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Abstract

The anticancer activity of Schizandra chinensis Baillon was investigated for the development of functionad food
resources. The antiproliferative activity of hot water extracts of Schizandra chinensis Baillon in human colon cancer
cel line (HT-29) were identified using cell viability, morphology study, cell cycle and RT-PCR analyses. HT-29 cells
were cultured in several concentrations (0, 1.0, 2.0, 4.0 mg/mL) of water extracts of Schizandra chinensis Baillon. In
our study, colon cancer cell growth could be inhibited by hot water extracts of Schizandra chinensis Baillon in a
dose-dependent manners. It was associated with morphological changes and apoptotic cell death with cell shrinking,
chromatin condensation, apoptotic bodies and cell cycle analysis. These results suggest that Schizandra chinensis Bail-
lon may inhibit the growth of human colon cancer cells by various apoptosis-aiding activities as well as apoptosis

itself.
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ol EAllste Al FAdE HstE doA olg &
AL stH o g2 WIkrT= At FR/7F S7HTh o
gha] dekEd o] Wol A E AL wetEEe] o ol H
B FJEshke AE HojAA tigdte]l wol Ay OMI
HtHHertog et d., 1993). thgd& 7] Atk 2 X7
Holl A A EIE AT YU, Jgk A] o]n] Hol
=] FeE A7 ErFsd A9rt Bon, ol# g
T A A Jmu AN AR 55 AlESAIRE 2 a3t
=2 &y B I HxA] o} vi=Eg wksl x5 o)
A E3k3 )l tHWinawer et d., 1996; Kronborg et d.,
1999).

Aol EAlste PO Z= Seaotened} vitamin C
59 HEMYF, cysene digay fibers, polyphendls, indols,
peroxidase, protease inhibitor, phytosterols, Se 2! chloraphyll,
chlorophyllin 5-¢] A4 Fo] vtal B = Qe o] F
phenolsS Atel -3 FAZHe Yehs Aoz o
A Arh(Surh, 1999). whebx] ke Z7|GHA A F8
g qEE ke AR OLEJ]X% 9‘% % AA| oA
togete] ool ARE-EH= o N 1501 ‘“”74
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Q]2 Schizandra chinensis Baillon)e A& Ax3t
o oAl 719l g T T s, AR F8e AT
ok, FR o] QI() WAL ke, AAH o2& Aol
AL, TS 0] &3 FE2A T T §EE S8 9
E}(HongY et d., 1986; Lee e d., 2000; Mok, 2005). &
H| 2= A A2d ]l QEEAoRd B o2} ZetH e
F714ko] FRate] 2 SelE A, A%, 13
A Bog olgHYon, me 24 BE, 42 &=, 99
23, 2UlHE Ao, 1AYS 9s) W 24, P o
FE% 50U eld 249¢ T ArkDonad et
d., 1984; Oh e d., 1990). o]+= Qv|x}el] g{d & T
schizandrin, schizandrol, schizantherin, isoschizandrin, gomisin,
angeloylgomisin, epigomisin, benzoylgomisin, tigloylgomisin,
deoxygomisin, pregomisin 5-2] lignans & A 2 4o 7]
Qlstr}ar B3 E 3 Qlth(Xue e d., 2010).
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B Ao = g AxE] F242 AAete AALA)
WS 93 A7) dsow, onxt AF FEES ol&
atod Q1A et AlEHT-29)9 S 2 F24 el o
g FFS e, gpoptosiset *1I+T7]% S =g
AR AFHE 2AR 519, RT-PCRS &&-3to] {2 &
Aoll A= 7145 e ste] AR 37 A s 24
o] QuAte] &8 s S AT

N2 R EH
ez

Ao AFE3F 9wz} (Schizandra chinensis Baillon):=
20104 390l WA EFEAA: AL QAT 7]UH 2
3¢ 1359'10)0117‘1 T3t AFE-SEA T 2w} 5090]]
32 7 1LE 7k 90°C water batholl 4] 3 A 7F
e FEEIAL, o] AAE 23] WHEO R APt @
H 2 ¢ FEAE o X (Whatman No.1)9t ZU4 8-
7](Sorvall Ingruments, CT, USA)E Al&-3te] o a4t
ol7¥l A|EE rotary vacuum evaporator(Eyela, Tokyo,
Japan)Z HEEe & -80°ColM 52 HFxsle] A
52 A2 F(yidd: 24.82Q), 32} SF0l Ho] oJA7]

AP 5= M-Sk

o R

M= 2 M= BH

Human colon epithelid cel?l HT-29 M2 = Korean
Cel Line Bank(Seoul, Koreg)ollAl 9isted Ao Al&-3s)
Ak EgEe A EZFE 10% heat-inactivated FBS} 1%
penicillin-streptomycing 7+t RPM1640 w2 & AR8-3to
5% CO,& &gt 37°C ul 7] (Sanyo, Tokyo, Japan)ol Al

719tk 25 o) Al st wlg e FEs| 4
A7l B AEYET} 70-80% AE E3EHH 0.05%

TrypsinEDTA 912 ALg-3te] AujeFsimial A7) A
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NE FEY Ao w2 HT-29 Al2e] 54 dxe 3
(3,4-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide
(MTT) assy® =3It WA HT29 AEE 96 wel
plated]] 1.5x 10° cellswell®] D=2 73t 24 A7+ uj
&3t T AR FHF TR O, 1.0, 2.0 4.0 mg/mLo] =
5 Aejete] 244170 F STk WF F MTT A

kS 20mg/mL F=Z 50uLE ZF welloll H7tsted 4 4]
ZF B ke & wix]E A|7SaL DMSOE 150l 3
7hete] AAE B&A9 fomazan 2 S &AA

ELISA reader(Bio-Rad, USA)Z 570 nmel|A] $3 %=
skt Alxe] FAES AR FREE xR

Fgwe] B3t MR L LR

Hoechst 33342 3 AH

HT-29 M2 E 6 wdl plaed] 3x10° cdlswelle] B =2
pelel 2407 M 5 ARl AF BEA 0, 10,
2.0, 40mg/mLe] H =2 A7) sle] 24 A|7Hgot w3ttt

Wiz 2 )| A8t PBSE M EZdES Mol 5 methanol =
Lo M 308 B AIEE IHS PBSE 33| A3 oP
ATh Hoechst 333429 & sX7} 20ugmLo] %=
PBSol| s]A]ste] Aol H7bstal 30 & B3t o F2 -}oﬂ
A GAEE 5 &g dn) 7 (Olympus, Tokyo, Japan) o2 3
ZHshsdt.

Cell cycle analysis

QuA} FEE0] HT-29 Al E9] cdl cydeol w3

= %
S %AVE7] 9Jste] 6 wel plaed] HT-29 Al 2 3x10°
cdlsgwele] W= BF35le] 24 A7 vl & A5 E

W2 225t 24 A)7F vk = R E A A o}J_ pgn_
EDTAE Azlste] H4lie (1500rpm 5min)alal A Z
S FolERIT) Cold PBSE M & dH & 70% ethanol = 4°C
oM 1AIZE o] AT 101/‘1 Cord PBSZ A2 &}
3l 50ug RNaseE FH7bete] Aol|A 157 &3t s}
3 50ug PIE 7Kgk o& FACS andysis(Beckman
Coulter Inc.,, Miami, FL, USA)E Fasle] MEF715 &
AeFairt.

mRNA 251 H3(RT-PCR)

1) Total RNA ¥-2]

NEZF GAIE] FAA L APE fE G371 mRNA
FrdME FEFS PIAE A LotR7] #l8te] RT-PCRE
35t HT-29 NI ZE 6 wel plaecll 3x 10° cellswell
o] Ix= RFsle] AEE FEERE st 447 &
RS A A3 o2 Tri reagent 1mLE 3 7}5le] soraper®
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MEE Ro} 3&7F Ao WAt} o171 chloroform
200 % A7bste] F&3] 42 Foll 10727 WA s
4°C, 14,000 rppmel| 4] 20 &7+ A4EE] sk3ith ol ZelE]

il /}}%— FHEZ &7 @3 isopropanol 500uLE ¥ 71st
of FeelA 10&7F BAsHAL Al 4°C, 14,000 rpmel| A
20 &7 AaEE st 3FH & A AT Pelets Al st

7] 913814 DEPC water= 3|43t 75% ethanol 1mLE

7Vsted oFalA| vortexdtal 4°C, 14,000 rpmol| A} 5 8-7F €14
2 3, AFAE AASHL pdles FE8] AXRAH
Pelet> RNase-free DEPC water 50 LS 3 7Fste] Hith.
°]71& RNasefree DEPC water §-912 2 1:1002.2 38]4 5}
o 260 nm, 280 nmell Al &&= (Agilent Inc., Pdo Alto, CA,

USA)E =#A3le] OD 260/0D 280 ratioZ RNAZ|
purity(1.7-2.0)5 <135l OD 260 #2 2 RNA §=5 =
et

2) cDNA 34

A %S RNA sample ¥o] 500 nge] = %=% tubeol] 4]
S22 10mM dNTP mix, Random hexamers(50 ng/uL)E
FZ3tste] FFo] 10pL7t Hes DTS H7kekdi o]
A& 65°ColA] 5E7F vk sk, 719 reaction buffer
(10xRT buffer 2uL, 25mM MgCl, 4uL, 01M DTT
2uL, RNase OUTTM 1puL) 9uLE FH7}ste] A -20A
287 wieksl 5, superscript™Il RT 1uLE H7bshe
42°Co| Al 50 1%, 70°CollA] 15 #7F v S 31T} RNase
HE 1uL H7Fskal 37°CellA 20 &7 vl Fatal -20°Cell A
B3l A 52 AR-EST

3) Polymerase chain reaction®. = DNA =%

FHE A]FE 1luLel PCR mix buffer(10X PCR buffer
5uL, 25mM MgCl, 3uL, 10mM dNTP mix 1pul, Tag
DNA polymerase 0.4uL) 94uLe} sense, antisense primer
Z4zb 1ul, B4 37.6uLEs E§3te] RT-PCR(Bio-Rad,
Hercules, CA, USA) cycleS A3t $of ethidium bromide
2 FA3% 1% agaose gdE A719E5S HAA s, Gd
Documentation System®. & bandE #F3sAth AL&H
primer= p53 sense(5-GCTCTGACTGTACCACCATCC-3)
antisense(5'-CTCTCGGAACATCTCGAAGCG-3), factin
sense(5-CCTCTATGCCAACACAGTGC-3) antisense(5-ATA

CTCCTGCTTGCTGATCC-3) ©|t}.

SAHXE

A3 AFe SPSS 120 RIS ol gste] 7 dYF
o] Ha3t EFAXE ALFSIEL ANOVA £4] F p=00
54 Duncan's multiple range testZ 2 A]slo] T2

3 A 27 o4 AFeAt

100

ICso: 1.67mg/mL

Cell viability (%)

20 -

Concentration (mg/mL)

Fig. 1. Effect of Schizandra chinensis Baillon on HT-29 cells
viability by MTT assay.

HT-29 cells were plated in 96 well plate at density of 1.5x10% cells/
well with DMEM supplemented with 10% FBS. One day later
cdls were trested with Schizandra chinensis Baillon in medium
containing 0, 1.0, 2.0, 40mg/mL and then were incubated for
24 hr. Cdll viability were examined by the MTT assay.

=r kY
ANZE S0 M2 HT-29 MZS4| Hst
MTT asssy= PEZE=eote] B4 BAa%-80 ot
Fale] =84 7]l MTT7F B84 2 Bk formazan
%‘r%ﬂb Y= o]&3 whdoltl. MTT formazan2
570 nme] spgol|A] o7} Hw, o] speA &
! %%E% AoFlaL A SR A ] TS W
gt webA] emat FEEo] A oY AlEQ] HT-
29 X F2ol| MR TS ANETEERE AENY o
g .yt FEEES 0, 10, 20,
2 24 A7 E< AYsiis W AE AP
, 10%, 70%, 88%% A& &
g3stA AtEste ZAoE JEwe
40m g/mL A FZFEAAN F43] AFEEE s
3, IC = 167 mg/mLelt). ol8ldt Axe eujal &
9 L7t 7SS g Al 4 oA 297t o
& o= Ao 2 INEAHFg. 1).

7_]—7_[]—

=
om 53], 20,
7

-

|2 S0 2 HT-29 M|Z SHEfHS]
UM Aol A, HT-29 thdet Al Eo] emx
AgstRS W AlxZe] FA4o AAgle] AlE
e rz ouxt 225 g Al dejede
o] =A] #nl7 Aol A E.oktt.
I A, enARE HYsA e iR AEe] A§-
culture plateol] QPR o= Fatxlo] 42l & =
o]x1 Bl vH, emxtE A gk Algwe] 4% 0, 10,



Fig. 2. Photomicrographs of morphological change on HT-29
cells treated with Schizandra chinenss Baillon.

Morphology change of apoptosis in HT-29 cells induced by
Schizandra chinensis Baillon at different concentrations for 24 hr.
Schizandra chinensis Baillon exposed cells undergoing apoptosis
are shown by their characterigticdly shrunken cellular shape by
microscopy at x 400 magnification. A: 0 mg/mL, B: 1.0 mg/mL, C:
20mg/mL, D: 40 mg/mL.

20 2 40mgmL 3= =Z AX F
culture plate= -8 2| = o] uj o]
(Fig. 2). T3, 20mg/mLe] Qma} &5 2] A] A
o] Fej7t etr] A Aetden, 40mg/mLe] enA; &
%ﬁ Agatds W= AlEe] SEde] vEhr] Al &tst
e AEZE T A= Al xdo] gEo] AlZe] A

AlZ H2|0f| [ HT-29 M=
HT-29 thdet Aol A&
7V E M E Ao ZHAadyon, dn

Az FE7t Wete As gelsiiith A8

PR zg]q] W32 3elsly] Y3 DNA°ﬂ

ol el

FBANANA B HA3ch 9 QA2 A Ash ©

HIARE A RS S el = HT-29 Al 2382 ofF
H &2 glo] AFHQ T2 meFo g IA3 why, ¢n|
A5 APstlE W AEZ APES Hols AlxZe] A, Al

F7F st Ho| E4E o] HAEY L, xﬂ;«l 371
7} 2o]E3, 9MA $= gpoptoss A F F7F 5 &
E] 3t WslEo] FElskA #EE AL 53], 2nA}e] A
=7t S7HES apoptods Al 77 SHEE A
2k = QASATHFg. 3). o1& B3l 2m|tel] 9% HT-29
AE APEeo] gpoptosisill o3 AdS & F AUSdTH AE
APE A A A E= AE 9 71- ol ek Al E9 84
1 dElzAe] AFH okstZ g focal adhesion

Mo

Fig. 3. Photomicrographs of nuclear morphological change on
HT-29 cdlls treated with Schizandra chinenss Baillon.
Fluorescence microscopy analysis of hoechst 33342 staining on the
HT-29 cdls treasted with Schizandra chinensis Baillon. Cells were
treated with Schizandra chinensis Baillon at 0, 1.0, 2.0, 4.0 mg/mL
for 24 hr, stained with 2 ug/mL of hoechst, and finaly, examined
by a fluorescence microscope at x 400 magnification. A: 0 mg/mL,
B: 1.0mg/mL, C: 20 mg/mL, D: 4.0 mg/mL.

'_8-” o; = w0

Ao defx qlrt. tﬂrﬁw o] @féoﬂxiz Q= A
Y o ogt Al ARl o gk YejA Wshrt otz
AL HoFATHFg. 5). ol nA Mol 23 HT-
% %‘ AﬂiA 44 A= DNA A 7249 A Al
= B AAAde] A= AR Hh

A= X2|of| 2 HT-29 MZe| F7| Ha}

HT-29 thodet AlEel emzt F5&5 Asils o,
AZF2 & AAshe AS Slsglonz, ena 3325
of N F7]d mA= FFS Lotr7] 915t DNA
flow cytometry2 22315tk A|EE 0, 1.0, 20, 40mg/
mL §EE Hstq 24 A7 W75 ZF AlEES P
°§*—‘1‘ 5 flow cytometrys &2l AlXE F7] ¥stE &<l
ﬁjjf apoptosis HAY-S Ssh= sub-Gl719] HlEo] F7hgh
L‘_’ GO/G17]‘— ;Hz;.oﬂ H]OH )\]—\:HZJ o= 7‘*5]‘3}1:}
(Fig. 4). 53] 40mg/mL -s=1A sub-G1717} ZA 57t
He Z& Hol goptosis7t Bol dojutes AE 1T
T At ol AHE Fa enA FE=S HT-29
gt Al fﬂl F710] Hists oA AT S5 A
FAEn, o]2]g Apdo] gpoptosisl] & E
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Fig. 4. Cédl cycle distribution of the HT-29 cells treated with Schizandra chinensis Baillon.
HT-29 cells were treated with 0, 1.0, 2.0, 40 mg/mL Schizandra chinensis Baillon for 24 hr. Cell phase digtribution was determined by Pl
staining and flow cytometric analysis. The flow cytometric anaysis was performed as described in materials and methods. A: 0 mg/mL B:

1.0mg/mL, C: 20 mg/mL, D: 4.0 mg/mL.
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0 1 2 4
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Fig. 5. Effect of Schizandra chinensis Baillon on p53 mRNA
expresson in HT-29 cdlls.

Total RNA were isolated and reverse-transcribed and PCR was
performed with the specific primers for p53. PCR products were
separated on an agarose gel with TAE buffer and stained with
ethidium bromide.

p53°] mRNA 25
S Asfel| A, HT-29 gt Al xe 2uz} F&2&
%43

P53 iAol W PEE BAstel, HT20 thgeb Esh

apoptosise] HAH Fa7te]) e G sk
p53E FgelAl ] HERA AE AL olAle)

o, A7 SYHAE A BTEAG HAA £

93t IALE FEEA HI, Bd-29 EFAE Y &

zate] AAALE fdle At et FEE
HT-29 Al 3ol A 2]3}3S 739 p53] mRNA 432 5
olEHo g ZI7IEAtHFg. 5). ¢l A4 2 diel 2
3 QS e Ao dHFA ps3S DNA £4F T A
Z U - Qo] Ao met AEF7]e Y-S AA s,
goptosisE FEdte TEIA FHAR dEA At
(Vogelstein et al.,, 2005). o|H oA Qmal A2l
w2 p539] W ARE A A3, AAF 2 WY £
MM A E AR FE oEHOZ uf$ ek A &
do] do S 1T 4 AUt

o o] AxE U} FEES HT-29 A2 A2k
S A AGAE S8 s JAE= A oE YE
wom, Alxe] PeixE WA ole e UM E F
2oAl= emte] ps3 ' Fhel] ok AlEAbdel 9
gRoR 8T AUt

X AES fEsteE oA HEFE 5EHo2, enxt
(Schizandra chinensis Baillon) €<= 352 |83ty A
gt Al HT-292] 49l v A=

Qv EF FEEC] HT-29 o =
= &3 9 71Ad mAE 9FE FARETA Yo
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MTT assayS F3l 1A LA E HT-290= LUAF A
F¥% 0, 10, 20, 40mgmLolA QA E AEEEs} 7}
ZF 0%, 10%, 70%, 88%= LFERH ATt thogahAl 2ol Q. m]
A 2222 2282 cdl oyde B4 A3}, ABFE 9
E2 07 wb-Gl717F £718k9 3, GOIGLY |+ A+ A
< F3ll, goptosis7t Loy ME F24S Asfshe A=
E}‘_]EJO'?E]— ];HX]—O]—}\‘H_L zsﬂ_/] ?SﬂEHb‘l—X—] Bﬂg].e Eu‘i, 9_1:1]
A FE= A A FE EHOE AEFTL HaEE A
F5lo] #ZE YL cdl shrinking, chromatin condensa-
n 5 apototic body 5 7> FE et WstEo] FH
ZE Ak RT- PCRE &8 42 #d2, 9wzt
F2E Fx oEFHow ps3 fiA wio] FiEE A
< Sl A Ee] SAAAE S 5 AAT
In vitro A NA Qw|z} FFEEo] hFIAEL] A
s 2} emzt =
e 84 A 1+ B gpoptosisE =S A

= =

B APE 20009 % Ggeltsa Ao ol
a5 0P, olo] BA=HLI,
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