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stEe] & AFEste] A7) Wl wet YR xolEA SEES AxE A, Y™ (naringin), #Z=HE
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# A (p38, INK 2 ERK) 9] QlatsH(&Ad s ol n X J&-s Adst Aoy,

uS HAl7] Pk 7AE e Ul

ojgl, HAldE Eot # WS ¢S FAS Aysir|R gk olE AHAAldE X B UHE dAshy] ¢
Aolm=z  HE wo] W97} o5 AAlde] 93] A== Ao A HAE et

AAd 1. g JAFE 183 FHE 0= g¥FE Ax

sta 2199t WE A E AHEst 747te] EFefR ot SEES AXEU.

7= A3 (100g)S Y5 AZX(lyophilizer, PVTED50A, Ilsin Bio Base Co. Ltd, Yangju, Republic of Korea)3t
o2 T BdE gkt e Wy 2%(5g)o 70% WE-S(30m)S Hrlete] 28 B¢t #HE3H(PT-MR 2100,
Kinematica, Lucerne, Switzerland)3}Slth. 33} Z3ES vortex mixer(G560E, Scientific Industries
Inc., Bohemia, NY, USA)= 2—‘:'r71— 33 & 9} 8% (Bransonic 3510R-DTH, Branson Ultrasonics Co.,
Banbury, USA)ellA] 10%7F F&3H5ith. 23] W =% v ARE EFsta oHAE AREste] o &
3200x goll Al 103-3F A4kl A s oom Zakae Ya 3"4 Fw7)(Eyela NVC-2100, Tokyo
Rikakikai Co. Ltd. Tokyo, Japan)E o]-&3lo] 7+t slollA &S A ASAT. FALE Iml ekl ol 2
AANA Az A7t FFEAN(L.7X2cm)oll A AT, smee] 4o w FHEAE A ths Sme] olEo}
Adle]ER &Eallth. &8ME 7Y stelA AASRT. ALE 1mee] wgkEe] A& st 0.45mm AEZ
AagRle A7 A Wl &7 vhy BAAES & 7R 20Tl A BaAsglTt.

4ge 1. %8 AN2TH 5 SduwolsA BYEe B4 2L F= Fa
A7) AN 1604 kg A9E AHgse] Ax Eehrwelta) H3Ee] 42 Helssr)

Cis A#o] Z2hg RP-HPLC, ol == 283 ESI-MS/NMS dHlolE¢l BauEe] 9= dojejele] nug %
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HPLC #2418 (1322A degasser, G1312A pump, G1313 autosampler 2 G1316A oveno] 2% 1100 series
chromatography system(Agilent Technologies, Palo Alto, CA, USA)S AF&38ted F3dstgict. A =ZntE 1wy
Abo] Bl Zorbax Stable Bond Analytical SB-C18 Z#(4.6X250mm, 5um, Agilent Technologies, MD, USA)o.
2 Fsigint. ol &l Al=ER 0.1% FAF F8AA) ¢ HRhE /P EUC]EF(1:1)(B)E o] Foj 3l o
A 1023 0 ~ 25% B, 1023tell A3 BE 70%= F7HAZ o o 30% &b T&wE &% thE BE S®
Zotd] A 2562 7HAAZ TS 108 For S8uE 2859t EYUEEE 0.5m/nin, Y LEE 35T,
Zh AgolA FYPZFS 0= st AZntEH T vlo]E]= ChemStation, Rev.B.0301 ZZI1H-g Al&-3}]
FASATE. AA APolA 250 ~ 600mme] HOlHE 2me FEIeom FHINon IR -ol=o M
280mmell A A 2vtEIRS FEFORM olFoMtt. Zehvke SEEe A T hesperetin®] o 3%k
=& ARgshglon, EeEAEeht 39e 5 nobiletin® HFF=Ale ARESte] sl

a|J

MS/MS A&& Turbo V™M source®t Turbo lon Spray probe’} #2Fel 3200 QTRAP LC/MS/MS system(Applied
Biosystems, Forster, CA, USA)& o]&3lo] 3}y, A& AFEHL positive iond SIMN BEZ 35}
O A% e F 14 NSNS Aelek WE e 16 MS/MS Hol7b RUEE vk, BioAnalyst™ w3
1.4.29F A E O] WA 1.4.28 7]7227 dolg o 27 AMgagith. dAag el 2 AXV|AR AS
shodrk. T 71A9) obge 45psiol it MAMET AL 5.5 kVellon A £ 500ToIith. 3 WA AL
FIAke} o] EFe] BT 0.6 2 0.8 Aol (&Y ®all). AHEA 2AEHL 0.05amue] LFAlo]=
2 m/z 50 ~ 800 Apo]ell A 7]F 5] AT},

280mm AZHANA 71BH 7 2FEe] 10 ~ 60¥/H PR AzrjEade wAdW 13 2o $4E 4
szl

B2 MS/MS HolE et 25 Fged ¥ 1 9 & 29 @k NS/MSE ol&3td olFEE =4, ©F
B = o] 7pA AgAle] E4], 22t (glycan) 9] =A, wiBAIES] A4 B otz e E I A g4 @%H'
o
Hail

%
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5
T ARE A& 5 Arh. Ehrkes FF Il =] Aol S AWet= = Domon¥ Costellool] 93] *
glycoconjugate ™ (Domon & Costello, 1988)o] o]-&%w }%ﬂtiil‘%ﬁ A= o]leE5L Magl—

Liol o8] 7okl wwwo] o] &®thMa et al., 1997). ]S wAEH % 33 Zh. X, Y and Zj& obF
O 3 -‘:531‘:5]‘
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AFe 002 FAHTH shdo] Balga REd % m Agolese A o B EAHE d o714 (=

i,jt
B()\_ ‘/J:‘/KOLE]X

DE #9E% Q= wgozHE ANNS W Bau= wjga 23] 4+ g A st

2es -nlel A%

o 418

i mb

¥ 1
NO. [Compound r.t [MtH]+ |Fragment(m/z)
(min)
1 Naringin 16.5 581 603[M+Nal+,563[M+H-H201+, 545 [M+H-2H201+, 527 [ M+

H-3H201+,435[Y1+H]+,419[Z1+H]+,401[Z1+H-H20]+,
383[Z1+H-2H20]+,365[Z1+H-3H20]+, 273[YO+tH]+, 149
[1,4BO+H1+,147[1,4B0O+H-H21+,121[1,3BO+H]+

2 Hesperidin 18.5 611 633[M+Nal+,593[M+H-H20]+, 575 [M+H-2H20]+, 557 [M+
H-3H20]+,465[Y1+H]+,449[Z1+H]+,431[Z1+H-H20]+,
413[Z1+4H-2H201]+, 395[ Z1+H-3H20]+,303[YO+H]+, 179
[1,4B+H]+,177[1,4BO+H-H2]+,151[1,3B0+H]+

3 Poncirin 30.5 595 617[M+Nal+,449[Y1+H]+,433[Z1+H]+,415[Z1+H??H2
01+, 397[Z1+H??2H20]+, 379[Z1+H??3H20]+, 287 [ YO+
H]+,179[0,4BO+H]+,135[1,3B0+H]+,113[1,2BO+H]+

4 Isomeranzin 39.6 261 243, 201, 189, 177, 161, 159, 145, 131, 128,
115, 103

5 Sinensetin 42.2 373 358 [M+H-CH3 1+, 343[M+H-2CH3 ]+, 340 [M+H-CH3-H20]
+,329[M+H-C02]+,211[1,3A0+H]+,162[1,3B0]+, 147
[1,2B0-H2]+

6 Tetramethyl-O-isoscutel |42.6 343 328 [M+H-CH3 1+, 313[M+H-2CH3 ]+, 299 [ M+H-CO2 ]+, 285

larein [M+H-2CH3-COT+,211[1,3A0+H]+,181[1, 3A0+H-2CH3]

+,135[0,2B0]+,133[1,3B0+H]+

7 Nobiletin 46.4 403 388 [M+H-CH3 ]+, 373 [ M+H-0CH3 ]+, 355 [ M+H-H20-2CH3 ]

+,327 [M+H-CH4-20CH31+,241[ 1, 3A0+H]+,211[1, 3A0+
H-OCH3 ]+, 181[1, 3A0+H-20CH3]+, 165[0,2B0]+, 151
[1,3A0+H-30CH3 ]+

8 Heptamethoxyf lavone 48.1 433 403 [M+H-2CH3 1+, 385 [M+H-2CH3-H20]+,241[ 1, 3A0+H]
+,211[1,3A0+H-2CH31+,193[ 1, 3B0+H]+, 165(0,2B0]
+,149[1,2B0]+

9 Trimethoxyflavone 49.8 313 298, 269, 255, 181

10 Tangeretin 50.7 373 358 [ M+H-CH3 ]+, 343 [ M+H-2CH3 ]+, 325 [ M+H-OCH3-H20]
+,297 [M+H-2CH3-H20-CO1+,241[1,3A0+H]+,211[1,3A
0-2CH3]+,135[0,2B0 ]+

Add 2. 38 JAEFE F3d FFHE=0EA FHFEY AA * 7= &Y
Ak S ARESE] 7] AAlel 164 BE 95 AREete] Az HetEol=A] 33

2%m1ﬁ24ﬂﬂﬁzﬂ H 7} FEE9 10 ~ 60E71A BE F2etEaRS TASHE 49 2o 54" A
o] NS/NS dHlelH ot 725 F3ahd & 2 ¥ = 59 Pt

i

#£ 2

NO. |Compound RT [M+H]+/[M |MS/MS

(min) | HI-
1 Neoeriocitrin 13.85 |-/595 459, 329, 311, 287, 151, 135, 107
2 Naringin 16.78 -/579 459, 313, 271, 193, 151
3 Hesperidin 18.43 |-/609 608, 325, 301
4
5
6




[0036]
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[0044]

[0045]
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7
8 [sosinensetin 41.07  |373 358, 357, 343, 329, 181, 165
9 Sinensetin 43.09 |373 358, 357, 343, 340, 329, 312, 162
10 Tetramethyl-o-isoscutel [45.19 |343 328, 313, 299, 285, 240, 152, 133
larein
11 Nobiletin 46.30 1403 388, 373, 355, 327, 241, 211, 165
12 Tetramethoxyflavone 46.95 [343 327, 313, 282, 150
13 Hept amethoxyf lavone 47.50 1433 418, 403, 385, 211, 165
14 Tangeretin 50.43 373 358, 343, 325, 297
15 Hydroxypentamethoxyflav |51.59 [389 374, 359, 341, 165
one

Add 3. = Ay

f

By F2d ZgdRwol=A YE] HHF

97 ZFRwol= AEEY U Fukd FEAE 280melA 715 HPLC-UV A=ntEd o] sjaudo
B A3, o5 e 1F9 WEHQl ZEHwolE ¥FEAS VAR Faseldu. &, S,
g2 2 oy FEAES 217 hesperetin, noviletin @ coumaring AMgSle] Fastslgtt. AgarAe
EeEdY 7S B3 AT, VAN y = ax + bS ARSIl o714 yoF x= 4 4
e Faudy s E YERAT %%ﬁ]*’?(rz)—t— hesperetin, nobiletin % coumarin®] th3l] ZFZ}F 0.9994,
0.9970 % 0.99812.24 ¥ #S HAFATt. AEIAI(LOD) = hesperetin, nobiletin 2 coumarin®] )3l
Z+7F 0.01, 0.10 2 0.02mg/ ¢ ©]ATF. A3HA (LOQ)E hesperetin, nobiletin % coumarine] ths] Z+z}F 0.05,
0.30 2 0.06mg/ £ ©] U L}.

fru
ue 4z

L

I~
(

pad

Al gle 7 sigHEe] ¢S FRetd & 33 grh. FIepHeol=o] FYL 9229.740.5mg/kgol At EEhvt
= ZgE 9 Aoy §2A9 sEEe 2% 747} 921340.3, 13.7+0.1 283 2.6+0]¢0th. Naringing
oko] 5010.0+4.5mg/kgo. 2 7+ Boko™ sinensetin®] o] 0.6+0.1mg/kglE 7F& AT},

#£ 3
NO. Compound Mean' + SDb
1 Naringin 5010.0 + 4.5
2 Hesperidin 4121.2 £ 0.9
3 Poncirin 82.2 £ 0.2
4 [someranzin 2.6 £ 0.1
5 Sinensetin 0.6 £ 0.1
6 Tetramethyl-0O-isoscutellarein 0.9 + 0.1
7 Nobiletin 3.9 £ 0.1
8 Heptamethoxyflavone 0.9 + 0.1
9 Trimethoxyflavone 2.3 £ 0.1
10 Tangeretin 5.1 £ 0.1
Total 9229.7 £ 0.5

* ‘mg/kg fresh peel weight.

* bStandard deviation.
A4 4, g AFZHE FEH SHEEo=A FFEY GAEY U A

4-1. HepG2 A F2] viabilityol] WX = A

71 A 1ol sk s ARSske] AlERd EefR o] =] Shgh=ol HepG2e] viabilityol WA= d3F&
AR fske] MIT W o= 244303} 48A17E &¢t Tefdt w0 Seti o= shehes A eld 23 cell
viabilityZ7b 543 fashs AS A, 2 4873 A2d ddolM HE 538k cell viability7}

sk A B HATHE 5 F2).

4-2. HepG2 AME9] cell cycleo] 1A= 33k
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A7) AR 104 sk TS ALgste] A %3 Sl ol =7 3gHEo] HepG29l cell cycled P& J3FS
oolr 7] $8te] flow-cytometryE ©]83}e] cell cycle phaseE #4383 tt. ZdR xol=7 3}FES A3}
A& W Fo% subGl phase] T7HE Ukl o]s} Hl#Sto] Gl phase] A4S FUAL F UAT(E= 6 F
).

4-3. HepG2 M E°] apoptosisd] P]A= F8F

A7) AN 164 skF W92 Apgate] A=3) %E‘ri‘:_ J=A] 3}3FE0] HepG2 cell®] apoptosisel A= <
g Fgolaly] 9ste] flow cytometryS ©]-83te] cell stageE AT 48A17F St wol=A 31gES
23 A3, subGl phased F7FE #elslditt. o2 F93l7] 938l Hoechst stain methodsZ o] &3dle] 3
FAE 3 Ay FEg e ol @S SQlskdv. B subGl phase/] Z7te EQlely] Ystd
PI/annexin V @48 A8 A3} apoptosis?] F7HE e = JAHE 7 FF).

4-4. HepG2 A|ES] MIEAH v]X]&= FsF

A7 A A 1oﬂA1 s AYE A} AFE Zalw o= A 33HEo] HepG2 cell o AE ApHo|
S th. Tunel assayS A3 A3 ZEtH-o|=A 3FES A
8

Translation levelolA19] apoptosisE 2Q135}7] $18}4 western blot A ¢
S EAsGlY. 2 A3, Bak @A FUF E Bel-xL ©@HEe] i
pathwayL AL 3213}l o | casapase family 2 PARP ‘;P‘ﬂ,‘ Ao vy 7
ol dt). =3k Mitochondiral membrane potelntlal A3 A3 =
¢l mitocondira function®] FQIEFAHZ 9 H=).

=

4-5. HepG2 A ¥ 2] apoptosis ¥gd Thulzlo] uraof wjx&= 43k

714E Felslr] 98te] MAPKs family gzl

ApoptosisE o7& A9 AzAG P38 @A Z}7} total
form@} phosphorylation formo 2 =&t ch. T3k Ak t/P13k child o] MHAHTE Folslth. Akt A4S}
HAET) ZHA5EY] activity®s THAA7]= AR &1L, MAPKs family protein®] 74-9- P389] <l4t3} AEE
FT7MA71E e Z FRISIITHE 10 H=E).

A 5. ¥E AYZEE FE2E FHEo=A AFEY AT i B4

5-1. HepG2 A X9 viabilityol] wX= A3k

A7] AAd 1A g WIS AFESEe] AFE ZEfico]=A 3FHEo] HepG2 2 viabilityol mA= J&FS

ALY 8ke] NIT W o= 241313 48A1F 5k st 559 Fetiol=A] s3taES Aget A3 cell

v1ab1 ity7} 343 #asts As Qfo SFATE. 1% 48471 bAoA B T3S cell viabilityZh
adhe AE EQl 5} FoHE 11 =),

<
it

f
2
ACh
ot

5-2. HepG2 M| cell cycleo] "X & A3k

A7] AN 194 HE JYE AFEEt] A %3 SR o] =A 3FEo] HepG29 cell cycled] w1 X
dolr 7] $138te] flow-cytometryE ©]83k4 cell cycle phaseE #A8k3ic). &
S W 93 subGl phased] T7HE 1813l o]} H]E Sl Gl phased FA
Z)

5-3. HepG2 A3 2] apoptosis®] "X+ 33k

pi

epG2 cell® apoptosisel] H2]= <

jons)

7] AAld 1A BE I E AFEste] Az %E‘ri‘f—o]Eﬁ] slgtEo

S BQ18l7] f15te] flow cytometryE o] &3ke] cell staged BQISIATH. 24A13F et o= g3HES
glgt Ay, g 2 chromosome?] E3= &olgh —’F AN, °o]& T3] Hshe] Hoechst stain methods
ol&3te] o AMS g A T o] 2AF S Akt =S chromosomed] w3E FIs7] 9
3ol ladder assay® 213+ A3} apoptosise] 71 st = JATHE 13 FHR).

5-4. HepG2 A2 M ¥A}Ho| nxE= oAk

A7) AAe 104 Ha AuE Abgste] Axd SR o= 3FgtE] HepG2 cell 9 MXE APl w A&
G3FE g2l5l7] $918}e] nucleard W3S &3 TE. Double staing A3 A3 ZgtRwo]l=7 IIIES

_10_
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A28l S W & 9] apoptosisE QI HE 14 FF).

Translation leveldlA1<] apoptosisE& &?13}7] 98+ western blot 2¥E& F3to] &= proteine] Td
S BAEY. o A3, Bel—xL @A A5 F35}o] mitochondria dependent pathwayQl AES #1513
™, casapase family @¥de] WHd 7AE 53} apoptosis FHF AHES &IsF3itl. TS Mitochondiral
membrane poteintialg 33 23 ZglH wol=7 e Al 8422l mitocondira functiono]
AHYTH= 15 & 16 F=x).

K=
o m

5-5. HepG2 A ¥2] apoptosis ¥& gz o] uldo] wx&= 3k

ApoptosisE de7l= A9l Aadd 7S SQshy] flste] @d @l P38, INK BOERK WS 7t
total form¥ phosphorylation form©o. = 2213} t}. o] A3} P38, JNK % ERK @z o] Qatst Aw=E =7}

A7 Ao g gRlegith(E 17 #x).

1
g
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T
H3CO 37

R

4 CHLCOCH{CH 3%

RQ—R4 RSZRBZOCH3,R3:R7:R3:H
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+ 0o
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6
T
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1
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k1
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