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+ x 4% % (Chinese Abstract)

KB E AR B A% R (MN) 2R3 34 #6324 (arecoline ~
catechin -~ glycyrrhizin #= Cu**) &+ B £ & 97 (CHO)mr 2z ta
B $¥E 2t CuCly 4% &2 arecoline~catechin & glycyrrhizin
e 2 EEEN - 2o MTT ZEstw R R AR # CHO 4@
rERBE - B4 UL REH(NDD e 2l R ERE
Wb wi R o CHO wiaxtaf it o FOlR @i a2k (flow
cytometry) Bt w# s o2 %E CHO @z ain Bt &t ikiE R
T & H 20t FH

MTT == % &£ %% arecoline ~ catechin ~ glycyrrhizin o
CuCl, e #r%) CHO wmpex 5% » @ CuCl, = arecoline -
catechin % glycyrrhizin £428% » CuCl, 7T %5 %1 & %3t & £ 89 1%
hEHAsZeBER AR EZRRERERAF catechin
G CHO wmisz tafe B & » 12 B AT ¥ catechin €& % i)
RoymslER+oFE %4%55*%}-%%%%3‘ ° $bdh 0 b AR %3 CHO
sz NDI &% # #4 4 - arecoline fw glycyrrhizin e /&8 & #o
2 NDI > & 8|34 ; catechin #= CuCl, g3 42 NDI -

EEH M PR & R 8F arecoline ~ catechin ~ glycyrrhizin
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&cwb%ﬁ%ﬁéi%%mCm>m%z%¢ﬁ%’ﬁ¢
glycyrrhizin & 0.1—3uM‘z.7‘%)§$’éE]?I'§7’J%—~7Fa M PR3 e CHO
FE MR REEEFE IR AER CuCl, T
arecoline 2 & &4 > # catechin 8] & 45 A - 124 glycyrrhizin

AlirF Rz EBEHE  BEBRETHEMARTEHIILESGFNT

MEATIHMEERET LEERMRART U R LR A
TR A BEEmp ez B E 0 12 arecoline ~ catechin
Fa glycyrrhizin 4 & #p 4] Go/G; phase 2 4R -

#3 2 arecoline » catechin » glycyrrhizin 4= CuCl, B35 % 4
¥ CHO wifmistiBE s BALFRCZIR4ER

X EAER -



% %42 (English Abstract)

Betel chewing is a widespread habit in Taiwan, Southeast
Asia and India. According to the statistical data of 1994, we
know that the amount of betel quid chewier is about 10-
15% of total population on earth, and the consumers of
betel quid are still growing. Unfortunately, many
investigators have shown that the habit of chewing betel
quid is correlated to the high incidence of oral cancer and
esophageal éarcinoma (Muir and Kirk,1960; Hirayama,
1986; IARC,1985). However, the chemical ingredients of
betel quid are a complex mixture including arecoline, Cu?*,
catechin and glycyrrhizin. Since betel quid chewing exposes
the consumer to a mixture of these compounds, a study of
cytogenotoxicity of these compounds are important to
understand their beneficial and harmful effects. Therefore,
in this study, micronucleus (MN) test was employed to
measure the genotoxic potential of arecoline, catechin,

glycyrrhizin and Cu?*in Chinese hamster ovary (CHO) Cells.
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Our results showed that all of the four ingredients of
betel quid, arecoline, catechin, glycyrrhizin and Cu?*,
significantly elevated the number of micronucleated cells,
and glycyrrhizin caused genotoxicity in a concentration-
dependent manner. In addition, the genotoxic interactions
of Cu?* and arecoline, catechin or glytyrrhizin were complex.
Cu?* attenuated the genotoxicity of glycyrrhizin, however,
potentia'ted the genotoxicity of arecoline, but did not affect
the genotoxicity of catechin.

In this‘study, MTT assay, nuclear division index (NDI)
and cell morphological change were conducted to study the
cytotoxicity of the four ingredients of betel quid in CHO

cells.

The results of MTT assay showed that all of the four
compounds at high concentrations significantly decreased
the viability of CHO cells, but Cu?* attenuated the
cytotoxicity of arecoline, catechin or glycyrrhizin,

respectively. In observation of cell morphology found that
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only catechin could cause the morphological change in CHO
cells. On the other hand, the results of NDI were complex,
both arecoline and glycyrrhizin increased cell proliferation
at lower concentrations, but depressed cell proliferation at
higher concentrations. In addition, both catechin and CucCl,
increased cell proliferation. Finally, the results of flow
cytometry showed that any of the four ingredients didn’t
cause hypoploidy cells, change cellular size, and affect
cellular glandularity. Obviously, the four ingredients didn't
cause apdptosis in CHO cells.

According to these findings, it is concluded that all the
four ingredients of betel quid cause both genotoxicity and
cytotoxicity in CHO cells. However, the cytogenotoxic
interactions among these ingredients of betel quid are

complex.



4 3% (Introduction)

— ~HBRR

¥R E (Areca fruit) &M s 44 #r(Areca catechu L.)
MERE - TRBEFBEWEE £ L AR 2 T (Betel nut)#
B A~ BBE - A 4B BRI RTEHRE AR 1989) -

= WA iR @

BWMEEASAEKD B~ 5288 SB4Y By - 5k
SR % fexa ek (R—)(Mujumder et al.,1979) - & & &%/t
SR EMERK T E R EF A2 EME(Mujumder et al., 1979 ;

Hwang et al.,1992) -
1. B28t4Y

AP S 4oty By 3ibo- 4 catechin dimers » leucocyanidin
dimers » leucopleargonodin (Mathew and Govindarajan,

1969) -



2. EHR

EMERYEVALEBARNSHAGENER  H 5 A

arecoline ~ arecaidine ~ guvacoline ~ gucacine # arecolidine

(Mujumdar et al.,1979) - £ ¥t arecoline ¥4 EHY¥E (=

fa% > 1993 ; Wang et al.,1997) -

e}

Table 1. compostion of tender and ripe betel nuts

Constituents Tender nut(%) Ripe nut(%)
Water extractive 75 20-30
Polyphenols 40 11-18
Alksloids 0-0.1 0.2-0.24
Fat 1-4 10-15

Free fatty acids 1.5-6.7 Drcrease
Polysaccharides 5 25

Crude fiber 1-2 15

N, Mineral matter, 1.1-3.8 Decrease

Water -soluble
ash, Water-
insoluble ash

(Mujumder et al.,1979)



N £l 3=D 3% d

HAEREERABREXGEF N > AETER > B AEEHT
HEEH M RRAEMENAA - ERTEYE  EARAFRETE
TR (4 0 1989) - Eﬁﬁﬁ?‘%‘%@?#ﬁ%%kﬂ%&%é:ﬁj\
+3 A(FAe3r 0 1993) » FHHEABRGHR 14-23 (Ko et
al,1992) ; AN S SERLELEENURESETES > LA
Bopgmis® A 80%f&E#E EA M(Kwan » 1976)
BB AHNERGHREREER  TERBAINBERE FH 0
EHRABAEMEIEERESN  HloBhTRAELEANBRESEF
%T%@@%%@%ﬁﬁ%%%u%@ﬁ%%oxgw&S#@%%
EAREZ4(JARC)HE Y » RECHE RABHEEARSIEE —a
BeERopE NEERLGHEMITCERUBERBEENAAR
4 (IARC » 1985) - {2 # 4T % 2 £ R EARH KB £ i =8

AAE AL O REgR S BB AR B o
1. % %R2RE

BASREMOATERER L ARBEHELEEFRESRL T
CEAER 1979 £ 1985 SHEABRATEREAZRS T 2.5

£ AEBMBITHE SERBL ) ROBEEE T A B GHE



BIg2 45 5k 86.2%%& 70% (£ 1993) B4 ELER
BEAEREIFAEEREMTEEREMEEN T REELE
i A& B (Dunham et al.,1966) - B4 L FHEMGARER > W 2
BREMAFE > SBRBARBEODEREARE L2 HBERERY
=42 —(WHO » 1984) - &u&bmtb$mﬁf#%’#ﬁmimgm§g,aig

8B -
2. BEREKR

BHRE PR Y EORESE RABReLER T HEEHE B8 -
FaB4E(HE > 1990) - M BR T IMERSRERGRBERE 4
Foa B FHRTAER - A oBBEEEBEIETRT
EHRET  ThHEEGIIR-ELEEFRXARENEGEE  wEHERE
(leukoplkia) -~ o przE s T 4 416 (oral submucous fibrosis; OSF)
FRATMm (% 0 1990) -

CBF%D%%ﬁ?ﬁﬁﬁ%ﬁ%’ﬁﬁ%ﬂﬂﬁ‘%%‘D%
BESGRELEFEK HEER  HMRT FHME arecoline -
arecaidine € Rl BB e Fmib23% 4 L¢B R & a(collagen)ss &
RERM  LRGEMNSBREG YA REHN EBHAITE(Harvey

et al,,1986) - A4 > sIEHAMF ¥ 2 tannins & (+)-catechin



AR ERCHHBREE G 58 E(collagenase) sy iE i -
SEREL B & i S T IE(SCUtt et al., 1987)« 24 b b & R4 4o -
OSF " R E#E F WM -

W~ R R S Z - E R

BB G 0 1994 FREBEHOARLE2FA0H 10-
15% » 3% 4 £ 5 & F (Pickwell et al.,,1994) - & st » iz
Z2MZIBEANIELERLINER - HIMANRIBELIHA TS
arecoline, Cu?*, catechin, #=glycyrrhizin (Nanda and Kapoor,
1971 ; Arjung, 1976 ; Hennings, 1981 ; Stich and Stich,

1982) -

1. arecoline

AME4E i arecoline ¢ 4R L AN FREBEALERE AN
R 3 o bbbk 2t &, 32 65 X 3% (Panigraphi and Rao,1982 ; 1983) -
B ¥ CHO et & %48 A& R %4 A (Dave et al., 1992) -
Sinha & Rao f&£ 1985 #4354 arecoline ¢ 8 B4 Frafp Al
8 R E% A DNA 4 0E A% £ 448 - Sharan & Wary (1992)7F

4% arecoline A FEEBR € T BM AR REBEAIZE
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Hep 2 migey DNA & BlE i A s fL -

2. catechin # glycyrrhizin

b catechin s & glycyrrhizin sb =23 BB A EE4%ER -
Nagabhushan #» Bhide(1988) &34 435 H I8 » FE4T A ML
RE® ok Salmonella typhimurium strain TAS8 Fri& k=
R4 T4 catechu extract # catechin 354t - Jain £ A
(1989) 4.3 88 catechin & # %l ¥ Salmonella typhimurium
strain TA100 & N-methyl-N-nitro-N-nitrosoguanidine
(MNNG) % 4 & /1 - Nishino % A(1986) 45 ¥ 5435 & glycyrrhizic
acid (aglycone of glycyrrhizin) ¢ ##] teleocidin & TPA ¢
8 & JB i AR B9 4B AE4E A (tumor promotion) - 41 B B2 3%
glycyrrhizic acid & 3% & 24 glycyrrhizin ¢ & £ R A » B %
glycyrrhizin k&M B & & % 16iE 5 8 & glycyrrhizic
acid - Abe £ A(1987) &4 % K glycyrrhizic acid € #p#] B16 %a
ey A R AR A AL R & F(melanogenesis) sy £ A - 12
catechin #= glycyrrhizin A HHERFTAREBEER? %D

EEERR -
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3. copper
FEBRATHRTFER 29 RTER 63.54 @A Ib
% AR R+1 {F ~ +2 {F# F(Harrison, 1974) > fA% 4 B
BERERMAHN B ER—BREOER -FHLEHIWEY -
A# 50%e94Re B AL B RN BRI TMET - bBRWEAALABN &
BABRKE A AR S EEREIR > BT
VIR R ARARLENLE  EABOH SR EL
ferroxidases > cytochrome oxidase - superoxide dismutase
% amine oxidase # & RMABTHHFLE - RABBNEZEEHR
& 2mg - ZHIRB S HFBREETES 15-75mg)Rl kA § &=
et o EXHAMABRERERMEAT HNHT - HRELEH
BBAERBHGEREL HFRBRAFEEET - $A L0 REHEH
HHBANETERARFAERNEEE MERNRES 288
Bl 2R B R o AT AR BT R B & RFH - st
FEARAREARBRIEF ™ &EIEASEEEME R Wilson’s
disease - B AT R A -V #R% % R4z EEF 1 - Sideris %(1981)
R ALELAFAL Bt DNA &4 &% - Singh and

Sharma (1981)F#4E A Z L RNE AR RE T FHD a2
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SEAu B H AR o b Trivedy ¥ A(1997) #4445 &
RS SR 4R 8 ARy B4R 0 e SE R T 4 41t (oral submucous
fibrosis ; OSF)ey mEE L E—BEEZNAL - LEABRYE
(collagen) ty sk 4 Fta o (fibroblast) P R 2 A A e A i
(keratinocytes) # #r 7T % & lysyl oxidase ¥ju » LB 7T 4 & 1B
§ et P 3| A ) < -

BN VR RE LN R REDEEME RS O 2 iR
BERGE > M GHENE ARG EE O e Sk R
#u(Stich et al., 1982 ; 1986 S’;ich and Rosin, 1984) - § &
SR @M% A% & & arecoline » catechin » glycyrrhizin »
Cu*Ra#H¥  FUABEILEOHZIHMRERAALENREELALE
FaAEE

B -FEBH:

1.8 #0145 (MN) R 48 arecoline » catechin » glycyrrhizin
FuCu" £ CHO e R E A - REF MR ML E B EMH 9
2. 2425 8 (NDI) & MTT % (cell viability) 4412 w % #534

BRARTER miHL?

o

BHAEILEMSEREZLOEERAR T ERIREZ 8T

13



(cell morphology)Z & £ A% 1L ?
4.3 sk X = A (flow cytometry)igst 2% CHO iz
#e 38 #8 (cell cycle) st & 4a i 8+ (apoptosis) ey & % -
DEHBEMAR T LI LS R ESNME RS T

ﬁgo
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(Materials and Methods)

- PLELEC R

— -~ B RE

FTrESHa Sigma 23(£8)

1.Cytochalasin B
2.Adriamycin
3.Arecoline
4.Catechin
5.Glycyrrhizic acid

6.MTT (3-[4,5-Dimethylthiazol2-yl]-2, 5 - diphenyl -
tetrazolium bromide)

7.Glycine

8.RNase

9.PI

FTr#mEE Gibco 2 F(£H)

1.Trypsin (0.25%)
2.Dulbecco’s phosphate Buffered Saline
3.Minimum Essential Medium
4.Foetal Bovine Serum
5.PSN (Antibiotic mixture)
4 Penicillin
Streptomycin
Neomycin

15



FH#aLEE Merck 23 (488)

1.Potassium Chloride

2.Giemsa
3.Fix sol'n (Methanol : Acetic acid = 3: 1)

4.CuCl,.2H,0
5.DMSO (Dimethyl sulfoxide )
6.NaCl

7.Ethanol

AR RREERZIARE

1. CuCly.2H,0 : # CuCl,.2H,0 Emikid ey Reg Kk » B R
AHHBEA TG RERE -

2. Adriamycin : #% Adriamycin AR BB EEA T BB
TRBBEMEHRERE -

3. Arecoline: #% Arecoline :Z#W BB ALY » BB H 2
HREMEORERE -

4. Catechin : # Catechin B RBRBAY  BREHNBE
BEMEBHRKRE -

5. Glycyrrhizin : ¥ Glycyrrhizin R g ey kemk s » $48

B HREMENRERAE -

16



6. Sorenseu’s glycine buffer: = 0.1M 5 NaCl 4 30ml &
#%#8K > B 0.1M glycine> B 1M NaOH B pH % 10.5 -
FE kg E S0mI -

7. MEM

ol Tl — A% MEM todr ik > hoastit .4y (NaHCO,)
2.2g o — Az k#FAY c ApHMEE 7.25% 0 @E R
% o

8. Cytochalasiﬁ B (Cyt-B)
ﬁ%Q&B%%ﬁ%%DMa)#%&E%Q%memuwk
HBSS ##4 0.5mg/mi - |

9. 0.075mM KCI ({&3E%%&)
B 0.54g KCl 7 100m| = k4K o

10. 5ul RNase
# 10pg/ul s =k K # & 50ug/c.c.

11. 10ul PI

# 0.5mag/c.c.iz» PBS ## & Sug/c.c.

17



i

BB

1.%& #3%& 4 ¢ (Lamina Flows) :
a. kg 1 Bellco
b.#ig¢ : 8001-74000
C. 4 # 4 : Canada
2.3x %4 (Incubator) :
a. kg : Nadaire
b.#3E : IR AUTOFLOW
C.HAE# U S A,
3.2.w#%(Centrifuge) :
a.m e Hettich - Zentrifugen
b. A 5% - ROTANTA/R
C.# & 3 : Tuttlingen
4.4 B #(Slide Warmer) :
a.® ke 1 Fisher Scientific
b.&lg% 77
c. g U. S, A
5.k % #(Shaker Bath 130) :
a.fkrg © Firstek
b3 : B 202 -Tr
C.HAH :U. S A
6.4 803+ % % (Hemocytometer) :
Reichert-Jung

18



7. %2 g4 (Microscope) ¢
a.mhe : Nikon
b.#1 %% : Microphot - FAX
C.iH & ¥t Japan

8.EFXF
a.mkhe * Mettler
b.# %% : AE 240
c.# &3 : Canada

0.4 SLERBH SR
a. g - Nikon
b.#1 % : phase contrast 2 ELWD 0.3
C.H & ¥ Japan

10. Bl m) 44
a. g c WTW
b.#3%% : PH 537
C.# 23 : Germany

11. 98 XKRER
a.Mhg © Firstek Scientific
b.#3% : S101D
C.# & ¥ : Taiwan

12.Microplate Reader
a.f kg Metertech
b.Zl5 - £960
C.H Z ¥ : Taiwan

19



13.Flow cytometer
a.fx e @ Becton-Dickinson
b.#i %% : FACS-Calibur
C.H Z#  US.A

W~ B B4 ARE

1.k B BEa% & - Kodak T-max
2.% h %A+ Dektal
3.BARERZHE  Kodak T fixer
4.% kR ' Kodak
5.8 p : Ilford
6. AM

a.®k g © Meopta

b.# % : Opemus 6

C.# A3 Japan



TRTBRY %

— ~ 32 % (Cell Culture) :

*PE LR e (CHO)mm LiapBing 12 E 1 af
#| B % i3 2 % (Hemocytometer)# 4% 5x10% 8 CHO i B
ANEEBEm P

\J
k4 10% 4 4% (Fetal bovine serum ; FCS)& 1%
Antibiotic mixture (Penicillin, Streptomycin, Neomycin ;

PSN)#y 5ml 32 % & (Minimum Essential Medium ; MEM)

A

KASE 5% CO, 4745 A ey 37°C ek
\’

3% 24 [ EF
\:

oA BHE R B R 60 B 4y

W4 a5 B PSN #3857 &
\:

YR 2 48015
\:

%+ B3e % oL PBS Bk 2
2

AuNHT B A F 63 AR AR R CHO wiax s Fid % ~ 4
IEERFRRBEBRS M eEB e AT

21



=~ st ik (Micronucleus Assay ; MN) : (Fenech
and Morley, 1985)"""‘vi

1.4 @ 5x10° @ CHO @t

2.8% |
Arecoline (0.03-10uM)
Catechin (1-3uM)
Glycyrrhyzin (0.1-3uM)
CuCl, (30-300uM)
Cytochalasin B (0.5mg/ml)
Trypan biue (0.4%)
Trypsin (0.25%)
KCl (75mM)

Fix sol'n (methanol : acetic acid = 3: 1)
3% Giemsa (pH6.4)

3.4 5 * Microscope

4. REHMRE

5x10%48 CHO #a g
\

24k 24 B
\

MATRERE &4

% 30uM Cyt-B m R4 b iF 232 ikt k
\J

ER 2 /e

22



\:
% B AkRit A PBS Fiktath 2 K
\
e 30uM Cyt-B B4 hFZ s kst
\J
B%& 18 @/ e
\!
taf g 0.25% Trypsin g 2
\J
HERFaie

5. Micronucleus = # # :

ReiFegtagpel 1200 rpm # o 8min

2

2% 75mM KCl £7 6min $8 & 5RrH 4
\

A 1200 rpm &< 8min
\:

Bl EFR
\

wE B A Sml B RRESHEHE 30min
2

2 1200 rpm # < 8min
\

#E EFmitimA Sml B ERAEE S5min

23



\
24 1200 rpm #.< 8min

\:

13 bR 3t e A 3ml B R AR 3min
\E

2 1200 rpm #. 8min
\:

Ao NV E R LR e iR 635
\E

RS RBEHLACENER R RS HA
s

BHR k0 R 3%F RE e (Giemsa)Zk & Smin
\:

LM TEZRE 1000 BB @ T A72 MN( Fig. 1) #
B

=~ tafaf7 % % (Cell Viability) : (Plumb, et al., 1989)

1.4a88 : 1x10%48 CHO @
2.85%
Arecoline 3uM
Catechin 10uM
Glycyrrhyzin 3uM
CuCl, 300uM
MTT 50ul
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DMSO - Sorensen’s glycine buffer = 8 : 1
3.8 |

ELISA
4.REHLE :
1x10°48 CHO &
2
# A 96-well microplate
\s
sk 24 b eE
\:
AT B R B
WA G dn 5 23R BRI R
L
YR 2 1 BF
\
HEBER
\2
Ao Nt 2 3 R R R
s
sk 18 18/ o5
\:
W& ta i

25



S..aBELH ¢

bl E TR B R R
2

FoNBLAF e 200ul MTT &%
\:

HE— N
\

®E MTT &%

s 200ul DMSO-Soresen’s glycine buffer jx:%
\

wEEXREREE 10 54 > 54 formazan
v

# A ELISA 4% % £ 570nm i 48 3
\:

W B B

w ~ LM 48R 4 #7 k (Flow Cytometer) : (Ormerod,
1994)

1.488 : 1x10%48 CHO @

2.8 5% ¢

Arecoline 3uM
Catechin 10uM
Glycyrrhyzin 3uM
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CuCl, 300uM

PBS

Ethanol

Trypsin 0.25%
3.48 ¢

Flow Cytometer
4. REHRE
1x10°48 CHO %=
\:
A4 24 BF
\
WAFREREEY
PR o 255 R OB
\:
ER 2 /B
\J
BEBAREA PBS #ktam 2 K
\A
PPN R 33 E 3
ol
& 18 M8 ef
o
gz 0.25% Trypsin &3
\
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KERFb

S.mpth¥ 4 -

Bt
\

24 1200rpm &< 5min
\:

%+ E#mitn 1ml PBS sk
\

2 1200rpm #:.s 5min
\X

#HE bFxiEmA 1ml PBS Ex#k
\:

2 1200rpm & 5min
\:

#E LF it 300pl PBS &g A 700ul Alcohol mx Bz
\:

% E-20C 24 pu¢

-
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EH oA e
6. LBATRE

2A 1200rpm #.s S5min
\:
NI
\:
D-PBS #% (% Triton-x)
\:
2 1200rpm &< 5min» £ E#F %
\
#a 985ul PBS
5ul RNase
10wl PI
\:
nlccs iRtz AHEN 200 B 5 HBE
\
HN 845 % &9 Eppendorf X # ¢

7 ~ &3t 547 (Statistical Analysis) :

tappE & £ (Viability) » #00(MN)2 & £ mean £S.E.M,
2R TR ex R4 & &£ 5 0 Student’s t-test &
%4 one way analysis of variance (ANOVA) 45 #F » #K4& 4

Dunnet's test &34 » sA p<0.05 2 Ba 51 £ B 2 F|#iKE -
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# F (Results)
— ~ 200 % (MN)

1. arecoline¥catechin~glycyrrhizin #= CuCl, #1.£ CHO
MR ZERHFE

i Table 2 W& REEF > EHRax O.lp,M adriamycin
(42.2 L22)BEFBEHRITZ R BIBEAE - BHRE
(12.3 =1.1)48k % : arecoline &£ 1uM (33.6 £2.9)%= 3uM
(27.0 £2.6) ; CuCl, £ % & & : 100uM (34.4 +2.6)%s
300uM (31.4 £2.7); catechin £ %R % : 3uM (28.6 £2.3)
2 10uM (28.9 =2.8); ta & glycyrrhizin & 0.1uM (22.3 +
1.0)~0.3uM (29.2 =2.1) ~ 1uM (35.5 £2.9)#= 3uM (36.6
+5.2)34 adriamycCin —#4 B F B E %t £ B3 CHO &

jez MN # - E glycyrrhizin sig EA8 B 558 E 5% -

2. CuCl, o L ek o0& CHO fmpa 2 £ 5 B/ 54 ¢
a. CuCl, #1 Arecoline 2 X g4 R :

4 Table 3 pr8a>w > arecoline £ 0.3uM TR E A 28
g A 12.0 £1.2 a4 RB4a(10.5 Z14)Bent &g
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#et 24 > 30uM CuCl, (15.0 £0.7)e & BE 4t £ A2 MN
# - % 30uM CuCl, & 0.3uM arecoline A8 &2 MN %
21.8 £2.1 > B asatb A BE R £ B w8
#1 arecoline alone Aatb & B B EF %3t £ E&93¥%w MN % -
~b. CuCl, st Catechin 2%z 48 : |

4 Table 3 Fr 85w > catechin & iuM T HAFE & 2 B0
22 135 £1.0 24884 (10.5 1. 4) Btk e EE st £
R &y¥he 5 f 30uM CuCl, & 1uM catechin 48 s 2 MN
#A 155 +1.2 @B 5 catechin alone fgt&$ &£ 88
55t £ 2 02 bk I A E -
c.CuCl, ¢ Glycyrrhizin = £ 548

4o Table 3 #-7 @ glycyrrhizin &£ 0.1uM TR rr & 4 2 8%
NEEE 24.8 £1.9 AR (105 t14) BB A BEEL
W E R & 30uM CuCl, #2 0.1uM glycyrrhizin 48 fepr
iz MN #2% 14.5 £1.8> & glycyrrhizin saia b i £ Ba ¥

St 2 R AR BRAEUNER -
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.

=~ o H ey #(NDI)

i1.Arecoline - Catechin - Glycyrrhizin # CuCl, # CHO

ez NDI e

a. £ CHO wmmp ¥+ - £ A EE arecoline (0.03-10uM)z NDI

& : & Fig.8 sy & R A » arecoline 0.03uM = NDI 4 %
1.99 =0.02 a3 B4 (1.76 £0.01)8 bR 2 A B 43t
ZREN¥ s E et - @ arecoline 10uM 2z NDI 45 %
1.69 £0.01 a4 4(1.76 =0.01)B bR EF B Z 43t
£ EZoh#p 4l 5 2 ey3s % @ arecoline 0.3uM~1uM %0 3uM
4 NDI #&45% 1.79 +0.01~1.77 +0.01 4 1.78 +

0.01 sujr#lafatb B BEERITER -

. #£ CHO t@afe ¥+ » K& & catechin (1-10uM)x= NDI 45 :

g Fig.9 #y4 £ 8~ » catechin 3uM (1.85 =0.01)%
catechin 10uM (1.84 +0.01) = NDIja#i#824 (1.76
+0.01) BB EERABERTZZNE B S R0
# : catechin 1uM (1.77 £0.0)#1ix 4t £ 8

FHir 2R OB ENDIAE -

c. &£ CHO wmpe ¥ » REEA glycyrrhizin (0.1-3uM)= NDI
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18
& Fig.10 é@é@%fzﬁ »glycyrrhizin 0.1uM~0.3uM #e 1uM
z NDI 444 %% 1.86 +0.01+1.85 +0.01 4= 1.87 +
0.01 s 4 (1.76 =0.01) b8 A B E st £ By
heis S H eI M glycylrrhizin 3uM = NDI{g 4 1.70 +
001ﬁ%%&ﬁ%ﬁ%i%%%%ﬁi%%%%ﬁ%%ﬁ
§i o

d. &£ CHO @+ - R EEZ CuCl,(30-300uM) = NDI 4 :
# Fig.11 &4 4 £ &~ >100uM CuCl, 2 NDI % 1.87 +0.01
¥R (1.76 £0.01)i8 b3 24 B E st £ B 43 uix
A B ey35# > @ 30uM CuCl, 2 300uM CuCl, = NDI 4 42

HBEMLBRBERITZENPENDIA -

2.CuC|2$ﬂ¥$’E’ﬁﬂ%ﬁE6}»ﬁ: CHO s> NDI %5 #AR

a. &£ CHO @+ » AERE CuCl, &1 arecoline R4 A2
NDI 45 :
i Fig.12 ¢4 £ 8+~ » 0.3uM arecoline 2 NDI & %4 1.92
+0.01 248 4(1.98 £0.0) BB ERBEEH#ITLEY

%% NDI & - M 30uM CuCl,+0.3uM arecoline (1.99 =+
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0.01)s1 arecoline alone MR EBHEERITLENBE
NDI & - |

b. £ CHO ¥ » KE#E CuCl, & glycyrrhizin % Z4 A
z NDI 4 -
i Fig.13 94 £ 8~ -0.1uM glycyrrhizin = NDI & % 2.06
+0.01 %8 4(1.98 £0.01)4 bb%ﬁi%%ﬁ%%%’r%%\é@
%% NDI 44 - @ 30uM CuCl,+0.1uM glycyrrhizin (2.01

+0.01)$ glycyrrhizin alone b fBE AT LEY

RS

3y

& o

<

7.

ZtmppGiER

i. arecoline - catechin - glycyrrhizin - CuCl, #
adriamycin % CHO sz % &

Table 1 # s~ » 3uM arecoline - 10uM catechin - 3uM
glycyrrhizin~300uM CuCl,~0.1uM adriamycin g4 % 4 £ CHO
a2 R ER 5% %:0.72 =0.03-0.78 =0.03-0.75 =0.02 ~
0.98+0.02-0.91%+0.04 #= 1.17 £0.01- %57 3uM arecoline -

10uM catechin ~ 3uM glycyrrhizin ~ 300uM CuCl, & 0.1uM
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adriamycin ¢ B4 8% 43t £ R o994 CHO mpp 2 775 % -

300uM CuCl, 4~%]#= 3uM arecoline ~ 10uM catechin ~ 3uM
glycyrrhizin 48 ;v £ CHO tmpa 5575 £ 4 51 % 0.79 £0.02-0.96 +
0.01 %2 0.81 +0.01- st& %4 3uM arecoline (0.72 £0.03) >
10uM catechin (0.78 =0.03):3uM gly'cyrrhizi.n (0.75 £0.02)
ﬁ%ﬁ&z&%%%ﬁ&imo@%ﬁ%%%%%%azgﬁiﬁ,
sk % 300uM CuCl, 7T 4% 3uM arecoline » 10uM catechin #=
3uM glycyrrhizin ¢ CHO % gz e &% o

w ~ A & (cell morphology)

AR FZ e & Fig.l RAETFHEMET 640X Frinsk
R R ZAB LM T A phase 2 21 200X fria#E -

Fig. 2 B4 B2 CHO tafis, Rita o 24 @& BN intm »
LT ARBRN  @REEFHTR  BRRBSBAERANTE
Hrém g o

Fig. 3 #8874 3uM arecoline £z CHO it @ Si¥ R a4
RS RARNE R TABRERAN  @RSFHRTA &
TRRANGRGA TR -
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Fig. 4 #-w4& 10uM catechin R x CHO @js @ SR 48
e REFAR W ReZ e R8ErH B4
RERWT R mig o

Fig. 5;6; 7 #3874 3uM glycyrrhizin » 300uM CuCl,
#2 0.1uM adriamycin £ 2 CHO b ' it RBaamt At &

BBATLYE mIR R BEEAN @B AWTE el fEENE -

AR RER

%8 arecoline ~ catechin ~ glycyrrhizin #= CuCl, st
FWG > B FHERAIRNEBATRTEhmEATHR
& - Fig.14 prsx » 3uM arecoline ~ 10uM catechin ~ 3uM
glycyrrhizin 42 300uM CuCl, £ CHO % — 8% » 24 PI #%
DNA #: &4 » 34 &2 ot il — f5 4% (hypoploidy cell 5 4%
FRoemap)hR > BLEEBRRARITAREE CHO ga}%@%
5 35 (Fig. 16) 4w ta i 1 5540 2 284 & (Fig.17) - 12 ModFitLT 4
b B IR X & 2 5 4 B (Fig.15) » 4o Table 4 prow
arecoline ~ catechin ~ glycyrrhizin #v CuCl, /v 48 45 tm f38

etk 2z Go/G, phase B 4tk (%) 4% & 40.7 » 42,95
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43.24 - 37.5; &£ S phase pitheh 8 4t (%) 5 3 & 43.45 »
40.75>40.41 > 45.92 ; G,/M phase s 48 4 tb(%) 2 7]
& 15.85: 16.48 - 16.35 > 16.59 4-%|4a # 58 48 48 1 (G,/ G,
phase : 38.16 ; S phase : 44.28 ; G,/M phase : 17.57) ;
2 3uM arecoline ~ 10uM catechin ~ 3uM glycyrrhizin #o

0.1uM adriamycin # G,/G, phase block BR % o
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3t (Discussion)

AR W R 2 arecoline ~ catechin ~ glycyrrhizin
Fo CUuClL £ &k B ¥ se 1% CHO wmpeg 275 % » f CuCl, =7 453 &
1% arecoline ~ glycyrrhizin 2 catechin 2z CHO @& - 124
o ¥ # (NDI) 2 #F %2 & R Bl & 4 # © arecoline (10pM) 4o
glycyrrhizin (3uM)fe & & /Z 844! NDI > {2 4% & & B]3% /v NDI ;
catechin 4 3-10uM ;R E B34 NDI ; Cu? gl 100uM 8%+T3%
#v NDI - arecoline £/&RE TR Blafon H - 2[R ERIH 2
Ve Fo B 2 04 A — Bk - Wang and Lee (1996)% #.4%
a‘%%%z%*ﬁ"%bé\%a‘aﬁm%%ﬁ%&% 100pg/ml & =T 4p 4] CHO
b 3 A g R -5 % (1998) % 5 arecoline £4&:& & 0.1ug/ml
1.0ug/ml » 10pug/ml €42 & F & 4 4% & = s (human gingival
fibroblasts)eys s - @ arecoline ;E& £ 100ug/ml &5 &4 %] F
RBEFalatk - b BEERVEEILLHERBETRES
By catechin (10uM)TeARER 2% CHO wWfg Rl fE - Fbm R
BREEFURAGFT EREFN 0B ERARRFMEL 23 wWH
BHARTERRETEA e EHRATHTY -

A ORI A FIMAE BB E A & T4 REB (5

38



1991) R A B itEE - AAARUUEEMARIHUEEESL
3£ B CHO me S0 B3 - arecoline A B A
BHERZRETHELSEIRE - Trivedi % (1993) 3 &
arecoline ¢ £ 4% E& %A CHO w6 2l &
(chromosome aberrations)#g £ v b4k $t & 5 88 5 % (SCES) 4z
% > f B arecoline z&bﬁﬁ@;éﬁ?ﬁ&niwtine Fii 3% - Dave
%(1992) £ b & arecoline Foig#rF 5By CHO w134
Ptk > PR A arecoline HE R AR FEZERSL ©

# K Cu® @ cancer i % # £ # B (Howell,1958;
Linder,1983) » {242 A5F % CuCl, ## CHO ‘% ¥ A5 ey ki %
oo Rib2H 44 CU>*AA KM E M > Bhunya (1996)4] /A
micronucleus test 4% copper culphate T % % Z 4 &
clastogenic R /& - £ Ea&RBT CuSO, ¥ chick (in vivo) &
A EEEm - Agarwal et al. (1990)ey## % 7431 CuSO, £
A& &(n vivo) #h & 88 @ i 2% A £ & 2 87 2 (chromosome
break) - Sideris %(1981) &y st &85 Cu?r & H 28 DNA 854 5
VB B-5 4 42 3% - Patishvili 4(1987)# CU* e st A KB aih > &

RBERCU T8 /e DNA sy azafeige v - A CUM R -8 4
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BRERF -

T BB UK T B3R A b4 &35 glycyrrhizin #w catechin A iurgs
FobiB% 246 B - Nishino %(1984)#% & glycyrrhizin =T #
7,12-dimethyl-benzo (2) anthracene #= teleocidin #&£. & &
A4 & Fm - Sasaki %(1989) x4 &, glycyrrhizin i ¥ ras cell
Cycle £ Go/G; phase %ﬁﬁ%ﬂk%ﬁﬁ%ééﬁﬁé@i?% - Ohtsuka #
(1995) 77 % . Sho-saiko-to z & 4 glycyrrhizin =T 4% AF-2 £
Salmonella typimurium strain TA 100 2% B4 - Abe £ A
(1987) &3 & & glycyrrhizic acid ¢#p4] B16 mpgey &£ & & #lik
B % 4 2 &% (melanogenesis) 4 A © skt - Nagabhushan #o
Bhide (1988)3s i catechu F #4s#e catechin R R L B¢t -
BETRBERAEENZIERN AL Salmonella typhimuium
strain TA 98 z s R # £ - Jain %#(1989)7r#1 4 catechin T4
$#. N-methyl-N-nitro-N-nitrosoguanidine 4#& Salmonella
typhimurium strain TA 100 z 2 R ¢ £ - & m £ A5t % - catechin
fu glycyrrhizin % CHO &je¥y BA BE &M - My RETRE
1oty B E it 8 - Bandyopadhyay %(1986)3k 4 catechin T4

Salmonella strain &R RG L e hmd R e Z - Girl
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%(1987)1. catechin g/ #4-& & (Male Mice)# % 5.7 3% o
Na R B bk & o 2 X # % (SCEs) - 28(1998)w # %
#5 ¥ catechin €4& CHO % SCES A% BAE GRS > EMEHE
A Er R - Fik catechin #» glycyrrhizin =z mE&Ee48F)F »
THANBKAZEL FTEBEFARAM o &I KHE & # 3
catechin #= glycyrrhizin ﬁﬁi%w%%ﬁ EEEFNE > EEER
B 3B B B A A < SR CUCl, A 5 AR A%
BEEEEFM ’ﬁEIF%{& glycyrrhizin z 4% & - Cai #= Cherian
(1996) A4 & Zn?*fu Cu?* T BfRy-4F 8 R -FM B R AT R 2 %t
5,887 % (CA) 24k A « 5 b » CUCl, T Aw 3k arecoline z 4§ &4t
Rahman % (1992) 744 CuCl, T w3k quercetin %] 4 a4 g
DNA #4238 - A A% CuCl, RF%E catechin = @& -
R BMART L X ERBEFETRBEEM  GELE—FEF -
f A % arecoline: catechin #= glycyrrhizin s Go/G,
phase ¥p#l2 kR @ EWEERMARTH AR SUub G, e » &
AYELmp R M umBBERE c FAULTER T ERTREST
R R AT > A& CHO @iz 7% 4748 CHO @izt m

& o
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g

1.arecoline - cateéhin » glycyrrhizin 4 CuCl, 2 w#£#%
WARYYEE wp s EEEN AARBREEMERE
CHO @ % > ﬁﬁutbm%@%a‘?ﬁ%ﬁk ARG IR T T AR
£ OSF ok - 2. mBBEMARST EZRE €MD CHO tapp 5%
£ hBEEE &wﬁ%&@%%%ﬁxx@@@%ﬁt A
BEEX REEERGER > £ in vivo T %i:ﬁ"*é’]%ﬁk%ﬁ‘x
BRI - BB W EEMARSFHEEARFEI ML LdF 0K
Z B R %) B arecoline 48 €7 glycyrrhizin. catechin % = »
CuCl, Bk o BE 4R $bva 48 3 o A2 ARG 2 30 35 45 A0 5 M e b3y T
fefo o e A B - 4.3b9h - CuCl, T3/ arecoline » catechin
% glycyrrhizin 2 o &1 > 77 T B4 glycyrrhizin & £ 4
fem3g arecoline z&E#M - ¥ catechin 2 B2 & 482 %
Bopmulep- AEsR2 oA BEHERE  BARAR2

N AERBZREETHERE—FEF
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[ & (Figures and Tables)

Table 1. Effects of arecoline (Arec), catechin (Cate),
glycyrrhizin (Gly) and CuCl, on cell viability in CHO cells.

Concentration
Treatment (M) O.D. % Control
Control — 1.17+0.01 100
Adrimycin 0.1 ‘ ().91:*:0.0.4a 78
Arecoline 3 0.72+0.03* 62
Catechin 10 0.781+0.03* 67
Glycyrrhizin 3 0.75£0.02* 64
CuCl, 300 0.98+0.02* 84
CuCl,+ Arec 300 3 0.7910.02° 68
CuClL+ Cate 300 10 0.96X0.01° 82
CuCL+ Gly 300 3 0.81+0.01¢ 69

*P<0.05 as compared with control (Dunnet's test).
*P<0.05 as compared with 3uM arecoline alone (Student’s t-test).

“P<0.05 as compared with 10uM catechin alone (Student’s t-test).
“P<0.05 as compared with 3uM glycyrrhizin alone (Student’s t-test).

Data are shown as mean * S.E.M.
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Table 2. Effects of Arecoline, Catechin, Glycyrrhizin and
CuCl, on micronuleus formation in CHO cells

Concentration Number of
binucleated cells /
Treatment
reatmen (uM) 1000 binucleated
cells
Control S 12.3+1.1
Adriamycin 0.1 42.2+2.2*
Arecoline 0.03 | - 11.8%+0.8
0.3 12.8+1.7
1 33.6+2.9*
3 27.0+2.6*
10 14.2+1.6
Catechin 1 18.2*+1.9
3 28.6+2.3*
10 28.91+2 8*
Glycyrrhizin 0.1 22.3+1.0*
0.3 29.2+2 1*
1 35.5+2.9*
3 36.6+5.2*
Cu(Cl, 30 17.9+1.3
100 34.4+2.6*
300 31.4+2.7F

*P<0.05 as compared with control.
~ Data are shown as mean * S.E.M.

n=4-8 from 2-3 replicate cultures for each treatment group.
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Table 3. Mutual interactions between CuCl, with other
ingredients of betel quid, arecoline (Arec), catechin (Cate),
glycyrrhizin (Gly), respectively, in inducing genotoxicity in

CHO cells.
Concentration Number of
binucleated cells /
Treatment (1M) 1000 binucleated
cells
Control — 10.5+1.4
Adriamycin 0.1 29.8+3.0*
Arec 0.3 12.0+1.2
Cate 1 13.5+1.0
Gly 0.1 24.8+£1.9*
CuCl, 30 15.0+0.7
CuCl,+Arec 30 0.3 - 21.8+2.1°
CuCl,+Cate 30 1 15.5+1.2
CuCl,+Gly 30 0.1 14.5+1.8°

*P<0.05 as compared with control(Dunnet’s test).

* P<0.05 as compared with 3uM arecoline alone(Student’s t-test).

° P<0.05 as compared with 10uM glycyrrhizin alone(Student’s t-test).

Data are shown as meantS.E.M.

n=4-8 from 2-3 replicate cutures for each treatment group.
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Table 4. Changes of cell cycle distribution induced by
adriamycin, arecoline, catechin, glycyrrhizin and CuCl, in
CHO cells.

Treatment Concentration Cell cycle (%)
(LM) G,/ G, Sphase G,/M
phase phase
Control — 38.16 44.28 17.57
Adriamycin 0.1 41.7 41.25 17.05
Arecoline 3 40.7 43.45 15.85
Catechin 10 42.95 40.75 16.48
Glycyrrhizin 3 43.24 40.41 16.35

CuCl, 300 37.5 45.92 16.59

46



Fig. 1. Cytochalasin B caused binucleated cells, arrow indicated the
binucleated cell with one micronucleus (640X).
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Fig. 2. CHO cell morpholog

of control group

Fig. 3. Effect of 3 uM arecoline on cell mor in CHO cells
(200X).
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Fig. 4. Effect of 10 uM catechin on cell morphology in CHO cells
(200X). '

Fig. 5. Effect of 3 uM glycyrrhizin on cell morphology in CHO cells
(200X).
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Fig. 6. Effect of 300 pM CuCl, on cell morphology in CHO cells
(200X). :

Fig.7. Effect of 0.1 @ M adriamycin on cell morphology in CHO cells
(200X).

50




2.5

NDI

Treatment

Fig. 8. Effects of 0.03-10 pM arecoline (Arec) and 0.1 uM adriamycin
(ADM) on nuclear division index (NDI) in Chinese hamster ovary
cells.

Data are shown as mean*+S.E.M.
*P<0.05 as compared with control.
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Treatment

Fig. 9. Effects of 1-10 pM catechin (Cate) on nuclear division index
(NDI) in Chinese hamster ovary cells.

Data are shown as mean==S.E.M.

*P<0.05 as compared with control.
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2.0 * % 0%

1.5 —
O 10
Z
0.5
0.0 1
N N N N N
S Q" o
Sy S
Treatment

Fig. 10. Effect of 0.1-3 pM glycyrrhizin (Gly) on nuclear division index
(NDI) in Chinese hamster ovary cells.

Data are shown as mean=®S.E.M.

*P<0.05 as compared with control.
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2.0 1 *

1.5 -

1.0

NDI

0.5

A
L S L

Treatment

Fig. 11. Effect of 30-300 pM CuCl, on nuclear division index (NDI) in
Chinese hamster ovary cells.

Data are shown as mean*S.E.M.

*P<0.05 as compared with control.
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NDI

Treatment

Fig. 12. A interaction of 30 uM copper chloride (CuCl,) with 0.3 uM
arecoline (Arec) on nuclear division index (NDI) in Chinese hamster

ovary cells.
Data are show as mean* S.E.M.
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2.5

NDI

C)OQ C‘)\* . O\'L{b O\q’x
< &

Treatment

Fig. 13. A interaction of 30 uM copper chloride (CuCl,) with 0.1 pM
glycyrrhizin (Gly) on nuclear division index (NDI) in Chinese

hamster ovary cells.
Data are show as meant S.E.M.
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Control

Control

Fig. 14. DNA histograms from CHO cells treated with adriamycin(0.1
uM), arecoline (3 pM), catechin (10 pM), glycyrrhizin (3 pM) and
CuCl, (300 uM). Panel A. DNA histograms of FL2A for cell cycle
analysis. Panel B. DNA histograms of FL2H for hypoploidy analysis.
Note, none of these chemicals induced hypoploidy cells. The
horizontal axis represented the fluorescent intensity of DNA contents
while the vertical axis represented the relative cell numbers. The
results are representative of three experiments.
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Mumber

L.l 11?01 LN !2?@. Lol la?ﬂl . lli?ﬂ{ ol

100 1506
Channels

Fig. 15. DNA cell cycle analysis program (ModFitLT) to analyze the
percentage of G,/G, phase (first red peak), S phase (downward-
hatched peak) and G,/M phase (second red peak) in each cell cycle.

58



8
Comtrel
Catechin
]
Coavprol
Adriamycin

£

i

£
i =
° 1023
8
8 Control
T Comtrol CuCli2
Glycyrrhizin
$ g
-
8
Control
Arecoline

Everts

123

Fig. 16. No change in forward light scatter (FSCH) properties of
CHO cells treated with adriamycin (0.1 pM), arecoline (3 uM),
catechin (10 puM), glycyrrhizin (3 pM) and CuCl, (300 pM). The
results indicate these ingredients of betel quid do not change cell size.
The results are representative of three experiments.
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Fig. 17. No changes in side light scatter (SSCH) properties of CHO
cells treated with adriamycin (0.1 pM), arecoline (3 pM), catechin (10
pM), glycyrrhizin (3 uM) and CuCl, (300 pM). The results indicate
these chemicals do not change cell granularity. The results are

representative of three experiments.
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i & (Appendix)
bl - AR 24T 2 M A

(Glance at the analysis of cytogenotoxicity)

T~ ba B -R R PRARERE
(Cytogenotoxic Assays)

E2HRBICEMERTCF TR E I hemELEEHFH &
FHABNOFTEEZRE R eBBEY R 5% (Assay for
Structural Chromosome Aberrations; CA) SCEs fo4 &%
(Micronucleus Assay, MN) 2 g Rltmis E M ZH ¥ B MTT % ;
CA>MNFo MTT 2 E M EH# 5l do it -

— R ERBEB RN E
(Assay for Structural Chromosome Aberrations)

A. %5038 ¥ ¢4 % £ (The Influence of the Cell Cycle)

45 R HE 2B T A 2k ey #| B Colchicine £ Colcemid z #aey 4548
i B Rt en L R BH Y F LS E ¥ (Metaphase) » &+
RRERLEBBEAZ R BRI ATOME - BRE GBI
EEMETEANGET SR F SR CNTBRAFEENITFAE
5] ko4 A 18 B 89 RFR IR RAE 8 B0 IR AT XK B3R de B BE AR -
BRI L ERE - BRI EZABULLEREFERNE
MHEAEAUNRBEREEEHLER -

mppBEAA(cell cycle) R e RBEATH UV ELEEZHRTHTI &
BEHEA -

1. #é&#E G, phase- S phase - G, Phase s ainAH L&
%~ 2830k (Decondensed) ' ArA R E BB 158 - M A
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#T#A(Prophase) s &7 % & 88 o R B B ATIR&E * T RAR
BWE %A & FHA(Metaphase)s R L &R ZRHRE
ARy EE R ECARTR > MELEKEELER » AL
BHABEASW > E2RNE THA(Anaphase)sr #6282
CEMYRIETEEBRRIBZIR  LETAFAREE - &4
2]k #i(Telophase)ss » £ WAL ARETHEKREER - &
BRI RAALEMSEESESBEBEANNEERT -

2. @» F i1 (Metaphase) £ 418 4 p B #1(Cell cycle) F prih
HEREAERS AMUEH AR BEABE T OABEY
Colcemid # Colcichine » F& B &8 N NF &KL RPT F o
& 4 # (Mitotic spindle) s9 45 A » 4o tb — R & & N P #7
(Metaphase) &y ta i @ EF G A LEHE -

3. WwEME AN e CLER TeRBERMEANT G
phase » &] % /v Mitogen (Mitosis Stimulating Agent)#]
T4 Gy cell # Gy phase Y BE R EF B - €A
Rtz B Gy cell B Tl a4 i) Eig
ARE - RBBFEFFHGRES BT & T4 Mitogen &4
Ao Gy cell 8 EARE mBiBE > FURF R LR
N E% A AR E - |

4, HL2 e AL CROICENE 0 FFER WL S phase -
LA SR Twmie DNA AH BB R A S EREY B
Byt 2k iE AR S-dependent - EREEF D e S
MY & S-independent > FHEMIALZEME T EamE G,
Phase 8w > RBLEBTRGTFITHELLEBE R -
HibE A2tz BEFBLEB—EREH =EER(Cell
Cycle)# A T Ak i i3 sk tm B,

5. AEFHEALT » &7 —RkwipB L (Cell Cycle)rr &ayed
MEFAREERANEY - TAEZEEWHAHER » R B
feiE #a(Cell Cycle)®REM® & & 1t > tho 3 G, Phase
TR ERF@mpe s G, Phase + - B &M@t
BENERERCHER wEE AL PHESLEREERE
BBk thmpiBi(cell cycle) A TaR L RmmEt
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B2 RR LR Y IR LESEE FmBBAREE
#RIEF 0 M R A A TR 45 A AT R e B AR A
REXERUABEL OB EYAE2ZA  BhiFRyB
BYERANES WBANGTRELERE LT ETOK
49;4‘;3%$é}3 H% Faﬁ °

B-HaMBRZIE
(Classification of Chromosome Aberrations)

—BRH B LR EFENB TR ABMETRTEE
L EBBENETARE BARALECHYEAVBEAETHRARS,
BB RN BRI E MR - Bk
HERREEGEHESTE T B E L e B (Fragements) &y
REGLA BT GA GBI EZBUNERGH K E R AT
i NFRR S 2 B A (Micronucleus) - B E ag s & 2 b A
THERAFTEEMBABANR I mEROLEHEIL  RBAH
FTHROBGABRAER N EZHN AR AR ELARER R L8
BEAEFHNAE Gy EmtRaBits  RAEATEN P #HaBE
AREMEGFERBMRER N EFHrE K (Small Deletion) B b+
UAEENEMGEETR EENRSZ B AL BG AN By
B2 B8 BE FAALEWBER S — BBk Tikiss
BEAARERHS > BIRERRARERLeBEZ ST L 68
SRBPREHHEREE - 27 KE 1 488 (Asynchronous
Cells) AR AKEHRZ U EZE —BEAHRFZLEE
ERpRELERTORARER RTAXFZE AR AR
Py BRFKGLBRE T -

7 6,88 % £ oy 5 8 (Venitt and Parry, 1984)
I #e&ga(Chromosome Type) :

LR KRR ETRBALAGEINUIREN R AT T
FI&A
1.#M B (Gap or Achromatic Lesion ; g)
MR(ERER)H AR EE S EE ] -
2. % & % # & (Chromosome Break or Terminal
Deldtion ; c)
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LeBELW RGBT ALEFEBE R G, phase % G,
phase st 4 » FRBFARBELCETHAEHHBE
3  ENEREXERRBEEERERS -

3.% #(Exchange)

a. = 18 % & # M % #% (Interchange Between
Chromosomes ; C/C)

G, phase B EFEHRETHM L &8 -

b. B — 18 % & 2 » ¥F z #& (Interchange within A
Chromosome ; C/C)

BREEANIBRAETEREREEBRKRE E(RING) -
IT ~ % &,4-82 4 (Chromatid-type)
S 8RB TN & B E 2 (Isochromatid
‘Breaks)sh > BEARXE~RRENHER > ART THAY
1.E R (Gap; g) |
L BRI AR LEE SN EREE ) -
2.8 & 458 % (Chromatid Break ; C)
FERERNEBLILZESTROEBRYK
3.70 3 % & 52 % (Isochrmatid Break ; Su)
4.% #%(Exchange)
REZEBARESMER2E > XEFELAR > AAUELE
ERBAEL - Tang B4
. BEERE B FHBAFHBERELER -

b. B — % & 2 i % #% (Interchange Within A
Chromosome ; C/C) » FEH REHF 2 4 -

C.INSL I 6,88/ # &, B B & & (Isochromatid/Chromatid
Interchange ; i/c)
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= ~ # Bk (Micronucleus Assay)

#OIH(MNS) R B RGN LR T REENRGET R G
RuEB8 @B R SR&eBISETREBEROASANTF
EERZAN BRBTELERZREAELRE MY RN
(MNs) - Bt B EEREF—E Fape ¥ > L U—EX 2 E )
B AE sk Ty Bk B (MNS) X2 R o2 —
iR A ¥ # (Acentric) &y # & 8 ## k (Heddle and Carrano,
1977) - R A L NSRS EHELERR A ETHR -
REEEEHFESKE e > BB L xEF R £ (Lagging
Chromosomes) i & £ &k sy MN o BH b4 B A & 8 4 R gof &
TFH@pNGERYE  EFERTURELEZHEAA 4 MNs
(Yamamoto and Kikuchi, 1980 ; Lynch et al.,1993) - % £ 4a
BTN E B THEEH MNs s9 &2 4 » Beb# B MNs &y 7%
TR S e e R R EN o £ 1976 F 0 Schmid % K & &9 4]
A Ee T et % &4 sk (Polychromatic Erthrocytes) & #8344
Az (MNs) g 4544 > st Heddle et al., (1983) st muymin
aMZtg o AT MNs TR EZG A RKE N REEEHER
o BMEHAEAEERARMGEHR » MNS AR AEABRLRE S
Bz AR EREZAE R it mEEE N (Tates et
al., 1980 ; Shindo et al.,1983 ; Adler, 1993 ; Marrazzini et
al.,1994) - £ £:2 & 3|7 24 4g A Cytochalasin B k¥p#l it
M-phase £ A G, phase mi k% # @i (Fenech and Morley ;
1985) » M EMBAEE AT AMMEE— T EE -

1.3 ¥t #3t % MN w2 38] : (Heddle, 1973 ; Countryman
and Heddle, 1976 ; Roberts et al., 1986)

(1).MN gy EB LB IR EBHZNZ—

(2).MN 2BE#METATZRHAREL

(3).MN w438 & 82 X 4% 84 38 & 484 3, B4 97

(4).MN 2B a4 EREN  ERTHRIZBELLE &

(5). B BB ELLEAABRG IR PREFERIRTE
SN

(6). 8 mm K% 4% % V18 MN - 250 —18 MN Rt
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2.4 4 8t 35 #(Nuclear division index » NDI)

i@ b2 REE AR MN S T G MN &8 8
Bapd o SReBHA S HERERNRE > THLENE S
NGB E mipiZ AN Cyt-B — 2 ebpith » st E 24 -
ZiAe % Htalie il R A F 0 Rk Eastmond and Tucker (1989)
FREHz ARBTHE NDI-

NDI = (MI + 2MII +3MIII + 4MIV)+N
MI - IV 27— 3 wWikta ot -
N R X FATBRRIZ PR miad

= -~ MTT (Microculture Tetrazolium Assays)##2
&3

REROT AN THEL NS S BAG RBR -
BHEMEARSRENETEAERINELE - BHAR FHFER
HEe ¥4 A haemocytometer chambers & B electronic
particle counters R A Ftaft > BRI EZRFBSANKER
B o b THEZWBH@BHLE  cFELE Riey— B3
BT7TEAH viability ¥ 2 2 242 TE 8% - w BFE ey
colonogenic assays: &S M F it Rt tapo 5 24 5 8y 1k
RoEREEABERRBMHEZEZ X LZEBNTE -

R A A RER tetrazolium salts R Al eg 5 2 3 7 6
colorimetric methods e.& st ¥ kits sy KAk k> 2w
FERB -S> B#maL tetrazolium salts AR BE R
taf B Bz, formazans - gy formazans 2 & 48 £E > Sab 8 4
WA A colorimetric reagents ¢4 h » AR EZE AR EH Y
M3 B o B kR4 Fig. A (Marshall,1995)» .
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Add cells to the wells af a 96-well microtitre plate?
Add a solution of the tetrazolium salt + intermediate slectron accspior at time zero
incubate to aliow tormazan production®

2N

insoluble Fortiazan Solubla Formazan
Add solubilising reagente to elute the Shabge plates to ensure an even
formazan into the surrounding medium distribution of the soluble
Shake plates to ensure an gven formazan

extraction of the saiuble formazan

/

Read absorbances on a microtitre-piate reader

Fig.A—A flow diagram of a typical MTA,
* When responses to treatment of the cells with potential stimulators or cytotoxic agents arg to be investigated, the cells are
greincnba:ed in the wells with the agent, prior to addition of the tetrazolium salt.

Incubation times vary from 30 mit to overnight.
© Most tetrazoljum saits form insoluble formazans which may erystallize after jong incubation periods. A range of solnbilizing reagents
have been used for the additional step required to elute the formazan .

WAL 89300 4% tetrazolium salt iw A& £ 96-well microtitire
plate ey + B rr £ £ ¢ formazan i microtitre plate
reader Bl ¥ - T4 4% RE—BEIRLEGF FETRK H-
thymidine &% -

Formazan &% s

a. Tetrazolium salts

B # % —18 tetrazolium salt &3 £ triphenyl tetrazolium
chloride (Peckman et al.,,1894)4# 4 & 2 % > 4 Fig. B
(Marshall,1995)f =& R’ » R""& R™ ™" T4 BX MAk i 4% 2 4%,
1B % #54 (Altman, 1976 ; Nineham, 1955) o » 4445 2
tetrazoles sy w & 47 £ ¥ -2 & | B 7 % 1t R & monotetrazoliums
weRE B AE MTT - Tetrazolium salts TR R FHHERE » &
heterocyclic tetrazolium ring & 54474 » ARG EHHE
formazan (Fig. B) -
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N == N — R™ N~ N =—— R"
V4 ' 2H 4
R>—C e R e +HCI
\ (2e + 2HY) \
= N — J E= ¥ —
4+
cr
N— N— R" N==N— R"
Y | :
R'-—--C/ H — a'—-c/ ‘
: -~ H
| — g N
N:—:N"—"R N__...N*__an

Fig.B~~The basic structure of a tetrazolivm salt and its reduction to its coloured formazan. Note that the pame tetrazolium is based
upon the presence of 4 N atoms in the S-membered ring system, one of which is positively charged (quaternary). R, R* and R” arc
substituents which vary greatly from one tetrazolium salt 10 znother, For a detailed discussion of wvarants of these saits
and their chemical nomenclature see Altman.® For biological applications, the anions of the cationic salts shown in this figure are often

chioride ot bromide,

Upon reduction, the tetrazolium ring is opened and the quaternary amine iy converted to a tertiary amine. A second tertiary amine
which formed one of the bonds to the quaternary amine, becomes bonded to a hydrogen atom. Hunter & Roberts'®!! showed that
formazans existed as internally coordinated hydrogen bonded structures with two resonance hybrids, with quasiaromatic §-membered
rings. The position of the tautomeric equilibrium is influenced by the electrophilicity of R” and R™. This is reviewed in Seidler.'?

B AT % A&y Tetrazolium salts EZETHALF » ZARER
HBELZAGI TRt BRI AVREZHNEERALBE RN
R RRBEKATE A8 formazan BEEMRE > T DMSO %54t
% d o Aol ELISA reader 8 O. D. -

b. Tetrazolium salts ¥ 2 &

Formazan 2 tetrazolium salts 8438 B & & # & (Fig.
B)r %2 eE R RE& H3 formazan & #e B % (Altman,
1976) -4 Fig. BB~ BRARE T EHBAARMERE
ERECHAEERERENETF > ENAGBHETFHES R Enen
BRME - BRRBAMZRE B sodium dithionite & ascorbic
acid Fetafp I E FRME A % A73] % - @ tetrazolium salts %%
RAANENETESSE - £FEre MTT B RERAILESH A
Zw— R RE > T B F 4 Michaelis Kinetics (Gerlier et
al.,1986) - & %1 > € Hthai N e tetrazolium salts #4938
BRRER  ERARIRBZAEHEFAT B8R BARKREE A
Birrir® eh A &(Chen et al,,; 1990 ; Cory et al.,1991 ; Gerlier,
1986;Hussain et al.,1993;Shi et al.,1993;Berg et al., 1990 ;
Monner, 1988 ; Jost et al,1992) ; £ X succinic
dehydrogenase s Ririg g M =t®42 #44£ ubiquinone [CoQ,
Fig. C (Marshall,1995)]# 2 EF#EFTH A& - R » Lifm¥
EEMIT B RACRER  AHEMEL A BN AAeHmE
E F 4 tetrazolium salts -
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Pyruvate Succinate

y R

EPS Aotenone EFp2
‘ Antimycin Azide

e ) '

isocitrate  } @ NADH — FPl -3 Fe.§ -» CoQ -» Fe.8 =3 Cyib - Cytct — Cytc > Cyta — Cytal — oxygen
Glutamate vV 032 -0.30 / \ +0.07 +0.23 K25 +0.29 +#1.55 +03.82

FP3 FP4

/ N\

Fatly acyl CoA Glycerol phosphate
PMS (+0.08)

MTT (+0.12)

Fig C-—Mitochondsial resp:mtory chain showigg {—) en try po ints of electrons from different dehydrogenase substrates, {7} points of
action of commonty used inhibitors, and approximate regions over which MTT or PMS may divert the ejectron flow. Standard redox

potentials { V3 & tselectcdpoms the pathway are also indicated. The Jowest (—0.32V} is thut of the strong electron donor NADH
ung the highest (+0.82) is that foe oxygen, the strongest electzon acceptor. Note that there are l gedscrcpanmes n(h redox

putentials quoted for a particular compou nd in the literature®® and thaq (hssc alues are obtained for dif which may be

different from those encountered tocally within the cell. FP: flavoprotein.

frtapp PR S AEe k88 ¢ £ £ NADH Ebat #5348 NADH
* gyt A EFE %4 F(Fig. C) - Succinate % &fg=T
feRATAE BT AR ARG AR T AL At L (Altman, 1976) ;
AALWEELES RGN - TR liver homogenates
(Slater, 1963)&## % » FEHLAGKEE LT T REAR MTT BEAR
formazan - TR > E2H5H A LR BARBL LRI LE LB
LR ERR o 3 EL% B HMEA succinate dehydrogenase
inhibition (SDI) test (Kondo et al., 1966 ; Anai et al.,1987 ;
Maehara et al.,1988 ; Nakashima et al., 1989 ; Yamaue et
al.,1991) - &k » & & % (Yamashoji et al., 1992 ; Denizot et
al., 1986 ; Colangelo et al. 1992)4&%1&%6§iﬁ¢bﬁz§1ﬁ4«< %
formazan 2% E-Fey R R - £ F NADH & NADPH —#344e42 4%
formazan & » M4 R ey k4t B8 & 8885 47 R E(Pearse,
1972) - sboh » st A ma BN X F o H EH A E% pH e
e ®E formazan &M mmERBEE > AUAA MTT kRl
A EEEEAILERERRA -
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& - 408+ (Apoptosis)

mip sty XA g L — KA mE s (Necrosis) s 3 —
ik m i XA (Apoptosis) - B d A F X » mh &
SR (Swelling) - e st 1% € 5% - #& h (Debris) » tafa r
MERRBECRBL LAV ETEIMBRER Filk
BHERE > MR EEEResgE(Wyllie et al.,,1980) ; @
w AR R ER R - 408 (ApOptosis) & £ g
FHRGOR 2 - CR—HEEIHNARBEE LR EKRRESY
BHEWBEFES A AT@RBEFAIRES @ ss LB M
LAHGHRBRESGHER  PEABORAERBERBETE - %7
BRESE - XBEFTRFAERE  STHEETWEAT -

— > ésaB@?%fz},% & (The cause of apoptosis)

W ATCAEFHABRZH THEEZNAL o A ES
B mAE e ko £ 2L (Savill et al., 1989) % -
i mBATHRENAPEB B A LB EETVERE R
et R EsER(Kerr et al,,1972) » L 2H AR FELAE
#(Wyllie et al., 1980) » #%# @4 ) sk 4 (Shrinkage) » 4 g
ERER L e 2 endonuclease /5 M § - K aBi g 53k
Begohit o R4 RESHEER  @HRAT DR (Apoptotic
bodies) - ZR AA BN RACT/ I BA TR ES@E R Ll
BMEA -3 B ATHBRRERS O BEAKEE -2
R RABEEEEATHRESINANES @HRATEEZR
ARBERLEHEBERAMII AGEBEENR I HLMBIBESH
X o Hemi g E X T o B %4 (Wyllie, 1997) :

1.DNA &= wmBA+-H DNA GE3le 2k &
DNA 24 E > €8 % P53 89781t » M3 e fuB R 6915
oo weAREFE DNA AR - 28 E 6 DNA G E 4|
1 pS3 K Etm AT HELE -

2.aBEE  wEENGE eI E —F4# Ceramide &
/3% > Ceramide T#:42:1% MAPK & INK g4 /8 2% 4
5] % @ a6 8 (Dermon et al., 1995 | Hengartner et
al.,1994) -
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BCRAHREGE  REeRAGETII KRB AL an
BrAN SmBACEMe%EaY > o Bcl-2-Bax» B
BeEE2deExR— % E WK AT B F(Pro-apoptotic
factor) » 4 ced4 &l > AT ELBMEBESL - 5
it Caspase M3l ietm i AT - b2 T 54t Fas
RBEFWHEANETI @A THEE -

=~ At @itk (Enumeration of Apoptotic Cells)

BAUNB=ZHERARETE ERARTENEE N —BAFE
B - e REAETRAABERNE EHE -8R ERAT—#
MREFE > BIEFEBEILEAREBEZR S F4 %% (DNA
Ladder)eydg » RET A TREAATE L LA RGP -

WEARBHRATATCBENHE  HloFE R 2 et
BHBE ITEERA—BE - BRREESOFTE - BHEBEEERL—
BESANELZHRLHTE BEERANKS Heeaiik > @B
FERGRB SR -—RERET ¥ HENER-# A Hypoploidy Analysis
RARACIEF 0 RER W —BANDTERFH8 Sub-G, %
(40 Fig. D) s AU REZ LB ERA R E TH 0 RE 6 F 2B 5
HRRE ~ R - 43 Sub-G; ft Go/G, HEBRARLRERE ° 4o
RERFE—BRE Fwe Sub-G, %> T E & DNA $&37 > %
W EHESEENEREBT A=+ 54 E BB DNA %
Hmppsh c wEAMEBHENENATCEFELLCHEBGM %L 8]
o E4E A Tunel-PI 2 23 4547 - Tunel Fiimit ey s > i

Fig.D

]

g

] Apoptotic

1 cells

8..
g
o
3

.9-

® waﬂ

® T ™ M

Propidium lodide

BEABRGHBEN SN ERERFTEARFRAT  HASL
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— %% Hypoploidy Analysis £ - 5 RFARB XA THA T
ﬂﬁ¥ PR et TEAETRARATH @EERAHLES
it T AE g AE A Annexin V-PI B %k o shik RS 5% i »
HPH VBB BRERE  KEEZRENKILLERES -

a. && & &4+ (Hypoploidy Analysis)

1. %4% PBS ~ 28 B AR S A2 KAR F 447 ©

2. W BmpikiEk - 24 Attached Cells %14 PBS % »
&L Trypsin 8% & ¥ oA detach @i > e R TR EE >
B 5ml 4 iE (5% FCS)z ki icBRinfs » 334 4T
R R - E AR IR E K # k 2x10° cells/ml - B4 1ml
iR i%% > sluAn5ml PBS RiFsktmfe o

3. 2% 300 X g f&ik#Es 5 4 R LFER 94 50u &
PBS » # %5t & a8 o fuA 150ul PBS #E@_M%T%iémﬁ@o

4, —2% % FleE—@— A 800ul KA ey £-20
ChspPEXRED 30 454U L -

5.20400 X g &< 5 448 RIPLFR » B LR ILEZ bn
# o Aen 0.5ml 0.1% Triton X- 100/ PBS & %24 taf
EEBTHEZEP/ER 30 448 -

6. 22400 X g 7 SN ﬁg‘ﬁl‘/\i/ﬁ R e

7. fmA 680pl 85 PBS » 4% ol dm i34 &) HudT3L 0 B A 100pl
PI solution-20ul RNase A Stock (42 & PI 50ug/ml and
RNase A 50ug/ml) » 383 8w -

8. Ei?m'FB%Q /A 15-30 242 -

0. B& F AR 94 5% » 3222 35um cell strainer cap or 35um
nylon mesh @K - KFER DN EERSH > R E
ok UGEREERBEEACHKREY -

b. Tunel Analysis

B2
1. % 1~2 x 10°¢ %%k 0.5ml & PBS ¢ -

2. BmpRizgmnsd 1% (w/v) paraformaldehyde #5
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PBS 5 ml» ### £ 7KL 15 min -

3. et 300 X g #e 5min e KRG EFRBRE -

4, A 5mleg PBS ifiktmpt > 22X 300 X g REL tapp -
FHE LN ERBECHTE K-

5. #B@mpiEmy 0.5ml & PBS +

6. ¥R 5mlekiE 70% (v/v) ethanol +

7. #mp¥Ey-20C 70% (v/v)&s ethanol ¥# A -
BN T KA RELE D 30mMin -

EEEAhb st EFmELEeRAESL apoptosis a4
Bl AT ks 70% (v/v)eg ethanol # > 3t 23»-20
CzAkfTED 12-18 PG EFERENER - o EHFH -
20CF » TRAHF L REZLBEALLGIE -

R

1. %%/ #E4% %4 positive & negative control tefa €% %%
FREF - # control cell suspensions (k&% 1ml ¥4
1x10° B @mpe) PR E 1ml K#B A AN 12x75mm flow
cytometry . % + - 44248 control cells &g L 300X g
g Smin £ wiig 70% (v/v) enthnol g2 5172
#% 3| Cell pellet - .

2. & 1ml & Wash Buffer g & — 183 % ¥ & control cells
EHRFERBET - A EEA T BBCARERRLEFR -

3. #4828y Wash Buffer Rz F &4 —k o

4, #HE—ERP Py control cell &% 50ul # DNA
Labeling Solution % - DNA Labeling Solution &% # 4
TF

DNA Labeling Solution 1 Assay
Reaction Buffer 10.00pl
TdT Enzyme 0.75ul
Br - dUTP 8.00ul
Distilled H,O 32.25pl

Total Volume 51.00pl
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5. ¥4 % tafey DNA Labeling Solution #% £ 37°C &
temperature controlled bath ¢ » £ 15min K2 X
RER—T B ENBFLARE T - # control cell &%
HT gz 20025 CF R 5 A RRE Ll 58 - gn
a4 a8 kit ¥ 7 control cell zsh AR > £
37C P32 TRARENE RRAAGEREF A
%ﬁ_t o

6. fxhbeiEiEmA 1.0ml & Rinse Buffer )48 — {8z,
&5 #2300 X g Smine REBEEFRER -

7. 1 1.0 ml & Rinse Buffer €% 5 6 & cell rinsing #
o RBBCHBBRREFR -

8. s 0.1ml & Antibody Solution » #% cells pellet # &
% ;%% - (Antibody Solution g4 # & F ik T ¢ )

Autibody Solution 1 Assay
FITC Labeled Anti-BrdU 5.00ul
Rinse Buffer 95.00ul
Total Volume 1100.00ul

1. #% 4 % % 8 &4 FITC Labeled Anti-BrdU Antibody
Solution EA E i F324% 30min(£ &) -

2. # 0.9ml & PI/RNase A staining solution seA 4% 0.1
ml Antibody Solution #3R%E % - W Rimfa ey EE K& > T
#% PI/RNase A staining solution &% 4 0.5ml -

3. AZRTHapENnEsE Tiss 30min-

4. . flow cytometry & 4 # PI/RNase A staining
solution o f£ 3 & = /NEF AT 04T o ko RAESH AT HE e K
ERA ey LE TReHBEEL-

c. Annexin V-PI Analysis

Annexin V-FITCTRAREEX —%Bal T > BEABATEFta
MAFIE B ot c BEARATRABENT RS- ZURAR
@i g N B 2z Phosphotidyl Serine (PS) » € #4x & 4= it g2 4h
& » A Annexin V-FITC &5 4 &8y PS» B 44t 24 Propidium
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Iodide (PI)# 47t e  Ta s =l - AT T8
Annexin V-FITC % R4 é » EH PlEL (R REE); — 8
Wmatehm B Bl e % Annexin V-FITC &2 P1» B A taffpg Ok
B meEdt Annexin V-FITC R PI &R R RS B E 64 Emp -

Koy :

1. #mpk PBS Hdmk » Rl 1x10° cell/ml &
BB RE7 1xey binding buffer & - |

2. ¥ 100l st 3k (1x10° @) 2 —18 5mi &y
RAREFP - |
3. #ex 5Sul 85 Annexin V-FITC & 10ul & PI -

4, ey mpirEd £ B20~25C) T @w ik Lot
Pk 15min -

5. mA 400ul # 1x Binding Buffer #/:x% + » w1 flow
cytometry 42— /NEFP 547
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