenase

Bla]P: Benzo[a]pyrene

TPA : 12—O-Tetrade5anoy1 phérbol-l 3-acetate
ODC : Onithine decarboxylase

H,0,: Hydrogen peroxide

MPO : Myeloperoxidase

PKC: Protein Kinase C

ROS : Reative oxygen species

0, Superoxide anion radicals
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0.1 mM R 2R ER $vReb GALBERE M dpHl 5 & 1.3 ~ 11.3 ~ 48
% > ZRSH BACERE AR SN RER > 2 0.01 ~ 0.05mM R 52 KX ER#H
MEH A ALER eI HIAE R 55 & 6.25 ~ 2812 % ©

vA 20 nmol &4 B[a]P & 2 10 # & 15 nmol TPA £ 2 20 B &y % &
REJE R P B > 24 Sumol ~ 10 pmol ~ 20 umol & 25X 8 R ¥ @
EANERE R 558 82 ~ 63 ~ 55%: fjim TPA R uy% &
B EBEY>ZBALERS o L 0.5 nmol TPA 2R B4 » Al L5
¥ R JE » BB A 10 pmol ~ 20 pmol & LXK 8L > X2F 65 & 73 Y%ry iy
#4E A o A 1 nmol TPA B EREK » BREL LB AR BT » &
RERR LFER$ TPA 51 2938 £ 45 A A dp &R o 14 5 nmol TPA
B E R A JE > A A4 ODC E MR P » £33, 5 pmol ~ 10 umol ~
20 pmol J& %2, %5 BR 4 B 47 46 ~ 68 ~ 91 %ty ¥p 414 A 24 6.5 nmol TPA
FHREREE AL HO, R PFHEHR S5 umol ~ 10 umol ~ 20 umol
B RER A HIA 61 ~ 84 ~ 89 %agdn#l4E A o ¥4 6.5 nmol TPA #4k
EREJE > A A8 MPO BRI F » 3L 5 umol ~ 10 pmol ~ 20 pmol
FRLEBESFA 21 ~ 36 ~ 64 %M slER c A LT 4> RAK
B2 3 TPA 32 g2 4k M A H sl ey R o
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Abstract

Protocatechuic acid (PCA), a simple phenolic compound from
Hibiscus sabdriffa L., presents antioxidant bioactivity previously. In
preliminary experiments, PCA caused 48% inhibitory effect on xanthine
oxidase activity at concentration of 1 mM and 28.12% inhibitory effect on
lipoxygenase activity at concentration of 0.05 mM.

In animal study, topical application of PCA (5, 10 or 20 umol) with
TPA (15 nmol) twice weekly for 20 weeks to mice previously initiated
with benzo [a] pyrene inhibited the fraction of mice with tumor by 82, 63,
55% respectively and the number of TPA-induced tumor per mouse
meanwhile each mouse had tumors in TPA treated mice. Preapplication of
the same amount of PCA also afforded significant protection against TPA
induced hyperplasia in the ear skin. Topical application of PCA inhibited
tumor promoter-caused induction of epidermal ODC activity by TPA (5
nmol). The topical application of PCA (10 or 20 umol) inhibited TPA-
induced edema of mouse ears by 65 and 73% respectively. Pretreatment
of mouse skin with PCA (5, 10 or 20 pmol) caused inhibition of hydrogen
peroxide by 64, 84 and 89% respectively. TPA (6.5 nmol)-mediated
production of myeloperoxidase (MPO) was significantly suppressed (21,
36 and 64% ; P<0.05 or 0.005) by pretreatment with 5, 10 or 20 umol
PCA, respectively. These results indicated that PCA inhibited TPA-
induced promotion of skin tumors, hyperplasia, hydrogen peroxide, ODC
and inflammation. It is suggested that PCA possesses potential as a
cancer preventive agent aganist tumor promotion..

Keywords: 12-0-Tetradecanoylphorbol-13 acetate, Benzo[a]pyrene,
Protocatechuic acid, Xanthine oxidase, Lipoxygenase,
Hydrogen peroxide, Myeloperoxidase.
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Hibiscus Sabdariffa Linnaeus > 2 453X+t
( Malvaceae Yt 4% o

Rozella (32) » Tamaica Sorrel (3%) » Red
sorrel (3&) » Asam susﬁr (%) » Kachieb

priew () > &z A K& (F)[1]°

B HAIARTFRER RS 124R EF

r o HETA > EREW » LHFFKR3SH
TEHEIAER > AR o HRBAME > SLimhl
TR RBRETET N IE 8124 A& e
AHRIOAE AL RABRE > TUHSEE
CoMp AR MRS H c ARIHL > AS
T BAERETSTHE K EWH o AR
RAAFKAF] o

REHRTIE  SHAPE - BREE > R
R o

Ry SR 2
(DI I ARRARERTHEIFR » &I

(Fig.1) » HARAFTBREZMH > 4 —2kidg >
o R R E > %k R ILHE(glactan) > K KX AE
(pentosan) » % & H 4LA5 k5 » Carboxylic acid

(Malic acid ~ Citronenic acid ~ Protocatechuic




acid ~ Citric acid ~ Malonic acid ~ Hibiscusic
acid) » Flavonoids (Gossypetin ~ Hibiscetin ~
Quercetin ~ Hibiscitrin) » Pectin [1,2] © B
o~ BB abvk o~ Bk B THEYE
R EE 0 Bk A G HBTREZ

QFETF © 4A — ik ih B R — 24t % & (albuminoid ) -
H IR~ R~ BB AL o

GARER . F FRALIBIEZ K ©

R RITRAMF BV s PRRBEXRTFEZER » £
BRRE BALRLUBEXBRMETER S MFZRAKRER ©

=~ RAKER

J& 2,758 ( Protocatechuic acid ; PCA )% —#& ff B uyEraibd
Mo KA Fig2 > s RO REN AR o BEERTRE
ROURRLFEHE A AR Fmp i 8 BRAER > DNA
181515 74 ) & ¥ glutathion peroxidase 493 &4 @RI [3]o &k
AREF/HECARARAASGSE [4] > LAMEI R PCA
diethylnitrosamine #%# = FFlE%& » 4-nitroguinoline-1-oxide #FH#= v
B 9% azoxymethahe #FHZ A& > N-methyl-N-nitrosourea 2
H 4% » N-butyl-N-(4-hydroxybutyl) nitrosamine ## Z BEptsE 5 » LA




AR UAE M AR BB R T [S5]; dish PCA & Sy 44k
HERAALHMN » BIRBEL LR E X RIRBREZER » PAALR
HRAFERERT RZBMWER » RIKH PCA 23t TPA &
J o

= ~ TPA (12-0-Tetradecanoylphorbol-13 acetate)

TPA &4 Croton Tiglium #94E-F R e &8 i+ F ey — A
phorbol ester - & Hi4e Fig. 8 P+ » 4R 4% John JR. % A 32 iy TPA 4R
i Xanthine Dehydrogenase 4 5%, » 2= & Xanthine Oxidase % k2 £ B »

Xanthine Oxidase ¥ 7 #| f &, F VA k&M & % ROS [6-7]c X TPA
FEH H0, €] PLA, M EH > M4k Arachidonate Z &38jw > &
Arachidonate 454X #1842 ¥ & LO ~ COX 4% A »4£ K& superoxide anion
Fo lipid peroxide &4 & % » i @ )t PKC #97&4L > 4& c-jun ~ c-fos &
kBRI > BHEREM A [8-9] o KI5 Friedewald #» Rous 32 h =
MR EURE R RA [10] o =B R FBURER T A RBENE
FREAEWMR R, BB EEBRIEH P IEBIRER T TR A
A e B o A5 E| Ao AR HE A B 4% ] A R VT A FE ARG 0 25 R
BlEERE L LEBEBEAREH W BERXTREZRE
ARESE > Wb Se oo BESB A AR AR > MARR
AR o bsh o ARIE Miura FAREZ ZFEHREXF > TPA
T 42 4% B4k initiation &4 & JE /B ALIL AT » EAERERE B ¥ [11-13] 0

B b o KA T 40 TPA & — R SRR AR ER] » L TREMZERY




B RALAE A - AR RACOIER - A BRI A > F 5
RAE > ERAERE > B RBBAREE P FEEAIEE G
Ao Bk gk AL DNA base @ [14] -
g~ B E 6

AHFRIA KR P i 0 Z & AP IE T BB 09 PCA > RIRZT K
# LO & XO ¥ f/bhstt 2 fsh kB > RA A TPA 518 & & K&
B BAAREK > IR PCA R G BAa A A W RIVER o TR 8
kA R PCA #5 R E R & i #I1EN » AR PCA 4 TPA
FIRZERRBYHHET » OFEZRT RGRERAR > L EWYHE
A ek B R RIE ~ ODC &M & HyO, % sk 82 MPO 75 PE - #7 o AR 4%
Ph k2 #9740 TPA € ¥ i ROS 84 & £ AR B A # 8 JE 7% 0918
AR o
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E e RS

— ~ A B R SRR
(—)RH RS
1338 -
(DEARRATHRMH
ok 4 . & B (silica gel 60, #70-230 3% &, Art No:7734)
(E.Merck, German)

A B (silica gel 60, #230-400 3% &5, Art No:9385)
(E.Merck, German)

W . (a)CHCl; : CH;OH=98:2, 95:5, 9:1, 8:2,7:3
(b)#& 4% ¥4 CH3;0H # 7% column

(&R R4y

#HH . # B B A7 B (TLC Plastic sheets silica gel 60
Fas4 pre-coated 25 sheets 20 x 20 cm layer
thickness 0.2 mm, Art No:5554) (E Merck,
German)

J& M . (a)CHCl;:MeOH = 95:5

(b)CHCl5:MeOH = 9:1
(¢c)CHCI3:MeOH = 8:2

BE 63 L 10% BLERIRE
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Spectrophotometer ( HITACHI; U2000 )

Floroscence spectrophotometer ( HITACHI; F2000 )
Scmtillation counter ( ALOKA; LSC-900 )

Refrigerated circulator ( HOTECH, 631-D )

Handy aspirator ( YAMATO, WP-15)

28 a R4 ( VARION, VXR-300 Mhz )

£.48 B ¥ K 4% (JEOL IMS-SX/SX 102A)

ryh &t 4R (JASCO, J-0087)

YE2hR) € 4 (ELECTROTHERMAL, CAT NO 1A 8101)

Fraction collector ( ADVANTEC, SF-2120)
Evaporator ( HETO,CT 110, VR-1)

(=)i&Ah e 09 32 ISR ST B s 0 B

AP 6. & 5% A A Malvaceae )i&Av R 2 36 » AR AR AR T 5
ZER o ARTR MEVIEAUBZR 24 > FIRTEBEE
Bz 24 B X BEHRERIRSE » B CHCh AR ERFEM
7 R IA G- e A FE B AF CHCL; 7T g 34y 82 CHCL RiRSmE &
- TR0 3FE A CHCL Rix34y Al EtOAC A 4~ R -F E B (V/V=1:1)
F%F =k > ot T43 CHCL; extract » EtOAC extract > & | Tt
Residual & (Fig. 9) o |

352 EtOAC extract &% CHCl; extract o 48 2 Bdfy %, /4
CHCl; : MeOH = 8 : 2(V/V)ix % » vA extract : silica gel =1 : 50 47| »
B BB bk » CHCl;: MeOH=98:2 > 95:9 5 9:1 » 8:

12




2 0 73 AW RERMARE AR > B R HE R AH( Thin layer
Chromatography )z 4~#7 » 3£ vABg &7 &% Kk 254nm = ¥ 5 ks se »
M REBEAZ R R > TR ZRA » &R L4 8k wE g
o HS-C; » HS-C, » HS-E; » HS-E, o #3 HS-E, & NMR ~ Mass -~
IR 4 AB48 5 > 36 AR R % e 55 38 & protocatechuic acid o (Fig. 2) o

=~ RAXRBEN | BALEE S B S5
()RR S
1.3 .
Xanthine, xanthine oxidase, Arachidonic acid, Lipoxygenase 8% f| £
B Sigma 28] » BB PTE &Y Solvent B8 & E Merck 48] o

2485
Spectrophotometer ( HITACHI ; U2000 )

()5 aAbBE 2 447

Purine /4 #8 M 89K B R R 6 £ 4 L E WA TR AR
AW~ e &AM BT o AR PR E WA i (uric acid) » 348
tEEAMBEACRET Oy » AR #HE (Fig 10) o

B uric acid 2 Pka % 5.4 > 2 BARSZ pHEA T EAEKRY
RIRTE > T — R Rk R AR B ANER M o ¥ uric acid B R B & k&M Bkt
BN 2 38 °CH¥ > wric acid Z X ME RA 0.1g/1 ) » ¥de R T 200
Xanthine oxidase & M¥p 4] » 8] uric acid 3§ 7 € 4 & > M1 purine Z &

13




45 % My Bp 8 AR, xanthine 2, hypoxanthine » 7 b #4144 Y X R %
# uric acid & &> B LA 5 oy FROR P Bk f A ARG % uric acid X % AT
Sl KR WwBRERE - BFEL BRELRBAF oS5 —F &
418 4o T #p 4] Xanthine oxidase s B T i " superoxide anion 2 & 4 £
B RSB GE o

Xanthine oxidase 7& M 547 £% &K Robak ¥ A(1988)x 7
£[15] » 35 7)€ xanthine oxidase = Z4f > uric acid &9 ZER A
enzyme 89 E M > XV B4e T !

(1)12 pl phosphate buffer( 74 0.2M NaH,PO,.
H,0 : 0.2M Na,HPO4=10: 1)
(2)100 pl DMSO
(3)888 ul Xanthine buffer (phosphate buffer # -4
2x10™*M xanthine)
H VA L = E & BN spectrophotometer 2 reference

#1 Sample # F 4§ =18 cuvettes A A §FE o

2. 4£ )3 sample Z 7T > SedE#l AR 5

(a)Reference cuvette fu A
(1)12 pl phosphate buffer
(2)100 pul DMSO
(3)888 ul xanthine buffer

14




(b)Sample cuvette Ao A
(1)12 pl xanthine oxidase (1.3units/mg protein)
(2)100 ul DMSO
(3)888 pl xanthine buffer
BAMHBATEPHE 10min > 2950m TR O.DA4A o

3.Sample x B3 -

(a)reference cuvette Ju A
(1)12ul phosphate buffer
(2)100ul test sample(Gx7 DMSO %)
(3)888ul xanthinne buffer

(b)Sample cuvette fm A
(1)12 pl xanthine oxidase :
(2)100 pl test sample
(3)888 ul xanthine buffer

BB HEAERFHE 10min > 2950m T OD.4E o

(28 H RACE M2 5H
Lipoxygenase &M 4547 £ & AR Evan F A(1987) 7 ik
[16] » % g7 38 lipoxygenase #4 & #7 lipid peroxide % & & » & & Enzyme
R B o R BRI T !
1.8%
(1)2.9 ml borate buffer (0.1M Na,B407,.10H,0 pH=9)

15




(2)10 pul DMSO
(3)100 pl Arachidonic acid (0.2mM)
H VA _E =8 o B3\ spectrophotometer = reference
1 Sample & b 49 =18 cuvettes L FEE o

2w AR
(a)Reference cuvette jm A
(1)2.9 ml borate buffer
(2)10 pl DMSO
(3)100 pl Arachidonic acid
(b)Sample cuvette fu A
(1)2.8 ml borate buffer + 0.1 ml Lipoxygenase (500 unit)
(2)10 ul DMSO
(3)100 pl Arachidonic acid
H(DRQ)RAH S » 18 30°CAis 5 H4Eth  mAB)E 236mm

time scan 10 4-4& o

3. Sample #4135 -

(a)Reference cuvette fm A
(1)2.9 ml borate buffer
(2)10 pl protocatechuic acid
(3)100 pl Arachidonic acid

(b)Sample cuvette fm A
(1)2.8 ml borate buffer + 0.1 ml Lipoxygenase
(2)10 pl protocatechuic acid
(3)100 pl Arachidonic acid

16




MOEQ)RAH Y » & 30°Chis 5 24 > loA(3)4£ 236 nm

time scan 10 448 o

=~ R R KA TPA R4 A 2 05T &
(=) 140 A 3 S 3k

1.E81 R R -
CD-1 strain #gME & & (H<BX) BAS KERHHF O
BUHRBEN —RASHHRETAHRERFT YL > B i o

2.3 :

DL-["*Clomithine (55 mCi/mmol)8% & Amershan 2 3 (UK)) »
benzo[a]pyrene ( B[a]P ), dithiothreitol, bovine serum albumin, TPA 8%
Sigma 4t &) (St. Louis, MO, USA) » geniposide 8% i Wako %,1t4b
2 3 (Japan) > ME G TR AR T @B B A Bio-Rad 2 3 (CA,
USA) o

(DXERERBEBFE
1L ZR 8% (Fati168):

Group 1 R &% 200 pl acetone ©

Group II 5 P20nmol » &8 —k » £ 1038 o

Grouplll & F 0
&4 TPA 15 nmol » &# =k » 3 —-F# o

Group IV &k & F B[a]P #v TPA sT & 5%4% > 24 F PCA 5 pmol

17




1% > Fep ey 5 BRSe Group II—3k o
Group V. R 2% PCA B E 3 2% 10 umol » 33 F) Group IV o
Group VI R 2% PCA B Z 38 24 20 pmol > 323 F Group IV o

2k L3 1 2
Bla]P (HF#—K) | |
TPA (H#-k) l 1

PCA (HHB=XK) I |

2REF ik
AEBHB% B Huang 5 A5k [17] BfadmBRE—kFERA K
JERE A REHB E/E KA Imm F A E £k 21 B2 R
EAERBRERLEATLZANAIRRASELZR ALERNEREX

ik ©

(E)ERFRAREZ R

l.oamE (FRER68):

TR IE 5 msEtk
Group 1 Acetone (20 pl) Acetone (20 pl)
Group 2 Acetone (20 pl) TPA (0.5 nmol)
Group 3 PCA (10 pumol) TPA (0.5 nmol)
Group 4 PCA (20 pmol) TPA (0.5 nmol)

18




2R F ik

AE 5B Huang ¥ A8 F ik [14] » wBE 5 1§ R 7 584
P>k T BRIy IAITRAITE B 6 mm K E>BEF
¥ 4 R A MeantSE % % ©

TAARE 5 a4t
Group 1 T Jm B2 it 3
Group 2 Acetone (200 pl) Acetone (200 pl)
Group 3 Acetone (200 pl) TPA (1 nmol)
Group 4 PCA (10 umol) TPA (1 nmol)
Group 5 PCA (20 pmol) TPA (1 nmol)

2R Tk

ATBR4% B Huang F A F % 18] —RiwB R REZW R>RK
e — R HA 18 B R SR ST 2 omx2 om 3 36 4 > 72
A 10% neutral buffer formalin ] & ->H&E stain ( hematoxylin and eosin
staining ) © & X4 F -

1. B384% > A% 3 A ( Hematoxylin ) & 3 2-15 448 (M

TRTHE  RERKRBERIFTAGE)

2. RAREFER

3. ROSUBRRBRITHHFEEE  H1-158

4. FEARAK (& 1000ml FEARK2 ) RAKERLE -

19




S -F &)

ARARPFER 2 VA5 54

R 0S5 RPe Y Bk » BAVE 2 4%

Rk 8% 80 % » 90 % » 95 WiEAK

FN 100 %iBH > —FR-100% (1 1 1) > —FR-K%
m(4:1) %X (1) »=FX (II) &¥54

9. AZWREZEW

© N N

4
B

(£) B .5 B, % 85( Ornithine decarboxylase » ODC )& M2 R] 3

l.oytam#E (FHER6%5):

TAA R IE 5 n4gtk
Group 1 IR A BE - Fa BE
Group 2 Acetone (200 pl) Acetone (200 ul)
Group 3 Acetone (200 pl) TPA (5 nmol)
Group 4 PCA (5 pmol) TPA (5 nmol)
Group 5 PCA (10 umol) TPA (5 nmol)
Group 6 PCA (20 pumol) TPA (5 nmol)

2R T E

AEHRE B Carewal £ Ay F ik [19] 0 ik 5 B >E B K
58 °C 7k 30 #—> 7k %] B epidermis—jv Solution 1 ( 25 mM Tris, pH
7.2, 5mM DTT, 0.1 mM EDTA )1ml—35 & 1t— 4 °C #w 20 45— 30
pl k3% & A Solution 2 170 ul—37°C 5 44— 0.25 pCi[**C] omithine
HCV/5pl—>center well sr 0.2 ml 2 N NaOH—37°C 1 .\ 8—2 M citric

20




acid 0.5 ml— ;% $= shaking overnight 2 & [ CO,] A Hi e - A P 1
HR—> e Bk —> R B 418 o

ODC 73 & & B Ty — 3542 » 35 ODC W E I 5 » Bl
55T #5142 R A ©

-~

HAlgeyRES !
ornithine decarboxylase
1C-orithine 5 decarboxylomithe + *CO, (g)
(ODC)
—NaOH (& ¥ # i #9 CO, )
EER . — citric acid ( 4&3E RJE )

— 14C ornithine
B R%R

GOZRERBRACE, (H0;) HHZAR

l.otamBE (FAER6%):
TALRE 5 54tk
Group 1 Acetone (200 pl) Acetone (200 pl)
Group 2 Acetone (200 pl) TPA (6.5 nmol)
Group 3 PCA (5 pmol) TPA (6.5 nmol)
Group 4 PCA (10 pumol) TPA (6.5 nmol)
Group 5 PCA (20 umol) TPA (6.5 nmol)
2R F %

A F B % BB Pick fo Keisari A8y 5% [20] 5 Ao 20 J\BF 4 —
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FHRLR ko1 MEES>EREHE 58 Chis 30 Howk LHR
epidermis & #* 4 ml buffer ( 10 mM Sod. azide 7£#* 50 mM KH,PO,)—
HE Ab—>4°Cns 20 48— 0.5 ml &% —/w 0.5 ml [ 25 pg phenol
red/ml = 50 pug horseradish peroxidase/ml | >## & 10 45— /v IN NaOH
10 pl—>610 nm 3R] & K44 o

()% & Lk & 45515 £.1L.Bs Myeloperoxidase ( MPO )& M 2 83

1.omBE (Rt 6%8):

TR R 5 méik
Group 1 Tim o B2
Group 2 Acetone (200 pl) Acetone (200 pl)
Group 3 Acetone (200 pl) TPA (6.5 nmol)
Group 4 PCA (5 pmol) TPA (6.5 nmol)
Group 5 PCA (10 pumol) TPA (6.5 nmol)
Group 6 PCA (20 umol) TPA (6.5 nmol)

28 ik

AF B % BB Huachen #= Krystyna A 89 5% [21] > w2k 20 /)5
RES>ETRLE Rl D2 KT FARMER 2 cnx2 cmbl & JF
B W A > E A 4 ml buffer (0.5% hexaldecyltrimethyl
ammomium)—34 F {t—4 “C o> bR BRESIEZ i 25 mM
4-aminoantipyrine-2% phenol soln. 1.3 ml #= 1.7 mM H,0, 1.5 ml /2 &3
2 —>510 nm BB AL > Tk 4 H4E o
B . CI+ H0, MPO . OCI+ H,0 [22]
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— ~ HS-E2 sty sk 2
HS-E2 4% A @ H B (99.8%) H& 5% HiE;
ReakaFENE R
ek A 200 ° C;
A& 2 0.1%
VAT 2 HS-E2 4o 38 K 4

a.sshkiE vEEL  om™:(Fig3)
1625-1575 (Ar-C)
3400 (COOH,broad)
1760 (Ar-COOH)
1900 (Aromatic)
750-790 —
800-860 —(Aromatic-assym-tri-)
860-900 —

b.H#E (m/z): (Fig. 4)
CHO4 MW =154.12
EI-MS (m/z) * 285 A%H,;
154 ~ 137 (M-OH) ~ 109 (M-COOH)

cH AL IR (CDCL) : (Fig.5)
'H-NMR: & (ppm)
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7.441
7416 - (2H,Aromatic H-,2-H,6-H)
7409 —
6.814
6.811
6.789
6.786 (1H,d,d,5-H)

BC-NMR: 6 (ppm) (Fig.6)
DEPT (Fig.7)
170.518 (C=0)
151.532 —
146.085
123.9301
123.315
117.761
115.794 —— (Aromatic -C)
W EidZ B#%EH (R ~ MS ~ '"HNMR ~ “C-NMR) # TLC

~ Rf{E B 7R &.88+F, %2 HS-E2 % protocatechuic acid (3,4 -
Dihydroxy-benzoic acid ) ©

= ~ B %, % B ¥ Xanthine Oxidase & Lipoxygenase 7& M2 3p# 56 R

w7 Bk 42 TPA +T ¥A 7% 4k Xanthine Oxidase & Arachidonate cascade
ZREERERR L > BHAR PCA % X0 2 LO 24/ » PCA
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a2 R S 38 e > T 4% uric acid 2 9% b B KK 0 BP &k 57 7T A ¥ 4] xanthine
oxidase 2 714 » 4 uric acid X & $B/KATE > & Table 1 4o PCA £
ImM 8% i% 48%Z ¥ H4E A o X PCA A ¥ > T4 lipid peroxide
2 o8 6 JE MK BP & 7 7T uA ¥ 4 lipoxygenase = 7& P » 4% lipid peroxide
Z E B > % PCA £ 0.05 mM s BPH & £ LO 2 7% M (Table
2)o0

Z~RAFXRRYE TPA F1 Bz BAR BAE A Y5 R

BlalP st 5854 > EBHL T BlalP &£ KA R ERER > @
BIHA T TPA Bl S 2 R % KA A PCA 5 umol ~ 10 umol ~ 20
umol B R 2 » X XA ARBU B SIS 82 ~ 63 ~ 55% (Fig.
13(A)Fig.13(B)) © % 4 » # A A B eIE K513t tumor X 48
BoRABBRETPAL » HEERFHA 6418 LA PCA R84
Zi AAMBREARREAR o

W~ R AR TPA 3142 % R F RAREZ M HI4E A

A& F 05nmol TPA ¢4 K » L H K FBEF 10.74mg » MK
PCA 10 pmol ~ 20 pmol 3 » X FHFBFHERIKT 65 ~ 73% o
(Table 3)

&~ JR L7 ER ¥ TPA 3] hyperplasia = 3 #14E F

(D.E kmpp ¥ 5 &y f& TPA % PCA B F2H 1-2 B » & TPA
Ay 4R & 4-7 & > 4% 32 PCA 10 pmol #4815 3-5 & > PCA
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20 pumol 4 F & 2-4 J& o

QLEBEFE » B3k TPA M FBMR FE o 5% PCA
BRANSHTHT o

GV ka2 0GR © TPA 48785 ~ v PCA #5 % % o

(Do P RBEER @ TPA 43988~ im PCA s & o (Fig.15)

7~ ~ R X B#H TPA 3| A& Ornithine decarboxylase (ODC) 7 1 84 #p #1
i

VA TPA BB @AMNFINFFZLEEGET A4 240+13.1 pmol
COy s s B # PCA 5 umol ~ 10 umol ~ 20 pumol 48> 55| &A1& T 46 ~
68 ~ 91% o (Table 5 )

L~ RAFERH TPA 518 HyO, 7B ey 44 A -
ODC 73 & EZ B/ FHMey— 542 » % ODC 9B EFH S > Bl TF

e 5] B R IE o

VA TPA 3By R &F F 4 k)8 A4 21.7417.5 nmol H,0,
%% PCA 5 umol ~ 10 pmol ~ 20 umol 28> 5% B4 T 61 ~ 84
89% (Table 6 ) o

A 3

4

A~ B %58 ¥ TPA 3] 42 Myeloperoxidase(MPO) 7 M 48 3p #]4E F

VA TPA J& 32 84 48 3] - F A & % J8 & 4 221.2+10.7units MPO

»

%08 32 PCA 5 umol ~ 10 pmol ~ 20 pmol 48> 2% F4& T 21 ~ 36
64% (Table 7) o

7/
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# %

EABRRER FHRADRERVAE » LLRH -5
B WwRE [23,24] 0 SeLHHBRTHRBOELE [25] &&
HF > ARHRMTHBATIRRZNHIE o LA PLEFTRE
S TOE SR AOY- R SRR IO R
( arachidonic acid ) #44X#% [26] o R4 ¥ a9 B FALAH K 34y R A
®ERF 4742w ( flavonoid ) » B4 A — R X FEAFEATITEY
( Non-flavonoid ) » KEEPTAZ PCABRPBEZ ©
| Z PR R 0GB AE A > & 7k Berenblum [27] ARl 0 FREJE

FRX HRFARKHABREERAGRE - EREL LS (1) &
3 Q) REH ; RS E R 8 E B MK R A 69 B —
B AR THRE  REMETEHMLE  MFATHEMN KRS
ATy [28] o Tyt Bt H F B8 R EFo b TRE TrM
tm e KR W H AR B [20] 0 KFMGAREB AR T TH » KA
THRAEFRG T T BALE4E DNA &4 [30]c5—%
—HERTEBRREER > TREABE— JH44ER LR
P PP T A RE Bl FRAMRER  FTRERRBLRRE
DNA %4 s 2 % #4942 dE #|4e Phobol ester & & bmffE » Foidaip
BEAA SERFME » & — 8y receptor » &4 F A4 [32,33] ¢
REEFE—FSREJBAMA (progression) > EF & & 21 BALAw
BHEZLEHEABRET [34] 0

EEZREE L4 T TPA gt ey7] A X e ( inflammatory
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cell Y=g & M4 & f2 3 ( neutrophils )& E 4 é}ﬁz}}‘«( macrophages )% #4
XEHRM [35] ) L HEEmFEA( active oxygen species )&95E
[36]> & F » &y Xanthine Oxidase E4bt.& & 4 -0, # H,O, s @ arachidonic
acid 7 £ 1% Lipoxygenase &, Cycloxygenase 4 fl B] € & 4 f5 'H & f.1b
MAEAFEFE ROS Z & A 0§ HiO, 2 FH 20> @48 PLA 8y 7&
9} » 4# arachidonic acid Z B3 /m » #]i% PKC o KR EEE R T >
Jo 5 X BR #3504 4] Xanthine Oxidase ¥ Lipoxygenase &47& M4 388
EFHR o MTRAMEBEALEERRZ ZE A ( Table 1,2 ) » {£4F
HO, 89 2 &R Y » cjun 8 c-fos ¢4 R A TRZ 2 4] > M EBURMR
EBHERZ TR

%R F L& Bla]P € &AM A TPA §RICEH X —HE
FHAE R R R By X o EWEX T FHAR TR
4% ¥ 7| 84 & Phorbol ester #8449 # 4p4e TPA [37] €€ A Z & & JE 5]
A A BB A ATy oy R AT R KRR ~ B RRE ~ A~ 3w ODC
AEMEA B HyOy Fo MPO /&M 6936 e [48] » migdb sk A4 b #4L
AUTRARBREENGIRE  BATLRTAEBIHBRE T
B oo A bl o &RATAZEE BAR X RIRHN R LR B Gd0 TPA 125
R o

KBk 4 RAE TR 5L K8 T 494 Bla]P & TPA 3]#24y CD-1
female mice X & J§#& > £ R EAKIET & ° AT AR LR BRIR By
5] LEH A B A > 7 b B R R ~ ODC #F A& H0,
An MPO 775 & > 4R ¥ #i4E A > B R L % 84 CD-1 female mice
HEERTIRERRNAE o

BAlRE CERATRARZ —» —SLE SR > 4= Bla]P ~
DMBA ~ TPA...% > #F LHGEE £ 8 A B8 A AL 1E A &
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1REAE R > BRI S4B IR R ) BUR B BIR T A L M Hl oy
HRALF o

AL TPA REER LB TR T > #£3 PCA eh¥# % R4
% AR BERR L FREEAL AL H R LEE
AWHER > MERRAXERTREGH M AG AP ETRRYGW
A RiE3)3 TPARBAER o

W i@k A SURR ¥ 5% TPA REBHF LR — 5 A#HE PKC,
i E R BUg A B e c-fos » c-jﬁn % 74k » ¥ o transcription o VAIE
mpdg Ak ; 7 PCA # TPA #$5 PKC BREREMRFABE THRE
EATF BB ETAGN AR THERLR
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Fig. 2. Protocatechuic acid (PCA)#&Y & 4%
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[ Mass Spectrum ] .
Dava oy L=El-47172 Date. i }5-Mar=95 22:08
Sample: H3-F7 . .
Nete  #
Inlet : Direct Ion Mode : EI+ .
Specirum Type : Regular [MF-Linear) Pig’4
RT : 1.85 min Scan# : 14 Temp : 13.1 deg.C
BP : msz 154,0000 Int, : BA?.18
Cutput mez orange @ 90,0002 to 500, 0000 Cut Le.el ¢ @.00 =
gI6E7cE 154
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Fig. 8. TPA # 44
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Hibiscus Sabdariffa L.
| extract with ethanol

0.8kg
! extract with CHCl;
CHCI; soluble part CHCI; in soluble part
(16.5g) (750g)

extract with EtOAC

% | %

EtOAC Solube EtOAC insoluble part

(32g) (700g)

HS-E1

HS-E2(PCA)

Fig9 . BAbie ko F R FBR
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Adenosine Guanosine

/ HzO

Adenosine
& deaminase
+

NH,

Inosine

Pe

Purine nucleoside
phosphorylase

Ribose 1-phosphate

Hypoxanthine T~ > Xanthine

H,0,0, H+,02‘- Xanthine
H,0,0, oxidase
W902.-)
uri¢ acid

Fig.10. Purine £ A B2 = (X #1842
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Absorbance(0.D)

2.0

1.5 = -
*
1.0 H
*%
_

0.5 -
0.0

0 0.01 0.1 1

Concentration ( mM )

~ Fig.11. Inhibition of Xanthine Oxidase by protocatechuic acid

The various concentrations of protocatechuic acid were added and
effected on xanthine oxidase. The result were assayed by measuring the
absorbance of uric accid at 295 nm. Each values were the average of
triplicated.

* P <0.01, compared with solvent control.
** P <0.001, compared with solvent control.
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Absorbance(0.D)

0.5

04 -

.
0.3 - 1

%*

0.2 -
0.1 -
0.0

0o 0.01 0.05

Concentration(mM)

Fig. 12 Inhibition of Lipoxygenase by protocatechuic acid
The various concentrations of protocatechuic acid were added and

effected on lipoxygenase. The result were assayed by measuring the

absorbance of lipid peroxide at 236 nm. Each values were the average of
triphicate.

* P <0.05, compared with solvent control.
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Percentage of mice with tumors

(A)

100 —
® TPA
® 5 umol PCA+TPA
801 a 4o umol PCA+TPA
¥ 20 umol PCA+TPA
60 —
40 —
20 -
0 @ I 1 i I I I t I ]
0 4 6 8 10 12 14 16 18 20 22

Weeks

Fig. 13 (A). Inhibitory effect of topical application of PCA on TPA
induced tumor promotion in mouse skin. (A)Percentage of
mice with skin tumors; Skin tumors diameter > 1 mm were
counted and recorded every 2 weeks.
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(B)

Tumors per mouse

7 —_
@ TPA
6 —
B 5 pumol PCA+TPA
A 10 umol PCA+TPA
9 W 20umol PCA+TPA
4 -
3 —
2 -
1 -
0 & 1 I I I 1 I | I ]
0 2 4 6 8 10 12 14 16 18 20 22

Weeks

Fig. 13 (B). Inhibitory effect of topical application of PCA on TPA
induced tumor promotion in mouse skin. (B)Everage numbers
of skin tumors per mouse. Skin tumors of diameter > 1 mm
were counted and recorded every 2 weeks.
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Fig.14 Inhibitory effect of PCA on TPA-induced tumor promotion with

- B[a]P initiation in mouse slﬁn




Fig. 15 (A) Normal skin tissue (H & E x 100)
(B) TPA-treated epidermis showed that the epidermal layer is
markedly thickened and the upper dermis is infiltrated by
prominent leukocytes (H & E x 100)
(C) Mice pretreated with PCA (10umol) before topical application
of TPA showed that the epidermal layer is moderately

thickened and the upper dermis is moderate inflammation. (H
& E x 100)

(D) Mice pretreated with PCA (20umol) before topical application
of TPA showed that the epidermal layer is slightly thickened
and the upper dermis is slight inflammation. (H & E x 100)
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TPA

J

z/\

phospholypaseA, protein ser/thr
\l/ Kinase
AA
X0
@\ko NY,
\l/ @ROS
ZH,0, |

v

nucleus
c-jun/c-fos
expression

Fig.16 Possible mechanism of protocatechuic acid on the inhibiton of the
TPA-induced tumor promotion
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Table 1. Effect of protocatechuic acid (PCA) on decreasmg
xanthine oxidase

Reagent Concentration % of Decrease in
absorbance®
mM
PCA 0.01 1.3
PCA 0.1 - 11.3
PCA 1 48

a. % of decrease in absorbance
=(OD.of control-OD. of test) / OD. of control
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Table 2. Effect of protocatechuic acid (PCA) on decreasing
lipoxygenase

Reagent Concentration % of Decrease in
absorbance®
mM
PCA 0.01 6.25
PCA 0.05 28.12

a. % of decrease in absorbance
= OD. of control-OD. of test / OD of control
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Table 3. Inhibitory effect of topical application of PCA on TPA-induced

edema of mouse ears

Group Treatment®

weight/punch/mg ~ inhibition (%)°

1 Acetone

2 TPA

3 PCA (10 pumol)+TPA
4  PCA (20 umol)+TPA

6.16+0.52° ——
10.74+0.65 —
7.73% 0.39" 65
7.38% 0.34" 73

a: Female CD-1 mice were treated with 20 pl acetone. TPA (0.5 nmol) in

20 pl acetone or TPA together with PCA in 20 ul acetone, Five hours

later, the animinals were killed and ear punches (6 mm diameter) were

weighed.

b: % of inhibition="_r%p 2~ Group3ord ..,

Group 2 - Group 1

c¢:Mean+ SE, n=6

* P<0.05 , compared with TPA-treated group.
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Table 4. Inhibitory effect of topical application of PCA on TPA-induced

morphological changes in the epidermis.

Treatment? No of epidermal Epidermal Leukocyte® Intercellular®
layers thickness (um)  infiltration edema
Normal 1-2 12.1£0° + +
Acetone 1-2 12.5£0 + +
TPA 4-7 53.623.9 TN ++
PCA (10 pmol)}+TPA 3.5 411423 * ++ 4+
PCA (20 pmol)}+TPA 2-4 32,1423 + +

a: Female CD-1 mice were treated with 200 pl acetone . TPA (1 nmol) in
200 pl acetone, or TPA (1 nmol) together with PCA in 200 pl of acetone
twice a day for 4 days. The animals were killed 18 h after the last dose

and skins were processed for histological tests.
b: Leukocyte infiltration that was slight (+) , moderate (+ +) or severe
(+ + +) was characterized by diffuse infiltration of mononuclear

nfiltratory cells in the dermis when compared with the acetone controls.

c: Intercellular edema was scored as present or absent.

d:Mean + SE, n=6," P<0.01 , compared with TPA-treated group.
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Table S. Inhibitory effect of PCA on TPA-induced epidermal ornithine

decarboxylase

Group Treatment® Ormithine decarboxylase activity Inhibition
(pmol CO, /mg protein/h) (%)°
1 Normal 58.1+5.5 e
2 Acetone 70.0+£6.5 -
3 TPA 240.3+13.1 -
4 PCA (5 pmol) +TPA 161.0+9.4" 46
5 PCA (10 pmol) +TPA 125.0£11.8™ 68
6 PCA (20 pmol) +TPA 84.5+6.6™ 91

a: Mice were treated topically with acetone (200 ul), TPA (5 nmol) in
acetone (200 pl) or TPA (5 nmol) together with PCA in acetone(200 pl).
Mice were killed 5 h later and the epidermis was isolated. Ornithine

decarboxylase activity was determined. Data are expressed as mean + SE

from 6 hlice/group

b: % of inhibition=( ST 3= Group 4(or 3,01 6), 0,
Group 3 - Group 2

*P<0.01, ™ P<0.005, statistically different from TPA group.
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Table 6. Inhibitory effect of PCA on the formation of H,O, in mouse skm
treated with TPA.

Group Treatment® H,0, / nmol/ cm* inhibition (%)"
1 Acetone 4.46+1.63 —
2 TPA 21.70+1.75 -
3 PCA (5 umol) +TPA  11.14+126" 61
4 PCA (10 pmol) +TPA  7.25+1.60 * 84
5 PCA (20 pmol) +TPA  6.32+0.89 * 89

a: Female CD-1 mice were treated with 200 pl acetone . TPA (6.5 nmol)
in 200 pl acetone or TPA together with PCA in 200 pl acetone. The mice
were sacrificed 1 h after the seond TPA application , and thier skins were

removed for H,O, assay. Data are expressed as the mean = SE from 5

mice/group.

b: % of inhibition= "0} 2~ Group 3 (or 4, or 5)

x 100
Group 2 - Group 1

* P<0.005 , compared with TPA-treated group
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Table 7. Inhibitory effect of PCA on the formation of MPO

activity in mouse skin treated with TPA.

Group Treatment® MPO/unit/cm* inhibition(%)"
1 Normal 1.5+0.2 -
2 Acetone 1.610.1 -
3 TPA 2212+10.7 -
4 PCAG pumol)+TPA 176174 * 21
5 PCA(10 umol) +TPA  141.4+2.6™ 36
6 PCA(20 umol) +TPA  81.4+3.3™ 64

a: Female CD-1 mice were treated with 200 ul acetone. TPA

(6.5 nmol) in 200 pl acetone or TPA together with PCA in 200

ul acetone. The mice were sacrificed 1 h after the second TPA

application, and their skin were removed for MPO assay. Data

are expressed as the mean * SE from 5 mice/group.

b: 9% of inhibition — (CrowR3=Growpd(ors,or6), .,

Group 3 - Group 2

* P<0.05, " P<0.005 , compared with TPA-treated group.
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