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Effects of the Water Extract from Albizzia julibrissin on Apoptosis and
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Apoptosis is a morphologically and biochemically distinct form of cell death that occurs in many different cell
types in a wide variety of organisms. Albizzia julibrissin belonging the family Leguminosae has been used for the
treatment of contusion, sore throat, amnesia, and insomnia in oriental traditional medicine. This study investigates
whether the water extract of A. julibrissin induce apoptotic cell death in Jurkat T-acute lymphoblastic leukemia (ALL)
cells. Jurkat cells were increased inhibitions of cell viability in a concentration-dependent manner by A. julibrissin. This
herbal medicine also caused apoptosis as measured by cell morphology and DNA fragmentation. The capability of A.
julibrissin to induce apoptosis was associated with proteolytic cleavage of specific target proteins such as poly
(ADP-ribose)polymerase (PARP) and beta-catenin proteins suggesting the possible involvement of caspases. Our result
showed that Bcl-2 and Bax protein levels were not changed in all A. julibrissin-treated groups compared to controi
group. These results suggest that A. julibrissin-mediated apoptosis is independent with Bcl-2 related signaling pathway
in this cells. The purpose of the present study is also to investigate the Effect of A. julibrissin on cell cycle progression.
Our results showed that G1 checkpoint related gene products (cyclin D1, cyclin dependent kinase 4, retinoblastoma,
E2F1) were decreased in their protein levels in a dose-dependent manners after treatment of the extract. These results
indicate that the increase of apoptotic cell death by A. julibrigsin may be due to the inhibition of cell cycle progression
in wild type p53-lacking Jurkat cells.
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ol Ol A8k HEE2| apoptosis FEE R} M EF7]0] tf
3t gge aaslad o dAE IA7ldl Baske ol
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GEREz 20058 2 iAol ¥ EF4 2,000mlE &
2 &3 &Y 71, FE5IAL YW ES M o BAE 0186
of 33] AsIACE o] AIAE rotary vacuum evaporatoro]| A
249, =&50I9n). B5E 8WE 70T deep freezerollA] 12417}
E0F WRIBIIL, 30417 E¢} freeze dryer2 2 HZESM 10%
9 £8¢1 20g8 ELE IUrt
2) AE ujQF

AR T AZH feig S48 g Zugd 25O Jurkat
D) ZAZF 2891 The American Type Culture Collection jit
(ATCC, Rockville, MD, USA)EEE] 8¢} Hiol, AgdolA] 3
7T, 5% CO;, & g 2% Sanyoiit BT ]0lA] BiBIRACT.
201 Jurkat A 29 miHES L-glutamineo] ZEHE RPMI
1640 v Aloll 56 C $EA] 3027 712 sk EEHEIR]T fetal
bovine serum(FBS)S 10% E§HLi, 1% E4A)|(100units/ml
penicillin, 100xg/ml streptomycin)@} #iX] 15 NaHCO; 2g&
H71ele R AESKAct
3) Al

Monoclonal anti-B-catenin A =
Laboratories  iit(Lexington, KY, USA)ZHE] T8I,
monoclonal anti-CPP32, monoclonal anti-Bax, monoclonal

Transduction

anti-cyclin D3, monoclonal anti-E2F1  #&| S} polyclonal
anti-Bcl-2, polyclonal anti-CDK4, polyclonal anti-RB &A=
Santa Cruz Biotechnology fif(Santa Cruz, CA, USA)ZRE] T¢
3lct. Monoclonal anti-PARP 2A|= Calbiochem jif(San
Diego, CA, USA)ZHE] 7¢l5l%11, peroxidase-labeled sheep

anti-mouse immunoglobulini} peroxidase-labeled donkey

anti-rabbit immunoglobulin ©]X} #AE Amersham Life
Sciences jit(Cleveland, OH, USA)ZRE] FRI3IXC

=
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9 35 dM

gy HzZFEo MzAlEE Rk sexlE ZA4s5H)
{151 Jurkat MEE 24 well plated)|A] sjUBIATE 2829 gt
ME 200pg/ml SEE HTIS & 4170 48417 B A28
HRSICE 11 & HEEu|E g E5i MEES] HelaH HE
£ HA BESEILL, trypan blue SHE 0|83l ETFALIIZ Al
I & AKBIACE Jurkat A 29 Z P sk Ml & 24410
ool tHETroll B3] 50% o]4] MZAMEE Y27l Skl
€ SUHCE ZARIGI, MZAME EUE VERE o &
9] shiol AEEEE MER o[83ld 2 UdEE 4AIsINT

2) JZIAL BF

MEZEE  plastic culture  disholA]  HRQFSIH L,
4x10°%cells/ml BEQ] ME £8 710 10ml sQiRIo) &EREE
FEEEG BASIY) Jurkat A ZEE oY 711 L6, 10, 20,
30, 40pg/ml)} REEE 24A17 SO MTIBIHCt GEE BY
€ 4o AFIHIL ALE B[] 40mg/ml SEE UE & 4
ol 2Q3t ST 2 RPMI 1640 v xloll E4510] ARSIATt Al
F AR ofelol 7IAE M= BEg9 vlu, ME 9 w3l
MZ A W G@A el w3l 2 poly(ADP-ribose)
polymerase(PARP) & beta-catenin THHZIO] 714828 e &
g 1eskd 2F3RT.

3) HeNsks WEt £A}

Jurkat MZE 7} wellgd 1107708 @31 24412 2% & &
B 2228 sTHE HUiskd 4413 S it e, #
0] & (Diaphot 300, Nikon, Japan)E 0183}l 10081 & dlojA] th
A3 AE Y Fefshs Hale #Eeirt

4) NENES

AZHES0] Uit GEE FEEQ FES Lotr| st
& Jurkat M| ZE 24-well plateo] WS & FEEE 5, 10, 20,
30, 40pg/ml EEFE A4AIZF SO Nelsitt 1 & &4 289
AEE 1.5ml tubeol] EJ}HOM, Y EHY trypan blue EHE
tubeo]] 713t & RT@A 431 383 YR|SIACt Trypan blue
o) gaF]R) k2 AolRlE A2 8 EFEHIE o8
3l ARIBIACE AEMEE0) S A FEE2Y FFES ¢
olEy] i3l MTT EEHE LAIBIACE o] HS YESH A
59 4888 ok ALEM MZE 96-well plated]
e & FEEE A9 4EH Y 2HU2E A6t
Zt wellol] 5Smg/ml mF 2 AEF MIT &9 208 HIISIAL 3
Al S0 s gBigich O & MTT 8Mo] Zahg ujtd g HA
Bt zt well & 0.1% isopropanol 150uE H715lod 3027 vi
¢F % microplate readerZ 0|83l 570nmollA] EBTE &3
it 339 A Z tig AE FAE SE6le] 2dun 28d
A} & JYOE UERBRUCE

5) Western Blot Analysis
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Wl MEF Jurkat®] METAL FE W MEF7] drjol viRlE SKE REE A

Aol 0|8¥ MEZE 15ml tubeol] 2 £ WA HBEKI
© phosphate-buffered saline(PBS)2 2 2~3H 411 2000rpmol]
Al 37 Y4B BNk 45UE I F cell pelletol] EBC
lysis buffer(50mM Tris-HCl, pH 8.0, 120mM sodium chloride,
0.5% Nonidet P-40)E 211 2027} I8 ol SolFHA] 580}
o} DEISIITE LysatesE 13,000rpmoll4] 152 £ Y4122]8)
E YENTE Fsld CIE tubed] RZiTh WA ETE
Bradford W (Bio-Rad)oll &35l &8I 00, & pula g
bovin serum albumin (BSA)E AIRSI¥CE Zt A8 Fuic} 9
L9 i zlo] 75%(PARP, beta-catenin, RB), 10%(cyclin D3,
CDK4, E2F1)} 12.5%(CPP32, Bcl-2, Bax) SDS-polyacrylamide
gel 1P ES S E2i=ERCH, & Aol e ZE chlde
nitrocellulose membrane(Hybond C, Amersham Corp. )28 &
AXCl MembraneE2 05% (v/v) tween208 ZEEGH
Tris-NaCl-Tween 20(TNT) bufferE o] &3k THEAHZ] 5%(w/v)
nonfat milk 880l Wold A el 51t Nonfat milk £%0j
lyg/ml BEEEZ THEOIX A& Z+Z}0] PARP, beta-catenin, RB,
cyclin D3, CDK4, E2F1, CPP32, Bcl-2 ¥ Bax ¥X} A E 1X]7}
EQr 4204 membraned]| X211 CE MembraneEE TNT
buffer= 108 ZACE 3H X5 1, YA} SAlo] L2 0]
A} @A (peroxidase-labeled sheep anti-mouse immunoglobulin
3} peroxidase-labeled donkey anti-rabbit immunoglobulin)& 1
AlZE B¢t 4200141 membraneo] ¥FH2A]ZACE. THA] membrane
E& TNT bufferi2 A3} £}, enhanced chemiluminescence
reagent(Amersham)& 0|83l 287} 28417l & XrayHEE
o185l vl AL E ERIBKINCY

6) DNA Fragmentation

A ZE PBS 8UCZ AT & AYRE/IE 0183l &
4 M ZRH2 FRIrt. DNAzol reagent 1mlE 2.1 pipettingdld
HZ pelletE 319t 1 & 13,000rpm, 4TollA] 2087+ &
HEE ol em, 4SAUTLS CIE tubed] F7|1 pellet2 HWF
T} Lysateo] 100% OEFZ 05mlE Mgl o] ¥ &5
DNAE A HAIZICE 32 % DNA pellet?t 7)1 ASHES AA
¢} Th2, DNA precipitateS 95% OlEhE 1mlo] ¥ ¥ HAHFln
5~158 AT ARolA] air dry A7l DNAE Tris-EDTA
bufferg ol&3l =01 & EFZBTAE o185l 260nme}
280nm@] optical density (OD)gtE X 5l] DNAE HUSIA
tl 104g2 DNA EEEE 10pg/ml BT 9] ethidium bromideE
ZEFSE 1.0%(w/v) agarose gelZ 24|17} BT A7|EE A7) &
ultraviolet lightoll 4] DNA HSES HEICE

7) AR

HEdus B + EEUAE ERoIen, 2t 48es
UHZETo thet MEEE VBRI 2t 2719 EAE F9dol
gt ZE Student's t-testE O] BFIXCh

dE44

1. G8KE FE20] WEY HE Jurkatd MFTHYEE DX
3

i
A2l

B d8oie Alee] SHdTHuEy AZFQ] Jurkatd]
HMZUES et G FEEQ FAE Yol Yk &
EEE 5, 10, 20, 30, H 40pg/ml T2 EI7I|ZIHA AZ 6l
FuiAloll MEISKT 24A170 Bt A EE viASINCE. Fig. 1014
HoX|£0] trypan blue RO NZUEG HILE 55 2
T, 8K FEES 5L AEHOE Jurkat N EY WEES
248] Z2A1FCh

MTT assay 23} 5 ch &7l 8151 Sug/ml ST & X2]
& ATl 62%9] MEHES0] LERG2H, 10, 20, 30, ¥
0pg/ml BT HEIT 2ESANAMT 242t 45, 27, 22, W 17%9)
HEZYEES VERAJATHFig. 2).
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Fig. 1. Induction of concentration-dependent cell death in Jurkat
cells by A. julibrissin. Cells were incubated for 24 h at 37 °C with the 5, 10,
20, 30, and 40 «/mi concentrations of A. julibrissin. Cells were harvested into 1.5
mi eppendorf tube and resuspended in 1 m! PBS. Same volume of trypan blue was
then added and gently mixed. After 2 min, cells were counted using
hemacytometer. Results were expressed as the means + SD. of three experiments
and presented as a total ceit number.
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Fig. 2. Induction of concentration-dependent cell death in Jurkat
cells by A. julibrissin. Cells were incubated for 24 h at 37 °C with the 5, 10, 20,
30, and 40 we/ml concentrations of A julibrissin. Cell viability by MTT assay was
measured as described in Materials and Methods. Results were expressed as the

means + S.D. of three experiments and presented as a percentage of control values.

2. BEE FE20] Jurkat A £ Hefory o) niXls g

BEE 2E20)] =29 Jurkat M Z9 WEG0] 243 0]
771 MEILAR 710151 RAUARE Lot2 7] $45Kd Jurkat Al
29| i miXlo] BEkE FEES 10-30ug/ml] oE] sTEZ
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AR} B MElsld MEZE it & L RFeists HElE
AUAEARF o F AT Hlwsle] B&sIEn) 1 23 X
T2 MZE0] olFd HEPL YA A#E FEEAN &
g AZE Azt o 95 8719 SEEYE B 5+ AR
CHFig. 3). E=¢t G £EE9 Al 5Tt FolESE Mz
9] U&= tiETol Blal FA Zasipon AMEat 8719 &
EJYE 7K MZE & EE E7IEE ¢ & URUCHFig. 3). o]
e 2k S8E £E20] Jurkat LY TAE RERCE
# YEEE Adlcls R2E BAZICH
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Fig. 3. Morphology of control and extract-treated Jurkat cells
observed by converted microscope. Cells were incubated for 24 h at 37°C
with the 10, 20, and 30 w/ml of A julibrissin extract The morphology of
extract-treated cells were compared with that of control cells under 100X

microscope.

3. BEkR FEEO| MZIUAE RT3 Jurkat A ZollA & U]
DNAQ EZd] R g

BEE FE20] &Y Jurkatd] MEAPHo] £EZo|1
EEIEQ MZIAARIA, sEHolL ARIHQ] Aed AN
Q AEIAARIXE E015L7] A5 Fig. 13t Yt 21BN
Aelg ZEES o183k DNA EFEH Yol st deS 44
Sttt HAMES AzEAPgo] REE MEEZRRE S
total DNAE Z£&35l0 718 &E AAISIIC

11 AR Fig. 40lM BAF RO, S8 E FEEE Suwe/ml
HEE2 Mzlgh 4EFoMT TEXIRIS DNA(50~300kb)2}
oligonucleosome 37]9] DNA EZ(180bp)E Zgsh=
apoptotic DNA ladder §4+& agarose gelolA] E 4 UCh
DNA BH9| AT & Fo8 S#k FEEY 57 €48
A 71 ¢ & JAUTHFig 4). 019} L2 DNA BF
2 71EY 7B 170 Q8] WAW A} vERINE AE L
A7} ZIEE= Al ZOA internucleosomal DNA cleavage?} X
ZiElo] UEh = DNA 719 YRIEE HAFEE G &
Z50 T} JurkatQ] M ZAPH2 programed cell death U H
&t

Albizzia julibrissin (ug/ml)
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Fig. 4. Induction of apoptotic DNA fragmentation by A. julibrissin in
Jurkat cells. Genomic DNA was extracted from control and A. julibrissin treated
samples. Ten micrograms of DNA sample was separated on a 1.0% agarose gel
containing 10 w/mi ethidium bromide for 2 h and visualized under ultraviolet light.

4. BERE FEE0] MZEIAE FEE Jurkat HlZojjA] Thild
7hrEdl 49 Caspase-3 4o oiAle E&

AZ AF Ziol A5 AZIAE | tHREES
OFEE0] AlAHIQl B EAQ] caspase family?] =APEHQ] 4l
sHgY g48 Bold MEAIEE 927l AR UBA
YT, B3], caspase-3= EASHHOZ MELAIE YO7|=
o ZEEQ S8 +UIEE FHE 2EEQ o] 5T
€A wEEO] MEZILAL Yolyt Jurkat AEQ] ZRolE
caspase-39] &4 H3P JEXNE ZABIRGL. 11 23 tixF
oA = pro-caspase-32] HENQ) 32 kDa 719 EXlZo] H&
HAeH, MELA} doluhs M ESolAlE caspase-32] &4
sl FeRQl 17kDa Z27)9) ARG 8 71 AMUTh oz
e B FEEY M2 5T 5248 UR EUEE
& 4= JAACHFig. 5).
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Fig. 5. Induction of CPP32 activation during apoptosis induced by A.
julibrissin in Jurkat cells. Cells were incubated for 24 h at 37 °C with the 5,
10, 20, 30, and 40 «e/ml concentrations of A. julibrissin. Whole cell lysates were
prepared using EBC lysis buffer. The samples were resolved on 125% SDS-PAGE
gefs, transferred to nitrocellulose membranes, and the biots were probed with

CPP32,

5. B8 K FEE0| AMREIAE FEE Jurkat HZolA] PARP
% beta-catenin THRAZ Y] 7l=Edololl nlAle B
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Wy HZF Jurkat®] AZTA BE W AZFE) Adol vlxis G#E FE829 20

poly ADP-ribose polymerase(PARP), RB, actin, beta-catenin,
lamin, fodrin, PKA, presenilin & CIEHE®, 18D &k
B FEE0] caspase-39] FR JIAE YEHI PARP H
beta-catenin THHA Ealol viXle G2 ZARBY] A5l
Jurkat M siehiXlo] B8R FEEE 1Y Zol 5EEE
ATIBIL 24417 S visIict. I 2} Sug/ml9] X kol
A] 116kDa®] 2 ¢F PARP il zlo] 85kDa 7|2 B2ai=Els &
o] FEERCH, M) 557t £OH =245 PARP thiid
1R BEot E7tge € 4 AUKCHFig. 6).
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Fig. 6. Induction of PARP cieavage during apoptosis induced by A.
julibrissin in Jurkat cells. Cells were incubated for 24 h at 37 °C with the 5,
10, 20, 30, and 40 «/m! concentrations of A. julibrissin. Whole cell lysates were
prepared using EBC lysis buffer. The samples were resolved on 7.5% SDS-PAGE
gels, transferred to nitrocellulose membranes, and the blots were probed with
PARP. Full length of PARP 115 kDa and large fragmented of 85 kDa bands
(closed and open triangles respectively) are shown.

Albizzia julibrissin (ug/ml)
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Fig. 7. Induction of beta-catenin cleavage during apoptosis induced
by A. julibrissin in Jurkat cells. Cells were incubated for 24 h at 37 °C with
the 5, 10, 20, 30, and 40 we/ml of A julibrissin. Whole cell lysates were prepared
using EBC lysis buffer. The samples were resolved on 7.5% SDS-PAGE gels,
transferred to nitroceliulose membranes, and the blots were probed with

beta-catenin.

Beta-catenin S} Spg/mlo] HzTollA wild typed)
beta-catenin THYE =Fo| Ladhs FEo| Ve, Az

557} #0W HE45 beta-catenin ThEZ Y1425 FHLrt
E71EE & 4 UKUCHFig. 7). olE s HE AT # Lojla o
o{Li= DNA fragmentation®] Z& nje & dA|ghe HY F
AUct o7l Bl B wl Ak FEE Aol 9t PARP ¥
beta-catenin THHEIQ] Z7| A S22 caspase-3 49| 71a F
[ EA &Y shiolH, FEEE |FTEE Jurkat A Z 1A}
§latoll caspase-39) o] dolgrg TP E HAFT

6. SEE REE0| MELAE 58 Jurkat M3EoljA] Bel-2 B
Bax THHZES] Ul Xl FE

AZ A gojukes Z2R0lle YRE O Bel-2 Thildl 2
0] ZA3HT Bax THHA o] Friske Aol WAEXT o]
o] BE AEAMHS ZRol HEEE A ot ME2A}
P FAXNZ & LEZ pss AZLA APHE AZS
A TE wisido] Eriehe 2SR oA, 5718 ps3 i
Zo] Bal-29] thld WHEE AAAI7I A BaxQ] Thid wUA™
2 Z7NTIE AOE gEd g

Albizzia julibrissin (ug/ml)
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Fig. 8. Expression levels of Bcl-2 protein in A. julibrissin-mediated
apoptotic Jurkat cells. Cells were incubated for 24 h at 37 C with the 5, 10,

20, 30, and 40 «g/ml concentrations of A. julibrissin. Whole cell lysates were
prepared using EBC lysis buffer. The samples were resolved on a 125% SDS-PAGE

gel, transferred to a nitrocellulose membrane, and the blots were probed for Bcl-2.
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Fig. 9. Expression level of Bax protein in A. julibrissin-mediated

apoptotic Jurkat cells. Cells were incubated for 24 h at 37 'C with the 5, 10,
20, 30, and 40 w«/ml concentrations of A julibrissin. Whole cell lysates were
prepared using EBC lysis buffer. The samples were resolved on a 125% SDS-PAGE
gel, transferred to a nitrocellulose membrane, and the blots were probed for Bax.
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HEE - H2E - HUF 0182 0] o7y - HEE - HBE - BEe

2 A82 wild type-p5371 ZEE Jurkat A Zoj|A] Bel-2 &
Bax7} MZ ALY} BREY0] J=AE Lol TA SI3Tt G
FEEE Neldle AZLRE FEE Jurkat AZoA] Bel-2 B
BaxQ] T 9kd HT & Western blot Q2 ALY I Z3}
tHZY Bel-2 & Bax THE WHE T O o 7K 559 4#K
B 2E28 Aol 48 F TFolA] Bal-2 B Bax T Wiy
TE HITE & ul AolEE eHE = giAchFig. 8, 9).

7. §EBRER FE20] NEIAAE S8 Jurkat Al ZEoA] Cyclin
D3 % CDK4 ¢hZo] ol Xl HE

D-type9] cyclin® CDKS} Z&5l] RB thiEE Qlita}A
#H NZF7] & GI7]0lA] §7129] Holg EX5h=n £R3
818 JIct W2 YA ZollA] cyclin D19 Frieksio] WAL
o, ole BYUgE AZSAE PEEY Y28 HAFA.
& AFoIAE Jurkat HEollA] D-typed] thildl wigieEg o
OlE7] 18k £EE9] BT E 5, 10, 20, 30 Y 40pg/mIE E7}
AlFIEA A2 sl Kol M2lsked 24417 EQF M ZE wiest
A} Western blot analysis®] Z 3} cyclin D1 % cyclin D2 GhH
A2 Uz JdE8F ZFdA dE=HA @ithdata not
shown). 0]21¢} A= cyclin D13 cyclin D2 B AlQ] kg4
F0] Jurkat M EollAj= 142 Zo] Western blotS 2 ZHZ0] g
A %32 ACE HolW, 48K FEEQ A Lo AESIH
TR weEo0] E718IA R AATHEX EE Hi) Qi
g BAFETh I8u cyclin D3 DA Q) wigl &2 R FollA]
T B gog ZEHAUCH GEE REEE g AP
Al B JEHOE il deFo] 2405eE ByFE
UTHFig. 10). o= Gl7io] HAdl= 3559 D-type cyclin &
cyclin D37} Jurkat T MlZollA] 712 @X5HA wdlzE AQE
E & Q9m, cyclin D38} ThlZ 23 2@ A0) Jurkat T
oY MEF7IE AAcld MELAE FTdke ACE B 4
Atk HA ZolA} tHREEY CDKES cyclin, proliferating cell
nuclear antigen(PCNA), p2IWAF1i} 4% 231X E H45ld RB
Tl ZIO] QXIS BHEIT). BEE FEEE Y19 Y =4
SlollA] MEISt & Jurkat AlZolA19) CDK4 thild WaisZEg
ZAL 2 23 M2l 5571 2845 CDK4 thild wglFo)
Bashs RS BAFUCKFg 10).

fo 1’

Albizzia julibrissin (ug/ml)
0 5 10 20 30 40

G : . Cyclin D3

I awr GEP W =% " CDK4

Fig. 10. Expression levels of cyclin D3 and CDK4 proteins during
apoptosis induced by A. julibrissin in Jurkat cells. Cells were incubated
for 24 h at 37 °C with the 5, 10, 20, 30, and 40 we/mi of A. julibrissin. Whole cell
lysates were prepared using EBC lysis buffer. The samples were resolved on a 11%
SDS-PAGE gel, transferred to a nitrocellulose membrane, and the blots were
probed for cyclin D3 or CDK4.

okl ZuolM BEREE FEE0] Jurkat ALY
ZAl7le 282 cycdin D9} CDK4 thizol & ztart
cyclin-COK E8H FHE AL LEAN MEFIIE dEs]
ZESIA Rolod dojde & 4 Tk
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8. BEE FEE0| MZLAE FEE Jurkat A Zoj4] RB ¥
E2F1 thlZ E9] wislol n|X|= g8

HZEY B S RFGH= MEFT|ojA GAR[HRIE o
Zl RB PREZI2 MEFE7)9] GI7|olA £Q3 7158 +d5l1
ATk &, FARIZRI E2F13} sk E2F19) 715€ AXslL
N2H, A5 AE F cyclin-CDK 2o 98 RB7F 3ol
A8lE]H RB= EE4 3} Hlo] RBY Gl FX) 7|52 AIEC)
RBe} Zelsla AW E2F1€ F2lA17]11, 43k E2F12 57)
oAl DNA Exjo EQ3t o] FUAEES SHEOEZN HZE
F71E GI7100M S712 AysiA Bo8. o)k MEF7) 2
9 AIEEQ G7| 2E W TG E38 JEe FEsL A
£ olg RUAEY HIlE duBr| sl E8E FE2EY
SEE 5, 10, 20, 30 W 40pg/mlZ Z7}A)7|HA] Jurkat MES
o wihulxlol 2417 B0t XBlBINct

1 Z3 5ug/mlY MEFolA HOIAISIE RB ¢l d wksl
TE2 AT ISl oA AABIRoON, 2229 M =
Tt €48 FA gz ddeE vlgo] BE dage
E 4 JUACHFig. 11). ¢ RB iR 9 01413} AT+ E2F19)
715€ ZESh: £9% WEEA 68 E 2289 Al 5%
of JEXHOE ZAHL 55| 30pg/ml 0140 IsLoliE=
g0litslE RBO Fefr} @A EiEe & + UUTHFig.
11). 0] cyclin D typed} CDKOl @ Zt4F QI3 2mx e
Z CDK49l RB 91413} 7l50] Z4aFo] ©elitsld RBY
o] B ALE HAPCt A9 EUS THFlolA TARIXL
Ql E2F19] #dg ol Ud S#FdAl 5851 Y5k
Western blotZ& EANSH A, 5pg/mlY A5 Lol xR Tl
8ISl il wdlo] Aol A4 A kot 11 01%9) HHz
sTolke AEE FEE9 A7) skd JEHOZ EF1Y
FAEQ Ty wdeFo] FFE AASH ol Uehdrt
(Fig. 11).

o
=
Kok
=

Albizzia julibrissin (ug/ml)
0 5 10 20 30 40

e

Fig. 11. Increase of RB dephosphorylation and decrease of E2F1
protein level during apoptosis induced by A. julibrissin in Jurkat
cells. Cells were incubated for 24 h at 37 °C with the 5, 10, 20, 30, and 40 w&/ml
of A julibrissin. Whole cell lysates were prepared using EBC lysis buffer. The
samples were resolved on a 7.5% (RB) and 10% (E2F1) SDS-PAGE gel, transferred
to a nitrocellulose membrane, and the blots were probed for RB or E2F1.
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HEW HZF Jurkatd] HELA R W H2ZF7] Axol DX 8K FEE BH

o}218t A= RB T & 9] dephosphorylation Z gk )
FAREE Bo] FRIc) & MeldkslE RBY &7l DAIRE ¢
AR E2F13 A&SH O 2 BERE HH5IA 8284 E2F19] 7]
58 ZAAA MERE B FHAC DNA HALE 4E5) o
FX 25 3lm, E2F1 XHAIQ] Tl Al ZA T 5k 8 UlojjA]9)
715€ syl HEERE AZF7) olgd] Zo] Bdh=
ZC2 AlgErh

P53 Mediated Apoptosis

%8 7

Ced-9 —#~P> Cog-4 =P Ced-3 — apoptosis

7
Bel-2/Bcl-2  ==#=P 7 =P . CPPIYTX

«ICE

@ « Nedd-2/ICH-1
L 8cl-2/Bax
@ Bax/Bax

=% apoptosis

Fig. 12. General schematic diagram of p53-mediated apoptosis in
signaling pathway.

Regulation of G1 ---» s Progression

Growth . . Active
Factor —¥ —» — | |Cyelin D1| — [Cyclin D1 —>“ Cyclin D1 complex
(i.e.. CSF-1) regulatory T-172 I-172®
subunit Cdk4 Cdk4
Catalytic /
subunit
Activating
phosphorylation
TGF p > 774 p27—|
CAMP > T 927—|
. regulatory
subunit
& CAK
Catalytic
subunit

Fig. 13. General schematic diagram on regulation of G1 to S phase
progression.

kA z

BE#KEE 3T Leguminosae)d] EEFAQ AHAUE
(Albizzia julibrissin Durazzini)®] BEE 3} 7120 38}
o o L Aolch AMHURE &Yool vlud Bl m
=, MEEo] oM B9 e, Heg, FEE, &, F\lL,
#, Bt SX % 28] V2 AFEE ST oldo] BEShL
AZAR] e 98 BY E2 v 98 Z0]1 2olE 30cm
oldolm A7t 1-2mmoll o]Er o] gkl FYdH R
Y1 Beol U Ao FEoIth?. THBAER, o Sk Ik
HY EXHB FLE SARLEE ARESHE 8HK-olet
SE¥ & @R TAEME, o o238 “MEE &He Y &
0] UE ALE VIS5 Utk P KEHE §E50E

LMAE, BBRIREE X153510 EF) BIMMES §5°F Mg,
BEAET ST 01851 AUt

BEE S SOISIA] B4, Bk B, &%, [, B8R &
&, %% 59 "HFo) £l TEAQ HEiEel gagolrt
I FQ3 RRFHE UnHH RERCEE 418, M B &
fHEE, NRCEE BHETER So] YoH, EX7 RESH
EBY #8E Yol ERREDY BRI 47 BEZ A£n
o] RESHA B3, Jgko] MARSHL BMET BASITHL 3}
okShL UTF®. BmREo|A YA FE BRI ERRE X &
£ Bxol weh A REERIL BENE, ERER BHER
2 BHEE § QNS S EHE SUATE REE B
B, B, BEA RARE 2 MBS S 38 QHZE
Ayohe #R W o] F 7K YHE mglet sREME S0l
851 k™.

AT WEE 2 T 10,0008y g4 43, 4 38 LR
F85H I 9wl YTy golX I JULEE wEHol g 7]
£ g7 Hd BUEZHY vigdo] AEKEHOZ o|Rojxo}
g Zolch @A) 71E gAY RARE A A85l) 5k 4
okg ol&T A7V Eu6) NEE KA, B, BEEERE
taxol, camptothecin, vincristine 9] kA 71 B2iE A2, 0]
E gEY Aol 48 Y 48O 0|88 & U AEY T
St 7hd 7hs8E BRAF L it 28] vigld] 4lolls g 1
Ao E O|8E 4 UE 41E0] Ho] AMYGHL U1, olE Foll
= B 558 7 AlEo] 4Ydl Wol A& ALE AIRFHE
B 5hE0l AEE Bdlo] JEEd gAuEsg A5k
g Zolch s E HZ NZNEEE, BARIESE0 ¢
HOZ giolx] & EEAYEE tUeR 1 Fa48H 59
718 g SYdhs AEE0] AIME I Ut} ol dtalekel 244
g ABtH o HAEsH= the §o3) Yolzt AIZHL: B
B d7e 830 43lc SEaEQ AHURY BEE BXE
BEKZE ol&3to} WEH MEFQ) Jurkatol] gt apoptosis 7
TRAE 4EEI I BRESE YK ANI1HE AEF
719} Bex|o] B8R sl

HA AR FEE0] Jurkat ME9] HZAH| vlxlEs &
THE YolH7] AdlA GEE FEE0 EF Jurkat AEEQ
E4E trypan blue 8 MIT £FOZ AHE ZN, 68K
FEEO] Jurkat M 2Ol YEEE AE) sk AEHoZ HE 7
AAFE RSZ VERJTHFig. 1, 2). 8 0]2iF M EEY) F4]
o] Zagt elo] Mz 9B ZHRIXE Yotrr] Hsl
AR FEEA 2% MEEY X Hende E3S #n|g
StofiAl wakeh A Mzet R 8719 S534N APd 4R
£ WA oA & 4 JUACHFig. 3). o1& k= S#kEE FEE
9 HE0] Jurkat MEY HAE AMSIL MELAE FEdle
It UAESE BAEC)E QUHEOZ HIE HEZEY U 2
4, 4F Al Y, volEix Y B Tl tigst 57
9 YRRl A3 MZILAE FEoH= RO LEdd AT,
deut Mz EF S ASEHY sl wield BelHe £
g £V oh WElHQ £88 FLIVIE Sith 5850]

0 rj
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UAE - H2E - g - 0182 -0l o7 - UEE - 428 -

I HEE 58 YZ & apoptosise Al Zo] QN Tl 9
B Hed, R AssH0l HEE Ehlsked 1 dE A2
X, MzEt 8717t 25k ddo] 47, do
#57} SwEct. Fig. 39
SO ZA WejE MELA}
G#RE 7L Jurkat A2 H&
2 QAAIFIHEM MELAE FEdke A2 apoptosisoll 93} 7}
sS40l £ ALE FEEr) 8 SolA] Yolules YE JaR
H3lZ4] DNAQ 27171 180bp 2719 BE¥ FEHZ HEH7A
U} 9513} DNAQ] gHelo] Zol=i dl4lo] LiEhIR apoptosis
ol 9% MELAP} AYEHE HCZ Busn Urk. DNA
fragmentation 482 416t Z3 Fig. 404 BXo] tiE ol
Hlal &8 FEEE Xeleh 48 FollA oligonucleosome A7)
9] DNA 274 (180bp)E EE8h= apoptotic DNA ladder $14}0]
&7tle A & + AUCk o] 2T WEY M 2FQ] Jurkat
ol GEkE FEEO LEF Yojule AEAIEES E21FHA Al
ZAAZF o MEIEQL M ETAW] Qg AU S HAF = o
oltt 2 HFo) A5 MEILAI SEZSZEL intracellular
cysteine proteasesQ] caspase familyE EAHSI|H HMZEUALE
ZSICEL BAsIc®. @ ged 23 7152 JIKIEA
MEIAY NSE LSk 4R 15579 caspases7t B
814 A3, MZIALY S E DAEH caspases 7 Ho] 431
T cascadeE AXA L AEHOE E4351F caspase-1, -3,
4 4 50] MZUO HEXTo| BHE chilZ g 2ot B
A3} A71 B NESHTNAE dusie] TREQ HEE
fusled MZITAE LB, I ZolXE caspase3:=
caspase &9 HE thlolA MZEIUAIY FAFHHOZ HHE
FAEA BAA] BESIS zymogen AEBIE EABITIZ Ml
1AM ASE ol Bt} Beirle] gdsie HelE "ot
Fig. 504} ©%0] 32kDa F7|2 F4¥ caspase-3& G#KEE &
EE0 =&Y ¥ 17kDa 3719 €43l & Fehvt E7kle A
2 B & AUtk 848 ¥ o] 549 FH JIFEE A
PARP, retinoblastoma, beta-catenin, fodrin, lamins, gelsolin &
ol 2 ACI*®. I & PARP T beta-catenin®] THAZ! B3
e RARET 5K Jurkat M E siuiR]ol GEEZ FEE
€ STEE ATIshL 24417 ¢ M ZE Tt 1 A
PARP:= 116kDa®] 2% 4719} theiElo] 85kDa 7|2 &al
HE Qo] fEEReH, Hd 55Ut #0H w245 PARP
2 BE7} £/ € 4 UAKUTHFig. 6). 8 Spg/mld] K5
TollA] wild type®] beta-catenin THEBZ £50] zZhihshs AHE
ol Uehaon, Mgl 557 #2H £S5 % beta-catenin thal
A 71l 850t E7ige ¢ & UAUHFg. 7). 5K FF
E A2lo) 9B PARP U beta-catenin THEZIO] 2518 A
caspase-3 849 717 FQ8 5H 59 shioln] olE &3l
M EZIANY $ie] Yoldg HojErh
AETA B FEAE 2 Jedxl ASE p53, B2 ¥
BaxE0! 2w, 0|59 HuZudo] & - IIFHOE HE A}
S} Zio] #wEEO] Y= Aol LEA L Urt TPIEZEE| 0L

Y

Ho
)4

tand

omy, AXAL} dutofl X6 Ue B2 DA g 2SR A
HollA HoiZl ZHOE apoptosisE AHSHE Yl Js
Vaux(1988)*) Soll 98 WSO E WAL A2 7ol i
p537} AIZ AL} ZI8E = M EEoA] Tl E wisizdo] 5715
= A0 geigem, o] £7HF p53 TeiEo] Bcl-29) phiAl
WS EEE OAAlT) Il BaxQ] A WARE EVNFIE AR
oTdA UArhFig. 12). Id] 2 dEX e 8K F&88d &
% Jurkat N 29 TAP} AN T EFSHL Bl-2 Y Bax o
Wa Wiz T} thRTo) Blal x017) YATHFigs. 8,
9). olgidt $4t2 ey A EFQ! Jurkato] wild type pS37t 2
B=o] A7) WFof apoptosis7t XBEE ST Bel-2 I
BaxE ZEECE ZEGHA X3t AL.E AlZHM, 0|2} FAlol
Bcl-22t BaxE ZEE 4 Ue TE 48] 429 AEx
Bcl-2 B BaxE ZZsh=t] BIA Role ASZ YA
e SR F2E20] Aol ZUEE Jurkat NEY A=
Bcl-29} Bax9l A 5710 Mes R3S THE MS7|1H9 BEE &
sl doltg QJujght.

D-type9] cyclin® CDK9} 21510 RB Tl A g Q14H5IA|
A NEF7] & G7lolA S7129] Molg EXisk=t] 598 4
g oIt B2 GHEAA cyclin D19] Fridldio] FAEUS
o, o1& BAYE MEEAN AHEA ASE BAFACHFig.
13). D-type€] cyclin cyclin D1, cyclin D2 % cyclin D37} )12,
m M9 FFo weid I ol wsieFEo] AMZE Yol
VERITH 2 dTFolA] cyclin D3 ThiE 9] W@ <=FE Fig. 100
Al HoA|Ro] iz FollMe Be YC8 HAERUCU S8 K
ZEEE NUISH HEToAE s AEHCE il was
&0l ZAsKHEE HAFACE ol Gl17lo] #Adh= 3I5R/RS
D-type cyclin & cyclin D37} Jurkat T MlZojlA] 71& SASHA
Uil ACE 8 4 A2, cyclin D39] vz wid 744 &
o] Jurkat T Jat79] M 2F7|E AHBl] MEILAE FT6l
= AOFE 8 £ Atk YA ZolA thEES CDKER cyclin,
proliferating cell nuclear antigen(PCNA), p2IWAF13} 45 2§}
AE B4Hslo] RB Aol Qlirsloll gt oleiet 7ise
7HAE CDK49] T W eEg AZ A IPE = Jurkat
A ZollA BB Yol G#kE FEES A9 SYS TWs}
oA ARt 1 2% APl 57t #2W 845 CDK4
T W eFo] ZAshe RE BAFUCHFg. 10). olish
kinaseE2 1 Atx|9] g4o] Adlzio] thE i Z Sl A 214}
38 FLohe 715E FHIA BT SHAIT Tl E KA 9
AAEQ oFH Z4v) CDK49 7158 AT le AR oA
Rt olyel AulolA] G#kE REEC] Jurkat M2 ALE
EXA71E BHE2 cycin D} CDK4 ©iElo] & 47}
cyclin-CDK ¢4 48 AARLLEN HMEFIIE AEs)
ZFIA Zal doldg ¢ 4 Utk

AR FHXIQ! RB thlA S M ZFE7]|9] Gl7lolA] Ql4ts]
B YERE EXBIEA E2F1 ZEislo]l 3 wolla] HARIAIZA
9 7I5€ S£Ygsh=ul Laiste Ack olgid RB= cyclin
D-CDK E¢gtAloll Q3 Hel4ilslzlo] EEH3sIEH RBY G1 §

°
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vy MEF Jurkatd] HEZIA K5 Y AHF7 AHol vizle

A 7152 MAET) EE E2F1 heterodimerE 345} DP-1
= DP-29] ARl 7S Bl 498 JAE e ul,
RB7} A8l U E2F1€ REIA71A B, 8431F E2F2
S710]4] DNA SAlo] €38} o) RAAES SBHE2ZH Al
EFI)E GI71olA S7182 JgsHA Boh o8- NEF7) 271
9 dol THAA £Q3 dEe sYsle ol FUAES
HIE 4BV Yl 8 282 5LE F7M7IHA
Jurkat M ZEE 24413 SO uidBIct. 1 At Sug/mlo) A
STolAl A4S RB ThE vid &2 thZ ol HIGlY
Chd Zasigon, 1 0l 285 HEl 557 5848
AEQ Thd wsol Ziad|go] BF 7151811, RB thidl
9 kel AT & FEEQ Al %ol A&Ed WH
ZAFROH, 30ug/ml 01439 ETollAl= dephosphorylated®
RB2| FeWrt dXSHA 571519 cyclin DL} CDKQ) Tl Al widd
ZAE Qs ZWEOF CDK49l 7159 RB Q1418 7158 &
kAl REIOEN AQI4ISIE RB7F B71E ASE 4zgct.
OlZAgt AQl4tElE RB: ALE QR E2F1at ZEEHA Hol Al
EZ719] WL WalshA Frh 5L THskiA E2F19 o
WA Yy £EG Western blotOZ FAKSH 23}, Spg/mld) A
TolME tiETl vldle] Tl dsio] Aol ZaTx] Fpo
U, 1 ol%9 Mzl sToMe a#klE 2E29 A sk 9
EXHOE Thid wiglo] HA ZAsH: 42 RB phizo]
dephosphorylation 5= g e RARGE Bo FUck &
ZQI4ISIE RBY 719} E2F1 thld A9 wid Ztae ME
F71 283 FH¥e SEAEE AFEA JARESR 2aA
FEZ NEFI] olgol 7ol Boldhs RAOE AlFErh

CloE gIokIQl ARV EHUN H“E%‘% X E3h=tl
HAEAUZAY A 71540l JAEAE BB sl A=
F7 AB71HE SHOE 4ESH A1 ik FEE0| Jurkat
Az TAME |EsIHEch 28U kB XNY 243 ofw
HEol FHEZEMY JI5g +Y¥sleXs S 978 ¥Q
7t QTR AIREC) B3 AEAA) IEE B NEFY)
Z£E 715 0|99 e Mg & g7 R Y22 o B2
CHE AZJN1HY £Q4E QB SR M ZXAL 7/1-
B A7} ALEolor & Holtk

l

4 &

248 gZYuEy MEZFQ) Jurkat] oidt A#kEQ
apoptosis F 5 SIHE ARSI 1 FUEES SHGI= 4157]
e NEF719 BEX o] B18)7) Y81 Jurkat M Eo| SEKE
FEES A2I3 NEY HEE U HeNdtE el DNARZE
314}, caspase-32] &4 ¥3}, PARP U beta-catenin TH4Zl9] 7}
24, Bcl-2 W Bax {HXL) H3l, Cyclin D3, CDK4, RB
3! E2F1 o] uidFo Hals a5 29 oy 2
ZEES 9.

BHKR FES2 Jukat A2 MEAIHE B JEFHS
2 E7IZL, Jurkat M2 Mzt oty 9 9B 8719 E&

MK £&29 53t

ae 5% JEXHOE F7/WIZOH, Jurkat A ES DNA &
s =k J&EH2E S7KIFNL

BB E FEE2 Jurkat AE9] caspase-39] 43} Jo ub

& PARP Y beta-catenin T Z 9 VIR E sk AEHE

E7H1741, Bck-2 Y Bax9| A wdlof olFd FES rlA]

X LUt T3 SEkE FEES Jurkat A EO|A] cyclin D32}

CDK4 thiZ) Wil g &5 QEE OF Zi4A)21 1, RB thiiRlo)
tigh Aokl HAe 5T JEFSE 713 o, E2F19)
T wEg 5 JEHOE AT

olaol AT 2wl SEE FEES ZY YyZyuyy
M ZFQ! Jurkat MEQ MEF7) WAL sl Boishs BLH
Rl FARIES HAIRESIA 2514 SOZN HEF7] olg)
FAskd AEZLAE RESH: ALE 48] mapd] Agy
I Ze gaerg x\gited JESAZA Mdwel FESH
AMBE = U AOZE AlgTn)

Ao 2
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