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ABSTRACT

Citrus sunki Hort. ex Tanaka has been used as a traditional medicine to
treat patients suffered from different kinds of diseases. Although
anti-inflammatory activity of C. sunki peel has suggested, little is known
about other pharmacological and  neurogeneration-related  activities.
Hypoxic/ischemic induced cell death is a major in the various clinical entities
such as stroke and other neurodegenerative diseases (Parkinson'’s,
Alzheimer’s). This study was examined the effect of fermented C. sunki peel
and its possible mechanisms on chemical hypoxia-induced neuronal cell death.
To mimic the hypoxia condition in cell culture system, CoCl: was used in the
human neuroblastoma SH-SY5Y cells. CoCly induced caspase—dependent cell
death via ROS production in a dose-dependent manner. Extract of fermented
immature C. sunki peel significantly rescued the CoCly-induced neuronal
toxicity compared to those of fermented mature C. sumki peel. Production of
ROS and pro-apoptotic events including activation of caspase-3, -7, -9,
hydrolysis of PARP and cellular fragmentation were blocked by treatment
with extract of fermented immature C. sunki peel. Moreover, nobiletin or
tangeretin showed the potent inhibitory effect on CoCls—induced cell death
whereas synephrine has no effect. In conclusion, fermented immature C. sunki
peel might have the protective effect against neuronal damage by chemical
hypoxia (CoCls), partly through generation of ROS and effectors involved in

mitochondrial-mediated apoptosis.
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phase) = AXEAVE S oF7]et= A= TR/ we @9y, F2 4 34, 9
& , A ZY . ATl 9 WE = stress activated protein

A A
kinase (SAPK)9] &Aoo o& ZHd ¥t Hunter et al, 2006). =4 2 2Pt

A

A

(control & execution phase)i= Bcl-2 family % protease?] &S 3}+= caspase
=9 dAstE S WA AEE 3] =dHEh A=l 93 reactive oxygen
species (ROS)¢] MA % F7}= Bel-2 family &9 2SS &4 3 A 71t} o= nE
F =g olo A cytochrome ¢ WES ©F7|3ta(Yan et al, 2009; Poyton et al,
2009; Lee et al, 2009), W<=% cytochrome c& Apaf-1 (apoptotic protease

9o] AgS F%=3dlo] apoptosomes FHASHA wHT}h
(Adams & Cory, 1998, Matsumoto et al, 2004). Apoptosome< caspase-3%] &
A3tel DNA €4S * 53t poly(ADP-ribose) polymerase (PARP)2] &4 3}
E FREdlo] AMXE AMES A= Aoz 4 A At (Bredesen et al, 2006;
Jung et al, 2008; Chu et al, 2008; Gartner et al, 2008). vpA 2o &7 2 W

activating factor)¥} caspase-

3}ehA (structural alteration phase)oll A= AlX o] = = alo] Ha 1ol A
Ao A T AEZ APEY FEEA] 574 o] vERdH(Fulda, 2009).
A (Citrus  sunki Hort. ex Tanaka)S HEAAE FHiolx:k 23ky)

(Rutaceas)®] £3l= AFE Aoz A EFsHoz= QEROZHVE L

dE duk 210 A Citrus Foll dFE o Citruss A& F3= o
ok Aoko g Alg o] ko 5ol AHAE] AES I JI|E= gk

o 44 ENA g a3 FALTOE AAQGEY sfort ot ol
o] &AL A9 LelAd AA ¥ T, 2005). Lol 504 Citrus &9 i
2 AYEY A4S E A9 sl dis #4S PR HAdx, &
A7 HAPE Q. Choi 5 (Choi ef al, 2007a)¢ HAFoAME= 7
flavonoid®] nobiletin d#°] NO9 4= #AAAA 39 E37F d5s& WA,
Chang & (Chang et al, 2008)2 W bAl¥x<el MDA-MB-231 A|l¥¢ MCF-7

AL 5 % 670 PAEFE o gste] Frhmwoltol FohatE mustqrh

>

:(o
d

=

w3k 7HE Fyjo] 3 flavonoide A3 7| A 23k @ gsks)l dujolg
Z2Hg 3 dejA], BAEA 723 So Ik A a3 de AoE g A

A tH(Slambrouck et al, 2005, Akao et al, 2008, Wang et al, 2008;
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Nichenametla et al, 2006). 2 =58 °F 609F<] ZetH=ol=7t #EH3lo
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BT Aow ®Wasolx k(W 5, 2001). AEFole= o
WA ol ZeH o] =<2l rutin, deosmines ¥ FHEF EHO g H o
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essential oils< hydrocarbones (terpenes), oxygen (alcohols, aldehydes, ketones,
carboxylic acids, esthers, lactones), Z1Z]3 sulfur (sulfides, disulfides,
trisulfides) &9 fF71=& X33t Ati(Akakabe et al, 2008; Chang et al,
2008; Choi et al, 2007b).

Choi 5 (Choi et al, 2007b)e] AelA Citrus & 20F¢] FHylolA Aej&A
E2& Fo] B3 A3} Ao A polymethoxyl flavone <1 nobiletin®}
tangeretino] ©hE Fo Y]t B o] FfiEHo] e HisHSrh Iga
4 (7 5, 2005)2 A 3y FEEo] HAAMER] Raw 264.7 A EolA 4Fs)
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At 2RE A d FEd toz Wold wrx
b A FAA g HEES e, gA o] RFE £FE3EN 155

2. Al Wi

A3 A8¥ Human neuroblastoma SH-SYS5Y A= st AX5L3)
(KCLB)o. 28 FUstdtt. AlEZ+= 100 units/mLe penicillin® 100 pg/mL 2]
streptomycin, 10% fetal bovine serum (FBS), 18]3 20 mM HEPES7} 23t
MEM ®JA & A}-&3ke] 37C, 5% COz 27194l &k th,

AES 9t 2AL AEE 1 X 10° cel/mLe] FEZ Alo] 48417k vkt &
FBS7} X5 % e njx2 u3kstdt). 20A17F 5<9F eHAsA 7l & CoCly %

]_
Atd iy Bg FEES FEEE A3

M2 AEEL trypan-blue GAA ¢S o] 83lo] =AY 24 well plate
of F=HlE Az ZH7He] FEES wEHEE AElste] 24A17F wgst & AL E
T A% 04% trypan blue®t 43¢ hemocytometerE ©]-83slo] Ato} Ql+=
AEet 2 AZE AFsiaitt otefo] 45 o] &sto] FE& Ao WE AX
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AE AEEO0) = Holelis AT 5/ (Bolelis AT 5 + & A 5) X 100

4. AIZY ROS =4

MEY  reactive oxygen species (ROS) A2 2’7 -dichlorofluorescin
diacetate (DCF-DA)E ©]83}9] fluoresence spectrometerol A 743} t).
96well plated] CoCl, T FZEo| rrHa AHzld AX0 X 10° cel/mL)E
=13t DCF-DA(10 ng/mL)E 1A%+ &<k #8]d & FLUOstar (excitation :

485nm, emission : 520nm)ell A IS A5

5. DNA fragmentation 3%+

CoCl, = FE5ES A st 247 7s<t widd MXE 474359 phosphate
buffer saline (PBS)Z A& & % Promega Wizard ®Genomic DNA Purification
Kit (Promega)® DNAE #2lst3ith 228 DNAE 15% of7tz= 7oA A
7199 % 3% ¥ RedSafe Nucleic acid Staining Solution (iINtRON)O & ¢ A1 &}o]
UV transilluminator (GELMANAGER™)&}el A1 DNA fragmentation &< %%
skt

6. 3] Fejst W3l AF

—20Ce By® 90% HWHES ol8std 52 sk Al2E 14T § PBSE
FASEA . DNAo| Soldeo=z  ZAFst=E  FFALA 4
-phenylindole (DAPI) &< (3 pg/mL)e& Ao A] 307t AMste] &x% ¥
oA 27 &AW A(FV500, Olympus)dtoll Al #2s} A thexcitation @ 358nm,

emission : 461nm, X10 objective, zoom 6 times).

7. Western blot

i

PBS A 3 483 A Eo] protease inhibitor cocktail (Amresco)e] 3t

lysis buffer (20 mM Tris, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1%

O

Triton X-100)& %ol @¥dS FE83Ath 14,000 rpmell A 15&3F 94 &
Fol & &

oS Ao F Bradford W

op

© 2 Protein Assay Kit (Bio-Rad)& A}

ol
ol}ll
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ol @S AHEFstdnh. 30 pgel @A S 10~12% polyacrylamide gel

Ol

electrophoresis (SDS-PAGE)Z WA #2]3}al, o] & nitrocellulose membrane®l
transferst 1 th. Membrane2| blocking< 3% skin milk7} ¥ TBS-T (Tris
buffer saline + 0.19 Tween 20)-& Kol A Lol A 1AIZF &t AAla Tt &

e A4S 98 anti-mouse PARP (Santa Cruz Biotech), anti-rabbit
cleaved caspase-3 (Cell signaling), anti-rabbit cleaved caspase-7 (Cell
signaling), anti-rabbit cleaved caspase-9 (Cell signaling), anti-mouse Bcl-2
(Santa Cruz Biotech), anti-mouse Bax (Santa Cruz Biotech), anti-mouse
beta—actin (Sigma)E TBS-T &9 3]Aste] 4ToA] overnight 3 I,
TBS-TZ 33] AAHsth 23 &A% Horse Raddish Peroxidase (HRP)7} 2
9 anti-mouse IgG T+ anti-rabbit IgG (Santa Cruz Biotech)E A}-g&3Fo] A
oA 1Ak WES-AlZ1 FH ol enhanced chemiluminescence (ECL) (Amersham

Biosciences) 2.2 7} band®] GAS At}
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. 2%

Aakrd 7S fFaety] 98] AleEE CoClzt AAAE Abde] o sk Jaks
M X =R Gotr izt Q17 AAAMESQ] SH-SYSY AZE ojfste] AEES ¥
stE ZAFSFSE Y CoClhEs 100 tM 522 AHEstHS 4AF vy v ulsho]
Mz A g7 YERA] 29kar, 200 uM (62.76 = 12.0%)A 2l FH 9
oz A AEEo] sty AlFste] 400 uM sEoAE 27.10 + 49% =
- w2 AEES B A tHFigure 1).

CoCle®] A& e EAlst= PARPY #4316 kDa — 85 kDa)E& =%
AR, 2238t JEll procaspased (34 kDa)dlAl ATH7E cleavage = WHA]

4817, 19 kDa)oZ As}stA == caspase-39 A5, £43sE e <
caspase-3 HAY S FE oFEH o F7MA A (Figure 2).

CoCloll ©J3t caspase W70 M EAFE o] ROSe 24S 53] o]FoAAE=A&
glst7] 918l Aol DCF-DAE A elsto] Alxudela A4 ¥ = ROSe Y=
ST, 1 Ay, A S7ME =2 99 ROS AAS 4T F AN

o} 300uM FEOA 7HE =S 4] ROSE #&AS F A tH(Figure 3).
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Figure 1. Neurotoxicity of CoCly; in human neuroblastoma SH-SY5Y
cells.
Cell viability was estimated by trypan-blue dye-exclusion at 36 hrs. Data are

represented as mean+SD of 3 separate expts. p<0.05, *p<0.001 vs control.
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Figure 2. Effects of CoClz on expression of apoptosis-related proteins.
Cells were incubated with CoCle for 24 hrs. The expression of PARP, cleaved

caspase-3 and actin level were detected using western blot analysis.

Collection @ jeju



40001
;
. #
3 30001 4
3
g
S 2000
=
.
A 10001
o il
® 100 300 500 (UMD
COC]E

Figure 3. Production of ROS by CoClz in SH-SY5Y cells.

The DCF loaded cells were incubated with CoCly for 1 hr at the indicated
concentration. The intracellular levels of ROS were detected by measuring the
DCF fluorescence. Data are represented as meantSD of 3 separate expts.

"£<0.001 vs control.
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D uAds Ak By g FEE9 HAE AME B 59

Abg ] g FEE0] CoClel o3k Al AbEe] ojwdt J3ks m X=X
gkelsl7] 915t trypan-blue S-S o] &3t AxX AEES SHAY. 1
A} 46.5%°] AEES H CoCloll vl mAds Abw 3 B¢y F
png/ml T2 AYHAS A 695% FEe AEES YERN A tH(Figure 4).
W s AbE gy g F

= =38
CFigure 5). mebd g% 4@ I3 WE FEERG 0% AF B9 2w

F o] 7+43t4 3L (Figure 6), Figure 794 ® upe} Zo] DNA 223 A4

T3 A AaAAS BEF AU

S e Ay FAste o] EHE3lE caspase-3, -7, —9¢] g ool Abd

a2y FEEe AAYEdes Adv A HaHe AS F@lsia,

A o1zkel Bel-2 familyel 7

[e]
o
protein (Bax)o] #3285 S AX AMES 243, o5 AdHAAS I

Zatol Hlsle] A GAFS Bl Bel-2¢] wEke A iy WHE FEE A
g oA Z7tsteE AL Felstg o Baxe A wEe] AolE: #HE £
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2ok (Figure 9).
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Figure 4. Protective effect of immature FES on CoClz-induced
apoptosis.

Cell wviability was measured by trypan—blue dye-exclusion after 36 hrs
exposure to CoCly with or without immature-FES. Data are represented as
mean+SD of 4 separated expts. p<0.01 vs control, #p<0.05, #p<0.01 vs CoCly

treated cells.
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Figure 5. Effect of mature FES on CoClz-induced apoptosis.
Cell wviability was measured by trypan-blue dye-exclusion after 36 hrs
exposure to CoCle with or without mature-FES. Data are represented as

mean+SD of 4 separated expts. p<0.01 vs control.
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Figure 6. Morphological features of SH-SY5Y cells after treatment
with CoCl; and FES.

Cells were treated with FES or CoClo for 24 hrs and stained with DAPI
solution. Nuclei were observed using an FV500 confocal laser scanning
microscope (X10 objective, 6 times). (A) Control, (B) CoCly; 300 pM, (C)
CoCly 300 uM + FES 10 pg/mL, (D) CoCl; 300 uM + FES 100 ug/mL. The

arrow indicates the apoptotic body in SH-SY5Y cells.
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= - + + CoCl, 300uM
. 2 10 100 FES(pg/mL)

Figure 7. Effects of FES on CoClz-induced DNA fragmentation.
Cells were exposed to indicated concentration of FES for 30 min and the
incubated with CoClz for 24 hrs and DNA laddering was analyzed by DNA

electrophoresis.
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gy == e emmm | < 116kDa
— —
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Cleaved caspase-3 ; 5
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Figure 8. Expression of cell death-related proteins.
Cells were exposed to indicated concentration of FES for 30 min and the
incubated with CoCl; for 24 hrs. The expression of PARP, -cleaved

caspase-3,-7,-9 and actin level were detected using western blot analysis.
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- + 3 + CoCl, 300 pM

2 [ 10 100  FES (ug/mL)

Bel-2 | D - <D O

Bax | b b T

Actin | S T T

Figure 9. Expression of cell death-related proteins.
Cells were exposed to indicated concentration of FES for 30 min and the
incubated with CoCly for 24 hrs. Levels of Bcl-2 or Bax were determined

using western blot analysis.
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S BA3 old Ao wEW synephrines ¥3HslE alkaroid Al¥9¥ rutin,
hesperidin, sinensetin, nobiletin, tangereting ¥ 3}+= ZolH wol= Ado] &
Aol Hth wpA EAHE A By B3 FEE9 AW T alkaroid AF¥
polymethoxyl flavone (PMF) Al€S AHElste] HE AE=ES SAHS 23
alkaroid A€ ¢! synephrinedl A= Hs 37 gl e (Figure 11), PMF A<
MM 20 pg/mLe] FEolA 71.3% Axo AEES YEN A H(Figure 12). &=
st PMF A€ =

n x&= J3FS shelsk A3 nobiletin® tangeretin EFolA =& =SS L E
A (Figure 13). ol& @A &2 A2 S ©]83}4 caspase-39F PARPS] &4
E 3}el3t Z3¥} nobiletin® tangeretin #] gl = E43tE caspase-39F
PARPe] =& HE7} CoCly Al Hls] A4 A3, synephrineo]| A= &
Feo] ®WgEs #AFT F gl dd EZ9 AE &4 U Rigde

western blotS 83t caspase &4 W} FAI 35 e AT

Sh-2Fo] W nobiletin¥ tangeretine ©| &3Fo] A EAFE o
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Figure 10. Effects of FES on CoClz-induced ROS production.
Cells were incubated with 300 pM CoCly alone or incubated with FES for
30min prior to the CoCly treatment. Data are represented as meanzSD of 4

separate expts. #p<0.0001, vs CoCls treated cells.
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Figure 11. Effect of synephrine on CoClz-induced cell death.
Cell wviability was measured by trypan—-blue dye-exclusion after 36 hrs
exposure to CoCly with or without synephrine (SYN). Data are represented as

mean+SD of 5 separated expts. p<0.01 vs control.
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Figure 12. Effect of polymethoxyl flavone (PMF) on CoCle-induced cell
death.

Cell wviability was measured by trypan-blue dye-exclusion after 36 hrs
exposure to CoCly with or without polymethoxyl flavone (PMF). Data are
represented as mean+SD of 5 separated expts. p<0.01 vs control, *p<0.05,
#p<0.01 vs CoCly treated cells.

_22_

@ jeju



120 - B Nobiletin
® Tangeretin
100 .
## ay ##
30 1 # 4
#

6{) 7 #*

40 1

20

G_
i ] 25 50 100 (uM)
CoCl, 300pM

Figure 13. Effects of nobiletin and tangeretin on CoClz-induced cell
death.

Cell wviability was measured by trypan—blue dye-exclusion after 36 hrs
exposure to CoCly with or without the indicated each compound. Data are
represented as mean+SD of 5 separated expts. ‘p<0.01 vs control, "p<0.05,
##p<0.01 vs CoCls—treated cells.
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Figure 14. Expression patterns of apoptosis-related proteins.

Cells were incubated with each compound for 30 min prior to the CoCly
treatment. F: FES 100 pg/mL, P: PMF 20 ng/mL, N: Nobiletin 50 pM, T:
Tangeretin 100 pM, S: Synephrine 100 pg/mL
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ek At EE e A AAyH L v vAds FEE
S Byon ol wAgE td Fy g FEEO AH kg Ay 2g FEE
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WAA Az o) 3% = caspase-3 E4 3}, PARPS DNAC #43}

A AE AEes doge FE AsAdY A2 dEAd den
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i;-l
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(Kotake-Nara & Saida, 2007; Zou et al, 2001, Wang et al, 2000), caspase]
g nEZ=golo| A AAFE = FdAAF (reactive oxygen species)oll 2] 3
-9 F Ao LTS AA ASEEY LR A8 Z4F Ao

Hw AEE FAste @i, AW, DNA 55 Absir)7]|a oo &4
e HFe EAetd AEY Hitu AdEE = = A (Yoon et
al, 2002). 3] &44kAaF] 23 DNAS =dWoel= AMxe] w3t g o =4
71Ae Fast &S e Aoz d#EA Urh(Wiseman & Halliwell, 1996;
Rhee, 1999).

WA AEAE S A A A caspase= caspase-9°] Apaf-1, ATP, 1]
il cytochrome c¢ ZA%S  3HA  apoptosomes Al 3}al(Delivoria-
Papadopoulos & 2007), ©] &A% apoptosome MEAFEO] 23 A o2 Fofs}
= caspase-39} caspase-7S &4 3 A 71 tH(Morizane et al, 2005, Rami et al,
2008; Gurp et al, 2003). 18]al AXE APES A5t @ o2 A Q)
+ Bel-2 familys AtStEEd A2 ZA&shs dAdAEFA o8] 487 HH
A AEY 4, He S, AHEA ¥4 R DNA £2dAde Sl AE AMES

TotA "ok Ak By #F FEE0] CoCldd 93iA F7HE+= ROSS A4

[e)
-
23} caspase-3, -7, 99 A

X,
bas)
h=ol

o

o
i
i)
Q
=)
=
Q
S]
Q
]
—t+
o
.
o
[
Sl
i)
[-4 (0]
ws)
o,
o
o,
2
:
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H w3t} Synephrine> Aw7bA &4ts) ddsa¥ a8 395 29471
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