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ABSTRACT

We report the pro—apoptotic activity of the ginseng saponin metabolite,
Compound K (20-O-D-glucopyranosyl-20(S)-protopanaxadiol, TH901) in
various human leukemia cell lines. The pro—apoptotic effect of Compound
K was most prominent in U937 cells, a human monocytic leukemia cell
line among the tested cells lines. Compound K-treated U937 cells
showed characteristics of apoptosis like as an exposure of
phosphatidylserine from the inner cell membrane to the outer cell
membrane, the formation of apoptotic bodies and DNA fragmentation.
Compound K also up-regulated Bax, disrupted the mitochondrial
membrane potential, and activated caspase-9 and caspase-3. Therefore,
the present study suggest that Compound K inhibits U937 cell growth by
inducing apoptosis through the up-regulation of Bax and caspase

activation.



List of Table

Table 1. 1Cso values of Compound K in various leukemia cell lines and
splenocytes.
Table 2. ICso values of Panax ginsenosides Rbl and Compound K in

U937 human leukemia cells.



List of Figures

Figure 1. Chemical Structure of Compound K (20
O-(-DGlucopyranosyl)-20(S) -Protopanaxadiol)

Figure 2. 1Cso values of Compound K in various leukemia cell lines and
normal spleen cells and the Kkinetics of Panax ginsenosides Rbl and
Compound K cell growth inhibition of U937 cells.

Figure 3. The apoptotic patterns in Compound K-treated U937 cells.

Figure 4. Up-regulation of Bax, activation of caspase—-9 and caspase-3,
and cleavage of PARP in Compound K-treated U937 cells.

Figure 5. Disruption of mitochondrial membrane potential in Compound
K-treated U937 cells.

Figure 6. Action mechanism of Compound K-induced apoptotic cell
death in U937.

— i —



[

L‘rl?—J"Jr(Araliaceae)oﬂ 4ol thd Ay
, OFAJo} SEA ol EEskar
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ol gtom, @ sioxd FEH o] AV, AAA, E'VA T VexE
a4 9 YA, 5SS 9de] dE = dAHe] A Ao m &g
Hol g7 d HA e A4k 1996). ¢ =+
soll W Be A7 FAHAL, FHels sFERE ofygt 7\1°k°ﬂ/\1
A, A2 F 2 A wAolA Qatel ik wAle] Frhstar 91‘:}(Smith,
M. et al. 1999). 14t 4ks}, @<t FA5, F2Ed 2=, Fuw w3piA],
def#] g79 (Choi, et al 1985 ; Shin, et al 2000) =M xE] FT4 2 B
S, G, ] SAko] ik B ¢ RS AAHA IEIE T FHEL
adH A JAtHGa et al. 2003 ; Kwon et al. 2003 ; Lee et al. 2003 ; Shi et al
2003).

ol gk A4t HEAQ] AEorEs AEd, HEA F3FE (Wee et al
1989), @& (Yoon et al, 2002), 2t thEA o] e, 53 dake] bk
3l oFy] FAL F2 AFEU (YUY ginsenoside)ol] 7 RusEgch 4
AlEd e 2 triterpene A saponine & & A] tetracyclic dammarane =
AFzE AYR A= Aol EAHo|w(Karikura et all1991) o]
ginsenoside™= = A protopanaxadiol¥} protopanaxatriol &+ 74 IHF°oZ tid
3t 2t} Protopanaxadioll 2= % ginsenoside Ra, Rbl, Rb2, Rc L&

Rd7} 43} protopanaxatriol 4] &+ ginsenoside Rgl, Re, Rf 281 Rg27}
of &3t} olE IFES IS, 9y, Y ¢ FrEHY9 ZES

J’&(Panax ginseng CA Meyer)
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YEFH AR (Okuda et al. 1990 ; Yun et al 2001), StAS 2= M2 ZAaa&
< YEeH7|E $th. 3, protopanaxadiol Al &= X]Zq, FAHE, A, Ah, FdF
245 YelY = Wil protopanaxatriold = ¥ 2 ¥ 2 Z8&S et
Rbl, Rb2, Rc, Re 53 #< intact gmsen051deSL in vitrool A &Aool A &

F= Ao Holx e WA (Wakabayashi et al 1997), Rh2¢} Rg3#¢2
protopanaxadiol AFEUELS YA ZTE Z243 AAS JAsE Aol HAHA
o} (Kikuchi et al. 1991; Tode et al. 1993). Z18]3 FA|E 2] E3}9} apoptosis
(MEAPE)E FE38F3L (Lee et al. 1996, Park et al. 1997), in vitro ¢ in vivo
AN FAEe HEH HolE AA st tHShinkai et al. 1996; Iishi et al
1997). #AFE &=, T, 42 oA A dEAA AR FAUHES
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Soll olafA thAl WA eFar, AW Altel ofs] thAbE o] Fy
= AoAdvt A, AW Aol g A AFEd AR E S G H
= AFe AFelA AN FEES AT T ATEddA FlEHAT
(Hasegawa et al. 1996). RatollAl <14 Ax] A}EY = protopanaxadiol 7
ginsenoside?l Rb1, Rb2, Rce AU Al el o] & 20-0-(B
-D-glucopyranosyl)-20(S)-protopanaxadiol (2™ Compound K, IH-901; Fig.1)
2 AgEw o] thalAol &) wl/E ginsenosided] %‘%ﬂol AAEH}E in
vivodl A S H3IA T (Hasegawa et al. 1997). Compound K = Ao 23
T FTE JAstaL(Hasegawa et al. 1995a), HAIE ol A E‘rzo‘cxﬂ Aes Fol
= Z(Hasegawa et al. 19952) 0. & ezt 23S w 3 3182 woli g 3
A543 FgEdnol g wiiet= 313 wol &4 a3E AWu (Lee et al
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1. A%

A4k AFEY ginsenoside Rb1¥ Compound K= 7 8 g gtal oFgtdfj gt w A&
St Aed wgREEH AFEdtt Compound K& DMSO| =4 FHF &
5 002 %5 94 FA At

2. AIE vk

U937 (21zt w4t wdawW A XF) Molt-4, H9, Jurkat 22|32 CEM-CMS3
ol TH=F WdH ANEF)EL American Type Culture Collection (ATCC)
EREE E¥Wetar 100 unit/ml penicillin-streptomycin @ 10 % Fetal bovine
serum (FBS)o] &¥ RPMI 1640 wl A (Gibco BRL, Gaitherburg, MD)& A}
|3l 37 T, 5 % CO; wiF7]ol A wlFst ST

3 AE AEE A

MTT assay(Carmichael et al. 1987)& S3slo] vt wWidy] AxFo A&
_]

B9 2459t AXLEL 7} welld 10'-10° cell2 =43 = 180 wA 96
wellell Z+z+ —‘?——Zro}oiﬂr I o JAAAFA 9 2 WAl Compound K&
o8] doseZ A3 & 4 A ZoF 37 C, 5 % CO, vlE7]ol A w)kslch. wi

& 443 2mg/ml ] MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide) Al2FS 50 ¢ A Z+ well (0.1 mg/ well) ol Agstdct. 4 A 7kE¢t
kst & plateE 800 x gollA] 5 3 94 EEste] A& AN H&
A E] DMSO 150 pb A A8 ste] =t} SpetrophotometerE o83k 540
mol A F3=E =A3}A . (Molecular Device Co., Sunnyvale, CA). ICs
S AEES 50 & AAsts g ZAHAT. AE AEES £ trypan
blue GA Wl Qsirz =4 “’F AR} (Piao et al 2001). AlE 100 wlel =
o] phosphate buffered saline(PBS)el =<1 04 % trypan blue A]¢FS Y11
Aol Al 5 AESE v stk Arolsle Al E(trypan bluedl @A H A &
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& hemocytometerE AF&35Fe] AUt ZE A3

48 A7+ <k Compound K (20 pg/ mi)7F A2 AE2 x 107 m)E PBS=
A2t 5 5 4 9% paraformaldehyded] L AA AT 18l U HNEELS
Hoechst dye 33258 (8 wg/ m¢) o 5 & &<t AMAIZCE PBSE F W A3
F d5ste 983dn 4 Axiovert 1005 o] &3sto] & AT

5. DNA %4 (Fragmentation) &2

48 Azt 59 Compound K (20 pg/ me)7F Aeld AEE (2 x 10°cell/ me)
835ty A EZ el DNAE genomic DNA F% kit (Wako junyaku, Tokyo, japan)
5 o] &35t FE3IAT midE AlE pelletoll 1 mA lysis buffers ¥ w32
skA1zl %, 10,000 x goﬂ/ﬂ 20 = st AR AT AES AASEL F2
pelleto] protease’} U+ BAHFE NS 200 WS o] & o] 37 CollAd 1
AlZE EQb wieke & 8 @‘i‘ioﬂ 0.3 'ml®] Nal &9 H7lete] & st
0.5 ml9 isopropanole 7}k 10,000 x gollA 10 & F¢F A2 33
DNA pellets 3 & < XA Do 4 pgel DNAYS 0.1 pg/ ml

r

rlo

[)
ethidium bromide”} 23¥ 1.8 % agarose gelelA 7|53t ultraviolet
lighte = FHAdS glstsl

6. Phosphatidylserine % =4

6 A7+ E<F Compound K (20 gg/ m)7F A& ® AE (2 x 10°cell/ mé)ol 100
w2 Annexin V-binding buffer(10 mM HEPES/NaOH, pH 7.4, 140 mM
NaCl, 5 mM CaCl)ell Yo & 403, Annexin V-FITC(Boehringer
Ingelheim, Vienna, Austria)®t propidium iodide(PDZS ZH7}slsict. olw] =
TEE 5 pg/ m 2 OBFATH AL A A 15 #1F #Yd = Flow
cytometric analysis® 98] binding buffersS 300 w Yol 3| AZ.
Bivariate 412 o}2 #©]# excitation 480 nm ¢} emission BP 530/30 nm
(FITC) and BP 585/42 mm (PDho= zt3oixl FACSCalibur (Becton
Dickinson, Mountain View, CA)Z =43ttt dolg #2412 standard Cell
Quest software (Becton Dickinson, Mountain View, CA) & <33} t}.



7. EZEL % de A

nEZ=gote] 9 HLE FA-str] A& 12 Az 24 AZE, 48 A 7F st
Compound K (20 pg/ mé)7F A2 ® AE (2 x 10°cell/ m)E 30 mM2] cationic
lipophilic fluorochrom?¢! DiOCs(Molecular Probes, Eugene, OR)E 37 TollA] 15
B2F vikst i, flow cytometry® 243810 tH(Zamzami et al. 1995).

8 vl w0y

A\

8

Compound K7} A 2l® AEZZ (2 x 10%cell/ mt) 2z A|ZFhd 2 $88ko] 120
mM NaCl, 0.1 % NP-40, 40mM Tris-HCl (pH 8.0)2.2 TA % lysis buffer®
500 wA ol MEE lysisstAth o]o] o]z lysateZ(40 pg of protein) 10
% sodium dodecyl sulfate polyacrylamide gelol4] #7]9 &3}l nitrocellulose
membrane (BioRad, Hercules, CA)°ll transferA]Z th. Membraneo] Ux}# o7
mouse monoclonal anti-human caspase-3, caspase-9, poly ADP-ribosyl
polymerase(PARP), Bcl2 ¢ Bax (Pharmingen, San Diego, CA) ZAE<S A
stk dx A A F A WA washingd A4S AAH 22 FAA
horseradish peroxidase’} Z3t¥ goat anti-mouse immunoglobulin G& =] #] g+
% X-ray @8] =%A]7]1 chemiluminescence western blotting &4 kitZ
ARgste] @ s SA ST

Oll

9. FAAE
tlo] Bl = means *+ standard errorgt &2 UWERHLIL, A Alelo] FA A Fe
4] & the paired Student’s t-testE A}-&3Fo] % 713519 )



Figure 1. Chemical Structure of Compound K (20 O-(-D
Glucopyranosyl) - 20 (S) -Protopanaxadiol)
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1. Compound Kol 93} <17 vy A

5]

=
T

MTTAHES o]&3Fe] U9379ldl th& wWaEW AXF Molt-4, H9, Jurkat,
CEM-CM3 &1 A2A¥E2 mouse spleen cell?] 43 7e] W x]+= Compound
Kel a3t IC5a= A8ttt Compound K& 493 A2lstls o, 1C5°
A= MEF wg} tgoks=d, U379 +E= 20 pe/ml, Jurkatoll A= 26 pg/
m¢, CEM-CM39lA = 36 pg/ml, Moltdol = 44 pg/mé, HI M= 64 pg/md,
splenocytesoll A+ 48 pg/mé= ZH7F YERNAT (Table 1., Fig. 2A) °o]/de] 4
H25FH Compound Kol 7 ®IzHeh Zo® WAl UGBTHEF7E o] %9 4
o AlgHAT. oz UISTAEAN A <4t AFXW ginsenoside Rbl 3}
1 9ARAIR] Compound K9] tist AZAEES AHREY] 938 ginsenoside
Rbl ¥ Compound KE o8 &30z MTTAES 3t AX 54 AZE #
Zst A3 Compound K& €3 JEXHoz {4 UA Fv HHE,
ginsenoside Rbl ® G35 YeRHA  &Agdth ICxhits HlasAS o
Compound K+ 20 pg/mé, ginsenoside Rble] 90 wg/ml ©]At}H(Table 2, Fig.
2B). Z1¥]32 Compound K7} U937 AEA AAA 7= 98 (kinetics) S =7
7] 98] trypan blue dyve@ M AdS Al ridE A&t Compound K=
Aglste] 12412 & AE2AAG A7 S7hE ATt (Fig. 20)

Compound K 7} AGAZANAE AE5A 237 d=AE Loty flsto
moused] B ZAAFo] Compound KE HEEZ AHglsted MTTAES o] &3t
Z74stith. Compound K& HEste] 4 o wiek $  U937TAI e} v LstSd

¢

0

[‘10 o

ul B A XL ICepate]l X =ve= AL & F AT (Fig. 2D). ¥ 2d34E
A9 ginsenoside RblX.th= thAFAQl Compound K7} Al XS54 =3
AL, oheFgt Mt AEFo FAS AAlstgon 53 U937 AlEZodA 7H

Felatltt

N
-

A

2. U937A13E o)A Compound K & 5% AZALE dA+

Compound K= <13l U937 AlXFg2o Uclo] AZAIE A A&
S wyoer  AeH. AAR, dFHTel o)A o 7 9]
phosphatidylserine(PS)2] ©]%& FITC-Annexin V binding assay® =74
t}. Fig. 3AdA HoF50], Compound K& *18] 3 U93TAH E A PSe| o] &
o] #&E M EZE(Annexin Vol %A o] propidium iodideo] &4) ¢ v &S



Zw 1oy F74E 90
apoptotic body @4 (Fig. 3B)°o] #2592l om, DNA fragmentation® 3t 7

pul

Fe A th(Fig. 3C). ol2]d A#EZ5E Compound K= U93TAH ES] A EAME
fFESTE AR a4 U tHChau et al. 1998).
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Table 1. IC5p values of Compound K on various leukemia cell lines
and splenocytes.

Cell ICso values [ug/ml]
U937 20
Molt-4 44
H9 64
Jurkat 26
CEM-CM3 36
splenocyte 48

Table 2. IC5¢ values of Panax ginsenosides Rbl and Compound K
on U937 human leukemia cells.

ICso values [ug/ml]

Ginsenoside Rbl 90

Compound K 20

_10_
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Figure 2. ICsy values of Compound K in various leukemia cell lines
and the kinetics of Panax ginsenosides Rbl and Compound K cell
growth inhibition of U937 cells. H9, CEM-CM3, U937, Jurkat, and Molt4
cells were incubated for 4 days in the presence of various amounts of
Compound K, and their growth rates were determined by MTT test. ICs
values were determined at the concentration showing the 50 % inhibition of
cell growth (A).Cytotoxic effect of Panax ginsenosides Rbl treated U937 was
lower than Compound K(B). The kinetics of the cell growth of Compound K
treated (20 pg/ml) U937 cells was evaluated at the indicated times using the
trypan blue exclusion method(C). However, significant cytotoxic effect of
Compound K treated mouse spleen cells as normal cells was not shown in

normal mouse spleen cells(D).
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Control Compound K

uml |.|..u.|_ LLE
L
4

10? 10! 10f 107 10%

Propidium isdide

|imd g

T
10t 108 1o
Annexin VFITC

Control Compound K

Control Compound K

e

Figure 3. Apoptotic patterns in Compound K-treated U937 cells.

U937 cells cultured with Compound K at 20 pg/ml were examined for
apoptosis. (A) To determine the level of phosphatidylserine exposure,
Compound K treated cells were harvested at 6 h and stained with Annexin
V-FITC and propidium iodide. The stained cells were analyzed using a
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FACSCalibur flow cytometer. (B) Micro photograph, showing apoptotic
bodies after incubating with Compound K (20 pg/ml) for 48 h. Compound
K-treated cells were harvested at 48 h and stained with Hoechst 33258.
Nuclei were observed using an Axiovert 100 inverted fluorescence
microscope. (C) Gel electrophoresis was performed to detect DNA
fragmentation after incubating with Compound K for 48 h. Genomic DNA
was extracted using a genomic DNA extraction kit, and DNA was
electrophoresed on a 1.8 % agarose gel and visualized under ultraviolet light.
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3. Compound K o €3 Bax$} Caspased 43} %

Compound K7} A¥XAES FEst= 71dAS odsty] flste AAZR
Western blot& &3te] AMEAME F 1A}l Baxel AlZZARE G AAAR] Bel-2
W o] WMlE ZANSATE Fig. 404 R F5%0] Baxw Al7Fo] Xl ot
A2 F7redlom, Bel-2& Wsh7h fllvh theo 2= AlEARE ] AR}
el caspase-99] H3IIE ZSAHIAUTHYang et al. 1997). western blotS
}o] caspase-99 &4 EH (37 kDa) °] S7lsl= AE E 4 ATh(Fig. 4)
caspase-39 F 7}x @43 (12 ¥ 17 kDa)9] &3 o] =715 o PARP
bR e SU1EEA
23 2352 Compound K7} Baxe #@dS F7FA]7]1L caspase EA 3=

I
.
FEITHE AL Bol T

o

O

o

o [# ot oy R Lo

(0]

—
-

off
ol
2
=
e
>
e rlo
ftlo

4. Compound K | ¢]3F Mitochondria 2749l ¢] &2

nEZegol go} Bl S8 caspase-90] A IEAUE Aow dE =
(Mignotte and Vayssiere 1998 ; Green and Reed 1998 ), Compound K& "] &
ZEg o] transmembrane A9¢ FES FE3te DIOCe FHFsEE A
A7 A2 e th(Fig. 5). ©] 23= Compound Kol o8]
Hyd Fob nEZ=gole] transmembrane A9l £Ao] wHA U=
caspase-9 ZAEZE A3 Compound K7} apoptosisE =3l AL H

At

H
i
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0 6 12 24 48h

Bax . == <« 23KkDa
Bcl-2 — WS <4— 26 kDa
Caspase 9 — S <— 37 D3
<+—17kDa
Caspase 3 - 12 kDa
_ kb w M . 4118 kDa
PARP " 4—85kKDa

Actin ﬁ----‘

Figure 4. Up-regulation of Bax, activation of caspase-9 and caspase-3,
and cleavage of PARP in Compound K treated U937 cells. U937 cells
were cultured with Compound K (20 pg/ml) for the indicated times. Cells
were lysed with lysis buffer and protein was subjected to electrophoresis on
a 10 % SDS-polyacrylamide gel. Each protein was transferred to a
nitrocellulose membrane and the membrane was incubated with mouse
monoclonal antibodies against Bax, Bcl-2, caspase-9, caspase-3 and PARP
as primary antibodies and then with goat anti-mouse immunoglobulin
G-conjugated with horse radish peroxidase for Enhanced chemiluminescent

luciferase analysis(ECL).
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Oh 12h 24h 48h

0 = B 2 E
- (= 12
[<E K e =
5 2 2 8
O 31 5 24 EE
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T S R T (T et L T A
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Figure 5. Disruption of mitochondrial membrane potential in Compound
K treated U937 cells. Compound K (20 pg/ml)-treated U937 cells for the
indicated times and stained with DiOCs for 15 min and the cells were
analyzed with a FACSCalibur flow cytometer.
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A Ao B4 iAol o8] diabE 14 AFEd diARAl Compound
Kol <& <1zt w34 Mg U937H 2] o] A=A, 1 71"S gt
8] 7] faA ol

Compound K (20-O-(B-D-glucopyranosyl)-20(S)-protopanaxadiol, IH-901)&
ArFEA ol Aol o3 thAbE A4 ALEW diAbAlolth (Hasegawa
et al. 1996 ; Bae et al. 2000, 2002). Compound K7} ginsenoside Rb1& 72 7%
gk FEo A FA4E A AT stul Aoz ezl ol 13
Compound K7} #eoll 98] &4%= 8 protopanaxadiol AFEY Y AHolgtx
A2 ¥ 31 (Hasegawa et al 1997), Compound K7} <14+ Alxw1o] gkel g 7)o
Fo3 A JAA 2t BuEntdti(Bae et al 2002 ; Wakabayashi et al.
1997 ; Lee et al. 1999, 2000).

o] AFZEHEE <l4t ALEY Al EQl ginsenoside RblS FW AlTS o] &
3to] HM3A71 Compound K tAAS] & SAS Al Wiy MEIFE
oA #&3st1 Compound Kol &3 MEZA 71 1S MEAE SHoA AT
stk AFe M@ oy AEFE] AFSHIIIL 53], 15 AFF dEg
g A ZF2 U379l Compound K& AEEAH FHry zlow, o2 wygy
AEFE Bt U937914 9] Compound KZHgo] Al wiztaltts AL HoFS
o 283 A "y Al EFQ U379 Compound KeoF 2o A-A<l

ginsenoside Rb19] &zH8S Ay H7|98] AESA a¥E vus) 2 2
Compound K 7} ©] Z3d AEZAS YeERAL. o= AFA Sl ginsenoside
Rbl1E T thAAIQl Compound K7F ¢t @Al o A AS HoFm <l
A AFEAY Fo SAEAV thAA A S BHoFth =3 Compound K7F A
28 UIBTAHIE 52 AEZAPE ] 54Q1 vl A w0 % 9] phosphatidylserine
o] =%} apoptotic body 4, DNA fragmentationg YERH AT Bel-2 1
F A gz AEAPE S d ko] shvbolth. Bel-2v AEW A EZARE
A JAAfolal AEZAES Fxlsh=d Ttk Hate] Baxv AlXAME FX
12 (Hengartner and Horvitz 1994)°]t}. Bel-2+ Bax$t ©]9 dimers A st
o Z-gstH Bel-2 o Bax®] Bl &S TS AlZAbE A5Ao] ofaf Alxe] wl
24 B AFAFY AdAAd dF8E olEW(Oltvai and Korsmeyer 1994).
Compound K7} A #]® U9I3TAIEolA] Bax levele] F7lHHE AL BHIYor}
Bel-2 level W38t#] @okty. 2222 Compound Kell o3 AlEAIE ] #=

%
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SHA, A EAL Q ZHAA= 2ZE3}= caspase
protease 159 &3l W Tl AELS A XA I nEFZTZ ol £ ubd
EA35IH, o]59 A= Bax LdE AZol oEZ ot} o] 5L proenzyme
= EAst AEZAE F2E SA3A 7= Aol oa &4d3tE protease
2 Ao A o w AE Wl EAste B2 34 @ d e Eafol ol g
towebA 2 Aol A Al EZAVE el fFREYEE YR BE T caspase- 24
AR S wFo A ZALE JNA A caspase-93F Al FEAPE O] ZHAFC
casepase-3 ¥ PARPE A#Hz2 EXIANZHozA & U2 AFAE 2
AEsHA "Avd= 714 SFoll caspase-9, caspase-3 9 PARPS] W3 s #Azdl

AR, o] Compound K7} U937TAH| LA A caspase T AS ddstgto =
A A ZEAPE S ke Zlolg F5H oz

foFsbH Compound K7F 2 2]d U937 AIEEL vt A EAEY] EHES
Bo]FEAY. = MEUWYA A ELZo R phosphatidylserine®] w3 % i1,
apoptotic body 9] @Ado] yely, 28] DNA fragmentation@d 45 &
WAtk ®=3 Compound K & Baxe A3k 4y g5 wEZE=go}
Ao o&f, 18]ax =242 caspase-9F} caspase-3, PARP 2] &4d3}o] 2] 3)
A FATE S F s

AZH oz oA /\}4‘/‘ &2l ginsenoside Rbl1& U Al o] &3] A
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A E3E YEdAt 53] ARgE A" ® A EFQ U937 A AlZANE HAH S
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Aol g EAZE A ArEU Y] tiALAl & onlste Blolw ol g A3}
a9 FAEH 2 71dE AFsted Aol Fa% VIx Amrt 2 Aol

iz} Om

H

2 L
L

o

N

_18_



Disruption of
mitochondrial membrane potental

Caspase-9

.
_—
7 __-_':__:_:-:‘:_?%
; —— -
= k)

_;E_:_—__?.,__,ﬁﬁ
% Apoptotic body DNA Fragmentation

Figure 6. Induction of apoptosis by Compound K as a ginseng saponin
metabolite in U937 human monocytic leukemia cells. Compound
K-treated U937 cells induce characteristics of apoptosis; an exposure of
phosphatidylserine from the inner cell membrane to the outer cell membrane,
the formation of apoptotic bodies and DNA fragmentation. Compound K also
induce up-regulation of Bax, disruption of the mitochondrial membrane

potential, and activation of caspase-9, caspase-3 and PARP.
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