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A RE BRI AR+ 754 4 4 8% CEM lymphocytes # B,
e XM A R cytokine R HepG2 cells FFhkdalo &4t 4 /¥4
A ZRMABTFERY  RREIFFAYE R P EHESH baicalein,
saikosaponin, alisol 837 #] CEM lymphocytes #k & $a B 2 3 & o R 5%
M H AT B R ¥ &M KL gentiopicroside, baicalein, geniposide, alisol,
saikosaponin RE Sk ¥ cytokine K I HepG2 cells FF K fu i £ -
Saikosaponin ¥ ] CEM lymphocytes 3k E.$afa i & 4 Mt ¥
—SHRAREREBRRAEMN - -

M43 : B A% V6 AT % + saikosaponin » CEM lymphocytes #k B 4w+ c-myc,
P33, bel-2 mRNA. '

Saikosaponin-d & ¥ # 4} %48 ¥ —#§ triterpene saponin * A XY LA A
#2 CEM lymphocytes jlietmMt il ¥ A 2 FAMBE— S EH LR
dexamethasone Z 4F A # & tb#& < DNA 4 g, X tritiated thymidine uptake 2 3]
& ° Saikosaponin-d (10° to 10 M)gk | & 48 4% bk 64 35 #] fo. 5% 4] 384 3| A2 &
[H]thymidine # A ¥ - Dexamethasone (3x107 M) i 7 #1 o 3% 3] 38 3| 22 &4
PHithymidine #& A& - trypan blue dye exclusion KB £ a2 » R
% 10 M saikosaponin-d % £ - {24 # & i# J& saikosaponin-d (10°-10* M) >

Eiale A & K A E b A g 44 /& - Dexamethasone (3x107 M, 48 h)& 32
CRABRANERF BRI ARMEIK - X flow cytometry 4 #
propidium iodide ¥ &, 4= 1 » saikosaponin-d (105-10* M)A B4 £ A+ B 2
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3 $43% fu Dexamethasone (3x107 M, 48 h) it F E A M ¥ AT =1L

] o 4= B8 LA propidium iodide & annexin V i & 885~ saikosaponin-d (107-

10 M) 3] #e 4a B /8 < apoptosis & 3 & necrosis ° Saikosaponin-d (3x10°%-10"

M, 48 h) 3] %= e A< &4k A &4 TdT-mediated dUTP nick end labeling

(TUNEL) analysis 7% & DNA laddering 7% R B 5~ - Dexamethasone (3x107 M,

48 h)d A #E A4 £ - Saikosaponin-d (3x10°-10°M)i% /> DNA &R % Z— "~
VAD-FMK # % » Z-VAD-FMK & —#& ﬂuofbrhethylketone # caspases #p#|
#| - Bf 5% saikosaponin-d 3| & % 4= fiL )8 < 3 R 483& caspases 7& % © LA reverse
transcription-polymerase chain reaction 4 #f c-myc & p53mRNA X &5 £ &
# ##4 saikosaponin-d (10° M)3#¥ 4o » @ bcl-2 mRNA A & K 445D -

Dexamethasone (3x107 M) R 4 & &ty 2 # c-myc, p53, & bcl-2mRNA 2z
€ - Saikosaponin-d 3|t ATHHER TR & GH e c-myec & p33
mRNA ¥ » &’V bcl-2mRNA & -
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Study on the immunological mechanisms of therapeutic
effect of Long-dan-tan

Huei-Chen Huang

Department of Pharmacology, College of Medicine, National Taiwan
University
ABSTRACT

The protective effect of crude Long-Dan Tan and its active components
against the proliferation of CEM lymphocytes and the cell effect of cytokine-
treated HepG2 cells were investigated in this study. In our preliminary
results, crude Long-Dan Tan and its components, baicalein, saikosaponin,
and alisol, inhibited the proliferation of CEM lymphocytes. Crude Long-
Dan Tan and its components, gentiopicroside, baicalein, geniposide, alisol,
and saikosaponin, protected against the cell effect of cytokine-treated
HepG2 cells. The action mechanism of saikoasponin on the proliferation of
CEM lymphocytes was first further investigated on the possible
related genes expression. .

Keywords : Long-Dan Tan, saikosaponin, CEM lymphocytes, c-myc, p53, bci-2
mRNA.

The possible mechanisms involved in the effect of saikosaponin-d, a triterpene
saponin from Bupleﬁrum falcatum L., on cell death were studied in human CEM
lymphocytes and compared with those of dexamethasone. DNA synthesis was

determined by tritiated thymidine ﬁptake. Saikosaponin-d (10°® to 107 M)



inhibited the serum-stimulated [*H]thymidine incorporaticn iri a concentration-
dependent manner. Dexametﬁasone (3x10”7 M) also inhibited serum-stimulated
[H]thymidine incorporation.  Cell viability, determined by the trypan blue dye
exclusion, was unaffected by 10° M saikosaponin-d. However, at higher
saikosaponin-d concentrations (10°-10®* M), the number of viable cells was
significantly reduced to lc_)wer than the basal valﬁe. Dexamethasone treatment
(3x107 M, 48 h) also significantly reduced the number of viable cells.
Following saikosaponin-d (10°-10* M) treatment, flow cytometry analysis of
propidium iodide-stained cells showed a significant increase in the percentage of
cells in the apoptotic region. Dexameﬁasone (3x107 M, 48 h) also
significantly increased the percentage of apoptotic cells. The supravital exposure
to propidium iodide and annexin V labeling demonstrated that saikosaponin-d
(10°-10* M) induced apoptosis and also necrosis. The apoptotic effect of
saikosaponin-d (3x10°-10* M, 48 h) was also demonstrated by TdT-mediated
dUTP nick end labeling (TUNEL) analysis and DNA laddering. Similar results
were seen with dexamethasone (3x107 M, 48 h). The DNA synthesis reduced
by saikosaponin-d (3x10%-10°M) was unaffected by treating cells with Z-VAD-
FMK, a cell-permeable fluoromethylketone inhibitor of caspases, indicating that
saikosaponin-d-induced apoptosis is not mediated by caspase activity. Levels
of ¢-myc, p53, and bcl-2 mRNA were analyzed by the reverse transcription-

polymerase chain reaction. Levels of c-myc and p53 mRNA were significantly



increased and the level of bcl-2 mRNA signiﬁcantly decreased by saikosaponin-
d (10° M) treatment. Dexamethasone (3x107 M) did not significantly change
c-myc, p53, and bcl-2 mRNA level. It is suggested that the apoptotic effect of
-saikosaponin-d may be partly mediated via an increase in c-myc and p53 mRNA

levels and a decrease in bcl-2 mRNA level.
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Saikosaponin-d & # =. & %% 3 (Bupleurum falcatum L)% Ff 3 B K ¢ — 4
# & % - Saikosaponin-d BF# % BEFK R TR RIS FREHEH
Saikosaponin-d . £ % M & fis ~ &4 HF 45 E - 184 AF £ (Ohuchi er al., 1985)
Ve 0 L EHRPENEHF(B AL sho-saiko-to)#y £ frz —

Yamamoto % A (1975) % 4k 435 ¥ saikosaponin-a v saikosaponin-d, {2 R
% saikosaponin-c, B & 4% X fo & A5 49 4E A ° Saikosaponin-d #,4% 4% %
B & f= §o 7 %5 4K 4B M (cell type-dependent) & %, & 3 4= £ A (Kato et al.,
1995) « & if » #&15H, saikosaponin-d #4¢# CEM #k €5 4 ffo fo 5
EWLtafs DNA A R L3 Bl AT - AHREHE B AL L £ (ginseng
saponin)Z — # ginsenoside Rh2, f& A $AF# fm b & & 3| 45 fm B J8 < (Park
et al., 1997) » %= j /3 = (Apoptosis) * 4.3 & 2 F 14 & 4= B & < (programmed
cell death) AE¥ B FRABIRFA ALY FERETNREZELZNA
g mBEATHEREE BN GHEE KR $(nuclear condensation),
4= BB, ' Wk 45 (cytoplasmic shrinkage),fv it &, DNA Bf i (DNA fragmentation)
(Jacobson et al., 1997; Nagata, 1997). &mﬁ@ﬁt%é@aﬂéﬁﬁ&'y‘iﬁ']éﬁfﬁt%v
4 A8 B e TR RIEMusci et al., 1997) - B F R » WA EE
Fom AT AR ERETRELBBREVBEN L NEE - L4
4 4m B B R ¢ %75 b5 ¥ (immune defense) Fo B XiBR T LA T —bi4 sy

f
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R M > B st saikosaponin-d T AE T A B HF R M & & & I # B
(immunosuppressive) & $#1 & ¥ #|(anti-inflammatory agents)#) —##kix © #
Wit T A A AL RERESOLEFTEN LT FENGE
oo i Rk B R & G 8B 4 3k (Ross, 1993; Lundergan et al,
1991) = Saikosaponin-d REAKE et LT FHI i3] Biats
RATHER KHETH *Wﬁﬁ.iéﬁ:?fﬂﬁh&&&&ﬁh%%ﬁi#ﬂ M e
$1E o AT KR A A AR CEM # & 5 4o 8 (CEM colls) & 5 3
saikosaponin-d_3!%%5%&%@%'6?%‘]’%#%&% ° B 4o LB 2 fa
REHREHRESHF S ARAHBE  KIIANENA curcumin 89 baf B
4 A ﬂ:%ﬁ-éﬁ’%‘] c-myc Fo bcl-2 mRNA #) & 3R @ R (Chen & Huang,
1998) » B st H 4 F B A& X saikosaponin-d # A AR EZRHFE » —ib
proto-oncogenes v bcl-2 Fu c-myc, K tumér'suppregsor gene 4o p53, # ¥ ik
RELA AL K E R B ATHER Hale ef al, 1996) « £EH K
¥+ 4§ 4K 3t saikosaponin-d 3|4 CEM el AT FHABRBTREFT A A
B &R 58 BAHI LS NI LA B AU E B (steroid-like)#h &4 - 77
AT 8 A S 4y M E &5 4 I (steroid-related) &) B T E M 0 B &
Glucocorticoid & — & $isaty TH & T-HE K B oy ¥4 (Brunetti er
al.,, 1995) » Ff A KT B IE 18 asaikosaponin-d # dexamethasone 3] 5 4 i1

ATHERRBH -



N -#HBRRT &
DNA &4k 897 &
DNA # 4~ & $A PH]thymidine #HA & R 3| /”E(Hile_lng et al., 1992; Watabe et al.,
1984). A% CEM # EB3K%afe (CEM cells; hﬁman lymphoblastoid leukemia
cells)f_??’:‘ZScm2 AP > e ASE10% /v Bs 4 & F (foetal calf serum ;
FCS)#RPMI3% 4 # (P 4100 wml penicillin& 1 pg/ml streptomycin) # fa i
CEM %= i, £, 200.5 % v/v FCS/RPMI#$ ik & & 48/ BF(824/ 1 Bri — Fsg %
). B3I X10° cells/well &y 5 # 4 96-wells £ 4 - & U5 % viv
FCS/RPMI % i# 4= A 4 £ 48/ 8% + 5 % 48 A saikosaponin-d & dexamethasone
88 4 B Ao A% B M HPBSK 2 o % fE 4 harvested AT 24 /s B Jm A
PH]thymidine (1 pCi/well) it 3P & # % R £ 4= B8 2 [H]thymidine #H A
T KE@BDNAS R S E - THRERUcpmET - $HEFXRETHRE
£ &9% of control & 50 % maximal inhibition (ICsq) - BERTHRYTERARHL
BENK-

4= B8, 73 7% /1 (Cell viability) s trypan blue dye exclusion method#| € .4= fe
ML B 4 R 3248/ 8548 » SAPBS & M 7% (resuspension) i ££0.1% w/v trypan blue
in salinet &, B #| B 3+ # % (hemocytometer) A SRR M B Lt E 55 4m

ea -
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7% X 4 B 1§ %-#7 (Flow cytometric analysis)

s stk 0.5 % FCS/RPMI # 1k % §48/1\6# A 85 bn o 8 B £Go¥i » A
515 % FCS/RPMIA #cba & 447 S SR » 24 10 SUR X, dm AR 2141 7 T
B M fm L b S 31 94 (Chen & Huang, 1998; Sherwood & Schimke,
1995). L ¥ MK 244, SCEM fap(5x10° cells/sample)® < e %, LAPBS
(pH 7.4)7‘45 =k, BIAKETO % v/v ethanol & R ;¥ (resuspension)fk # & #-
20°C » 8 & - CEM 4@ .= % 38 F v A0.4 ml phosphate-citric acid buffer (pH 7.8)
6,45 5x10” M Na,HPO,, 2.5x10” M citric acid and 0.1 % Triton X-100, 5 4-4&
#% - 2X1.5 ml propidium iodide» staining buffer (0.1 % Triton X-100, 1x10® M
PIPES, 1x10" M NaCl, 2x10° M MgCl,, 100 pg/ml RNase A, 50 pg/ml
propidium iodicie (PD) ik &, %R & % - 838304 4874 4= B8 % LAnylon mesh filter
i & 7% I\ FACScan#v Cellquest program(Becton Dickinson)%-#7 ° 18 ¥ % &
FRJMAELBRK

AT & 4a B B S+ Lhpropidium iodide Fv Annexin V ¥ & (Zamai ef al.
(1996) : Boersma et al (1996)). #= f 437 °CTF #& 47 4 % & (double
labelling) 4o F: 4= A2 3% % % fu Apropidium iodide (50 pg/ml)fv Annexin V
(2 pg/ml)d NEF - é%&.ﬁi&:&FACScané}#ﬁ ° Annexin V  —f# € v

phosphatidylserine & 4 # & & ' , M phosphatidylserine £ o o A B £ &

13



e Rk @ E¥@BREH LR % » 4 & 89 45 B8 7, phosphatidylserine
groups X HE 7| Em AR M > S AT § 5 EAB I HES
1 4% 4% phosphatidylserine & & & % # 5MM#)  Annexin V 3 & B shik B £ %45
— #& 4= J, A < 4 % 4L4% %2 (biochemical marker) « %= A% % A Fo 3 4 84 &1
i & kA Bh 7 49 ta B % R 7 A (apoptotic) ~ 3 FE (necrotic) i & 5 %
(living)#k #& -

The terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick end

labeling (TUNEL) assay for apoptosis

HEHB MBS A @i DNA # 3-OH sk ¢4 ik & 4 B Gavrieli €4 44
# #{(Chen & Huang, 1998; Gavrieli et al. 1992). &M AR iapfhts & 4
CEM émfod -l & » # A cytospin M 4a o Bl £ /3 B 4 B LUAA# 95 %
v/v ethanol Bl  ém B8+ 4% 3% K #A blocking solution(0.3 % v/v H,O, in methanol)
R 30 448 Rip %)/ 4 4 peroxidase ¢94E A - DNA #7 % & & 14 in situ cell
death detection kit R B & (Boehringer Mannheim), #X 4 #§ 3 B A TUNEL |

reaction mixture containing enzyme solution (terminal deoxynucleotidyl

transferase; TdT)#= label solution (modified nucleotide mixture in reaction
buffer)f£ 37°C F R E — 8%, 1L PBS ¥k &1t B 7 v A Converter-POD
(Anti-fluorescein antibody conjugated with horse-radish peroxidase, POD) : 30

4% » 24 3,3'-diaminobenzidine % &, 10 min & 3L 5 % w/v methyl green in 0.1

i

12



M sodium acetate solution (pH 4.0)4% “ counterstaining ¥ % #| A X #8385
#1.% - B8 48 - Negative control R & 4 8548 [ 424 £A TUNEL reaction mixture
%2 ey #2 F 2 hu label solution f sk Ao A enzyme solutionePositive control
71 & 4 # TUNEL 2 #+ 4 £ 8 F % X DNase I (1 ug/ml in 40 mM Tris-HCL, 6

mM MgCl,, pH 7.5)%& ¥ 10 4-4%(Chen & Huang, 1998) -

DNA laddering

CEM ‘= i, %% 12 0.5 % v/iv FCS/RPMI## ok 4 & 48/ BH(& 24/ B — R3IB R R)
#% » BIS % viv FCS/RPMI| #k 4 fE 4 & * K % 4 4w Asaikosaponin-d &,
dexamethasone # 8 48 A fu A % 4 # ¥ PBS X 2. « 48/1 8 2 1% # CEM = #
(107 cells/sample)#i <> i 4 » LAPBS# & » 24 cell lysis buffer(P 4-Tris, EDTA
#o sodium dodecyl sulphate) * #§ 4= i, i5 #% 7% #w ARNase A (0.6 w/ml)  #£37°C
7K %304%-4§ * AuAProtein precipitation solution (ammonium acetate)}#® % & |
W RS R DNA » #.0(2,000g )104-4E o B EF R wAL00 Y%
isopropanol & DNAZLM &R » #.(2,000g )10%-4§ - DNA#A K70 % viv
ethanoli¥ %14 7% A # DNA hydration buffer (%4 Tris fv EDTA) - DNA#j IR
B T # B 9 % #% B 3T (spectrophotometry) R/ 260nmigk & Z & 7 B Bf T 4 4o o
B20 pg #DNAA§ Hloading#£1 % w/v agarose gel(4-0.5 pg/ml ethidium

bromide)e #35 ££20V a4 T & 35§ ik - 814/ 8845 #§ gel E #AUV transluminator

13



L #£254nmik & B4 » St Polaroid type 667K K B K 4% & £ © & Slimage

analyzer-#f °

WS- 6B 8 Y R B (reverse transcription-polym'eraseA chain reaction ;

RT-PCR)R/Z c-myc, p53 #o bcl-2mRNA 45 &

c-myc, p53, %1 bcl-2 mRNA# & 3, 2 #] A HHR-BREBFTRYERE
(reverse transcription-polymerase chain reaction ; RT-PCR) & # & R 8] &
(Huang et al., 1994; Wang et al., 1989) - CEM 4= f& % £40.5 % v/v FCS/RPMI$$
b4 RASNEE(F24/ ik — ks kRS B Lxﬁ % v/v FCS/RPMI A i é= i
% & ' T B 48 /v A saikosaponin-d # dexamethasone #} B2 48 B o A % 52 5% &)
PBSR 2 < 12/ 8F 2 7% 4 CEM 4= i 8 - L % » 4= JE RNA % #| A acid
guanidinium thiocyanate ¥ B(Chomczynski & Sacchi, 1987) > Bl ug total
RNA Z microtube » e A2 g oligo (dT) primer 4£65 °CF Au#k104-4% » A% |
HMRNAH) — 4 & # (secondary structure) 3t 4§ oligo (dT) primer#t 4 ZmRNA
£ ° & #e ART buffer (100 mM Tris-HC], pH 8.37, 40 mM KCl, 10 mM MgCl,,

0.5 mM spermidine), 1.25 mM deoxynucleoside triphosphates (dNTPs), 4 mM
sodium pyrophosphate, 10 units of RNase inhibitor, and 5 units of AMV (avian
myeloblastosis virus) ZREBHEH20 ] - £42°C > 1 IEREE M

95 °C > S%48%k - X BPKS > B4 pcDNA - 3R0.5 2] 5 pl first strand

i

14



complementary DNA(cDNA) #u A 10xPCR buffer (500mM KCI ~ 15mM
MgCl, ~ 100mM Tris-HCL * 0.1% gelatin) ~ 0.25mM dNTP ~ 2.5 unit Tag DNA
polymerase (HT Biotech)& #F & Z GAPDH ~ c-ﬁzyc *p53 Fo bel-22Z5' ~ 3-
primer &0.4uME K 14 R % & 50u! - & AF microtubes i%Pefkin-Elmer thermal
cycler (GeneAmp PCR Systerrvx 9600) i 7cDNAZ % B # K » Hceyclei /7 2 %
#44oF: dehaturation :94 °C  45%) ; annealing : 60 °C -+ 45% . DNA
extensionli 72°C> 257\552 s o i ATIOMIE TR - B ATC THHRES -
B 42 3 A 2 DNA & 4 « 5 10-30 pl# A ZPCR A # * % % loading ££
1.5%agarose gel (4-5x10” g/ml ethidium bromide) ° éﬁ#&&%Vé@ TR EFH
NBE4% %o F R T BAE B c-myc, pS3, o bel-2 band 4rfE 4793714235 bp
AR f_. o #gel EUV transluminator E > »&254nmv2'&~§<3'§§3"F » $APolaroid
type 667 & B Btk + B FI A %1% 5 # 4 (image aﬁalyzer)h‘ﬁ*ﬁ HERE
(gray level)i #§ & R #H 1t » i LGAPDH# &internal standard - %18 ¥ %
#inegative control® k48 ] » {2 & fu Areverse transcriptase * & & R A 1A
Northern blotting (Sambrook et al., 1989)ju iA#§ 32 « ZRMTK T * RIMIKR
 Fl & WRTR & ¥ &A7PCRE ¥ 5 % RMMPCRAE S HRAE0S 5]
S ul#9CDNAZ #1 &-Fo L A7 47 PORA- 50 60 & 90— Vo 1 M4R + A7 X 2 48 80
T8 AN EREHREENRAMMRNAS & > RAEZRT-PCREY G E

AT RMA E B ¥sample ¥ K AIMRNAS) § ©

15



H#
Saikosaponin-d (Figure 1)#% & Nacalai Tesque (Kyoto, Japan). Human CEM
lymphocytes (CEM cells; human lymphoblastoid leukemia cells)# & American

Type Culture Collection (Rockville, MD). Foetal calf serum, penicillin, =~

streptomycin, = RPMI 1640 3% % % % B Gibco Lab. (Grand Island, NY).
Thymidine [methyl-’H] (5 Ci/mmol) & & Amersham Co. (Buckinghamshire,
UK). " Dexamethasone (water-soluble) #v 3,3‘-diaminobenzidine # & Sigma

Chemical Co. (St. Louis, MO). In situ cell death detection kit, converter-POD
(anti-fluorescein antibody, Fab fragment from sheep, conjugated with horse-

radish  peroxidase), #u Annekin—V-FLUOS (fluorescence-conjugated
anticoagulant) #% & Boehringer Mannheim Biochemicals (Indianapolis, IN).
DNA isolation kit #% B Gentra systems, Inc. (Research Triangle Park, NC).
AMV (avian myeloblastosis virus) reverse transcriptase fv Taq DNA
polymerase ## B HT Biotech. Ltd. (Cambridge, UK). Bcl-2 #primer (235 bp)
$% B Maxim Biotech, Inc. (So. San Francisco, CA). C-myc (479 bp), p53 (371
bp), #2GAPDH (452 bp) # & Clontech Lab., Inc. (Palo Alto, CA). Z-VAD-
FMK, caspase inhibitor,#% & Calbiochem (San Diego,- CA).

MBIt R TR BAE AT E TR E R £ (mean Ts.e. mean)k F P values

ASR0.05 RIARERE R B E %3t ey & &£ (Student's r-test) ©

16



EX

#m B DNAS R & &

ARBAA A o jofe & ADNAFH IR ['H-thymidine & R 3/t 2 5 # 4 4/
DNA%G &9 7E A ° EAS%FCS/RPMIL# # CEMéa B (3x10° cells/well) » 4248/
8 2 1% R4% [H]-thymidine#y # A & - # 1 42 £9,2051945 c.p.m./well » 1%
saikosaponin—d (10%-107% M)& 2 CEM %= &, & 5 F.saikosaponin-d #f CEM = A
DNA4- 5, #7451 8 B & 2 I8 J 48 4% #£(concentration-dependent manner) (n=5)
(B =). Saikosaponin-d #1CsofE & 3.1£0.4x 10 M+ f saikosaponin-dik & 4
10° ME% Bp 7T i 2] 100.0£0.0 % & X R # K R(@=5) - £L TR T
‘dexamethasone (3x107 M)#f In this study, dexamethasone (3x107 M) | *H]-

thymidine#f A & &4 3¢ %] B 7T i& £]93.0+3.3 % (B =) (n=5) °

# 4a f8 77 7% 71 (Cell viability) &) % &

%2 M8 77 7 /1 & S\ trypan blue dye exclusion 7 7% R & & M A10% M
saikosaponin-dit F 4 ¥ ECEMm B E 1(n=5) (B =) M EAAE et
A A B 4 (2x10° cells) » % A A10® & 10* M#dsaikosaponin-de¥ » B T 4
& &Rt B 77 75 & (n=5) - £ LK% P » dexamethasone (3x107 M), T

% & & o) M1 b B 77 E B (n=5) -

17.



Haap ATtHEE

1A saikosaponin-d (3x10°-10* M) & 3 CEM % 24/ 654048/ o5 € 3] detm i

At o TEEZ S4B E - %% 6K KR £ e (blebbed) & apoptotic

bodies * M HFFap B L F —TRENHY » TL@EATHRR
4 %] $Aflow cytometry, TdT-mediated dUTP nick end labeling (TUNEL) #u

DNA laddering & 67\7}& °

K Flow cytometry % #7CEM & f 5 69 H K -

LA 3 4 3| A2 CEM = fE B T F 46 &9 @ 4 tb i — 35 Bl flow cytometry (B w)%
oo tmfe ok 0.5 % FCS/RPMI # .k 4 k48 A s meiF 4G,
#1 > H LS5 % FCS/RPMIR ik bm i £ fe T4 R IAR - EXFI U R ta e
# A propidium iodide ¥ & 44 A flow cytometry 4 #f ° Figure 4 88 5%
saikosaponin-d # A &% B B iR BRI 4E A Sl iedale A o IA3x10° M
saikosaponin-d & 3248/ 6§74 € i& Ak A T = 8 &) B K (Ap, sub-Gy/G, peak,
subdiploid peak)# & & ¢43¥ fu £5.130.6 % (B @) (n=3) - 4£10° M (48/ &%),

saikosaponin-d 3| Aeta AT E S W E222419 % ERKR T -

18



_
3x107 M #jdexamethasone @48/ 83 RmBATHESLLTH EAH

Ja £11.5+0.8 % (B @) (n=6)

A5 afb, saikosaponin-d (10° M, 48 /)& H & #3063 o T be

B 4 tb £41.051.1 % (0=3) °

$.47#] A propidium iodide (PI) #v Annexin V # &R mfg AT
#3,% > Annexin V'PI' (& £ % /&) & Annexin V'PI' (& F & M&)& ¥ 4 T
WEI (BE) m3x10%-10° M & saikosaponin-dii!i&éﬁéaﬂﬁii-;%
Annexin V" £ 2R SHEAEFELK © Annexin Véﬁﬁéﬂﬂ‘f?-'fﬁ,i’)iprﬁﬂ—?-
$ey A miad B 0 B — R A Amexin V' g B &Pl R~ S AT
o f Fo 3 L 4m O A ] °ﬁﬂ%é%%éﬁﬁtsaikosaponiﬁ-d&lﬁs to 10" M&y iR &

TRESIReBATCLEH@BERNAR

Terminal deoxyribonucleotide transferase-mediated dUTP nick end labeling

(TUNEL assay)

UTUNELF ik s bmfo i 35 £ £ R WDNA(FHm e AT HHH) (B
X))o k& 72 % 5010 M saikosaponin-d-R B# sl A F mATH R Z (B
s dfo7a) o ik 4k 4w B (TUNEL-negative, green-colored)#y $m fa 4% ¥ K 3 &

‘TUNEL#: &, + it SAmethyl green ficounterstaining & /% & & © 1248/ 6 4
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saikosaponin-d (3x1C%-10* M)RETF, TUEHAE IR N 26 takk
TUNEL-positive (brown) (n=3) (B < b xc £ % & & 10°5 10* M,
respectively) = TUNEL-positive#} 4a i 4, T £3x107 M dexamethasone #& 32

#% % 2|(0=3) (B 7ve)
DNA laddering

DNA ik t(degadation) i 45 2k 89 Bf B & fmfe A T 895 M2 — » Fo i L fa B
PL ¥ 0 A T e AE &9 genomic DNA#& endonuclease LA #2, 8 &9 B iE 4 p s € & 4
#)200bp A /]~ ) mono- % oligonucleosomal DNA » 4% & #7 38 & DNA#7 }

(fragmentation) * =T #| A & 5k ¥R & 2| DNA ladder#y 3. % - & M saikosaponin-d
#.dexamethasone & ¥ CEM4am f48 /N 85 4% » 4% 4= B ¢ genomic DNA 4 & i &
B EX (0=3) (B <) > £10™ M saikosaponin-d 48 T & %| 7% # #9DNAladdert
R % (n=3) (B +t,lane 4);# R £ 4£3x10°, 10° M saikosaponin-d #3x107
M dexamethasonefa i R B (n=3) (B &, lanes 3 #v 5 4 F%k710° M
saikosaponin-d #v 3x107 M de;(amethasone) o M A Y BEFI10° M

saikosaponin-d 48 %] & 7 2|DNA#T K #9R % (n=3) (B +, lanes 1 Fo 2) o
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caspase inhibitor 69 % &

Saikosaponin-d (3x10%-10"° M)dp %I DNA4- #.(#| A tritiated thymidine uptake
A )80 46 A 37 4 Z-VAD-FMK (10 M, 4/ 85)# % % » ®Z-VAD-FMK
& — #& cell-permeable fluoromethylketone #jcaspasedp#l# (27.043.2 % vs.

28.045.6 % for 3x10°°M saikosaponin-d, n=5) °
#fc-myc, p53, and bclf.? MRNAZ R 65 ¥

el E R 8 E KOCEM&Ba i ¥ » #|ART-PCRAF ERBMEHBAXET
5 48 B W c-myc, p53, #v bcl-2mRNA # AR ET(BN\). ZEFALAEF
GAPDH# 4% 3.5% /& 4 timage analyzer ¥ 1b.(quantified) °v B ARAYE
M GAPDH#& & 3R, € 24k M Figure 8 (AN TFAT)  EZBARAARFFE
THCEM&a e T H XA ARG KT %K K11 & CEMéa g 4
saikosaponin-d & % % time course * T %012/ B c-myc B p53 mRNA# %k
%%ﬁxﬁoa&&%Tx%T%’%Mﬂmu¢ﬁ%%mgxwzﬁm
£ B ey &R E » @ Usaikosaponin-d (10° M)RECEM&m 12/ 52 4% » -
myc mRNA#) 2R &5 & & 434 /m(3.520.8 fold increase, n=3) (lane 2), p53

mRNA # &R & & H & & 693 fu(6.11.1 fold increase, n=3) (lane 5), bcl-2
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mRNA 8/ &H E&£ &K (0.7320.03 fold inhibition, n=3) (lane 8) +
Dexamethasone (3x107 M) # & ¥2 CEM 4= .12/ 85 2 74 B € 4# p53 mRNA
W R R o > c-myc Fo bel-2 mRNA# R R #E D (lane 3, 6 Fu 9)

(n=3); {94740 K £ % 3 £ 69 & & o saikosaponin-d % fa EumRNA# ¥ 41 &

LA Northern blotting 3 47 #£ 32 -
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#-iWHR

&8 KB R & K 189 saikosaponin-d # #7 #1 AﬁCEMM@zD&Aé\skL
#0 3| &2 CEM4a f /4 < » Saikosaponin-d & = & % #i(Bupleurum falcatum L.)
PHERBAS L~ MEAMKLRAAENS PRRAF T A8 N RHH
(xiao-chai-hu-tang) ¥ + B # 3R 4 45 # saikosaponin-d & # hepatoprotective
hypolipidemic #v anti-allergic & 4 / (Yen et al, 1991; Yamamoto et al.
1975) - %= 312 & 7& M triterpene )ﬁxﬁv}, ¢ #% saikosaponin-a, -c, -d #v 3 48 j &,
#t# - Saikosaponins-a Fu-d % # 4 B F M&HE B & (cholesterol- lowering)
Fo 34 X (anti-inflammatory)#9 4 B (Yamamoto et al., 1975)  Saikosaponin T
46 B 4% R % M 1 85.9) 4 & P A7 9t % ¢ BE B 85(Yamamoto ef al., 1975) « $
BB aE R FEAENLGFERENOETELH LT FFENE
Je R Xéafe - JSR K & G 6hi8 38 4 B (Ross, 1993; Lundergan et al.,
1991)° o F - i Wb B Fo 4% 3K dm B ) 386 4 RIE 12 $y I AR AL o o B AW 35
RENANRERBFRREEAE +  RANE Rsaikosaponin-d £ #p #] 3k
EXFaFFENRYDNAG A I Rmie At > Bk
saikosaponin-d #§ % B 7 /& A A 5% % & 06 M 9 MR A Fo B 4 4 69 % 38 Ak
BB T3l&AT £4 Fannexin-V & ¢ X% + &5 B » saikosaponin-d

EHEETCIOM)b 43| e ta sl /49 5, & » Saikosaponin-ddLik % 4 £
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7R #AAEAER (Kato ef al., 1995). Saikoasponin-d & &
BPREAR B L HFN 2 €& KR4 fe(spleen cel)¥Tia e

mitogen#y 3% & KM + %73 fu 3. 4 Ba Bmitogensh ¥ £ K K (Ushio & Abe,

ok

1991) ; L.—E‘W%‘.‘&L%’éﬁﬂsaikosaponin-d ﬂ’ﬁ%?‘i’?’]i}i%{bﬂl’? R EH e
Byl be o R4 i & 7E 1L 4s & E ¥ 4 8 (macrophage) 3 A& ™ 2Rk (Ushio et al.,
1991) -

4o B0 = (Apoptosis) * R LAY B 5 F IR BA ¥ o) — HEF 1 4 e
B 5t - (programmed cell death) ' e f A TH R R TR BN OB EER
ik # (nuclear condensation), s § H ¥ 43 (cytoplasmic shrinkage),#v i& s DNA
7 ¥ (DNA fragmentation) « % T #7#|DNA# 4 A% * saikosaponin-d (3x10™-
10" M)+ & 3] A2 CEM# B3k 4m B 8 (8 L X 4= 2 48 ~ TUNEL #DNA
laddering %47 3% %) » Saikosaponin-d4 & iR A T #p #| 4= e tritiated thymidine
BB EGRA TP EG LR ATCERRR  FEEHET Tals
FEFATCEH TR —SABEARLRE - BRLERER  REREE
W Btz th AW S AR R IR R E N D o BB ACH A B
(neurodegenerative disorders) * AIDS * FH B R ETRE AN R A BRKE
THhtat—iHE BRMHE Tl mRIBIE@BATHR

B TR 7T BA4E & 56 B ¥ $ A5 7 69 & AR (Thompson, 1995) - .
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Saikosaponin-d & % #& ¥ % 4 E,‘#&Kato%/\ﬁ:‘f(l(ato‘ et al,1994) -
Kefoﬁfsaikosapc‘min—d THEGRETHERGE MBEVH —E4#
RS RN defos AR EF LA > 3448 # Tha B/CD3 4 1 &4 protein
tyrosine kinase &1L * HATL A A KB » curcumin(— 4 M) & $H) & b=
FEATHR S REE MY c-myc Fo bel-2 mRNAK R R (Chen & Huang,
1998) - — #:oncogenes Fv oncosuppressorfE 4= B 8 #i &, & sm Bl A i A2 P
HRERAL S RERATHREA NS - mia A AR ARRT
THA T ReEILREE A ClohtmB Ao b5 E S0
HER  #RzhepAceAREEL —L£TMG LB : proto-
oncogene(c-myc), & & tumor suppressor gene( p53)° A& i A b3 & 1% K %18
HREWN BN R TRARNGEL bl 2BMa AR BN SHAR
(Hale et al., 1996) * #41#] ART-PCR#) % % | & saikosaponin-d#t #c-myc,
p33, % bcl-2 mRNAR R E &y ¥ 4§ - 4 saikosaponin-d (10° M) LT » c-
myc o p53mRNA @R RH ERe9¥ > fmbcl-2mRNA ARG E &4
#3 » #K fdexamethasone#f #:p53 and bcl-2 mMRNAZR R B Lo kit 4
ERMBE Bk saikosaponin-df R A AR OB E T L 84
it Rﬁ%ﬁﬁ&%mi&& » L RILBH Y Myc&hﬁ@%i?%%‘i%%
XN EEFEEZRI AL P RERM AR CLeBReai A

T B E A RE LR RRORARE A ATHRLMESE &
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AR RBERAEMych R ARG B FioMyck afo B F é@*%é@émz@
(target cel)BE M RA » A THREFLE SO NE B RBE L KRG
EHlmfe Bt Fosg 4 (Desbarats ef al.,, 1996) - & r 4| £ Bps3 £ 24 i
foir b fo B E F 4G, ﬂﬁv 3l :@#mﬂaﬁté@#%%'fﬂt&%dDNA%#ﬁﬁéaﬂa
t & & (Velculescu & El-Deiry, 1996; Yonish-Rouach, 1996) < 4% 4= §2 38 #7345 %
G Hfejletaf ArREESBALENLIMARAR  AH—F &
HE BB R BA2T X by L DNAWE K é £ & o da S 70 16 60 2 % o
saikosaponin-d 3| A2 &4 4= B, B C 45 B T A 3R 47 48 & ¥ c-myc, p53, Fv bel-2
EE @R o

# #& 4 ¥5 th ginsenoside Rh2 (—# A ¥ £ £) 7T 48 & 7% {t.caspase-3 3 3| 4¢
IAﬁSK-HEf-l B AT (Park etal, 1997) c ERHEER » 2L 5 4%
-+ #& &X _E #caspase(cysteine proteases) B4 K2R 89 EATF » S R4S
At 38 AR BRI #1) 4m B8 89 56 (Xue et al., 1996; Alnemri, 1997) - & &A1& &
B4 R » saikosaponin-d¥ # 4a BB DNA 4 5%, #9 4 A 3 R 444 Z-VAD-FMK(—
#& 7] 1@ & = 8 &) fluoromethylketone caspasedp#| B %% » WL H AW
®Asaikosaponin-d R & 4 & /& {b.caspaseE & M 3| R dm B -

BL AR i*?if—_b’[b'é\%il‘ﬁ—?ﬁ ] &% %8 (steroid-like) & R & 48 K;ht#iﬂ'l’i'ﬂﬂ‘
RREA —EfHE ﬁ?*_a ﬂﬂ(steroid-rélated)é@ EEEM BREIEBMEESE

2B R K %808 E b (Munck e al,, 1984) - R B3l ket te
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FEATHNTEEE B FHERR  R1ESARio bty 4 2 W 4 (Brunetti ef
al., 1995) - EXETHRT - Qaikosaponin-dé@ B BACHERBRETRPAOAY
¥ ® #A B 8% -dexamethasone#8 bt # ° Dexamethasonesf 3| 42 # 4= B )8 ¢ 4 14
X, 4= B #&, TdT-mediated dUTP nick end labeling (TUNEL) #» DNA
laddering ¥ 7 7 4 # < K 4% 4 15 i LA dexamethasone & M1 myeloid leukemia
ta §6 & i, 0 (down-regulated)ip #| B+ % E-bcl-2 FoiR e B £ B- baxth &
R 42;%§5§ﬁ0bcl-)a 4y % R.(Lotem & Sachs, 1995) - Proto-oncogene c-fos
LR E Fo dexametﬁasone 3] #& murine T-lymphocytes &) %a i B <+ & B
(Pruschy et al., 1997) - XK % %)&wﬁ‘ #|dexamethasone € #% fup53 mRNA
FoikYc-myc 8 bel-2mRNA #&RE - 2B A BRMAEHNAELNE
& » B~ dexamethasone 4L B A K] &4k A # 4% -

8 E 2 #4713 HAsaikosaponin-d & ¥ #] A FCEM#k E,IiileA'é\ﬁKL ki3
3l J"@%B@/ﬁt ' B tsaikosaponin-d # F B E A LT R X6 B $ B AL
Fo B EGRERE BT § 5 R4 ¢ %% 4 # A (immunosuppressive)
x B R % # (anti-inflammatory agents) 8 B ik - A MK B L L & F
saikosaponin-d 5| & &) sa g B T 45 B T fE #0475 48 & 3% huc-myc B p53 mRNA
Fo i Y bel-2 mRNAX R E @M R o # A annexin-V & » KM H 8
saikosaponin-d£10° to 10* M#RE TR E# 3| Rl ACLEH iR

ROARR - BERBKRLL - BEHRBLERP 0 ET RN KHEBEHNL
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Legends of figures:
B — saikosaponin-d &) & #

B — saikosaponin-d %} CEM#= laDNA 4 & #9 % % + DNA synthesis were
measured by uptake of tritiated thymidine. The control value for serum-induced
[3H]thymidine incorporation in the absence of test compound was 9,205+945
c.p.m./well. The inhibitory activities of the test compounds are expressed as a
percentage of the control values (% of control). Each point with vertical line

represents the mean and s.e. mean (n=5). i£.4 31 & & & Student's #-test

B =saikosaponin-d¥} éa Jo 7575 1 44 %% +  Quiescent CEM cells (basal level,
2x10° cells) were stimulated with serum. After addition of serum for 48 h in the
absence (control level) or presence of test compound, the cells were harvested .
and their viability examined by trypan blue dye exclgsion test. The number of
viable cells was estimated using a haemocytometer. Each column fepresents the
meants.e. mean (n=5). : P<0.05, compared to the cell number in basal

condition (basal level). #%.4 3 # 3% % Student's t-test
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B wsaikosaponin-d fCEMém B B4 A & o tb * Quiescent CEM cells were
stimulated by serum in the absence and presence of test compound for the indicated
time periods. The percentage of apoptotic cells umtreated (control) and treated
with saikosaponin-d for 12 ((7), 24 (X)), 48 h (W) was analyzed by flow
cytometric analysis of propidium iodide-stained cells as described in Methods.
The effect of test cempound was compared to that of 3x107 M déxameﬂmsone.
Each column represents. the meants.e. mean (n=3 or 6). " # P<0.05, when
compared to -the -control -vatue (without ‘test: compound) for 12 h treatment. +:
P<0.05, when compared to the control value {without test compound) for 24h
treatment. *: P<0.05, when compared to the control value (without tesf compound)

for 48h treatment. -8t ¥ F 34 Student's /-test

12 CEM#= i tannexin-V/PI4 ¢, > CEM cells untreated, and treated with
saikosapomnin-d were perfomed PI and Annexin V labeling as described in Materials
and Methods. The lower left quadrants of each panels (Annexin V'PT) show the
viable cells, which exclude PI and are negative for Annexin V binding. The lower .
right quadrants (Annexin V'PI') represent the early apoptotic cells, Annexin V
positive aﬁd PI negative, demonstrating cytoplasmic membrane imtegrity. The
upper right quadrants (Annexin V'PI") contain advanced apoptotic cells and

necrotic cells, positive for Annexin V binding and for PI uptake.

3% ,



B > CEMé fs &) TUNEL % # ° CEM cells treated with (a) 10° M
saikosaponin-d and (b) 10 M saikosaponin-d, (c) 10™* M saikosaponin-d, and (d)
| _ control, ggtreated withr test compound, () treated with 3x107 M dexamethasone
were taken through the TUNEL procedure. TUNEL-positive cells were
visualized using a peroxidase-substréte system as having brown nuclei and
counter-staining with methyl green revealed green-blue nuclei. Nqne of the
nuclei in uritreated cells were positively labeled for DNA fragmentation, while a
large proportion of the nuclei in 10” and 10 M saikosaponin-d-treated cells or.
3x107 M dexamethasone-treated cells were TUNEL-positive. Bar=12 um.

Similar results were obtained in three independent experiments.

| B  Electrophoresis of fragmented DNA in CEM cells. Genomic DNA was

isolated from untreated (control) cells and cells treated with saikosaponin-d or
dexamethasone for 48 h. DNA fragmentation was evaluated by electrophoresis
on agarose gel containing ethidium bromide and photographed under u.v. light.

The DNA ladder was detected in cells treated with 10”° and 10" M saikosaponin-
d. The effect of test compound was compared to that of 3x107 M
ngamethasone. Lane M, ¢ X174/Haelll DNA size marker; lane 1,
untreated control.; lane 2, treated with 10 M saikosaponin-d; lane 3, treated

with 10° M saikosaponin—d; ; lane 4, treated with 10* M saikosaponin-d; lane 5,
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B /\ saikosaponin-d #CEM #aBg c-myc, p53, #= bcl-2 mRNA (B E& %
# > Quiescent CEM cells were stimulated by serum in the absence and presence of
test compound for 12 h. - The -serum-stimulated -test genc mRNA 1evels in
untreated ([J) and treated with 10° M saikosaponin-d () or 3x107 M
dexamethasone () were analyzed by RT-PCR amplification as described in the
Methods. Amplification products were separated by agarose gel electrophoresis
and visualized by ethidium bromide staining. The signal intensities of test genes
.and GAPDH wére quantified using image analyzer, and the changes in‘the sigmal
intensities of the test genes relative to GAPDH were calculated. Results are
expressed as percentage of the control level without test compound (% of control)
(bottom of -figure) (n=3); the corresponding electrophoretic pattems. of PCR
products are shown at the top of each panel. Lane M, ¢ X174/Haelll DNA size

marker; lane 1, 4, 7, control without test compound; lane 2, 5,8, 10° M

saikosaponin-d-treated; lane 3, 6, 9, 3x107 M dexamethasone-treated. c-myc

mRNA level: lane 1, 2, 3; p53 mRNA level: lane 4, 5, 6; bcl-2 mRNA levél: lane 7,
8, 9; lane N, negative control, no RT. Each column represents the
meants.e.mean (n=3). *: P<0.05, when compared to the control value without

test compound. .53 7 & 8 Student's 7-test
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- Each column represents the meants.e.mean (n=3). *. P<0.05, when compared

to the control Qalue without test compound. 3E.%t 3 % & & Student's #-test
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B — saikosaponin-d ##5#k

(3B, 40, 160)-13, 28-Epoxy-16, 23-dihydroxyolean-
11-en-3-yl 6-deoxy-3-0-B-D-glucopyranosyl-
B-D-galactopyranoside
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RO R = Glc-3Fuc-
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Ca2Hs8013 mol. wt. 780.99
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