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Abstract

As one of the most potent hazard inorganic substances in our
environment, cadmium has been found to have severe toxic and genotoxic
effect in animal both in vivo and in vitro system, and even in human a well.
Ori the other hand, acetaldehyde as the cigarette smoke contained
substance and the primary metabolite of ethanol is also an extensive
organic chemical widely contaminating the environment. Considering the
fact that human exposed to various environmental hazardous substances,
the synergistic/antagonistic effect of the mixture of environmental
pollutants have to be investigated. The goals of this work focus on the co-
effect of both cadmium and acetaldehyde (represented the inorganic and
organic active environmental pollutants), respectively to V79 cell line in
its toxicity and mutagenesis. In addition, because the oxidative stress is
one of the main causes of genotoxicity, the in vitro assay of lipid
peroxidation by TBA reaction has also been studied. The evaluation of
shot-term performance of cell viability was studied using trypan blue

exclusion and MTT assay.

In the single exposure to cadmium (10-50 gz M) or acetaldehyde(1-

5mM) alone, both retain their viability above 80% compared to the control
cell. There is no significant enhancement of cytotoxicity in dual exposure.
However, the cloning efficiency assay for long-term observation for cell
performance has showed a significant synergistic effect on cytotoxicity.
Moreover, by counting the cell number growth within 0-72 houts after
dual exposure cells from combined exposure have less recovery ability to
normal cell growth after dual exposure. And the ceﬂ cycle study by flow

cytometry assay has showed that the coexposure of cadmium and



acetaldehyde can retain most cells in the Go/G; states.

The mechanism of the synergistic effect is thought due to the
enhancement of acetaldehyde to the cadmium entering the cells. We use
the atomic absorption spectrometry is used to measure the cadmium in the
cells. Results showed that the addition of acetaldehyde yield no

enhancement of the entrance of cadmium to the cell.

Comparing with the singe exposure, the HPRT gene expression assay
showed that the dual exposure enhance their mutagenesis and also exhibit

a synergistic effect in certain dose range (cadmium 5-10 g M, acetaldehyde

1-SmM). But in the assay for DNA single strand breakage had no
significant synergistic response. In lipid peroxidation assay, the addition of
acetaldehyde significantly increases the TBA formation of cadmium
exposed cells. Finally, when introduce the natural antioxidant quercetin
and traditional medicine Glycyrrhizin to the exposed cells, the quercetin
showed a more potent inhibition to their cytotoxity and lipid peroxidation

formation, while Glycyrrhizin was not.
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(8/18F ) RBEAANRERTHRAE -

AEEHG V) ta @it A8B+X Ut T 2285 mpid
BEEEATFETREE -

= -~ HAT # 8 F ¥ afoik

£45 1X10° B smpafe A 25 cm® flask » FEAs A4 HAT ( 10¢ M
hypoxanthinine ~ 4 X 107 M aminopterin ~ 1.6 X 10° M thymidine ) &3
ARGEEE mEk o milé) 4t k&€& de novo pathway Fv salvage



pathway 4~ s, nucleotide » B aminopterin € #7 %] de novo pathway 4 4,
nucleotide + A7 XA %m g ££ hypoxanthinine - thymidine F & salvage
pathway ° @ &E ¥ %3 B 2 & HGPRTase( Hypoxanthinine Guanine
phosphorbosyl transferase )& % =T L44X 3t hypoxanthinine ~ thymidine 4-
A& nucleotide ' 2% X 4t tm fi#k£8 % HGPRTase B £ B M R 2 8] &5
ARG B RE @Rt T - 835 = X1% > SUHER hprt 5
S eRB 40 VTO fal 0 245 B A B AR S ik ( PBS k&4 HAT 8928
AH o A—H#& MEM s &k s s %

@81 3. 254l Fd N tIASDE X IEE S,

— ~ $m fo & M ¥ 86 ( trypan blue exclusio}n assay)

23 EMEELTH VT @€ iF dye uptake ZHE &, > EH
R E 0 REBMSEIT EwlEHE -

24 wells thm B 32 %% 7 518 well # SX 10* 8 V79 tafl - 32
% 18 kg UEhEREEIER (PBS) Eirihin » BANEY
MEM 2% > P ANBEFRERESES ( £ 10~50y
M> Z#& 1~5mM ) #E-ZFFHBEEEE - EA3TC ~5% COy 3%
EmA4 G 24 ASEEMZ MEM s24% U PBS 8%k dm R -
ik tmiiE— S 4E A o 45 PBS 34 0 Ao 200 u Liwell A& G 8
% (Trysi/EDTA ) &R 32 S 448 » oA ImL MEM 232 &% %35 43245 -
8 well &8 02mL 4K a ot R R E D —Biafist £ % &
0.05mL Trypan blue % &, » #faj0 5773 £ 547 -
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Relative cell survival(%e)= ("R Bl /8 & Z %= fo 77 75 $L B /control 48 4= i $L
8 )% 100%

= “MIT Zta o 7EH 547

w2 EE I ARARIR Alley F2 FE(4) mNRe B A S
AR EHAELREARKR  FEL VI afmisisd MIT(G-[4,5-
dimethylthiazol-z-yl]-2,5-diphenyltetrazolium bromide) (tetrazolium salt)
BHRLEE P | dehydrogenase 4k A 1% #f:& /& i&x, Formazan Crystal » &%
Ea&WmEL > RAULBRRERTERBRIESI

£ 24 wells 8 fafa e A2 & + 418 well 46 5X 1048 V79 faf - 52
B 18 B UG EE 4R 155 ( PBS )k b 35 i » B M AR ) MEM
ARG FhRNREFARRESED(RILEE 10~50uM > TEs
~SIM Y E—RERBEAREE - EA3TC 5% CO 3854 4 /e
ZiE A EMz MEM24&% » UPBS EB%h Mk b
#— 1R -4 PBS #E% > WwANEY MEM 4R 14
MTT( 0.5mg/mL )R B » BAZHFHE 4 [ F F2 K 4/ % B LEF
RER AU ImL ¢ ERESEBITE  GEFEERMEE  AA
% & 563nm F I OD {4 -

Relative cell survival(%)z(PF Bl g /E 4t 4= B 2 9% St {A /control 48 %a R 2
9% ¢ 48) X 100%

=~ B 2 tmBo 3 M (colony assay)
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BERESMA@EEEER - B 25 cm® flask #A 200 18 V79 &
B oo 35 18/ iF1E - MEBEM B HIER(PBS) R AR BRANE
87 MEM %% FAABEYEERERESEN( £1438 5~20u
M: L& I~SmM)ME—RERBESRE - EA3TC ~5%CO sk
A 2amE A EEMZ MEM 4% UPBS £F k=%
FikSiafnE—F4ER o A PBS 1% 0 lmAFTE e MEM 32k
A RBRAT R - 88T R Ak R colony ) » 388k E
MR 0 fe A 95% methanol 10 458 5B £ » 244 B L 10%8) Gimsa
e &, 20 448 M T EE colony 492 B (518 colony AL 2B X
W50 Esmpmt E) -

Relative cell survival(%)= ("R Bl /& & X %= j& colony £t B /control 42 %= j
Z_ colony £ B )X 100%

W REBEEBRART- AR RALARERLR SR ER RS

Z ¥

(Hypoxanthine-Guanine phosphonbosyl transferase gene,

HPRT gene)

hprt A B4 loci ) AR REAMBREEZFTHREZIRALRES
P&y AT o hprt KB B A5 FREREBE T 8RR % Ht(endogenous
molecular mutagenesis system) > B HPRT # & &7 B —H 4 R E
o A% H B 49 $E 12 B2 % (salvage enzyeme) o LB F 42 £ ALK BAR AT 0 R
AL TRERFEANELELEBITHBEZBLRE
(phosphoribosylation) » 1 # A&z, GMP #Fu IMP » {2 ¢ ] 854, B & 4§ R4 £
{24y » f5l%e : 6-thioguanine( 6-TG )48 BEIL a4 h MR R A A fa
EMaEE . Btk 24 HPRTase B2 £ 5 M ttmfb B R & F 5



BEMHEEFTR - AAUAEBaE R RS RGE BT UE
IEEREE o (75)

LEBZAT VIO mie Bt % 4 HAT &) MEM 4R iEin 4k
ZRBBZRE > BRTScm’ flask A 1X 10548 V79 tm gl » 324 18
NERTR 0 UAEBRER S BTIAR( PBS Yk Ak 0 BN &4 MEM 12
TR ANBEFFREARESEY( RABRS~IS M- 2825mM )
ME-AERHELEE LEmA—@EH EMS %4 positive
control* EA37°C~5% CO, 3244 4 /N0%» 21838 H A K £ 2 MEM
3h& A PBS AR mABEa#EE ( TrysivEDTA ) #
W T oA SESA (DR 200 EeEEA S cm® dish iR
#E&e  BERELFHE(colony )¥# B > st4 plating efficiency - (2) #&
A2X10°18 V79 fmpa# 10 cm® dish #E AT+ > B = Rk
%o BEmBpAZ2XICEEEEOR > AEHHECRE  BEY
MR E AR @B BERAE 2X10° /10 cm® plate 2 6 18
plates » ¥ 3L R IR AR EH 6-TG( 10 g/mL ey Kk » #EEHT
~8 % ' ZIZEHmpe( hprt gene E¥ MRKH 6-TG Rl ¢ Emm+ > ¥
% = ( hprt gene % | mutant ) RAE R 6-TG Mg BB 5% » &
4 %o % (colony A% » 44 Au A 95% methanol 10 248 £ B Etafh » 2
1% B 2L 10%44 Gimsa % & 20 4% » LEAMSE T E & colony #9% B
( 18 colony W L8 AW S0 B afe A & ) -

E~ftmld Rk

Fl trypanblue 8y F ikt Htafo B - L EMAER HEMBH
BESX @tk BUTHBBELAELITLIRE -
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B 75 cm” flask #EA 1 X 10848 V79 4t - 324 18 /544 » UE4ER
sk (PBS YhEmAR 0 BEANES MEM & KRE > Pl
BEFAERAEAEN ALK I0uM > LE25mM WeE—2£F8
BAEREE - BEA3TC 5% CO M4/ 2B mEAFEY2
MEM 32 %% > APBS EF%kmk » Wi fitafhi2— 5 1ER - & PBS
g AANBREG#EE( Trysi/EDTA )iftaie it T WEmpmy |
X 10° f8/3cm’® dish 32 % = R » 5 %14 244872 /6542 #| A trypan blue
exclusionassay 3t Eta B H BB Raf s E BB -

N~ $a B0 B 47 R Z (cell cycle)

ta B 2 5 AT ARAE Fried %(76) - —fta e B 45 A 45 HH(G
phase) ~ #R8R #(S phase) ~ KA L HAMphase) F B AFHEIZRE
WM ELENGER DNA RRKE S@im N DNA LEG E85
(A ER €12 & Go/G) phase BT @B iEE AR EL EH5H
B & fm B FL 354 o

B 75 cm” flask #A 2 X 10° 18 V79 ta iy - 323 18 /8545 » L EhER
ZEER(PBS kAR 0 BHEANEY MEM 3245814 » B o
BBl REEESEM( fibda 10uM > ZE2.5mM YWE—E B8
BeRhEEEAN3TC 5% COshipd e 2B fMESHFEMZ
MEM 2% % > sA PBS ERAE R > ik fitafiE— 5 4ER © 45 PBS
i AN EY MEM 3BHR > KAREH T E0612-
24~ 48 JNBE 0 AERPAB RS MABEE B E (TrysiVEDTA) # i
hT W Empy 1~2x10°48 > &< 800 rpm ~ 5 min» +%& LER -
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A ImL iced 80% ethanol ;435 4 » /K L 3% 4% 30 448 - 2 1% &< 800
rpm -~ 10min’ & A ImLPBS =k » &#H £ ImL thtaf BiER A &
%12 A RNase ( 50 g/mL )& PI ( 0.5mg/mL )+ 8% R A& F 37°C
30min  # A RK @B oA ER I afp B -

€~ s r H AR ZHHH AR T RUCEH AR Z)

AR Ochi FHEZEH(T7) > #IA L BE KR T RIKEE RS
Bl MEELCRENEEENLBEA AmBACHERZME

B 25 cm® flask #8 A 1 X 10548 V79 fm - 35% 18 /[ \854% > LUEhER
ZEHER(PBS k£ AR BH-ANEY MEM 324%5% 1% » B o
BEFARAESEN( KL 10-25uM TEE 1 ~2.5mM )8 —
EBERBELREE - BEAITC 5% CO 3245 4 ik 21483 B A%
S92 MEM 32 45% M PBS AR K Bk filathib— 5 M A -
A PBS & h 4% e NBRZ G EF (Trysi/EDTA) B¥ 5 o4 > & |
X10° 18 V79 émfl » =i BiERi g 100ml B4R FHpr 1mM
HNO; » £ E& BB UETHRARBDE » FIREF24 0 1% HNO;
ZEE SmL REFMARTFTRUAHLERAE - HictmiALRE
+ o
A ~DNA By 3 > 2 (DNA single strand break)

£ 24 wells ¢4 tm B s %+ > 18 well # SX 10* 8 V79 i - 32
% 18 B {R 0 BB IR R(PBS) R £ 35 0 BN E 6) MEM
stk 0 AN 0.1 w L/mL methyl-"H thymidine ( 20 Ci/mmol )iz %
24 N BE > BEMRBEARBANES MEM 245K 1% > BPAu A EH X



FlRE & FH (AL 10~50u M L& I~5SmM)ME-—REAHE S
BFE EAJTC 5% COs8 &M 400 2 ESF FHX MEM
ki UPBS EZ®RBER > mABREES#EE (TrysiEDTA) #fa
Bk T ER 1.5mL tube » 2 1% & 1000 rpm -~ 15min~4C £ EFR& -
- Al Ae A 300 4 L lysis solution Fv 0.12M KCI4E A 1 448 » B ALA 65
Crkia4g 10 448 » #4474 8.5 3500 rpm ~ 10min ~ 4°C > B LB %
( supernatant ) A #3 4+ 5+ 2 -)M#E( counting vial ) » Ao 600 L 0.05M
HCl £ 3mL &R A PIME%R > 7 b F & (pellet )F L4 1200 L 0.05M HCI
BRI N 65 CKistE 10 448 » BN 43 #5( counting vial )
PO 3mL AR A PO IR > AP S EUR S 22 4 E (dpm) -

supernatant radioactivity / pellet radioactivity + supernatant radioactivity
pellet : £ 2 DNA & &
supernatant : DNA B #r 8 2 4§

pellet + supernatant : 3% DNA & &

- BERBEAEZRE

i ¥ s BB ERALAARE Yagl RESHZBEAREETS) 5%
AebBEOaEEam A5 SHAEESE AR EEL AL
MEE RETHER@BERT Bk £l beisd 28 8LkE
T iR MDA 8954 T%F| A MDA & TBA ¢4 & 64 R + &4
Bliafofls  BAACHRE -

B 75 cm” flask # A 7 X 10° 18 V79 tafl - 3% 18 /8544 » LIELEE
s sk ( PBS )k indkik 0 BN E e MEM 32451 0 BFuA
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RRGABEENES( RIS S~50uM T8 I ~5mM B —2

FHBEARE - EA3TC 5% COaRf 4 2 BHESAF

M1z MEM 3% - oA PBS #H k=K %% /v A 50mM phosphate

buffer £ s TWE > R BB IR AT H 408K ¢

F—28 4 - AwA 3% SDS ~ 0.1N HCl ~ 10% phosphotungastic acid + 0.7%
2-thiobarbituric acid (TBA)x 7% » # R A 95 C ey kT
Aa#h 30 odE > BAANET 8 E I & 1% 2L 3000 rpm & 10
TG EFRAE o A A 1,1,3,3,-tetramethoxypropane
% 1F standard #> ExX/Em=515/555nm F R & &% E 154t
R e

By MEeEAEE  {£A Bio-Red 23 A4 &2 kit’ 2 BSA

% standard £ EE G E 4 F o K14 E4 2 nmol/mg R & 5 -

FoREERERNE

# R AL B AL RAL X B 444 £ A L ¥ rhodamine 123 z uptake
REMET - §RETHEBBGT  —RIFEAT@BRLITEE @
mitochondrial damage #7# %] &5 mitochondrial membrane potential #
B AREAEVH @ERRKBAHELLELHAAFEF proton
concentration gradient BF % membrane electric potential @ # gZ
electrochemical force i 2R 5 ATP 4%4% mitochondria ¥ Ca® &y F4
% im il ¥R 42 8% 2 3845 4 B 3% ATP depletion & Ca®* cycle & & F 45 -
{# % L& &7 rhodamine 123 A A KL 4254 F » 54K cytosol ¥ 45 rhodamine
123 4-8(79) » £ # 7= 4% 4% Imberti % (80)#5 4 -

B 25 cm? flask # A 1 X 1048 V79 tmfh - 3% 18 /N 6544 » LIEhEL
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s #raR( PBS )ik £33 %R 0 BEAME S MEM 325K 4% » Soho A
Rhodamine 123 (1uM YA 37T CF 55135 R =+ mé8 > Bl ABELHFFR
REEwEW( §A425-10-20uM  Z& SmM I E— 2 EHHE S
2FEBA3TC5%CO 45544 /0 F 2% H4F 542 MEM
s LA PBS wash R & 1 X 10°48 V79 fa f 7 2K 4% £44- 0.1% Triton
X-100 & PBS ###=pa lyse» 2 1% 6000xg . o B E LEFR TS
Rhodamine 123 %% & > # Ex490nm/Em515nm ] & 2 e 3% &

Rhodamine 123 (%0)=(CR B & 2R A E £ X B3 E/control L2 & 5%
3% 2 ) 100%

(II) Glycyrrhizin # Quercetin # Z B RBEH LS EH 2 EYH

— ~MTIT Z $a o M 5H7

£ 24 wells gy tm B sn %Ak & » 518 well £ SX 10° 18 V79 tm iy - 32
& 18 /Ned15 ) BB S AR R (PBS) e 38R % B AN &4 MEM
AR 0 B Aw AEC B 4F R & & 4 % 4 (Quercetin 5~80 4 M
Glycyrrhizin 50~500 £ M) « EA37°C ~ 5% CO, 32448 24 /N5 » 2 4%
AR &gy MEM 24k UPBS ER SR ik flafi—
F1ER o 4% PBS & 1% 0 Aw A E 4 MEM 3%%0% 3t 4 MTT(Smg/mL)
Wl mAEESE 4 /D Frf 40 E B EFRER F ImL
BMEREFmiTH EEFEEEMEE RE K 563nm FRE
OD & -

BRI RE
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B 75 cm’ flask A 7 X 10°48 V79 % o 323 18 /8544 > LAEER
g5 ERPBS)k £ AR » BRANEY MEM 24 5%1% B lu A&
% 4K [ 38 A & % 47 (Quercetin 5~20 ¢ M » Glycyrrhizin 50~200 ¢ M)
@id— g BERAESN(RALE 10LM ) TE2.5mM) - B A 37
C~5% CO 3844 4 /05> X2t B SHFFH MEM 455k » 1L
PBS & &7t =R » 2w S0mM phosphate buffer it % % f 2| F it
£ ERBREREATMAR c —5 MDA EERIE =55 &

FEE -

-k EaRE

B 25 cm” flask #EA 1 X 10848 V79 fm i - 32% 18 /N654% » LABLEL
ZEER(PBS k&2 AR 0 BRANEY MEM 24584 » FAkm
A H1(Quercetin 5~20 u M » Glycyrrhizin 50~200 y M)#& 8 — /8532
% » &/ Rhodamine 123 (IuM A 37T C F o Bt =+ o4 %4
mkmiﬁxﬂﬁﬁﬁﬁ%(ﬂ&%qu LEESmM ) E—2F
AALRE » EASTC ~ % COBHEH 4N > 2/ 4 EEAEW
2 MEM $2%:% » 1A PBS wash &R & 1 X 10°48 V79 m g » 4% 44
0.1% Triton X-100 & PBS #% %= B lyse » 2 7% 6000xg #.w - B & F &k
% f 4 Rhodamine 123 278 & » # Ex490nm/EmS15nm 8] £ 2 5838 & o
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(II) #3FF %

ATBmASHER (1 ) Sigma Plot S L HMHUEALR S
# » 3t 2L Student’s t-test AT B E L2 £ B(P &) - B P &% 0.05
% 001 AFEE £ E - (2) independent joint action model %-# 38 4
FM2Z R EAFABLRZ) - PM)=P(A)+P(B)—P(AxB) : PM)EZ T T K
HRABESL PARTAFURREESL PB)RTBEWRAT 4
tt s P(A)+P(B)—P(AxB) R~ TREAEILE 4t » A 4b > B4 synergistic
interaction assay model R oM A EHA A ER BT BE/ILZEE
(83,84) *N(ABFN(A)+NB)-N(C) i NAB)ATHRELGFXE
R NAZTFTAEYWELAGEZER NBEATBEWAELALEZ
HE NQOEFZHEAEALEETEZEZ NQA+NB)-N(C) 5
HELAGEZER - ERRERTREANRYHEAANXTHEEA
(synergism ) ; /B & & 5 5k A (antagonism ) 5 F R R & T v R AE
A (additive ) ©
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8 X o #

— BRIl mBEEIEYE

#|F Trypan blue exclusion 1 T B E LR /LB ELRAETA
FEAMAFL ATBRERTFAF EHHALE (0-10225-50
100 F2 200 uM ) BAR T B (0~1~5~10~ 1550 20 mM )R 47 845
A5 ABTMAE- - WRNNF B TmEE S - Fig. la~Fig. 1b
HRlap i RE NFRILLS 10~50 M UAR B 1~5 mM B84
Bp 24 Trypan blue exclusion assay #1%2] V79 s % £ 80 % MU k2 75
FE S MAERMASSOPM LB SmM U LS BEER AR IR SHEK
£% ;B Fig la-Fig Ib &ERE-—FRAFEILBR LB LR E L ta
gk B EEZSBEEE % LRI 10~50 LM R R T
B 1~SmM- & Fig. Ic BB U LB R Aty E -2 Foir4s s
AHBUE ALAFRABETERER@RAGGIRAERET0% £
it %& & independent joint action model #3441 HL&E R A FHE L
MEZEE  wk— -

= LBAfAN B ERIBE

AFTAAMIT FERAR T BREE—FLEREET
bl E 2 ERE - ERAREH AL (0102550~ 100
200uM ) B Z& (01510155 20mM)EFEEF - - @R X
IS R Riafi Bt - & Fig 22 & Fig. 26 2 & MBI ME AL A
1L4a R L BB B 638 Ao tm B TE WIS 2 45, ) & Fig. 2a~Fig.2b 2 & %
E- S HEHERILBR LB EARAEZZETH VIO @i E 2 ipH/EA
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Bl R 42 R 643 10~50 M U R 28 1~5 mM » & Fig. 2c RE 3| L&
(5mM) R HFALLH (10~50uM) #EHFET B 40% ~60 %
ta §1 75 M 0 i B %€ & independent joint action model &3t 54744 - £ &
REEHLSEREZES k=

= ZBRAAMY colony A2 HE

AEHA A colony AR EZMEEE R e Lt ETHYBER
MBERE LEARCKE-—URLAREZZD NFE > BHeEHhzis
SR BAEESARBALR  LBEH Al EEM colony o &
THRERBER SEHaLBRAECH (1°25-5mM) B—&FTF
MEREHES  colony HEEFTEZIEE  £FHBE SmM &8
ZFZETF rcolony YEEAEN BN 20% - ME— AL EEIN TR
BERH (101520 uM) £ colony &9 # & S E 4] 4848 EEE1% 90 %
~60%  HEA=Z T4 BHbFELETE (1-2.5mM )& fub‘fm (5~
1015 uM) B E THERNABNER  EHAABRS EHES
= T B HEATEDS mdependent joint action model #3547 4 R &
FoOHATRAAYRAEANBRLBHRILEY 242 Bk F A colony
MRETUAEERIASEHGEL -

W ZBAR/EMSAZ LR &R 94 (HPRT gene mutant )

£ V79 tafg HPRT RS HHERB T AZBRE T £FE—
BlEH LA iGN mpELERERE (X0 BabtE
0~4 E ey Rt 2 A4 L8 (25 mM)U A RALE (5~15 uM) £ F]
RETHE IXICBepis REnuE -G BS9HREmE
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10~2048» £ ¥ U825 mM LE#HE A 10 uM RALGEREHRKZ
it o4 EMS % positive control » b &R AT LHRAAABLERNEE
T o#H VO epAFHASEAREFHEZIER kX -

B~ CBALAANmEE RGE2ZHBE(cell growth)

EF VO tmfp £ RKES 12~14 [EFS R —KR > BE -S4
AEoE (25mM) URFAE (10uM) mw g Bh4ESZ
AR ENMHEOERARTHEZR #Fdfig 3H884 > B—
AEHTE (2.50M) KA RALLE (10 UM ) 2 5 R 49 3 o e 0 75
Mz £4ReRAEL ERRE N mins Ed e b4 E 5
Baalipsl R -BAELREECEHE (25mM) BE[LLE (10uM)
EREBET BRI eBEELEIGHER EwAE > B84 0~
24 N HET > i EHE ERBEZ I ME 24 NERBE T2 0
Mo tafed RREABHRE  TREBEFHE e REZ
Bhoo At EFAABE T mbtEE L Hs/ER -

AN~ LERAACS Y fa B0 2 547 cell cycle)

AEsfigda,db,dc TUBREHE— A E L LE(2.5mM Yfe &
fL4a( 10uM )T > ¢ miidf  SHepBARNE 24 48 /)
BFEf 0 AR AIRE Bl e MER R E LE(2.5mM )F R
{64%( 10uM )42 12~48 /] 85F hypodiploid 89 24 » £~ DNA 55 £
B IEA 0 L E A A8 N m B AR G A R IR B Bl e AR e o

t-tmpENnEe AT oW
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HREAT EREfTE (1mM- 25 mM)FREAEALHZ
VIO tm b AT AR B EL BRI EHRIHNE it E—EF
FALsEEy o MERAR T RAE (10uM 25 uM B E F HEAE
N ELBAET M2 (& 104.3 ng/10° cells 2| 134.4 ng/10°
cells) ERELRAFHEREFRE U (ImM-~25mM) HE& i
feNFALSE (10uM) EamB R4 &4 %4 103.58 ng/10° cells ;A&
102.76 ng/10° cells » B #hdo 443 (25 uM )AeA 1 mM & 2.5mM = Z,
B E a4 B8] 4 139.16 ng/10° cells £4.& 136.28 ng/10° cells
HWERBEER BAAEATRZBEET  @HANBIAETRGELR
RECLEME I oo

A~ LEBREILEE T DNA ATl = B & ( DNA single strand
break)

A DNA B 7 Z 2 % £ 1F L8 8L 11t 4k DNA le,ﬁk Ez 4R
ko figs Fi o B—ERELE (SmM)EEAL (10~25-50uM) %
a3 A DNA E A%l 2 534tk control 48 F A3 ho » B E R F
BhomHE i (2R ELFAZLE (1mM-5mM) S H4LsE (10~50
UM ) &R DNA ERETREE - Bt ZEAA/GYH
DNA BB H AA R BAERANEE

A~ TLBREACR B A K 8 R b2 447 (lipid peroxidation )

U MDA £ B EE#As B EAALEI54E » o Fig. 6a A » E—
AEFAZCHE (1mM-5SmM) S£4E45 (102550 uM ) B8
V79 tmf £ L8 (SmM) AL (I0uM)ABETTHEESE
Z MDA B4 t—H e fig 6bAfm» BE—RILLE (5mM) 2E
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1b&& (5~10~20uM) ﬁ#’f%léﬁ.#a ELAT A A MDA 89 R E % & £ 3%
fof i £ EF AR OE (SmM) 2F44 (5-10-20uM) £
AMDASIREBREHR m B HHTERER( &N\ ) ETE (SmM)
MEALSE (10uM ) FEELAETBACEELTFELMEHEE
0.32nmol/mg » AN E#E E (¥ 02nmol/mg) ; TFEFABGHSK
ﬁﬁ o

T LEAL RS FRRR LB BE

RBEET M2 FILGEFFY @Y P rhodaminel23 = &5 3%
BB R & T A %48 69 48 45 R % plasma membrane %43 # 3% - & Fig. 7
i B—RITELE (SmM) #HEILEE (5-10-20uM) @Eix4ia
A EF el ¥ rhodaminel23 2 B KB E L S HEY RIS
B ERELRREZCHE (SmM) #HE/LHE (51020 M )& A 4
By mACE (SoM) SHE445 (5uM) 2/ ZE8 (SmM) &
AALs (10uM) % P X B AR E MR G v E control 85 2% £
HoFMULEARCHEASGCEER G BN EHEYH plasma

membrane Z g E o

4+ — ~ Glycyrrhizin & Quercetin #éa g EH 2 B E

& fig. 8 &7 K B3 & 2 Glycyrrhizin ( 10~50~100+200+500 uM )
RIZVTY tmpn 3B 24 /NeF1E 53 )R #E Glycyrrhizin 98 £ (10 »
50~ 100 M) # 90 %A E &4 fafiiE it » % 4k » Glycyrrhizin &8 & &
(200 ~ 500 uM) 454 80 %A k&) fm 75 HE o o fig. 9 £ 5% » R EIAAE
2 Quercetin (5 ~ 10 ~ 20 ~ 40 ~ 80 uM )& 32 V79 fafi & 4 ~ 24 8544

31



#BEHH  Quercetin 6978 F (510204080 uM ) f 4 /| \eFeF
A 90% MR EtytafaiE e £ 24 DFEMNAE 80% MU L& mELEH
dEmEEEEM - Bt ATRERFGEBIFN 90 % 24 F
Glycyrrhizin ( 50~100~200 pM )24 & Quercetin #5358 & (5~10~20uM ) »
BHUA LB ERFTHIHRERG AL ZETEF44ER -

+ =~ Glycyrrhizin $# Quercetin #Z B R LR EFHE AL
(EX -3

& fig. 10 Ff & & » T A& = Glycyrrhizin ( 50 ~ 100 ~ 200 uM ) #5;&
E1AE BRCE (SmM) RIS (10 M) £ AEN e 4
DNEER @B TE (SmM) BSR4 (10puM) EABEETBE
L&y 2 3 R KE 32 Glycyrrhizin B E 8938 ek b - & fig. 11 A& & »
AR Quercetin (5~ 10~20uM) #RE 1 /6> BRZE (5mM)
MAALS (10puM) £ R ZAEN@E 4/ EFE R & Quercetin (10 M)
BRETHTE (SmM) #R4ss (10 uM ) FHEE @RI H
VBB A 0 R4 20 % » 42 Quercetin (20 uM ) é‘]‘)%&?%r’}{#y%ﬂ
# 15 % Quercetin ( 5 uM ) BRERFBEIIrHER - Bt -
Quercetin L F##h|tmfe T 2| LB ARILGE LB T BAILHEN -

+ = ~ Glycyrrhizin $& Quercetin $ Z 2 & /AW Skl £
YR O3

& fig. 12-13 & £ 8+ » B R T & E Glycyrrhizin 2, Quercetin

MEBE—RERZBELHASG  ERER LB ACBLERNLAE

4 Ezsmi g ¥ Rhodamine 123 89 €323 » &7 & plasma membrane

% 33815 0 T LRI REEE Glycyrrhizin ( 50 ~ 100 ~ 200 pM )Fu
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Quercetin (51020 uM ) 1 /85 FETTE (SmM) L RALE&E (10
uM ) £ R AFENmiE 4 ) 8F o EFRT LR E 2 Glycyrrhizin fo
Quercetin 4 #p %] %= 88 H 7 Rhodamine 123 &3¢ /v » £ T U5 da il
% 5] LESHL R 1643 & £ plasma membrane &#94% £ £ F Quercetin #54%
¥ £ A Glycyrrhizin 85 2 £ E -
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LE—F aTRAEAIEERTAEZEAMBARAMEERI A
—FETEGERES AR EENREBA S REBE GRS
b EABRHNENURREEASOER  RERTEE T AR
BETENSAERRUSHELEY Bt AREESLpf
ELEH CERIBEARE A NET  H VIO YA AR
FFf & A, % £ 2 3B » 3£ 24 independent joint action model £4 & synergestic

interaction assay W A R FZETEAFEFHEGHLE -

& % #]A Trypan blue exclusion 8§ %% » MBI BE—2FeH L8t
(1~5mM )L £4E453( 102550 M )Z B S R ta i F 52 4 80% X
F(figla figlb) $i—F5 MIT 4 R%BRE @B EE SR EHERF
B ETHERAAEMAMUZER(fig2a fig2b ) BT ERBEE
£80% ULtz B EEATHEREE » F B Trypan blue exclusion 3LEF#3
Rl it AAEAAAZMBEN & fig lc XEA— B4 - 3
ShEd fig 2c MERE G4 8B MIT HRBERAELETE (5
mM ) #H{ AL (102550 uM ) AR EERET > =mieFtA A
Z T & (p‘<0.01 ) o

& independent joint action model 4-#7 £ & B4 %] 4m B 75 AR TR
HAHp %] fm M 75 14 > T & Trypan blue exclusion 85 K8 4 & LA K 5
AN THEFTHEAR  AABMNTAELEREASGEFL 21
B MIT&RBER el RHEMITARA LS EHE  57F A
4 BRI A A EM M - B—F & colony efficiency #9335 » &5 F
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BEP e aRAENCEHE (1mM 25 mM-S5mM ) #AL&E (5

10~15-20uM ) £FRIEAETEABRABFGESFRAEL  TRAK
HTEIEG 248 Bt ERBETEAREZZRAD A masH 2
REILrEARAESFN  BRERGETHTHREZ ARG ER - |

BEYARCETLHRACERYE AL RmBEN - AER
REMEUR LGS (84,8586) = H M2 - 3£ B Andrea % A
(87) 45 H 42 T3 hos UV B 44 & & 69 B R %+ - Wontersen 35 #(25)
LB B KB % T (promoter) Z4&H » 73 /v benzo[a]pyrene # mx i /&
8938 & - M A F 5 7 L4 HPRT ( hypoxanthine phosphoribosyl transferase )
AERREHELIES DNA BHENERZ— SRZHERTLoLHR
RAIGHEAAECERARNRR S e LAFHAAKA -

Zalcour % A(88,89,90)% # + 454 ¥4l DNA # % fo S AM 8
DNA polymerase #57&t » 3 B #4] DNA repair pathway » 4o @ O°-
alkylguanine-DNA-alkyltransferase F= nucleotide-excision repair = ™
Mapoles £ AR EO1)» 24 E % CHO i £ R 234 - M AT
W% fig 3 %40 B R BHLEARIE 44 VIO mps Lk
MELREENRE Rt RkOERENABRYZENH  KAFHR
#— S K figda 4b, dc m B KE > TURAE-RFLHA
fibss 2 B I irh Lo BiifiEslatas 0 EiEAE R E
Ewmpt 2 BH ALRAELHEAAE £ 12 [ &FE&
hypodiploid 24y Z 4 K #7&y DNA » AT S 2384 0 THELA
Apoptosis #93 % A4 P £ A& VB EFHFRE @ BHR G, HI X
AR FlM A AR R BHREL TR Rmind RRE Bk
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4B ABZCERmIEN DNA E&E T8 v Ema S miE e o
o AR THRAE

ko SUEKAS H(92) 0 &iB K eF (30 days )& F fAbéh » LR
T ethanol # 2P iR 14 % 4t(endogenous) 2 £ L& ¥ EL B 5L
ZR(rat)FRTHEMET - TRECHF 4o B4R (4 hrs)H V79
M LR AR LBMAFTAGT FAeRALEY A AMBELETE
N R Z B - 3 % XBk3 & » DNA £ & #7 % ( DNA single strand
break )T 4£ % DNA damage 2 #54% - s AT figS &R B » E— %
FEANTBERIREE DNA ERETROE G 2 ELRE
Z o B2 K huis DNA BEAxBr #8915 - &4 Katherine % A(93)#5
4 » Z.BL € 3% % DNA-protein cross-links * #£ & & protein T T > T4
B it F# DNA ER 7 H eg B = -

EMBABERRIRYAFEET AL FREAYE
( reactive oxidation species) & R A # 85 P A2 5 B2 & % #.(GSH ~
catalase ~ SOD AFF R » Hémfatk §#% B & A ( free radical )Arsg % » &
RiafpB EEAEH BRI £E4A%EDNA Lo ZARRESK
Z i A, DNA damage (94) - #BE XA E45 H €48 424 In vitro &
Invivo ESF BT &I GE  ELRTBE 95 A
Olivares £ A(96)%R % » TN H R AL e (cell line ) BEH B
FACIAZF 3 o > S SUBK AT R AT B ( fig 62 - fig 6b) T8 4t fiAL4a
THE VI a2 B BRI ELAF T EALERAZELEHE(SmM)
B FAL4E( 5~20 M ) B R A F Av Ak ( additive ) A R % Bl 4 A
(synergism )& ¥ jo 2R AR GEETAFALB G MM LTA



BB &SRS

%9k A T tmf € 4% Rhodamine 123 uptake % mitrochondria 2
matrix ¥ - tt8F H Rhodamine 123 X & & # mitrochondria ¥ - cytosol
TREELERE  EoREFHSHET » mitrochondria € B 45 £ m i
4## Rhodamine 123 X EH A E ¥ » $3%4§ % ¥ Rhodamine 123
HREH - B RATHRFigTTHERE— T8(S mM )& FALEH(S510
20 uM)%%ﬁK@'%—ﬁﬁﬁ%ﬁ%%&ﬁi% ' 1% % Rhodamine 123 =
BAMEORD - EREAFAET + 444 Rhodamine 123 s 8 %
#) 8 4 cytosol W K & #a » % 5% plasma membrane % | T 4848 £ 3% ;
RiLE Yang(O)F AR AZBRER RILGEHE ROS e9 24 > E3la
B RS E i@ R AL & £ AL 0 1£4F Rhodamine 123 Z B4 d K EEAE
cytoplasma ° t#F Rahn ¥ A(98)4.3E K L& €1 A& plasma membrane
#1818 ™ % % Rhodamine 123 &5 uptake #k f& o

TEHRERATOBATCRE VO aaEHREEERNE ' 5
S EBRRABRDFRLIBRAUFTA § 22 X &4 quercetin Fu
glycyrrhizin » #H4H A FHA LR #IA MIT MR L ER
Glycyrrhizin(50 ~ 100 ~ 200 uM)#= Quercetin(5 ~ 10 ~ 20 uM)# & Z 88 Fu
At SR ETHEREZAE EH VIO eiolis B8R /LM R Bk ér
#% #o plasma membrane 52 HE - G ETBEALTRTY  BRELEL
BA(S mM)£# £4L45(10 pM)FF A A e B AR ERACERAE
PlgRE  HLEALBEMAEATRERAEZEZEIEZRE - £4ATF
Ex Fig.10 9 » Glycyrrhizin 3 & #f £ Fl & % L ES 8L R AL 4277 35 5 40 MDA
EBEAELIHER > ML Quercetin TR IEA 48| 8F 88T LE K3
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MDA # & £ % 84041/ A © &£ Akamatsu % (54)7845 & » Glycyrrhizin
4t 8A R %1%, neutrophili 75 & & &5 Oy ~ H,O, v - OH » fy cell-free 8 % 4
& 5 gl sk & ROS # & 4 BA~ Glycyrrhizin 2 2K A8 3¢ %] neutrophili
P3 £t ROS 2 A% 0 £ 3t 5k ROS 42 Bl( scavenger ) » ¥ &k}
SNREMAFABHEFHEACHEZIGE EFoRAFE A X free radical
scavenger & Quercetin R¥Z * MU L EZF R AT BRIV RESR
BR &y 2 R 0 Quercetin(10 pM) =T FHK 20 %4 A5 H B &1L - & Fig
12-13 % 57 LA #7 82 2| 42 7 & 22 Quercetin Fv Glycyrrhizin 49 % 5 4 7T #
L E(SmM)Fe FALSR(10uM) £ B &% & A7 & X &9 plasma membrane 48 45
157 B A HI4ER » @ XL Quercetin(10 ~ 20pM) &4 4% 3% 45 A K 4F -

BARRERBREBEIXRTAEL  CREARICKRERESF
W hE—RETEABERRAARENR S-S HALERA
BESEMEARRES HN iR AARFHERFBEE G mAal
R RIBEIMEAER - BEAFMHAELELIFIFERN@BERTLT
HEE MRAEBERSEHGY BEEAGERETHEBEBAE
52B 52583 B5% Wt ABRE LA A4 DNA

damage °
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i
3

AARBREIN VO e LR RAELHARET el
HAhENZ AL EREEMERALFAERRAEAR  WREBESH
& (free radical )&y & 4 > i m e s H 18 §./b & ¥ 2 plasma membrane
BERG E—FERBHMTRRESHFENRE > Ed @bt o R
Fhmet kFM B@pBRREREREIN LR EAENN L3

—ABABRENUY  THARMEAREZRNEG L ¢854
HERRERHE - Bib MBEREEESTZIIA ZABEZ

FIERHBEBNBMLIAELLE  XEEBBETZHELR S
ﬁﬁ]%‘%%é’]“*% BPEAMSBBZEE | FETEABEF
AERRUBBEEY  THREAEEIREANHE -

B oh o AR #4h F 2 free radical scavenger quercetin 8 & X2 7] A4
HemARIRERAAETHAELOBETARM At E2 250
glycyrthizin 81 % » {2 & R E quercetin # glycyrrhizin 8] € #p #|
mitochondria plasma membrane 85381582 & B b > X K4 quercetin 48
ZBEREGEEL  BRILBARLLGHERN EBREE @
glycyrrhizin 7R 7T £ 8K Bl M #]E B {R# a9 2 R -
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Fig 14. Structure of Quercetin
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Fig 15. Structure of Glycyrrhizin
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9

% — 1A independent joint action model 5 # £ bR LR EF X E
T H VO AR TRRAHBRAEZLE -

Dose

Observed

(%)

Predicted

Relative mortality Relative mortality Interaction

(%)

AA 1ImM + CdCL, 10 M
AA ImM + CdC, 25 4 M
AA ImM + CdCl, 50 u M

AA 5SmM + CdCl, 10y M
AA 5mM + CdCL, 25 ¢y M
AA 5mM + CdCl, 50 u M

6.5%2.5
17.9%+2.4
25.5%£2.7

18.8+29
24.5%2.0
28.1+1.4

18.16.9
24.3%6.7
262+73

22.6%3.5
28.5+3.0
30.3%£4.2

A trypan blue exclusion %&5&’;}#}? BHEHBRARRTRAHERRLE

Independent joint action model : P(M)=P(A)+P(B)-P(A X B)

—RBRHBEEEN
AA:% 5~ acetaldehyde
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# = 1A independent joint action model 4# £ RALSA R LA L E R E
Foo#H Vel AR Rirtem itz 2R -

q

Observed Predicted
Dose Relative mortality Relative mortality Interaction
(%) (%)
AA ImM+ CdCL 10y M 4.01%3.6 6.4£6.0 —
AA ImM+ CdCL 254 M 18.8£5.8 23.1%+7.9 -
AA 1ImM + CdClL 50 u M 352183 31.7x6.7 —
AASmM + CdCl, 10y M 36.3%+3.2 29.0t3.9 >+
AA5mM+ CdCL 25 u M 50.5%3.6 41.7£5.9 >+
AA 5SmM + CdCl, S0 u M 55.6%x3.9 48.2+3.1 >+

U MTT R # A H el TRERAT RSl ezt
Independent joint action model : P(M)=P(A)*+P(B)-P(A X B)
- REHEAEN

>+ RAEREFNE

AA: % T acetaldehyde
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22 RALGRCHERRELIET HV et g
(colony assay)

Item V79 cells V79 cells V79 cells V79 cells
(add ImM (add 2.5mM (add 5SmM
Dose AA) AA) AA)

CdClL,(#M) Relative cell Relative cell Relative cell Relative cell
survival(%)  survival(%)  survival(%)  survival(%o)

0 100+2.0 96.7+8.9  74.4+25 1923420
5 100+3.8 96.9+54  68.5+6.1*° —
10 949+3.9" 774149 36242.0* —
15 81.8+3.1" 46.4+69* 11.5+35* —~
20 60.0+3.5" — — S

HEBEIER  KEPFHHEND=3)

— ! %57 no detection

*o#rF SR control A tb g HERABE 2 £ £(*1p<0.01-**:p<0.05)
a R THFAE-BEZTHLE  RERAFBRFZ £ £(a ! p<0.01)
biATHRBAE—BEXRAAHBLE  LE&ERXFHE 2 £ E(b:p<0.01)
AA: %5~ acetaldehyde
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%9 1A independent joint action model 45-# & RALSABR LA LR A E
ToH VO iR HBRARRTRAHRERZLE -

Observed Predicted
Dose Relative mortality Relative mortality Interaction
) (%)

AA ImM+CdCL 5 uM - 3.1&ND 3.3£ND —
AA 1mM + CdCl, 10 u M 22.61+4.9 8.2+ND >+
AA 1ImM+ CdCl, 154 M 53.6£6.9 20.91+9.6 >+
AA2.5mM+CdClL, 5 u M 31.5%6.1 25.6%+4.5 —

AA25mM+CdCl, 10uM  63.8£2.0 29.4+47 >+
AA2SmM+CdCL 154M  88.5%3.5 39.1%£4.1 >+

BA colony e n AU R EERTRBHHRAR

Independent joint action model : P(M)=P(A)+P(B)-P(A X B)

ND : non-detectable response
— T REBHEEHFN

>+ RAEREFR

AA: %~ acetaldehyde
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%3FE UHPRT 747 V19 ta B E RILSR M LB R R R E T » HWmp

Ty ZW o

Dose Plating efficity Mutant cells
(%) (numbers/10° cells)
Control 100.0+=3.9 0
CdClL 5 uM 84.4+4.7 0
CdCL 104 M 46.8+5.4" 4
CdCl, 154 M 30.2+3.9" 2
AA 2.5mM 71.9+5.0" 3
AA 2.5mM+CdCl, 5 u M 342421 11
AA 2.5mM+CdCl, 10 u M 7.1+1.0° 18
AA 2.5mM+CdCl, 15 4 M 2.7+0.6" 14
EMS 600pg/ml | 93.2%£1.6 173

* o kn gL control AAtbE c RERAFHE X £ (> p<0.01 » ** : p<0.05)
A THREE—BEZ LR LA/ RERFHME2 £ E(#: p<0.01)

AA:% 5~ acetaldehyde
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FN AHIALBAIRERNEAET H VI B AiRABHRATEELR
TP BAZER

Observed Predicted
Dose Mutant number Mutant number Interaction
(1x10%) (1x10%)
AA2.5mM + CdCL 5 u M 11 3 >+
AA2.5mM + CdCl, 10 u M 18 7 >+
AA25mM +CdCl, 154 M 14 5 >+

A Synergstic interaction assay model 5 # A EZ A R ESLH B R TR
EABRREHBZEE

N (AB)=N(A}+N(B)—N(C)

N(AB): AT HRALBKRRE#E >

NANB)—NEC) : Y ELREE #E -

NA): R AHEMELBREEHE NB) ABEWEARESHE
N(C): % control Z4A R EH#H o

> RABEENEGE

AA:% 5® acetaldehyde
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*+ V79 ﬁmB@P‘JZiﬁ‘@’é‘i?ﬁ‘lfi

treatment Cd (ng/10° cells)

control ND

Acetaldehyde 1mM ND

Acetaldehyde 2.5mM ND

CdCl; 104 M 104.30£2.72
CdCl; 10 u M+ Acetaldehyde 1mM 103.58£4.69
CdCl, 10 u M + Acetaldehyde 2.5mM 102.76 =4.90
CdCL 25 uM 134.40+8.21
CdCl, 25 £ M + Acetaldehyde 1mM 139.1614.94
CdCl; 25 uM + Acetaldehyde 2.5mM 136.28+8.53

HFEMEIER > RAPHHEQ=I)

ND : #% 7 lower than detection limit
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AN AHALGHEIBEREET %Vwmmiﬁﬁﬁfmﬁi%

FBALGEEREZLE -
Observed Predicted
Dose Relative mortality Relative mortality Interaction
(nmol/mg) (nmol/mg)
AA SmM +CdCl, 5 u M 0.71%+0.17 0.51+0.07 >+

AA SmM + CdCl, 10y M 0.90£0.03 0.67£0.08 >+
AA SmM + CdCl, 20 4 M 0.97£0.12 0.78£0.07 >+

LA Synergstic interaction assay model 5 # A A A B B R ftE £
ERRMAEALAREBAGEREZEE

N (AB)=N(A)*+N(B)—N(C)

N(AB) : #FH A4 MDA 24 »

N(ANB)—N(C) : £F#i A4 MDA =2 14 -

NA: £AHFHAELEMDAZME NB): B —@rﬁfﬁléﬂf_ MDA = 44 »
N(C) : % control £ 4 MDA Z {4 -

>t RABEFHREGE

AA:% 5T acetaldehyde
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&M GFAAS Bl &t k2 AR EhH

TR Sk

7% & (wavelength) 228.8nm
# &, (slit width) 0.7nm

% & § /A (lamp current) 4mA

At & (energy) ' 51

1% 7% A, 24 (carrier gas) Ar,250ml/min
BFieiE % 288 Ar,0ml/min
(carrier gas on atomization)

31.3% 3t B (signal calculation) ~ Peak area
& & % x4t Z(injection volume) 201

# & B iE(background correction) Zeeman correction

2t ERERERTFRUAELRIIHCHEABGHRLT EH

#l

2K HEBECC) FEefmi(sec) 4HeFi(sec)

(step) (temperature) (Ramp time) (Hold time)
3k (dry 1) 110 1 20
31 (dry 2) 130 5 30
#& {t(pyrolysis) 800 10 20
&A1t 1300 0 5
(atomized)
7# M (clean-out) 2450 1 3

Cd: 4 & 1545 B (Martix Modifier): 0.05mgNH,H,PO,4+0.003mgMg(NOs),
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Figls. B—ZZEFRRBEXLE

Fig17. $—2ERAZEZAMLS
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7N

=

2

&I

Z 8 1 mM & £.164% 10 uM X colony assay




[N S SR

Fig20. Z&Q.5mM)# g tsa(10 uM)EE —Fo LB R E T H VIO ta
BMAEARTGRZER -

34



Fig21. Control 48 #1 Positive control 224 V79 e & £ R R 2 &
2.
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