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Effect of Epimedium koreanum Nakai on Apoptosis in HCT116
Human Colon Cancer Cells
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Abstract

Epimedium koreanum Nakai has been used in traditional medicine as an aphrodisiac, hypotensive, and neurasthenia;
however, the cellular mechanism of E. koreanum Nakai cultivated in North Korea on HCT116 colon cancer cell
activity has not been investigated. This study is to investigate the effect of E. koreanum Nakai on apoptosis of the
human colon cancer cell line HCT116. The anti-proliferative activity of E. koreanum Nakai on HCT116 was iden-
tified through MTT, Western Blot, and RT-PCR analyses. The results show that 70% ethyl alcohol extracts of E.
koreanum Nakai inhibited the growth of HCT116 colon cancer cells (IC,;: 1.2 mg/mL on 24 hr). Concomitant acti-
vation of the mitochondria-dependent apoptotic pathway occurred via modulation of Bcl-2 and Bax expressions,
resulting in activation of cleaved caspase-3 and cleaved caspase-9.
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A T4 Z(Epimedium  koreanum Nakai)= v A 720
&35l thdA) 2E 02 71X 7} & 3 7o1H skl 7ER 4
3709) Qo] delgle] AA(EH) FAOEZ Frh(Lee
et al, 2002). AAFHEE oM e SFFeE A,
F2 AT 7 5 oMot Aol AFFIAR ALEH
o] O™ (Tian et al,, 2004), AEH = 5=

= 2 o
7%

, ¥ (Zang & Yu, 1999) & 5 A 5

olr
o of

2007).

RS 2 Fohueols, g Eo)
=, d3F 2 vFAA(Din et al, 1994)0]8 7 Fo|H =
gt o] ErF F8 LR E AR Ak AF7HA 24
1 F2 flavonoids A E-S 2= 3,4,5-trihydroxy-8-prenylflavone
7-O-[ B-D-glucopyranosyl(12)-p-D-glucopyranoside], hyperoside,
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icarisid 1I, 2"-O-rhamnosylicarisid 1I, epimedin A, epimedin
B, E,
epimedoside A, epimedoside C, quercetin, anhydroicaritin-3-
O-a-thamnoside, icaritin-3-O-a-thamnoside, ikarisoside A-F
5ol RAF Y THMizuno et al, 1987; Fukai & Nomura,
1988; Sun et al., 1995; Kim et al., 2008).

Seuetel A5, A2 109 Ae] o Wy Eo] W
Z7ksla YoM (Kim et al, 2009), L 3 7

TF3lE AggR ols et W E3 Ao
S 7HShin et al, 2004)3t2L OB =, FHAJo o3t 1]
A Elad Qpdska fso] $4E AARERE B
T YFL dASE 2AE W] A ATt T
Al%E 3 ITHKim et al., 2009; Shin et al., 2009; Han et
al,, 2011; Guon & Chung, 2014). ¥ AYHo|E HAx
AN2FE -3 A7 E sk f13 2R,
A TRz
-8]-/\]—§]_ =i o]iﬂ

epimedin C, epimedin I, icariin, hexandraside

O

7} )L

¥l 392 prenylated flavonol glycosides<]
%“o“?:“ﬂﬁ S A ol el w3Est

SO ™(Kim et al., 2008; Ryu et al., 2013a), A&E = A
o] dgto 7 oA hALAHEF2 HCT1160] th3h &3t
A AA A E ethyl alcohol FEEF 2 315ME9] &%

< faste] old] WAl Ak,
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Aol AR H3 AAFHEE 2011 Fd FYAW
AegAdel A A AS AT A AE(22g)
£ 70% ethyl alcoholZ 90°C water bathollA] 1A]7F &<t
23 FE3a, FE92 32 (Whatman No. 1, Cam-
bridge, UK)2} 914 2]7](Sorvall, Dupont Instruments,
Wilminton, DE, USA)E AFE-3ld A3t A3 =&
oS rotary vacuum evaporator(Eyela, Tokyo, Japan)Z 7%t
T -80°Coll Al &2 71 Z(Operon, Kyunggi-do, Korea)A|
DA F(FEE 5431 g)5 AFske] vpet & 33 5
o] =] ARSI THRyu et al., 2013a). A5 ¥

F2 3%=2 icariin(Kim et al., 2008, Fig. 1) 3 2} &
ol e8] GaA17l F Aol ARE-st Tt

HE -HN' il

=

Nodu S o
-&)

¥

H

M= 3= 2 M= HHQF

A i MEF<Q] HCT116 M EE Korea Cell Line
Bank(Seoul, Korea)ollA T4 3ske] 23 °ﬂ ALESEA T B
e M XEFE 10% heat-inactivated FBSF 1% penicillin-
streptomycine 713 RPMI-1640 WA S A}&-3}e] 5%
CO,E &3 37°C wi<¥7](Sanyo Electric Co. Ltd.,
Gunma, Japan)ol|A] 7]-9-3, 2 5= o] 7t wi<Fate] vk
el T8 AA T AEZLE} 70-80% FER X
3= 0.05% Trypsin-EDTA &2 A-8-3te] Alt) vl gs}
HA Aol ARSI

Mz %’L! AS(MTT assay)

T AR APl €3 HCT116
A =& 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide(MTT) assay® =743tk WA HCT116 W<t
M EE 96 well platel] 1.5x10% cells/mL R=7} H =S
wdlel 20 WIS F ARE Srus Al

Hj sl T MTT AlYFS 2.0 mgmL & 50 uLE 7t

oF AlE] 54

R, =Rha——Glc

R;=Glc

R; = CH;

Fig. 1. Chemical structure of Icariin isolated from Epimedium
koreanum Nakai.

weuoﬂ ] ske] 37°Coll A 4417 FoF wkeA 7l & iR
E AAS =
A rgs &

dimethyl sulfoxideE ¥°] ¥4J%¥ formazan

83 A1 540 nm 4] microplate reader(Bio-
Rad, Hercules, CA, USA)Z T3 =E =435It AlE9]
FTHES A5 FHEE 2] S35 digh WS
2 YeRA S tHRyu et al., 2013a).
CHEE db51 AS(Western blot analysis)

AEZ APE3 F24o AddE o8 dde] 43S
western blot analysis& A3t g13I%A Tt HCT116 Al
EE 1x10° cells/mLe] F==Z 6 well plateol] 53} Al

B2 FrEF AUl 2447 B9k vl 3 sample
ZTh SampleE 2S wlole X71$ PBSE Al &

cellS F.oF 2,000 rppmoll Al 1027F A4EE] g -, protein
lysis buffers 2o MEE 33}, 4°C, 13,000 rpmoi| 4]
s el Aele woh Ase s o
oA Tl E AT T 12% gradient sodium dodecyl sulfate
polyacrylamide gel electrophoresw(SDS -PAGE)9| X & %<
A5 loadingste] 22417 &< @A S I F,
nitrocellulose membrane®l| & Z Tt} ‘%“—‘1%‘01 =A%
membrane®] 1% BSAZ bockingS ¥+ %, 1 X} antibody<!
Bcl-29} Bax(Santa Cruz Biotechnology Inc, CA, USA),
cleaved caspase-3, cleaved-9, cleaved PARP(Cell Signaling
Technology Inc., MA, USA)E 4°C, overnight®-Z HHS-A|Z T}
223 TBSTE A& 3 %, thA] 2 2} goat anti-rabbit IgG-
HRP(Santa Cruz Biotechnology Inc., CA, USA), goat anti-
mouse IgG-HRP(Santa Cruz Biotechnology Inc., CA, USA),
rabbit anti-goat(Santa Cruz Biotechnology Inc., CA, USA)=
1A 7F <t ¥FS-A]A TBSTE Aol 3, ECL solution® 2
o131 tHRyu et al, 2014).

mRNA 281 A3(RT-PCR)

1) Total RNA isolation

HCT116 Wg Axe] AbE f= &7} mRNA
A G B13A Yohis] ol REPCRE 4031
S HRyu et al, 2013b). MEE 6 well plate®l] 3x10°cells/
mL BER BFsle] AR FEEE A, 2447 F
scraper= sampleS E T FEOFX sampledll Trizol reagent
S 1.0mL H7tete] 387 Ao WA & o7

chloroform 200 uLE F7}ste] 83 £33 Fof 1027
WA 3L 4°C, 13 ooommow 07 A4l ek &

o] EE=W A5 tubeZ i7:] = isopropanol 500 uLE
A7}sted *Piow 10T7P FX) &AL ThA] 4°C, 13,000 rpmol]

A 2087 dAlEE] = ASHS AASHA . SampleS
M2 3}7] 213 diethylpyrocarbonate(DEPC) waterZ. 3] F

75% ethyl alcohol 1.0 mLE 718t <F3}A vortexsliL
4°C, 13,000 pmellA] 5%-7F AR &, FSAS A A
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3 samples FE3] AEolA A=A Fo AF
DEPC waterg 3 7}3te] g3l Al A Th.

2) cDNA 34

A &3 RNA sample &3] 1,000 ng®] = =5 tubedl
4|83 10mM dNTP mix, Random hexamers(50 ng/L)
& st F%o] 10ul ¥=F DEPC waters H7}3)
Atk o)A 70°CAA 10%7F incubation A1 5, o719
reaction buffer(Sxfirst standard buffer 4L, 0.1M DTT
2L, 10mM NTP 1L) 7LE F7Fete] 42°ColA 57k
incubation3} 22, superscript 1l reverse transcriptase(Invitrogen
Carlsland, CA, USA) 0.5uLE H7Fste] 42°Coll A 105+,
70°Coll A 15%-7} incubation*] AT}, &7] Oﬂ RNase (Invitrogen,
Carlsland, CA, USA) 0.5LE #7138t & 37°CollA] 1A]7F
incubationd}] 80 L] DPEC waterE 2¢] -20°CollA| R34}
™ sample= AME-3FS T

3) Polymerase chain reaction® 2 DNA 53

8] E sampleo] 2.5 mix buffer(10xPCR buffer, 50 mM
MgCl,, 10mM NTP mix, autoclave water)®} sense, antisense
primer Taq polymeraseE E%3te] 40 cycleS A3 3tH
ethidium bromideZ B3 1% argarose gelZ2 71952
A A]8}3L Gel Documentation System(Bio-Rad, Hercules, CA,
USA)o.2 W= AFE SRISIHT AE-E primer= B-acitn
sense(5'-CCTCTATGCCAACACAGTGC-3"), antisense(5'-
ATACTCCTGCTTGCTGATCC-3"), Bcl-2sense(5'-AGCTGCA
CCTGACGCCCTTCA-3"), antisense(5'-AGCCAGGAGAAATC
ACAGAGG-3"), Baxsense(5'-ATGGACGGGTCCGGGGAGCA
G-3"), antisense(5-CAGTTGAAGTTGCCGTCAGA-3)°]t}.

SAXE

A A=
o] P4t
<2941 Duncan's multiple range testS
A 79 fod S ASshith

SPSS 12.0 T2 3-8 o]&3le] 7z} Ay &+
FEAAZ A4S ANOVA B4 3 p<0.05

AAjeto] thtat

Ao

AlE = Ny =

oL =

MTT assay= V| ETZE=Elole] & o 95t
Aol =841 712l MTT7F &84 9 HEH formazan
o7 3AxE AT E o] &3 #HHoltHRyu et al., 2011).
Noh 5& A 7@ % 2252 Hep3BIHY HE), A549(7
o M), MCF7(F S Az)el AgAe o =2 A=
Z2] oA @37 IS B (Noh et al.,, 2003)3F B} $)

o T
Ao E A TAERE 0% RS E FEEL A
ZREZ YU F2ES A

HCT116 MZ=ZS4] Big}

S BAAE
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Fig. 2. Effect of Epimedium koreanum Nakai on cell viability on
HCT116 cell. HCT116 cell was plated in 96 well plates at
1.5x10* cells/well in RPMI-1640 supplemented with 10% FBS.
The cells were treated with Epimedium koreanum Nakai
extracts (0.5, 1.0, 2.0 mg/mL). Cell viability was estimated by
MTT assay. *p<0.05, significantly different from control
treatment on Epimedium koreanum Nakai in HCT116 cells.
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Fig. 3. Effect of Icariin isolated from Epimedium koreanum
Nakai on cell viability on HCT116 cell. HCT116 cell was plated
in 96 well plates at 1.5x10* cells/well in RPMI-1640 supplemented
with 10% FBS. The cell was treated with Icariin (10, 40, 60 LLM).
Cell viability was estimated by MTT assay. *p <0.05, significantly
different from control treatment on Icariin in HCT116 cells.

et A=<l HCT11690 0, 0.5, 1.0, 2.0 mg/mL &%=
HZ Hrlste] Mxe] S99 AE A< 23, g%
o HE AEE] 77.0%, 593% L 33.8%= YERAAT.
Y A, AR FE7t S7HEFS Y AEF
HCT1162] 2] oA &37} =718t Ro] delgdnt
(Fig. 2). ¥ A]EE 70% ethyl alcoholZ
flavonol glycosidesE 21§+ 2}, Icariin 0.69%, Epimedin
B 0.14%, Epimedin C7} 0.06% Z}Zt gHr=lo] = AL
2 AEJ T ZRyu et al, 20132), FHFo| M w=
Icariin 3}8H%2] HCT116 Al EoA 2] A4S elslit).
@ 3FgHEQ] [cariing 0, 10, 40, 60M TE=HEE 285}
oq 1;}11}01- A AELLS r@I—O]d 7§;q. HCT116 A =® A=
&) ZH7} 64.2%, 57.6% 2 49.2%= 21 = A th(Fig. 3).

T=% ¥ FO
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Fig. 4. Effect of Epimedium koreanum Nakai produced on
expression of Bcl-2 and Bax, cleaved caspase-3, cleaved caspase-
9, pro-caspase-3 and cleaved PARP in HCT116 cells. HCT116
cells (1x10° cells/mL) were seeded onto culture dish and treated
with the indicated concentrations of Epimedium koreanum
Nakai for 24 hr. Subsequently, 30 ug of cell extract protein
isolated from Epimedium koreanum Nakai treated HCT116 cell
was subjected to SDS-PAGE in 12% polyacrylamide gels,
transferred to PVDF membranes with antibodies against the
proteins of interest.

A2 sE% HCT116 MZAIZ0l| O|Xl= H&t

Al ZApE o] dojutr] Qe HodE= Fag AR Bel-
2, Bax, caspases®] el st A|lg°] &5 A F
oM Asl] 21 A AT HCTI6 td<t
Alzoll HF AW AAIGAA PP AAFIZR 70%
ethyl alcohol FEES A3 & M EE w35t total
cell lysateZ A %3+ 5 western blot analysisS *|3) 3} T}
A A3, ME AE - Bosts Aoz g4#HA
Bcl-29] wdo] 7HAakqla, nEZ = of Bhe] Rt
cytochrome c¢2] W& S 7FA A apoptosisE FE=3t=
Bax®] W2 F7lete 202 SRIE A Th(Fig. 4).

A E] APES FESIE 8% AEELS Bcl-2 family
chil g o] WstE Zste] nEZE=go}l B RS F
S F=3t 2 B3 (Jung et al., 2006)% 32
nem, Z AA Bel-2 ¥ Bax®| IEo] WslE= 3
< Foll, Bt AAFdE FEE0] HCTl6 AlE2] Al
FAME 7] Hrodske Ao dHdE Atk

MEAE L & ZQ] cell death receptore} U473 221
nEZ=gotol] o)z FEE™(Jin et al., 2005), cell death
receptorel] 2|3t M ZAPE S caspase-837F A 3ste] &ds)s)
o MEAPEE fFEatH, vEZEZ s 53 WE A=
= Apaf-13} 37 caspase-9& SN A MEZAPE S F
T 3K Green et al., 1998). WEkA B Ao A cleaved
caspase-39} cleaved caspase-92] MAE=7} Z71ek A8 B3,
3 AATRE FEE AT AlZAPE 7)1 Ho] vEE
oo W3 AR oJsf A4S AAstaL Qv B3

—

0 0.5 1.0 2.0 (mg/mL)

Fig. 5. Effects of Epimedium koreanum Nakai produced on Bcl-
2 and Bax mRNA levels in HCT116 cells. HCT116 cells (1x10°
cells/mL) were seeded onto cell culture dish plate and treated
with the indicated concentrations of Epimedium koreanum
Nakai for 24 hr. Total RNA was then isolated, reverse
transcribed and subjected to PCR with gene-specific primers.
The PCR products of the genes were then subjected to
electrophoresis in 1% agarose gels and visualized by staining
with ethidium bromide. A typical results from three
independent experiments is shown.

caspase-39] Q¢ A ThlZQl PARPS| WI=® F7}a)
G4l o]+ caspase-3°l 2J8] MAE B S EHA
PARP7} Z7tste] MEZ7F AP (Oliver et al,, 1998)% A=<
Uepdith o]gjst a4 nEZ=gor 9 FRAHE 24
3} Bel-2 familyoll ]3] cytochrome C ®W&©| S7138Hd
A1 apoptosis7} 2 HTh= &3 (Koesmeyer et al., 1993)3}
A=k A}olt}.

AE =£H Bel-22F Bax2| mRNA 25

53 A TEE FEEC o5 S d Iy o] Wt
Az 28 93 ZARIAE ER1E] 9§ HHo=, A
FAE S oA e G- Bel-2¢} oloh= W R, A%
AR S frdte F3A] Baxe] #dA #dS RT-PCR
Wil o)af th2<] B-actind} Bl 451 Th

Ay Az Bk A TE R FE2ES AR TEEE

HCT116 A3l *2]3F 7%, anti-apoptotic -F-Z1A}F21 Bcl-2
o] mRNA 282 A59] o7t S7H84E AT viH,
pro-apoptotic k¢ Baxe] &2 371813129 (Fig. 5),
o]= western blot analysisE 3l &1¥ AM(Fig. )7 &
2| et= A o)t
A7} Aksl 2~Ed 20 23] DNA &5 WO ps3
o] Z7IE Bax®| Wdlo| EolA|WA Al ZAPE ] S7tE AL
Bl E Bel-2 W4 =71E Bel-2 homo-dimerse] H3 o] 7]
o] AEAPEO] A EH, Bel-2/Bax H&0] 50% ©|3=
73 Al EAPEO] M3YE Tk B (Yang et al,, 1995)%
v itk 2 AFHS B3 AR oF oAI71
A 83 9T sl ps3 Ak 28 mRNA ¥3E
oF Al EF<] MDA-MB-231914 #-23t A3}, 48
A7 oA Al ARG 0] F7tE= RS ERIE o, s

o] &% F2 prenylated flavonol glycoside 3}3HE <21
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Icariing #2]dl= 7%, p53 2 Bax®] mRNA 23S 5
7M1, W2 Bel-2 $EE AT e AFEHE F
&, ol& FAATE Y Al EF2] MDA-MB-231 Ao
= 2083 988 = AMIE T Ryu et al, 2013a)%H
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MTT assays < go]’c’q HCT116 "Lxﬂ gA 2 AHE

It A A3, FEEC] HL 5 2.0 mg/mLell
A 33.8%°] Al EF2 AAEHAE Slsigion, B3 ¢
3F5HE-01 Icariin 0, 10, 40, 60 M FEHZ 22| ste] oj
AL HESL sHelsl QJJr HCTI116 A|¥E AE80]
Z+7b 64.2%, 57.6% 2 49.2%% TSI A} olojA B
A AATAE FEEC 28k mRNA 2 %ﬁ} w3

A, AEE AEEAS o Bel2 U3 7HAsHAL Bax
o Z718199 2., cleaved caspase-33 cleaved caspase-
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