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treated HL60 cells by flow cytometry after JC-1 staining.

Fig. 14. Apoptotic body formation was observed under a fluorescent micro—
scope after Hoechst 33342 staining and are indicated by arrows
(Original magnification *400).

Fig. 15. Apoptotic sub-G1 content was detected by flow cytometry after pro-—
pidium iodide staining.

Fig. 16. Effect of CGP extract on apoptosis—related proteins in HL60 cells by

western blot analysis.
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Summary

This study was carried out to investigate antioxidative activities of enzyme
extracts from Citrus grandis and C. unshiu and 1009 ethanol extracts from
C. grandis peel and 80% ethanol extracts from C. grandis (CGP) and fer—
mented C. grandis peel (FCGP), and anti—proliferation activity of 80% ethanol

extract from C. grandis peel in HL60 (human promyelocytic leukemia) cells.

1. Antioxidative activities of enzyme extracts from Citrus grandis and C.
unshiu

Total flavonoid content was the highest in Ultraflo extract from C. grandis
peel as each 24.3~59.8 and 18.4~30.0 mg/100g (dry base) ranges in carbohy-
drases and proteases. DPPH scavenging activities were very high in extracts
from C. grandis peel comparing to extracts from C. wunshiu. Hydrogen per—
oxide scavenging activities were high in Viscozyme and Kojizyme extracts
from C grandis and C. unshiu peels. Alkyl radical scavenging activities were
high in both enzyme extracts from C grandis and C. unshiu peels. But, hy—
droxyl radical scavenging activities were low relatively comparing to scav-—

enging activities of other reactive oxygen species.

2. Antioxidative activities and distribution of flavonoids of ethanol extracts
from C grandis (CGP) and fermented C. grandis peel (FCGP)
Free radical scavenging activities of C. grandis peel appeared more in ex-—
tracts from FCGP comparing to extracts from CGP, and distribution of fla—
vonoids appeared differently in CGP and FCGP. Therefore, C. grandis peel

could confirm that increases physiological active components when fermented
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by yeast, and accordingly free radical scavenging activities rise.

3. The anti—proliferation activity of 80% ethanol extract from C grandis

peel in HL60 (human promyelocytic leukemia) cells.

It was found that 80% ethanol extract from C. grandis could inhibit the cell
growth in a dose-dependent manner (250~1,000 pg/mL), which was asso-
ciated with morphological changes and apoptotic cell death such as depolar—
ized mitochondrial membrane, formation of apoptotic bodies and increased
populations of apoptotic sub—(G1 phase. The results indicate that CGP extract
inhibits the growth of HL60 cancer cells by the induction of apoptosis, which
may be mediated by its ability to change of the Bcl-2 family proteins, in-
crease the activation of caspase-3 and PARP. Therefore, it is suggested that
CGP has the potential to provide a remarkable natural defense against the

proliferation of HL60O cells.
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Flavonoid@t Zreg]2~of 2 A8 ofv|dl= flavusell Al e Ao L7 4, A
2ol 9, =], B, ASt 3 5 AEel FWelEA EAske AAE A THT6).
ol CoC3-Ces 7| ITAOR 3 polyphenol BFTEZA F 719 #Hd 7]
ol=43e HF%¥ AIYA, hydroxyl group(-OH) =  methoxyl group
(-OCHy)e] 23 5ol 93l flavone, flavonol, flavanone, flavanonol % iso-
flavone To.= 5 (Fig. 1), dA7FA 40000 F 0] 2 & EA)gtrial &
] Qlan ZEFolE 600 F o] ZEfuimel ) Beluo] Haus i JvHT6,77).

N

°]& flavonoid 33tE29 Hzx diolAle AFg2 1936 g7l Albert
Szent-Gyorgyidl 23t Aoz ol Edo] ddAFHA 24 9 Vitamin C HZE
g8 o]y wFo] Vitamin PEa Eg7|% stglon, <A Az e
oF 23-1000 mg/¥ = &# A JrHT879). A FolA 3= F 2 flavonoid A
0 & = naringin, hesperidin, neohesperidin, rutin, naringenin, hesperetin, nar-
irutin, nobiletin, tangeretin, sinensetin, natsudadain, didymin, poncirin, erioco—
trin, 5,7,4'-methoxyflavone, 4'-methoxyflavone %©] X% il vhFig. 11,
T(9).

Zba o] Eoldow 5ol 3= polymethoxylflavone (PMF) 3hekol| tofj 3k
o2 = 193499 Nelson©] Florida®] Dancy tangerine (Citrus nobilis deliciosa)
9] oA tangeretin (5,6,7,8,4'-pentamethoxyflavone)S ¢ 3} B 11(80)3}
%2, nobiletin (5,6,7,8,3",4'-hexamethoxyflavone)< 1938 Tsengo] < #A]
Wl Al A gom Felste] M akTh8l). Swift(1967)= Florida 2 ##] 3]
FZ 594 thin-layer chromatographic (TLC) system-S ©]&3}o] tangeretin,
nobiletin, sinensetin (5,6,7,3",4'—pentamethoxyflavone), tetra—O-methylscutellar—
ein (5,6,7,4'-tetramethoxyflavone), 3,5,6,7,8,3",4'~heptamethoxyflavone-2- 433k
A 2 ghEFe]l 13~91 ppm W YS HaLsklal82), Veldhuis 5(1970)&
Florida L. #A|F=204  tangeretin, nobiletin, sinensetin, tetra-O-methyl-

scutellarein, 3,5,6,7,8, 3'4'-heptamethoxyflavone &&o] HAA Ao & 2 ppm ©| 3}
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Fig. 1. Molecular structures of flavonoids.
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R R” R” Compound name

H H OMe(OCHs)  Sinensetin

H OMe OMe Nobiletin

H OMe H Tangeretin

OMe OMe OMe 3,0,6,7,8,3",4'-Heptamethoxyflavone
H H H Scutellarein tetramethylether

OH OMe OMe Natsudaidain

Fig. II. Structure of polymethoxyflavones.
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O-Ru”

O-Nh"

O-Ru”

O-Nh"

O-Nh"

OH

OH

OH

e e,

Lo

OMe

OH

OH

OMe

OMe

Compound name

Hesperetin 7-O-rutinoside
(Hesperidin)

Naringenin 7-O-neohesperidoside
(Naringin)

Naringenin 7-O-rutinoside
(Narirutin)

Hesperetin 7-0O-neohesperidoside
(Neohesperidin)

Isosakuranetin 7-O-neohesperidoside
(Poncirin)

Fig. TMI. Structure of flavanone—O-glycosides.

: . b L
*O-rutinose; "O—-neohesperidose.

@ jeju
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b A, HudA ¥ =& PMF o

o

HolE Aoz HaskgvhEs).
Tatum¥} Berry(84)F Valencia orange®} Rohinson tangerine peelol 4] TLCH &
2 13789 flavonoidE el aLl, o] FelA 356,734 ~hexamethoxyflavone
5 6709 A =% flavonoid A& T3k HaLskalth Flavonoid 419 &2+

Davis', A9l A FHFE=HRIZIH =), Fo] @ HZa=zvlE 789 H(82,34),

Ol

GCW, HPLCH S°] g9Jou, Davis¥e 7het Al&3ta ujgo] AHEe] tj=Fa
ol Ao Al vl Adg el GHo] gl ¥MEARulE 18 v] Y g4 o

gEol 7hwsitk AlRbol Wol FaL, i) AdiE FEdhet ool 9o,

I AFEA 54 2 Awsled b Aste Ao m ey I Q)

AERel PMF &% #4& 98 HPLC #2412 19799 Ting 5(85)¢]
Valencia orange 5229} Dancy tangerine =224 Cig Z ol o] s S & ace-
tonitrile/water(40/60, v/v)2} Cs Lo o]FAo =& tetrahydrofuran (THF)
/water (25/75, v/v)E A}&3}° tangeretin, nobiletin, sinensetin, scutellarein,
heptamethoxyflavone ¥ &S 4% w, Cis ZH 3} acetonitrile/water ©]& -2
nobiletin® heptamethoxyflavone, scutellarein®] 27} 2w =] erola], Cs Zd
3} tetrahydrofuran (THF)/water ©o]&3S o]&3le] #2435t Rouseff2}
Ting(1979)2 Y& sFAAF2004 5708 PMFE &&e] 0.13-1.00 ppmo.=
B339 2 (86), Bianchini®t Gaydou(1980)2 tangerine¥ orange peelol A
PMF¢] #2412 o]5Aro] heptane—isopropanol(60:40)¢]at, A& yo] 280 nm ¥
uf 7hd Fel7 2 HE A2 st H87). Gaydou 5 (83)2 orange(C. si-
nensis)®} mandarin(C. reticulata) peel oilell 4] tangeretin, heptamethoxyflavone

2 nohiletin®] 22} 0.5-2.8, 0.2-2.7, 0.4-2.0 g/L°|™, scutellarein, heptamehox-

7o

rlo

ylavone % sinensetin<- Z+Z} 0.0-0.6, 0.0-0.04, 0.07-0.3 g/L= 3FuFo| b
2 H33F% ew tangeretine mandarin®] orangeX.t} ¥aFo] =il scutellarein

£ orange’} mandarin¥.t} Evla vl Kawail 52 429 7d7F 68F0
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tsto] F-oE 2 24 9] flavonoidE +4138H%aL(73), 2452 3tirel thafA 23
9] flavonoids #243te] H I3t th@9). e <ld ulg PMF 1+ A F3
L9003 Aol AR 68Fl el 6719 PME-S Bal(91)h uk7k ol

el A el PMES] ghafell ik o123 Baik 5(92)°] HaEfel kil 4

A

LA

y] o A sinensetin, nobiletin, tangeretin®] A #& ¥ A9t Kim So] AlF
7r# 5o 4] nobiletin, heptamethoxyflavone, tangeretin®| w3k 157} H 1% A

2 TH(42,93,94).

2 A AbaFo] WkgAo] & 2 Ak A (reactive oxygen species, ROS)Z 7 %}
Aot olE @AAEE Al 2o HzkA A =4 28, 9w ¢, A

1= g}

R
o
C
Z
o=
2
oty
NE,
N
ol
o
B
oflt
o
P
o2
o
2
i%
ri"*:
o
rjg
ro
¥o,
i)
N

9y, FHAN, & 5 43 auan

"?I‘
BA AR ol A A s Al ET AR S dabsl Al7]aL Al xd T o

&
ot
il
P
RC)
o
£
o
Z.
o=
FP%
o,
mlo
T,
>,
F\U
v
S
o
Lo
e
<z
i)
A
2
o
2
=
ot
2
ot
oF
2
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Feb A9

Ans 2o AAE feRe] FAFAZ AL of

ATHE25). S FEo whet #H53t y)e] ]
A7l EZ HEAL e #ye AR Hde

509 A Xl sy =t o]F ol essence oil, carotenoid ¥ flavonoid, cellulose,

pectin, limonoid 5 A &4 & o]

= ErEel ATH4LE5).

AFn A ZFaed DA Citrus grandis Osbeck)= ¢d T W9x|gar

FE2e A5 Ad gE=2A, S5t &3, Aokl k= ol oA

o 7leAdes 7HRE AHEow

# J1usE Ao ose

],

ol dur 3= 3 oky

, B O=E

il
N

ki

ZAdg Adstag sol B

limone, obacunone, nomiline, naringin, neo-—

A2 4 2 GHAS 5T N5 AE )

71550l gk F7kRA ke g

o2z, AF A Asag

b

ok 2125(99,100), Ae e Aol i

2% #49(101-103), #50DH} FAH04-106)5 HEGoE F-E=E H ik npr}

Ytk AAE EAsE FaAEAS FAELAZ o]&sluA = dFE 2

Colok HANE 2 ABFHNY FelA oo AFY Fuss A7 A
gkedl, A7107), AW 20108), LEAH109), =4F, 284 R 2AH(110), &

o]
(111), ¢134:(112), #lA(113), WM3H(114) So] "EZ o]y, o]gdt 2EEL

tha kel gt gk uebfian glow b A Spel wiel 5938 22 &

}2 yolE A FHAY AREA FEF 3 ek

4. A29 YelEdy

Collection @ jeju
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Aae S5 Fuef o] vEkd CE drshal 7] wiitel AlF 54k
A=A et dEsur gy o]&Ha o, Citruss #deol de XY
o] 2)+= flavonoid¢t limonoid 12| 3L carotenoid £¢ A& v =35k A g
I e A oA L HAE ATkl JTHE3,63).

qEEE ZES AN 3 o AAR AHE B ol 9 ol AA
&5, 28 B2 Go axrt uvia dEA ofgown ] o]&Fo] gk
(B7,115-117). &3] 7= 3y o] FFEo] = hesperidin®l Y} naringin¥}t

O
o
22 flavonoid &2 A Yol F28 AA = &97F Jdupar &dEA glow

(74,75), ZAERS 5o FAAA adts dweta, deide] LDL e
7]

&

o]l AES FXIAZITH51498). 28U olF F8&
Aeld Zls5dEs Tastal U #HE 9= 2 77 AR 2ole A
Slofl= A #H7|Ha e AA o vH70).

Hesperidine 2| & A X389 oly e} X757 559 in vitro®t in vivool A o
7FA A 2 oFEAE(118)% @ HAS FUAZIAL BEAEH AFAEES Ha
AZlE 9, da of & T 8 B4 HEAEA AMSSE AOE HIAE
I JQHKT8). ofYEReEE FdSs B TA BIHA19), TAY AMEG
(120,121), H73 7] Sl wiste] d=EZ A RS I om FHske] W

a1k vh(122). Naringine Zd| ~HE Aslso] Slatl, st JdaasE 713 =
Aoz Ve THG,123). H3t naringine ol 23t 9] A ofjo] ddt A%
TaA209k Beleta AQliksl, S S ek e R Hxd
Aoz HMaFa Qui125). #AEF A9 ZTr-o]=9l polymethoxyflavone
(PME)= 2 doluy Fx2xve dao] o ®Wol EA4star 1ar(126), o=
stetEe] Aegdd A7 Bol Ay ar vk o]y gk flavonoid®] A2

AEE AR F FR L AFAAC] weh ol F uol=d, dnHo

o

il

3

lo

2 methoxy7](-OCHs)7} %-& 5=, F4H71(-OH) Xt methoxy”7l & 74+ 3%
=

=

Ho s

oY
o

g8 Holx= Aoz Wiy 9 u(127).

=
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Iwase 5(128)2 7= 3o A #2]| %+ nobiletind 3,5,6,7,8,3",4' ~heptamethox—
yflavone (HMT)& ©]&3}o], nitric oxide (NO)el| ]38 ol oulEawE o3k
A3}, HMT7} nobiletin®. v} 2ot 37F 1] %L A0 2 W39 2w, nobi-
letin® Al E=AE T} AZF72dE T 5448 249% 9d 5 FEEII29)
o QIzke] el MfolAzel F diAAxe FAFEA130), FH ML A
e ®aH(131)9F CH ksl mpole] 2o of

ot
otk
e
jule
boj
A
(i
=
H
_0|L
i&
id
o
w
D

Tangeretin®} nobiletine A Zol thafr] AE=4S etz 72838k g2k

A2 B a 9l3(133), 3 tangeretine A

24
o
il
[do
NE
2
s
ok
Y
1:011

s, A ze MEAE GEEG R AW Axe] B3 54 A5 4F Ao

2 HIsa JquH(134).
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Aeo] Aved WA (Citrus grandis Osbeck) 2 =FW7F (Citrus unshiu)
o Wyl AFFEAAE AAEA dAFA e G dolA ekl
Ao Alg¥H 2 A2 Fluka (Bushes, Switzerland)Y} Sigma-AldrichA}
(St. Luois, USA)2] AE& AFE3IATh Ado] A8d 4k 852 an
AEEIAE A AMG, 74 38349 celluclast, amylose2} amylopectin

=

2 termamyl®d} viscozyme, A=A (gums)E-S w33 ultraflo ¥ @yl

Sk
ol
b

o

AEF 542 protamex, kojizyme, neutrase, flavourzyme, alcalasez=A] NovoAl

(Novoeyme Nordisk, Bagsvaed, Denmark) 258 TA43Fe] AF-&3F3 T}

FHA Ao F=

1,000 mL ZHef~=d gd $470x AE 7 5gd 75 500 mLE 7}s}o]
pll (IM HCI/NaOIDE IAAIZl v &4 0
cubatordl| Al 12417 M ESIAA WS A T of 7]l AREE O] mAe] HA x

AL thS Table 13 72

B L
1
o
&

= 72 %743} Whatm

o4 2427 Fob AGeBA F%F F Whatman o HAL Jeel i, F5 )
g & 57 AZSA oS FEEEL BEE 2 mg/mlE 2 AER
AL
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Table 1. Characteristics of different carbohydrases and proteases in
hydrolysis process

Optimal

Enzyme Characteristics
pH Temp(°C)

AMG Hydrolyzes 1,4- and 1,6-o-linkages in liquefied starch 4.5 60

Catalyzes the breakdown of cellulose into glucose,
Celluclast . ’ 4.5 60
cellobiose and higher glucose ploymer

Hydrolyses 1,4-oa-glucosidic linkages in amylose and
Termamyl ] 6.0 60
amylopectin

Ultraflo Breakdown of a-glucans, pentosans and other gums 7.0 60

; Ability to liberate bound materials and to degrade non-
Viscozyme . 4.5 50
starch polysaccharides

Protamex Production of non-bitter protein hydroysis 6.0 40

Kojizyme Amino- and carboxypeptidase activities 6.0 40

Neutrase Endopeptidase activities 6.0 50

Flavourzyme  Endopeptidase and exopeptidase activities 7.0 50

Alcalase Endopeptidase activities 8.0 50
— 22 —
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T EedE AT
% Z2 9% S Folin-Denis® B (135)8 Waste] =A% A3
5}

w72t 7

o
H
)

B

4 FEE 1 mlL, 95% ethanol 1 mL, =HF
Foiln-Ciocalteu reagent 0.5 mLE 7}sfe] Ao 553 WA slo] wbgA7l &
5% NaxCO3 1 mLE 7}3faL o7 Z(A2)oA 1A17F d-&-A]7] Y8 725 nm

ol A

E{o{n
o

=g S48 & 299E g2 (Hcatechin ol &)skof =

Ba Aol v Adstg .

% ZHuwols FEE Zhuang 5O WWA3E)C] whe 7h 7 wale) wa

FEE 05 mLel 2 mLe F7F9 05 mLe 5% NaNOE i &3 + 6+

e

BREAIZ T 2 % 10% AlCl 0.15 mLE %al B 6153 w32 AT o] o

A 2 mLe 4% NaOHE ¥il & %S 5 mlLE SHFFE W & 1587 kg3

d

%lal 510 nmelA SAAY 5 EFhHmol= FF2 quercetin EFFEOl 23}

of 2k Hekilel wel ALks

Gakel A7 ] DPPH radical 24242 Nanjo 52 W U37)0 2 =H

ol
-
2
[@p)

0 uL Al& & 60 uL DPPH &<} (60 uM)-& #7Fste] 102 &<
wwkel e E3hgh-S quartz capillary tubedl] %7 $ 2% Z o] electron spin
resonance (ESR) spectrophotometer (JEOL Lts., Japan)® ZAs 9ty ~H9EH
2 scan time: 2 min, field: 337.1 + 5mT, time constant: 0.3s, power: 1 mW,
amplitude: 1x50098] Aoz 7|E5 3}t g2kl A 5o 3k DPPH radical®] %
AL ot o] A& ol&ste] ALtESit

DPPH &tz 27424 (%) = (ESR signal intensity for medium containing
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the additives of concern / ESR signal intensity for the control medium) x

100.

(2) Hydroxyl g}tz AA g

g2kal A& 2] hydroxyl radical &2A &2 Rosen 59 WH(138)0 w3}
ZA43Ah &, dAd T Al 20 uLE e-tubed] FL F 97| 0.3M
5,5-dimethyl-1-pyrroline-N-oxide (DMPO) 20 uL, 10 mM FeSOs 20 L ¥ 10
mM H202/0.1M phosphate buffer (pH 7.4) 20 ul A 7}sle] 5.3ksk v} 2129
Al 258 WEA|Sk 3 quartz capillary tubeel| 7] ESR spectrophotometer® =4
3. A2 E- LS scan time: 200s, field: 3461.3+50G, time constant: 0.3s,
power: 1 mW, amplitude: 1x2009] XA o=z 7|Z3 ). IrreA s o3k
hydroxyl radical A~A &4 2] A4S 99 DPPH radical 2A&A =4 ®Ws

& A3k

i)

(3) Alkyl &z A~ALA

gratsl A 59 alkyl radical 27848 Hiramoto 59 HH(139)e] &3t =
AskFTh ks A5 20 Lo S 20 ub-S £ & 40mM 2,2-azobis
(2-methylpropion—amidine)dihydrochloride (AAPH) 20 pLE %3 40 mM «a
—(4-pyridyl N-oxide)-N-tert-butylnitrone (POBN) 20 pLE &3rst v}s5 37C
ol A 30%3F WHS ¥ quartz capillary tube®] &7 ESR spectrophotometer=® =
Aotk ~2HERL scan time: 200s, field: 3461.3+50G, time constant: 0.3s,
power: 1 mW, amplitude: 5x100¢] @A oz 7|Z3 ). &4ts Az sk
alkyl radical 2724 9] A4HS £19] DPPH radical 2784 =4 Wiy 5

3},

(4) Hydrogen peroxide (H:02) 4724
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Hydrogen peroxide 2728 Millere HH(140)¢1 2 ,2-azinobis(3-ethyl-
benzthiazolin)-6-sulfonic acid (ABTS) peroxidase systemol| 4 ZA3} T}t 96
well plateol| A/ A &8 80 uL, 10 mM 02 20 uL phosphate buffer (pIH 5.0,
0.IM) 100 uLE 2o 37CollA 5&3F vHgA AT 21 & 1.256 mM ABTS 30 uL
9} 1 U/mL peroxidase 30 pLE ¥il =33 & 37ColA 10%7F ¥F-&-A)7)aL
enzyme-linked immunosorbent assay (ELISA) reader (Sunrise, Tecan Co. Ltd.,,

Austria)Z o] €3t 405 nmolA] &FE=E =45}

SAA

B Qe A9 At 38 W 24 F

ol
ol

g ot

b
&

A% e e,
SPSS 11.1-& o]&3sle] Haa3ke FoAE ANOVARE fAF38 & p<0.05 +5
w5} gt,

=z
e

=
2
o
}011
11
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p
-

Table 29 e

A=

L 34.3+1.2~51.7+1.5% WY =A viscozyme FEE

T
W

oA 7} kot ultraflo

=TE&S 40.3£1.5~52.0£1.7% W EA koji-

i

i

ol /] 7} E=gko} flavourzymed}t alcalaseol| A 714 @

F28

zyme

=3 ]
=4

TEE 44.7+1.5~57.3+1.5%

Ny

==
=

o

bz
oy

A=A viscozyme FEEONA 7P ko, celluclastel]l A 7HE wEkTh g

=3 ]
¢

T 52.7+1.5~66.0£2.0%

Ny

==
=

=

}, neutrase®} alcalaseolA] 713 v

$ 24 kojizyme

)
=

30.7£1.22%

o o] )1t

ke
T

(FHA2] AMGS} termamyl

tel A e

<)

A77+£1.5% = A

2ol W)

i
fi%e)

bz
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Table 2. Yields of enzyme digests from dried C. grandis and C. unshiu
peels
(%, dry base)

Enzymes C. grandis C. unshiu

Viscozyme 57.3+15° 51.7+1.5°

Celluclast 57.0+1.0° 34.3+1.2°

Carhohydrases AMG 447+1.5° 41.7+0.6°
Termamyl 45.3+1.2° 42.3+1.2°

Ultraflo 50.0+1.7° 36.7+1.5

Protamex 61.7+15° 48.0£2.07

Kojizyme 66.0£2.0" 52.0+1.7°

Proteases Neutrase 52.7+15° 41.3£15°
Flavourzyme 56.7+1.5° 40.3+1.5°

Alcalase 52.7+15° 40.3+1.5°

Water extract AT7+15 30.7+1.2°

Values with different superscripts within the same column are significantly

different at p<0.05 by Duncan’s multiple range test.
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A Ay FE=EY % EEde FE2 A4 5364483~7623+135 H
584.7+3.1~660.3+16.1 mg/100g WL =A], ultaflo FFEA A 71 =74 eSS
- celluclast FE=EA 7 9A Yebth @A Eeahol 9fg &

2 FaA By FEEEY § EYdeE e 77t 564.346.7~655.3482 ¥
577.7+75~646.4+152 mg/100g M 24, 27t alcalase ¥ flavourzyme F%

=
oA 7Hd E %o protamex FEECNIA R vhokth mI dF-o aAE(H

IE 27U FEEEC WaAe ngte 2 s Yy S 25
W2y Jiate] B FEHEES EAFEFEE nske] ofzl A} uj=dk FhEF
S YERHRIY. Mahinda §(141)2 5327 FAES B 53lE 2dissE §

st & A3z 2 5 Zgde g53s =48k 500~700 mg/100ge] =F
5
Sheko 836.8 mgleelil

wagoH, Kim £(142€ 53 A7jdz 93 yage] 225 3e] 1268

0~200 mg?% AEo|dttar H
Sz, olel @ Aol ARe] AxEA, FEFY, FHEd, AFE, FEUY

59 zolo 293 Aoz
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Table 3. Total polyphenol contents of enzyme digests from dried C.
grandis and C. unshiu peels

(mg/100g, dry base)

Enzymes C. grandis C. unshiu
Viscozyme 621.0+13.5° 739.4+ 4.0°
Celluclast 584.7+ 3.1° 536.4+ 8.3"
Carbohydrases AMG 599.6+ 1.7°% 687.2+18.0"
Termamyl 611.1+14.4™ 656.3+16.8°
Ultraflo 660.3+16.1¢ 762.3+13.5"
Protamex 577.7+ 7.5° 564.3+ 6.7°
Kojizyme 581.2+ 6.0° 580.7+ 9.9"
Proteases Neutrase 578.2+17.2° 597.6+ 7.5°
Flavourzyme 646.4+15.2° 655.3t 8.2°
Alcalase 593.6£17.3% 661.8+ 1.5°
Water extract 586.211.0° 606.1+3.8"

Values with different superscripts within the same column are significantly

different at p<0.05 by Duncan’'s multiple range test.
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24.3+0.1~36.6¢1.1 mg/100g W9 =ZA ultaflo FE=ENA 71 %o, 747t

30.0+05 2 258+£09~286+1.1 mg/100g W =4 22 alcalase 2 flavourzyme

FEENA 71 =ko v, 27 protamex ¥ neutrase FEE A 7R gkl

mamyl¥} ultraflos Al ¢lstils EAFEEE0 vge] =2 T8 e AT
Mahinda 5(141)2 &F2 3 FAES g5aE Falaas 233 & dxx
o wE F STExolE TS Aol 1 kel 86—-85 mg/100go] & 33
oY, Kim 5002 27 4 T £ EttrwolE g7 WstE SA 3o

5o 997~4821

H

Fyje] & Zgyol= ke 11.73~4821 mg/g WSl
mg/golH, 54 Fol ofzt F7hdtia seled, £ A5 A
o] Asrrhs wekou Kim (949 Z#e ol= A dA33th Yang 5
(690l o)atw &7 wyle] Feppmol= RS oF 3453 mg% (rutin 13.6,

=

ahinda & (141)

naringin 241.8, hesperidin 285.2, neohesperidin 3.6, hesperidin 1.1 mg%)= 4 3}
5 (1994 mg2)¥.vh of 174 x3 F75% thdstAl St Bassct 2
ATAY o509 ApurtE vA JEET

}

Fev, old @ Aol Ame Axx,
Aol Sl o@ Aow waAr.
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Table 4. Total flavonoid contents
grandis and C. unshiu peels

of enzyme digests from dried C.

(mg/100g, dry base)

Enzymes C. grandis C. unshiu

Viscozyme 28.7+0.3° 2 +Qa°

Celluclast 26.0+0.4 35.7+1.68

Carhohydrases AMG 24.3+0.1% 28.6%1.1°
Termamyl 32.7+£0.7" 26.6+0.3°

Ultraflo 36.6+1.1% 59.8+0.9"

Protamex 27.0+0.3° 18.4£0.5%

Kojizyme 27.4+0.5 21.4+0.7"

Proteases Neutrase 25.8+0.9 25.4+0.5
Flavourzyme 28.6+1.1 28.2+0.4°

Alcalase 27.9+0.1° 30.0£0.5"

Water extract 29.7+0.3° 22.0+0.3"

Values with different superscripts within the same column are significantly

different at p<0.05 by Duncan’s multiple range test.

_31_

@ jeju



L2

4) DPPH #dYZ& £ A

(2 mg/mL)2] DPPH radical 47

FEES

R

)
Table 5l veRHITE DPPH AA 848 AMG

o

1o
i

=

b

e

=
i

20.2+0.5~86.4.£2.5% ¢ =4

ol
=

28.6+2.0~67.2£1.8

grom  AMGS}

1)
P

}-

viscozyme

57.2+4.0~74.8+2.4% H 9]

ol
=

7Yz} A41.241.2~61.9+1.6

DPPH radical &7 &%

7} alcalase ¥ flavourzyme

o, %

2 A] Kkojizyme

ol A 717 wreko flavouzyme

& &9 viscozymeT}

o}

alcalase F&&

ol
=

kojizyme, neutrase

ol

celluclast, —18]al

@]
5

] viscozyme F==- 86% ©]42] |

= =]
- ©

b

|

o

viscozyme3}

e

o}

vis—

a
_zrc
N

A e %

A
gl
o}

KeN
=

cozyme

gk C

=
=

KeN
o =

3} A]
=

3 o] DPPH radical 47

Z99 gER

(144)--

==k
(e}

Shin

junos® eSS FEE 10 ppmol A 7.67£1.29%, 100 ppmell Al 22.09+1.53%, C.

s

unshiu®] e FEE 10 ppmel Al 2.03+ 1.87%, 100 ppm 15.67+2.49% =}

E yehdidler, ol#d Aol

Aol

Mahinda -5 (141)--

i

i3]
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Azxz7Ae| wE DPPH radical &2AEAS A8t 2 ghgFo] 0.10+0.01~
0.24+0.01 mg/mLz} 39w, Kim 5(145)2 of& 7+ #59 DPPH A7 &A

S AT 1Cse 132.2£16.4~609.8484.2 ng/mlLe} s}t
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Table 5. DPPH radical scavenging activities of enzyme digests from
dried C. grandis and C. unshiu peels

(%)

Enzymes C. grandis C. unshiu

Viscozyme 86.4+2.5" 67.2+1.8'

Celluclast 79.3+0.5° 55.6+1.2¢

Carbohydrases AMG 20.2+0.5" 28.6+2.0
Termamyl 66.7+£3.0° 50.9+0.5"

Ultraflo 38.642.1” 28.9+2.6

Protamex 68.2+1.2¢ 47.8+0.9°

Kojizyme 74.8£2.4" 61.9+1.6"

Proteases Neutrase 70.3£0.5% 44.2+1.5"
Flavourzyme 57.2£4.0° 55.6+3.0°

Alcalase 132897 41.2+1.2°

Water extract 72.2+2 4% 23.4+1.2%
Vitamin C 96.0+0.6' 96.0£0.6'

Values with different superscripts within the same column are significantly

different at p<0.05 by Duncan’s multiple range test.
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5) Hydroyl &9z 4&A
FH7 Ay A4 FEEE9 hydroxyl radical 2AEAS =
4t A= Fig. 1o Yepdsleh, 2534 9 972 33 9] hydroxyl radical

EABHL FEEe| Fol F/HFl Frlskgom, AvHoR FRA A3 FE

FH7F kojizyme > G A kojizyme > =FH 7 viscozyme 2]

A} viscozyme >

ME =& A4S HErdYh Shin 514402 A9 =7 #99 hydroxy

radical AAEAES A C  junosd o¥®E FEHEE 10 ppmolA

49.01+6.97%, 100 ppmoll A 55.56+1.37%, C. unshiu®] °l &=

39.704£5.63%, 100 ppmol Al 54.76+£6.29% %} 3}t AT A ols9 Aot

& AolE YErdAEdE, ol# e Aole Alme] ARz, T, Sz,

AdEd, FE84 T Aold 9 Ao E ATAT. Mahinda 5(141)2 &F

Wz BAbE S AMGZ 7Fpiasr & Ax 270 W& hydroxyl radical 27
%]

274 9] ICs<- 0.29£0.01 ~0.71£0.05 mg/mL# st =], ¥ A1 23 o]&9
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Hydroxyl radical scavenging activity (%)

Viscozyme Kojizyme Viscozyme Kojizyme

Citrus unshiu Citrus grandis

Fig. 1. Hydroxyl radical scavenging activities of enzyme digests from
dried C. grandis and C. unshiu peels.
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A @ AR B3] §4 FEEEY alkyl radical 2AHEAAE FH4

o

A viscozyme > =-FH 7 kojizyme > FHAF kojizyme = =FH 7 viscozyme2]
AMZ e @S UERHSTE Mahinda (14D 2FET FAlES AMGE
JheRE s & o Axzxdd wE alkyl radical 2AE#49 ICsxS 0

0.09£0.003 mg/mLe} stivt. & A5 A3 o9 Ayl & AolE YEHlAE
o], ol g xpol= o]E9] A7) HES THEE F A= Ay e 7jEe] F4F
EE0] £FH Ue AlEolH, EI EE A

Ql Aoz yekerh

o
e
)
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;
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o,
i
§
)

i
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(2%) £31A19¢ SUISUIARIS [RIIPRI AV
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Citrus grandis

Citrus unshiu

Fig. 2. Alkyl radical scavenging activities of enzyme digests from dried

C. grandis and C. unshiu peels.
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7) Hydrogen peroxide 4 7] &4
FHA 2 FEE gy 4 FFEEEY hydrogen peroxide A~AEAS
S " G 2] 2] hydrogen per-

oxide &AL FE=2 w7l 7k wEh ofty Frkskelen, 1.0

v 27U #3909 kojizyme FE
3
=

I
=
e AASAS eI 34 FEEE ICha 25747 viscozyme >

=

V
rlo
N

A7k kojizyme?] AR

ru (o
oX
o

%

G- A viscozyme =9 A kojizyme
UebATh Shin 5(144)2 4" e 3399 hydrogen peroxide 224
S ZAHTY C junos® e FE=E 10 ppmolA] 11.83+4.68%, 100 ppmel A
25.76£1.44%, C. unshiu® &2 F=& 10 ppmolA 13.15+5.35%, 100 ppmel 4]
23.61£3.53%zt stivt. & A A o] A Aet & AolE YESRE
o), o] o]&9] Aol AREH e

oz} dwt¥th Mahinda 5(141)2 =FH3 FAHES AMGE 38 & dx
Zze] wE hydrogen peroxide A~A 2442 ICs< 0.65+0.03~0.99+0.05 mg/mL
o sialed, & A7 2 ol=9 AAe A AT A F=
ICoo2 FHANA 25 =AY 2FEd3 vl=2dk 4kst @& Bvi(Table

6).
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100

7 0.25 mg/mL
0 0.5 mg/mL
1 mg/mL

B 2 mg/mL

Hydrogen peroxide scavenging activity (%)

Viscozyme Kojizyme Viscozyme Kojizyme

Citrus unshiu Citrus grandis

Fig. 3. Hydrogen peroxide scavenging activities of enzyme digests from
dried C. grandis and C. unshiu peels.
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Table 6. IC5 of enzyme digests from dried C. grandis and C. unshiu

peels
(mg/mL)
Reactive oxygen C. grandis C. unshiu
species Viscozyme Kojizyme Viscozyme Kojizyme
Hydroxyl radical 1.41£0.15"  2.2940.16° >3.0° 2.12+0.09”

Alkyl radical 0.08+0.01° 0.19+0.01° 0.19+0.01° 0.16+0.01°

Hydrogen peroxide 0.52+0.01" 0.53+0.02" 0.48+0.01° 0.84+0.08°

Values with different superscripts within the same column are significantly
different at p<0.05 by Duncan’s multiple range test.
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A+ (Citrus grandis Osbeck)i= 2009\ 3ol =jx sk 3}

o
&
& AFE AALA HAdFol = wibddlel Faskdth 24l AbgE

iy

¥, 183l hesperidin, nobiletin, tangeretin, 3',4'5,5',6,7-hexamethoxyflavone,
3",4' 5" 5,/ 7-pentamethoxyflavone, 3’4’7 8-tetramethoxyflavone< Extrasynthese
Al (GENAY, France)®=5-B T8l om, 78 4 = A7 A2 HPLCH

Aepg MBS,

FaA e BE 2 5
G4 3] AR 1 kg® FREE AR T, SHRANE Bastel 23 ol
&9 Wx 20Cel A wESH FHA Hole) BEAGE vhest guhod

T Az SEtame) FaA du B 6.259%, yveast extract 1969 glucose 1%

)
£

F ZE2E2 Qo 1 LE AxdI}Yen 3 N NaOHS o] &3¢

g =] e}
AA 3R] pHE 7002 x4de & 7SHEr(1217TC, 158)313th waE o+
2 AR H oI &R, Saccharomyces cerevisiae (KCCM 35053)¢] Aujoke YM

broth ¥ el A 25°C, 54z &7], wHkzEzA (120 rpm) kol Al B kstalth. B =9
vl Qkelg AA AR da) wjA e 2% (v/v)7t HA &8 mjd2 37T
A A8AIZE kel &k (70~80 rpm) 3FA LS 4A8AIZE & T 7}
Pyt FomA LRE EIT wieke] eud FaAk vy Ta e -80T
oA W& Bad § F2Ax7|E olgdhe] 4847 Hxddith dxd waE
21 g 80% ol®E 100 mLell ¥ol AolA 2443 FEElon F5 F

membrane filter (0.45 num, Whatman, USA)= o 3}3}o] AF&3131 T}
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3) F =¥ o= A= (HPLC/MS #4)
H 2o AFE¥ HPLC/MSi Thermo Fisher Scientific AFe] LXQ (San Jose,
USA)E AF&3tadth & HAEolM = DA oo o] Ffi¥ejFrial By

o] % neohesperidin, naringin, nobiletin % & &7 ZTH wmol= EFEES
2L ZAoA FAlel ®AF g e HPLC ZA3 LC/MSOl tia 2z

t}e Table 73 v} HPLCS columns YMC Cig column (5 pm, 4.6
250 mm)-& AFE3FH AL, olE g Av WEE, BE B8 AFE3A T o] &g
= eSS 10/909] &= AlZFFSle] 4080 100/09] vl&=Z F2A3HT) of

S H4€ 08 mL/min®® 5A3 AR FUEL 20 uLE LS
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Table 7. HPLC and LC/MS conditions for the determination of
flavonoids in C. grandis peel

A. HPLC
Company ThermoFisher Scientific
Column YMC Cis (5 um, 4.6x250 mm)

Mohile phase

A : Methanol, B : Water

Time (min) A (%) B (%)  Flow (mL/min)
0 10 90 0.8
Gradient 40 100 0 0.8
50 100 0 0.8
2 10 90 0.8
60 10 90 0.8
B. LC/MS
Company ThermoFisher Scientific
Ion source ESI source
Polarity Negative(-)

Mass range

Sheath gas

Scan type
Capillary temp

100-1,000 m/z
50
Full scan

3507C

@ jeju

_45_



1) F=558 9 F ST wol= P
G52 93 (Citrus grandis Osbeck peel, CGP)®} w2 3y was
(Fermented Citrus grandis Osbeck peel, FCGP)2] 80% d&% F&H& & 2

FotEeole Biekme] FEke w48 A= Table 8% v FE FE2

Hath olgt e ZeHle sig=ES A=Al de +x3ke 23 tiARbE 2 A

TA & VA= e setE S S A% e A o2, hydroxycinnamic acidE Y]

% o] ZevE PES AxY, 3R, gad s ol AHE Ay
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=AY, FA7E B3 Fagole dlE e Txe FH
o3}
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=
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Table 8. Yields and flavonoid contents of C. grandis peel and
fermented C. grandis peel extracts

(g/100g, dry base)

C. grandis peel Fermented C. grandis peel
(CGP) (FCGP)
80% EtOH extract” 20.66 17.11
16.43Y 22.02
Flavonoid”
(3.395+0.08) (3.768+0.07)

VSolid extract (g)/ 100g of raw material (dry weight).
“Flavonoid content (g)/ 100g of raw material (dry weight).
Flavonoid (g)/ 80% EtOH extract (g)} x 100 (%).
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2) DPPH =z 2784

A& A AN GistAY BEeHe T2 gAEA Y free radical A~ F,

o

H42v chelating 59, FAH3 40 &4 A3l §49 oA Fgow HAG
stt), 1 Fol A% DPPH radical A~A %] ©]&% & DPPH (1,1-diphenyl-2-pic-
rylhydrazyl) radical® &8tz o2 FouE= vz QFA S radicalZ2A], o] w st
WAl A AAE T o afol Aol flojzivh o] WS lip-
oxygenase°| ]3¢ A H4kst wkEA oA el tel &g SAHAvete FZ §-3hs)
o HEstAARE Aol =2 AHE JHA AL YrH148). 2 Aol A CGPst
FCGPell w3 DPPH radical 47158 A Z¥= Fig. 4ol yebdisldh
DPPH radical &~H &4 CGP9 FCGP =+ 150 pg/mLelA 1,250 ng/mL7}<]

TR gEHoR Tk Ae = F dNeH, 53], FCGP &7 842 35%¢°l

~

2 83% 7t A 32 DPPH radical &4 A4S Btk &k F/AF 3y FEEo|
et ICs #HS Bk wol®= FCGP7F 261.3 ng/mLE CGP 485.3 pg/mLX.T}

=9 DPPH radical &7 €4S H3uh
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Fig. 4. DPPH radical scavenging activities of extracts from C. grandis
peel (CGP) and fermented C. grandis peel (FCGP).
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3) Hydroxyl &dZ A A A

Hydroxyl radical &/34Fa 2o FollA sted o=z 71 wkgAdo] =,
A AsE JjAskal DNA £4-5 F7u eddlols fdshs =d=2 44
ar, AL At A A B = A F watstEolu ke AT) Fe'lu
Cu”ol-9 &4 stolx A=Y 714 H2o] 43 free radicalo] th(149).
Hydroxyl radicaldll th3l CGP$ FCGPY 47%& =A% Aab= Fig. 5o e
et Hydroxyl radical® #4422 e CGPE FCGP E5% 625 ng/mLel Al
5000 ng/mL7AA & ojEd oz ol FrtslE Ae B Ao, gE
o)z Ao wlgte] thaA %FF &2ABE HAATh ICo #hS HW FCGP7}
1,474 pg/mL= CGP 2,361.3 pg/mL B.UtE =& hydroxyl radical 24 @434

AT,
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Fig. 5. Hydroxy radical scavenging activities of extracts from C. gran-
dis peel (CGP) and fermented C. grandis peel (FCGP).
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4) Alkyl &% &~A 24

Alkyl radical® hydrocarbon reactionol] ] %7] wh$ AAER wo] FA AL
ol HEIAMFO] Abaol w=EFHEW A ARSI oy o= free radical
of e &

MAIATE o]Z 13 peroxy radical¥} FAitstE 2 AT olg8 A JAH XA

0

3} 2 WFake] methylene (-CHo-)7]| 258 F429 A7) &3 ek ule}

[e]
kel

HikstER Qo] A AFAL] 24 Wiz | wWelel A sk AA
9 fluidity @] 74, membrane potential®] #4, o] &FjA o] FUt AX 47| H
WE=29 & S°] ANHIL A5 AE7|ee Ast AxY 55 22U
T vk AdH{As = 29 Fajibs ol A Fag dEEo] do
o A AE 75 A, GuIAd AA, thrombin HHBAHE I 22 F38l] &
|Eo] Haso] gty oo we} A apikstel AEF el & 4 9lE alkyl

radicale] 27AB4¢ B3 1 APBARARA beAS B shag s

H
H

=0 3t
I T =

Fig. 6= »d A4 ez b2 #dudst 0, Hrhs ¥ 504
do] Yetv= Ae B 4 glow, 53] FCGP= 150 ng/mLolA % 60% ©] %]

alkyl radical 2A&A& BT} T3 CGPe FCGP &5 300, 600 ng/mLA M)

bahy
o

SAE B o ICs #<2 FCGP7F 909 ng/mL= CGP 159.3 pg/mL H.t}h
B UEih 2R Y 9HA de] BR FEEC iAW FE

2
T AT

i
flo

et

BrlE =2 alkyl radical 2AAEA S 7R = AL Bl

il
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Fig. 6. Alkyl radical scavenging activities of extracts from C. grandis
peel (CGP) and fermented C. grandis peel (FCGP).
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5) Hydrogen peroxide 4 7] &4

A ABAAE hydroxyl radical 22 &4 AAaEL HkgAo] thds] =l
A AU 8] superoxide dismutase (SOD)7} superoxide® hydrogen peroxide® ¥
3} A1 7] a1, catalaser hydrogen peroxide® A A3, 3HH glutathione trans-
tol @53k SODel

-
o8] A E peroxideE A AT v} AA oA 23 E oxidase stress?t

.‘d
Ol

o s
= X9

ferase®} glutathione peroxidaseS-< ZH A4 o] 1

A

p s

©,
2
=
ie)
>
ke
i
rlo
i)
=L,
[-d {
oot
oty

S}71de 7heske] wEgSEAIRE 48k oxidase
stresst™= A EXMEHE L 07 necrosis®t apoptosis® WA HACL H o E AT}
(150). Hydrogen peroxideo] ©3F CGPet FCGPe 275 =43 A= Fig.
7ol YJERHA L. Hydrogen peroxide A7 &AL CGP9 FCGP R5% 500 pg/mL
oA 4000 ng/mL7HA sEEE dAo] A FUFER FAAR s =40

2 Z7heklal ICs 4% HW FCGP7F 1,195 ng/mL& CGP 4,355 pg/mL 3.t}
23] hydrogen peroxide 4784 ¢] vk AS & F ATk

Ao A3E i A Ay e ks 44 BaAl ] By ARy
T ERE o83 TRE Toto EdY AR EH AREoE AIAHUA EA

of ket Aoz BEHW, o] FH<Idy] #8ke] DPPH, hydroxyl, alkyl
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Fig. 7. Hydrogen peroxide scavenging activities of extracts from C.
grandis peel (CGP) and fermented C. grandis peel (FCGP).
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Table 9. IC5 value of antioxidant activities from CGP and FCGP ex-
tracts

(ng/mL)
Extracts DPPH Hydroxyl Alkyl H20-
CGP 485.3+4.5 2361.3%£26.1 159.3%+12.4 4355%£29.4
FCGP 261.3£2.1 1474+14.5 90.9£8.5 1195£12.8

CGP : C. grandis peels; FCGP : fermented C. grandis peels.
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6) A ¥ FEEEHYH TN olE 3gtE 4

Table 99 A3 =5Y G2 3y BE FEEo] Ay A Ws 2
T7HE gotry] ekl FfA 3 CGPeF wEE <l FCGPel HPLC/MSe 9
st A A=vtEI9S Fig. 89 YEeRSITH Fig. 8¢ Z=ZwulE1dlodgA] HW
CGPH.Y} FCGPollA %2 peakEo] YEEton, 2 71X Zd o= AF-9]

Fhste AL

olgr = 9tk 1 &S Table 103 2t} Table 10& »4

el

arvtE P JVERY 3 ZFe 500 EE Fo| retention time$]
£o 7 13% "3k LC/MS 4 ARE Jepydu). 14504 788 A W5

I E - o ]

=5

3% (Naringin; 580 m/z, Hesperidin; 610 m/z,
Neohesperidin; 610 m/z, 3',4'5'5,7-Pentamethoxyflavone; 372 m/z, Nohiletin;
402 m/z, 3'A4’' 55,6, 7-Hexamethoxyflavone; 402 m/z, Tangeretin, 372 m/z)2]
LC/MS #t3t MS*E F3to] wasted lstivt. Sfak dvlo id Zzn

o= AE ZFo|A naringin¥} neohesperiding ©]7d &7 B 31(149)0] A 2} 7o)

b

N
By

T RS e Fsta itk BA e FEfeoln S REE
wHE2vtE Y Aol RTS LC/MSE S3te] &Qlstie™ CGP

F
ol A] neohesperidin, hesperidin % naringine AFSE kS Shf- FHo] gl

W n
o

Ol

oF £ ot} A 9, 11, 12, 13, 149 A E2E5L wa A Fo| &ko
3

e,
iz

7 pasta 9E A

< & F dew;, 159 11HA A&
Pentamethoxyflavones FCGPol A ZL &S Qs 4= gl wFo F& ol
4

o] 2A% <t} 3H FCGPoAE 3HES A

to
o
=
oo

=
of Fujel A FA WiAA ZA Fol TZEhE Ae FAAdd F AT 1~-TH7

Ao e FERFY Fexels REFEWRS MS 2 MS'E o] §3ke] nu
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Fig. 8 HPLC/MS chromatogram of flavonoids from CGP and FCGP
extracts. A; CGP, B; FCGP.
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Table 10. Peak assignment for the analysis of the extracts from CGP
and FCGP

Peak RT{(min) Identification polarity m/z
1 3.58 Unknown [M-H]~ 191
2 4.86 Unknown [M+H]" 260
3 5.54 Unknown [M-H]~ 180
4 7.57 Unknown [M-H]~ 447
5 9.38 Unknown [M-H]~ 165
6 11.78 Unknown [M-H]~ 203
7 20.48 Unknown [M-H]~ 595
8 22.35 Naringin [M-H]~ o979
9 22.78 Hesperidin [M-H]~ 609

10 23.28 Neohesperidin [M-H]~ 609

11 33.73 3',4" 5" 5, 7-Pentamethoxyflavone [M+H] 373

12 34.71 Nobiletin [M+H] 403

13 35.25 3',4" 5,57 ,6,/7-Hexamethoxyflavone [M+H] 403

14 36.63 Tangeretin [M+H] 373
_ 59 -
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o
&
& AFE AT EA WGl o FAAFANA FAstAT FHA 3] 1
2apstel -R0TAA WEF uEF F 54

=
Ax71E ol&3ste] 48417 Axsit dxd 3 2 1 g 80% ol&-& 100

mLol] Yol Ao 24A7F FE3Y o FE F membrane filter (0.45 um,
Whatman, USA)= o 33} o A 33 FEFE(CGP)S e Al52 3T

2) AE vl %

HL60 (human promyelocytic leukemia cells), B16 (murine melanoma cells),
HT29 (human colon cancer cells), MCF-7 (human breast cancer cells) %
Vero (monkey kidney cells) AXFE st M X728 (Korean Cell Line Bank,
KCLB)e. =55 £ ol 100 units/mLe] penicillin-streptomycin (GIBCO,
Grand Island, NY, USA)3 10%¢] fetal bovine serum (FBS; GIBCO, Grand
Island, NY, USA)e] &-f¥ RPMI 1640 ¥ DMEM ®#1% (GIBCO, Grand
Island, NY, USA)E A}&3lo] 37C 5% CO. incubatorol] A w3l o, At

Al 2 2~3del g " APl

3) FAE FA

12

A &3

ol
ol

Wa S s (OGP 80% o
MTT ¥9(151)e AFgstel 2489 o % 98 dAzEz ALFE 510"

A
oX.

1%e) FAE

i)
12

=

e

o,
0
-
03
<L
=

© HL6O0, F%¢ MCF-7, 359 B16
sy

cell/mLe w%= ZA3e] 96-well platee] ZF wellell Yal, A|EE vz H

Zbatatk olE 48 AIF HlFsE Th, 3-(4,5-dimethylthiazol-2-y1)-2,5-diphe-
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nyltetrazolium bromide (MTT, Sigma, St. Louis, MO, USA) 50 upL (2
mg/mL)S A7} AA7F Fot v wjkEkdvl Plate= 1,000 rpmel A 1057k
dARZET 2AAEA WAE AAS vFe, dimethylsulfoxide (DMSO,
Sigma) 150 L& 73] MTTe] 3o 93] AAY formazan A =S &3

A7l ¥~ microplate reader (Bio—-TEK instruments. Inc., Winooski Vermont, WI,

USA)E AHg3te] 510 nmel 4 §3=E S4stgn 4 Azsel dd 97 F

m
i
i

FE e Fogov, dETY FIE D nwstel A% FHolA 3

Ep AT

4) MTTE o] &g Ax A FA
CGP FEE9 A¥E 5A4S =437 Y3 WHoz MTT E40151)& A3

Ak Vero AEXFE 1x10° cel/mLE 2% & 190 pL 2 96-well plated] &

1

39lal CGP %58 250, 500, 750 2 1,000 pg/mLe] == A3ttt o =

A8A1ZF 37C incubatoroll 4] wj%kgt t}5, MTT (2 mg/mL) 50 ulL 2 H7}star 4

ﬂi

A zF Fot tv] wjokE Atk PlateE 1,000 rpmeoll Al 108-7F A E-)3a 24~

A wAE AAZ b, DMSO 150 uLE 7}sted MTTS 9 23 BA =

formazan A A ES £31A 2l = microplate readerE AF&3}o] 540 nmol A &3
25 ZA3AY. CGP =9 s%o WE Hir F4- ¢S 7o,

5) MfEZegol v Fiid HA (JC-1 staining)

Apoptosis7t =¥ A T sl mEFZ=ol we TS xAMe
7] 9%te] dual-emission potential-sensitive probe JC-1& AF&3}TtH152).
JC-1& 9 H$ (membrane potential)®l] Wz} red9} green fluorescente] H| &=
ol gia AnE el ook o]& ol&3td ¥ dn4 (Laser

Scanning Microscope 5 PASCAL program (Carl Zeiss, Jena, Germany)}3 BD

_63_

Collection @ jeju



FACSCalibur™ Flow Cytometry (BD Biosciences, San Jose, CA, USA) ¥W#H-S
ot CGP F&E didk HL60 AMxe = Afxte m& Fid-s 243519

.

6) AXF7] 4
HLE0 AXE (1x10° cel/mL)o] CGP F&E<& 250, 500 2 750 png/mL= 27}
2 g)ste] 48A17F wj%ksk = HLE0 AEE F53te] PBS (Phosphate buffered

>4
=
Y

baline)= A28kt HL60 MXEE 4TeolA 70% ole&E 30+ &<t

< PBS= A A3l3L, RNase AE # 2|38k th& propidium iodide (PI, Sigma, St.

{

Louis, MO, USA)= A8} 3, flow cytometry & A XF7]E 52433 tH(153).

7) | 23k Az o] de #FHF (Hoechst 33342 staining)

24-well plated] 1x10° cel/mLE HF38 & CGP F=E-< 250, 500 2 750 1
g/mLe &= 217} A2t t) 48417k v k3t ¥ Hoechst 33342 (Sigma, MO,
USA) 10 mg/mLE Z+7ZF 15 Ll A AHA7Lske] 108 59 37°C incubator oAl ¥k
SA A ©f
Az FeE 74319 TH154).

A3 #n)7 (Cool SNAP-Pro Color digital camera)S- ©]-8 3}

(i

303t lysis A7 & 12,000 rpmell A 20
=+ BSA (Bovine

WA 2 3] Bio-Rad protein assay kitE AFg3}o]

&
=
3
3
o
o
2.
=
il
b
N
L

Attt 20~30 pg9 lysateE 8~129% mini gel SDS-PAGE (Poly acryl-
amaide gel electrophoresis)Z W/ #]3l¢], o]& PVDF % (BIO-RAD)el 300

mAZ 2A)7F &9t transferdl vl 18] 9H2] blockinge 5% skim milk”7}
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# TTBS (TBS+0.1% Tween 20) &8 A2olA 2A3F &<k AAstadth ¢
WA by g By 913 g4 21= Cell Signaling (Cell Signaling Inc., MA,
USA)AFE] Bel-2, Bax, Caspase-3 2 PARPE AF£31% 0w, TTBS £ 994
1:1,0000.2 8] 4 8fe] Ao Al 1A1ZE ¥EgA1Z] § TTBSZ 33 MA3 AT 22
A 23 HRP (Amersham Pharmacia Peroxidase)”’} Z$Hd anti-mouse IgG
(Amersham Pharmacia Biotech.,, NY)& 1:5,0000.= 3]23le] Af2o|A 13+
WA 7l & TTBSZ 3% A A3te] ECL 7] & (Amersham Pharmacia Biotech.,

NY)3} 387 948 & X-ray ZEo] 7339 vH155).
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1) CGP =& FAXE T4 oA
el Faele Aydds vedle B2 AEEe] Fade] dvkal Wiy

of lom tHiEA S = naringin, hesperidin, neohesperidin, tangeretin % nar-

ingenin ¢ FelHxol=7}t Q) olF EgH kolE AEEo] FAkE 4 #
Gt @4dE yEdta Haselx 9 ow(156-158) 38 WA #yd=

naringin, neohesperidin % hesperidine] o] 3rH-5 o] Avh(149). webq CGP
FEEY FAX T2 A S E 4T FAXLE dFoE MTT HHE F3)
o A3l Fig. 9o YeEIAT. Fig. 99 A3E ¥ CGP F&=& 250, 500
2l 750 ng/mLe] =2 AP skal 484k M sk ele o o HT29, 8¢
MCE-7 ¥ 35 B16 A XA 40% nwte] 4 o4 48 HAR

dA et HL60 HAXNME s/ S71d & = AE 24 A &4 F7h8t

i
o,
o
s
s
v
b
r -|—“
CD
-
>
kel
L@
@
@
)
¥
il
o
o
_)Id
Au
=
=
2,
s
of\
i
12
2,

& B & g9lon, mel3 FRWE 250, 500, 750 2 1,000 ug/mL A 253

W A & oEAHo R AANE FA A FAo] FukeE AL B
ATk A HL60 AlXol CGP FEEL &9 At €4 oz AX F4&
AA A=, ol oW A4 2H(149,156,158) HlaLsle] HokS u CGP %
& qQhell FiEeolxl FHepEwol= AR Frtel whE Ayl ddEth webA
gelel HL60 AlEE HASste] apoptosis i 348 FAFsE Y. 83l CGP
FEE HAHS 437 f8t A AXEQA Vero AI¥ (monkey kidney
cells)ol CGP FE&& v E AHglste] 484k wigkst A= Fig. 110 e

WA Fig. 115 ¥¥, CGP &2 Hg3A &< controls 100% = 3192
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Fig. 9. Inhibitory effects of CGP extract against growth of the tumor
cell lines (HL60, HT29, MCF-7 and B16 cells).

_68_

Collection @ jeju



(==
=
=

-l —&—24hr

g’ g0 | —=—4Shr

£ —&—72hr

[ .~]

S 60 -

e

=

< 40 -

e

-t

g 20

| .

{3 ]

=

ol d | . :
250 500 750 1000

Concentration (pg/mL)

Fig. 10. Inhibitory effect of CGP extract against cell growth of HL60
cells.
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Fig. 11. Cytotoxicity effect of CGP extract on the cell viability of Vero
cells.

_70_

@ jeju



2) Apoptosiso] & v|EZ =g o} o E5A W3

J aggregate (JC-1) fluorescenceE

membrane potential) & A 3AY. JC-1<

o) =
AT

(527 nm) “gE= e}

lipophilic cation dye@ZA] 4

red—fluorescent J aggregate (595 nm)S &

Hel wEFselol ol

th(159). Fig. 12+

== == 1T

TE=

control¥ CGP
red dye°ll4l+= control 79

green dyeol A= CGPE

3 5 TE=E
< YeEdth T R4 AxE
=48} Fig. 135 H2WH CGP

A2 5 &

AN o]= CGP f

HL60 Al 32

intensity) #t¢l 117498t F718k 14856, 155.68 & 175822 ety
5E7b /bl ook ere) 29 Ak

CGP F&=9
A

©
=2
all
5=
oX
o
23
R
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MEEsYee Agtel

750 ng/mLs Aed &

A Fol A AL guka o

ol 2 CGP

5l A7) o = A apoptosis

o] &3t mEFZ=glo} 9 9 (mitocondrial

VEFEgol wel A Sold

o 1 A9 e A= green—fluorescent monomer

e w Aol =

A}, A E7} apoptosisZF Yol uA

2833 594 JC-10) HE Fatalol H4L =] @

T4 dvA e

Holges #3279
uw P8 el U

RE HE7t 9] Ho] 9ot CGPE Aeld T
= Aol AETL A A

okoku}l. g A

g@Iel @) vhehi

o A4 7

o
S

el

s PERCge} B o] F7hs)

4t
dlo

]_

e

O - =

£

Ol

ool W 12} flow cytometry "S- o] &

FEES 250, 500 ® 750 pg/mL

ul g F-¢l control L&A e FI (Fluorescence

o

=
SobA ] wwA w F by
< HL60 AMxe] mEZ=E

FeE

= (o]
fFrdtes As &
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Mitochondrial AW
Polarized state Depolarized state

Fig. 12. Representative confocal images illustrate the increase in the
green fluorescence intensity of JC-1 by membrane damage in CGP

treated HL60 cells as compared to control (Original magnification
x200).

Control

CGP (750 pg/ml)
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=8 &7
i Control 1 250 ug/mL
== =
< E =
§ 1 FI 117.49 § FI 143.56
= Q—_
s T
D;o"‘ 1ol lL1I||'.':f4 o™ 1ot ¢.ID° 10" 104
-~ £
1 500 pg/mL 1 50 ugsfmL
= =]
= =]
§8- FlI 155.68 §a_~ Fl 175.82
] ]
e =
3 1
g 10! 2o 1o e AT o' -
Loss of Ay Loss of Ay

Fig. 13. Fluorescent intensity of membrane potential was detected in
CGP treated HL60 cells by flow cytometry after JC-1 staining.
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3) Apoptosisol o= A¥ Jg L F7] W3}

kel

oE

Apoptosis = 7]7del wlgtel= FHEA THEE vhs AR Alxd W 2
T A7} T/ =] 24 94 endo—nuclease’t 43 o & o] DNA ¥4
o] dojuy, transglutaminase’} A8ty o] AZd U o] cross-linking
of dojuiiA Axd Fxo] dojubar o] A Yo w whAUIFE A apop-
totic body & H/dsh= Aoz d¥A Avh(160-162). wetA] CGP FEES €
stol-e W HL60 Al E7} apoptosis®] Fiel W& 84 W& Hoechst 33342

E Abgste] dle dMshal FREvFor @l Fig. 148 B FA Y

O

7% control< @] >Hdg 3 mFE yEal e v, CGP 250, 500

.

750 ng/mLe AYd Aol w7 SUEEE A ARl A HE

==

o} apoptosisE X% wf Fol&<l 3 ] DNAS T sle] odk A4 §=o
o]sto] apoptosis7t dojdt Aol dPA oz #A&EH = apoptotic bodyZb A

Y o wel v S or Stk A = TR ol E CGPel 9

¢

)

i

3t apoptosis Fr=e9 AEE AFHoz ulwslr] 98¢ DNA flow cytometry
RAG o] 43Ar}. o] CGP FZ o] HL60 Al %ol apoptosis f =8 £33
sub—Gy hypodiploid A¥%7} S71sk=A 5 4= Wty =, DNAd 5ol 4

o2 Zste FFES YeviE 49 PL (propidium iodide)= ¢ 44 8

£ o

flow cytometryE ©o]&3t ME F7|& 4393 sub-Gl TS M2
DNA ghafo A $k2F3lo] apoptotic cell2 WE-& 2 vehydel. 2 23 Fig. 15
Z B FX8 72 controld 2.3% AE9 sub-Gi HES HERHA oW CGP
250, 500 % 750 ng/mLS AE3tls A5 284, 384 H 499% = sub-Gi T

o] & oJEder Frteh=E Ae B ¢ AT wEkd CGP FEEol oF
HL60 AZ9 dege F7)9 ®WE= apoptosis 59 o] 9188 & 5 gl
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Contral : 250 g/ mld.

Fig. 14. Apoptotic body formation was observed under a fluorescent
microscope after Hoechst 33342 staining and are indicated by arrows
(Original magnification x 400).
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=3 =5
i Control 1 250 pasmL
2 ] &3
= Pub G, Sub G, : 2.3% = 15ub G, Sub G, : 28.4%
Qg_ ‘—?g_‘
F4 3:
i o 0> st oo 7 2ot g - P, Pt
FLZ-A FL2-A
] =1
1 500 pga/mL 1 750 pgasmL
=8 =
15ub G; Sub G, : 38.4% = 15ub G; Sub G, : 49.9%
I g
<= “=
= =
=% RO B TRl D o | e
FLz-A FL2-A

Fig. 15. Apoptotic sub—G; content was detected by flow cytometry after
propidium iodide staining.
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4) Apoptosis T¢H Aol vy w3l

old Aol A Felel CGP A e wE HLEO AlX9] apoptosis fEo o]
3= 71del dlAd-e 93] Bel-2 family, caspase % PARPS] wd W3 E
western blot2 ©]-83}o] ZAFSA UL Bel-2 family @92 nEF=glo} 9
Fd s ddtE ddR nEZEgo} to] EXEAL AE AMEFRE AS
of &&te] nE

=l Hog o|Edte] AEALL 2
ot} Bel-2 family §9A€ ofnlwik Ade] §

oj
rir
of
ro
[-4 {
PN
i)
rO
_|>i

o A}A]
anti—apoptotic ¥ & 3} pro—apoptotic T F o %
Ao mEFE=gol B npgEow olFdle " FAAS FIMAZHOZH
cytochrome c9 W3S =73t A ¥Abd

e METEYete] v BRGE ofAste] AxAEE oAt B

mlo
do
L
_O|L
K
rE
)
™
o
[y
2
(@]
o]
=t
=
o
o
=

th(164). HL60 Ao CGPE A gl & ul 2 FapAdo] 23 apoptosis =7}
dojul=x @A WU s F3le] g]ld] - A= Fig. 169 YER ST Fig.
162 B anti-apoptotic &2l Bel-2¢9] 28-S CGPE v E X833

ol FEA e Hgte] TR oEdow 43N S™ pro-apoptotic T

S

Bax®] -+ FA g Ftel Hste] CGP 557F =7Fsgke] (250, 500 2 750 ug/mL)
E 7 ATk wEkA = A9zl (JC-1 staining)

E confocal image?} flow cytometry 237} AA|&= Aoz Hol o] Fit
A W2 Ad apoptosis®] FEZE dejsko izt wvbdch Elal A X9
apoptosis®] ThFsk 71 Fe] &9l caspase activation= A ¥ W] wl# o]
caspasedl] ¢Jste] EHHHEA AF7F dLE= HABowA o] FRe| caspase
o] MxAPde] Boldt ™ caspase EH& Tl AxAPEe AnE wofd
ATH165). =3k caspase?] A skl FRFE apoptosis’t FEH RS W EoFHA
a7 dojy= 2 /A 34 @9WE F poly (ADP-ribose) polymerase
(PARP) &9l #& DNA repairtt genomic stability®] F#o] w-¢ 23 gt

S = AR A 9ow #AEE caspase-3°] ¢3Fle] wuA e F-g)r}
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doju PARPE] 7]5o] st sal, ARl Alze] - PARP w e
116 kDa®] &A#-8 7FA| A9t apoptosis’} €olwt A9 &5 kDa =7]9] wH g
#ZHAY 5 bande] TdEe] Hawvii HASIUHI6E6). Fig. 166 HW
cleaved caspase-3¢ @z @& ko] CGPE vz AHEsgdS u FA
of Hlgte] vk oEHow FrkskRl gskon AHHYATE AS & F AN
W 3 caspase-39] 98] @439 cleaved PARP dejo] whula oA w9

zHoz WY F7b5hE A4S ¢ + AAh

e A= i CGP FEHE2 HL60 AlXEo)A apoptosisE FFE3htfi= A2
A A BAL apoptosisd] = @AIQ] # Ao €i

& 5 AL}t ARxY =4S
dAom <3 Ty 7 apoptosis®] ABZA HEZ == apoptotic body

A4 2 DNA-hypodiploid 2HEie]l sub-G19] A4S 3189 western blot-S

53l CGP F&E0°] HL60O AlXE apoptosisE 5238t $218 A s= 714
S Feld = A} o= A CGP7F HLBO Al E£ZE apoptosis FE2Z £3 Z2

S AT F Y= 891E EExol=gta AR Eh ofd AT

B
iz Be Zuwo|=7 FiHe] givdn HuEe] 9ou(36149) E AFXA

X
)

CGP

=4 a7

ol A LC/MSE E3dlo] CGPe ZTtH wo]l=E E 43513t CGPl =

==

neohesperidin, naringin, hesperidin, tangeretin, nobiletin 5 4 <9 Z#H x=
o|E=F Fhfratal AT oj¥l FelHimolEs= EHEFEA 9 shitel 2
A 7E Anlske B Aol ol hyEo] driar duA ow H*

A7 Ashg wd, Eehuwolmol s, ¥, I 2 Y 59 Y2l B4o]

w0z

>

Auta B awE i Quk2-5). 2Eal St o= 3 A ¥l naringin® B¢ %
G2} EFo] Wol] a9 AR O EA HilEo] gkal o]F o] &3t ok A
P

388 Al

kel

= ¥ mouse leukemia ol Al apoptosisE FEdte] AME Z2]8 o4
SFE AL BWarE 0™ naringin® B]F A FEIQ! naringenin® WY Al EQ]
MDA-MB-231¢} th#er A £21 Caco-2914 DNA-hypodiploid A4S %3}

ME 28 A9 THIS6). EF hesperidin® F4¢ HEQ MCF-73 A9
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Aekel PC-39) A% androgen®] F4 2Fgo| w2 A¥ F28 A 39 3(167),
I 9o tangeretin®] A HL60 AlXE]A, nobiletin®] Al Ao} EF

SH-SY5Yel A Z+Z} apoptosisE F%8le] MY S48 oA HaESloh
&+

(168,169). oAl Eefumol=x Ax vt B2 W] §2 Welola] 283k
FEGFH GAE T2 A Ao FFE e dAEe] FA4E A
7] A3 AXU diAbe] 24 AA2A HH AX Jee FU)E WA oz A
ME2] apoptosisE F5% FAU170,171) &2 A WY A= S o] =7}

receptor, enzymes 2 kinasesolA] 3% &S Edlo] 24 IdAE FE9T
(172-174).
¢ Ay} ol AFE BEdUE HE GHA 33 (CGP) FEE R

ZoE o)== HLE0 oot A EZoA apoptosisE FEdte] AE Z24S &y

Aoz lAsGr)ol Bt BAHel 2 A4 AF A 24 ML ARLA o]
& 7HsAde] Fria o,
— 79 —
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Concentration (ug/mL)
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23 kDa e ——————
19 kDa A - B
89 kDa - - I —
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Fig. 16. Effect of CGP extract on apoptosis-related proteins in HL60
cells by western blot analysis.
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