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The Effects of Saussurea Radix and Plantaginis Herba
on Cellular Viability, Proliferation, Apoptosis and
Expression of Cell Cycle-related Genes in
Gastric Cancer Cells

Hee-Rah Oh, Seong-Gyu Ko

Department of Internal Medicine, College of Oriental Medicine, Sangji University

Objective : This ekperimental study was carried out to evaluate the effects of Saussurea Radix and
Plantaginis Herba on cellular viability, proliferation, apoptosis and expression of the cell cycle-related
geneé in cultured gastric céncer cells.

Method :MTT assay for analysis of cellular toxicity and the effect on suppression of cellular v1ab111ty,
[*H] thymldme incorporation assay for evaluation of the effect on suppression of DNA replication,
tryphan blue exclusion assay for measurement of induction of apoptosis and Quantitative RT-PCR for
analysis of the effects on expresswn of cell cycle or apoptosis-related genes were performed.

Results : Antitumor act1v1ty of Saussurea Radix associated with inhibition of cell cycle progression
and promotlon of apoptosis caused by transcrlptlonal regulation of p53 p21/Waf1 and the ohter related

genes was observed.
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- Herbs " Scientific Name - Dose
A% (Saussurea Radix) Saussurea lappa CLARKE  550g
B & (Plantaginis Herba)

Plantago asiatica L. 550g

- (2) Aol =H|

Aol A8 AR A= AF 5507
HETHE 550gS 247 33 254 481 2 2413
F9t 28] BARFE3 F HOZ o3l 1
42 42 80T & 7 AN T &3,
%7471 27 (Christ LDC-1.Alpha/4, Germany)E
o] &3t} KR#E 1154g, HAIHE 82.5g8 A x F
222 A

(3) MizZu

QA YA ETF AGSE American Type
Culture Collection (ATCC, Rockvelle, MD)ojj A
F<l5te] DMEM ]3] 90%9} -8} & A (fetal
bovine serum, FBS) 10% &R & o] &3}
5%¢] CO, *e}7} f2 5= 37T incubatoroll A
Hjj oF3h s ot

(4) diASAM=Zo| st 242 Az

$2 Azd F2L 3} 252 %A ¥
AEFAE ol g3t HF Al FER 54
stgem o Ix10°70e] vk AGS A X A
At A EF2 o vlA & G gS B2
el e Zzte] oFE& 244 7F, 4841 7L, 724

b A2l F A ¥ FE hemocytometerg ©] &
ate] 238t MTT assay & | ¢ 1 9] 9]
A8E A 449 FES 2x10° 79
A Fo 6A17F, 12A17L, 247 3Y, 48A]7F A ] &
% 0.1% rypsin® 2 A X E 343 a protein,
DNA, RNAE F&3l9 .

2, 9 o
1) MTT tSad

() MTT S9xz o Xz
“ MTT Smg/ml-& PBS(phosphate buffered saline)
of %o pH 7.52 2& $0.22m9 filter2 o
7}3}o] stock solution HEYTh 1 T 1x10°
N AXEE EF3RL YE 10049 AEHE
Aol 1042 MTT stock solutiong 3 718t o}

(2) EAST |HAYEEH

MTT stock solutionoll Al £& & A 7lg
FE R 37TAA A BET F 10049
0.04M HCI in absolute isopropanolg z}7z}+e)
welldl] 2 £33l blue formazan crystalsE &
A3 G Ba9 S8i7F Bd H 570nm
o] A ELISA (enzyme linked immunosorbent
assay) reader® OD(optical density)E =7 3}
=

(3) MEZEMNEHN ,

32t FF5E ol &35td Zt7te] FEE 0.1
Iml, 0.2ug/ml, 0.5ug/ml, 1.0ug/ml, 5.0ug/ml F=
2 AT F 1x 1070 wjF AGS Al E o 64
Zh, 12413, 244] 38, 48412 A 2] 3% 3, ELISA
£ o] &3] MTT assayS Al ste] Al T84
o] ¥3E EN3HY A T8 3L 23
of ZX W& FPsiP oy 1 FAAE T3t
o (Table 2)° & 2] sttt
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2) ME3A &4

(1) Cell counting by Hemocytometer
1x105789] AGS A 2o Ztzte] <A S 244
b, 48412 T2 A @ F 0.1%
MEE 343t M E 4E hemocytometerS
o83t FFAY AEFE AL 23]
B3la 1 PaRo g sy o

trypsin&. 2

@ (BCH)thymidine mcorporatton
Assay

A E2] DNA EAld PlX= FE 9%
ZA}sl7] 9)8le] [PH]thymidine Incorporation
AssayE AP ATt. AGS X E 2x104
cells/well2 24-well multiplatesol seeding® ¥
10% serumo] A 7}9 v] X} 2 24A17F F<F vl ok
3Tt PBSE 23] AH e & 2R wA =
LPET FAl FES FEE2 A
o2 2] 20A)7F Foj 1.0Ci/mle) PH]thymidine
(Amersham, Arlington Heights, IL)E 4A] 7} F<
DNA W2 &4

trichloroacetic acid-precipitable radioactivity2] %

pulse-labeling 3l 9§ 1

& liquid scintillation counter& o] &3] =3 3}

sict
3) XPIakHSOl CHE A

1) Tryphan blue exclusiono| 2§t
AM

FHU AL ol 43 AV As 5 BAL
938t tryphan blue G -& AP Ach X E
800rpmo. 2 YA ¥ 2 3td 343 F 4¢9
PBSE 1 X 10%ells/mi7} ) £ 8 A3t} 0.5
mio] 34 A EES slideo] F2A17] 3 tryphan
blue &9 & Hstste] Q3% th: Tryphan
bieZ A= AXE FdAnPoz B3
st 1 $8 S

4) E&# RT-PCRE 0|88 R{IX

gelo] o4

(1) Total ceiflular RNAS] FZ&

Total cellular RNAE Wi Sd M X2 HE
single-step methodoll 23] F231 . RNA F
22 9% solution D GSS solution(250g2]
guanidine isothiocyanate, 17.6ml 2] 0.75M sodium
citrate, 26.4ml 2] 10% sarkosyl Z22] 3L 293mi 2] 3
X FHF9)9 0.IM FXx 2] 2-mercaptoethanol-&
Aotetd HEQT W F 358 A XS
50044 solution D& 2M9} 504
acetate(pH 4.0)& H7}8 & vortexing 3t o}
5004 water-saturated phenol : chloroform :
isoamyl alcohol (25 : 24 : )& &3l 2027
vortexing® F 1583 Aol M AR

£3F 15000rpme. 2 ARG & )‘J-"Ql}ﬂ]
100044 cold isopropanol S &3Htad -70C oA
24X 7H 5 A & AAAZ T RNAE 20

£7F 15000rpm e 2 YAl 2] 3 ¥ RNA pellets
£ 100% ethanol3} 70% ethanol® A} 3 35t}
RNAE 3044 2] RNase-free watero] &3 A Zt}.
%Z% RNAY F5+ &% 260um7} 280m
ol A] spectrophotometric measurement(Schimadzu
Scientific Instruments, Inc., Concord, CA, USA)
2 2339 o0, OD(260/280)2) K 1.0& 40
g/nl RNAZ AR 3t F= & ZAR3Ach

sodium

(2) cDNAZ2] B4

2239 1go] RNAE MoMuLV(Gibco) 9}
random hexamer primers& A}-8-3}a] 2044 ¢cDNA
2 4AMMNHG 1ol %€ RNAE 249
reverse transcriptase buffer, 14 2] random
hexamer(10pM), 1242 MoMULV-RT (10U/ ),
1442) ANTP(10pM), 18] 1. 0.544 2] RNase
inhibitore} 3%} o] EHEL 23T A



(583}, 42T A 1412 223 95Tl A S&
2 W FATh Z7ke) RNAZ RE Aol 27)
o] 22ld cDNAE 14 T 1182 2840 3
A}3te] PCR ¥h-g-ofl o] &3ttt

(3) RT-PCR A&

A4 TR AT FFH 2HE k)
cycle numbers(21, 24, 27, 30, 33, 36, 39, and 42
cycles)& F7HA71AA d4H 02 Mg
¢DNAs (1:0, 1:2, 1:4. and 1:8)°)] t) 3 PCR-Z A]
g3ttt 24z cycled 95TE 18749

denaturation, 58~62°C 2 4527} annealing, 12)
3 712CoA 18719 polymerization©. & T4
st 5049 PCR wHg o)A 12.5~25ng8)
¢cDNAE 26-34cycled Al P 3t F ¢
housekeeping standard GAPDHS T &3l R &
FAAES FF0| drAoz 371l 8
591t} (Table 1). RT-PCR fE4#L 1A HS<H
110VZE 2% Agarose gels(FMC, Rockland, ME)
E o) &35t} Balatgit)h Agarose gels: 308
7} ethidium bromide(0.5g/m! of 1 X TBE)Z @ A
3 3 1587 I XTBER &4 319t PCR pEH:

Table 1. Oligonucleotide Primers used for a Quantitative RT-PCR Analysis

Genes Primer Sequences (5° to 3°) Orientation

GAPDH F GAACGAGAGTCCGAGATTCG " Sense
R - TTAGCACAGCATGACGATAT Antisense

c-Jun F GGGCTACCACTCGTTTCATT Sense
R ""GCTAACTTTAACCTGHACTG Antisense

c-Fos F GACCCTATATGATTGTAAAG Sense
R TTACTGACTCTGCTTTGATC Antisense

c-Myc F AGTTTCCACGAGTCATGAGA Sense
R CCATTTGCTACATTCCCATC Antisense

Cyclin D1 F. GTTCACCGCTGCTACCTTGA Sense
R TTAGCTCTCGATTGGATCTC Antisense

p33 F ACACATCGGCACCCTCGATC Sense
R CACATCGGGATCGAGGACCT Antisense

p21/Waf1 F CCACGCTCGTATGCCAATCG Sense
) R GGTATCTATCTTACAGACGT Antisense

pl6/INK4a F .GGCTGCTCTATCTCTACAAT Sense
R CGAGACTCAGCATGGATCGA Antisense

‘Bel-2. F AGGACTTATCGAGCTTAAAT - Sense
R~ GTGGCCTAGCACTCAGTTAG Antisense

" Bel-XL F ' GTAGAGCCTGATCATCATAG:- Sense
R ATGAATTTGCCATTCCGGAA Antisense

Bax F AGAGCGCTTTACGCTCTGAC ‘Sense
R TTTACGACTTAAGCAACTCG Antisense




A A& o) &3t TRILE F AD &Y 5
Ak AR GRS g0l ARNAEE 274
o HAja A AZAZ ) Unspliced RNA =
£ genomic DNAS] PCR EE4 3} spliced
mRNA®] PCR @49 8¢ 93t 3" 3}
5 primere Ao % 3hv}e] intronol] )8} ¥l
Ho| 217t g exonso] FAAEE A Fety]
t}h. Ztzte] A A FEof dldt RT-PCRY o]
] & biotinylated internal oligonucleotides& ©]
2.3 Souitiemn probing analysisZ 29135 th.

(4) RT-PCR E&#el Densitometric
Analysis

FAA $Ho R AP ethidium
bromide-stained gelsE laser densitometry 2
scanningdle] AT} Signal intensity?] F3-&
IBM 38 7 F¥d A Molecular Analyst
program(version 2.0)& o] 2 3 o laser
densitometer(Bio-Rad)2 4 3T}, RT-PCR
EEH ARG SY2AYE ASH=R
scanning3} 3L, v 7 o intensity S HEIF I
housekeeping gene(GAPDH)9] intensityol] o &
Ztzte] AR W intensityd] ¥l &S ALY
ozA fAAe BAE AR A2t
249 cDNAE H4& 23]9 33 RT-PCRE
w2 Agatdo. |

(6) EE#) RT-PCR
@ 2zt cDNAE ti o2 the 3 2o] AlgE
skt _

10X amplification buffer 10.04
Mixture of dNTP (10pM) 2.04-
GAPDH primer 1 (10pM)  1.04
GAPDH primer 2 (10pM) 1.0m
Template cDNA 1.04d
1Taq polymerase _ 044

H,0 84.6 4

@ GAPDH primer o] 43t thgo =3
0.2 36 cycles PCREFE-E A} &3]t

First cycle
Denaturation 5 min at 94°C
Annealing I min at 59C
Polymerization 1 min at- 72°C
‘Subsequent cycle (34 cycles)
Denaturation 1 min at 94°C
Annealing 1 min at 59°C
Polymerization 1 min at 72°C
Last cycle
Denaturation 1 min at 94T
Annealing 1 min at 59C
Polymerization 10 min at 72°C

® PCR FEAHL 2% agarose gelsol A 100V,
1087t 471953 & densitometerS o] 8-84
z} band®] W71 S 25928 GAPDH| of
& target frARFe] AAQ g o] &3 A

FstE APstsich

II.

i

3}
1, MIZEM E£HE I8t MTT assay

bl raztel e T4 %A FE)
A Falo] st} HuY 4 9= AESH

AYL 99 AP TdFEEAY AL A3

o] MTT assayZ A] 38} tH(Table 2). K&
A Lowg/mi9) R AT A7t
Yer] Al et 50uwims =8 S Fal
@ ATBA e 227t BRAUT 53] 5.0u/



ml o) FEAAE A7) 24417 THE N TEA
o A G 747 SAHAY o] whale] H
AR A $ 5.0ue/mlS) oA iel AE
84 2428 RY S B EusE veEhir &
ot B Agol AHEE F FE BT 0.1-
LOogg/ml 522 A28 A A X7 ¥ 1
ol ¥t MEX G0 F&T ot A ZAE
o] JAAHA ¥& Aol 7128t MEFI] &
A7 e o m A e g a Ao A&
g 489 Forre SHAAE AT &
AE 0.1-1.0ug/m o] AR AH 3T}

2. MESA0 DixiE ekl st

rol
FIII
i

(1) Mz F4o
RE, EREY il xﬁ(
3t &M AGS QA 9
nxe 7t fEY 9%
10%/well 7§ &} A Zoj

A
< ZAEAY. 1x
z+zye) & 0.5ug/ml

2 1 0ug/mle) FEZ 24,48, T2 A1 A &
A 29 & hemocytometerE o] &35l 23] &
Aot 1 HERE FEO| 7‘13]5]?‘] @e
Z 3} B @3]t} (Table 3). '

AGS Al 29 F4& F dEJM ZF dix
T3 v nstd JAHAR, 5F ¥ A
Zo) uvl3) 2u) o)} JAEFHI BAHUTT
& AT AGS M EFH 9] A& FoFE
oJ Helste 4% RAFAt

(2) DNA replication HAx|Eatoll o|x|
= g%

AGSS AZEEQAFEH| g dgE BA3)
7] 93l Z eFEo] DNA replicationg A8t
7Z1s° €A 5 [PHlthymidine
incorporation assay& o]-&3led EAat¢t. 9
MTT assay} Al 254 AdEAHRE 7|22 3
o FEe] BqETE 0.1ug/ml, 02ug/ml, 0.5ug
Iml, 1.0ug/ml 2 B3 FEH 2= F 244

Table 2. Effects of SR and PH on the cellular viability of AGS cells in MTT assay -

Drugs(ug/ml) 6 hr © 12 hr 24 hr 48 hr
SR* 0.0 0.454 0.446 0.465 0459 :
0.1 0.448 0.449 . 0453 0.454
02 0.455 0.453 0.465 0.432
05 - 0.457 0.466 . - 0.431 0.422
1.0 0.460 0.416 0.401 0.387
5.0 0.454 0.424 0.369 0.304
PH*+ 0.0 0454 0.446 0.465 0.459
0.1 0446 0.453 0.459 0.464
02 0.455 0.458 0.463 0.454
0.5 0.456 0.450 0457 0.442
1.0 0461 0.448 0.431 0.425
50 0.457

SR* : Saussurea Radix, &-3F

PH** : Plantaginis Herba, 2} %

0.441 0411 0.407



Table 3. Effects of SR and PH on the proliferation
of AGS cells in MTT assay
(AGS cells X 10%)

Drugs(ug/ml) 24 hr 48 hr 72 hr
SR¥ 0.0 1.64 3.02 6.98
0.5 1.55 2.54 4.99

1.0 1.32 2.01 3.39

PH** 0.0 1.64 302 698
0.5 1.59 2.91 5.94

1.0 1.57 2.79 5.38

SR* : Saussurea Radix, &

_ PH** : Plantaginis Herba, X} %

ZH Bt At o AES S 4 Ao
[*H]thymidine& ¥ of 3} 3 31, DNAUY of
incorporation® [*Hjthymidine?] %& %&& X
g 3tA] ¥ 2T Bl Wkt (Table 4). 4
& 23] whEEon AFHY eAe 3A
234d= 1

AGS Al ¥ ¢} DNA §4 52 AF 4% 23
o] A% BFolA] HEpiEl H§ oF 3w o
AR}E Bt £F AFo] fr=3t= DNA
replication®] A= Fo FXxof vl #H o] #

AU ERE FA 29 A5 53 H|5
e ¥ 598 EPoY, 289 AHAA
0.5 wg/ml ©|Ae) ¥F%olA DNA replicationg]
AdA @Ato] HEAH R HAHYL

3. ATidsls wUYIS0 thet M

AE, EaiEe] A7\ dells FEEAS 7S
E43517) 9)5te] B Foo o3 AGS M E
o] Arj &% ¢S tryphan blue exclusion
assay 2 o] &3t FAlE AT FE2 0.1ug/ml,
0.2ug/ml, 0.5ug/ml, 1.0ue/mlo] FE2 T2A13H
Fol 5t o1 2,00074 9] M EE ZALSHA A7)
A sol dold A X & d2TEH ¥ w3}
A tHTable 5). A¥ 2 23] wtEsgon Ag
el 9AE 2A Yk

A7 dosel e A FolTold B3
9 W, HHE R 2ol E BIHA gt
o AT A5 fge AF TN A
2 5o M e vAFAY,

Table 4. Effects of SR and PH on the inhibition of DNA replication in [*H]thymidine incorporation assay

(cpm)
Drugs(ug/ml) 0.0 0.1 02 05 1.0
SR* Exp.*** | 23500 21400 20500 17400 14500
Exp. 2 22600 21100 19600 17100 13700
PH** Exp. 1 23500 23900 22700 21100 20300
Exp. 2 22600 22400 22400 20800 20200

"SR* : Saussurea Radix, &8
PH** : Plantaginis Herba, 2} %

Exp.*** : experiment



Table 5. Apoptosis of SR or PH-treated AGS cells analyzed by tryphan blue exclusion assay

(apoptotic cells/total cells)

Drugs{ug/ml) 0.0 0.1 0.2 0.5 1.0
SR* Exp¥** | 82/2000 94/2000 143/2000 17272000 . 266/2000
Exp. 2 79/2000 92/2000 139/2000 159/2000 24472000
PH** Exp. 1 82/2000 83/2000 88/2000 87/2000‘ 832000
Exp. 2 79/2000 77/2000 84/2000 84/2000 .88/2000

SR¥* : Saussurea Radix, &

PH** : Plantaginis Herba, &4 %

Exp.*** : experiment
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497 RT-PCRS 38 $24 2dR4L 5
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27 H RNAS FZ38 3 o]=%F cDNAEZ &
383t §AE DNAE o) &3t c-Jun, c-
Fos, c-Myc, Cyclin D1, p53, p21/Wafl, pl16/INK4a

transcripts & RT-PCRE B3 &%
B PCR AHE 10ml & 2% agaroseE o] £-3}
J=g B 2259 .o densitometryE ©
3] B At 4 A 2@
%9 AlSdA #2E GAPDH $27e ¥
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dPon A3 B33 23 ¥y A5 A

£
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Table 6. Quantitative RT-PCR analysis of cell cycle-related genes

Genes Control PH**
0 hr 2 hr 48 hr 2 br 48 hr
c-Jun 1.00 0.88 0.65 0.94 0.91
¢-Fos 1.00 0.90 %P 0.95 0.92
c-Myc 1.00 - 0.85 0.61 1.01 0.88
Cydlin DI 1.00 0.79 0.54 0.96 0.85
ps3 1.00 1.39 1.52 1.01 1.02
p2U/Wafl 1.00 1.24 1.44 1.03 1.05
pl6/INK4a 1.00 1.02 1.05

SR* : Saussurea Radix, &3

PH** : Plantaginis Herba, 2} %

1.04 1.01



SR 0 24 48 (h)

oJdun
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Cyclin D1
053
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GAPDH

PH g 24 48 ()

o Jdun
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Syotin D1
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p21/Waft
p16/ink4A
GAPDH

Fig. 1. Expression of cell cycle-related genes by

quantitative RT-PCR analysis

Aol ¥ dAS AU WA FEY A
T AAmT e A FEH FAYE o
°%Plﬂﬁ4'W£+%TJL4iﬂ 853
02K ZANE 2 e el Aoz A
&4 c-Fos, c-Jun, c-Myc, Cyclin D1 ‘jz}sﬂr
AEEEE Ao =M Fdo) AF L 44
3HE p53, p21/Wafl, pl6/INKda f 4 =pe] @y

=

A1 8} tH(Table 6, Fig. 1).
KES B AELYE FAHE A
42 A c¢-Jun, ¢-Fos, ¢-Myc, Cyclin D1,
o Wl BF Fagel YAYNCH 53
Foeln) AR 2 2R ps3zt psd 7%
o WAAZH ATEL A FL 742
p2U/Wafl Rzl W8 Z7b7t BEFA
HETE o FNAME c-Jun, c-Fos, c-Mye,
Cyclin DI f3 7 ddo] i 7HA g o] #F
Ao 153 3% gL W3S et
Attt KEFA @ FAA 2d vz
oA A zkel Bl St Th pl6/INKda -3 AFe] HEL
oA & Wt #2354 g

=z

o
[e]
TER

Es
!

—

5. APl&sls
e g

ZH wux galo) o]

A0

ﬂﬂﬂszm c-XL3} 27) 23
& %o 2H ol S oAlst
A Bax frAAte] Hdo] FEo
ot Hstahe F4E EAsg o,
9 49 Y& W o2 AE T} (Table 7,
Fig.2)

ARES 7% Baxe] #do] Fof A|zbd] wha}

o
2

o 2ol R ojsto] WsE AL ¥ FHo Frhhe ALE Bol: @9 Bol2g
Table 7. Quantitative RT-PCR analysis of apoptosis-related genes
Genes Control SR* PH**
0 hr 24 hr 48 hr 24 hr 48 hr
Bcl-2 1.00 1.05 1.02 1.04 1.03
Bel-XL 1.00 0.98 0.99 1.00 1.02
Bax 1.00 1.36 1.88 1.03 1.02
SR* . Saussurea Radix, &3}

PH** : Plantaginis Herba, X}3 %



SR 0 24 48 (h)
Bel—2
Bel-XL
Bax

GAPDH

PH 24 48 ()
7 . Bel-2
Bol-XL
Bax
GAPDH

Fig. 2. Expression of apoptosis-related genes by

quantitative RT-PCR analysis
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