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MT: Mannitol

PQ: Paraquat

LDH: Lactate dehydrogenase
ALT: Alanine aminotransferase
AST: Aspartate aminotransferase
MDA: Malondialdehyde

UDS: Unscheduled DNA synthesis
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Abstract

Mannitol, one of the main constituents of Gardeniae fructus, has an
antioxidant effect. The purpose of the present study is to 1'11Vestigate the
effects of mannitol on paraquat-induced lipid peroxidation and DNA
damage in rat hepatocyte. The primary hepatocyte culture was pretreated
with mannitol prior to the administration of paraquat, or vice versa, or
simultaneously treated with mannitol and paraquat separately. The
activities of LDH, AST and ALT were used as hepatic function markers
and the activity of MDA as the index of lipid peroxidation. To further
elucidate the inhibitory effect of mannitol on paraquat-induced DNA
damage, the paraquat-induced DNA repair synthesis (UDS) in rat
hepatocyte was studies. It was found that mannitol possessed both
antihepatotoxic and antilipoperoxidant activities. The results suggested
that the inhibitory mechanism of mannitol on paraquat-induced DNA
damage was caused by the antilipoperoxidation effect of mannitol on the
lipid of cell membrane, and the antitoxic effect in which mannitol
scavenges the hydroxyl free radical produced by paraquat-induced

hepatic cell damage.



— e
() HEFF

HERMEBLEOEY  FIRRACERANE » £ITR
EABRAERRKG —MAER > &6 REIRT R R RIA &
BUE+ AR TREZE XA () GBEH AT RELERE —£
Qe S HBEMEHHMRAIZBE  BH  EHBALYH ~ &
b ESAFREMRMIR Q) ARBHEETEER » R R
k2 BEEMG LR —RBERKERHLE LG RIS
Sh o A R A H ik B A & % e Interferon (4) #i £ F » R @
WEREHHERRBEE  TARKDFPRIA R HIT XA K
B4 (5) 1 Al RAAH T FR—ARERIT RO EH > BBEN
WABEEWGF o ' |

ARAMBELLTREODE RAETHREEFETHR
WBRP » HFREAMBAECIRTF > WHF S HEMRWHT (Toxic
agent ) 7 BN B b 42 4 ik K8 495 M AL A (Reactive oxygen
species; ROS ) 49 & & » A2 A 2 & T ( Superoxide anion; 0,7) » ¥
£, (Singlet oxygen;'O) » &4 & &y & (Hydroxyl radical, OH ) » #& £,
At &, ( Hydrogen peroxide; H,0,) % > m ROS & £ & Fm R A28 fm
A & 1 f4b 8E 1 ( Cellular antioxidant capacity ) #9 Ff4Z 8] € 3% 2%
s H Y i@i’lb ( Lipid peroxidation ) » A & & & ~ RNA ~
DNA 854845 ~ RE (6~7) mELFETRAITRRILEREIL o
THm o BEZILBA -

H & & (Mannitol; Fig1 ) TP ERILERSFZ— > 4 T4
M LB A ¥ 87 88 ( Sugar alcohol ) » & — L AR » BF R AL



45 1€ Al (8) o #& T ( Gardeniae Fructus; Fig 2 ) 1% # ¥ #} ( Rubiaceae )
M6 T8 ( Gardenia Jasminoides Ellis ) 89 % A R R F AL © Fl
BALM S A ANEPREZAR ~ Krk~ BAHRIP ~ K~ FHR -
EBFR BURYIO00ARALEZHERE c EFRSFNREM
EAAFAZRES '

(98] A (R8) ~ Adk (11%) ~ 16T (MB) ~ 4% (W)~ s
£ 46T ~ LhwHe ~ HF ~ &4 ~ Shan-jee-chee (F#) ~
Gardenia (3%) ~ Fructus Gardeniae (9 ) .

TR BAREE —PRLAB - HEREIEZ AR P& >
EARENFGRALS P ARETES A Lt ERAD - ¥
BR& % #é%%é‘%% s A A H AN L EATME o HHE -~ %
FONC I~ ZRZE o AAHRBFREK S AR~ sk >
RE @R M % AGRZ » B ~ &~ kB~ HE -~ BFRA
i~ wkafe FIE (10) ©

B4 4] (Paraquat » £ 4 1,1'-Dimethyl-4,4"-bipyridylium ) & — #&
BAEXOBRLZHEAZRER > THEARE » AREOEAHF
S2HMERBY  HWEAECRNGRACERTERF -F -HE
BEGHE(L) c BRXGBRERM A EETHROBERNE THRER
4 > WwH M E T A A1 A4E NADPA 4818 & sk, NADPH » o 3%
RS2 AR P28 T (Superoxide ) » B eI F B H &
ERAR SR mpRL » MAEMERT(12,13)c £HHrEH - AR
BRI EMAY BRI ANADPH & A1 » £ EEETFHET
FoaBRFETF > EFARRT HAETHRALAHMARALH
FT(O, ) EEXNEREBBRER T ETOAALECRARET



WAL | TR A 95 X B 1 S8 o S sk B B
164k A ( Lipid peroxidation ) # M ( 14,15 ) o R T 4E = K& # %] v
Fig.3 -



(=)~ #r%E8

AMEAHBEEATRMF o IEEZ I mp b o 3k HAT
MR AT BAERAZILERERNCEXN BB EH > F8
BARIERAT @ 09851 > AR EFmps E A F S AL
4w Lactate dehydrogenase ( LDH ) » Aspartate aminotransferase ( AST)
% Alanine aminotransferase ( ALT ) Z 8 42 FHMA M Mg &1L 8g |
AR Eo i mpl ISR IMY
Malondialdehyde ( MDA )9 iR B (17) » 4R 34 H 587 5 AT fm o 247 ]
fER o E—F A MM REEZITEE > REHEEH TS
# DNARE S #H Z @i EM » #) A Unscheduled DNA synthesis
(USD )& =8B DNARG X EH/ER (18) o

MAHEFEFEMETERTA S EGERLE R HARK
AHARH R AR EMEE N LR > B ATHRGB O EMAEHE
B EH A AR AT R AT 0 o B PR AT AR AR K SRAY RO 1R 0 ARG
JAERMH o
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(A) AL ERAE :

| Paraquat ( 1,I'-dimethyl-4,4'"-bipyridylium dichloride ) ~ MTT ~ TBA
( Thiobarbituric acid) ~ Collagenase ~ Mannitol ~ [methyl->H]
Thymidine B AT fE £ 1u{d AST ~ ALT ~ LDH Rl 2 #3598 £H
Sigma 4 5] ; Williams E3x % & ~PSN 4 &£ 8 & £ B Gibco
3] ; Proteinase K % 4& B Merck2: 3] £ & ; Aquasol-2 [k 4 £ H
New England Nuclear # & ; Protein B8] & X #] 4 3% B Bio-Rad &
=20 %%%%fﬁ € 8y 3 £ & ( Medium ; Williams E ) » PBS
( Phosphate buffer saline ) » Calf bovine serum » PSN antibiotic
mixture » Glutamine » HBSS ( Hanks' balanced salt solution ) $ & § £
Bl GIBCO/BRL 2 & » 3 43X & 2 ¥ % /7 % X Dish 8] #% & Nunc

Ao

(B)#& &
UV and Visible Spectrophotometer ( Hitachi ; U2000 )
VFIuorescence spectrophotometer ( Hitachi ; F2000 )
Scintillation counter ( Aloka ; LSC-900 )




(=) RBHH

AMEERBACGAGUHE P Wistar R » BEA
220280 A% ZARMER G KA ES 1825 A% 2Rt ICR & %/
=8-F- %8 s L K

() > Mannitol# Paraquat@d M & RB 2 HE

ERMEISS ARZMMEICR & 2 G RFA10% > BEY
FEiE 5 E 414 T Paraquat A1 ¥ 50 mg/kg 720NN G AP F
-t AR OBk T A Fl# & Mannitol (0.5 ghkg » 2.5g/kg »
10 g/kg ) 2/ B 4% > & o B R i 4% 48 ] &) ¥ Paraquat (i.p. 50 mg/kg )
%o IO RTREWFEET o

(w9) ~ Ao Z X3 &
(Primary culture of hepatocyte)

AT 0 e 2 3% AR AR AR Bonney KE 27535 (19) ARTBE#
R A IAF ( Two stage liver perfusion method ) © ARG 8 &€ X &4 HF
%P 2 Wistar £ K& R (78 F 42202802 5% ) & F MR 4
- Pentobarbital ( 50 mg/ml ) fi®¥ > HEFEAHZ KGRV EHI0ALL T
02ml» BEFE » T ER20G R B FE F R BEX
‘ffifzﬂﬁn%’ EDTA #1 F 445 ~ 4 8 T = HBSS ( Hanks' balanced salt
solution ) 8 Frk K » FIEF BT T RE#f kMR » BASHREE
(Collagenase ) = HBSS & Fx ¥k > WMTHE > 288k >
KEBREZZmB A EENEH10% B4 & iF (Calf bovine
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serum) * 1% PSN antibiotic mixture » 1% Glutamine Z Williams E 3 %
Af o EMITCr5%COS A T3A ALK EHIIEE
Ko kabBZzap > EEATELETRZ @B o

(E) > MTT#Z o E AT
(Cytotoxicity)

Paraquat X, Mannitol # %8 g & M & 5 £ 14 & # MIT
( Microculture tetrazolium assay ) tb & & 47 2 (20) o A3 fm P
ik — X B @ (5.0x10% cells/dish ) B A& #FFEE
( 2.5mM - 10mM ) #j Paraquat &%, & Fl £ B ( 2.5mM - 25mM ) #4
Mannitol » #37°CF 2513 4N RS NoF 1 > BAE£L > B fm
BAPBS b e > B A A KK > WwA2 4] MITHR %
(5.0mg/ml) » 3EH4 N0 > B & @ €AFMIT i & sk Formazan 4
fa *> H ¥A Isopropanol i 2 > A XK & 563nm FRIZEAAE > &
RAERANRIRE Empey % bz o

(X) ~ AFdajo & M A7
(Hepatotoxicity assay)

VA BT oy & % B 8% & @,4%& Lactate dehydrogenase (LDH ) ~ Alanine
aminotransferase ( ALT ) & Aspartate aminotransferase ( AST ) 1 % AT
o, A P0G AT 464 © LDH X & 8 % 69 Rl € 4% AR 3 Amador K ¥
ey F ik (21) 0 4% Paraquat (2.5 mM ) BM e Az A+ &5
Frampgietedla TR f2d =4 . F— 482 Mannitol (5
mM ) #e Paraquat (2.5 mM ) Bl Bfm N3 | F @Al B A
Paraquat ( 2.5 mM ) 5% 72 AF %3 f, 1 /]~ B 4% o e A Mannitol (5 mM ) ;

11



% = 41 8 £ Au A Paraquat ( 2.5 mM ) 37 1]\ 8§ 26 4 Mannitol'( 5 mM )
e E AP EMAT M > A L4 41353 Paraquat Alu AR R4
o B ERIEEAL2ml > Ak ik &340 nm F @ R LDHZ %
PE o 4P B & AST & ALT 4 8] 52 8 AR ¥ Bergmeyer K, ¥ &9 ¥ &
(22) B LRI F Z 08B » £ 4 Paraquat (2.5mM ) £55
55 Y BT o K VL9 0 A R D40 nm TR ERAE 0 A
W & EAST AALT #9554 » F 4 B m 2 /10° cell R &7 o &
RRAHH I EWT

3% 1x10° cell / 60 mm dish
J 4 hrs
ik o L AR Z M
l
BERZIEHORTHM

)
A 2 ml medium

!
$# LDH ( 1ml) & ALT ~ AST Reagent ( Iml) #& 30°C F&4&
, T
7t ik & 340 nm F ¥A time scan & R,scan 120 secs.

Determine LDH and ALT activity as follows -

AXTVX1000X5

Enzyme activity (m ¢ /10° cell)=
6.22 X SVXLP

-~ where -

A = per min change in absorbance at 340 nm
TV = Toatal reaction mixture volume

SV = Sample volume

LP = Light path

12



(-£) ~ MDA A 5B Z 941
(Lipid peroxidation assay)

g7 A Paraquat & 4 € & £ ROS » ROSEZ AL T HR €
RAEHBRAC ) AR MBI — L HROSEERERBR
ALHF » AR B MmN RS RAEN > TGRSR
BEKmPHRT o

B H @A RIE FiE £ B R RE Yagik (1987)(23) Airdg
A 4 8 ) € % (Fluorometric method ) » A#F % £ AT a3t B4 b
B % o A Paraquat 2.5mM) ‘E/EdE414 » TR A ARl £ XFE M
WA d S AR R ETEAT MM o Ak & 434 # e AParaquat
BIEAANE > RiRBAK B TAHSKE » mA2ml 10%
Trichloroacetic acid & & & # > &% o B A I LF & 2ml v
A% ¥z 1% TBA A4 » #1 / Thiobarbituric acid ( TBA ) 185 &
1% A1t = 1% %4 & HMalondialdehyde (MDA ) A & B TR E A 4 —
AEEZ LM > B EMNTBARE T mRI1056E > LA R Stacey R 1
£5097% & (24 ) » vAn-Butanol F Rl & » £ B ALK HEx/Em=
515 nm /553 nmF B B AR o #4484 5 #Paraquat % F] 48 16

B HEAMDAS ¥ °

w1 & K B A 4% A % Standard 8 & A& 4% Bradford (1976) (25 ) 4
- A& 1,1,3,3-tetramethoxypropan ( TEP ) o % $h R & H 65 & A & 18
A Rio-Rad 2 &] fr & & Z Kit vA Albumin ‘& Standard ] & Z o & i§
¥ 4% 74 nmol MDA/mg protein R &% o L mag iR T |

13



33 1X10° cell / 60 mm dish

! 4 hrs
Bk kiR mp
\
BHARTRESREK
YA PBS % ==k # vA1 ml 4§ Phosphate buffer ( 50mM, pH=7.0)
;}%celll T
BR0.5 mlAe A3% SDS (0.2 ml), BOOS miwNFOEEEZ
0.1 N HCI (2.0 ml), 10% Kit 2.5 ml (% I#EEREZ
Phosphotungstic acid (0.3 ml) Albumin % Standard)
#2 0.7% TBA (1 ml), ( % IR & l
K B % TEP% standard) EAEE+10 min
l l
3£ 100°C, 30 min VA Spectrophotometerig &
) 595 nmiR] Z
72 %P 4 Fe An-Butanol (5.0 ml)
l
3000 rpm &~ 10min
l

B b R ik # Fluorescence Ex / Em
=515 nm/ 553 nm#] =

14



(\) ~ DNAJRA 45 1E A 20 &
( Measurement of DNA repair synthesis )

 Mannitol # Paraquat 3§ BDNA 145 2 5+ 1k B 16 3% #* M.CH) 12
3T 4 M AR °& »& ( Tritium labeled thymidine » H’-thymidine ) &
Hydroxyurea # % F » S ADNA % 89 8l 2 2(18) o #5312 k2 At fm
B % vA 15 mM Hydroxyurea e 32 » Bl m A & A Fl K E 2
Mannitol (2.5 mM » 5.0 mM » 10 mM ) & #2 1N ¥ 4% » Aw A Paraquat
0.25 mM 3= %4 6F » B % & 35 & K 48 v AH -thymidine ( 1mci/ml)
BEIEAIONEF > mpl E TR EA25mm > 2 pm ILLGPC
& & L > vA 10ml Lysing buffer ( 2% SDS » 0.025 M EDTA » 0.5
mg/ml thymidine » 0.1M glycine » pH10.0 ) &0.15 mg/ml proteinase K
EERTT 2 o FEAEAS 1M 05N HCIO,Z HE ¥ » H60°CAn ik
905414 » BRRE 1% v A\ B ik Aquasol-2 » YA Aloka LSC-900 P4 i
3 #0488 R A S 3R B vAcpm/mgDNA & 5% o DNAA & 2 Al R4 43
Vytasek Z F ik E & Z o

15



EHEmEfaTF

3% 1X10° cell / 60 mm dish
, 14 hrs
Bt l REANEMmE
!
AR THRAGRAK
H/m A 15 mM Hydroxyurea
l1hr
~ JuA Paraquat ( 0.25mM )
| 4 hrs
vA PBS wash, & #47 # #yMedium ( /41 1 Ci/mlé4 [ methyl-H ]
Thymidine
1 18 hrs
ZA PBS wash.—=k it ¥A 2ml PBS-t ( )§ 4~ 0.5mg/ml thymidine )
# Feell
}
#5 Cell A E A 25 mm, Pore size 2 ¢ m 44 PC filter 1, #A 10 ml Lysis
buffer (42 2% SDS, 0.025 M EDTA, 0.5 mg/ml Thymidine, 0.1 M
Glycine ( pH=10 ) #8 0.15mg/ml Proteinase K ) #& Cell lyse

l
H vA3 ml & & Proteinase K #§Lysing buffer wash
o |
1S 84§ Filter transfer®] Scintillation vial, 3 Av A1 ml 0.5 N HCIO,
l

E A Water bath e #k £60 °C, 90 min

520.2 mlZADABA method #10.8 ml Lysate f£ /v A3ml
(Vytasek, 1982) 5 #DNA Aqusol-2 % # »ALiquid
scintillation | counter ] &£ } Radioactivity

16



DABA method :

1. DABA ( 3, 5-Diaminobenzoic acid ) Z 2 € :

4£1 ml H,0 % 2 A 300 mg DABA#50 mg charcoal » # 4%
A-Z 4% vA 3000 rpm &2 10 min. » £ 8 380.45 g m ZfilterBp
A © |
2. YR

a. 38100 1 1 DNA, £ # & F hw A 100 1 DABA

b. E#AWater bath ¥ Aw#k £60 °C , 30 min.

c. SLBP EAK g AP

d. leA 1.6 ml, IN HCI

- ¢, 10000 rpm &2 5 min.
f. #-1 hr g ¥AFluoresence spectrophotometer Ex / Em =
408 nm / 508nm #| =

17




=~&8X
— ~ Mannitol# ParaquatZ M & M RXB 2 H 2

dm & — FF5R 0 R Paraquat I R & Mamnitol EFHZ108E G
G BRMEZABEHEELEE > GER # F Paraquat (i.p.50
mgkg ) ZEHE s ZXRNASEINGRR T FTREPL T
Mannitol ( 0.5 g/Kg ) 4 & # Paraquat ( 50 mgkg)F = X W & 562
€ ; & FMannitol ( 2.5 g/kg ) £ F £ Paraquat ( 50 mg/kg ) HFEAF
ZARAIERT , ENTHE AP LT H KA F Mannitol ( 10 g/kg)
& # FParaquat ( 50 mg/ké) FHoRREFTAME > 10%8 8 R
EF A E T A o ok B~ Mannitol HAM R XS R E R F o
Paraquat A7 3 $ a9 &M B A 4 & M 1E B (Antitoxic effect ) » £ H 2
REERAEM % o

=~ MTTik Z ta o 75 P HF

R B A AMTT 530 % fa i % 42 B » % hw A Paraquat
REA25mM B » REE RIS M ALY » ERZREES
2 wmph % E A 6 IRE  FParaquat iR L3 4 5.0 mM %10
mM B2 5 18 4 86% RT1% » A vH B EHEBHE o EH
Mannitol Bldw & =. FFR > FTEEZA25mM -~ 5.0 mM 10 mM BF
AEHBE s RAEAAAETHE > B AFETIHRAS0mM
BEMEA T EAE o

18



=~ BEsaph &bk A

do B w9 . Ao 0 2§ he A Paraquat 4% $| 48 = LDH{& 3 88 &4 5}
& » /8 %4 %50 mM Mannitol 3 % 1)» B 4%  Jw A Paraquat &4
FHafBEEOEAER (P<0.05) o @ f. A% Paraquat 3% %)
Wt ASTIA 88 % 5t & > K % &+ Mannitol feParaquat F] Ff 32 %
2, %6 ;juMannitol = £ Paraquati® 48 AST 14349 2REF WK (P<
0.05) o ALT/4 8l 4= B 5 A 5= » Paraquat #= %] A A BE S S 8946 A »
7 Bl B v A Mannitol $# Paraquat & ¥ & 2% 2% v AMannitol & 72 1)
W & Ao A\ Paraquat JRIEAT o e 69 KRG RIS F B 69T G4ER (P
<0.05) o

W~ MDAA R BB Z 24

B LA ER AParaquat R Z 4@ > EATam b
MDA 4 &R E &% I 5 » 128 YA F] B /e AMannitol # Paraquat 5%
39 % %, %6 ;m AMannitol & hw A Paraquat f 32 » & K B @AT e, F
- MDARE ZRBF MR (P<0.05) o

# ~ DNAR#G S MIERZ B E

Mannitol # Paraquat 3§ %M @ DNAE 4 X S/ A A& %
UDS 7 # ( Unscheduled DNA systhesis ) R #] & o & R 4w & 9 F7
5= » Mannitol #Paraquat ( 0.25mM ) #BDNARE XS HEA LR
B 2.5mMA»5.0mM (P<005) » ;A & 10mM (P<0.02) T4 B %
8940 $|Paraquat PR B AT m B IRG1EA ©

19



v~

AR Bk O o 4 35 S 0 S8 UG R 80 1 A B ]
(Paraquat ) EHFEH » AFFE R mp T > KEEL BN
Paraquat 2 &7 » Z & 3%} B 8F s/w A Mannitol F = 58 § T R tb &
Mannitol & & B # 3 AF & 7& 1 ( Antihepatoxic activity ) #3585 H &
fA61E A ( Anti-lipoperoxidation ) » B} B b L i& b ag Ko i —
¥ B AR+ Mannitol #3474 fu j, 47 F 091 ARSI ©

EhEHMETRBRER 0 RS TICRSE £ /& & Mannitol £ F

— %% % ¥ (LDs0 ) &9 Paraquat (LP. 50 mg/kg ) » & BB 7 >
Mannitol LA &L F MR » A RREER ZAF ERFEY
Ml4% o 453 oy An 4K 3E 5 44 BT &m0 Bb ) ¥ Mannitol ’;@Paraquat HiTmp
HHAHEAZ > WLDH~ AST~ ALTS® 54 FALEUHE
4 £ 85 5= Mannitol JF 5 88 3 69 MK BT 41 pb, % Paraquat 48 45 BE AT e e,
BB EAE > B Mamitol AR AT mpFEHGER > m A
YA TA %6 48 Mannitol JE FEAT s fL 14 > B s A Paraquat 69§ B A& R &
8% > X% 8l A B i v A Mannitol #» Paraquat R BRHA > &
# & R Mannitol HAL AT m s 4 T A AREHENGER o 2

‘Mannitol & AT fm gb BE RS 0 49 38 S AL A B AT MDA A iR B

8 4 R %o i > B A & % v Mannitol 4% sw Paraquat YA & F] B Ao
Mannital #» Paraquat & 18 & %QE MR REAE ALK LY E
% » B b9 T Mannitol # Paraquat AT A28 BRACER LA i
BAEag s H BAALER ©

B Paraquat®y B AR » A4 TH % AR A28 T ( Superoxide
anion) > MERBARETHESAEN mBEBRLYEET mAH TS
AALtER > St LIS BA TEBALEATLSAMEREAER

20



% mp it > Mk mp ik b E ZeyATPase (Na/K") Bk &4k
BABB()  E—FmpEE YT BAERE MDA
( Malondi-aldehyde ) X sz &b, b 8 B 8 R JE T S s o i 4 » %% %
Bty X2 1M ( Mutagenesis ) #2 8 5% 1€ A ( Carcinogenesis ) &
REWNERR(2T) o A AUDSH ¥ ik » BE~xMannitol & %] Paraquat
g irmpia s Em » B T 24 A Mannitol Z A7 vA §54% 41
Paraquat Fi 35 % BT 20 B DN AR 45 &9 178 A A8 4] & & dy Mannitol 37 4] T
BT fm B BRG] B A B A4 1E 69 & R » A ik f& Paraquat 45 & 4 b,
WA o |
Bt hHiEs R Aad A (Oxygen free radical ) £ 84 %
#& » Bp AR £, 128 F ( Superoxide ion ; O ) » i@ &4k &, ( Hydrogen
peroxide ; H,0, ) # & 4. & & & ( Hydroxy radical ; OH ) » &+ &
FMBTABRY TRETERS LR » wDNAS TREBR AR
Bzl RiehzEe , mARAHEARDNARETE LBk
( Strand cleavage ) 843 & ; 3k % b i 44 DNA BI ¥ % % 4 g, ¥ 8%
FH LB > KA ARS8 bk o AB ik 43
AAZGE (23)  HARBARHT » ERAAEHHFAINLE >
SLIER — A o B A6 2 K 8 T4 Fe(Ill) 40 838 R & Fe(lD)
W T RRARRIESTH AR LS T bEE £ (Superoxide
dismutase ) 15 /&9 & F R L AT A R H0) K > G H —HE
f.Aw& (OH) » R4 M A5 th Paraquat 7T 45 & 449 Fe(Ill) ER
A Fe(Il) (24) BmEE RO EAARA EW AR A Ao K E
AT 89 HF 75 3CRK ¥ VA #E 2 Mannitol B A —#& & R A & K of 3 42 #
( Scavenger ) (25) » @ C.4nParaquat 69 S 4I A A QA2 &
Foh s FTEaBR S mpd Fe() WREREARMALGRA Y
& o B gt Mannitol 4% %] Paraquat 3 %At s DNA B0 5 — &
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4& » T HE A % & Mannitol #42 T Paraquat Ff E 2 B R AW A2
W MAE RN EEERBRS > EFFRE TR MAE

‘Eo
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Table 1. Antitoxic effect of MT on PQ induced acute toxicity.

Treatmenta No. of mice  No. of mice which Survival
treated died after drug rate(%)
administration (days)
1 2 3
Control 10 0 0 0 100 %
PQ 10 1 2 2 50 %
PQ+MT(0.5g/kg) 10 0 1 1 80 %
PQ+MT(2.5g/kg) 10 0 1 0 90 %
PQ+MT(10 g/kg) 10 0 0 0 100 %

a. All animals received an equal dose of paraquat (PQ) (I.P. 50
mg/kg) except control group; and mannitol (MT) were given at
various doses prior to the administration of PQ (2 hr).
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Table 2. The cytotoxicity of paraquat with tetrazolium assay.

Treatmenta % of control absorbance
Control 100
PQ(2.5mM) 89b
PQ(5.0mM) - 86

PQ(10 mM) 71

a. The hepatocyte culture was treated with various doses of
paraquat (PQ) for 4 hrs.
b. % of control absorbance.
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Table 3. The cytotoxicity of mannitol with tetrazolium assay.

Treatmenta % of control absorbance
Control 100
MT(2.5mM) : 98b
MT(5.0mM) 97
MT(10 mM) 95
MT(25 mM) , 91

a. The hepatocyte culture was treated with various doses of
mannitol (MT) for 5 hrs.
b. % of control absorbance.

25



Table 4. Effect of mannitol on paraquat-induced DNA damage

in cultured hepatocytes.

Treatmenta cpm/ ¢ g DNA % of PQ control
Control 34+ 3 -
PQ(0.25mM) 96+15b 100
PQ(0.25mM) plus:

MT(2.5mM) 651+ 10%c 68

MT(5.0mM) 61+ 8* 63

MT(10 mM) 551 TH* 57

a. Pimary hepatocyte cultures were pretreated with
hydroxyurea and various concentration of mannitol (MT)
for 1 hr then paraquat (PQ) and [methyl-3H] thymidine (1
(¢ Ci/mi) was added for 18 hrs. The cells were harvested
and lysed for radioactivity counting and DNA quantition.
DNA damage was determined by UDS and expressed as
cpm/ 1 g/DNA.

b.Mean & SD, values are the average of triplicate
determinations.

c. ¥P<0.05, **P<0.01, compared with PQ treated group.
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Figure 3 Proposed mechanism of paraquat toxicity.
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Figure 4 Decrease in cytotoxicity (LDH release) of paraquat PQ
(2.5 mM) in rat hepatocyte cultures by the pretreated with
PQ for 1 hr prior to the addition of mannitol MT (PQ—

MT) or by the prior addition (1 hr) of MT (MT—PQ) or
simultaneous treatment with MT (MT+PQ) for 5 hr.
*P<0.05 VS PQ treated group. t-test (mean=tSD; n=3)
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AST elevation (% of control)
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Figure 5 Decrease in cytotoxicity (AST release) of paraquat PQ
(2.5 mM) in rat hepatocyte cultures by the pretreated with
PQ for 1 hr prior to the addition of mannitol MT (PQ—

MT) or by the prior addition (1 hr) of MT (MT—PQ) or

simultaneous treatment with MT (MT+PQ) for 5 hr.
*P<0.05 VS PQ treated group. t-test (mean=SD; n=3)
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ALT elevation (% of control)
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Figure 6 Decrease in cytotoxicity (ALT release) of paraquat PQ
(2.5 mM) in rat hepatocyte cultures by the pretreated with
PQ for 1 hr prior to the addition of mannitol MT (PQ—
MT) or by the prior addition (1 hr) of MT (MT—PQ) or
simultaneous treatment with MT (MT+PQ) for 5 hr.
*P<0.05 VS PQ treated group. t-test (mean=-SD; n=3)
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MDA elevation (% of control)
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Figure 7 Decrease in cytotoxicity (MDA release) of paraquat PQ
(2.5 mM) in rat hepatocyte cultures by the pretreated with
PQ for 1 hr prior to the addition of mannitol MT (PQ—
MT) or by the prior addition (1 hr) of MT (MT—PQ) or
simultaneous treatment with MT (MT+PQ) for 5 hr.
*P<0.05 VS PQ treated group. t-test (mean=SD; n=3)
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Atr :

t-BHP :

MTT :

LDH :

ALT :

MDA :

UDS:

DPPH :

4k

Atraétylon

tert-butyl hydroperoxide
Microculture Tetrazolium
Lactate dehydrogenase
Alanine aminotransferase
Malondialdehyde
Unscheduled DNA synthesis

1,1-diphenyl-2-picrylhydrazyl radical
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% Il &7 ( Atractylon; Atr ) & % #( Compositac ) 441 " &
" PEERSZ— > AFERFERBAHAH BEBRAH tert-
butyl hydroperoxide ( t-BHP ) # # XX A mp = FHXE LA
WHERRLERZ Y > EWRA ALK BEHBAACERAZIPE -
AEBTHEBR > A FEREAT A2 1,1-diphenyl-2-picrylhydrazyl
radical (DPPH ) 8~ L B AR ALK R | & —FRE R
74 t-BHP (1.5mM ) & ¥ 40 1% 3 4 AT 0 jlL 30 94544 P 5 % @ 6 A&
& Malondialdehyde ( MDA ) %& 3¢ % X # Lactate dehydrogenase
(LDH ) » Alanine aminotransferase ( ALT ) $ & £#F X T ¥ i
MR ORE] (0.01 0.1+ 1.0 mg/ml) FAdw %] o @ #A Unscheduled DNA
synthesis ( UDS ) HJ2¥ i ] 4o B 51 BRI 4, 7T 2A B 4K +-BHP A7 35 844
AEHFMH - GANLERERE T BRRTREGFHRAGE
89 68 ) R AR # oy +-BHP AF 5l 2 AL R A (Oxidative stress ) d i&
R E °
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Abstract

Atractylon, a main sesquiterpenic constituent of Atractylodes
rhizomes, was studied for the mechanism of its inhibitory effects on the
tert-butyl hydroperoxide (t-BHP)-induced cytotoxicity and | lipid
peroXidation i primary culture of rat hepatocytes. In the preliminary
study, atractylon showed an effective antioxidant property tested by its
capacity of quenching 1,1-diphenyl-2-picrylhydrazyl radical (DPPH).
Further investigations showed that atractylon at the concentrations of
0.01, 0.1 and 1.0 mg/ml decreased the formation of malondialdehyde
(MDA), leakage of lactate dehydrogenase (LDH) and alanine
aminotransferase (ALT) and repair synthesis of DNA induced by 30-
min treatment of t-BHP (1.5 mM) in primary cultured rat hepatocytes.
Addition of atractylon also attenuated the genotoxicity of t-BHP
evaluated by unscheduled DNA synthesis.

The sum of the results suggested that the protective effect of
atractylon against oxidative stress induced by t-BHP is via its ability of

quenching free radicals.
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(—) R F

& il ( Atractylodes Japonica ) 1% % # ( Compositae ) 44 4 65
HRARE > LHBA U EARET S L EEARIEN - RBA
Ko B BRANER o MAK @R M E AABAR » ARG K
REF ik ok K 0 19834 Kiso FAM RIS G e hidp
WS T REREANEGRETEAE (L), mafitmex
3 &Ry > BRE (Atractylon ) ( B —) » Yamshara FARE R E
B #E #4949 %) & & & Carbon tetrachloride (CCl, ) A7 5] A2 84 AT 48 55
(2) 5 S ATH TR AR IE RN b B3 0 T A BRE 3940 81 o
CCl, & Galactosamine fi 35 B oy mpp 1t (1) o

BAT &R CClL FIRTRERAGERBE > 28 ATHA
Y 4 b X U8 F Cytochrome pd50s 3 CClL Rt A B SR E LYY
CClyradical » M E & —F FHENETATEFE AP BRYBER
AGER » RHATBEE @248 (3) o i Atractylon &+ 2 H —
Furan ey 4 > BRTHREMRAGERBEART LGRS ©
fa R vh CClL E A RATHAS T TR T » AT AL
RAHEFRBGER (1) GAETREARLZZHAERGE
FHBEAM (5)e BMAMERRH — 5 RFFHGFER:
tert-buryl hydroperoxide ( t-BHP ) k4% 3 Atractylon # 49 X3% £ AT
RE G L AT B MEAE A o
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(=) wEae

1982 Bellomo £ A K 1984 5 Hill EAMHFEIS S » K H
1 18 5,16 4 4 T AT %a po A5 48 %9 B 9 89 Reduced glutathione ( GSH )
REAAL > BB RLEBRICR e EGEIERTHEERE
(6,7) c Bih » KEEBRIRAEHMGBERX > 24 +-BHP 42 Inducer »
RAR # 7R B8R # A +-BHP £ 3% % 49 Malondialdehyde ( MDA ) # &
& 7& £ ~ Lactate dehydrogenase ( LDH) » Alanine aminotransferase
(ALT) 58 509 B X EARDNASHAK (8) SR HE >
R4 3 FORER ) BT s DNA 34 2 R ARG o
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=~ HH R
(—) s LB RBREE

(A) ILZEHA:
| Aatractylon ~ MTT ~ TBA ( Thiobarbituric acid ) ~

Collagenase ~ t-BHP ( tert-butyl hydroperoxide ) -~ [1nethy1~3H]-
Thymidine ~ SDS ~ EDTA ~ Thymide ~ DPPH ( 1,1-diphenyl-2-
picryhydrazyl ) Glycine & AF 3§ %€ 4 4t 1 Alanine transaminase
( ALT ) ~ Lacate dehydroogenase ( LDH ) | & 3 #|34 #% 4 £ H® Sigma
2 8] Williams E 3% %% ~ PSN #i &£ %85 @ £ B/ Gibco 2 3 ;

Proteinase K % 4& Bl Merck 2 3] & & ; Aquasol-2 PJMt ik % % B New
England Nuclear % & ; Protein ] & 3 #] % 3t B Bio-Rad £ & ° %
B3 &P E 693 £ Xk ( Medium ; Williams E ) » PBS ( Phosphate
buffer saline ) » Calf bovine serum » PSN antibiotic mixture ¢

Glutamine > HBSS ( Hanks’ balanced salt solution ) % #§ & £ H
GIBCO BRL2: 8] » F At XA 2 K8 A7 & 2 Dish 81 #% & Nunc 23] ©

(B) &% :
UV and Visible Spectrophotometer ( Hitachi ; U2000 )
Fluorescence spectrophotometer ( Hitachi ; F2000 )
Scintillation counter ( Aloka ; LSC-900 )
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(=)~ M RAT W 2 3 &
( Primary culture of hepatocyte )

1K 3% Z T B A AR Bonney K, 2 7 3% (9) 2 AR
ES(Perfusion ) HFABGF e AMEERASG KM EP
Wistar = £ > I8 E A 220-280 A X Z BB KRG RATBRIW o &
k& BAEREEA R A B b (Pentobarbital » 50 mg / ml ) FREE 0 &
FARGAMEF 100 AL T 02ml > BEE » 47 B BLIE A
20G s H % FRIATFINK » Bl 2B A EDTA R 245 ~ 68
FZ HBSS & #&# R » Bl oF B T REAFRM A » FARKERS
% (Collagenase ) Z458 T Z Bk Rk » WTHE » 7 8@
B AFEH 1.5X106 2 fa fo B 3 A A 4ml Williams E3& & 55
4 10% RefiE B 1% PSN L & % » EMN 37°C » 5% CO, 3 & 48
FiE o MBI R RBIE AL RERBEZ M > TN
Tapabtei e

(£) > MTT ik Z fm o7& PR H7
( Cytotoxicity )

EORLERI K, t-BHP $#fm g 78 b 69 3 FARARSE MTT 06 &R 2

Z (8,10) A AmPIrE— L FAT A (5.0 X104 cells/dish ) H
AN E 4 +-BHP (0.5 mM - 2.0 mM ) & 7 Bl i B 49 & &
(0.01;0.1;1.0mg/ml) » # 37°CF MR EF PNFRUNFSL > B
AEL @A PBS kb ¥ > BATHAEEL » w20 1]
MTT &% (5.0mg/ml) » 3F &4 N> BE@mpE K MIT 2R &
Formazan & § > & vA Isopropanol i 2 » A & ik & 563nm F ]
ERAE  IRAER DR EH Empey % FbdZ o
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(@)~ ahAHR R
(Determination of free radical-quenching
capacity)

AHF %4 A = & & ADPPH ( 1,1-diphenyl-1-2-picryl-hydrazyl-
radical ) £ &M L AR L RIR > AT AEREHELE T REM
W44 T4 (11) 0 DPPHASI7 nm 85 R FHBH R L » M2
DPPHIRZ # Y B » FO.D AL IF ML 2 & o 8RB 04 £ R B 551
VAZFEARFE A (0.01;0.1; 1.0 mg/ml ) fu A > ABRE ¥ K&
(Atractylon ) #Hi2 A df KZFH o L AR T ©

A% 2.87 ml Methanol Av A30 ¢1 45 10 mM DPPH

!
AaA100 1 DMSO &, Bl ik &
©(0.01,0.1, 1.0 mg / ml ) Z Atractylon in DMSO

}
EAZFE P 30 mins

}
e 1 ml Redistilled water$t3 ml Toluene 3 % 4% 4

o
3000 rpm&f 210 mins‘
!
HUpper phase,

H #-Spectrophotometer 7£ i & 517 nm TRl & X RAE
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() ~ HF 8 B b A7
(Hepatotoxicity assay)

VA BT 3 #5 % Wi 8% % &5 Lactate dehydrogenase ( LDH ) -
Alanine aminotranferase ( ALT ) 1 & AT fm po, & M 49 2 #7456 42 o LDH
F S8 00 R AR Amador K F ey ik (12) 0 4§ +-BHP
(1.5mM) A AP RAM @p EEEN A TRENS
A= A t-BHP 1.5 mM#AT 1 N5 5] vA B A& (0.01;0.1;
1.0mg/ml) et kP RAATMM » A LB MY # t-BHP fun
3k A F N BB LR A A 2ml > F K K & 340nm T A&
LDH Z & M o d ALT &9 #] £ 8] R 4 Bergmeyer K % & ¥ ik
(13) # LEE B FEN BB » $HR -BHP 1.5 mM EI5E A
FE fm e %) 401k b 88 > AR & 340nm FRIERAEE » 25L&
A4 ALT 8 7E M o RAE BRI vA mu/10° cellm » RifiRA A
FiEWwE R —FDAER I EREXRHE -

(X) ~ MDAAL R IR EZ 547
(Lipid peroxidation assay)

CREHBAAN Y R X BAARM Yagi K (1987)(14) A
49 % F8) Z % ( Fluorometric method ), AT %a p b fis H i@ R AL 15 35 %
£ 2 M & HMalondialdehyde ( MDA ) 89 F A 4512 R R € o A AT
tpp s AP B -BHP 1.5 mM E4E# 4 4 > THRERwE
FRAME > AR S KR S pe o A L& 8345 jm N\ t-BHP
B AEFAEF RRBAELE FITHEE > wA 2ml 10%
Trichloroacetic acid & & & £ » X o BAF AT LF & 2ml fv
ANFEZ 1% TBARAIKL » B ARG Tk 10 574 > L4 KR %
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Stacey K, %5 #5459 % (15) » 2A n-Butanol I B & , £ A B AL
B Ex/Em=5150m/553 nm TR EREEE > 5518 -BHP &
FlaatbE i MDA S F c R ¥ mARWE R —HHA) BRI %
FAE o

(£) ~ DNAR G &R ZRE :
( Measurement of DNA repair synthesis )

A LA +-BHP %% DNA 84 251k A 845 3 MAZ e
4 B2 % o5 ( Tritium labeled thymidine » H3-thymidine ) #& 15 mM
Hydroxyurea # & F » SFADNAF 6§ FRIZ Z (16) o 3 A Z AT
fo BB, S YA 15mM Hydroxyurea R 72 » Fl A SR LR EE X
Atractylon ( 0.01; 0.1; 1.0 mg/ml ) 1/ N6F4& » A t-BHP 1.5 mM
& H3-thymidine (1 £ Ci/ml ) #2453 % 18 N0 » i E TR
EA25mm 2 ym 3L 8 PC E & L > #A10ml Lysing buffer ( 2%
SDS » 0.025M EDTA » 0.5mg/ml thymidine » 0.1M glycine » pH10.0)
% 0.15mg/ml proteinase K 4& & it 76 o FE 8L E N2 1ml 0.5N
HCIO, Z & E ¥ » # 60°C sk 90 954 » B F R NPIME
Aquasol-2 » vA Aloka LSC-900 PG 1 3t &4 ) A A% E vA dpm/ 1 g
DNA #% 7~ o DNAS ¥ 2 3] 2 #4435 Vytasek (1982 ) =K% (11),
& % & 2 DABA & # R BB £ & , vA Fluorescence
Spectrophotometer # ¥ % & & A Ex 408 nm , # 4tk & A Em 508 nm
FTRZLRSARE o |
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=~NER

— ~ t-BHPR Atractylon ¥ & % 1t 2 8] 5%

A1 FIMTTi% 0 AT s 76 P B > 4 Redw e — ATR 2 F A
BHP R A% 1.5 mM B » BREE RIFH b 91 % » AR
REEAFAmp LA ERGRE o Et-BHPRIREH £2.0 mM
B > BOCR S AS3Y o ARk RS o @ Atractylon A4k
e =4 EE (001,01,1.0mg/kg)» Bl @b RLE LA
BA¥ AR > b A#MEFHA 1.5 mMt-BHP & 0.01,0.1, 1.0 mg/ml
R Atractylontk & T o £ 2 JE 1A o

= ~ Atractylon A Wy Jke5 42 45 A Al €

@1 # DPPH & 84 L a9 48 2 1 » 8T § /R RBR F L
Bl (Atractylon ) # g h AR X FE o wk = A75® » Atractylon
RERW A G AN ZRMEERAEEME > Atractylonfe iR
B 001,01% 1.0mgml B » # DPPHA sy A it @ oo d
33% (P <0.01),37% (P <0.01 )%88% (P<0.001)e

= ~ Atractylon # t-BHP i # w5 BE

B Z R 0 BB A lS mM t-BHP#: 4] 44 2 LDH ~ ALT
{EBABA3E & o =18 F B 4 % Atractylon (0.01, 0.1, 1.0 mg/ml) ] 5% #£
1 /NBsi% » HhwAlS5 mM t-BHP F N oEE s » 4 RBART AW 88
a4 $ld -BHP Ar 3 B ey mpe & k4o LDH (B =)~ ALT £ B 54
FEHE o Atractylon 89k F S E 49 4] LDH B ALT #iEE ZRA ¥
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WAHEMEMS » @ AttactylonA I mgml BB FTRAA R XMW 4% R
( LDH 58%, P<0.001; ALT 40%, P<0.05 ) o

w9 ~ Atractylon ¥ t-BHP #F#8 § 8A L E

A % B vA Malondialdehyde ( MDA ) iR B A B H B A1
HE  ERXRpE WA RERHLT 1.5mM t-BHP 6f MDA iR EBA¥
W& » & vA Atractylon 0.01, 0.1 & 1.0 mg/ml &% A7 5% 72 — /N
# > FieA t-BHP , &R MDA 894 s E LA B WL FITEKD 85 %,
70 % ( P<0.05) & 44 % (P<0.01) o

£ ~ Atractylon ¥ DNA S# ARG HBE

vA Unscheduled DNA systhesis ( UDS ) # ¥ #& &K 4K 3
Atractylon # DNA £#i &R B E > AL THEA LB G
B o AFHBAt-BHPR ARG RRMEER= 481Kk B
F Atractylon » & £y & =. 85~ » 1.0 mg/ml Atractylon &t %% 88 3 4%
#| t-BHP £7 5] 4 DNA# 45 F i 38 % (P<0.001 ) R ; EMN 5 5h =
- FERE Z Atractylon (0.01 & 0.1 mg/ml) 4L B Ak B A 3 $13 E o
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232
W~

B ORE (Atractylon ) 2R P 2 X ER/y > afiaPBE
ALFHRREARITRERNBEA G LEGWTBRELG R
X3 A AT a g b B CCl Pl AL ag AT L B A W I a9 R o T
& AT L 1982 4 Poli & Gravella £ AFF 7% & £45 1 A CCla 45
B5EAEMEAAYMBEHBALLERAT S ELHGER (4);
3 B 7 %L 1986 S Berger 5 A9 HF 5 45 1 9T $& &y A Haloalkanes
AR ZBREAREXE Tl sEME(511) > BbETA
CCUZHBHEMEYTRBEALFHE HFARFEAIRITER
B (Atractylon ) £ B A A m AW F IR ARHFEE K&
( Atractylon ) &9 3L AT A HEE ML o W& L 19854 Rush A (17 ) #A
AR SR ERG TR MU BHP SRS HEMHLD
— BTN RAER ©

AT BA R DPPH test AMIF AT A S eafe » &
R &7 1.0 mg/ml # K & ( Atractylon ) T #A 34 42 85 % &y DPPH
radicals » &~ AHRIF I RIS o

t-BHP #amp LA FHWEERIZ— > THALHAEAL
BmAPHMAEAY ERERYELABRAICERARS EmpYTE
P (18,19 )5 % Sh4L7T fE f2 fm b 5 F 96 Ak — 26 247 4245 @ 42 DNA
48 (20 ) o R F B 42 AT fm po - ML BB H 38 A ALAE Rl 75 oo 69 ) 2 BA
iR 0 TR 26 vA B R 8RR JE 04 BT S pl 4 +-BHP A 3% sk 89 FF S B4R 45
BA{R#MER » 0,36 TAML LDH & ALT B /4 & 2R
MDA 6§ sk © 5% 5t » vA UDS 8§ 5 kA & RO BT B RLERRE S
JE %A %337 4] -BHP A& 49 DNA 15 » Bk EREFEA
HAHEMGESD c ALAFTRERFEBT FAWAFRATE
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MERIEEBRAENESD > RALXH TERFTHES A oL
REGES > ARG WHWH TH R BEALBAEA > BERERKT
t-BHP i i& % 04 fm o - b RS B & ©

Bk o A M -BHP & i fa pb F PG I 41 R AR S B fm o AR
#1842 ¥ Glutathione ( GSH ) #94 #6& Pyridine nucleotide AL B
M o Bih, T HE2 # T Ca™ homeostasis © A F RO HERFAL
RILEKERE R QK GSH 82 F (B AIER) » AR B A
BT & po, 5L 7T 65 2 Glutathione systems $& B ©

FAVALER  AMREER F AT AHIL -BHP A7 5148
G FHBERERLG T » LR TRARBAFTARIRA G
A BARAIACRGRAMAEE - A AWM ETSH S (21)
FRETHEGASUBERAMIAGGELAGE RLEFER
ZHMH o IH A —F AR AET o
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Table 1 The cytotoxicity of t-BHP and atractylon analyzed by

MTT assay.
Treatment?® OD 563nm? % of control absorbance
control 0.82+0.03 . 100
t-BHP (0.5 mM) 0.80+0.01 98
t-BHP (1.0 mM) 0.76£0.02 93
t-BHP (1.5 mM) 0.75%0.01 91
t-BHP (2.0 mM) 0.68+0.03 83
atractylon (0.01 mg/ml)  0.81==0.01 99
atractylon (0.1 mg/ml) 0.80-0.02 98
atractylon (1.0 mg/ml) ~ 0.797£0.02 96

4 Hepatocyte culture were treated with various doses of tert-butyl
hydroperoxide or atractylon for 30 min or 1 hr separately.

b Mean * SD, n=3.
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Table 2 Free radical-quenching ability of atractylon determined

by DPPH test.
Concentrationa OD 517umP % of control absorbance
0 1.67+0.07 100
0.01 mg/ml 1.12£0.14%**C 67
0.1 mg/ml 1.0610.13** 63
1.0 mg/ml 0.20£0.03*** 12

a_ Various doses of atractylon were mixed with DPPH (10mM, 30
1) in methanol. The reaction mixtures were then colored by the

addition of toluene, and read at 517 nm against a black without
atractylon. The fraction of DPPH bleaching was calculated by

comparing with the absorbance of the DPPH solution containing
only DMSO (100 g 1) as 0%. |

b Mean =+ SD, n=3

C '**P<0.0l, *¥* P<0.001, compared with the DMSO treated group,
t-test . ‘
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Table 3 Effect of atractylon on t-BHP-induced DNA damage in
primary cultured rat hepatocytes.

Treatment?@ dpm/ g DNA % of t-BHP control
t-BHP (1.0 mM) 670£50b 100
t-BHP (1.0 mM) plus:
atractylon (0.01 mg/ml) 543+40%*C 81
atractylon (0.1 mg/ml) 376+39* 56
atractylon (1.0 mg/ml) 255 ] 5%** 38

a_ Primary cultured rat hepatocytes were pretreated with
hydroxyurea and various concentrations of atractylon for an hour,
and then exposed to t-BHP for 30 minutes. Unschedured DNA
synthesis was analyzed by incubating the cells in [methyl-3H]-
thymidine (1 ¢ Ci/ml) containing medium for 18 hours. Cells were

harvested and lysed for radioactivity counting. DNA repair synthesis
was expressed as dpm/ ¢ g DNA.

b, Mean *+ SD, n=3.

C. * P<0.05, ***P<0.001, compared with the 1.5 mM t-BHP-treated
group, t-test .
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Figure 1 Structure of Atractylon.
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Figure 2 Proposed mechanisms of cell death induced by
tert-Butyl Hydroperoxide.
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Figure 3 Influence of atractylon (Atr) on the leakages of lactate
dehydrogenase and alanine aminotransferase in isolated rat
hepatocytes induced by 30 min-treatment of t-BHP.

* P<0.05; ** P<0.01; *** P<0.001; compared with 1.5 mM t-

BHP-treated. t-test .
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ER:

PQ:

LDH:

ALT:

MDA:

Erythrosine B

Paraquat

Lactate Dehydrogenase
Alanine Aminotransferase

Malondialdehyde
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A& & RF E# (Erythrosine B; ER ) ¥ Rz 1%k 4
W~ B~ bR Z Rt o AMERAGEHRZEEF OB E
A& R A A 6946 SR E A e (Paraquat; PQ ) 355 $ 4 »
A BT medR s o 5 3 A S e A B X Z AT K F] B e
NERAEEtREFERRE > RERNEF mpz £ A FLDH
ALT S8 52 TR MmBE M MDA REA M 4642 | & —
FHREGEARWHERRBOFERT A LRI EH
HimpRE S Hwp P Z a9 ARWHGBE A ER
Vitro BB P A A LMmE A BERRALE LRI EA L O
ZHARETHEELAMNILA W HEBERETLEALELRE
EHAFE GO HTmp g EHRIET8RAALGER ;
AN ERet Lt RFEHAFAFLEA B mBRBAEREAHAL
ARIGHER o ZAALERERBARALELREECHLE S
B X a9k 24 B ST HE R 3 AT s p B g s W B A AB1E A » 5 5h
FTHRAGABEALECREFEHBICTCEXNF BN MBS
P E A8 88 B o & (Hydroxyl radical ) Z 2 & 1E A #1 AT 5R o
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Abstract

Erythrosine B (2',4',5',7-tetraoiodofluorescein disodium salt; FD
and C Red No. 3), is used widely as a color additive in foods, drugs and
cosmetics. The purpose of the present study is to investigate the effects
of erythrosine B on paraquat-induced lipid peroxidation and the
inhibition of protein synthesis in rat hepatocyte. The primary hepatocyte
culture was pretreated with erythrosine B prior to the administration of
paraquat,er treated simultaneously with both substances. The activities
of LDH and ALT were used as hepatic function markers and the activity
of MDA as the index of lipid peroxidation. The promotion effect of
erythrosine B on paraquat-suppressed protein synthesis in rat hepatocyte
was also elucidated. Furthermore, we use capillary electrophoresis to
analysis the chemical bonding relation of erythrosine B and paraquat that
may result new compound. It was concluded that erythrosine B
possesses the ability to enhance, the paraquat-induced hepatotoxic and
lipipoperoxidant activities. The results suggested that the promotion
mechanism of erythrosine B on paraquat-suppressed protein synthesis
was caused by the lipoperoxidation effect of erythrosine B on the lipid of
cell membrane. On the other hand, erythrosine B may also strengthen the
toxic effect of the free radical product induced by paraquat that,

ultimately , caused hepatic cell damage.
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() ~HEF*®

R4 &L RF EH (Erythrosine B) ¥ K2 EHEED -
B GG Z Rt AEE  KE - RHESBKAFRA
@ WHO/FAD# F B BGEAEA100ppm o ik 2 AF K H &
M ( Genotoxity ) » B #bErythhrosine {3 # 32 & T 2% A o

AL Hacd tRF EH AR KBUAE FHY
A EF 0 /S typhimurium E BB EEM (1,2) BE coli LR &
#ADNARE#HIL L (3)° @RogerF A (4) %k vA300 mg/ml
medium Erythrosine B # Aw # V79 Chinese hamster lung cells # € 3
Femicronucleus frequency » 42 & V79 cell # Primary hepatocyte F] &
3£ Z F 8] & 1K 81 g Mitotic frequency » Hepatocytes # V79 4a g,
% Erythrosine B 8§ AH R TR EHF L ALAH » 8
Hepatocyte # Erythrosine B e 69k 46/ (5) Mk Rag o

AARMBPAEGRTRENWE » ERAEMBEETETHY
REBRP » FARRBBRIECZET > F 5 HEEWYE (Toxic
agent) AENBBEPAEAERERBEY 4’&}&?{, % (Reactive oxygen
species; ROS ) 49 & & » oAB A 128 F ( Superoxide anion; O,”) » ¥
£, (Singlet oxygen;'0 ) » £4 & W & ( Hydroxyl radical; OH' ) » @ £,
1t &,( Hydrogen peroxide; H,0,) F » MROSW E A Fm R BB
A& & 4§16 85 /1 ( Cellular antioxidant capacity ) 84 B4 B € % s ta g,
Rs 44 8 A6 ( Lipid peroxidation ) » A& & & H ~ RNA ~ DNA#Y
W[HE-~RE(6~7) ABEHFETATRALREL > i
7o HEXARA R o
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€ 4 %] ( Paraquat » £ % 1,1"-Dimethyl-4 4-bipyridylium ) &
— B AR REAZRER FEEARE » ABREmE
RFE2FMFMLERY B EBN G FACER TR ~ B~
FEZBEHHE (8) c BRXMWRERS IHETHORRNET
R £ % 0 W HH W E T A A1 A ENADPR 4518 & A NADPH >
d db B AL 8 R AR A2 % T ( Superoxide ) » & d JEL o MRS B &R Y
BEERBOR MMk > mEMERE(,10)c 2y @ »
A BB BP EMAY > B # 5 INADPH 8§ 46 » £ E/EE T
BEHE > OBRFEF  AFARRAT BETRALAHRABA

R&F (0, ) BRMEAEAEBFREFETFhADLLLAML
REETOMEALE  RUAELS L ERNRB R A G Lk 5
% & A6 4E A ( Lipid peroxidation ) A Bi( 11, 12) o 7T & R %1
4o Fig. 2 o
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(=)~ R B8

ARMEACRAaEEEFLtREFEHATRM AN EZ
Frampt AN aptAEBEIaRILERAZILERERE
XA ER 0 B KA R BT SR ARG IR > AR AT 0 B
¥ E A+ % 4 4 1b1i 4 Lactate dehydrogenase ( LDH ) & Alanine
aminotransferase (ALT ) Z B £ 4 F AN o 3 21642
(13 ), 3£ 2 47 #F % f B5 ' & $ 1L 40 2 5 # % Malondialdehyde
(MDA) 9 RE (14), BT Rttt RF CHAT BN
FERM o E—FHAMREAZIH O, BERALEEF LR
FEHHCRNAABRETGLARIWHZAGER, REIFEAL
EEELtRFERAH R ZAFRBE o
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—~ MRk
(—) ~ b &M g5 B

( A‘) LA -

- Erythrosine B (2',4',5',7"-tetraoiodofluorescein disodium salt; FD
and C Red No. 3) ~ MTT ~ TBA (Thiobarbituric acid) ~ Collagenase ~
T-BHP (tert-butyl hydroperoxide) ~ [methyl-3H]-Thymidine ~ SDS ~
EDTA ~ Thymidine ~ DPPH (1,1-diphenyl-2-picryhydrazyl) ~ Glycine
& B 3 & 4 4b {A Alanine aminotransferase(ALT) ~ Lacate
dehydrogenase (LDH) &) & 3. #3584 A £ B Sigma2 3] ; Williams E
A K ~PSNiL A £85 & £ B Gibcox & ; Proteinase K % & B
Merck 2 ] & &= ; Aquasol-2 B & & £ B New England Nuclear 4
& 5 Protein ] 2 XA A XBE Bio-Rad R c mpIr £ EWIE A
% ( medium ; Williams E ) » PBS ( Phosphate buffer saline ) » Calf
bovine serum » PSN antibiotic mixture » Glutamine » HBSS ( Hanks’
balanced salt solution ) % #% f £ B1GIBCO BRL2A 3] » b RAM A K
B fi % Z Dish 81 8% & Nunc /2 8] o

(B)# &

UV and Visible Spectrophotometer ( Hitachi; U2000 )
Fluorescence spectrophotometer ( Hitachi; F2000 )

Scintillation counter ( Aloka; LSC-900 )

Capillary electrophoresis analyzer (Beckman P/ACE system )
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() ~FBHY

AMEERBAGRGWHEP I Wistarm R B ES
2202802 % Z XK G B ABEFAIS2SA K ZBHICRE £/ &
RAET®BEY o

(=) ~ Erythrosine B Paraquatd &M 358 = ¥

ERAMEISALEZMEICRE A G HE10% > BE
d7 M€ P iE 4+ Paraquat ( I.P. 50 mg/kg ) & Erythrosine B (LP. 50 mg/kg )
BIINEREG &P FCHEMH o 2 R ESHH F Erythrosine B (150
mg/kg ) 1B 4& » B X 4448 Fl # & Paraquat ( 50 mg/kg ) £ » R Fl B
4t Erythrosine B # Paraquat REA TV NN BRE TR MW HFEH

7 o

(W) ~ gz 3%
(Primary hepatocyte culture)

X3 A Z AT oA AR 3E Bonney REZ ik (15) 0 AR
BAERF XIUGF o AN ERABE 6 XS WX T o2 Wistar &
FoBEANBOALAZMERGRLATERS W o ERG AWM
- E4HR A B IR (Pentobarbital » 50 mg/ml ) fiEF > HEAHKEG R
BEHFIOAELT02ml > B > STHBEBER20GLEREEF
P PRk » B2 A A EDTA @ 7545 ~ £ 8 T2 HBSSE Frik
MR > BB T AR R 0 B A SR 8 & ( Collagenase ) &
SRTZEHEAERE RTHE  98Fap AF5EI
1.5X106 % fa g, 5 B 3% A 4ml Williams E 32 & 5 2 10% B4 s
FRE1% PSNin £ & » EM37°C o 5% COBe s birh c REM=
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IR AL REAMEZ @M > ERATEBIHIER o

(&) > MTTik = b jo, 75 M7
(Cytotoxicity)

EREEtRFEAICRNNHmpERY Y FHRMRE
MTITH &S A2 (16) 0 A mbiz £ — & @ (5.0X104
cells/dish ) H v A& F R FRE (2.5mM ; 5.0mM ; 10.0mM ) 8 &
B HXFEEEO0L; 10, SmM) AL ELREER » 237
CFaM AN » BAR R » AT APBSHK b ¥ » #37
AEAK > mA20 L IMTT #i&k (5.0 mg/ml) » 3xH4NHF > BE
fm B, € 4% MTT i & sk, Formazan & & » & ¥A Isopropanol if B »
K ik & 563nm FRIZRRAE » i BRAE K DR L EmpLL %
Frh#gz o

(X) ~ Frta & M 447
(Hepatotoxicity assay)

‘VX FT o %5 % Bf B & @ 4% Lactate dehydrogenase ( LDH ) -~
Alanine aminotranferase ( ALT ) ¥ & A s pb & M6y 0474642 o LDH
: B BEF 608 2 %M Amador K, % i 89 ik (17) s # e
(SmM) BEmASE AT RN mBEHEENE > TREMT D
W D EATEX S mM AT UNERE - H RS X554
MergtkEEH (0.1;1.0,50mM) peniz AP RAF @M
AL&@PRERXN AN EENF BOREARAL2
ml s A A K& 340 nm FE & LDH =754 o @ ALT &38| & B AR 3%
Bergmeyer K 95 5(13)» = LRI F R4 B REZ » TR
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BX S5SmM B R mpie bl aEtbE > Ak ik & 340 nom T8
EBAE > 25 &4 ALTRYEM

(£) > MDA SR B Z 247
(Lipid peroxidation assay)

R H BRACK F ik X B ERE YagiiK (1987)(19) Airde Al
89 % &3 & & ( fluorometric method ), AF & o, A5 '] & R A5 35 %
K 4 ## & ¥ Malondialdehyde (MDA ) #5 K B 2 4648 R8I E o AT
WmpEALAPEE mMAERN S mM E/EES A TRAA I E
FRAEAE > AR F Z R M o A LB EGNho A BN
B AR RHRIEELE S THME > wA2ml 10%
Trichloroacetic acid £ & & 1% » o2 o BAFAEFR LFZ 2 ml o
ANFEEZIY TBARE & > EHh ARSI 1008 > 24 KE
Stacey K, 54669 %% (20) » AKX k& Ex/Em=515/535 nm TF#| &
BABE SasifefiEda bk IMDASE o

(AN)~ Fa e mdr il .

Rz mpA 025% TG MRIE TR » IV F3#i s
ML B > vA DMEM % % o i B sk 5 2X10° Ml o 45 0.5 %
ttm o B8 3% A A 2450 3 B 5L 0 22 37°C > 10%= AALER
BAERNEE N o 818 > £ AR NA 05 mCiZ H-Leu
FE37Cr 10%—FALA B H B NEHIE AN > RE I Fm > R
R hhk AAREBKER—K > Mk 4CZ 10%TCA» EH
AKAEF15H04E > Bt » RE TCA » #A 5% TCAZR—K » iw L
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10049t 02 NS ALy » AR EABZI KRS TFEMR > BRIRHEE
#20FH Kimble PAER 3 B ¥ » Aw b 2F 5 Z PIM 3R (242
% PPOZ 0.1 % POPO/## ¥ X : Triton X-100 =2:1% %) » &b
PIMEH B R B MM F o AHRE(F2F QT H)EH100%
Fomfizark » P FHZHEH L 0

CAREN. k¥ v i
(Capillary electrophoresis analysis)

{# Fi Beckman P/ACE system 5500 £ Gk 24748 > A AR
75 mm » 57 cmfk 89 &40 E BT o AT > A 0.2N NaOH it 26
LtmEYma s REXRAEHTFARA (M-QAR)RFE T X
NaOH » B F 32 £ 248 » LR BITR AW EROHT ©
# Bk —)#h 0.02 M pHS8.0 Phosphate buffer$8 #t ( pre-rinse ) &4 % »
BF ] & oy 9 4 o
ﬁi';a’é.__):}% pressure ¥ &, & Inject 2 RIAE A » B F‘]E% +4 o KBk A
AETRRFHES AR !
A HRa D aBEX (S Mﬁiﬁﬁﬂ)\ﬁﬁ‘ﬁ‘?ﬁﬁﬂf@ﬂ@.
EHEHREA
B. B4 . AW > EABEN 5 mMAT AR
— M@ XSS AR &L RE EF
(0.1; 1.0 mM) Aw A3 5 b RILAT a2
HEE =) 002 M pHS.O.Phosphate buffer 2 ¥ & & /i~ » Separation
BEF % 08 104048 > 4% Voltage ¥ R, » ERZ AL A 20
KV BEZA2C» ARBERAARAERZERT
8 B o
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%%wm 0.2 N NaOHit 7.4 % 49— 5> 4% » & F ok (Milli-Qk)
P# % ¥ NaOH » Bf M3 E 468 > LIREAT T —EK
AWOH o REBAEIHAFYEEN LS THRZMHE
AR E & A 4t o B Interaction (%) = (Erythrosine B shift
peak #% 4~ & A / ¥ %5 Erythrosine origin peak # 4 4& &
H)X100% o
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=KX
— ~ ErythrosineB¥ Paraquat& it & M X% = ¥

Jm & — Ff < » A & Paraquat JF F & Erythrosine B £ 4 %
108/ a R ERBEZRERHYEFHE > @ B35 % T Paraquat
(50 mg/kg ) 2 3E$l48 > = RNAFSE )G RILT
o B 4a ¥ 4 F Erythrosine B ( LP. 50 mg/kg ) 1 /) B 4% H 4 Paraquat
(LP.50mgkg) HF =R &L 3 & ; B LT Erythrosine B ( 50
mg/kg ) & Paraquat (50 mg/kg ) HFRHTERT , ENTRATLT
Erythrosine B ( 50 mg/kg ) BRI EF a4 Fl » 108G BB/ ETFTH
7& T & o oy 4k 88 s~ Erythrosine B i‘a‘%}ﬁ%&% i# & #] ¥ #y Paraquat
Ak g &M B Av 58 & M 4E A (toxic effect ) » 3£ B 2B FK G
PR 17 o

Z~MTT#RZ mp s

ok o FIAMITHR B E M EREF > EhA
Paraquat iR EAS50mM W > RAE A4 B b A86% » BAR%
REBAFLmp S EHGRE | FParaquat RENA 10 mM
SR ERETLY > k¥ mph &g 3E o £ Erythrosine B 84w
B EREA0I MM~ 1.0 mM &5 mM R iE s ab& >
RAZEAFRETRE > B AMEFHMA0ImM~ 1.0 mM REE
HUEZIEHEURE o

=~ B po & T AT
4w &k Z 5 0 ¥ i A Paraquat 5 mM 1% %] 42 Z L.DH/A ¥

BEey It & » MR E % 4+ % 1.0 mM Erythrosine B 3% %1/ ¥ 14 B ho
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,Mmmm%%%@ﬁ%%%%%U%ow)tﬁmmmM
Erythrosine B #o Paraquat Fl B R S 69 TR A LDHA - & & % ¥
BE (P<0.01) o % %t Paraquat ¥ %8B 6E4& ALTIEH & > @ K
B4 vA 1.0 mM Erythrosine BfeParaquat F] iF R TR B ALTIL
FHERBHEF (P<001)o

v~ MDAA kB EZ 547

4o & vq B 7= > B3 vAParaquat (S mM)E = de 4] 0 HAT
B pe P MDA B RE &R IEE » 28 AR AL mM -~ 1.0 mM
Erythrosine B $# Paraquat F) B R 2 # K & Aw A 0.1 mM ~ 1.0 mM
Erythrosine B v A Paraquat % 32 » & 8K 8 48 5T & jo, - MDAE &
ERBENIESEM o £ K A E B A A 1.0 mMErythrosine B #2
Paraquat B HF AT mp P MDARE ERBEF NI SR (P
0.001 ).

E~FaHGRWHIEAIBE

Erythrosine B # Paraquat S Arampa G #H R T 14
RERGHARWHF L RRZE o &Rk B A~ » Erythrosine B
# Paraquat ( 0.5 mM ) F B &G Y 4 &4 14 A £ R E0.ImM#e
1.0mM ( P<0.001 ) F 34 4 B 44 w3 Paraquat A7 ¥ 5 44 FF & B 48
BAER o

XS LMEARIMIMZBE

vt # Erythrosine B ¥ — % 7 ( Fig. 3 ) » Paraquat # — % &
(Fig YA M ERBEZ L MmEARINBEERLEFTTHRRA
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Paraquat 76 & — 4 # 8 e At Fig. 5 ) o b Bl s M A8 0 0 R A
B faim k2o & o A LA T —F & S48 A LM mle =
1020 ( Fig. 6 )AT 38 o |
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v~

ARBREAUNmREFEEYSA LR RYREH R
X| (Paraquat ) EEFER > A A B R mB TR REELT B
A Erythrosine B Z #£ & F] 8 #v A Paraquat % = #& 1§ T & b &
Erythrosine B #& Paraquat 3% % F # AT & £ 7 £ ( Hepatoxic activity )
#LRs H @ A,164E A ( Lipoperoxidation) F & 3k K iv 4116 A » Fl o
o gk 7S M8y Ko | i —F B 4K 3 Paraquat & Erythrosine B £ F
Hitmp 8T HM(Fig. 7,Fig. 8) o

&k W T R RE B L FICRS %/ & &Erythrosine
B (IP. 50 mg/kg )& % % — ¥ 8 5% & ( LDso ) #4 Paraquat ( LP. 50
mg/kg ) » & £ 8~ » Erythrosine B £ 4 #u 78 Acute toxicity /A » B
Em i A ZAR FRF G MR o 33F AR
S Erythrosine B # Paraquat # Af s & 57 464Z » BpLDH ~ ALT
S F o FAECENYE » 4 RB RErythrosine B Jr A8 88 ¥ 44 4%
ER M FPaaquat RER T MB LA RUBEELE > B
Erythrosine B &7 w58 Paraquat ¥ At S p, P89 4E A > & BLZA B B
e AErythrosine B & Paraquat jR AT s o 8 69 Bl A R R B % »
M =% 8] % % e AErythrosine B H A A Paraquat 3265 K54 » d ik
% s Erythrosine B #Af s s H B F R AR E MR o 2
Erythrosine B #} FT 4 B BE G 4 44 18 A AL 4 A B4 2047 MDA L & 4
E 69 4% R 4w ik > BIAE & Bl 8§ AwErythrosine B #nParaquat 44K 3 48
B REE > AR &} LY E X > B b4 EY T Erythrosine B
#Paraquat A7 5] A 6938 R ALIE B4 B2 (P<0.001) 89w 38 A5 H B 4,
AL1E R o

B Paraquat 89 R AL 4E A » A A TH I BAR & T
( superoxide anion ) » W ERRATEH T HEA BN @BE LYY

79



MAE TEBAALER > SwBREIEHFAE TBAILERTAL
MEBEERE > MBI Gt L F E e ATPase
(Na'/K B Eid s A B (21 ) ) i — 3 fm B RS ' 38 SAL 4% A
A& #MDA ( Malondialdehyde ) X $2 fm f, o & 4% 8 K JE &0 %5 &% A Ak,
Moo FF R B mpsy EE%EM ( Mutagenesis ) L R & 1 A
( Carcinogenesis ) X EMWHE R (22 FIAEG T SRS 4 F
% » B ;= Erythrosine B & #&1bParaquat P75 B Z AF 484516 A »
B 36 7T VA ## % = Erythrosine B A vA §E42 i Paraquat AT 35 B AT s b 48
Beg e M ¥ A8 dErythrosine B wig TH @EBEETELB A
bt R 6y & R > AR &Paraquat 45 T dg1E M o |
BTt Hias R A &k (Oxygen free radical ) £ B4 4
#& » Bp A 4,12 # F ( Superoxide anion; 02~ ) » & &4t & ( Hydrogen
peroxide; H,0, )2 & 4. & v 3 ( Hydroxyl radical; OH ) » & &8 £,
BHRTABEBRS TRETRRSHEGR > wDNAS TER LK
 ZMRRAZER @ AR A & AR DNARET E & R
( Strand cleavage ) 493 % ; M #b F o Bf 49 DNAR| 7T % 2| fm fo, o BE
FHZEH > IARACHEAMREGAAGE » A Lk EM
RACZHE(D ) HARARRET » ERALAEGHARLES >
DIEH — BB B A 2R 8T wFe(Il) o & 2R s Fe(ll) 89
BB THRARALRSETH A A2 T H A (Superoxide
dismutase ) 1k /i 89 & &8 A7 A RO K& » & 7 —# 2
f.A W& (OH) » AR¥E #5545 th Paraquat 7T i§ &5 484 Fe (111 ) B R
AFe(11) (24) Bdm bt O EAARA T RAAd A o &
El AT 8 FF 7% SCBK 7T vA #E Z Paraquatéy R S I PIRE A A A28 T
Shor AT Bak A mpt Fe(DWERERNRMALRAA S
Ko FAFTHAG AR 4 6ERE EH B T BB HER
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mppdR4E AT A A 0 B4R A o A ( Hydroxyl radical ) Z 2 &1 A # %1
Figk o
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Table 1. Enhance effects of Erythrosine B (ER) on Paraquat (PQ)-
induced acute toxicity.

Treatmenta No. of mice  No. of mice which Survival
treated died after drug rate(%)
administration (days)
1 2 3
Control 10 0 0 0 100 %
ER 10 0 0 0 100 %
PQ 10 2 1 2 50 %
ER PQ 10 0 0 3 70 %
ER+PQ 10 1 3 3 30 %

a. All animals received an equal dose of paraquat (PQ) (I.P. 50
mg/kg) except control group and erythrosine B (i.p. 50 mg/Kg)
were pretreated with ER for 1 hr prior to the addition of PQ
(ER  PQ) or simultaneous treatment with ER (ER +PQ).



Table 2 The cytotoxicities of Erythrosine B (ER) and Paraquat

(PQ) analyzed by MTT assay.

Treatment OD 563nm® % of control absorbance
control 0.87+0.02 100
PQ (2.5 mM)a 0.77+0.03 89d
PQ (5.0 mM) 0.75+0.02 86
PQ (10.0 mM) 0.62+0.01 71
ER (0.1 mM)b 0.86+0.02 99
ER (1.0 mM) 0.8530.01 08
ER (5.0 mM) 0.84+0.03 97

4 The hepatocyte cultures were treated with various doses of

paraquat (PQ) for 4 hr.

b. The hepatocyte cultures were treated with various doses of
erythrosine B(ER) for 1 hr.

€. Mean =+ SD, n=3.

d. o4 of control absorbance.
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Table 3 Enhance effects of Erythrosine B (ER) on the
leakages of lactate dehydrogenase (LDH) and alanine
dehydrogenase (ALT) in the rat primary hepatocyte
cultures treated with Paraquat (PQ). '

Treatmenta LDH ALT
(m /106 cells)  (m /106 cells)

control 69.5+0.8 87.6%0.8
PQ (5.0 mM)2 83.3+3.3 98.9+1.1
ER (1.0 mM) 49.1+2.5 83.4+6.5
ER (0.1 mM) 43.9+19 88.7+3.1
ER (1.0 mM) PQ (5 mM) 97.843.2% 126.76.5*
ER (0.1 mM) PQ (5 mM) 81.350.9 102.8+137
ER (1.0 mM)*PQ (5 mM)  133.5:£3.9%* 152.9+13.7%*
ER (0.1 mM)+PQ (5 mM) 84.4-+0.9 125.245.6*

. Primary hepatocyte cultures were pretreated with ER at 1 mM or
0.1 mM concentrations for 1 hr prior to the addition of PQ (ER

PQ ) or were pretreated simultaneouwly with PQ and ER (ER +
PQ) for 5 hr.

b Mean + SD, values are the average of triplicate determinations.
* P<0.05, **P<0.01, compared with the PQ-treated group, t-test .
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Table 4 Enhance effects of Erythrosine B (ER) on lipid
peroxidation in the rat primary hepatocyte cultures
induced by Paraquat (PQ).

Treatmenta MDA formationb
(n mole/106 cells)

control 0.63-0.06
PQ (5.0 mM)2 | 2.04740.12
ER (1.0 mM) 2714025
ER (0.1 mM) 21474037
ER (1.0 mM) PQ (5 mM) 10.3440.64**
ER (0.1 mM) PQ (5 mM) 2.360.18*
ER (1.0 mM)+PQ (5 mM) 16.184-0.43%**
ER (0.1 mM)+PQ (5 mM) 3.18-£0.22*

a4 Primary hepatocyte cultures were pretreated with ER at 1 mM or
0.1 mM concentrations for 1 hr prior to the addition of PQ (ER
PQ ) or were pretreated simultaneouwly with PQ and ER (ER +
PQ) for 5 hr.

b Mean =+ SD, values are the average of triplicate determinations.
* P<0.05, **P<0.01, ***P<0.001, compared with the PQ-treated
group, t-test .

85



Table 5 Enhance effects of Erythrosine B (ER) on protein

synthesis in the rat primary hepatocyte cultures .
induced by Paraquat (PQ).

Treatmenta | protein synthesisb
(n mole/106 cells)
control 3251.3%£523
PQ (5.0 mM)a 2792.4460.9
ER (1.0 mM) 2903.5+61.1
ER (0.1 mM) 2912.1+142.2
ER (1.0 mM) PQ (5 mM) 1357.3 64 5%**
ER (0.1 mM) PQ (5 mM) 1807.6 54 7***
ER (1.0 mM)*+PQ (5 mM) 1792.9+45 9%**
ER (0.1 mM)*+PQ (5 mM) 1868.4 151 3%**

4 Primary hepatocyte cultures were pretreated with ER at 1 mM or
0.1 mM concentrations for 1 hr prior to the addition of PQ (ER

PQ) or were pretreated simultaneouwly with PQ and ER (ER +
PQ) for 5 hr.

b Mean + SD, values are the average of triplicate determinations.
*#¥P<0.001, compared with the PQ-treated group, t-test .
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Figure 1. Erythrosine B
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Figure 2 Proposed mechanisms of paraquat toxicity.
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Figure 3 Paraquat < %% F k4547

{ ;_;ﬂmm:x-znmxmz-“ﬁmmum

cit

[uTd) SWpy o e

.mma.un&,.ﬁ %mxgﬁé
§'¢E" 26 WAk *

68" 628" 52 Be3Ton :
R R et i B R 2 SHRE  GASHY

¢
o Tl
W
%&
]
ol
=
L=
’:-
4
o
13msres o e weve g

H _ b
_ : ; ; : - 7 0010~
!
5 A »
i s i o i o 6 . i ARk P W 6 s Pop S O S e .”l-llf.ntl_r(‘ (.nloj s N
......................................................................... L e
- °
. 4 “ n 3
[ 4
L T T R T T T TR TR S R R b f D
3
m W
‘g
............................................................................ o nnees B
rartame a _ 83572
LUG 1S -3 N £ 740 g oy £ sAc  [utw Q1722 8
Wﬂ;m?&é wam- i ..QOI.P ] & 5 FLaMns £74 s € o 1 L] Lt ¥ LAY Lm
m 44 H L 4 » m
mmmw . 3. . F mww-..clm
2. . J |
F] — b4 m
3 S e, i T
- N R R 8 m
i O S0
g - N s 3
. ¥ Le
] 3 > #
g i 5 B
i &
B e e R +0057 §
s YI¥G DHIJNS (¥ Ji o 570 oDy 5 oode i joi o4 2
B sunany PGOMIT lgoum PP DR PR P e a7 LTE G y
8
o]
;|
&
Wi
=

| TOAIND] @SOS
i) UTI-34f g ueIsAg | aYsAg ARTASIf  SSTITTIN

89




[4
@
. g

wnod

<o

H
L

fiip  COHTRG

0l

:Rhsorh, All
in
R ETH

Timn®

r..x.v.q.»aud 1afnrs Wi/ :6
el
£

C] po

R
8874

ib DGHE

1

h G2

. n
3, G0 Y TR .ad i
Blsmeee st L D 2 L TS ST YR 1 £

f

.

90

lﬁ}; h!mxu:mmmnmmmxngnmzm ;

. B . S o
| 3 1=
{23 : &
g ] "M
b= o —— -
.. 3 O i IR R
: e s
; u : i
. | P . 1
X . 3 IR . oot
k= | = . oy
&, : 5 . 3
L2 k4 : i
L I ot B -
& L B3 g
& ot LI i e 3 s—g Fra® e tmedt o baget .=; be
v ‘.., + ~'
&, e ¥
. . A
. . 4 v‘
 HTereaemmegeRRTIEIRR Y 2] . e
TR L T SR
oo . K] BT A
., e 111 AN ISV Rt 1]
. ] Og g 2l
t.:‘-.i -.-.—.;r__.. - 5‘\‘ : : -, -.._...: ks 2y '{t' ;
L, [ . E . P . ) B ot
Kl . . AN . B
. . i . . 1 E &
. . . . o g 53
: | I : 3 :
B T = . T TRUBIAY i 2o
(:]:: . . E C}q . . . ;
o . 3 gl . . 1'
i . . . i s S . i
i ) ; e X |
L4 B .
% ) ; A B . "4 1]
Yo o T b B . L s =
Q’J . J ; gt . . ¥ i
. R 12 3 . . -k
A S SE I : »:’el H
N o sl B : . . e
: ..:..;] P e 4 ' o . R =
=1 : o ) A Far— : al ]
H |- il - : T b i Al 3 B
3 1. . o L Bl Do 8
1155 [ S 2 |21 .
'~ . . M
JENT . , BNk l <
. . . oo
| I | : Pl |E
I} vy | { b S
{ i fomm | } -~ il
A g O b b & ey A &
[ - L -
H 8 . .
ORI O RN iy 3 (AU SRS R B ?




Figure S Erythrosine B # Paraquat i &%=

LW E RS H

el

L . g
8°¢2°84 JBSung X R JNDE qrIR) Ec,m%nm
BA°5Z(Bg"CZ SoeI[oy , ¥ CEET NP qMoSqYIg g

5 _000°5¢ (URd) SHTL 000°0 m
& T
m : 3 —— 051°0- F
B . : . . L . . . L ! :
AL e S - - s 01 i WG P S o i W e s i i p e s o - — T
S TTTITANTTERT TR PR ot R A R TUTETTTL O vk
g . : . x 8§
m * -, O m
o 3 o=
g . - [
m T T T T T T R T S T T P T R I T lzam
3
. i o B
S ST s
5 ULET INIAGS 3 [f CofIHO 7 ey | sde UE 9L iE 10 8
8 spwmy SOORLIH QOMLId 77 & A ARGV S T il A ¥
P e — m
- T <
# : payo- B
g - : i 78
W ’ .Hm..-fuo . / M W
- Ty - - L. e B
g Y - o8
E K % s ¥
B Af..LL 38
| ) . R "2 B
g oyl .-
g ! ° B
g’ U Tase RaIa8s Y T S dmean i smwen 1 oede GRGSIie ] (08¢ B
B sem roonim oomay | FE RIS @ GRS f OIS [MiE g/t iE j:
g CXHG'52 =nsuades] a3 37op snjels ‘ 4 deei
B
B
; :
b e 1 5 'Y ) B ALY § g?&ulrlun]u el oty o Py B 4 n-uo.dldﬁa-\nlv 32BN B -&: b2ad AR R}
B §'¢cy -==if peSElg SEIy [ oweisay . Vg m.q TS0 5

I :veeo o3 sk
THED m.é SBIs
818AqI03 - SuTI-H0 ¢ WIISAg | WaIsAg  Aeydsif wmﬂﬂﬂz

91




FEEUS LTRCIIE O LT RARN EEO S s, NIt ROt WSS II REE. LRSS MOCae WA s PrritiEes Ssus Rt Lo sk S

62/1 1291 1561 7’ | S
z1 ,
: e BBl w
R B1Z
<o
seg YL DR
© I E
2BE @y g
L =
. S 35 £
5]
| <=
- 29 LGN
./
L DD &m
&2
- B .mm %ﬁ
L m @R
~ B8 =
o
s | -
S Lo =
F NS
M1 oot b
981 206252651 mw
% BR'B t 18reT N PUBD B8 ©31 @ERE @S : eburd z, w inding =
b3 pSHT 1 U PPRE 981 z,w  4F
O-Bep g g1 : dus) (b1€2) @ #uedg utw 1672 ¢ ogy
. , [42oUIT=4] JB|nBay : 8dA; wnuiosdg
+8H4 1 8pON o] 30841 ¢ 3@u]
¥ 1 ®30N
, (HEN)EGL3-0W 8 |dweg
CG:b1 GE-ARW-1g ¢ S3e( IEbe-BH4 1 ®IRQ

[ wnuioadg ssely )

92




Figure 7A Microphotography of normal hepatocyte.



Figure 7B Microphotography of normal hepatocyte
treated with ER and PQ.
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