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Anticarcinogenic and Antioxidant Effects of Rhodiola sachalinensis
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Dept. of Food and Nutrition, Marine Biotechnology Center for Biofunctional
Material Industries, Silla University, Busan 617-736, Korea

Abstract

In this study, we investigated the anticarcinogenic and antioxidative activities of Rhodiola sachalinensis
(RS). Hexane (RSMH), ethylether (RSMEE), ethylacetate (RSMEA), butanol (RSMB), aqueous (RSMA) frac-
tions and methanol extract (RSM) were screened for their growth inhibition effects using 3-(4,5-dimethyl-
thiazol-2-y1)-2,5~diphenyl tetrazolium bromide (MTT) assay on HepG2, HeLa, MCF-7 and HT-29 cells. The
anticarcinogenic effects of RSMEE was most significant when tested on MCF-7 and HepG2 cell lines at the
concentration of 500 ng/mL which resulted about 84% and 90% on MCF-7 and HepG2 cells, respectively. The
quinone reductase (QR)~inducing activity of RSMH on HepG2 cells was 3.5 times higher compared with the
control at the concentration of 200 ng/mL. Antioxidative activities of RSM, RSMEE, RSMEA and RSMB showed
about 80% of electron donating activity (EDA) which were very similar to that of vitamin C as a control.
We observed morphological changes of shrinking and the blebbing of HepG2 cancer cell membranes depending

on the concentration of RSMEE.

Key words: Rhodiola sachalinensis, anticarcinogenic activity, quinone reductase, cancer cell lines

M

i

SEELEES RS
) Sz ol glow, 4l
H #74 8.300] 23] 70~809
ol 3 2 FHol heizl HAL
QoA F HIEW AE BHABe

ft
)
o

i
ol g
o

X Hd e
oo o2 )
A a2 L2

3

ol

S
lo ﬂi{g ey

il
Bodr fu

Lo
— g 0 & 0

X,

to

o

¥ ANt A f
Do koo

ofN
e
o

el e X

E AT 2125 A A (Rhodiola sachalinensis A. Bor.
RS)& AR oA Abes ohd Al 28 A E2A] BT

E-mail: sjbae@silla.ac.kr
Phone: 82-51-999-5462. Fax: 82-51-999-5687

I Crassulaceae)?] E%<%(Rhodiola)ol 43+, 5%
ghe WAL 7P I ol Hels) £7)8 ko= vt
Zto oA = sl A, AAA, AR 22900
Aol g 71328 & 92 53} AA ST 28 gl
a7 48R 9lar, kA Ak okt 9ol ThAek
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B3 Al g SA 7, A 4l
of AbgE g} FAHL &7}
AF= o 7g AjAde] v A= dxxprt
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Z - 23l A FAEFA AT FA A B cyto-
tox1c1ty), quinone reductase(QR) X224 & 3HQR-induc-
ing effect) @ 34k3} &7} (antioxidative effect) 7 A ol) Ab-&
shgie.

Aok 5 AF7|7

Aok A ZAY AMHE-E AleF F NP-407 menadione
2 SigmaAl Al E-& 74349 2 flavin adenine dinucleotide
(FAD), dicumarol ¥ glucose-6-phosphate dehydrogenase
= Amrescort AE-S F8tel ov] ) minimum essential
medium(MEM), Dulbeco’s Eagle modified medium(DMEM)
5} phosphate buffered saline(PBS) 5 Gibco-BRL(USA)
A izt e, 1 9] Qe AMEE £ Y Ak
55 B¢ 455 AR

AR7)7] A Z wiokE A8 A A" COp
incubator(Forma scientific 3546, Ohio, USA), Clean bench
(Vision Scientific Co. LTD., VS-1400LS, Seoul, Korea),
Rotary evaporator(Tokyo Rikakikai Co., LTD, NN10522423,
Tokyo, Japan), Microscopy(Leica Mikroskopie & Systeme
Gembhy Wetzlas 520802, Wetzlar, Germany), Deep freezer
(DF 9071, llsin Enginering Co., Seoul, Korea) & Multi-de-
tection microplate(BIO-TEK, synergy HT. Winooski, USA)

A (Rhodiola sachalinensis A. Bor.
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A vjek: B AY N A3 o AEF= A 7kt Al
%3} HepG2(human hepatocellular carcinoma), A7 %<
A #4) HeLa(human cervix adenocarcinoma), it A =
4l MCF-7(human breast adenocarcinoma pleural effusion)
9 )&t A Z9] HT-29(human colon adenocarcinoma)
A 2003 39 HAME Yoz HE] Fofgbel ALE-ER
t}. HepG2, Hel.a®} MCF-74| 25+ DMEM medium, HT-
294 £+ RPMI1640 mediumel] 10%2] fetal bovine serum
(FBS)¢} 1% 100 units/mL2] penicillin/streptomycin®} 3¢
% AL & T-75 flaskel| o] & ¥, 37°C 5% CO; incubator
oA monolayer® #leFalic).

9] 4%2 AEF= ATl 2~33] AR A= wfA 2

trypsin-EDTAE g &}o H‘-‘j"'ﬂ/ﬂ /q] EZEE ?l’ %, ol
oFoll o @ A L7} BT FALE LS 84 5e] T-75 flask
o] 10 mL4 F&sto] F29)8} a3 4~5d vhch A ks A
Ay o Ab-g-ahed et Al il oF A 22| passage number7}
103] o) W= ALY AR YE A2 AEE AW
of A wieFslel Agsadrh

Al ¥ 24 A &I (cytotoxicity) A F4H F
Z B3 B9 ofA X 4] oA &3} 3-(4,5-dimethylthia-
zol-2-y1)-2 5-diphenyltetrazolium bromide(MTT assay)&
Abg3ted @35191ch6,7). MTT assay= A £ A& &4

st W o 2] Abelgls Al Ee R =elol e de-
hydrogenase?} 33 84 E21 9} MTTef 3 dark blue
formazans AAAde €215 o) 4dth

o] o3 7 A ZFE 1 ¥ 10° cells/well®] FE& D37
24 wellell 742} 1 mL*% A rhsled 2441169k 37°C, 5% CO2
incubatorell #le¥g ¥ S EFHHE £ ES 47 dAFe
dimethyl sulfoxide(DMSO)ll =141 100, 200, 300, 400 2
500 pg/mLe] FEZ Hrbste] 48417kl wiekdh ¥ 2
wellel] PBS $+3 ol 35el MTT 4-4-2 100 uL¥ 713l
42 ZHEQr thAl alF A7) F-, well Bhetell 34 ¥ formazan
o] A A A ATNL AAsL DMSOS} ethanold
12 g8 49 1 mLE Arbste] AAs] %54l F Multi-
detection microplate~ o]-&3ted 570 nmollA S shgich.
Y 2F AZFE 100%2 At A Al A EA3 AAE
= Fakdrh

Alze] PefshA gal A gl
A= 244 7&5% kA 8417 v}
2 sle] 43A175qF vkt F, §
20041 HHEE d Fro mE Y
Apzl Zedshol .

Quinone reductase(QR) -Fx &4 &3 : Quinnere-
ductase= phase [1 %53} £4 F9] shiz EodHe] =
whobE-A Zof 2|k DNA9S] AL 2H4-8 Abtdls A Lo)
w, NAD(P)HE o]43}l] quinoneR8 #H-& Fvjsle
flavoproteine} vH(8).

QRAA &% &3} Prochaska®}t Santamaria®] W (9)
< g8 Wy ste] 28kl T-75 flaske] A E7}F 80%¢]
A 221517 59 24 well plate®] 7 wellell 1x10” cells/mL
HEE HepG2Al 255 #5389, incubatorell 244] 7HE-<F

F& petridishel HepG2
AL FEHE A
2 @ AE o] 83
o] Wst-5 FF3 Fof

|

F

okl 3 24 B3 E-2 HepG22 AEAMEE0] 50%=
= oFS final % & Ao} z+zk DMSOe ¢ 30, 60, 90,

120 % 150 ng/mlo] T =2 F7F8FaL vhA] 2441 7k 5ak wh o
g ok wloklg A A AT wiA 7F Al AR 2 wellell 250
pLel 1ysis buffer(10 mM Tris-Cl, pH 8.0, 14 mM NaCl,
15 mM MgCl, 0.5% NP-40)5 A7}k 3 37°C, 5% CO:
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incubatorel] 1037t 9 A cell2- lysis¥F ¥ reaction mixture
2,10 mM Tris-Cl{(pH 7.4), 05 mg/mL BSA, 0.008% tween-
20, 40 pM FAD, 0.8 mM glucose-6-phosphate, 2 U/mlL
glucose-6-phosphate dehydrogenase, 25 UM NADP, 40 ug
/mL MTT % 1 mM menadiones £83}o] wellell 1 mL*
Hrbsted 585k vb-EA1 7] F ubg- A A £l 0.3 mM
dicumarol, 0.5% pyridine, 5 mM potassium phosphate(pH
74) AL 250 uLA AH7bste] mank-ga AA AT
Multi-detection microplate - ©]-8-3t°§ 610 nmell A F3=
& EA sl Alatsiodch 2o dha A ae 54U 3 set®] well
plateel] T3} crystal violet G4 oz A =kslATH10).
ekl gk o =l gl set2] well plateol] ™3} crystal violet
w0 2 Aeksled ), 24 well plateol] 1X 10 cells/well
FF3) 31, 37°C, 5% CO» incubatorel| A 24] 7 wij oF 3k
B 2552 287 Al A skt 2 wellell 0.5% SDS(in 50%
EtOH) €48 1 mLA 7}3}7-37°C incubdatorel] 147} H-%]
g % 610 nmollA FFEE A sgc)
Quinone reductase 4 Z* (nmol/min/mg protein)-&

g3t o) shadeh

Specific quinone reductase (QR) activity

o olf ol
W=

absorbance change of MTT/min
—_— X
absorbance of crystal violet 3345 nmol/mg

DPPH radical A &4 &4 : DPPH radical 224 &4
F 39} Blois9] #H & ¥ 3ol A1-8-31930H10). 100 ppm

&9 FAA &, £ EH W22 AHE-3 Vit Co
BHTS 96 well platee] 160 uL.E ¥ 3. 0.2 mM DPPH 40
ULE A 7b8ked vortex® A 3HAl E3a of 3 A2 oA
ofl A} 3087F wkx]3F & Multi-detection microplate® 520
nmoljA 3 =E &4 319 o). DPPH radical 27§ &34
o}2-3} Zo] 3k

(Blank— Sample)
Blank
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1~50f viebdcl.
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Fig. 1. Inhibitory effect of the solvent fractions from the
methanol extract of Rhodiola sachalinensis (RS) in HelLa
cell survival.

RSM: Methanol extract of Rhodiola sachalinensis.

RSMH: Hexane partition layer of RSM.

RSMEE: Ethylether partition layer of RSM.

RSMEA: Ethylacetate partition layer of RSM.

RSMB: Butanol partition layer of RSM.

RSMA: Aqueous layer of RSM.

200, 300, 400 ¥ 500 ug/mL4 F=E F7HA A7 Hrfst
A& w9 A E F4 oA E3hE el Ao, 27olA]
9} 7o) ethylether®<l RSMEEe|A ¥% 9|&A o2 o
F 7} Zrbsle] H22wa 500 llg/mL"ﬂ Al 65%2] SHA
¥ 24 JAanE vt Fg 2% QAR
MCE-T¢l 28 F4 oA 3be] Astolet. MCF-7el4 &
E& A 837 FE4 500 ng/mLol 4 RSMEE$} RSMEA
7b w4d HRe) asE melrh

2 27]1%2< 100 ug/mLlAE RSMEES RSMEA-]
A 27} 64%, 0% Z 2e)F B AR A FEE
300 ug/mL 7} 4§ A BEd FAAA HRE 2
whA 2 A 7bE el 500 ng/mLol A 2H2 84%, 83%) 7
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Fig. 2. Inhibitory effect of the solvent fractions from the
methanol extract of Rhodiola sachalinensis (RS) on MCF-7
cell survival.
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Fig. 3. Inhibitory effect of the solvent fractions from the
methanol extract of Rhodiola sachalinensis (RS) on HT-29
cell survival.

o] F-d3t A5 vrebuigloh oAb ek Al 2 Q) HT-292) A=)
£ Fig. 3o vlehiigl o] HT-204) 6l 4 = o A] RSMEE
4 A7t X%l 500 ug/mLell A 60%2] +A|Z
EIE vrebigl e, Q1A 7kt A EZF9 HepG2ell 4 o} &
A EA A9} vl37}A) 2 RSMEE7} vl 34 58 QAL
FH QA &7} Vel 53] A5 100, 200 pg/mL2)
RSMEE #7}ell A& 72 &7}t oFsbel ov) 300, 400 ng
/mL 755l e 75%, 80%% FAl ¥ FA A &S
A A3 et 9l ond, 3 E4 715 91 500 ug/mlel A= A
2} 90%2] ®7E B o) Fof Ao MCF-72] 7-$-¢} 1]
22319t} Fig. 49 ¢l A 74t Al Z2F9) HepG2ol A = o} &
A E el A 9} v 7bA] 2 RSMEE| A &2 24 o) &5
7} vrehgte.

24 ox)
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Fig. 4. Inhibitory effect of the solvent fractions from the
methanol extract of Rhodiola sachalinensis (RS) on HepG2
cell survival.
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Fig. 5. Morphological changes of HepG2 human hepatocellular carcinoma cells following incubation with RSMEE.
Exponentially growing cells were incubated with RSMEE for 48 h. Cell morphology was visualized by light microscopy. X 200.
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Fig. 6. Quinone redutase (QR)-inducing effect of solvent

fractions from the methanol extract of Rhodiola sachalinensis
(RS) in HepG2 cells.
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7} FEE A o)A o2 ol gt 2] A%
ArEEe FAA £ Az g FAE A4
PHUEE HolEkn & 5 sl

Quinone reductase T &4 =1}
¥ 7o A-&-H quinone reductase(QR)+ phasell 5
=5 a4 F oty 24 9 AR He A a4
©, quinone reductase(QR) ArA o thE R3F E 37} glw
ot 2hgo] gle B2 s3tEel o3 =il QR
-rrE 24 A4S wo ASsta A3 7] g8 oI
7o & AE F QRA-EIAE 714 2 9= HepG2 Al
i—?a o]-g-3te] AYE AAstd x, 2 A= Fig. 67 2
ok &l A E2TE 1.00.2 3to] HepG2 HAZFo digt &
73 3 E& 50,100, 150 2 200 pg/ml H 713k QR F=
E 3§ 8] 23 23 hexane 329 RSMH A 2+2} 2.3,
30, 30 ¥ 359 ol ¥ QR #& 8A4o] el on,
RSMEE9| A &= 2+ 1.0, 1.5, 1.7 € 2.09] k3 fr= &4 o)
vebdoh QR = #Ao B3 AFEE Shim S(11)9
152 etheylether ¥3 %% 50 ng/mL #7139 o 1.54] ¢
QR fr= &4 &37} 9% 12, Bae(12,13)+ 2214} etheylether
T8 25 ug/mL H7FE o 290802 QR =& 9} 7}
2734 2] butanol 3 Z0] 40 ug/mL A7}5ElA T
8.49¢) o} F =2 QR F = FAdo] sl &g nslgrl 34
Al A hexan +8 34 7} £& QR &= &AL
ehfgl o, o9} 2H8 A} Z hexan £ 32| quinone re-
ductase inducer?d] &A1& A3 4 9l Song S(14)¢]
ATl 9% HepG2 AEFA 2 REEHAE Ve = &
73 9] phenolAd #3] Kaempferl, salidroside 5-¢] 343} &
Al g o AEAE A2e £ 5 ok dubdow
EL QR A= Ao otk & 5 9l e EAH O g o2
Ax e ATE B3l o A A A 754 A Fe
Atell 83 2t87 & & A& A= AlgHr)
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Fig. 7. Electron donating activity (EDA) of Rhodiola
sachalinensis (RS) fractions at 100 pg/mlL.
Vit C, BHT: Positive control groups.
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