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Citri Pericarpium is one of the most commonly used traditional herbal medicines in Korea, China, and
Japan. Its extracts have many properties including the treatment of indigestion and inflammatory res-
piratory syndromes such as bronchitis and asthma. However, the underlying molecular mechanisms
of anti-cancer activity and molecular targets are not fully understood. In this work, we investigated
the anti-proliferative activity of Citri Pericapium (EMCP) methanol extract on reactive oxygen species
(ROS) production and the association of these effects with apoptotic cell death using U937 human leu-
kemia cells in vitro EMCP treatment decreased cell proliferation in a dose-dependent manner follow-
ing an increase of the sub-G1 phase, the down-regulation of Bax proteins, the activation of caspases,
the degradation of poly (ADP-ribose) polymerase proteins (PARP), and the induction of ROS generation.
However, the quenching of ROS generation by N-acetyl-L-cysteine administration, a scavenger of
ROS, reversed the EMCP-induced apoptosis effects. In addition, heme oxygenase-1 expression also re-
covered by inhibiting the nuclear translocation of phosphorylated NF-E2-related factor 2. Taken to-
gether, our data indicate that ROS are involved as key mediators in the early molecular events in the

EMCP-induced apoptotic pathway.

Key words :
factor 2

M

rhu

v

213 (452, Citri Pericarpium)= 37} (Rutaceae)ol &3

205 FYUT(Gitrus unshiu Markovich) 2 22 4

Az At Fdo A A2 AR 3,

9 RN HEFHOZ s} Wo| mo|= okx] 2 st

tH13, 17]. B3l = ke 717F 83 A& 294 o

, ABE 27 0}“1 235 & A7) Vﬁl% A s
Al

|

Al PE} ;u,] E%—% 7IZH5}1 Atk

(8]. XIojol &g HA A AREZ = o] T4 alka-
2 ¢kl 71F(16], 1A EF FF ] AA A3}

B9, A9 dgE FE2EY] FH i = BEY vk
A #EG N a8 2 39 oge FEE9 HIT-TI15 Al

*Corresponding author

Tel : +82-51-850-8664, Fax : +82-51-853-4036

E-mail : hongsh@deu.ac.kr

Tel : +82-51-850-7431, Fax : +82-51-853-4036

E-mail : choiyh@deu.ac.kr

This is an Open-Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http:/ / creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Citri Pericapium, apoptosis, reactive oxygen species, heme oxygenase-1, NF-E2-related

Fo 4tshA & oA AH{7] Fol B gov dE
A A 3 71 dE A7e vEE AF0d

(apoptosis) Z+4S Foto] vl A<
e A ZA 9 o] FaAEIL itk 53] apoptosist Al
T4 9 A4 &5, X Wl phosphatidylserine®] 7}
&d, DNA @313} 8 A zAEAA] 94 53 22 S
w= AsletAel Wale Zuksln] kol o] 3t WA o] A
0}74] H oF 3 By gAes x3e o kA Ao A
o] H1, 53] apoptosise= %3} 9| ol QAN FAIE
o] F2 A& Hg 4 o] Hi Y2, 3]. Apoptosis
Z74 7]1A | apoptosis®] = JAE FAlo 2Hst= <2l
AHERE 7% 3= B2 family %Hﬂ Ao I wg 8
St 9&S ste A7t BoH20]. T3, caspasest THFRH Ab=
o &go] F718tAY EA3tE o] GHEZ S apoptosisE f'E

d8tg 3le Ao g AHA o], & 279
FES WA SIG4]. olg2 A oE T4

o

=

ﬂll

ro-enzyme FENZ EA33 It} apop-
A 3 ddgteo] AF Ee HHHOR AE

A st= poly (ADP-ribose) polymerase (PARP) 52 2
2 1%-8— E’ﬂ gl o] Bafol grojgnia deiA AvHi8).
of oJstd BE o] FA Be HAAE HAT A

lo 5



1058 BB UAU%TIX| 2013, Vol. 23. No. 8

£ 7HA A $lof whAdo] v & Z94FAF (reactive oxy-
gen species, ROS)S] 40| apoptosis®] frzol & YT
ul Ae Aog HuHATHI] AE W ROSS B4 o] FolA
heme oxygenase-1 (HO-1)¢] @0l & o o5 243}
= 7% ¥tk HO19 22 2 XM}O]ZP] NF-E2-related
factor 2 (Nrf2)oll & A= =], A4kstE Nrf27} oz
©]-53}e] NAD(P)H, quinine oxidoreductase-1, glutatione S-
transferase, glutamate- cysteine ligase @ HO-13} 22 297
sl aage] BA4S A0, 11].
2 Ao Y 229 FUEAH 78S A

Ate] A HFY AL UB7 AEE Udez 13 e
€ FZE(methanol extract of Citri Pericarpium, MECP)<]
GAE A &, apoptosis ol W= GETFS FAF
o, o8 g FA o ROSS WA oo} A E o] U=
A Wy £do] o JAR 288t S A
k.
Mz 9

A2 ZEH|

£ Aol AREE A9 digH e, dd A T
g 32& Foll 53] A4 oh as W —a—}; J AzxA

AL

AE2S 151 x47}o}oq 100 rpm, 35°C &30l 1 E‘{P Ly
st 1 ¥ 43A9 Besd azs,
mg/ml FE= dimethylsulfoxide (DMSO, Slgma-Aldrlch)Oﬂ
A7 F 015 AH TR iAo 3 Aste] Helsdh

M ZHY

218 o }\}_9_6‘]— olx W /Lﬂi(U937) A Fetad
(KRIBB, th, g=r)ol X £ F oker, Az g
3] RPMI-1640 8 Z|(Gibco BRL, Grand Island, NY, USA)
10%2] $-# o} 8 (fetal bovine serum, FBS, Gibco BRL) %
1%9] penicilline] X358 FZu RS AHE3190.H, 37°C, 5%
CO, 271 3ol A H °L3}Eiﬂr. HEFO S4d WE AU =
33 AR AEE FA87] fldk] A e wh-s
o 24 AJZbetot A 0}93‘:}.

M&ﬁ»

MTT assayE 0|88t HE ¥4ZE=29| 53

AE %L 6 well plated]] 3x10° 7§ /mlZ A TS B3
100 pg/mle) EMCPE 7+ well F 24 F=2 g3t
24 AZF 3 wj A& A A8t tetrazolium bromide salt (MTT,
Ameresco, Solon, Ohio, USA)E 05 mg/ml =2 3] 43}
200 pl# EFpaL 37°Cell A 2 A FeF ohA] i Fek it
ko] 4 thg MIT AlFS A A3 DMSOE 1 ml¥ 7t

wello] £F3te] WA H formazans EF 52 T 96 well

platedl] 200 pl# %714 ELISA reader (Molecular Devices,
Sunnyvale, CA, USA)Z 540 nmol M F2E=E 2439k

DAPI stainingOil Q|5+ M|Z3HO| HEH 2HE

Apoptosis7} FFEEH NS A SolHoz YEte
Fej 2 wists #Ea7] fste] EMCP7L A2l® A2 E
Th2 2,000 rpm .2 5 &7+ 94 Zelat] FFAES A AL

o to

i l-n e

<

37% formaldehyde &3} PBSE 1:99] HI&Z 412 fixing
solutions Eo}zl Ao 500 pl 3 7}ske] Tl"&:’f?] He %,
)\]-_Q‘O]]}\i 108 %—O} Xq o}OdE]- ‘12451 /'v]] 2000 rpmo

Z 587 YA F238hd] fixing solutions A| A3}l PBS 200
plol FfrA17 & Al27F 3kE 0] gle PBS 80 plE slide
glass 9ol "ojxg] 11 1,000 rpmol A 5 &1t cytospindte
MEE slide glassoll F-2HstAth. A E7}F 524 slide glassE
PBSZ 2~3 3 A% AlFsta PBS7} vh=7] el 0.2%<
Triton X-100 (Amresco, Solon, OH, USA)E % 7}8}ed A&
A1087 1383% F 25 pg/ml FEY 4 6-dia-
midino-2-phenylindole (DAPI, Sigma-Aldrich) &94& A2
aof AollA 15 B3 A stk 4ol € 5 DAPI &

H-& FE3HA A3 mounting solutions ZJE] * ¥
Ar73E ol8-3tof 4008 o] MlE& = 2t Fiool mE AL
o] gy WaE #A3 thS Axio Vision JE:L%]% o] &
sho] AbR L BTk

Flow cytometry &4
U937 Al Z ol X EMCP7} -3k apoptosis 4 &=
BA3517) 9319 AAF 2 EMCPY} 24 A7+ B9 X
*ﬂ‘#%% E_T: E}U 2,000 rpm o2 5 #3F P4 E ]3]
i % PBSE o] 83t 2~33] F&= Al FH Atk
TH € Aﬂlz—t— Cycle TEST PLUS DNA REAGENT Kit
(Becton Dickinson, San Jose, CA, USA)E ©]8-3lo 174 9
S 3t 4°C, FAolA 30 # Bt HEES AT WA
21 AEE 35-mm meshE o]&3te] GUNETE & =
FACS Calibur (Becton Dickinson)E A-&A1A &3uk-go] w
£ Cellular DNA content @ histogram< CellQuest software
2! ModiFit LT (Becton Dickinson) Z21#-& o]-§-3}o] £
kA

E]>’
M e
KA

i)
ot

ROS 44 ®st 53

ROSS} ¢4 Wgke &Qlst7] st Tl AES< flu-
orescent probe ¢l 2'7'-di-chlorodihydrofluorescein diacetate
(H2DCFDA, Molecular Probes, Leiden, Netherlands) 10 uM
2 2087 ¥4 ¥ DNA flow cytometerg AR&-3to] 45
31Tk ROS AAIE 43 ROS scavenger?] N-ace-tylcysteine
(NAG, Sigma-Aldrich) # 2] EMCPS H2l3}7] 1 A7k WA
By



Western blot analysis0fl /st EHHA Hisio] 24
THE AEES B oy Zﬁ,%%k/] lysis buffer [25 mM
Tris-Cl (pH 7.5), 250 mM NaCl, 5 mM EDTA, 1% NP-40,
1 mM pheny- methylsulfonyl fluoride (PMSF), 5 mM dithio-
threitol (DTT)]E iﬁ]7}’5}°4 4°Co A 1 AIZE B2 BHEAIZ] &,
14,000 rme_i 30 #7F 9AlB g sle] A JE total
D}Hﬂ zl o]_garjr A}Zon_,] E]-uﬂx =%+ Bio-Rad rd-m'l
A A %}‘ Al Q}(Blo-Rad, Herculs, CA, USA)S o] 4-3l9 A
gt U5 %9 Laemilni sample buffer (Bio-Rad)E 41014
protein samples ¥tk AFS ¥, L3 Fo duds
sodium dodecyl sulphate (SDS)-polyacrylamide gel& ©] &
st A719FoE EEe ¥, nitrocellulose membrane
(Schleicher and Schuell, Keene, NH, USA)2.% electro-
blotting®ll ¢J3 oA At g€ @uldoe] o]H nitro-
cellulose membraneS 5% skim milkE 1 A]7F 2 2]l HIE
o] A2l A= tet blockingS A A3t 1 2} antibody
£ A8t Aol A 2 A7k o4 e 4°Col A over night
AlZl B PBS-TZ Al (10 £7F 3W)dta A2 ® 13} anti-
bodyol Bt 23} antibody (PBS-TZ 1:1,5002.2 3] 43} A}
)5 A&t oA 1 AT A= HESAI AT wEgo] &
@t & QAo A Enhanced Chemiluminoesence solution
(Amersham Life Science Corp., Arlington Heights, IL, USA)
< A8 o Xray filmoll 72-3A1A 573 @A) iy
Fs B8

o 3 MER EH4EOl 2a|

A ATd duds Bsy) §)ste] NE-PER® kit
(PIERCE, Rockford, IL, USA)E AM&-3t9o™, THIH A%
o M| cytosolic extraction reagent (CER) [ & |3}l
oF 1522 FHA1Z 10 #3F 4°Coll Ragth 9] A4 %
¢} CER & ¥ ¥ 10 23t FFA121 F, 14,000 rpmel A
10 #3F A2 E & 5 ATZA F/3S AAGAS &
2]¥ 35l nuclear extraction reagent® &33te] 15 27t

A7 $ 10 #3F 4°Coll Basle 343 F 3 3 wE:
202 16000 rpmol A 10 B3t AR E AP sle] 3
g e O]TOV] "}Z‘)“% Aot Eeld A5 elA

Bl oja) A&

=
S

[ T R

EA Nz
RE ARATE YFGOD EAFUT SigmaPlot o &
8o} Student ttestE o]-83le] EAH FoAdS AATh
23}

EMCPZ} U937 MZ2| ZA0| DO|Xl= Hs&k
EMCPY Ao W& U937 M E 2] AFdA =2 Lo}

Journal of Life Science 2013, Vol. 23. No. 8 1059

A 120
100 *
& .
= 80
= *
> 60 .
T
ol *
o
f 20 I
0 1
0 20 40 60 80
EMCP (ugim?)
B EMCP (ugimé)

Fig. 1. EMCP inhibited cell proliferation in a dose-dependent
manner in U937 human leukemia cells. (A) U937 cells
were seeded at 3x10° cells per well in a 6-well plate.
Cells were treated with diverse concentration of EMCP
for 24 h and MTT assay was performed. The significance
was determined by a Student’s t-test (*£<0.05, compared
with control). (B) Cells were visualized by an inverted
light microscope (Magnification, x200).
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Fig. 2. EMCP stimulation increased percentage of sub-G1 pop-
ulation and caused apoptotic morphological changes in
U937 cells. (A) After treatment with EMCP for 24 h, the
cells were stained with DAPI solution. Stained nuclei
were then observed under a fluorescent microscope us-
ing a blue filter (magnification, x400). (B) The cells were
stained with PI for flow cytometry. The percentage of
the sub-Gl fraction is presented. The data represent the
average of two independent experiments.
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Fig. 3. EMCP treatment modulated expression of apoptosis-re-
lated proteins in U937 cells. Cells were incubated with
the indicated concentrations of EMCP for 24 h. The cells
were lysed and then cellular proteins were separated by
SDS-polyacrylamide gels. Separated proteins in gels
transferred to nitrocellulose and probed with the in-
dicated antibodies. Actin was used to ensure equal pro-
tein loading.
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Fig. 4. EMCL treatment significantly increased intracellular ROS
production in U937 cells. (A) U937 cells were seeded in
a 6-well plate at an initial density of 3x10° cells per well.
The cells were challenged with 80 ug/ml of EMCP for
various periods. ROS levels were detected with flow cy-
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ug/ml for 24 h. The percentage of the sub-Gl fraction
of the cell cycle was examined by flow cytometry. (B)
The cells grown under the same conditions as (A) were
evaluated to check the expression of PARP and Bax.
Actin was used to ensure equal protein loading.
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Fig. 6. EMCP increased the expression of HO-1 protein and
translocation the pNrf2 into nucleus. (A) U937 cells were
treated with EMCP for 24 h in the presence or absence
of NAC. Immunoblotting was performed with the in-
dicated antibodies. (B) Following treatment with the
EMCP, the cellular fraction (cytoplasm and nucleus) was
isolated using an NE-PER® kit and the translocation of
pNrf2 analyzed by Western blotting. Actin and nucleo-
lin were used to ensure equal protein loading. The data
represent three independent experiments.
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