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Part I
JB. 5,5 B # 7 lipopolysaccharide 3% % &
BT & M2 31 A
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JB 52, % 8 (protocatechuic acid : PCA)E MmN % ~ KR ~ fofv AHk
Foh—HEGESSHBELSY c BEARR IR T RELKLEH T
AEBELHQABWIER T 58D ibsd > B EEAFIAI
BHBEALZAHEN - SR THERBEEES Smgkg 49 LPS 6 /) 8
#% 0 TSR E R F54E AST ~ ALT A b6 % » AF4ask GSH 8y
Yy ONO Y REA R > INOS FHREGRRE A > 8 HF NF
kB 8 ELR AT Sk 2k % - ARH B9 AE B B AMt4 MDA R LA L8
% catalase ~ GSH peroxidase Rl & E 22 B % - MFARXLUR 5 XA £
(75mg/kg) 64 JB 52, 5 B B #e K 2k 30 5] LPS Fi 35 35 69 BT S 1E o




Abstract

A simple phenolic compound » protocatechuic acid » 1s ubiquitous in
edible vegetables ~ fruits and nuts. In our previous study, protocatechuic
acid(PCA) possessing antioxidant property and anticarcinogenic potentials
was isolated from Chinese traditional herbs and beverage materail in local
region(Taiwan). In this experiment > we found that lipopolysaccharide
(5mg/kglL.PS i.p. for 6 hrs) significantly increased the serum hepatic enzyme
markers(AST and ALT) » serum total nitrite and iNOS activity in rats. In
addition, LPS significantly decreased GSH, activated iNOS and NF £ B of
liver and inhanced liver lesion including liver cell congestion ~ necrosis and
cellular infiltration of inflammatory leukocyte. However, the group of
pretreatment 75mg/kg protocatechuic acid for five days effectively inhibit
LPS-induced hepatotoxicity. So, we concluded that PCA may play a role in

endotoxin-induced liver damage.
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JB. 52, % B (protocatechuic acid : PCA)E A M3 % ~ KA RFu At
P A P EES % Hibiscus sabdariffa L. (Malvaceae) ¥ A7 4
BRey > H—BHEEESSRBELEY > ETB LA RERBISER
DB AER BAHNEBERACKBERFRE E2XCH
REEEBRARXKEABRBORAEND) MERTREBE
J& %% it (Hibiscus sabdariffa L) 5 BIEM A4 F FE8HR T B af
fEAEFHR B BRS8N t-BHP 326 BTl E A %
HEERQ - I ATRELERLR LXHET 4 12-0-
tetradecanoyl-phorbol-13-acetate(TPA)3% % female CD-1 mice & J§ %%
#> promotion phase(3) « % F H F AR I H R L X B H R
diethylnitrosamine(DEN) 3] A2 & AF % (4) ~ 4-nitroquinoline 1-oxide(4-
NQQ)3] #e &4 v g% (5) ~ azoxymethane 3| #¢ 89 & B 7% (6) ~ N-methyl-
N-nitrosourea 5] #e &5 § % (7) & N-butyl-N-(4dhydroxybytyl)nitrosamine
(BBN) 3l Ae aq BEBL R (8) B B A #pHI4EA -

WA RBERRRRFERBRBERENRAZ—(9) 0 @
—SAEANO)AHE XS T HRBRRETHEELA E(10); NO
A—HEeaaRN T EFREREHEBARLETE L HE
B B A F 1 6 NO 474 47 (4e peroxynitrite) » 2 H MR A 589 8.4
B & # (hydroxy radical ; OH)#v nitrogen dioxide(NO,)(11) » 3% g,
DNA 4 % > B NO 4,77 #2 heme & non-heme iron /B ; 1991
Radi % (12)45 i NO B & 47 4 4 (peroxynitrite) 7] Fu & & & & thio
group & glutathione % 4-7% s nitrosothios » &M B H B B &,
1t diBEREL NO R hFHKRE-F(13) - THLNEZEEY
KAWL L2 H AR BnRE - AL ERGAES M R NO REA7
AMAEFABRIRKERRHFR GRLIE B ERAEHBR > ABAR
8 EHE(S) -




Lipopolysaccharide(LPS : endotoxin) % ¥ #f K& 4 B 4= f 52 &
mAr(16) » FARJLAE HAF LPS EHATREMBN > THEL IR
EA— 2B RERAIZHME > BlhofEREIREM > E¥tall ~ 8
P BRFo BB K a0 6 VAL o A R e e R R B RS 9 B EH(17 - 18) o
MER L BERAL BN FFREORA > TERM MRS
EXETRW(9) - BE Sugino FAMKER > LPS ERUMBAET
S UK K A BB AT ~ BRRR B +(20) 5 1982 & Nathan % A(21)45 H
LPS T 4|3 E "% ta iy & 4 75 M & % (reactive oxygen intermediates ;
ROI) » 4o : ¥ & (singlet oxygen ; O,) - — £,1t & (nitric oxide ;
NO) ~ i& &1t & (hydrogen peroxide ; H,0,) ~ A2 . & F(superoxide
anion ; O,) -~ & 4. B & & (hydroxyl radical ; OH) » Mmizst§ 8 b &
HWR B A MBAOIICRGE N > EHF el ABRNEETERA
it > HAEAE BE H i@ A4 malondialdehyde(MDA) 89 B & K & 34 o
(22) » 3 & & #® 5 alanine aminotransferase (ALT) & aspartate
aminotransferase(AST) % B £ 4952 & © Fhdt > LPS H iy &
A48 15 3 7T S % 41§ P9 prooxidant A& antioxidant Z [l &5 47 » @mpg
YA SPAAHE 0 R & E B4 endogenous antioxidant &
GSH A BT L EY TQ3); HE¥®EHE catalase ~ glutathione
peroxidase(GP) ~ superoxide dismutase(SOD)%E L A /LBEE - 3B F 35
LR AL F TS e 2N A8 B AT ARNEGEQD) - AT
AEBRAA LPS S8 ETBECRBERB > THATAETRT
HMETEARBAA R AT EEEG RFER -

B EBAT AL - PCA #75 X B T3 & & (>n vivo)F M o) 1% 3#
Ve A B % R E R 0 AR BL Sprague-Dawley &L &l K &
A AT H > BE PCA # LPS HH AR E NO F7 i 09 i ta B 5
MAFBEAWHMER > BT LR LE ALT - AST FAEEA
I fa AR




i AR

AR TR LPS FHAT 85 W B AL R K E NO 45 > W3R
RAREPCA) # LPS A e tafo a2 T A AW HER - & 4R
£ AST~ALT ¢4 4bft - A bl Ao EEHBR
{t# malondialdehyde (MDA)&y R B R e ML R AL A % » 4o GSH »
catalase & GSH peroxidase %4 A LB £09 50 » BB AR
Rt > E—FRE NO 4 & ~INOS & ~INOS e ik A e REF
B+ NFxB ey %% > £330 R L X B LPS A eififtafo 52T
BApHIVER > UUBH B EE R E 56 AT X RIT R Z 54 -
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(—MEE A B BAE A AR 5

1AL & A
1,1,3,3-tetramethoxypropane ~ phosphotungstic acid - Flanine
adenodiaminase(FAD) ~ /3 -nicotinamide adenine dinucletide
phosphate reduced form( S -NADPH) - sodium pyruvate - o-
phthalaldehyde (OPT) - glutathione oxidized form -~ glutathione
reduced form -~ glutathione reductase -~ lactate dehydro-
genase(LDH) - lipopolysaccharide ~ antipain - protocatechuic acid -
dithiothreitol - Chymostatin ~ nitrate reductase ~ Tris-HCl -
mercaptoethanol ~ leupeptin ~ N-1- naphthylethylenediamine -~
TBA(thiobarbituric acid) ~ L-arginine ~ NEM » sA F %3 B £ B
sigma /» & ; sodium nitrite ~ sodium phosphate ~
EDTA(ethylenediamine tetraacetic acid) . SDS .
methanol(MERCK) -~ sodium hydroxide - n-butanol (MERCK) -~
hydrogen chloride ~ 10% formalin -~ KH,PO, ~ K,HPO, ~ glacial
acetic acid ~ sodium hydroxyoxide -~ NaN; -~ hydrogen
peroxide(H,0,) ~ sulfanilamide - zinc sulfate (ZnSO4) ~ HEPES -
protein assay kit (Bio Rad) - “

248 %
- UV and Visible Spectrophotometer(HITACHI ; U2000)
- Fluorescence Spectrophotometer(HITACHI ; F2000)

- 48] 3 X 4843 £ BA 4445 Diaphot 300 (Nicon)

- Homogenizer(EYRLAMAZELA Z)

- Microcentrifuge(Shelton » VS 15)
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—. BHRR
Sprague-Dawley & % # K & 8(230£20g)85 8 6 T R R 4§
% BERAIEZVE RN MG B ERBERE . AW G
% 5 i Purina Lab Chow & &) » ABAKRBH&R » 454
BR 12 R P -

= BHhsERBYHR
H Sprague -Dawley & % #PE K & B(230+20g) 75 5% 6 48 » H-41 10
H + Group 1 % normal 48 > {4 F %44k ; Group 2 A%l
rHlm o 24 F 1% DMSO %% » Group 3 B # & F
PCA(75mg/kg) A L= U FHEEHZERIL R > HR 2ml;
Group 4 £l ip. x4 LPS(5mg/kg) 5 Group 5 & Group 6 RJ2A B %
WaE A 25mgkg Fv T5mgkg 8y PCAEZ R » FERERE B
»:}xafyw\ ip.iEgt LPS(5Smg/kg) 5 LPS JE 4444 6 /INBF - 452 R M
8 BH iR BT -

=. Thiobarbituric acid (TBA)method

AT tm B BE ' 8 RALRARIE Yagi KRESAHZ ERRAT
7%(25) » # & Thiobarbituric acid 2 /8] & malondialdehyde (MDA)#&) &
RBIE - KB RIES

HO N SH . S OoH HO N
O O 7 acid,pH=3.5 N \/
PRIl o o @
OH OH OH

MDA Thiobarbituric acid MDA(TBA) conjugate




2B ik - B 0.5g BFEE > Av o 3ml ice-cold 0.05M phosphate
buffer(PH7.4) » #k4% 24 polytron-like stirrer A& o B /) &R45 57 B R AF
% & % & & (protein assay kit/BIO-RAD) » H £ s 7% SDS ~ 0.1N
HCI ~ 10% phosphotungstic acid & 0.67% TBA z 4% » #% 95°C Aok
185 » %74 » huaA Sml n-butanol X B » F 24 3000 rpm & 10 4
4 > B EF R A K E K KR A EXVEmyssh, o 2 1,133

tetramethoxypropane &4k standard -

. Glutathione Test ---(26)
(Déa k2 H 4

B 0.25g AF4mpe > Av A 1ml 10% metaphosphoric acid & 3.75ml 0.1M
Na,HPO,#= 0.005M EDTA (PH8.0) %% » LA polytron-like stirrer &}
Bi% > 4% 39800 rpm 90 44E 3 OB L FH R -

(2):& 7 " glutathione % ] &

B 05ml Lk % & ° Av A 4.5ml phosphate-EDTA % # 7% (0.1M
Na,HPO, ~ 0.005M EDTA > PH8.0)##£4& > B i 100ul > fw A 0.9ml
phosphate-EDTA % #&3% $2 100ul o-phthalaldehyde(1mg/ml) %, 45 /& &
% ATRBHRRE IS 548 M’%ih\tfu}i@iﬁ" Ex/Emssoumonm T
R o ”
(3) &1L A& glutathione % ] &

B 0.5ml &7 > e 0.4ml NEM (38 %, GSH £1bm GSSG) » £ %
R 20~30 454844 > BRE 100ul 0 Aw A 0.9ml NaOH(PH12.0)$2
100pl OPT(Img/ml) i 6% » £ EBBAERIE 15 548 > &L
o RIEARFS EX/EMysou000m T BIE ©

Z.. Nitrate Test ---(27)

10




B 50pl o 3% Ao A 110u] 100pM NADPH ~ 10uM FAD 32437 & 40yl
nitrate reductase * 7 37°C#H R E 30 54844 > HhoA 20ul 120mg/l
LDH #z 20pl 120mM sodium pyruvate » 37°Ci# %R JE 5 7484k » Ao
A 360ul 75mg/ml ZnSO, Z4via1& > BA 2450rpm B 15 448 > B
500l ksE st 500pl Griess reagent 58 FRME 10 548 » Holy
3B € (G & 540nm) o
%  Griess reagent : sulfanilamide(lg/L) #¢  N-1-naphthyl-

ethlenediamine (0.1g/L)f& %] 755 H,PO,(25g/L)F -
—{E A AT A L L1 RA

7<. Nitric Oxide Synthase activity assay
RikAh S FL(QR) S M43 o B 0.25g AFER > Av A 3ml 20mM
Tris-HCI & 2mM EDTA & #7i& (PH7.8) » &34 H 1tk » 4£ 4T
AETT o oL 21000X g s 20 44E 5 B 25ul EERIERAGE R
7 HE 50ul EF A 100ul 50mM HEPES-2mM NADPH-
10mM L-arginine ;&A% » A 37°C KB P BARIE 3 /)N85 » H
25 B% 5] Nitrate test o

+. Catalase activity assay(29)
B 025g AF B& ° #w A 2ml phosphate-EDTA % # % (0.1M
potassium phosphate ~ 0.1mM EDTA > PH7.0) » & polytron-like
stirrer A 1% > 7 4CHRAE T » 24 39000 rpm & 30 448 0 B
50 Wl E#F & Ao Iml 0.1IM Tris-HCI(PH7.2) » % — % B 2ml
30mM H,0, > 4 %14 30°CAB T RIE 1 5481 > %84 > #
240nm & & T A H & AE %1 -

.. GSH Peroxidase activity assay(30)

11




B 0.25g AF B& > #v A 2ml phosphate-EDTA &4 % % (0.1M
potassium phosphate ~ 0.1mM EDTA » PH7.0) » #& polytron-like
stirrer B 4% 0 7 4ACAEAEETF » 2L 39000 rpm #.o 30 448 > B
100pul E&F®&AmA 2.2ml 0.1M Tris-HCI(PH7.2) ~ 100ul 0.113M
NaN; ~ 100 pl 30mM GSH & 100pl 6mM NADPH » #4 R4
#% » BAu 50ul SIU GSH-reductase » # 37CKRBFRE 5 4
4% > HF % e 100ul 30mM H,O, » # 340nm FT#HF# 3 4o
% R ABREEZEL -

. FradmEmh BE
2 R SA > & 2omX 2om WATE 0 B 10% 48 Bk P
F 0 SR 48 AF BE KR % &7 4z (Hematoxylin&Eosin) 3 &, » #3542
BAERE HREeT BT

1. BRA% > LA % (hematoxylin)iE ik % 2~15 4548 -

LAZKIZ B ©

LOS% BRIBERIPBFEEE 15 -

EANRKF(000ml By K BANEARRE) ) AEEBRERES -

RSP Fk 0 ZVE LS b o

ZLLOS% AL Y BR > BHE L5 -

R =R LA 80% ~ 90% ~ 95% B A iZE %

RN 100%8EH ~ —FRA )~ = FR-RBH@ 1)~ =

FRO > —FRADF & F os% -

9. U= F R EHR

10. 4t kR -

11 A B SR -

®© N A W N

+. R L e

12




Loxe =2

C BAEAM P EBIE BACTERE S6CHEE PALE -
MG CAhud e R ARBBIB A Z &) —F K ~ LB ~ 5%BEH

¥ EB 4 e
E R A R+ o 8E -

#& v R #% £ 0.05M Tris buffer[ (PH7.8) 4 0.15M NaCl & 0.1%

Triton X-100]F #4548 -

B RN A 2% P8y citrite buffer » B#EELE R

45 o

R BEHEREER -
W R B 0 BL =R e
2L Tris buffer ¥ 3% 2 5-4% o

Al 3% Hy0, "k 55+ 5048 -

BRGS0 A RAKWR
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,
23.
24.

2L Tris buffer ¥k B 448 -

LR EmAn—& B GNOS ~ ERK ~ PY20)R J&E 20 £ 40 54% -

ok BB 0 Bl kKR o

2L Tris buffer i3k £ 548

R BN Bl R 30 548 o
3k R ERE > Rk -

LA Tris buffer 7k £ 548 -

3% kAo biotin ligand & & 30 548 -
Wk R B B kKb e

2A Tris buffer it & 45-4% -

MANDAB ZERBAERTRBEE M -
A RAKRIF A 75

Ao hematoxylin 37 % » {2 &85l RA3:B 1 54 -

LA Z R SR 54

13




25. e ExH A BN OSWIBRET
20 R BENRBHBE B UK
27. #% 3% k& E xylene -

8. 3R BHA -

20 B EBE

+ —. INOS immunoblotting

AEB1h %% Nagasaki KGDE 2 F ik o B 025g AFB > Au A
2.7ml 20mM HEPES(PH7.4) % #;7 % (P 4 1mM ditiothreitol ~ 50uM
antipain ~ 50uM leupeptin ~ 50uM chy- mostatin = 50uM pepstatin) °
@ EAutg 7 4°C ~ 25000 X g B 30 448 0 R EFRIEESE
[ E
B #) 80ug % & g £ loading buffer(3ml distilled water ~ 1ml 0.5M
Tris-HCI(PH6.8) ~ 1.6ml glycerol ~ 1.6ml 10% SDS ~ 04ml S -

DU
8

mercaptoethanol ~ 0.4ml 0.5% bromophenol blue)sd 1 © 1 BEfFIR A » 7
OSTChu#h 10 548 > RBEHEAKB T > BN AESH spin
down o 3 2 4% sample A well )9 » A EE B 70V > FRB 120V 3
Tk FERE &% > #47 transfer 2L nitrocellulose membrane #
P 3% A4 S%MAS W ey TBS buffer(10mM Tris ~ 150mM
NaCl ~ 0.05% Tween-20 » PH8.0)blocking 30 4-4% - wash #2%1% > #
NC paper E# 1 4082 7 RJE overnight(4°C) » Z % 2L 4 tween-20 2
TBS %t ==k » H 2L Horseradish peroxidase conjugated goat anti-mouse
antibody R JE 40~60 4>4% » B A4 tween-20 2 TBS k=% » £ 44 Ao
A Amersham ECL reagents kit K J& » # 8§ 5 24 Kodak film 8& j¢ 1~10

48 SUBRE B REH B AR -

-+ =. Nuclear extraction(32)

14




Ll A

Y

B 0.25g A B Av A 1ml PBS(PH7 .4)

24 polytron-like stirrer #F f

1500 X g &s 5 548

pellet sw A 500ul ice-cold lysis buffer(10mM HEPES, PH7.9 ;
10mM KCI ; 0.1mM EDTA ; 0.1mM EGTA ; 1mM DTT ;
0.5mM PMSF ; proteinase inhibitor : 2ug/ml leupeptin ~
2ug/ml apoptinin ~ 0.03mM sodium orthovanadate)

EWMREARR 15 48

Ao 10% NP-40 > g2 E & 10 #04%

10000 rpm & 10 542

EX supernatants — cytosol

pellet #u A ice-cold nuclear extraction buffer(20mM HEPES
PH7.9 ; 400mM NaCl ; 0.1mM EDTA ; 0.1mM EGTA ; 1mM
DTT ; 1mM PMSF ; proteinase inhibitor : 2ug/ml leupeptin ~
2ug/ml apoptinin ~ 0.03mM sodium orthovanadate)

10. B K E/ER 30 4a(RErs £ A R4 2)
11. 12000 X g & 15 448

12. supernatant — nuclear extracts

15
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1. RAZBEHN LIPS iz i s g -

WolE 1 Aior o RAKERAEHEZ 3¢ H & lipopolysaccharide 7735 & &
Aréafe %2 AST o ALT £/ 649+ % » & 2 T5mglkg &9 & L5 8L AT
BIEE > 5] B4R AST 4 50%(P<0.05) ~ ALT # 80%(P<0.05) -

2. BAFEBEHMWIPS A2 HBALHBE -

LA MDA A iR B EVERE B @ B ALty 45 4% » 4o Table 2 Aiow > 3R
LPS (Smg/kg)i 32 6 /BF » @AT4a %% MDA iR B 3t K38 ho(Fo B 48 1L
B) MUARIALBRRESL MDARENRBEFLYE -

3. BRRBRH N LPS #5848 GSH fbB 8 62 %

4o Table 3 A > LPS €34t tafh BB A glutathlone HAhHE b
Table 4 ~ 5 40 LPS X AE M4 3E 5 catalase & GSH peroxidase #57&
Mo MIERIZR LB £ A catalase Ffv GSH peroxidase &9 7&
4 B~ LPS(Smg/kg) R 6 NS 2 min i E Hin e N A 1L/3R
JB ik HE 2 45 7575 B » {281 catalase & GSH peroxidase % 8. /b8 %
MR MERBRRZABRATARE > AITRSERLE glutathione &
i SR F bl g A — SR

4. RSB F LPS Arih 55 nitric oxide #93pHI4E A -

4o 2 A7~ > LPS <7 4% nitric oxide B8 & ¥ ho > MU B L ABEAT R
Mz R 0 A AHH nitric oxide #97F 0 B A B FIRF M6 R
1% o

16




5.8 5, X H LPS i34 2 nitric oxide synthase activity &4 #p %] 4
e |

L-arginine ¥] £ & nitric oxide synthase 4 gk NO » 1 NO JE % R & & 4%
Be sk A4 A nitrite Fo nitrate(33) > 58 3 42 LPS =] $| % nitric oxide
synthase #97& M3 ho > 1B B R BEATRIE » B A 23 %)] nitric oxide
synthase & 7& M » 3t B R Bl SR G MA% -

6. B 5L B 7 LPS A3 %5 nitric oxide synthase g9 #p#|4E R

& B 4 %o LPS T 3% nitric oxide synthase & & & B &34 Ao » i SRR
B (Q25mg/ke) e A B AT R IE » 3 #p#H| nitric oxide synthase #9%& & & I
(4 50%) > ZAZ R E(T5meg/ke) R 758 AT R 3 > B 5 42dpH] nitric
oxide synthase &) %& & & 3, °

7. B SAREEHN LPS Freh 42 NF kB 649 $4ER -

AP LPS #4878 1 LA ROD &) & A F § Bba i 2 AALIAH
€124 NFkB F1L(34): ZEMERE N AL/ERKETE
#NFrB#iElL S dey GSH KD - €484 NF«B E4b > &M
7E 1L F % target gene &4 % 3.(35) - & Table 3 4v » A LPS (Smg/kg) R 3E 6
JNEF 0 Gr4b fa B P9 89 GSH /) (Fv B % 48 b 8 P<0.001) » 4R3E 2 AT#F
A FIEI LPS F e fa B85 5 NFAB AR - & 5 &
LPS TR NF £ B /&1L > MR LABRATREZ LR » 7T A ¥ NF
kB &y 7EAL -

8. #IA BTy R BER LRBLE R LPS st X AT 40 8R4 o 3 51 1F
B -

17




BE 6 ZEEE  BIEU LPS REER > TAHIHAKE b -
B~ 2 AR ZHR @B ARAANER S EEXUAFH KA
(75mg/kg) B LR BRAT R 3L » BT A 2Ldp ] -

9. #A K% ABALE L &EBMER LR HR lipopoly-saccharide A 3548
2z INOS sy HI/E R -
BB 7 % LPS T4l INOS AW EABR(EHRENN) MUBHER
BRFBATRIE » RTHHEER -

104 X BRI L BB ER ARXBEN LPS Az PY-20
(Phspho-tyrosine 20)%& & &4 #p %4 A °
Z BT M 45 & > protein tyrosine kinase inhibitor = #p#] LPS Fr35 4
NO # kK % 4 & & iNOS mRNA # % #.(36) * % Michael(37) % 42 2|
protein tyrosine phosphorylation €424 NF x B /&1t » 3L %% ta {42
R EBWME PY-20 89 %3 - & B 8 40> LPS T #|# PY-20 ey & H(2
REIH) > MURRERAREANRE  RITHHLLRA -
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AEBRBEA LPS F 8B EBEAI/LR NO 89 KREHM v 34
PCA & B A L8 XA A A AT H 5 M -
tmE N# % LPS T3 ﬂﬁiﬁmﬁﬁ‘\iﬁﬂ 5EBRTHRB TR
A aEae(19) MURBERFBATRIEZ £ ?&Tiﬂﬂﬁaﬁiﬁi(l“able
1) 5 R4FBEMEQ2) LPS T AT mip i BAAL - BAEE
Abth MDA &R E K& jw » 12d Table 2 33 © 2 LPS(Smg/kg)
RIZER 6 NEFR > BRAT4@ieR MDA RE » FEFARTRAL
BEEEEM BARAMFTIEY LPS sleaB G ER—CfoEE
WEAAA B(38) 2 A FEr LB —F 4% LPS &) time course # € fig
B EALR T Au PCA 69415 A A B - 1982 4 Nathan ¥ AQ1)42 &
LPS =T 4l E "% %= J6 & 4 7& M & % (reactive oxygen intermediates ;
ROD » # et §ALHG » M= PR F SR AMREFTHRE
Ml X B E ko Table 3 w1 LPS TR EFHHERE
glutathione(GSH) (Fv iE % 48 tb# > 41 & 50% » P<0.001) - 1235 A
BIRER A% (T5meg/kg) AT ik 2 0 B T4 endogeneous antioxidant
GSH 3% #u(P<0.01) ; 5 » LPS #32% GSH &/ i &1 GSSG 3%
oo B8 LPS R H#do GSHAEM ; M Table 4 ~ 5 4o LPS TH(MK
P44 4 32 3 catalase & GSH peroxidase &97& 1% » mTARIZR 481
# 87 g 24 9 catalase #v GSH peroxidase #7& M » 85~ LPS(Smg/kg)k
6N E I e E R eEN AL/ ERRE AT R
B > 1291 catalase & GSH peroxidase %41 84bBE £ M AR K » 125»
Hiftath e — 5 Rt o
EHERPRERRAERBEEEGERZ—(9) MALFR NO
EHERPRETHAHENAESERERKFA0) - AEARERR
0% B A A s ¥ % LPS A B B B zh s 45 4% alanine
aminotransferase(ALT) & aspartate amino-transferase(AST) % & % 4 1t
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Wz stE s Mk TSmgke 84 8R 5LK 8 7T % s 4] LPS Fr354 NO
8938 Au(~50%) - M LPS Araf4 INOS B 5 INOS & &
AR BRARBERERAERIGS 3 A ELERBETR LB LPS
FHARKENO SRt ERIR#ER - REBEH KBS

F a2 B LPS RAALH F a0 @R A FH A A RODF 3L
GSH depletion » & f F L& 4k B -+ NF £ B> ¥ 28 F % target
gene(ex * INOS)&y /&1L » M B A B 54 3.(a) LPS s 88 % 3] GSH &
AR MR AARBATRIEZEZZR TN AR AI/LEE GSH
B8E - (b) RAFETAH S LPS i iINOS ZawgREA
R, oo (c) REFEEAHrH] LPS F 4584 R-F NFikB #9781t - 5246 1
WMo B REBEHN B AL EE A A GSH depletion. > NFx B >
INOS ZARIAZH M o sbih > BB EH T © R M M2
cytosol s NFxB €f0 1k B &k — complex » & tm i % 8] — ik
inducer $]% 1 > 1 kB kinase €4 Ix B %4 phosphorylation i#
degradation » #R%% 124# NF x B translocation 24 ¥ » ma AT BRE L
BRR LRI H] LPS 34 845 B -F NF £ B #9786 7T A6 A &8 by 0 1
IxB kinase » {23tk dd Y4 — F BT - BRIFZ AT E > protein
tyrosine kinase inhibitor T#p#] LPS 7354 NO &9 X 4 A& iNOS
mRNA #) % 3,(36) > B Michael3NERBF L tmpm e L AEH
TNF-a > #m TNF-«a €424 protein tyrosine phosphorylation i& — 5 /&
I NFAB > ma R ERER - LPS TH 4 PY-20 Y REERA > AR
SRR AT R R e A s d] LPS 354 PY-20 a9 & RE > BT R
SLRBE N LPS 3] A28y & AT 5 P 2 ¥ $14E A Fu protein tyrosine kinase
B

2}

BERRER S AME FHKE LPS SR @BE LG E
B4R 0 MBAETRGBIE R RE R B REE S LPS(Smg/kg) 6 /)
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Bff% o TR i~ U - BRI R ARRIR S AR TR
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Table 1. Effect of pretreatment protocatechuic acid on the survival
rate of rats after adminstration of lipopolysaccharide.

Treatment® survival rate(%)®
Normal(dist H20) 100(10/10)
Control(1% DMSO) 100(10/10)
PCA(75mg/kg) alone 100(10/10)
LPS(5mg/kg) alone 60(6/10)
PCA(25mg/kg) + LPS 70(7/10)
PCA(75mg/kg) + LPS 80(8/10)

* Rats were treated with dist H,O ~ 1% DMSO ~ 25 and 75mg/kg
protocatechuic acid for five days. The rats were killed 6 hours after
administration of bacterial lipopolysaccharide (Smg/kg) by i.p.

survival rate(%)" = survival number of rats of total number of
rats X 100
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Fig. 1 Effect of pretreatment protocatechuic acid on the
activities of serum alanine transaminase and aspartate
transaminase after administration of lipopolysaccharide in rats.
*P<0.05 » compared with normal group ; **P<0.05 compared
with lipopolysaccharide alone group. Mean+SD, t-test.
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Table 2. Effect of pretreatment protocatechuic acid on lipid
peroxidation products(MDA) after administration of lipopoly-
saccharide in rats.

treatment® MDA( nmole/g tissue)
normal 25.1630+3.4306
control (1%DMSO) 24.561043.5042
PCA(75mg/kg) alone 27.1147+0.5763
LPS(5mg/kg) alone 23.9600+1.5119
PCA(25mg/kg)+LPS 30.5933+3.6469
PCA(75mg/kg)+LPS 26.5760+3.1125

* Rats were treated with dist.H,O ~ 1% DMSO ~ 25 and 75mg/kg

protocatechuic acid for five days. The animals were killed 6 hours
after administration of bacterial lipopoly-saccharide (5mg/kg) and
the rat livers were prepared for determination.
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Table 3. Effect of pretreatment protocatechuic acid on hepatic
reduced glutathione(GSH) and oxidized glutathione(GSSG)

after administration of bacterial lipopolysaccharide in rats.

nmole/mg protein

Treatment® GSH GSSG
Normal 49.34+4.16 12.97+2.63
PCA 45.48+5.06 11.70£3.60
LPS(5mg/kg) 25.50+4.86* 7.6610.81%*#*

PCA(25mg/kg)+LPS  27.20+4.56 90.97+1.53

PCA(75mg/kg)+LPS  32.45+3.17+% 11.35+0.93%%**
* Rats were treated with dist. H,0 ~ 1% DMSO ~ 25and 75mg/kg

protocatechuic acid. Five days later. The animals with were killed

6 hours after administration of bacterial lipopoly-
saccharide(Smg/kg) and the rat livers were prepared for deter-
mination.*P < 0.001 > compared with normal group ; **P <

0.01 » compared with lipopolysaccharide alone group. MeantSD.t-
test
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Table 4. Effect of pretreatment protocatechuic acid on hepatic

GSH peroxidase activity after administration of lipopoly-
saccharide 1in rats.

Treatment® GSH peroxidase(uM/mg protein)
normal 1.79+0.26
LPS(5mg/kg) 2.61+0.58

PCA(25mg/kg)+LPS  2.23+0.24
PCA(75mg/kg}+LPS  2.29+0.13

* Rats were treated with dist. H,O ~ 1% DMSO ~ 25 and 75mg/kg
protocatechuic acid. Five days later. The rats were killed 6 hours
after administration of bacterial lipopoly-saccharide (Smg/kg) by

i.p. and the rat liver were prepared for dertermination. Mean+SD.
t-test.
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Table 5. Effect of pretreatment protocatechuic acid on hepatic
catalase activity after administration of lipopolysaccharide in

rats.

Treatmant® Catalase(k/mg protein)
Normal 3.22+0.22
LPS(Smg/kg) 3.69+0.79

PCA(25mg/kg)+LPS 3.60+1.67
PCA(75mg/kg)+LPS 3.46+1.58

* Rats were treated with dist. H,O ~ 1% DMSO ~ 25 and 75mg/kg
protocatechuic acid. Five days later. The rats were killed 6 hours
after administration of bacterial lipopoly-saccharide(5mg/kg) by
1.p.and the rat liver was prepared for determination. |

k=0.153(logA1/A2)/min
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Fig 2. Effect of pretreatment protocatechuic acid on serum total
nitrite after administration of lipopolysaccharide in rats.
*P<0.01 » compared with normal group. **P<0.05 > compared
with LPS alone group. MeantSD, t-test.
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Fig 3. Effect of pretreatment protocatechuic acid on inducible
nitric oxide synthase activity after administration of lipopoly-
saccharide in rats.*P<0.05 - compared with LPS alone group.
Mean+SD, t-test.
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Fig 4. Effect of pretreatment protocatechuic acid on inducible

nitric oxide synthase after administration of lipopolysaccharide in
rats.
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Fig 5. Effect of pretreatment protocatechuic acid on transcription
factor NF x B after adminstration of lipopolysaccharide in rats.
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Fig 6-1. Histopatholbgical evalution of rats livers after treatment
with dist H,O and LPS alone. A are sections of livers of normal

group. Hepatocyte(thick arrow), a sinusoidal space(arrow)and a

Kupper cell(thin arrow), depict the normal liver organization and
structure. B is a section of liver from LPS-treated rat ; note the
diffuse cellular degenerative changes with cloudy swelling and
cellular infiltration of inflammatory leukocytes( thin arrow) and
congestion(thick) arrow). H and E stain. |
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Fig 6-2. Histopathological evalution of rats livers after treatment

with low PCA(25mg/kg) ~ high PCA(75mg/kg)and LPS. C is
section of a liver from an LPS + low PCA-treated rat. Some
cloudy swelling of hepatocytes and infiltration of inflammatory
leukocytes(thin arrow) and congestion remains. D is section of a
liver from an LPS + high PCA-treated rat same as Fig 6a-(A).
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Fig.7-A. Immunohistochemical exmination on inducible nitric
oxide synthase in rat liver from normal group.
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Fig.7-B. Immunohistochemical exmination on inducible nitric
oxide synthase in rat liver from LPS alone group.
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Eesculetin( 6,7-dihydroxycoumarin)%& & S & 8947 £ 42 — > F A9
ERMEM o AMGERE - ZEMNEM  ZEFERE - AR
FHAOGME ~ AR - ERBE > A-—MSBBEILEY - BE A
HEARBACRAGHAE P RERELE A R albfodigs X 2 4F

M F R XK EFH A ITE M (4 ¢ 1,2-benzopyrone ~ 7-hy-
droxycoumarin)$f A B ok B A WH A RER » Ao T
TERBB R EFE o

FEREHSARIEL —LRBEEY TR G IR RFAL
TREE B E KRB REBWH BB EREIL B
BAT ALk > HNBFARTHRFBRNTEFE 2 HAA MW
Fafe B B LT AE > TAES B AP AL target(do kAR A8 89 7
ife o B MmiEILb— B £ (4o 1 CPP32 - PARP-7) > £ Rmfastw
sboh o B e BIRETNE S cyclm » cyclin-dependent kinase A&
cyclin-dependent kinase inhibitor YL B R A BB 1614 - AT
B o #3183 esculetin < A3pH] ASA £ dm Bk (HL-60)& AT 7% 4o 56
#(HepG2 ~ H3B)#y 4 & ; wifiik e B 4% 8] X B+ esculetin 74 HL-
60 & H3B #upniB #4%5# &£ Gl phase #v HepG2 4= jn i ﬁﬁ{?/‘%x’}_ S
phase > M B % 3, L4 esculetin & & 32 24 8% o T 3F 4 HL-60
apoptosis, 12 H3B . HepG2 Rl & - 5 & B E KR esculetin 354
HL-60 apoptosis & i% i cytochrome ¢ # 4 /&1t CPP32 » 4245 PARP-
y HBAE R E P esculetin ¥z HL-60 %mpfi Gl phase 12/ £ &4v
cyclinD B Cdk-4 & B » # H3B B R Fv cyclin E & B - sbibd 3535
esculetin j& 32 H3B %3 58 » p38MAPK #6455 & 1L € 3¢ v » 124} phospho-
MAPK Al € RZHE -
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Abstract

Esculetin, a phenolic compound, is a coumarin derivative containing in
many plants such as Atemisiae capillaris Flos (Com-positae), leaves of
Citrus limonia(Rutaceae), Digitalis pur-purea L. (Scrophulariaceae),
Euphorbia lathyris L. (Eupho-biaceae), Atropa belladonna(Solanaceae),
Datura stramonium L. (Solanceae) Hyoscyamus niger L.(Solanceae).
Previously, we found that esculetin exhibited antioxidant and anti-
inflammatory bioactivities. It is reported that coumarin derivatives can
inhibit the proliferation of human malignant cell lines. However, the
molecular mechanism of anti-proliferation of these compound are remain
to be defined.

To date, the mechanism about apoptosis(programmed cell death) was
unclear. It is supposed generally that a promising chemotherapeutic agent
will have to promote the cell entering to go these two pathway.The
exploration of intrinsic and extrinsic modulation of chemotherapeutic
agents may prove the efficency of anticancer treatment. Recently, some
studys suggest that anticancer drugs may induce cancer cell apoptosis or
change cell cycle to prevent the cancer cell prolifaration. In this present,
the ability of esculetin to inhibit cell growth.The flow cytometry analysis
shows the esculetin can arrest at G1 phase for HL-60 and H3B and can
arrest S phase for HepG2. Also, we found HL-60 cell treatment with
esculetin for 24 hours can significantly reduced the content of cyclin D
and Cdk-4 and H3B cell treatment with esculetin can reduced the content
of cyclin D and E - increase of p38MAPK phosphorylation. Finally, we
observe the effect of esculetin to some apoptosis associated protein.
Esculetin treatment of HL-60 cells can induce cytochrome c releasing
from mitochondria and breakage of PARP- 1y .
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L)

BHFERITHREEFNBEGNERRERAT AR Y > &
EEATARARZ— SHETHEARALERENBELATAIARAEEY
FoREMNMARCE-—BMA S ESHMAGE A FRBETHLS
SBRERT  HoRBARERATBRIRSGER  FR RREMTEIEK
K RAEFHAYES  MEARAMEREAME G ZE UV
MGE HRERFIRALERBERAEZESARATHREA - 2BATA
Ao B SERARRAMA G RBIR TR B B R R HESS
BRIETIEEY AR GTELABRYGEE AURERERS
HRIEHGHE  FEARREY RGP B wfoei B RkALEB/ S @
HFERBAHERERSRA > HECLHRE > AFARTREM S H
BERIRBHF AR BR > FEEBHmBR AR SED AR EE G
A o RE Y B B F 34474 M (esculetin 6,7-dihydroxycoumarin)

Bt REBET R e £ Koy -
esculetin ( 6,7-dihydroxycoumarin) & & 4569474 2 — > E2F R
RHMOERE - ZEFNEM - XS AEME - RBAISE -
AR R EREF() AR LBBILEY  EREMAF AR
Bl Ao X B (2) i kA 345 esculetin p H AR 3L % 49 BE kR
HS578T & monoblastoid U937 éaaﬁ@,#%é‘]i“”iieﬁz\#[’%] lipoxygé-nase
pathway(3) > ™ Matsunaga & A(4)4, 2531 esculetin & — lipoxygenase #p
4 o # ¥ N-methyl- N-nitrosourea(MNU)3% %% Sprague-Dawley & % s
MXRERIBEGHREFHF/ER » st > Rose %(5)3# 5] esculetin #p
I AFAILIE fm Btk MDA-MB-231 4 &k - R E#HE M4y H] 5-F= 12-lipooxy-
genase * M R & ¥p %] prostaglandin #9 4 sz ; Noguchi & A (6)35 H
esculetin % lipoxygenase #p#{4 > & AL o fetk MDA-MB-231 A
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linoleic acid 8% » € 87 B8 M&1& leukotriene B(LTB)&) 45t » & Mg Hl fa i
A K BIMMRBRAETREFERLTIRE B~ > esculetin & A48 474
(4w 7-hydroxycoumarin) B & R 4F#9 5L . ALAE /1(7-9) » @ Chang %3
B X-#& coumarin £7 4 4 ¥ % xanthine oxidase /&t B & B IFah#pHI4E B
(10)A4o 3h 322 A F2 BT (0,) 895 1 (11) » PRt » TR A B A A B esculetin
1 3 5-ditercbutyl-4-hydroxytoluene(BHT) 4 in vivo ¥ & 48L& 3L &.163h
0 T EHAB P BB A glutathione 8B B » BI85 H & 8.1t 4
(thiobarbituric acid-reactive substances, TBARS)&H iz * 1R#¥ A Wi %%
fAE845(12) » M Gialin % A4 H esculetin ¥ 7 paracetamol Fv w9 £,
1b#% (CCl4) 5] e 64 AT 4a B, 12 B A AR 345 A (13) - 1993 F Huang ¥ Ad5
d esculetin #p %] B T AL m B2 38 4 » 9 4635 W@ Hp ] protein tyrosine
kinase #v lipooxygenase 7&£(14) > 1994 & X 32 i esculetin 7T #pH| A%E T
%= i, 4k 9% (CEM cells) % protein tyrosine kinase & protein kinase C #97&
M B9 & PDGF-mRNA » & f 4] 48 fe & & (15) -

1993 % » F & 4 B coumarin ¥ # renal(ACHN Fu Caki-2) &
erythroleukemia(KS562) % 4m B #k B & 4w fo 3 M > LU IR % o1k B T B3
I couamrin fEAE fm B 4F R 42 GO/GL #3(16) » A S 87 5 1994
% > Kahn % A3 ¥ coumarin 7] 4% MTV-Elras 4m i #x 4 fi 38 #1644 i&
T @ % e e 3& B34 (17) 5 B Egan % A # 3 8-nitro-7-
hydroxycoumarin ¥ 2 % K562 #v HL-60 %= itk 69 4= B2 38 29 & 4 4] DNA
Ak 0 3354 apoptosis ¥ 2K 4 i 7 (18) -

UERFEHSMER G —LHRBEEDTHB I RBeRORFART
RUE RO KRB REFIGHF B ooy MBI - AL
FRAETHRINAEFE  E—RRAWBAEZRI T TRLER
THEAL B N target(ho R AR AE) B B ShAE 0 B MBI —dbEER
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(4w : CPP32 ~ PARP-7) > ¥ Zmfpstt - sboh > FE mioA &7
& & cyclin ~ cyclin-dependent kinase & cyclin-dependent kinase inhibitor
BIEBT A AR E I MAR(19-23) > PR T LR B HiamBAR e
AR AR R G B2 0 E -

BARE S ARG HRE Ao ba BB G RIEH AR FE OB 5 MR
o AEETAME AR EYRBEFANEERZALE - — K&
3%, > mammalian cell cycle 4 5y, ™18 phase : GO/G1 ~ S(replication) -
G2 ~ M(mitosis) * M cyclin ~ cyclin-dependent kinase(Cdk) & cyclin-
dependent kinase inhibitor 8| & & B3R iTta o B AT E S » £ F
£ G1 327 > cyclin D 7T fv Cdk-4 % Cdk-6 s m#E A-82 » £ RbE Gk
&% 1t.(pre-phosphorylation) » i 7Eib 345 B F E2F - 3% 4% Gl % #3
(G1-S) » cyclin E/Cdk-2 T 4# Rb %& & 5 &%} 8% 1t(full-phosphorylation) -
AR AE tm BB S #7 0 B3k cyclin A/Cdk-2 84751L(24) - H % AR 35
HABE @B T @ kOB - Uk HBEISE R R  EHER
e~ BFE ~ MR - REE B FHRRE - BB - REBEFHAR G
cyclin(cyclin D ~ cyclin E)# 1% & & R &5 A (19-22 » 25-29) » @ Haas %
A(B0):R8 Cdk-4 B % oncogenic 894 /1 » M Ito & A3 Cdk-2 &
Cdk-4 &4 overexpression FoF T NBEEMEAMO9) - b Eifido > A
BN EaREBELAR el BiGE T ReREEN
A~ AL 0 M RIS R SR B4R IR M BT 2 cyclin &
Cdk ¢ - R A RBAY > EMIEIHEB@RGE L -

¥ % B %25 37, protooncogens(de Myc) € % E tmfn ey mfn B - Fo
TR RA B s bR B mpp ey A ~ 416 o Steiner & Pusch %
(31 ~ 32)% 31, Myc #9554/t €4 Gl cyclin & Cdk &M 38 4o » 4248 Ratl-
MyER %m e 3% 4 > Jansen % (33)3.88 Myc &) overexpression € #p 4/
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cyclin D #9438 - A F A KB H p42/pd4MAPK i T Fotm B 4
£ Ko BHiEALLT4E cyclin D1 promotor 7FH R EZ G EZREM M
p3SMAPK #&7E4t » B & 4% cyclin D1 promotor JE M & & & & 3R & &
b B A k4R 1 p38MAPK Fofa e 416 A BE(3S) ©

Apoptosis Biefe it T8 — A X XA programmed cell death -
H¥HH % 5 F 5% apoptosis A B - S35 8T M IORAR
gepg b Bel-2 family sk B Ml eg48 Z 3 (36 ~ 37) » + #1 interleukin-1 3 -
converting enzyme(ICE) family #97%46(38-40) > A & et #i ICE family &
ZE1E B % > 4w poly(ADP-ribose)polymerae (PARP- 7 )(41) ~ nuclear
lamin(42)------ % o 1996 £ Wang % % 3 cytochrome ¢ # #
mitochondria #3 £ cytosol » [ 484 caspase-3(CPP32)7E4L » M &1L &y
caspase-3(CPP32)+T it — 4% PARP-v - ¥ 2% 6 apoptosis(43) > B
apoptotic protease activating factor-1(Apaf-1)& 3(Apaf-3)m#& &k G § 5 41
cytochrome ¢ &1kt caspase-3 498 42(44) -

BB EH R 4o esculetin BA HUEE X R¥pHFIE ol £ RO A2 0 A
ARSI R > S A RER esculetin AFBMF > BEEHBwm
(HL-60 ~ HepG2 ~ H3B)#) £ & Hl4F A R $tm g BRI B A -
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A BH
BRBERAETEREHA LR ECHE BT > esculetin6,7-
dihydroxycoumarin) & 48 B #7 £ #7 (%= 7-hydroxycoumarin) B- A B 4F4)
AR 1 0 B XBREdE H F SR ST A 44 ¢ 1,2-benzopyrone ~ 7-
hydroxycoumarin ¥t AZE &2 M m otk ¥ BRI H £ KO/ - AT
Bl esculetin A4 0 # A MTT 558 & ASE ik e ik (HL-60) &
HF 7% 4a B #k(HepG2 ~ H3B) 89 A R #h 4 > B LR R iR o # e A
A BB REREESGE 25 0 £33 esculetin 3B == iok

A RIGPFHMER o i B BE -
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AR ik

(—)e %7

Dulbecco’s Modified eagle medium -~ RPMI 1640 medium -~ PSN
antibiotic mixture ~ fetal bovine serum - nonessestial amino acid -
phosphate buffered saline(PBS) -~ sodium pyruvate - glutamine X L 3%
B £ B GIBCO BRL /~ g » Sodium dodecyl sulfate(SDS) ~ propidium
iodide ~ ribonuclease A(RNase A) ~ Tris-base ~ Tris-HCI ~ MTT(3-[4,5-
dimethylthiazol-zyl]-2,5-diphenyltetrazolium  bromide) -~ sodium
orthovanadate - S -mercapoethanol ~ ponceau S concentrate $A + % p& 4
# B Sigma /» 3 > Glycine ~ Bio-Rad TEMED(N’,N’,N’,N’-Tetra-
methylethylenediamine) ~ protein assay kit ~ ~ acrylamide ~ bis(N’,N'-
Methylene-bis-acylamide) :A + 8% B £ B Bio-Rad 2 ] > methanol -
sodium chloride ~ Tween-20 ~ isopropanol ~ bromophenol blue -~
glycerol ~ Amonium persulfate ~ ethanol ~ NP-40 ~ deoxycholic acid ~
PMSF -~ leupeptin ~ aprotinine - nitrocellulose membrane - X-ray
film(Kodak) ~ « -tubulin(T-5168)mouse monoclonal antibody(Sigma) -
Cyclin E(HE12)mouse monoclonal IgG,, antibody(Santa Cruz
Biotechnology > sc-247) ~ Cyclin D mouse monoclonal IgG,, |
antibody(upstate biotechnology » 05-362) -~ Cyclin dependent kinase-
2(D-12)mouse monoclonal IgG, antibody(Santa Cruz Biotechnology -
sc-6248) ~ Cyclin dependent kinase-4(H-303) rabbit polyclonal
antibody(Santa Cruz Biotechnology ° sc-749) - c¢-myc(C-8) mouse
monoclonal IgG,, antibody(Santa Cruz Biotechnology ° sc-41) -~ Anti-
ACTIVE™ p38 pAb(Promega » cat.#V2901)rabbit polyclonal anti-
body ~ Anti-ACTIVE™ MAPK pAb(Promega ° cat.#V8031)rabbit
polyclonal antibody ° |

(2R &

k4% - UV and Visble Spectrophotometer(HITACHI ; U2000)
18] 3. X B8 #% 4% * Nikon ; Diaphot 300

ik a9 B 1% (Flowcytometer)
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& &% & k4% : Mini protein II cell (BIO-RAD)
& g #Epfg . Hoefer pharmacia Biotech
Microcentrifuge : Shelton VS 15

AR BE # ¢ Sigma 2K 15
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¥Bhk

—. Wmfaith
- AN #8 & 5% 4w B 4k HL-60 (from acute promyelocytic leukemia
patient > 4 A Rb{2°R4 p53) 145 RPMI 1640 3% 3 {m 5 10%
heat-inactivated fetal bovine serum(FBS : Gibco BRL) ~ 1% PSN v
1% glutamine} °
-~ AJARFJE 4m B 4% Hepatoblastoma G2(4-% Rb #u P53)3z &7
DMEM 32 % #(Gibco BRL. MD. USA) » W4 10% heat-inactivated
fetal bovine serum(FBS : Gibco BRL) ~ 1% PSN #v 1% nonessential
amino acid
-~ ANJART 7% ta Bk Hepatocellular carcinoma 3B(F 4 A Rb #u P53)
3% % % DMEM 3z % % (Gibco BRL. MD. USA) N 4 10% heat-
inactivated fetal bovine serum(FBS : Gibco BRL) ~ 1% PSN ~ 1%
nonessential amino acid & 1% sodium pyruvate) °
B L =M mintk o AN A 0 AT 5%C0,37CHE
B AR E i AE 2X10°~1 X 10%ells/ml » 438 F & 2~3 kit k
A o

=. MTT %

sbiERARIE Alley #2 F57R45) RREAF T I Ae & bR RE +
&9 dehydrogenase 4 A ° M 4% MTT 3-[4,5-dimethylthiazol-2-y1]-2,5-
diphenyl tetrazolium bromide)4X #t3& & sk formazan crystal - FERF & &
Je 24 well gg3n%m F F A 2X10%ells/ml » #4gAe A 0~ 10 ~ 20 ~ 50 ~
100uM &4 esculetin » 4> F3 %k 24 ~ 48 ~ 72 BE4% > Erha gk o B
PBS wash % > oA #reg3e &k A & 100ul MTT(Smg/ml) » 4 A 4 /N 8F
1% 0 EFe3e i 0 o 1ml isopropanol ¥4 formazan (&M > MK K
563nm TF A & OD 14

=. LA E A

--- HL-60 %= (2 X 10°/ml) 3% %4 100puM esculetin
ik AP 0-6~12~24 36~ 48 ) 8F
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- H3B s HepG?2 %= (2 X 10° cell /dish)s2 &7 100uM
esculetin 932 % K P 024 ~ 36 ~ 48 ~ 72 /)" 8%

Bl E m Bl > Bk ey PBS wash £ 880 0 Bhuva 1ml ke 80%
ethanol A e fe B € (— @ — @il > Eafo L0 B E) KR1E ENH-20TC
K4 16-18 /N BF 5 Fg R #.04% » 2L 1ml PBS wash » & fv A 1ml
propidium iodide(10ug/ml > P34~ 40ug/ml #5 RNase A) » 7 37°C K%
PEGEAER 30 548 0 fik B KL 0 LUK R 4a B4R (Flowceytometer)
Bl -

9. Nuclear extraction

1. BAREGEE B esculetin £ & HL-60 ta i R B o547 > & tm

B 24 PBS wash °

2. pellet s/m A 500ul ice-cold lysis buffer(10mM HEPES, PH7.9 ;
10mM KCl 5 0.1mM EDTA ; 0.1mM EGTA ; ImM DTT ;
0.5mM PMSF ; proteinase inhibitor : 2pg/ml leupeptin -
2ug/ml apoptinin ~ 0.03mM sodium orthovanadate)
% A type B pestle 54 40 T
P 4°C > 1000 X g #8510 4%
B supernatants » & 24 10000 X g # 4°C 2 20 448
pellet— mitochondria » Au A TNC buffer(10mM tris-acetate,
PH8.0 » )4 0.5% NP-40 & 5mM CaCl, -
7. supernatants # 24 100000 X g # 4°C # 1 /) 8F

A O s

8. supernatants — cytosols

%% % 2k % % (Western blotting)

3% HL-60 %= i 32 % 74 100uM esculetin g3 & 3 +
B 0~6~12~24~36~48 /R Emil 0 34 H3B ez Hn 2
100uM esculetin g3 F A P» 01224364872 /LBl K lm
B » 2L PBS wash 4% » #v A RIPA buffer{150mM NaCl ~ 1% NP-40 -
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0.5% deoxycholic acid ~ 0.1% SDS ~ 50mM Tris, PH7.5(A 4 1mM
sodium orthovanadate ~ 100ug/ml PMSF ~ 170ug/ml leupeptin)} » #k
L E % 30 54848 > H Ao 100pg/ml PMSF » 2L 4°C 10000 rpm &
10 442 » Bp4F total cell lysate --- FF45 & & & & 4 BIO-RAD protein
assay kit &€ & -
B4 60ug % & % #1 loading buffer(3ml distilled water

» 1ml 0.5M Tris-HCI(PH6.8) ~ 1.6ml glycerol ~ 1.6ml 10% SDS ~ 0.4ml
(3 -mercaptoethanol ~ 0.4ml 0.5% bromophenol blue)xx 1 : 1 bR
G F 95ChuEh 10 44 » BRIBBAKIB T 448 > Bl hREE K
spin down - 3 % 4% sample & A well /3> X LB 70V TRB
120V 38 E 7k » £ 8 k& R 1% » & 47 transfer £A nitrocellulose
membrane ¥ Ep > 33 B A4 S%ALAS &3k 69 TBS buffer(10mM Tris ~
150mM NacCl ~ 0.05% Tween-20 » PH8.0)blocking 30 4-4% > wash #¢7%
% > 4§ NC paper E# 1 &8 ¥ R overnight(4C) > 274 U4
tween-20 =z TBS 7t ==k » H 2L Horseradish peroxidase conjugated goat
anti-mouse antibody & J& 40~60 448 » & 2A4 tween-20 2 TBS A=
&+ #% 4 fw . Amersham ECL reagents kit &R /& » # 8% & 24 Kodak
film &% 1~10 448 » BB EI R EHEIIT R BE -
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&X

—. MTT bz &M 54

1.

2.

HL-60 % fok 2 % K ] 72 JE 49 esculetin(€,3% 1 0~10+20~50 ~
100uM)24 #5450 R A SOUM A 100uM EE T T4 2l
WA tm e ta Bt Bl BB AR VB R 4 5] A 80%Fu 75%(P<0.1) >
24 S0uM & 100uM ;B 7 &4 esculetin & 32 & B 48 /NeF4% -
Bt B0 A7 75 R R E # T4%F0 40%(P<0.01) -

. HepG2 tmptk £ % K ) JE £ 89 esculetin(€2.4% : 0~10~20~50 ~

100uM)48 /4% 0 #3AE S0uM & 100pM EE T % 3]
M tm e FEh HeapiFsEsrihs 3%
70%(P<0.01) » @A SOuM R 100uM ;& & &4 esculetin & 32 4
B 72 N5 4E 0 Bt fEE R R E 58%F0 49%(P<0.001) -

. Hep3B % itk 5 & K~ ) /& £ ) esculetin(€,4% : 0~10~20~50 ~

100uM)48 /NBF4% > BB A 20uM ~ 50uM & 100uM EE T
TEINEMYwleBslt HaBFEaEosrias
87%(P<0.01) ~ 77%(P<0.05)s 73% (P<0.01)> ) 52 20uM ~50uM
% 100pM 2 64 esculetin I safh 72 /[N054% >0 Hmpp iz
& B AR E 75%(P<0.05) ~ 48%(P<0.01)4v 44%(P<0.01) -

=t Ba A AT
1.

#% 100uM esculetin 32 % 4 HL60 tafiatk 0~6~12~24 36 ~
48 B BB URR WA e B EIL BRAR
BRTYPABRBRER e AL 24 ) 8FAH GO/Gl phase 157 &
G2/M phase &V 83 % > @ £ 36 ~ 48 /N5 T & GO/G1 phase
%7 B G2/M phase &) #9312 5 » £ #% %] hypodiploid DNA
& & % (Bp apoptotic peak) °

#% 100uM esculetin 3% % f£ HepG2 tmfatkF 0~ 12 ~24 ~ 36 ~
48 ~ 72 EF > RIB LR A W Hie R BRI - B R
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EEBRTABRBREI mpBEIA L 48 65 F S phase BH A
GO/G1 phase &V &93R % > M LL 100uM esculetin & 32 36 -\ 8F
7% » A -V # hypodiploid DNA & & & o

3. #% 100uM esculetin 3% 4t Hep3B fmfakk ¥ 0~ 12 ~24 ~ 36 ~

48 ~72 B R AR eIE S A%t - &R

AR PABBRE B 48 85 E GO/GIl phase 47

& S phase &’V 893 % > 2L 100uM esculetin & 32 36 /NBF4% o

% 7 % hypodiploid DNA # & 4 o
. EmBENEGEZERR
1. & 100uM esculetin &3 HL-60 fapatk R EE - B

NEaTZLiRA -
cyclin D(Fig.19)

o R 4 AR RLE BT esculetin & ¥ 3% HL-60 fm fiids i /2
G1 phase’ f cyclin D 4’}_993}3‘7 BYRYAETHAD Gl FHNES
BAF %8~ cyclin D @A R A BI(19-29) » ¥R T HEZE %
RE - dERTHER  cyclinD £ 24 AR YD -

Cdk-4(Fig.20)

B Rk éra)%@%;/?']/vaﬁﬁT esculetm & 837 HL-60 o fothis i
G1 phase » M4 cell cycle 89 G1 F#7 » Cdk-4 =T #1 cyclin D 7 &,
# AR Bm R8T~ Cdk-4 B oncogenic 6945 77(19) » Bl &E
EEGRAE - TR THEIR > Cdk-4 42 24 /) BFEABAR D o

Cyclin E(Fig.17)

iy 353k 4| B4R R BE T esculetin € 3% HL-60 & ik{E 4
Gl phase' f cyclin E feta i B8 ¥ & &8 T8 & Gl s iieh &k a >
B} R 885w cyclin E S8 78 7 s A B(19-29) » ¥l 2 KR &R B XA
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- dERTER cyclin E £ 24 N F LT > M 48 /)
B EA BRI D

Cdk-2(Fig.18)

By ik 4 BB 4R 0B T BA ST esculetin € ¥ 2 HL-60 4u jaikid H &
G1 phase » m4& cell cycle 8§ G1 8% #7 » Cdk-2 3T #2 cyclin E 5 &%,
HAR > AR Cdk-2 BB ARA M9 LA THES
FRE-BERFIER CAk-2 £0~36 R EREL BB -
2] 48 /By A BABARD -

c-myc(Fig.21)
c-myc $i4m e B EREAT A B o & RBEST c-myc KR 3 AR
he s REGRREREw > M 24 peFiER KIE -

PARP- y (Fig.24)

PARP- v &) % A2 ¥1 apoptosis # B » £ % ¥ %3 Esculetin &
3E 24 )NBF o PARP-7 B 465 A% » st 38 CPP32 —3k -

Cytochrome c |

1996 # Wang % (43)4% 38 cytochrome ¢ #¢ mitochondria FE#
% cytosol &4t CPP32 > ¥ % 4= 5 & 15 apoptosis M & § B
3 > & 100uM esculetin & ¥ cytochrome ¢ 12 /)»85(Fig22 ~ 23) >
cyto-chrome ¢ X & #¢ mitochondria ## £ cytosol -

2. & 100pM esculetin & ¥ H3B taptk R F B E > BB WA
ZFaHzkA -
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Cyclin E(Fig.7)

i 7 ik 4m B 45 78] & 88 esculetin € ¥ 2% H3B #m k{2 %4 Gl
phase > M cyclin E feémfu B0 7 & & B3R Gl se ek e - B
785~ cyclin E $#2RERA s A W (19-29) » AR A EERHA
T > mEBRTHEAR > cyclin E £ 36 RS 0 B T2 A

Cdk-2(Fig.8)

i AL ik 4m 4K B X B8 T esculetin € 3 2% H3B fm o k1% %4 Gl
phase » & G1 84 » Cdk-2 T4 cyclin B WA M4 8 » BHE
BET Cdk-2 i BAAAE M9 #M LB ABE - 4T R
253, Cdk-2 42 72 /NRBRARD -

Cyclin D(Fig.6)

i ik 4o B4R R € BE ST esculetin € 3% H3B fmppikis Bk
G1 phase’ M cyclinD £ 4o fn B ¥ & & F3AH Gl FHI&Z G »
BHF BT cyclin D S AF M(19-29)  &RERF G %
RE - BERTHR cyclinD £ 72/ \eF FBABER D o
c-Myc(Fig.5)

c-myc $4m A EAEATE M o &R BT c-myc £ 24 ~ 36 /B
FEERREHN I ME A8 PEF XL RD -

Phospho-P38(Fig.9)

B3 2% 4o - P38 MAPK #o % jg 64 differentiation & B ° AT
2538 2L esculetin & 32 12 /)N85 > P38 g9 5L L3 hu » & 24 /) eFiE &
RE °
Phospho-MAPK(Fig.10)
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B4R 4% 40 | MAPK #v4a B &9 antiproliferation & B ° A E 5
3, esculetin /& ¥ H3B » MAPK &y#5 85 41b 3t & 4 88 20 % > 885~ esculetin
4l H3B o9 4 Kk > 3 IE& & MAPK 245848 -
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k)

esculetin A& 48 B ﬁi#ﬁ](&n 7-hydroxycoumarin) B A B 4F &3t 8.1t
BIRAARENTY) P ABEM ek EFEIRH A KOERGO6
14-15) » @ A FF % 54 esculetin B A » B 50 2 4 A fo 5 zaﬁéz#sk(HL-éo)
BT ta Btk (HepG2 ~ H3B)&9 & KipHI4E A R i BEZ B H - &
F B F 8 T 53R esculetin # HL-60 ~ HepG2 & H3B s B4 ﬁm)%@%
Mo MibiRE =S @i esculetin ¥ % e Bk HL-60 B &35
WHlERZAESN o BB EH K Lo R E Fo b S0 B A B9 R IE A 4B E W0 69 B
1%(24) » B X EkFk 4% coumarin & H 474 #(8-nitro-7-hydroxycoumarin) 4t
4% renal(ACHN #= Caki-2) ~ erythroleukemia (K562)% HL-60 % 4 L4k 4a
Bet% 4 GO/G1 phase » &V s A\ S phase #p#] DNA 4-m(16) ;
F LA ik e B 45 R 887 ¢ 100pM esculetin T4 HL-60 4= ff 38 #7 12 24
B3 A GO/G1 phase 12#% & G2/M phase #/V &893 % > M £ 36 ~ 48 B}
7 & GO/G1 phase 42 # & G2/M phase #8938 595 > £ K 3
hypodiploid DNA #4 # 4 (BF apoptotic peak) ; £ HepG2 B/ 4= fe B #7 /2
48 /)85 GO/G1 phase 7% ) B 4%/ 42 S phase 8937, % © M H3B & tafn 8
#94E 48 )N85 A GO/G1 phase 1% & S phase &V &9, % > A i 100uM
esculetin & ¥ 36 /N8548 » 4 0 3% hypodiploid DNA(# 8%)&y & 4 5 A
L BRET esculetin #1 F] ) fn itk B A R 60 2 KA HIAER -

RAEBE BRI L AN BT E G fBEYARA M
4) - H LR bis BB @R T » Gl cyclin(cyclin D ~ cyclin E)#
¥ A BERRGEM(19-22 > 25-29) » M Hass & Ito %43 Cdk-2 Fo
Cdk-4 675 &R Etapm ey BH L > FBEHLRA WA ~30) X F
BREGBTHEIFRFA@RBANA M &S T AR HRAE HL-60
¥ > esculetin BRI 24 B > cyclin D & Cdk-4 B w2y » ¥ cyclin
E~Cdk-2 Rl &BZ 2 B % > &7 esculetin ¥ HL-60 4o g B A6y 2L % &
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AL Gl T8 FaRE > £ H3B ¥ » esculetin £ 2 £ i & cyclin E &
b ¥y HepG2 R & i — 483 -

WA B AL AR AR apoptosis FALBRE FTHEREZ N AL A
& 0 3t — B £ & & 4% 1t ~ apoptosis-inducing factor(AIF) &
cytochrome ¢ 8954 (46) » & R AT 5 ¥ 8% %| esculetin & 2 HL-60 %
B 12 'J\B?%’ cytochrome ¢ # mitochondria R £ cytosol » & — 3 4
AR 24 )\ 051% > CPP32 A& 5 MR % PARP-v Al %
]/ % - B 7 esculetin ¥ 3% HL-60 %= B8 4y apoptosis & & i@
mitochondria : cytochrome ¢ > CPP32 > PARP- v iZ f& 8448 -

% WY %48 3R, protooncogens(dv Myc) & % & tafn sy BEAS L - B E R
4R35, > esculetin R 3E H3B #aff 24 /) 0F > c-Myc 89 & 2B EH 3
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Fig 2. Cytotoxicity of esculetin in H3B. H3B cell were treated
with various concentration of esculetin for 24 -~ 48 - 72hours,
then incubated with MTT for 4 hours. Data represented as

percent of 100uM esculetin.(control group : 0.2% DMSO).
*P<0.1 » **P<0.01
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Fig 3.Flow cytometry analysis of H3B. H3B cells were
incubated with 100pM esculetin for indicated time, then
washed and harvested. The cells were fixed with 80% ice-
ethanol and stained with propidium iodide and the DNA
content was analysis by flow cytometry.
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Fig 4. Redistribution of cell cycle induced by esculetin. H3B
cells were incubated with 100pM esculetin for indicated time,
then washed and harvestéd‘ The cells were fixed with 80%
ice-ethanol and stained with propidium iodide and the DNA
content was analysis by flow cytometry.The number of cells

in each phase of cell cycle was calculated.
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Fig 5. Effects of esculetin on c-Myc protein expressed in H3B.
Cells were treated with 100uM esculetin for various times.

The extraction of total cell lysates were electro-phoresed 10%
SDS-PAGE, and blotted.
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Fig 6. Effects of esculetin on cyclin D protein expressed in
H3B. Cells were treated with 100uM esculetin for various
times. The extraction of total cell lysates were electro-
phoresed 12% SDS-PAGE, and blotted.
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Fig. 7. Time course effect of esculetin on cyclin E protein
expression in H3B. Cells were treated with 100uM esculetin
for various times. The extraction of total cell lysates were
electro-phoresed 10% SDS-PAGE, and blotted.
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Fig.8. Effects of esculetin on Cdk-2 protein expressed in H3B.
Cells were treated with 100uM esculetin for various times.

The extraction of total cell lysates were electrophoresed 12%
SDS-PAGE, and blotted.
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Fig. 9. Time course effect of esculetin on phospho-p38
protein expression in H3B. Cells were treated with 100pM
esculetin for various times. The extraction of total cell lysates
were electrophoresed 12% SDS-PAGE, and blotted.
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Fig.10. Time course effect of esculetin on phospho-MAPK
protein expression in H3B. Cells were treated with 100uM
esculetin for various times. The extraction of total cell lysates
were electrophoresed 10% SDS-PAGE, and blotted.
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Fig 11. Cytotoxicity of esculetin in HepG2. HepG2 cell were treated with
various concentration of esculetin for 24 ~ 48 ~ 72hours, then incubated
with MTT for 4 hours. Data repre-sented as percent of 100uM
esculetin.(control group : 0.2% DMSO). *P<0.1 » **P<0.01
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Fig 12. Flow cytometry analysis of HepG2. HepG2 cells were
incubated with 100uM esculetin for indicated time, then washed and
harvested. The cells were fixed with 80% ice-ethanol and stained with

propidium iodide and the DNA content was analysis by flow

cytometry.
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Fig 13. Redistribution of cell cycle induced by esculetin. HepG2 cells
were incubated with 100uM esculetin for indicated time, then washed and
harvested. The cells were fixed with 80% ice-ethanol and stained with
propidium iodide and the DNA content was analysis by flow

cytometry. The number of cells in each phase of cell cycle was calculated.
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Fig.14 Cytotoxicity of esculetin in HL-60. HL-60 cell were
treated with various concentration of esculetin for 24 ~ 48 ~
hours, then incubated with MTT for 4 hours. Data represented
as percent of 100uM esculetin.(control group : 0.2% DMSO).
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Fig 15. Flow cytometry analysis of HL-60. HL-60 cells were
incubated with 100uM esculetin for indicated time, then
washed and harvested. The cells were fixed with 80% ice-
ethanol and stained with propidium iodide and the DNA

content was analysis by flow cytometer.
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Fig 16. Redistribution of cell cycle induced by esculetin. HL-
60 cells were incubated with 100pM esculetin for indicated
time, then washed and harvested. The cells were fixed with
80% ice-ethanol and stained with propidium iodide and the
DNA content was analysis by flow cytometry.The number of
cells in each phase of cell cycle was calculated.
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Fig. 17. Effects of esculetin on cyclin E protein expressed in HL-60. Cells
were treated with 100uM esculetin for various times. The extraction of

total cell lysates were electro-phoresed 10% SDS-PAGE, and blotted.
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Fig. 18. Effects of esculetin on Cdk-2 protein expressed in HL-60. Cells
were treated with 100uM esculetin for various times. The extraction of

total cell lysates were electro-phoresed 12% SDS-PAGE, and blotted.
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Fig. 19. Effects of esculetin on cyclin D protein expressed in HL-60.

Cells were treated with 100uM esculetin for various times. The extraction

of total cell lysates were electro-phoresed 12% SDS-PAGE, and blotted.
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Fig. 20. Effects of esculetin on Cdk-4 protein expressed in HL-60. Cells
were treated with 100uM esculetin for various times. The extraction of

total cell lysates were electro-phoresed 12% SDS-PAGE, and blotted.
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Fig.21. Effects of esculetin on c-Myc protein expressed in HL-60. Cells

were treated with 100uM esculetin for various times. The extraction of

total cell lysates were electrophoresed 10% SDS-PAGE, and blotted.
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Fig.22. Time course effect of esculetin on cytochrome c protein
expression in HL-60. Cells were treated with 100uM esculetin for various

times. The extraction of total cell lysates were electrophoresed 15% SDS-

PAGE, and blotted.
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Fig.23 Dose course effect of esculetin on cytochrome ¢ protein
expression in HL-60. Cells were treated with various concentration

esculetin. The extraction of total cell lysates were electrophoresed 15%
SDS-PAGE, and blotted.
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Fig. 24. Time course effect of esculetin on PARP-7y protein expression
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in HL-60. Cells were treated with 100uM esculetin for various times. The
extraction of total cell lysates were electrophoresed 8% SDS-PAGE, and

blotted.
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