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| ABSTRACT |

Effects of Citri Reticulatae Viride Pericarpium on the Apoptotic Cell Death
in Breast Cancer Cells

Ji-Eun Kim. Soo-Yeon Park, Chang-Won Choi, Kyeong-Soo Kim
Kyeong-Ok Kim, Tung-Shuen Wei, Seung-Joung Yang
Dept. of Oriental Gynecology. Dong-Shin University

Objectives: In the theory of Korean medicine, Citri Reticulatae Viride Pericarpium
(CRVP) can soothe the liver to break qi stagnation, eliminate mass and relieve
dyspepsia. This study was carried out to investigate the effects of CRVP on the
apoptotic cell death in breast cancer cells.

Methods: In the present experiment. the effects of CRVP on proliferation rates,
type of cell death, cell cycle distribution, and intracellular oxidative stress were
investigated using MDA-MB-231 cells in vitro. In addition, the effects on expression
levels of caspase 3, caspase 9, Bax and Bel-2 were also investigated.

Results: Treatment with CRVP decreased proliferation rates in a dose dependent
manner. ID50 (50% inhibitory dosage) was 175.4 pg/ml. In the CRVP treated
group, cell volumes showed smaller than non-treated normal. In addition, CRVP
increased percentage of apoptotic and sub Gl arrested cells respectively. 200 pg/ml
of CRVP treatment increased intracellular ROS level significantly. Finaly the
expression level of caspase 3 and Bax/Bel-2 ratio were elevated by treatment with
CRVP respectively.

Conclusions: These results suggest that CRVP can trigger intrinsic apoptotic
pathway in MDA-MB-231 cells.

Key Words: Citri Reticulatae Viride Pericarpium (CRVP), MDA-MB-231 cells
(breast cancer cells), intrinsic apoptotic pathway
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Fig. 1. Effects of CRVP on proliferation
rates of MDA-MB-231 cells.

Proliferation rates were measured using CCK-8
kit. Cells were treated with indicated concentrations
of CRVP for 24 hr. Values were represented
as mean+S.D. of 3 independent experiments.
*P<0.05, **P<0.01, ***P<0.001 vs. non treated
normal.
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C T

Fig. 2. Effects of CRVP on den31ty and
morphologic changes in MDA-MB-231 cells.
Cells were treated with various concentrations
of CRVP for 24 hr, then density and morphologic
changes were observed using photo-microscope
%100 (A) normal, (B) 50 pg/ml treated group,
(C) 100 pg/ml treated group, (D) 200 pg/ml
treated group.

3. HE A FHol v JF

Annexin V/PI double stains A]3)3k
A obFAE AEsA k2 AT
AN HEE] NZ7F Q30 &3 9
©m(91.8%), CRVP ¥x7} 715l
whgl Q3 %3sle M E(ive cel)E
A3l3, Q2(late apoptosis) €t Q4(early
apoptosis)ell 43l= M E7} Fr)sl= 74
& Bdd(Fig. 3).

4

Pl

Annexin V
Fig. 3. Effects of CRVP on type of cell
death in MDA-MB-231 cells.

The effects of CRVP on type of cell death
were observed using Annexin V/PI double
stain method. Cells were treated with 0 pg/ml (a),
50 pg/ml (b), 100 pg/ml (¢) and 200 pg/ml (d)
of CRVP for 24 hrs.
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15 Az AHEe FREE FEE
2 ollA /‘ﬂi 3] A} (necrosis) ©ll
M Z AFE(QL) > & Aol & Kool A
37, early apoptosis. late apoptosis
Z7hslhs A Bk (Table 1).
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Table 1. Effect of CRVP on the
Distribution of Cell Death Type

CRVP treatment
Group (ng/ml)
0 50 100 200
Live 91.8 79.9 77.2 71.2
Barly 41117 134 155
apoptosis
Late
apoptosis

Total o 159 207 261
apoptosis

Apoptosis 24 65 7.3 10.6

Necrosis 1.7 1.9 21 27

Total cell death 8.2 20.1 22.8 28.8

All values were represented as percentage
of all number of cells (%).

4. Cell cycle distributionol] ®| X+ 3

s Alxe AsE A=t o
cell cycle arrestoll m]X]&= <33& ’d’ﬂ
A3} Sub Gl arrest’} F71gS 2
N (Fig. 4). 0 pug/ml, 50 ug/ml. 100
pg/ml, 200 pg/ml 24 Hx¥W=E sub Gl
arrest”} Yeb Al 2] ¥ &2 7+ 2.4%,
45%, 8.8%. 21.7% A (Fig. 5).
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Fig. 4. Effects of CRVP on cell cycle
distribution in MDA-MB-231 cells.

Cell cycle arrest was measured using flow
cytometry as shown in materials and methods.
Cells were treated with 0 pg/ml (a), 50 pg/ml (b),
100 pg/ml (c¢) and 200 pg/ml (d) of CRVP
for 24 hrs.
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Fig. 5. Effects of CRVP on Sub G1 arrest
in MDA-MB-231 cells.

The percentage of cells in the state of sub
G1 were measured by PI staining method.
Cells were treated with 0 pg/ml. 50 pg/ml,
100 pg/ml and 200 pug/ml of CRVP for 24 hrs.

5. Al Z W A3 AEF A foibe v

A 9%

DCFH-DAE °]-&3le A= o Ar3HH
omoﬂ u]z—‘:- o & +
A3 50 pg/ml Fo Lol A= AHEAH A~
A71E Aske BHov

/\Egﬂ

EE-”/\E_ 71:}-
FE5el 200 ug/ml A= 23 5
Fog ASA AEHAE {FHAIF o]

#2= A= (Fig. 6).

Oxidative stress (Relative ratio)

0 50 100 200
ug/ml

Fig. 6. Effects of CRVP on intracellular
oxidative stress in MDA-MB-231 cells.
The intracellular oxidative stress was measured
using DCFH-DA. Cells were treated with
indicated concentrations of CRVP for 24 hr.
Values were represented as mean+S.D. of 3
independent experiments.

*P<0.05 vs. non treated normal.

6. Caspase 3 H"‘aﬂﬂ] ul X & g3
MDA-MB-231 A %o A2g e s
T, A S —’]‘—% tod caspase 39 w3

’“}lﬁ'— @er = ﬂ
2= e (Fig. 7).
CRVP (ugm) 0 50 100 200

w”*

Beta-actin e -— -— ——

Caspase 3

1 .
08
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Relative ratio

02 r

0
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ug/ml
Fig. 7. Effects of CRVP on expression
level of caspase 3 in MDA-MB-231 cells.
The expression level of caspase 3 was evaluated
using western blot method. Cells were treated
with indicated concentrations of CRVP for 24
hr. Relative ratio was represented as expression
level of caspase 3/beta-actin ratio.
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7. Caspase 9 W3] v X &= F3F
MDA-MB-231 Al Ze] A|85 A3}

I, S —"F%'P‘ﬁl caspase 99] Kl
0

CRVP (ug/ml) 0O 50 100 200

Caspase 9 Wy

Beta-actin “ ~ ~“

0.2
0.15

0.1

Relative ratio

NISEE N W B
0 50 100 200
ug/ml

Fig. 8. Effects of CRVP on expression level
of caspase 9 in MDA-MB-231 cells.

The expression level of caspase 9 was evaluated
using western blot method. Cells were treated
with indicated concentrations of CRVP for
24 hrs. Relative ratio was represented as
expression level of caspase 9/beta-actin ratio.

8. Bax/Bcl-2 ratiodl] m X oJ3F
24X 7t ok Gkt w2 ARE AE
3t il A& FZ3}ed Bax/Bcel-2 ratio

o MR 4%

CRVP (ug/ml) O 50 100 200
Bax T Tl —
Bcel-2 o e -

Beta-actin  [EG—_—_ —-— ‘

Bax / Bcl-2 ratio
N

0 50 100 200
ug/ml

Fig. 9. Effects of CRVP on Bax/Becl-2
ratio in MDA-MB-231 cells.

The expression levels of Bax and Becl-2 were
evaluated using western blot method. Cells
were treated with indicated concentrations of
CRVP for 24 hrs. Bax/Bcl-2 ratio was represented
as expression level of Bax/Becl-2 ratio.
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st PI7F Al 233} A3g)S of A3t
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B Ao AFeA HIE vE oEA
© 2 Annexin V positive(Q2, QHMEE
Z7}A1Z e (Fig. 3). =3t PI only positive
(Ql) el &3l ME Fo 5E3
J kS A A dkeH(Fig. 3). o|H 3 A
= A7 A A 2o dod)E
AN EAFE o] apoptosis@d = AlAFgEH. PI
¢} Annexin V double negativedl Q3 3
2 Atolgl= A E, PI only positivedl
Ql Aol &3l A E+& necrosis, P19}
Annexin V double positive 3l Q2%
late apoptosis, Annexin V only positive
el Q4= early apoptosisgl= 7}A
sholl Zh7he] o o) st A x| W
& £ ol AAEHA AFE A3 HA
A E= AAEAA 91.8% A= Aol 200
ng/ml Fo oA 712%=2 A3 1,
Q2¢} Q4= &3t total apoptosisE 6.5%9l
A 261%=2 S7Fss . olel HEsl necrosis
= AT 1.7%, 200 pg/ml 2.7%% =
2ol 7k A ek (Table 1).

FHEE 233 ANz BT F
AREE wiA o7 Aakst Fdg wbEIoh
o]2 g HkE-A A& cell cycle =& cell
division cycleelgtx s}, DNA2] E-A]
Ao wel GO, Gl S. G2. M2 stA =
o GOZHAl = post-mitotic A 2L
s, dFo] FA 7]l g, o] =4
of sFste AlEES AE A3 Yo
Ao glE Aoz £ Gl S, G2
9] 3xtAlE= interphase At sf=d),
o= M Z8] Yol Eo7l7] Aol A £
=717} AAX 2 DNAZE BAEH, £9&
A3t 25 FuE 3 2Aed Gl
phase™= ©|2]& interphase®] A wA=Z
growth phasegly R =27]% 3o}, o] ©
A Alxze dekst Mz 73S

3 3, Az FEE 9% Ui
FA3HA Az =77 AR Gl
phase’} v} S phaseZ} A12HE &=,
S phasedl= DNA ZEA7} o] Folx=
A7) elet. metA], o] A]7]ell= DNA2
Feol HxM oz F7Fget. G2 phases
interp hase =A12] w9 A2 M 27}
=2 uUH7 A HE F9E A g7t
2| & wstr}. o]# & interphase A7}
i, g Al Z el 2019 DNAE B4
A E ME D FAd Ee7H H
=49 o]2 M phase =¥+ Mitotic phase
gty 94 PIZ o] 438 cell cycle
analysisel Al A3 dubq oz 7tz &2
Pl 833 A=, AZF2> AxY Nes
YEl = event® TAE histogram o Z
vebdg Al EEde] AT AAMEE
7S dubd ez 2/0¢ mIe} I A
Abel & oy w2 =3Fe] vrehtd, 278
o] 3]FE o|2H o= Pl Y4 =7t 2u)
of 7tzg. B%e A Pl % =7t

O

vl oz Pl &34 7rer Yo ¥=

ueta eksio wetx 54 gehA 7
Az S AAAIE EHE T
A7) fsiAME w2 AEz7E GO o3
< Z3 sub Gl el sIHsHA S

of 3. oA F HE Ftst £ AT
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ANE AT EH, AHI)9 FAE FE
EH 07 sub Gl 4 &3 ﬂ:‘t/]
2 Z7MXF5H(Fig. 4). AAolA Sub
Gl 9ol 24%2] MEZ S8 AU
vk, 50 pg/ml, 100 pug/ml 200 ng/ml
gl A A 45%, 8.8%, 21.T%=E &
= oJEH 22 sub Gl arrest¥ AlEEo]
Z7Fatd ek (Fig. 5). o128t A3 Annexin
V/PI double stain A3} &7 A=
A2 Asll 7] o] apoptosisHE& AlAFRIH
Absbd A~ E# A (Oxidative stress) &
ekt M Zoll Al M Ee] AbEe| Heddt
o}, AL3}A AE#H A= Reactive oxygen
species(ROS) 2] A ol & A A3
AANFE AE W 75 s 1o 243
o A} Ay sl S, 212 DNAE =
T3 e MAEY RE A S
Uk w2 FqEAE M EE o
AE HelA ROSE ZF7FA1ZIH. whef
o] gt ROS® F7}ell tAE7} &3}
A, F71E 5 ROSE &4z 7
A7 71AE ZHETE o2 g A
gotAlel WAE Holm, oo
Ao 2 o Fel| A Zéﬁ] 7} A
o] Azt AEH Ao wjsle] ofw
A=A AR A 1Az
0 ng/ml F=2 A2 E ZollA
34 2EHAE E49FE 2V}
7oz vepgen, 100 ug/ml A
ANME Ao AT FFLE /A
. 200 pg/ml FoJ A& fo] g
o] AbEtH AEH A FUPF HEH
(Fig. 6).

ol2lgt AE e x M FolAM H
Aets A Z Aol A 3ol o) HA 3t
T AP 2EH A R4 e

2 A "Ed. 50 ng/ml FEE A
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e ot
o Mo
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32 4y B X0 o oft o2 [ oMz

oy ¥ e
k

Foll A A3 masl wAE Qe gR
o AdEol Azt 235 7 AL S
Ay 9 gasr zAE AR
7l W&ol Aoz 2 gFw, 50 pg/ml

A
sEdAd B8 AE 2AF 27 44
]
=

-5]-01—;4]_/]
Rno=w %ﬁ’ﬂ apoptosiss= =7 intrinsic
pathway$®} extrinsic pathway2e] & 7FA
A2Z E3)] Yo d®® . Extrinsic pathway
E HlE EHel| $1A 3= tumor necrosis
factor alpha receptor(TNFR), Fase} 2
< death receptore} WA SE A o] glo
o, o]2] 3t death receptorel ligand7} 23t
8o 24 apoptosis7} A12FEEF” Intrinsic
pathway+ mitochondrial apoptotic pathway
B s 3hH, o] Fol A9} Ze] EZE
2lol7} apoptosis®] FFHA AT =
Fatol, dutd oz kAo 3}sten
I #HF A2 2 A extrinsic pathway=
2 7R =2AE ) ddew, AEE] A
o7 ALE I, intrinsic pathway$h
FHE A7t o dubd o z® A 4x
B0,

Caspase 3= A}7]38 extrinsic3} intrinsic
T 7 AZE Sk #4353 d 4 olth
Y ZA o2 extrinsic pathwayel <43}
+= caspase 8°]1} caspase 9¢l oJsjx] &
A3= 4 9l3, intrinsic pathwayel &
3}= cytochrome coll 9|3 = &4 354
gl B a7 Asts A,
92l AM2lE caspase 99 Hol= =
a9 S w AR ob-> W, caspase

39 wHFE yroEdon 7437
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S(Fig. 7. 8). ol=st AxE A7t o
© 7]+ apoptosis”} extrinsic pathwayX.
o= intrinsic pathway® A3} 4
U= 7FeA el =55 AAkEH.
Intrinsic(mitochondrial) pathway+ Becl-2
familyell 43}l pro-apoptotic =+ anti-
24 =™, Bel-2,
=

Bel-w 52 anti-apoptitic protein®l

apoptitic proteins-el 2|3l

33 Bax, Bcl-2 homologous antagonist
/killer(Bak) &+ pro-apoptotic protein
of 43tk @ebA, apoptosis®] &>
Bel-29] sz ubn]# sty Baxe] W
dAFae= vl sty wEel BAX/Bcel-2
H|&o] Z7}845= apoptosisE A3}
A B e At A Ao A
2]+ Bax/Bel-2 ®]&EE S7MA7]+=
&S RHTH(Fig. 9). Bax7}l PlEZ=
o} 2 E] cytochrome c® pro-apoptotic
factorsE2] 2l doE A e
Zhekst o, o213t A= A7} intrinsic
pathwayZ %3}o] apoptosisE F=3}=
FAZ HAE 5 sl ol=d S &
q3l7] §l8 F& AFelAE
2], mitochondral membrane potential
ol MAE %S Ao & AoE
Al 5o

olAs Al B, HuE <zt
el Ad S AlE el A AbsEH &
Edas fF A3 wEZ=eotst
LA FHoe]l 9l intrinsic HE 9
apoptosisE -3t o
olEXor Ax FAFE FAdA,
Annexin V A<l AlE
sub G1 <399l arrest %=
7EA e elE & Aze A9t fst
of AH8-E ZheA el & AlAREH

cytochorm ¢

it

i}

V. d £
Wi FEE AT KU AR
A xS Aol TIAE L BAY A3

=
o5 2 2AES 9Tk

L. A7k F= A9 54st AlZ25<¢ MDA
-MB-231 M2 FAES TE9EH
o= ZAaAFH e, D52 175.4 pg/ml
o] it

2. ke Al xe] 34 U= HE F7) 5
ZE A F

3. Exo]E&H o2 Annexin V FA1<l apoptotic
cell®] =AE 77 AdS 1A

4. o_l‘o %Z{!gi Sub Gl 03‘25"0]] *(1,:‘—‘?{—_

MEES F7H71E 73S 2o

5. Al W AbsA AEH A ZA A 50
ug/ml A FlME FAI} 2 E
Byl o} 200 pg/ml A2 Zo A= A
34 AEHAE Fo3 £FoE F

7HA 3t

6. =] o= Intrinsic pathwayell <
3= Caspase 39 L& F7HAFH .

7. Extrinsic pathwayell £3}= (Caspase
9o wrale= 5 S v]AA
&kt

8. Bax/Bel-2 vl &S VMM 71 ASS
Bl

ol ko] AR FHEIF Fue A
XA intrinsic pathwayE %3 apoptosis

°oFE & 5 8l%len, 5 °‘5J
of &89 & & 7MeAE #a
UK.

4 =2

51



BRIt SEIMIZOl ApoptosisOl OIX

= o

[ ] Received : April 22, 2015
[] Revised : April 27, 2015
[] Accepted : May 06, 2015

FrEd

. Annual report of cancer statistics in

Korea in 2012. Available from:URL:
http://ncc.re.kr/common/downloadB
yNTC.jsp?attnum =357 &code =999 101.

. Mosby, et al. Mosby’'s medical, nursing

& allied health dictionary. 6th. Seoul:
Hyunmoon Inc. 2002:264.

. Kang JO. Radiation Therapy for Breast

Cancer. Kyung Hee Medical. 2005:21(1)
:37-42.

College of Oriental Medicine, Herbalism
Compilation Committee. Herbalism.
Seoul: Younglim Inc. 2005:394-5.

. Lee KS, Jeong HY, Lee YS. Experimental

Study of Citri Viride

Pericarium extract on the Cerebral

Reticulatae
Hemodynamics in Rats. Korean J.
Oriental Medical Physiology & Pathology.
2002:16(1) :104-10.

Jeong HY, Oh CH, Eun JS. Effect of
Citri

water

Reticulatae Viride Pericarium
extract on Immunocytes in
mice. The Korean Society of Oriental
Medical Pathology. 1998:12(2) :55-62.
Kim NS. A Experimental Study on
the Citri Reticulatae Viride Pericarpium.
Wonkwang University. 1998:11-2.

Kim JB, Effects of Citrus
Reticulata on the Cell Detachment

and Apoptosis in Human Gastric Cancer

et al

10.

11.

12.

13.

14.

1o.

16.

SNU-668 Cells. Oriental Medical
Physiology & Pathology. 2005:19(1)
:212-17.

Oriental obstetrics & Gynecology.
Korean obstetrics & Gynecology(Ha).
Seoul:Euiseongdang. 2012:393-9.
Hand D, et al. Hormonal therapies
for early breast cancer: systematic
review and economic evaluation. Health
Technol Assess. 2007:11(26) :1-134.
No DY, et al. Now not afraid of
breast cancer. Seoul:ezenmedia. 2012
146-9.

Cameron DA, et al. Bone mineral
density loss during adjuvant chemotherapy
in premenopausal women with early
breast cancer : is it dependent on
oestrogen deficiency? Breast Cancer
Research and Treatment. 2010:123
:805-14.

Twiss JJ, et al. Health behaviors in
breast cancer survivors experiencing
bone loss. J the American Academy
of Nurse Practitioners 2006:18:471-81.
Yang DS, Yang SJ. Effects of Curcuma
longa L. on MDA-MB-231 Human
Breast Cancer Cells and DMBA-
induced Breast Cancer in Rats. The
Journal of oriental obstetrics &
Gynecology. 2013:26(3) :44-58.

Jo HY, et al. Anti-proliferation effect
of Gyulyupsanbyonbang extracts on
MCf-7 cells. The Journal of oriental
obstetrics & Gynecology. 2007:20(1)
:50-60.

Meers P and Mealy T. Phospholipid

determinants for annexin V binding

52



J Korean Obstet Gynecol Vol.28 No.2 May 2015

17.

18.

19.

20.

21.

22.

23.

24.

sites and the role of tryptophan.
Biochemistry 33. 1994:19:5829-37.
Koopman G, Reutelingsperger CP,
Kuijten GAM, et al. Annexin V for flow
cytometric detection of phosphatidylserine
expression on B cells undergoing
apoptosis. Blood 84. 1994:5:1415-20.
Vermes I, et al. A novel assay for
apoptosis—flow cytometric detection
of phosphatidylserine expression on
early apoptotic cells using fluorescein
labelled Ann exin V. Journal of
Immunology Methods 184. 1995:1
:39-51.

Lecoeur H. Nuclear apoptosis detection
by flow cytometry :influence of endogenous
endonucleases. Exp. Cell Res. 2002:
277(1) :1-14.

Cooper GM. Chapter 14: The Eukaryotic
Cell Cycle. The cell: a molecular
approach. 2nd. Washington D.C: ASM
Press. 2000:106.

Rubenstein, Irwin, Susan M., Wick.
Cell. World Book Online Reference
Center. 2008. 12 January 2008. Available
from:URL:http://en.citizendium.org
/wiki/Cell__cycle.

Stresing V, et al. Peroxiredoxin 2
specifically regulates the oxidative
and metabolic stress response of human
metastatic breast cancer cells in
lungs. Oncogene. 2012.

Bhandary B, et al. Mitochondria in
relation to cancer metastasis. J
Bioenerg Biomembr. 2012:44(6) :623-7.
Zhang Y, et al. Phenolic compositions

and antioxidant capacities of Chinese

26.

27.

28.

29.

30.

3L

32.

33.

34.

wild mandarin(Citrus reticulata Blanco)
fruits. Food Chem. 2014:145:674-80.

. Tait SWG, Green DR. Mitochondria

death:
permeabilization and beyond. Nat. Rev.
Mol. Cell Biol. 2010:11:621-32.

Sarosiek KA, Ni Chonghaile T, Letai A.
Mitochondria: gatekeepers of response

and cell outer membrane

to chemotherapy. Trends Cell Biol.
2013:23(12) :612-9.

Fulda S, Debatin K-M. Extrinsic versus
intrinsic apoptosis pathways in anticancer
chemotherapy. Oncogene. 2006:25:4798-811.
Johnstone RW. et al. Apoptosis: a
link between cancer genetics and
chemotherapy Cell. 2002:108:153-64.
Scott HK, William CE. Induction of
apoptosis by cancer chemotherapy.
Experimental Cell Research. 2000:
256:42-9.

Salvesen GS. Caspases: opening the
boxes and interpreting the arrows.
Cell Death Differ. 2002:9(1):3-5.
Ghavami S, Hashemi M, Ande SR,
et al. Apoptosis and cancer:mutations
within caspase genes. J. Med. Genet.
2009:46(8) :497-510.

Czabotar PE, et al. Bax crystal structures
reveal how BH3 domains activate
Bax and nucleate its oligomerization
to induce apoptosis. Cell 2013:152
:519-31.

Kim H, et al. Hierarchical regulation
of mitochondriondependent apoptosis
by BCL-2 subfamilies. Nat. Cell Biol.
2006:8:1348-58.

Weng C, et al. Specific cleavage of

53



BRI SENIZOl ApoptosisOl OIX

= o

Mecl-1 by caspase-3 in tumor necrosis
factor-related apoptosis-inducing ligand
(TRAIL)-induced apoptosis in Jurkat

leukemia T cells. J. Biol. Chem. 2005:
280(11) :10491-500.

54





