SOPIRISISISINI Al 163 38 Korean J. Oriental Physiology & Pathology 16(3):514~520, 2002

The Effect of Paljinhangahm-dan on Human
Promyelocytic Leukemia Cells(HL-60) Death

Gun Up Lee", Seok Jae Moon, Goo Moon, Jin Hee Won, Dong Woung Kim,
Hyung Kuen Kim, Young Ho Moon, Jong Bum Lee, Jun Chul Yoon, Hong Joon Kim

Deptatment of Internal Medicine, College of Oriental Medicine, Wonkwang University

Paljinhangahm-dan is an Oriental herbal formulation for its ability to modulate cancer cell growth and survival. This
research was performed to study the anti-cancer effects of Paljinhangahm-dan water extract(PHWE) in human
promyelocytic leukemia(HL-60) cells. After HL-60 cells were routinely cultured, tetrazolium-based colorimetric(MTT)
assay was performed for cytotoxicity test. To explore the mechanism of cytotoxicity, | used several measures of
apoptosis to determine whether this processes was involved in PHWE-induced cell death in HL-60 cells. In addition,
the experiment was practised 1TH-NMR spectroscopy to examine molecular structure of PHWE. This study suggested
that PHWE control cancer cell growth through of apoptosis with less cytotoxicity in normal cells.
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o= MEZS XAFHS sl Zask A7t AIEE T
sar/}s’. N\ BHETS ABUS vIAWISIIAN N\BBE
LREHLO) BTEEEEE mole] At AYCE N\BBA{H
RIS BERSR, EIHRE KREE QT Qo) KERR
she Adolct. A2 2952 \BBAIEAT adriamycin®]
HEAZIA et Stavel #eld Biasined, &9
e EitteEEol A% G EY METAE el B sl
Tt M ZIIAHapoptosis)= UM YME AFHEH0] FE
71H012HL AAIE I Yor, QHXIF 2T} ol FQIALE ME L
A7} o] ATE T QM. ME AR A BE48 HepE
O] &%, DNAS EZ, siuto] do}, apoptosis AEX|
(apoptotic body) g EACE 3lH Bydd, 71#dY, &
Ao Ja Soll4 MEE AASKE 715 71K 1##FE(necrosis)2}
£ 02 S™A 840l 98 2=uk= M) Hgolny ™.
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B7] 915l HL-60 LMEFo] it AEXFH3 PBMC
(peripheral blood mononuclear cells)ofl thdl M ETHAH S Atmy
Uom, HL-60M 20l thet M2uto) Helshs ¥s}, DNA 28
3t 5l S ZE 7 (flow cytometer)E 01831 ML} |
& SRIGINCE gt & dTolAE daols BUME ALBE
I Q) doxorubicin AL HlEKd NABHIREAY HTHEQ
FUEH g BBl o, 13t ABHEMN AW AaY Y
&& 98t TH-NMR (proton nuclear magnetic resonance:2}A}
A7 EE)AHEY A7E FHEINCH
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Table 1. Prescription contents of Paljinhangahm-dan Per Pack

2xY Ao 22Hg)
BiEREsEE Herba oldenlandiae diffusae 12
AE Radix ginseng 6
BR% Poria 6
SR Rhizoma rehmanniae 6
BHE Carapax amydae 6
FIP Squama manitis 6
Bit Rhizoma atractylodia macrocephalae 4
8 Radix angelicae gigantis 4
FREEE Radix paeoniae rubra 4
=1 Rhizoma scirpi 4
i Rhizoma curcumae zedoaniae 4
&bt Rhizoma cyperi 4
L& Mastrix 4
HES Rhizoma cnidit 4
H&E Radix glycyrrhizae 3
Total amount 77

2) Aler

3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide(MTT), histopaque-1077, Tris-HCl, isopropanol, triton,
sodium bicarbonate, glutamine, RNase and propidium iodide
(P)i= Sigma Chemical Co.(St. Louis, MO, USA) ollA] FI31%3
T} Fetal bovine serum(FBS), RPMI 1640, penicillin, streptomycin
2 Gibco BRL(Grand Island, NY, USA)ollA} T-351iC)

2w

1) \BHifEfT #3899 A
A7)0l NBHESTY SF5F 118 B 24]

o, A&2d9E oMAE ol86k 0%45]-93\1
freeze dryer 8 SZEAXSI] 2 2l

(o]
E
82 9 9%(w/w)olUTt d.xq@ ZEOEE 4"
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phosphate-buffered saline (PBS)oll 83t ¥ membrane filter
0.22mZ oA ol HHUCE ARRBINACT
2) M zaiet

I8 WEy MEZFO HL60 MEs SHAZF2d0
ZEE 2eRto} AIZSICT. M EE 0.2% sodium bicarbonate,
10% FBS, 2mM glutamine, 100units/mé penicillin, 10g/nf
streptomycin€ 718} RPMI 1640 sixloll do] 37°C, 5% CO,
271004 BYBIAT
3) PBMCY &g}

Y 3l E 3meS) histopagueS 1|2] @ 15m Al Aol A
A8 S 3 204 500xgolld] 4087 ALY F &
histopague & ¢ 59 AT EE 2ol MES Alg @l &
10m¢9} PBSS} 4{0iFE F THA] 400 x gollA] 512 SQF A4 Ee) 5l
Rt ol F2 ME MEE 2 O] BEES ¥ 02% sodium
bicarbonate, 10% fetal bovine serum, 2 mM glutamine,
100units/m¢ penicillin 772)3 10ug/mé streptomycinS H 73l
RPMI 1640 BiR|oll '@of 37°C, 5% CO, F271014] siYsIAC.

4) MTT ZA
HEo) it A2 MESYH He ©h]7lol) ok Hao]
7}&38t  tetrazolium-based  colorimetricMTT) HAYHOZ

Mosmann™9] whHoll wa} A & AE (6x10° cells/
ne)7t Z3HE WA welled 50048 FHESIACE ES MEe
208 o4} E27lolA] tiYst & NA\BHERS SEEE AMelsl
ALt AEo] Bt ol Z} welleh 50409 Q14H2HE g0l 83l
Bk MTT stock solution (5mg/me)S E71515T} 44174 ol 2,000
rpmojjA] 1027 AN EE] § F HEAE AAIRH. FHE
MIT formazan2 dimethyl sulfoxide (DMSO) %o =¢
ELISA (enzyme-linked immunosorbent assay) ¥t=7 1& o]|85}
of 540nm9| I}FolX FBEE FHIACE 2429 Aol thal
Al A4 3 0]} 218519 2 DMSO M2 blank solution®
Z A3
5) Flow cytometero] S}t MJEIA} 4]

HEZE A4 B3 F, 05% tween-200] H7HE 70% ollEH
ST 3087 WFAFCE AEE THA] 4TolA] 2,000 rpm 2 Z 10
B2t A4EE] F, PBS-B(phosphate-buffered saline with 1%
BSA)Z MEBIACt. I-E M Zol Pl-RNase(50ug/mé of Pl
with 11 kunits/m¢ of RNase) SWE 4TolA] 1A #Hejsld
DNAE 4% & Facscan flow cytometer(Becton-Dickinson,
NJ, USA)E o] 83l 243Kt
6) DNA 2] W A9 s

M EollA9] DNA Egle Wizard Genomic DNA
purification kit (Promega Co, Wisconsin Medicine, W1, USA)E&
ALg5lod Belsigict BelE genomic DNA 54 1.5% OF7E
A 100 VE 1417 A7IEE A7) % ethidium bromide
(EtBr)E HA51o] UV transilluminator® BESISITY.

7) i 2 ol83% Mxo st W3l #E

AZAAEE F MEZEhiolA dojuls MEY sty
H3}, & cell shrinkage, membrane blebbing & apoptotic body
9l H4g F3u|d (Olympus CK2, Japan)2 E&] &1L



o1AY - BHA - B F - 48 - YES - d¥T - BFT - 018Y - 8FH - YEE

7helgl (Olympus SC35, Japan)Z EFoITH
8) TH-NMR 5.4

1H-NMR ABEHE Varian Unity 500 (500 MHz, Japan)
spectrometer 2. BAFACP.
9 EAEH BY

= AlEE mean + SEMOZE UERARICH, BASH &

A2 student’s ttestz BIIACL FAHES HZFH ¥l w6
ZHBIAC

42 7

1. B0 EHA ] MEZEHo] viXE FF

ABfEo] welHA 29 MEZEHd) 0= Ige st
71 Y&l NBHEAS 2 sLEE AMeldll MIT ZAfHoE
ZH3IRCt. ABFIREF 200mg/ (9 SolAls HL-60 AE9)
A Foet Halyt IOt 400, 800me/ ¢ Q) STolie
93 AEEHES UEMITE £ \BHFES 0 28 HL-60 Al
E9 WEELS A7k Wt Z2adcke ZEE 2Rt (Fig. 1). ol
7320) doxorubicin 1.0mg/ ¢ A2 vINEIHE W 800mg/ £
9] oA tietd) FARSH MESHE BTt

—®&—pOXO (1 mg/l)

—®— PHWE (200 mg/l}

~—A~— PHWE (400 mg/)

~—9— PHWE (800 mg/) o
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Fig. 1. Effect of PHWE on HL-60 human leukemia cells cytotoxicity.
The cells (6 10* cells/m) were treated with vanous concentrations of PHWE and
the cells were tested for viabilly by MTT assay 12, 24, 36 hours after the treatment
of PHWE. The value represented the mean+SEM from three ndependent
exper ments. *P<0.05, “P(001; significantly different from the control value.

2. A4 AlEQl PBMColl tigh A\BHIEMRS FE

Table 1. Viability of HL-60 human leukemia cells and PBMC by PHWE

Concentration Viability (%)
Treaiment (0a/ 1) % PEMC
None(PBS) - 1000+25 1000+14
PHWE 200 864+54 110537
400 379+16™ 1020+09
800 112x09™ 125+46
doxorubicin 10 122+79™ 195+22"

PBMC(6x10° cells/nl) were freated wih varous concentrations of PHWE or
doxorubicin and then the cells were tested for viabity by MTT assay 24 hours after
the treatment of PHWE. The value represented the mean+SEM from three

ndependent exper ments. *P<0.05, *P<0.0tsignificantly different from the control value.

ABHRERO] BAMES PBMCol tist AEZEYH olng
MIT ZAHOZ 2RIBIHTE Ml ZFe] HL-60 MZS} 1243
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AR @doA] E2igt PBMCol b2} BT Q 84 doxoru
-bicin 1.0mg/ £, APFLCEA 200, 400, 800mg/ £ &) N\BHER
2 A7t M2l & MTT A|HE 715130} Doxorubicin (1.0
ng/ £)0] BAMEAME BEE AEFYH (805%) HO! ¥HA
NEHEF 800ng/ ¢ MElE2 X5 B2 MESY (27.5%)
€ Hrt 200, 400ng/ ¢ B2 NBHEFE IS Ml3EolA
= AlZEdo] B&ER] ATt (Table 1).

3. ARy o] WEHAE HEZUe] Hejstd Wil viX)e
g

HL-604 20 N\BHES MelAl AEDAE A= A
& FUaEel HalE otiy] fal AEE AMelsied 12413
Zoll oo Zslolia] BEE A MEILA] EFQ) M23
71& 4 (cell shrinkage), HZEZ} §7](cell membrane blebbing),
apoptosis A~ A (apoptotic body) & HEE £ YU A=
A sty B3 Asko 4E Mz o B2 #
g g 5 UK (Fig. 2).

02

Fig. 2. Effect of PHWE on morphological change of HL-60
human leukemia cells. The cells were trealed with ether PHWE or
doxorubiein tor 12 howrs. A) Untreated cell. B) Doxorubicin 10se/ ¢ . C) PHWE
800w/ ! . Arrows in B), C} indicate a typical apoptotic cell with apoptotic body.
The cells were photographed under light microscopy (magnification, x 100).

4. \BHRESOl alRMES DNA 283l v)X|= g

NBHiEEf o] A8 HXE £g9 7)Fo] MEIi Bl
g Jhsiol AR maol ol ERISH| fislot M=
TA T1E $AE EZY] dhiQ] DNA 2F3E HL-60 U4
FolA B0l FIHTY. N\BTIFEE 200, 400, 800 mg/ ¢ 2 AEI5}
I 24417t Zoll Al Zo)A] DNAE FE3IH 1.5% oprt2 2ol
71858l DNA BEEYE Et-Br FUE Bl RAGKA
C}. 400mg/ £ o]419] IzTollAl DNA 2@sisiao] HaAEAC
u] 800mg/ ¢ 9] NBHIEES Aelrolils R0l doxorubicin
(L0mg/ ¢)7} 22 BTO DNA BAFEAS 2-s IS
2 UUTH (Fig. 3).



NEHEES Q2 ATkt BIR MZ AFE a0

Fig. 3. PHWE induced the ladder pattern of DNA fragmentation
in HL-60 human leukemia cells. After the treaiment of the celis with
varous concentrations of PHWE for 24 hours, soluble cytoplasmic DNA was
solated and separated on 15% agarose gels. DNA was stained with ethidium
brom.de and visuahzed under UV bght. Similar patterns of gel electrophoresis were
obta.ned n two separate experments. A} Untreated cells. B} PHWE 200ug/ { . C)
PHWE 400me/ I . D) PAWE 800me/ ! . E) doxorubicn 10mg/ 1.

5. \B#ifE 0] BIAMILSY DNA gl nlR]s g8

A ZAAN] = ThE £ 4PHQl Pl(propidium iodide) 2 &
A & flow cytometer B418 $3BIJCE HL60 QA Lol /\B
TEEFTES 24X17F SQF 200, 400, 800mg/ ¢ SEF M2ist 23
2n 0|5} DNAZRIS A hypodiploidd] M E1AIY EAS
Ad MEQ] H18o| 24zt 86, 287, 593%E S JEHNOFE ©=
23t Z7H8 BT HIALTQ) doxorubicin 1.0mg/ ¢ HE)EQ
BS 679%9 vleg HAUh EE Aol @2 vETe
43% % VERITE (Fig. 4).
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Fig. 4. Effect of PHWE on apoptosis of HL-60 human leukemia
cells by flow cytometry analysis. The celis (1x10° cells/nl) treated with
P-IWE for 24 hours were fxed n 1 ml of 70% ethanol with 05% tween-20 at
4°C for over 30mn and suspended in PBS-B, The cells were staned with P
soluton at 4°C for 1 hour and analyzed for ONA content by flow cytometry. Data
represent the result from one of three similar experiments. A) Untreated cells. B)
PAWE 200mg/ { . C) PHWE 400eg/ { . D) PHWE 800mg/ ! . E} Doxorub:ein 10mg/ ¢,

6. N\EBHFEMS TH-NMR 24
NBIESS T8 H29 E4g YolErl sl
1H-NMR 248 5ot 23 78 4E8 seteg 2golA

R+ AU §3) 3103} 4.30ppm Al0)9} 5.60ppmollA] 3}
8} 0]5 (chemical shify2 B} (Fig. 5).
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Fig. 5. 1H-NMR spectrum of PHWE.
o  #

ol 2R A12H0] HYHFoln Aol thah 297t
AL o1EX Feurd ZaxRZd vl DA RO
A 9 HEHEE 4ol sl ANEYPoE FRED)
229 oMo Qojghll sk BE GBS mE 4zl A
£, AU 2+ 590019) 24 Y Ho) E3} 22 EMo] Slof 4y
ol gle Aepsk=nl LEILBIIAE B2 1910l &8
AR tiog HAALAQ) 29 XA WAL Y
o= 71a 2 Qolo] FAUCY. AEWHOZE S8, W
AKIQH, B8N BAQY Sol 2 881 You, 1
Z 35QWH0) B8} 7H &Th SBIQHAZ BRENN =
gomlel &g ZIIHES F2 UM EY DNAo) £48 %
Blol YMEY) HE BEES AFSIAU, ME7L Qe e
Al 293 SUYZHY 48 Akl MEY HaEAS Ak
7152 7T Qo). 3 Jde) ARBE I YE ABQHA 59
BHAQ! doxorubicin (adriamycin)2 Fuleh, oM KX, FQt, Al
ZoR 5, QYU LE, IHWHHo| 183K FUHE DNA
o} G710l BAksK QALY SAlol WRT MES RNASHY
2 YHEH ALARIIE WHAA AEEHS o7t I8
L} doxorubicin®] A A EL} R0 thdt B4 U} RFE
Al EX7} E I Jon, Bl AZME tid 34, THEH0)
ZQ8 BAR0Z AU

Bolslol ) ARIFE BAHQ) AeNo} FAKQ) WEHS
Sloll UZBI WBAKE BH=0] QA FHEHS ERT=
BRNEED AMHOT 48 ANGHE BMES NS W
Blolol ALRSIL YTH*?. HKIES ERES #B15H= 2T X8
YU ABEHE RO Bk W) REKRKE ER B3
eteAlolAl M) B KBERSE GEH XFTPHS
ABSHE AOE WS L) #RRE EX7H 8% Q@i
ol HEBIC) HKIED B MHERS BAC s, KE
2 ERE 238l QA9 mARe AL, 7l il
T HAE [T B B UM ES So)Au RS
RS AR ERY BED =S |elsiA s
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2 ool AR ABHIEMAS A33ta viA nistad
o] Al8ch= HYWOZ \BBSILEAYN SHREEE 719
Heolch \BBALEAS (FEEFBRAR) %l -89 A
Yo 2 @WmRAR BlER RREE i 59 80 Jam
fESE B B AREE, K BE, BEEE Dok, JLERE 2
BHEHE S8 XEskl FHYES 4HEH AS Al &
B4, HEe SRR XSS B Rul /152
S, fIMNskE A\BBZRE EXE 43710 BEH
2 BVl KREAZ & GEEoIth BT, 4.8, =&, &,
FUIES TR - BHEILE - BESHL BRS HRiEH - &K
B0, SErEEE BREESEOE SAEE A Gk
BERATIE FEBOILE IHEE NABHERS KEBREO
A2 HYele & 4 Y

olell MAH= /\BHEF o] YRFoll 8857 Hskd, HL-60
E RS 4T 2Q] PBMColl tigh N\BHES MEEY
S 4981, HL-60 (B M#AMHS] A=22}t HEf ¥sl, DNA B3
B24E B3 Aol g AELAENE
EQI51HC). 5] & AEolAlE doxorubicin®} BlWEkY AR
7ol ABERQ) UL E HIIBINCE HA QAEY AE
Z4& £8P fdA SAZ uigdo] A\BHERAE sTE
% AMelokd sigret & MTT ZaH g o] 83Tt MTT Ay
2 HZEshe AZY FAZE dd MIT/F iEo
formazan crystal2 AL = AT E SBLE 585l U
ol olgh QAES} AlE EE B4 dAEE BEE ZEKE 4
& Yo ARATY AMBEI ABHo) L4610 PP
oLt 1&} Falol HFBIcH”. UBEH N\BHEAS ST Al
Zt QJEROE QM ol gt MBS B9t £56] 800mg/
¢ 9] BrolAEe doxorubicin (10mg/ ¢)34 BIT §E ME
SEE BTk 8 YA Eo) st AR NESHE
etol 7] Y&l A4 AlEQ) PBMCE E2l6ld 4fs 23 &
Ux]Foll AHEEE doxorubicino] HAMEAM T Ao A2
S48 E 20 vk ABHEAS AR oE ot MEEHE |
RO, 400ng/ ¢ 0151 BTN E BAH MEEHE VEMA
BATE  AMEZTAHapoptosis)y= MELLS] FQ3E 71HLE
19724 X g 71€=1, Ee09] 3 AHnecrosis) = HESIHAH T
2Ee AEE /182 wl9) a4, AYTRo|M9 Fad =
g, go] uh, ko] A S oA Hed % HA §iY v
Zighel) Woiglel BRI AES i, TS MEAIA A4,
Heldald, o)4agn Ze A=) g8 SEH7IE s,
HziAke S AR 7S SSMES] 4E FUAE
Ql5led AMSE mle Fg Z1Fon) ME AR Z7]etAo] AR

5}, flow cytometer

o) BAIAlg ATQIRIZ A3l MELAL fuE MESS
BAIELZO oa) AR, Mz
AL IE Bolle MIE F717} HAx(shrinkage)Zl= S2HQ1 ¥
87} EWRCh olYolT ATNOZRE 877} SEHE AL
(membrane blebbing) ¥ 2] Helo] NZ EE0] 4AZE
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2l - 458 - FET - 235 -015Y - gFEH - UEFE

ol FA BN AEECE MoK AEZHE gojx 1}
2 apoptosis ~EF} (apoptotic body)Zh= 438 TR E 43}
T} %3} n|EECelor B3 2 AZu AT|BES AR 9
HTEE UAFCE fASKH BlE, SdME JaE 25,
DNA 23 E3 22 Hap} Sct™. Qaa8%0) wsl=
nucleosomeA}o| 2] HZF Qo4 §9] o]F4] DNAZ} Fetzof
80URA] 200 H71 Zol&2 E8Fo] UERILL ojAE opigA
" Arigsia EFEQ Altie] Zgol w2 vehiA Bt
H71E S 40419 DNA Allz) $I4HDNA ladder)2 A1} 4
ZTIAALE TEsHE FEHQ wyogZ g8% 1 Uny.
2 dfoMe NBHERS 12417 MEls YAl Zall Ao
Al METLALS) FERSEEQ) EAQ] apoptosis £2ZHE FU|FL
T RS 2R 4 AT EI, N\ BHERAS A s e M
AIZY Mz2let A EZoA] DNAE F&3lo] M7 I9ES ¢ 2
AZIAN EFH §49] 5l DNA Alti] e mast
4 QUKUCh DNA BRSBUS N\BHEAY STl wet 57}
Sl g B 800mg/ ¢ 59 Aelwolide vluTel
doxorubicin (1.0mg/ £) A2]2T} H]5:6 TS DNA 223l &
= #3E 4 AU Flow cytometer 2HS M 29| Tjo)sh
A5lEY X EE FESIL A&sA 248 4 e AEFY)
ol A1 SAk9] B ¥l DNAQ dth& Fgo] 7hssict wieke ¢
A ZFol PIZ DNAE gA5H4 B ZE DNA7V} @alo] gl=
ol olml MEIAZT YOIUA S YA Z 48 MEZTAT &
oji} ZZht DNAE 7I AZEQ & 5835l nigg ¢ +
A B QA Zol \BHIEERS 24417 S MRS AR
Sk YEHQE 2n 0]5l9) DNAZRFE A hypodiploid®] Al
TUAK EAS AUE AEY Bl80| 242} 86, 287, 593%F
=254 E71619rt. 1H-NMR (proton nuclear magnetic
resonance: AL X171 FH)S A4 FMARS0] ofE BAl
Aglehs 7ol wz) FHY g8ty Ap)H gerg wol 2YF
a7t Wl B S1ekE0]E(chemical shif A4S 11 A2
SHL Rov, A7 BYFoeES n]Hg Aol 2 wn|gto} 3}
HOF BATAE ZHE 4 U ol B ugoMs
NBHEAES 1H-NMRE EXdld F8 H4E3E gEYS
HEYSHA Bae o= AUT
AEHOE NBHEFS YHIZol g AEZEMT MZL
ALE Ed SURIE WSS & 4 AU T /\BIEE
BAMZEAXE Ot AEZEE B 7 Aol tsid= 2
o FUENE LIERY] miEol YAk g8WHolA titts) 2 &
g 21 ol 445H, 25 ¢ B2 d77 ZgEe] 588
FXEA W X TR 7R o] Zojxjol kelet AEEC

ABE gt

WS O] A ZEH Tt ABdAl 5T
LIERICY. A2 EQ1 PBMCol tidt N\B ik
800mg/ £ 9] BEollA] 275% 2 UERGS 2 1



NBHERS AL arEfeE QA AZ AE an

o]l solMe MEZYo] BEFA) RRUATE N\BHRESES
WEHA Zol A AE ALY EFQ) MEH7)H2(cell shrinkage),
HZ2 §7|(cell membrane blebbing), apoptosis AIEF]
(apoptotic body)E B35I% M DNA B&3E FLsIdch N\
BPHAETE WEdMEolAM 2n 0|6l DNAERE Ad
hypodiploid®| fEMEFEFRES MEES w5 E7MR
th ABHEST FEEEY EHE dotEr] {6k 1H-NMR
24g sUsld I8 YETE JEYe BEE & UMk

ol:l dnEe Sdle 2 W N\BHiFERS 2ol o
o AZEL T flETEREE Bdl WEHAZ *F@.‘é‘.ﬂa
EFE & 4= UTE E3) UM E tigh MEEH 2 A HOl
g NEHAZ AME ST gl RAE A"Q};‘ e
FUAEAY WHsEE AARBIRH.

_\1

o

rr

wAkel 2

ahal wH|R| Yol QaiA H7E.

Faed

—“\—E}—‘?’_I

1 Agistn sk :
pp. 1, 199-241, 1993.

2. sielewguiaag
=, p. 1963, 1997,

3. IBHERE TGRSR, A2, FERTL pp. 349, 469. 1980.

4. BT 4 ¢ X9 ZERF 14, ok, fFvicty g8,
pp 256-257, 461-462, 1999.

AESE . HEEEE, A2, YESTL pp. 142-143, 19%.

6. BRECR A\ FEEEIRE AR, L, FHCBIERR AR, p
60, 1996.

7. &FE : \BRALEAS FIER %R S 1%, EXX
TRLBA73R 30 1999,

8. FrK : \BB&EAT Adramycin®] HEXE|Al LIE
LH= synergistic HifEEL 3Rol BIgH ZHE71A B, EXEK
TSR/ 3830 2000.

9. @witthR : GIEREE e mtol oot HL-60 i M3E
|RONAIY cell cycle MIMRTS BHEMY HTE, EYERE
TE7ERIL 1999,

10. #MESR : ATESEEE UIEE Midol S HL-60 MIHIM3E
Ao} YoJA)Y) transcriptional factors ¥ BTR, HX
REETEI 8T, 1999 '

11. £ : BEREE U Mol 9% HL-60 M5t
Y| caspases WEMEME BT, EERIRLENIER 1999.

12. BEE : BEnEE HgS By fIERAR R 78 &%
ol B #T5E, EDERMHEATERT, 1999,

13. Cohen ]JJ., Apoptosis. Inmunol. Today 14, 126-130, 1993.

14. Dewey W.C., Ling C.C., Meyn R.E. Radiation-induced
apoptosis :relevance to radiotherapy. Int J Radiat Oncol
Biol JPhys 33(4), 781-796, 1995.

BYs, Mg, AEustig

Rl rEAlE, Mg, 8

15.

16.

17.

18.

19.

20.

21.

23
24

26.

27.

29.

31

32

33.

- 519 -

RBRESEE . WES, AS, &L pp. 35-38, 19%4.
Williams GT. Apoptosis in the immune system, ]. Patho,
173, 1-4, 1994.

Milross CG, Mason KA, Hunter NR, Chung WK, Peters 1],
Milas L., Relationship of Mititic arrest and apoptosis to
antitumor effect of paclitaxel. ] NCI, 88, 1308-1314, 199.
Provinciali M, Ciavattini A, Di Stefano G, Argentati K,
Garzeti GG., In vivo amifostine (WR-2721) prevents
chemotherapy-induced apoptosis of peripheral blood
lymphocytes from cancer patients. Life Sci 64(17), 1525-32,
1999.

Shrivastava P, Sodhi A, Ranjan P, Anticancer drug-induced
apoptosis in human monocytic leukemic cell line U937
requires activation of endonuclease. Anticancer Drugs
11(1), 39-48, 2000.

Mosmann T., Rapid colorimetric assay for cellular growth
and survival: application to proliferation and cytotoxicity
assays. ] Immunol Methods 65, 55-63, 1983.

Williams, D. H. and Fleming, L. : Spectroscopic methods in
organic chemistry, New York, McGraw-Hill, pp.63-169, 1995.

W IR, L, FHCABRLIARAL 124, 1992

T 5 EER IR ARS4EHRRH, pp. 2-8, 1982
e 9 - GRIFo) ol A gerd wo] Bk o)t
& o, Mg, RERRSHARAE 3(1):85-101, 1997.

. Myers CE, McGuire WP, Liss RH, Ifrim 1, Grotzinger K,

Young RC., Adriamycin: the role of lipid peroxidation in
cardiac toxicity and tumor response, Science 8, 197(4299),
165-7, 1977.

Keizer H.G., Pinedo HM,, Schuurhuis GJ., Joenje H.,
Doxorubicin (adriamycin) : a critical review of free
radical-dependent mechanisms of cytotoxicity, Pharmacol
Ther 47(2), 219-31, 1990.

Lee V, Randhawa AK, Singal PK,
myocardial dysfunction in vitro is mediated by free
radicals, Am | Physiol, 261(4 Pt 2), 989-95., 1991.

Adriamycin-induced

. BhoF - REMEREE, b, BIEBHIRRAL, p. 311, 1997

MEH 5 PERESZRAZ LR, HEPEERT,
pp. 241-256, 1998.

. BIBE S ¢ PUEREEREM, Wi BHLREE R HARAT,

p- 14, 33, 45, 100, 260, 305, 340, 440, 517, 638, 710, 752, 776,
817, 1153, 1994.

Carmichael J., Degraff W.G., Grazdar AF., Minna ].D,
Mitchell J.B., Evqluation of tetrazolium-based semiautomated
colorimetric assay, Assesment of chemosensitivity testing,
Cancer Res 47, 936-942, 1987.

BEME M BREREZEARE, U5, SIEEUR SO,
pp.53-58, 1997.

Ling CC.,, Guo M. Chen CH., Deloherey T. Radiation-

induced apoptosis Effects of cell age and dose



oY - M - B T - g - UES - dET - BEE 015y - 8FE - UEE

fractionation, Cancer Res 55, 5207-5212, 1995. HifRTE, pp. 267-276, 2000.

34. Darzynkiewiez Z., Apoptosis in antitumor strategies : 37. Bold R. J., Termuhlen P. M., McConkey D. J., Apoptosis,
Modulation of cell cycle or differentiation, ] Cell cancer and cancer therapy, Surg Oncol 6, 133-142, 1997.
Biochemistry 58, 151-159, 1995. 38. Hedly DW, Flow cytometry using paraffin-embedded

35. Vorhoven B, Schlegel RA, Williamson P., Mechanisms of tissue:five years on. Cytometry 10, 229, 1989.
phosphatidylserine exposure, a phagocytic recognition signal 39. Jensen KE, Magnetic resonance imaging and spectroscopy of
on apoptotic T lympocytes, ] Exp Med 182:1597-1601, 1995. the bone marrow in vivo. Danish Med Bull 39:369-390, 1992.

36. L& Z : Methods used for Measuring Apoptosis, A&, B 40. ZF3 : NMREES, A Z, AFgol7in], pp.15-16, 1989.

- 520 -



