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J& 52, 25 8% ( protocatechuic acid : PCA ) & —##HEx % By AL -
BN E ~ KR ihdMT » MAMEF AN ES L LTS
LR E R IbA ) ERNBINERSAPRER: RBARBEA R A
BAMEE N 0 #HH tert-butylhydroperoxide (t-BHP)3] A2 44 & AT 4m o 1% B
FIREAER - AR ETHRAETR » &3 +-BHP FHE BN AL
HIFBEZER  BRAEEHALL T LR ERRE XG0 mgkg ~ 100
mg/kg)i AR  BERLRXKATEIK t-BHP s #2iF&MH > TR Y
2302 R ESES 0.2 mmol/kg 2 t-BHP 18h # » T34 &k ¥ AF3h4E
{b3542 alanine aminotransaminase (ALT) ~ aspartate aminotransferase (AST){& 2
& FadziiBa/L#¥i GSH 4RV RAEeERE LB h THR
Freadk 2k GG ok B HERAE MAAERERSRZIR LT (50
mg/kg ~ 100 mg/kg) Bl4EA »ip#l t-BHP pref it 2 AT SR % > BILtEA

BB AR B ZIBACENRA B M4 -

MieE: BOXEE LB &It BALMATHEM



RXHE

Protocatechuic acid, a simple phenolic compound, is isolated from
Hibiscus sabdariffa L which is a Chinese traditional herb and beverage
material in Taiwan. In our previous study, protocatechuic acid (PCA)
possesses antioxidant property and anticarcinogenic potentials. Since
increasing evidence of free-radical generating agents and inflammatory
process suggests accumulation of reactive oxygen species involving
hepatotoxicity, in this experiment, we used tert-butylhydroperoxide (t-
BHP) to induced hepatic oxidative stress. We found that t-BHP
(0.2mmol/kg i.p. for 18h) significantly increased the serum hepatic
enzyme markers alanine aminotransferase and aspartate aminotransferase (ALT
and AST), increased formation of hepatic lipid peroxidation, decreased
hepatic reduced form of glutathione (GSH) level and inducing hepatic

damage such as leukocytes infiltration and cellular necrosis. If we
pretreated PCA (50 mg/kg ~ 100 mg/kg ) for 5 days before t-BHP

administration, it showed that PCA inhibited t-BHP-induced
hepatotoxicity significantly. The protective effect of PCA was associated

with its antioxidant potential.

Key words: Protocatechuic acid, tert-butylhydroperoxide, hepatotoxicity,

antioxidant, Hibiscus sabdariffa L.



-
=

AT

HERBERLERBAEHBEB S HFHERAROS: OH - RO -
H,0, ~ O,, etc. )3 #H ¥ B R AALHGE » sbiBR B X ~ BIE RIRAT
MEREFIMAR(-4) MEEALAORBRS o GRRAEA -~ ta
BEmERLE - WERAERBEGO) ALMBA —EREL
4T LA FEAR 3% 04 M 161445 £ 4o Glutathione ~ ceruloplasmin ~ % &1t
% ¥ (catalase ~ GSH-peroxidase)%¥ * 2R B EXEBEHFHALMAE
ERTHHAABRSE  BitdhR PHRREARLALFTEREL
WAL EZ MY » THRARRZYE  XRATRERETETSH
B ¥k~ ARTHRY ChEERRBEZFLT-10) AFREAFE
FiH R gE  HHBETABMAREA-12) > R} TH
4o polyphenolic compounds # /% £ & A &.(13)

&A%t B4k kA (Malvaceae) &3 2 it » MARBEFFEIRT
BzER  AHSBRETHAAMRE Bk fESE - FEES
2 SHEEFFHRH IR G ZEERAMNZ— - BERHRRE
AEBRBBIERD IV FER-—BESBLEYD RALFTH
(protocatechuic acid) » &1 8% sh X B3 80 2 B AL AALFH(14) > L HF R
SMBEERGMERTIELERLFRTHHCLERBEH I REN
(15-19)%v diethylnitrosamine £ 3| #¢ X AT # ~ azoxymethane Ff 3| A &)
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RKERE  REAMREERZIBARRAIKRR -

tert-Butyl Hydroperoxide (t-BHP ) » & AT E SR PO LT €
£ N AT e ¥ B R & 49 glutathione ( GSH ) &4t ~ fafig
s By i@ 8.1t ( peroxidation ) » £ Z2# @it (20) - H T4
Rl e s o +tBHP £ 4 fe g & & B ay4%  glutathione
peroxidase 4X ¥t & tert-butyl alcohol #v glutathione disulfide
( GSSG ) ; # % GSSG #% glutathione reductase & #,iL® GSH M i&
A NADPH #) 84t (21-22) > #— S HE2GSHTOTH 23) A
s -BHP & BT HFLZITeRRMA tBHP Adk  @midsng
iR E 2Bt e AREFALNAE AR BB

> F AR 4o OH %/ F & 4 M % 4 DNA(24) -



oS ik

—. fEE A

DPPH (1,1-diphenyl-2-picrylhydrazyl), TBA( thiobarbituric acid ),

collagenase, t-BHP( tert-butyl hydroperoxide ), [ methyl-3H ]-
thymidine, SDS, EDTA, thymidine - MTT ( 3-[4,5-dimethylthiazol-
zyl]-2,5-diphenyltetrazolium bromide), alanine transaminase (ALT) kit,

lactate dehydrogenase(LDH) kit, phosphotungastic acid sA L% # B £
Bl sigma /»3), protein assay kit ( Bio-Rad ), isopropanol, HCI, n-

butanol (MERCK ) -

=&K&
(1) Spectrophotometer (Hitachi; U2000)

(2) Fluorescence spectrophotometer (Hitachi; F2000)

(3) A2 ¥ inmgIR1E (Varion; VXR-300MHz)
(4) aohig kR

(5) RARR T H LK

(6) Fraction collector

Z MR R

Sprague-Dawley & % #t K & R (230+20) 8 ¢ T R RE &



R RRAWEZVEAENEGYE —B  #HEERR A8 5
¢ » 2& Purina Lab Chow & &4 » A KAMHER > L 4L

BR 12/ EFFEERT -

W BHIERRARER T ZLARBEFIERR AR ZEE 5

A EIEBHAAEY AR RER AR LB E R - 47

HS-E » A Choloform: methol <& /% #|i& silica gel column #4% &

SH, 8 1% oA silica gel TLC AR & L tb#k REEHWE > Hx ¥
1Bk A B A 0 350 Mass, NMR %44 BB R L 448 -

BEMNRASBARMEWFENIERRAREZIZETH &

Jo B 4 5% T K58 3 M (30g Av 500ce K& i 15 I8 KGE R 2058 &

& 1lmg/ml 28 47 HPLC > # A 5 uHypersil ODS E4x - L

1.5% #i#s » 20%8E: 8 B 25% acetonitrite Z K& % & 848

RRAES4E 05 ml» FAKLBLHKEET 10 Wl ZFRRHE

B
R
e
3

§.16 8 % % %14 B 2 R & (xanthine oxidase inhibition

¥ Z 5 R /LB X o€ 4551 - xanthine oxidase ;& 1LBF %
84¥ & 4 superoxide » B pbiqH| sbEE £ 5T iV A AEMHEE - BRIE

Robak % A 7 3% 3 B8] xanthine #v xanthine oxidase & & & #---



uric acid R &8 £/ » BP 4% xanthine #fv xanthine oxidase R f&

\Y

+ 4818 0 A ARAE R 295 nm B OD value » 24 F £ R S

>~

% % #} xanthine oxidase FHZ H & -

X~ B5 H i §.168 £ 3p 414k A 2 A & (lipoxygenase inhibition assay)
#% % 85 € 7%t arachidonic cascade H ¥ Lipoxygenase @ 4% /&
s Rh@BEILmAE LTS EmiiE > B idrps] Lipoxygenase
T %> 84t 4E £ - Lipoxygenase activity 4 #7 £ &4 Evan %
AZ FiER & » Bpek arachidonic acid €% H » Ao KA T
# 236 nm time scan # .8 OD value 41t » 5#7H £ & L%

B: # lipoxygenase EF M Z H & -

t~ ORBEAREZHHTH
4% Sprague-Dawley S 4 A G REXNE— A AHET
wAREHRE > BReySUE ER/RRR LK% 1 mgke, 10
mg/kg ~ 100 mg/kg #E 4 5 X ik — R h)& KR AST -
ALT,BUN 4§ #1342 - LHFHaSpREZNRREAR

Bz ¥t -

A~ AT &



(—) BHhTaRBRHRE
#% Sprague-Dawley &AM XK Gl BNE—A0 ALY
BREHRE  TRAHUE ER/RFILLEH 50 mgke ~ 100
mg/kg 28 S5 K AR B K FiE4 t-BHP 0.2 mmol/kg »
Bf & — & (18 h)# ¥ B LDH -~ AST ~ ALT, #AFa&a <4
{bAti 4o catalase activity * GSH/GSSG » MDA » 3t 45 AT A 4 4% 4%
REMRBREREZ R -
(=) o PAFBE K EHTH
LA BT 3h fE 35 B B & @.3% lactate dehydrogenase(LDH) ~ alanine
transaminase(ALT) 2, aspartate aminotransferase(AST) > 4 & AF %
Mo # e354%(12) - 2L Sigma Lactate dehydrogenase (LDH) kit ~
(ALT) kit 4& 7% & 340nm T i8] & NADH # 4 & %% % 7= LDH -

ALT ~ AST &g tE » HBIERE 3 B

LDH %
LDH
Lactate + NAD" > NADPH + Pyruvate
(340nm)
ALT 3

ALT

L-Alanine + 2-Oxoglutarate > Pyruvate + L-Glutamate

Pyruvate + NADH (340nm) > LDH Lactate + NAD"



(£).- MDA % iR B Z 4 ¥

BT 4o 0 fiE ' 18 BALARIRIR Yagi K 5586 2 8 5 R 4(25) -
#& & Thiobarbituric acid R /8] & malondialdehyde (MDA)#) 4 & i
}g o

BB & B 0.5g AFB& > Aw A 3ml ice-cold 0.05M phosphate buffer
(pH7.4) - #K4% LA polytron-like stirreru #} & o BV 384557 B sk 1%
& & % & € (protein assay kit/BIO-RAD) » H£kAo A 7% SDS ~ 0.1N
HCL - 10% phosphotungstic acid & 0.67% TBA 2 1% » # 5k 95°C
Hadh 1 /8% > 5%pt% 0 Ao A Sml n-butanol 2 B - F 24 3000 rpm
s 10 7048+ BE S A 86 3 (BB ) - 54
1,1,3,3-tetramethoxypropane ‘& 4§ standard °

(w). FF¥ GSHAu GSSG Y Z ERBE R BRI R E

O EvES T
B 0.25g AF 42 4% » Au A 1ml 10% metaphosphoric acid A& 3.75 ml
0.1M Na,HPO, #v 0.005M EDTA(pH 8.0)4% f87/& » 1A polytron-like
stirrer & fE 4% » 4& 100000 g 90 742 8 S HR EF R ©
(2). GSH =] £ (26)
R 0.5ml k3% » Ao 4.5ml phosphate-EDTA 4 #73% (0.1M
Na,HPO, fv 0.005M EDTA + pH 8.0)# #4% > B 100ul Ao A

0.9ml phosphate-EDTA % ##77#& #1 100ul o-phthaladehyde(1mg/ml)



KR A% AT BB AR M 15 4-48(26) 24 Hitachi Fluorescence
Spectrophotometer(F2000)# Ex=350nm/Em=420nm 8| & Z -
(3). GSSG z &l &
B 0.5ml k%% > sv N 0.4ml NEM(38t %, GSH #.1t s, GSSQG) -
& F B R 20-30 5484 > Bl 100ul > Ao A 0.9ml NaOH(pH
12.0) $ 100ul o-phthaladehyde(Img/ml) %, %8414 * £ F &
# R HE 15 448 » LA Hitachi Fluorescence Spectrophotometer
(F2000) # Ex=350nm/Em=420nm 8| & Z o
(&) Glutathione-S-transferase activity assay (27)
B 0.25g AF#4a4% > sw A 2ml Homogenizer Buffer (50 mM Tris-
HCL -~ 0.25M sucrose * pH 7.5) » #& polytron-like stirrer 5} & 1% >
A CHRET » 2L 39000 rpm &< 30 448 > B 20 ul L F &R
1.5 ml # GSH substrate buffer Fv 1.5 ml CDNB substrate buffer
. cuvatte ¥ > FiRiE R A E » ££ 340 nm TF ° scan = 44% o
FURFHAXBEFTHGEILE
1.C=A/,Ax1/9.6x1/1
2. GST &4 7% % >~ & nmole/min/mg
(7%) Catalase activity assay (28)

B 0.25g AT a4k » Auv A 2ml phosphate-EDTA £ %74 (0.1M



potassium phosphate *0.1mM EDTA > pH 7.0) £& polytron-like stirrer
FHEEE o W ACHEETF » $L 39000 rpm &~ 30 448 » B SO ul b
#F A2 1 ml0.1M Tris-HCL(pH 7.2) » % — % B 2ml 30mM
H,0,> 434 30C Kis ¥ RE 1 554814 > SLRRA > Bakk
Bt 240nm B X 3 448 -
() GSH Peroxidase activity assay (29)
B 0.25g AT 48 4%, v A 2ml phosphate-EDTA 4 %742 (0.1M potassium
phosphate ~ 0.1mM EDTA »© pH 7.0) » & polytron-like stirrer & g
#% > A ACHRET » 2439000 rpm 3.0 30 448 » B 100ul E#F
Ao 2.2ml 0.1M Tris-HCL(pH 7.2) ~ 100ul  0.113M NaN; ~ 100ul
30mM GSH % 6mM NADPH > %, 4-/&4 % » & A 50ul 5IU GSH-
reductase * 7 37°CAKs P RHE 5 248 » 32 3 %] Ao A 100ul 30mM
H,0, » # 4K A K 3 340nm 76 3 448 > R AT LEZ 1L -
(N\) AFRayh ZRENH

JE 2 G BTSRE B4 2cmx2em WATEE © BN 10% 48 Bk
B & 0 R1E 4k & K 5 & 47 4o(Hematoxylin & Eosin) % & > 7547
¥ R AT ¥k A & inflammation , necrosis 7% % & 2 & » £ 7 & PCA
RITTFTRAEREE -

£ 65 B T
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1. RLH#4% > A8 K £ ( hematoxylin )& 2 2-15 4048 -
2. AKZHR
3. ROSYBEBRTPIREEE » 4155 -
4. BEARAT(1000ml #hAHEARK2H) BEMKIHE B -
5. RRAKTFR  EVIBR LIS n4E e
6. FILO05% P4 Y Bk » BHAPE2 néz -
7. KK IR 80% ~ 90% ~ 95%E A% Z ik -
8. KRN 100%EHMHE ~ —F K(1:1) > —F E-KR&d4:1) -~ =
FRO > —FRADP & F 548 -
9. U F REZHEH -
10. 4t R -
(L) RZMBILELE
1. etz Peimdinh EACTHARE S6°CHntsa T AL -
2. Be B RIRBIBFHZ&EG_F K - BEIBEH - O5%IEBEH
b &R 4E o
3. B h A=k Kb+ 54 -
4. #41F #% % 0.05M Tris buffer[ (PH7.8)A 4 0.15M NaCl
& 0.1% Triton X-100]F £ 242

5. emETaetn R 5 2 A% T ey citrite buffer » B@EE 75

13



58 -
6. Hkh BHHEREER -
7. B AERE > ARAKPR -
8. A Tris buffer i¥ . B 744% -
9. A 3%ty H,0, Wk AL+ 948 o
10 #3 F B » A= RKIFE ©
11. 24 Tris buffer i¥ 5t B 7448 °
12. 23 B EimA— BB (PY20) R & 20 £ 40 548 -
13. 8 3% FERE » ;A =RKIFE °
14. pA Tris buffer ik 2774 °
15. f£3% B Eho N =B8R 30 4%
16. 453k h Bl A —RKiF ik -
17. 24 Tris buffer i % 7 742 °
18. 235 B t oA biotin ligand K A& 30 548 -
19. 4% 3% B B 0 A= RAKIF KR -
20. A Tris buffer i¥ % f 5442 -
21./unDAB 2 &R L EBTRER S °
22. ARV R B EE

23. oA hematoxylin % & > 2 R EBFH A LB | 448 -

14



24, A RK bk B4k o

5. FCREZHA BN IS%iBEMH P
20. 483 h EBEHIBMN B 5 B K -
27. 4 3% h 7 L xylene -

28. A R B3t h -

20. BB K

(+) a4 &4t
BARBRBEFAEIEZU L MY ERINBLEV6E
#R A Student’s t-test 43+ 547 © A p<0.05 A FeE.7=AH & £

HEER



g X

— B ERXFRARBRZSETN
@ 1,2 %88 KB (PCA)Z & H(Fig.3), 8 HPLC 2 441 3 4o
KEH 2 2-02%PCA - 5 —i% (peak) 1R B2 ATHF AT 5 845
Bl Z AR R L 0 5 %] A FLF K Ay delphinidine 3- diglycoside

and cyanidine 3-diglycoside °

= ~ B 52 X & ¥ xanthine oxidase & lipoxygenase 2 §& 5h ¥ #1145 B
&y Table 1 4540 0.1 mM B %, X & ¥ xanthine oxidase T i& 48 %

Z Hp%14E A » W ¥ lipoxygenase 7T 1% 63 %2 ¥p 44 A (Table 2) -

Z - RBRAREHITFFZHEAR
& Table 3 %0 R L5084 100 mg/kg 17k RAT B 2 &% o Btk

T2 E%4%A 50 & 100 mgkg Z # & -

9~ B LR E 47 tert-Butyl Hydroperoxide(t-BHP)35 - K & B o7
FrohfedeiZ LA ZHE
BRI 25 ThhFd —LBEHHASELER > o ALT ,

AST , LDH ,% s ¥ — & & 0.2mmol/kg t-BHP B AF X4t K & &



18h 1% » s ¥ ALT, AST ,LDH ¥ & ¥ £ 8| 7+ 5 (Table 4) » 7§
BPAfta B X BB E » ATHMAEXIHE > EFRLAM/ER S0mgkes R
100mg/kg 2 B 52 X E5 8] A & £ (P<0.01 and P<0.05)¥p %] AT ik 52

# ALT ,AST,LDH Z&F ¢ -

A~ BB 7 tert-Butyl Hydroperoxide(t-BHP) 35 & K & & A5 4
BRACHBE
A MDA 4 B iRE §1ERE H B R ALy 4545 - & Table S 540 B35
# t+-BHP RIZ 4 R €85 B AL TR 50 mg/kg, 100mg/kg

Z B RFERE & £¥rH MDA 97 8%, ©

X~ B 2R & 47 tert-Butyl Hydroperoxide(t-BHP) 3% # X & & A i
GSH 2 &RV 2 ¥ ¥
&y Table 6 45 40% L B —#| € 0.2mmol/kg t-BHP B AE X 4 K& &
18h %% :t-BHP € 3p#|if4mfe ¥ GSH #94 € -FAALMR 50 mg/ke
B RESInRERERAY 2 FALMLE 100mgkeg 4R & GSH
¢9{i- X t-BHP f£ bR X F R A2 EMUHEKGSH 2§

MBERER LSBT REHEWLRSL (Table7) -

£~ B REX & YR tert-Butyl Hydroperoxide(t-BHP) 3 & X & & A B

GST , GSH-Px , Catalase B & # b Z % ¥

17



87 Table 8 437, % — %/ & 0.2mmol/kg t-BHP AL p:ix 4t K G & 18 h
%o AABRRERAFEYE GSH-Px ¥ER KX - 2854 +-BHP g
] F§4& catalase activity » 78 Z£8 R 50 mg/kg , 100mg/kg 2 B 52X
BLRI A & & 49 IRAE catalase 7E 1 0 THSLAE R S0 mg/kg , 100mg/kg

ZRAFEETHBEMN S GST &5 -

A~ B SRR tert-Butyl Hydroperoxide(t-BHP)# % A & &.AF
BRIR S 2 R B
%o Table 9 A mEIGBAE L4 t-BHP @ SAFHERA HEHKEZHA
BMAEHAYE  nEKRERLEHE 50 mgkg » 100mgkg B R £
MERRBRIFREHAHE (Fig5) o @ t-BHP R 88

B dif s X B RRIER AR I & 0A B2 & (Figo) -

LA EREBRILERELTRERAT®Y BHP m#H 2
tyrosine phosphorylation #43p#]4 A :

Z_A[ A H 745 & oxidative stress @42 i# protein tyrosine &% &%

1t IR %k B BALE 4 &8 %K tyrosine-phosphorylated protein

(1° antibody:PY-20) th9 %3 - 8 7 40> R A FMEZ LK

i t-BHP 48 3T 4 tyrosine phosphorylation protein X & %3, (£

MEINH) BESANEMISIL > XdSBEEBEH tyrosine

18



phosphorylation protein {z# 4= K » M AR LFBATREZH

WA EH MR M2 AR R TR AR -

19



RATRBRETRTSEBREE - ARTBI AT ZERREE
Z 3§ % (30-32) » & 4E 3t F 4% 40 polyphenolic compounds #E EE H &, -
HERHRMTORBILSHEREX REERBOHEE RS
MHFHERERARRG)  EARREBTHEHDARBACESYMER $ 5
RER) AL FM - &35 1 (a) #HIXE T A b K ( electrophilic radical
trapping ) » (b) #p #1441t K K& ( inhibition of nitrosation ) » (c) it 4 Hi#
AR, ¥ 38 4% ( arachidonic metabolism modulation ) > (d) K &L E &
X ##( alteration of carcinogen metabolism )(34) - J& §2 XX 8 J& A7 M M bk

BHERT BEAAREA TRELE E F bR HEM LY

>

HIRIEH PR &ALF 2 0 bR R P 2k HPLC X 7545 %0 &A% JLAT &
BAFBHECHZAEBAOARABRNRZESHMZREMA AL 4202
0% °

BEEATELITBEGHTRIEX 2 RA O fAbmtEAHHEHR
TR EALE B AT A EHERI R 5 AT 0 B Aw AL AE A 3 E AT A
GHEREATAERGABERETRELKRFNA FHR BETRER
m AL AR & i A 8 A B R (3S) - B bR E3RA B — 3 R F
M RATEG T RIEX 0 B A BB AAL4Y: t-butyhydroperoxide 4 %

3% &) - t-butylhydroperoxide ¥4 &3 cytochrome p450 X#t 4 & s & ¥

20



% (RO it M 45 E 4045 3 4 R(36) M AT Bk Fo AF B2 A 2§ 49 cytochrome
p450 = % 4} t-butylhydroperoxide T4k d3 GSH 4 KB ABH > M X
BiH4 GSH B ¥ F ey aHR - AR FRRY Lmje AALRE
TN (BT) - MAME o GSH 4545243 -BHP £ AR T AE
R T HHAFM AR GREEMKALR (Table7) -

LAY FHRIEY > +BHP A e B He94 glutathione
peroxidase 4X,# s tert-butyl alcohol #» glutathionedisulfide(GSSG) BE
GSSG # glutathione reductase & £ t® GSH i s, NADPH #4 At
(38-39) » it — % B E 2458 T2 F47(40-41) » 5 9 t-BHP Re BT
HATE®REAR tBHP Bdk > MAGAR - LFHAHN =BG
TR BT R CEHET Hminey RY - BBV AA M(42-43) -
AEHA tBHP RAEAN@BEHGE  FHERAXBRTAAIITE
MEM o AT T HMAA ALT - AST ~ LDH # AR @i HFHE AL
$54% > W Table 4 A% : RERSLEE (50 mgkg + 100 mg/kg)ss R &
B A %IrH +BHP #itmiFt - 5 H 0 MDA Ak HA@RAL
#3542 » t-BHP 7T s AT e Bt s 6 @ R4k 0 1E A5 H i@ &bt MDA &
B RS o & Table 5 T84 R AR LFHT %] +BHP Fsh
BmpAs T @A - B4 tBHP X #t & Atz KEe GSH

FRATREd GSH ¥ X 8 RIEHB LRSI H @AY BE > &

21



Table 6 £ 31, ° t-BHP #E¥p %] GSH &9 4 p& > M AR 52, X 8£(50 mg/kg ~ 100
mg/kg) AR 2 £ AR T4 GSH #9434 /w(P<0.05) KRR ILAHKAE
HeTiRit GSH 2 A S RAHE—F o4 - LAWEAMRE LR LR
TR BIPHIBRENRE  REAMREHF GST e AM D AR S
B % GST €421t glutathione Fu B &4 > FELRBHEEL - A7
LAR % GST 78t £A 3% fho e 5L 2 0% 24 R i ™ 3£ #] chemoprevention 2 B
4y o ¢ Table 8 43R FRIER LA #(50 mg/ke ~ 100 mg/kg) T &
GST #47& H(P<0.05) » Fo catalase #57&M(P<0.01) EsbinF B A B 5
XEgdpw) +BHP Arjlez M R bEERIRE A RBAIY
R s E @A L 0 B4 a% i GSH system 24 E 4
B4 o
BRIEY R BB LA AEE 4 t-BHP(0.2mmol/kg) 18 /NB¥4% 0 AT
MEBABRAREKREHRBAENAEERE MTRRERLE
(50 mg/kg ~ 100 mg/kg) BI R AHEKEFEHRIBAET REEREL -
R AN BHEEAARE AT FHAE (Figo)  THERE
REFFIEEA B o
FHA AN SRS T wB N LM EEE 4 Ca'? —signaling
and protein phosphorylation (44) -  i& #b target protein T £t

enzyme - receptor -~ transcription factor .......  ERAAEREGE G

MM



kinase % 7%t #4# phosphotase 74t o B K oxidative stress AT3| 42
MmeiEigia LM ZATA ML oxidative radical & )%k liver
plasma protein tyrosine phosphorylation (45) » i A&t 72 4% 3, t-BHP € 1
AT 4m B0, %% 4 K & tyrosine phosphorylation - & X8 % t-BHP ¥
MBI EH I — 2R -

W o B RKEETT A4 t-BHP prit i B AT 4aie 4L IR F
T4 -BHP i 2 4 X » XEXBFELAE PRk TEAE
BREM AL BWRARETEBRHILE & A MK -BHP A

BRGEELETREFXMERN_BEGE

23



AMREARIUAZBAEEEIMELTEEHIERS T F B
i RAGE  ARSPRBAAR T HF oL BHRACRIE X E1%
REW REWHELXFTLELERYE - INAHREEKX P > -BHP
BREAS A RAL AT A4S » e Bk A FIABAZ QLM ARG - Bk

t-BHP T R &8 & 09 ABA X SAL MM 4R 45 3544 (inducer) -

24
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Table. 1 Effect of Hibiscus protocatechuic acid on xanthine oxidase in
vitro.

Concentration(mM) absorbance (OD) % of inhibition®

0 1.50 £ 0.02 0

0.01 1.37 + 0.04 9
0.10 0.78 £ 0.02 48
1.00 0.54 £ 0.05 64

a. % of inhibition = (OD. of control - OD. of test) / OD. of
control
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Table. 2 Effect of Hibiscus protocatechuic acid on lipoxygenase in vitro.

Concentration(mM) absorbance (OD) % of inhibition®

0 0.320+£0.012 0

0.01 0.296 £ 0.010 8
0.05 0.215 £ 0.008 33
0.10 0.101 £0.012 68

a. % of inhibition = (OD. of control - OD. of test) / OD. of control
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Table. 3 Effect of Hibiscus protocatechuic acid on alanine amino-

transferase (ALT), aspartate aminotransferase (AST) and blood

urea nitrogen (BUN) in rats.

Concentration ALT AST BUN

0 56+ 8 99+16 10 +2

I mghkg 6012 10312 10 +3
10 mghkg 52+ 14 101+18 11 43
100 mgkg 64+10  107+14 12 2
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Table 4. Effect of Hibiscus protocatechuic acid on the elevation of serum
enzymes induced by t-BHP in rats

Treatment® ALT(IU/L) AST(IU/L) LDH(IU/L)
control 56+7 98+21 709 + 298
t-BHP(0.2 mmol/kg) 140+62*  413+93* 1805 +281*

t-BHP (0.2 mmol/kg) plus
PCA 50 mg/kg 81+11* 314+61* 1213 +271**

PCA 100 mg/kg 68+11%  251+83* 700+ 113**

a. In this experiment, the animal were pretreated with Hibiscus PCA
by gastric tube for 5 consecutive days then rats were killed 18 h
after the administration of t-BHP.

# P<0.01 , compared with control , .P<0.05 , **P<0.01, compared with

t-BHP treated alone (n="6).
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Table 5 Effect of Hibiscus protocatechuic acid on t-BHP-induced lipid

peroxidation in rats

treatment® MDA (nmol/g liver)
Control 101 £ 14
t-BHP (0.2 mmol/kg) 198 + 42¢

t-BHP (0.2 mmol/kg) plus:

Hibiscus PCA 50 mg/kg 127 + 16*
Hibiscus PCA 100 mg/kg 134 + 28*

a. In this experiment, the animal were pretreated with Hibiscus
PCA by gastric tube for 5 consecutive days then rats were killed 18
h after the administration of t-BHP.

#. P<0.01 , compared with control , ".P<0.01, compared with

t-BHP treated alone (n=6).
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Table 6 Effect of Hibiscus protocatechuic acid on t-BHP-induced hepatic

GSH depletion
treatment® GSH (pg/g liver) GSSG (ug/g liver)
Control 1866180 1241164
t-BHP (0.2 mmol/kg) 1492+42* 837+80"

t-BHP (0.2 mmol/kg) plus:

Hibiscus PCA 50 mg/kg 1956:61* 1071452
Hibiscus PCA 100 mg/kg 2104+89* 1115463*

a. In this experiment, the animal were pretreated with Hibiscus
PCA by gastric tube for 5 consecutive days then rats were killed 18

h after the administration of t-BHP.
# P<0.05 , compared with control , *.P<0.05, compared with

t-BHP treated alone (n=6).
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Table 7 Effect of Hibiscus protocatechuic acid on t-BHP-induced lung GSH

depletion
treatment® GSH (pg/mg protein)
Control 101 + 21
t-BHP (0.2 mmol/kg) 87+23

t-BHP (0.2 mmol/kg) plus:

Hibiscus PCA 50 mg/kg 96 £ 25
Hibiscus PCA 100 mg/kg 93 +30

a. In this experiment, the animal (n=6) were pretreated with

Hibiscus PCA by gastric tube for 5 consecutive days then rats were

killed 18 h after the administration of t-BHP.
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Table 8 Effect of Hibiscus protocatechuic acid on hepatic enzymes

treatment® GST GSH-Px  catalase
nmol/min/mg) (nmol/min/mg) (k/min/mg)

Control 103+£12 305 0.17£0.02
t-BHP (0.2 mmol/kg) 1056 362 0.11 £0.01*
t-BHP (0.2 mmol/kg) plus:

Hibiscus PCA 50 mg/kg  132+24° 36+2 0.16 + 0.03"
Hibiscus PCA 100 mg/kg 117+7° 3943 0.15+0.02"

a. In this experiment, the animal were pretreated with Hibiscus
PCA by gastric tube for 5 consecutive days then rats were killed
18 h after the administration of t-BHP. The liver tissue was
homogenized, centrifigued and supernantant was used to
determined the activity of antioxidant enzymes.

* P<0.01 , compared with control , " P<0.05, ** P< 0.01, compared

with t-BHP treated alone (n=6).
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Table 9 Effect of PCA on t-BHP induced hepatic lesion

Treatment® necrosis neutrophile infiltration
Normal 0/6 0/6
t-BHP (0.2 mmole/kg) 5/6 6/6

PCA plus t-BHP:
PCA 50 mg/kg 0/6 0/ 6

PCA 100 mg/kg 0/6 0/6

a. In this experiment, the animal were pretreated with Hibiscus PCA by
gastric tube for 5 consecutive days, then rats were killed 18 h after the
administration of t-BHP. The liver tissue was prepared for

histopathology.
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Fig.1 Mass spectrum of PCA
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Fig.2 C-NMR spectrum of PCA
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Fig.3 Structure of PCA
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Fig.5 Effect of PCA on t-BHP-induced hepatic damage of rats

Effects of Hibiscus PCA on t-BHP-induced liver damage. (A)
Solvent control group (n=6). (B) Animals treated with t-BHP (0.2
mmol/kg) showed neutrophil leukocyte infiltration (thin arrow),
cell swollen (Arrow head) and necrosis (thick arrow). (C)
Animals pretreated with 50 mg/kg 100 mg/kg Hibiscus PCA, and
then t-BHP with showed no pathological change;
hematoxylin/eosin staining; magnification 100 fold.
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Fig.6 Effect of PCA on t-BHP-induced lung damage of rats

Effects of Hibiscus PCA on t-BHP-induced lung damage. (A)
Solvent control group (n=6). (B) Animals treated with t-BHP (0.2
mmol/kg) showed bleeding slightly neutrophil leukocyte
infiltration (thin arrow), (C) Animals pretreated with 50 mg/kg (D)
100 mg/kg Hibiscus PCA, and then t-BHP with showed bleeding
and slightly neutrophil leukocyte infiltration; hematoxylin/eosin
staining; magnification 100 fold.
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Fig.7. Effect of PCA on t-BHP-induced expression of tyrosine

phosphorylated protein by immunocytochemistry.

(A) Solvent control group; (B) t-BHP treated alone group showed

numerous immunoreactive area (brown). Animals pretreated

and then with t-

?

with (C) 50 mg/kg and (D) 100 mg/kg of PCA

BHP showed markedly reduction of immunostain.
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