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The Effects of G nsenoside Rbl on the Apoptosis

Production of Ntric Oxide in Rat CG6 Qiomm

Joo-Hyeon Park, Yoon-Hee Lee, Ku-Seong Kang, Soo-Kyoung Lee, Sun-Zoo Kim,
Ji-Young Park, Eun-Kyoung Kwak'

Department of Pathology, School of Medicine, and 'Department of Oral Pathology, School of
Dentistry, Kyungpook National University, Daegu, Korea

and Yoon-Kyung Sohn

Background : Ginsenosides, the extract of Panax ginseng, exert various pharmacological
effects such as anticancer activity by the mechanism that is not yet defined. In this study, we
proposed that the anticancer effect of ginsenoside Rb1 is related to tumor cell apoptosis and
ginsenoside Rb1 induces the tumor cell apoptosis via the nitric oxide (NO) production. Meth-
ods : Rat C6 glioma cells were activated by treating with lipopolysaccharide (LPS), interferon
(IFN)-7, and tumor necrosis factor (TNF)- @ on the culture medium to investigate the effects
of ginsenoside Rb1. Results : Compared with C6 glioma cells treated with LPS/IFN-y/TNF- ¢

C6 glioma cells treated with LPS/IFN-7/TNF- @ /ginsenoside Rb1 showed marked increase in
o 7 the NO production and apoptosis. Ginsenoside Rb1 induces the NO production in C6 glioma
S e cells in dose-dependent manner. When C6 glioma cells treated with LPS/IFN-y/TNF- @ /gin-
senoside Rb1 were incubated with the specific inhibitor of INOS, S-Methyl-2-thiopseudourea-
sulfate (SMT), both NO production and apoptosis in C6 glioma cells was significantly decreased.
Ginsenoside Rb1 induced the expression of INOS mRNA and iNOS protein in C6 glioma cells.
Conclusions : These results suggest that the induction of INOS expression and subsequent
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WATH? Ginsenoside Rh32 vlokel Abghe] AGA ¢+ Al Fol A
caspase-3 W7ol 9@ MEAPALE stk g A
Aol 23k o4k HaAHE<l TH-901 (20-O-( 8-D-Glucopyra-
nosyl) -20-(S) -protopanaxadiol) < caspase-3 7714 A
o 9aj HL-60 AlE2] AZAEALE FEaAt” Ginseno-
side Rh2& AgEEl o]2% At dadk A2 445 A
313" ginsenoside Rg3& ©]4]¥ B16-BL6 melanoma A3
o] HAo] 4 E3E YepiSithe Bt giek” Hdel 2
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ginsenoside7} NO9| AAS AA|sle] §g|7]0] 93t HEAtS
JA = 37 U2 Ao E HIETE Zhang §72 Qs
ZHo] Hof| o3t olgly|E4te] FHtsE AT HES)
o1, protopanaxadiols Rbl1# Rb27} &8} & 42l superoxide
dismuatase®] FdE S7MIZITE BI% gtk olgsh 4t
FZ99] atstahg 9o Aol NO9| AS F7HIA Al
T ERE SVMIHCEA A9 S8 &S AASAY
AEN7A G A AR NO7F ti s =) s e &3
o|gHaHE-S UehdthE B E QIth” 0|9} 7Fe] ginsenoside”}
NO A4+ #Hdo] glve 2L 98 BXE 53l A=A
713 ob i EA 9ktt 53] NO A4 ##ste] NO
AA g 20l nitric oxide synthase (NOS) =Z7 40l 3l gin-
senoside®] 2+ oFd 4HA UA grh NOSE 37H419] &
T84T} itk o] AR Btk 11 F B4 AR
= TEHA Fou dFolu 2] [l dAl o 23
o] WrAEk Aol M El|A W& E]= inducible nitric oxide syn-
thase (iNOS)+, AAA|EANA A} BEEE neuronal nitric
oxide synthase (nNOS)uY} endothelial nitric oxide synthase
(eNOS) el Hlgte o] NOE AAsich olwf iNOSel| <)
HEF Ak NOE o] 7H4] AASIHES o] wis- 7FEe
MEFA] A5 Ve AZAL B o} A ZAEANE
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AL fieo) &gk Ao, of7]oll= ginsenosidedl] 93 &
A Z ] INOS Té 3 o]o] wE NO TAo] #ofd Aol
THAS FHAA 9] A Tk FY ARAES A
91 C6 Mo LPS, IFN-7 ¥ TNF-¢ & Fo3to] 24384
7] ginsenoside RblS WEFoIste] SA3LE C6 M Lol A
NO A/9] Halel A EAEAN] PFES HEFOZH, ginseno-
side7t Holw M EF ML AHAL HX & JTe Lolr
b B e

M=

IFN-7 £ R&D (Minneapolis, MN, USA)d|A, TNF-« %}t
SMTE Calbiochem (La Jolla, CA, USA) S ZHH +UsIA
t} In Situ Cell Death Detection Kit®} TagMan Reverse
Transcription Reagent™ Roche (Indianapolis, IN, USA)Z
¥, Caspase 3 antibody Cell Signaling (Veverly, MA,
USA) S ZXE, iINOS antibody+ BD Bioscience Pharmingen
(San Diego, CA, USA) S 2YE, AlexFluor goat anti-rabbit
I goat anti-mouse 488 Molecular Probe (Eugene, OR,
USA)Z5H +Y3Ft}h TRIzole Life Technologies (Rock-
ville, MA, USA)ZYH F+943F52H, Tag Polymeraser PE
Biosystems (Foster City, CA, USA)ZY¥ #4385t LPS
(E. coli 0127:B8), Ginsenoside Rbl, Griess reagent, FBS,
DMEM 52 Sigma (St. Louis, USA) 258 F9438tth Oli-
gonucleotide 4L Bioneer (Chungpook, Rep, Korea) 2H-E]

skt

T

MIZS i

C6 MEF(3= MEF 23], Seoul, Rep. Korea) WS ¢
A 10% $-Ejo} @A (fetal bovine serum)©] H7H DMEM
WA S ARE-SEGIAL w717 F9F 37°CL 5% CO2 AHE A
Soitk WA ETE i 7] whet WA ] 90% 7heE Aste o
6 well platecl] At ¥ Y= STt 1709] welld 244 DMEM
1 mL9 C6 MEF mj%d 1 mLg §3le] & £y 2 mLE
ghEof skt

HEXEA 95

C6 AMZo] NEAEALE a7 HAeiA] Wi gl LPS (10
ug/mL, E. coli 0127:B8), IFN-7 (10 ng/mL), TNF-¢ (10
ng/mL)<& 7kste] 24A17F 54t vl ket e, ginsenoside?|
A ZAEA] g 2345 dopry] el FER(0, 01, 1, 2
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(M) 2 Hokle] H71erl

TUNEL (TdT-mediated dUTP nick end labeling) ZiA}

AW FE gl 7)1 A EE 4% paraformaldehydedl] 305
7k Ao - A3 & phosphate buffered saline (0.1 M, pH
74, PBS) 0.2 AFsIth 35 #ol7] fldte] 01% Tri-
ton X-1000] $+¥ 0.1% sodium citrate (pH 6.0) &4 2
E7FweA7l 3 PBSE A& 31 in situ cell death detection
kitE ARE3}Y] enzyme solution} label solutionS E3+ak 49l
o) 37ColA 147F Ft WA 11 ths PBSE F%3]
Mgk & 784 TUACE FAsIATE

Caspase-39| B3 2o

919} FYsA Triton X-1007F4] A2k ths 13+ A3 cas-
pase-3 (1:50) & 60 &<+ ol WHGAI7l 3 PBSE 4]
a1dth 24} A 2= AlexFluor goat anti-rabbit 488 (1:200)
S 504 St AF2olA WAl & PBSE FAISIYL 484 &
Ao FYsth

iINOSQ| BioIM|ZE3}5IZIA}

9ot U WHOE Triton X-100 #4744 M2 §- goat
normal serumO 2 408 EoF AhLo| A WA AT 13} A2
FITC7} A% iINOS (1:300) & 6017+ 22l A §-gAIZ1 o
& PBSE A & Bysiych

Nitric Oxide &4

NO thAtHg el A sk ol 714 A4 s 5
gelo] #F AHEQ nitrite (NO2)E SHTLEN NO9|
ZAAs% T LPS, IFN-7, TNF-a, ginsenoside Rb-1& %
H 22e & A E vkl 100 uL 9t 29| griess reagent (4
mg/mL)E & 41 the 96 well plated|A] 1587 vHeAIZATh
71 % microtiter plate readerE ©]-23}e] 540 nme] ol A

&30 2 24387 sodium nitrite standard curve 25| nitrite

tlo i
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6 well platet] AlZ wjFole AAG & PBSE A5
ot I % Trizol 1 mLE o] A2E &3A70 F 0|5 15 mL
FBE 27 o7]d] 200 uL9 chloroformE Yol & 4ol& &
3R Ao HEEAIZTE 12,000 X goll A 7E7F AR s

F= F 1087 A2lAM BRI F 12,000X g
oA 1027F AAEZste] A7 JAE 5% 432 1 mLe
o] vortex $F F 7500 X gollA] 527F AAlEE St IS
HAAANZL F7] Tl AZAHATE ZF FHe 30 pL9 RNase

free waterg M7I8le] F243elA B9 & 4AE 1008 3

A8kl 260 nm gl A AFS SHTh

cDNAQ| &t

Z} FHo] AHA RNA 4 pg@ 10X Tagman RT buffer 2
ul, 25 mM MgClz 44 uL, deoxy NTP mix 4 uL, random
hexamers 1 pL, RNase inhibitor 0.4 wl., multiscriptase rever-
se transciptase (50 U/uL) 05 uLE ¥38}+= reverse tran-
3 79 15 uLEES BET oF
25°C oA 108, 48°CollA] 308, 95°ColA] 58 ok vheAA
first strand cDNAE FHEQITh

scription reagentsE ¥

iNOS PCR
PCRoll AHEH ZH2k9) primer M Y-S vt 2t

[-actin sense primer ; 5-TTG TAA CCA CCT GGG
ACG ATA TGG-3
B-action antisense primer ; 5-GAT CTT GAT CTT
CAT GGT GCT AG-3’
INOS sense primer : 5-GAT CAA TAA CCT GAA

GCC CG-3
iNOS antisense primer ; 5 -GCC CTT TTT TGC
TCCATA GC-3

Z}7+e] PCR AHE9] A7 S-actine 764 bp, INOSE 576
bpo|th. PCR WHe-d 242 B-acting] 79+ therd 2th 10
X Taq buffer 5 uL, 25 mM MgClz 5 uL, 10 mM dNTP
1 pL, B-actin sense primer (10 uM) 05 uL, S-actin anti-
sense primer (10 uM) 05 uL, Taq polymerase (5 unit/uL)
05 uL, cDNA 2 uLE& 91 dH:0Z HE533971 50 ul7} =
T2 39tk INOS®] 79-= 10X Taq buffer 25 pL, 25 mM
MgClz 25 uL, 10 mM dNTP 05 ulL, iINOS sense primer
(10 uM) 2 pL, INOS antisense primer (10 uM) 2 uL, Taq
polymerase (5 unit/4L) 025 pL, cDNA 2 uLE €3 dH0
B HFF7E 25 pl7h HEF Stk

919 WhEHS 95°C oA 57F WHEAIZ]AL, 94°CellA] 30,
55°C A 30%, 72CollA 184 26 cycled S8kt 1 o
& T2ColA 587 WHEAI71AL 2% agarose geloll X H7]9F

alof Zp9lAd stell A Al A9itt.

iNOS XM XZ|
INOSe| tj3t Eo]& <JA|A|¢l s-methyl-2-thiopseudourea,
sulfate (SMT)E HjA] 2 mLol = F%7} 400 uM7} =

=5 A6t

S He
E7 A2)e SPSS (Version 10.1, SPSS Inc, Chicago,



Fig. 1. Apoptosis increased in C6 glioma cells treated with LPS/
IFN-7/TNF- @ and ginsenoside Rb1. S-Methyl-2 thiopseudourea-
sulfate (SMT) decreased the pro-apoptotic effect of ginsenoside
Rb1. (A) Non-treated C6 glioma cells, (B, C) C6 glioma cells treat-
ed with LPS/IFN-7 /TNF- & for 24 h without (B) or with (C) ginseno-
side Rb1 for 24 h, (D) C6 glioma cells treated with LPS/IFN-¥ /TNF-
@, 1 M ginsenoside Rb1 and 400 ¢M SMT for 24 h.

USA)E 0|43ttt C6 glioma AEF| LPS/IFN-7/TNF-
g A9 o 28x &2 vz2es vwste] s
NO AA o] Z7lstEA], 1812 LPS/IFN-7/TNF-ae 9t
INOS As|AE W Mstus W LPS/IFN-7/TNF-e¢ &
o= A2 gET NO gl ftask=Ag A5 Sl
H] 4= WHH0] two-independent sample testE ©]4-31t} Gin-
senoside®] FE=9F 2 AJ7ke] NO9| A FH vl Yk

H = pRrel 005 mEel Aot gAHoR #23 2po)7}
]

2 1
C6 glioma M| MZXFHAHTUNEL ZAN 27

C6 glioma HjjA]e] LPS (10 wg/mL), IFN-7 (10 ng/
mL), TNF-a (10 ng/mL) & A2g iz o37]e] gin-
senoside Rb1& 1 M W3 A3k A olA, 24470 A3}
g 5 A EAPEAL Fol oW A E TUNEL B0 Hast
A tHFig. 1). Ginsenoside RblS 28 Ad+2(Fig. 1C),
ginsenoside Rbl& A2]5HA] &= tha+:(Fig. 1B) Hrt TUNEL

PIAES7} Z7H3,
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Fig. 2. Caspase 3 immunoreactivity increased in C6 glioma cells
treated with LPS/IFN-Y/TNF- @ and ginsenoside Rb1 and SMT
decreased the caspase 3 immunoreactivity. (A) Non-treated C6
glioma cells, (B, C) C6 glioma cells treated with LPS/IFN-¥ /TNF- &
for 24 h without ginsenoside Rb1 (B) or with 1 M ginsenoside Rb1
(C, D) C6 glioma cells treated with LPS/IFN-Y /TNF-a, 1 1M gin-
senoside Rb1 and 400 M SMT for 24 h.

Activated caspase-32| &

M ZAEAL7} caspase-3<] w7l A doAU=AE Lot
B7] 9I8)M caspase-3¢] st FEIE QA48 cleaved
caspase-3 FA = WAYF HAE SAth(Fig. 2). LPS, IFN-
TNF- & 288 t)27(Fig. 2B)ol HI8)|A] ginsenoside
S WA s A3 A activated caspase-3 WA EF7}
A S7tstAth(Fig. 2C).

~

Nitric Oxide (NO)2| A4A

C6 glioma A1 LPS, IFN-7, TNF-o @ £ AZ2}
A NO9| A3} #do] QIERE Gotrr] $18lA ginseno-
side Rb19] Fko WE NO9| AAFS A& tHFig. 3A).
LPS, IFN-7, TNF-o& Fostal o719 0, 0.1, 1, 2 uM®]
ginsenoside Rb1& ) X]2]8t & 24A)17ba} 48A)7k0] At &
o] NO9| A #s #&slyth 1 43} LPS, IFN-7, TNF-a
£ AFsls o NOOJ A8 4.05+0.33 pMe} 4.4040,09
Mol oFFAE MEahA] kS e BT 09+009 yME
Vet 18] F ginsenoside Rb-1& =E#E LPS, IFN-7,
TNF-e 9 34 Agstels o, 2447k Foll= NO9| 57t
4444044 pM, 674+116 uM, 819+122 uMSLoH, 48A]
7k Zo= NOY =571 440050 pM, 545+011 uM, 7.29
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Fig. 3. Ginsenoside Rb1 increased the nitrite production of C6 glioma cells treated with LPS/IFN- 7 /TNF- & in proportion to its concentration
and time course. SMT decreased the nitrite production of C6 glioma cells with same condition. (A) Graph illustrated the nitrite concentration
from the culture media of C6 glioma cells treated with LPS/IFN-7/TNF- & and ginsenoside Rb1 (0, 0.1, 1, 2 uM) for 24 and 48 h. (B) Graph
illustrated the difference of nitrite concentration from the culture media of C6 glioma cells treated with LPS/IFN- 7 /TNF- @, 1 ¢M ginsenoside
Rb1 and 400 uM SMT. Cont; control, L/I/T/G; LPS/IFN-7/TNF- @ /Ginsenoside Rb1. *A significant difference compared with the control group
(p<0.05); **A significant difference compared with the L/I/T/G group (p<0.05).

Fig. 4. Ginsenoside Rb1 treatment increased the number of INOS immunopositive cells. (A) Non-treated C6 glioma cells, (B) C6 glioma
cells treated with LPS/IFN-7/TNF- a, (C) C6 glioma cells treated with LPS/IFN-7 /TNF- 2 and 1 ¢M ginsenoside Rb1.

+072 uM, 9524099 uMZE JebgT) oA 1 uMF} 2 uM 22 Yol A ginsenoside Rbl @=2 2= NO9| AL &
9] ginsenoside Rbl& 2|8t & 24A|17kjjol] LPS, IFN-7, & 4 glitHdata not shown).

TNF-a%S A e ol vla|A NO<] A/ =ko] zhzh 1,74 9}

28] Z7Fek Zlolm, 24X 7k BTt 48X 7ol A NO©J A4 ol iNOS THilf Ei5dQfat

2713 o)t p<0.05). 183 ginsenoside =2 E NO2 A
AL R F UeAE dolr 7] 934 ginsenoside Rbl 1 Ginsenoside RblS 2]t C6 A|E2] INOS whilz sk

pMZ C6 AR Al o] H7HE F 48417 F-9] NO9| A4 S Yobry] glelA INOS HH R HAALE Alsskith(Fig.
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Fig. 5. Ginsenoside Rb1 increased the expression of iNOS mRNA.
C; control, L/I/T; LPS/IFN-7 /TNF- &, L/IT/G; LPS/IFN-7 /TNF- @ /Gin-
senoside Rb1.

4). Ginsenoside Rb1S #2]3t 7-$-(Fig. 4C)7} LPS, TNF-a,
[FN-7 % Agg gz (Fig. 4B) B} INOSe] tigh A
E7h AR 8] S7FstSiTh
iNOS mRNAZ2| 25 kAt

INOS2] mRNA 9] ¥Hokals ool 7] a4 iNOS mRNA
9] RT-PCRS 433t tH(Fig. 5). LPS, IFN-7, TNF-¢ &
AEHA] 23S e INOS mRNAZF 5] 2okon, LPS,
IFN-7, TNF-oZ #2392 W+ iINOS mRNA7} 27163
t}, I3 LPS, IFN-7, TNF-«9} ginsenoside Rbl1S &
A3 w= INOS mRNA 9| o] 2 o S5t

iNOS £0| AH|H|2! SMTS| &1t

LPS/IFN-7/TNF-a/ginsenoside Rb-13} &7 SMTE #
2359 W) LPS/IFN-7/TNF-a ¢} ginsenoside Rb1S *]2]3F
(Fig. 1C) el HajA TUNEL FgMEF7F H4skivh(Fig.
1D). Ginsenoside Rb12] A 2]ol] &J3]A caspase-3 A E
+ A o m(Fig. 2D), SMT9| Folol €]t nitrite®] /3
22 0792003 uMOZ SMTE HE|shA] S%S w9 nitrite
o] AAFFel 1174002 uMEY 32% 743 tHFig. 3B)
(p=0.009).

o3
QA O AGEE ko AMEEHG O QY] &5l #
AT 2o Fof s o]FoiA Aihe theFst o] 7—‘}
o] sjejelA et oz WA T ek AA7A] B
9] ofg] 282 ¥ ginsenosidesol 94 YEhl= 7,i
224 Al 53] ginsenoside®] Aol tigh &
o] =olx| 1 Qlth Ginsenosides’} & E s Yepe 714

PAH 2 HEAEAL 27t BAT Aolge =EE0] T
QOB 0}A7A) ginsenosides7} LA E ] *ﬂ;x}“ﬂ/\}—‘
st gt 7o) FoAA tisiAe 28] dEA 3

Jo Hd [0 mx |o S ofp
ey

l-ﬂl*lh'u

A 9t} B A7E ginsenosides = s8¢l ginsenoside Rblo]
M ZAEALE 55l O NO9 AAo] 2238 A8HS & A
olg}= 7Md &loll, LPS, INF-7, TNF-a& @A3A71 C6
glioma A3 ginsenoside Rbl1E #&]3}4] ginsenoside Rbl
0] C6 glioma MEZY NO AT} M EZAEAN] n)x= JEEe
Yol v 2} 319t

NO#¢ Ado] F7t=Sict ‘EE} TUNEL AX A ok
7} SRk ASR Hol NEAEAVT RS & —’F
Ginsenoside Rb1o] A ZAEAL w] A& Q&S Lol 7] ¢
A LPS, INF-7, TNF-a$ &7 ginsenoside Rb1S ® &2
3=, ol LPS, INF-7, TNF-¢ @5 Agd #5t NO
o] A3 TUNEL FMETF7H S7heke A0 = Kot gin-
senoside Rb-19] NO Az AEAEAE Z/AAS ¢ F
Ak L3 SA8LE caspase-3E A4S cleaved caspase-
3¢ A Zstet HALS AlFskls W, ginsenoside Rb-1%
WAt el A LPS, INF-7, TNF-o @5 A2]3t #Ho}
caspase-3 A EF7} Z7189tt 183 ginsenoside Rbl
G5O R C6 glioma AXAA NOO S 2 + §1
o} Kim 5%& ginsenoside Rh27} C6 glioma Al XA EAjat
/\9]— caspase-B 7ol o3k M EAEALS FEdtky B IS
. Park S7& ginsenoside Rh27} A SK-HEP-1 hep-
atoma *ﬂioﬂ/\i caspase-3 "7l &3 M EZAEALE R
oty B3 h o]¢} 740] ginsenosider o] kA oA
caspase-3 7]l &gk HEAEALE frEsle ACE Helth
Ginsenoside Rblel 2|3k NO£] AAlo] iNOSe| 23k ZQ1A]|
£ ol 7] YA INOS RT-PCRE Al8)3F A3}, ginsenoside
Rb1-& WA 3 FollA LPS, INF-7, TNF-a @5 X2|g
FHTHINOS mRNAS] Walo] 7131917 INOS AN ESFE
Z715kit}, kA ginsenosdie Rbl1g #1&]3FH iNOS mRNA
o] ¥ iINOS T Ao o] Frlste AL & F UXUTh 53
INOS2| Eo]#9l Aal|#9 SMTE A2|st5E uf, NO2| A4
o] 7+A43819 oM caspase-3 SAMESTE 7HAEAT
o|g3 AAEZ & v ginsenoside Rbl-> iNOSe] €& NO
o] WAS o}7)8tA caspase-37F 7+ wiNAE AL3Ete] C6
glioma A|¥2] AEAEALS FEdhk= ZA0F Holth T3k C6
glioma AE £o] b2 AN EZ AT ginsenoside RblS A
2)319E o INOSel| 28t NO9| 4402 MEAEA} s
=x] dol P87} 91 0m, ginsenoside Rbl ¢ ] 2 ginseno-
side®t WFA] 3ol Wl B A = 297 g A
o2 AZE 83 nude PR-AE o] &8 *gzﬂ‘ﬂ Ade 5
A 2 RN ASE 7Hdo] AAAME AHseA Yole
ot ok AZsit) ol d#He ArES AEA &
GHAA] B ginsenosideZt YA E AEALE sk 7124
ATste ul JA F83 ARE ATE Ao o %

o o
=
[e]
£ 989 5 9 A0E 479,

&
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