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SUMMARY
(FEQFFE)
I. Title

Investigation and commercialization of anti-inflammatory phytochemicals originated

from Jeju traditional Citrus

II. Final goal of study
The final goal of this study is to help to extend market of Jeju traditional Citrus and
develop resources for high-value products by identifying the bioactivity and its

functional compounds and developing material for functional food.

III. Contents and range of study

O Standardization of Optimum extraction condition for phytochemicals using solvent
supercritical extraction.

O Extracts profiling, purification and analysis of bioactive compound using GC-MS/MS,
LC-MS/MS

O Elucidation of anti-inflammatory and/or cell variation reducing phytochemical from Jeju
traditional Citrus using in wvifro and in vvo systems.

O Study the action mechanism of phytochemicals from Jeju traditional Citrus on
anti—inflammation and controlling cell variation.
- Mechanism of apoptosis and NF-kB signaling
- Synergistic effects of commercial anti-inflammatory drug and phytochemical from Jeju

traditional Citrus
O Develope the new products containing phytochemical from Jeju traditional Citrus

- Selection of additives and formulation ratio and their product characterization

IV. Results
O Anti—proliferation and apoptotic activity and active material analysis of Jeju
traditional Citrus (mature fruit) Extracts
- Screening anti-proliferation and apoptotic activity of various mature citrus extracts
and water extracts and 80% ethanol extracts show no apoptosis activity.
— Prepare supercritical extracts of mature Iyegam, dangyuja, palsack and analyse
supercritical extracts using GC/MS.
O Anti—proliferation and apoptotic activity and active material analysis of Jeju
traditional Citrus (immature fruit) Extracts
- Screening anti-proliferation and apoptotic activity of various Immature citrus
extracts and water extracts and 80% ethanol extracts show no apoptosis activity.

- Prepare supercritical extracts of immature Iyegam, dangyuja, palsack and analyse



supercritical extracts using GC/MS.

Measure cytotoxicity of extracts of Jeju traditional citrus on macrophage cells

- Measure cytotoxicity of extracts of Jeju traditional citrus on macrophage cells and find
inhibition of Nitric oxide generation of peel extract from traditional citrus.

Screening the anti-oxidation activity of extracts from leaf of Guava

- Obtain various guava leaf extracts and Screening the anti-oxidation activity of them

— Conform the protective effects of various fraction from leaf of Guava against oxidative
DNA damage.

Screening and identification of anti-inflammation and anti cancer activity of capillaricin

from capillais

- Evaluate anti-inflammatory activity of capillaricin in wtro assay and elucidate
mechanism of apoptosis

Evaluate anti—proliferation effects of essential oil from dangyuja peel against U373MG

cells

— Evaluate anti—proliferation effects of essential oil from dangyuja peel against U373MG
cells and analyse essential oil from dangyuja peel using GC/MS.

Screen dangyuja leaf extracts for the inhibitory activity of trans-differentiation of cancer

cells and identify the phytochemical candidate of action.

- conform dangyuja leaf extracts for the apoptosis activity against prostate cancer cell
line and show nobiletin inhibitory activity on constitutive STATS3.

- Show that apoptosis of SNU-16 stomach cancer cells induced by nobiletin is due to
signaling via ER-stress.

Anti-proliferative activity of supercritical extracts of yeagam peel (SEYG)

- Measure the anti—proliferative activity of supercritical extracts of yeagam peel
(SEYG) against various cancer cells and show SEYG inhibit constitutive STATS.
SEYG also anti—proliferative activity n wvo DUI145 tumour mouse model.

- Measure the anti—proliferative activity of osthole and auraptene from supercritical
extracts of yeagam peel (SEYG) against stomach cancer cells and show osthole and
auraptene induce apoptosis.

Migration inhibitory effect of (supercritical extracts of phalsak peel (SEPS)) and

mechanism

- Measure the CXCR4 in SEPS treated cancer cells and show inhibited migration of
cancer cells.

Mechanism study of anti-inflammatory effects of optimum mixture of SEPS and danyuja

(OM)

- Anti-inflammation assay of OM in vitro
e LIPS induced NO was reduced by MO treatment in RAWZ264.7 macrophage cells

— Anti-inflammation assay of OM in vivo
e In animal model, measure protection effects of OM against LPS endotoxin and

mouse death.



O Products development using phytochemical mixture
- Select Guava and capillaris as final additive for anti-inflammatory biomaterial. Using
response surface methodology, RSM, optimize the extraction condition.
- Select best ratio of pasak, Guava and capillaris for anti-inflammation activity
- Standardization of composition of mixture and produce tablet using extract mixture of
Pasak and Guava

- Standardization of composition of main source

V. Application of results
O Through development of high value biomaterial with known action mechanism, novel

anti-inflammatory drug can be made

O Through development of high value biomaterial with known action mechanism,
anti—cancer supplement or replacement can be made.

O By Developing the new techniques for making functional food and drug, change the
simple raw material exporting system to high value functional food-exporting system.

O New resource development using traditional jeju citrus as new farm products.



CONTENTS

(¥ & & #)
Chapter 1. Introduction

Session 1. Purpose of study

Session 2. Necessity and contents of study
Chapter 2. The status of domestics and foreign technical development
Chapter 3. Contents and results of study
Chapter 4. Achievement and contribution on the related fields
Chapter 5. Plans for the application of the research
Chapter 6. Informations on scientific technology from overseas

Chapter 7. References
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(5) Caspase-3, caspase-8, caspase-9, PARP

v} ¢FA 3 (HelLa, SNU-1, HepG2, SNU-16, MCF-7) % <9} 7] 4| E(cancer stem cell)ol] o)
3t A Z A (Apoptosis) 7] 4

(1) Annexin V staining ¥ FACS analysis

(2) Hoechst €4 3 &3dn7d oz

(3) FACS &2 €3+ Cell cycle analysis (PI staining)

(4) RT-PCR¥} Western blot ©| €] antiapoptosis 2+ proapoptosis ## F 2 2 ot

SRR IR

)

Ab A (U266, and MDA-MB-231)ol A A& =4 o] [L-6-induced STAT39} Constitutive
STAT3Z/ A& H7}

(1) EMSA (electropheretic mobility shift assay)

(2) JAK2 kinase assay

(3) Western blot: phospho-Src, phospho-JAK1, phospho-JAK2

(4) Immunocytochemistry for (STAT3)

(5) STAT3-luciferase assay
o, 71& A} dALG =4 g A FAZARE Bt

(1) AIExSA &4 (MTT assay, XTT assay, Trypan blue exclusion)
(2) F=S A Fo Axe Fe #F (Microscope)
(3) 71E&d A et WA A apoptosis FsEI HE
b sE BRYs o] &3 Alat R 549 3¢ 9 o] &4 173

(1) el el 2 wdo] &Y Folste] Tumor Abo]l= 24
Q F

(2) Gzl Al NF-kBe} STAT3 &d o 2oz
(3) FxA WA EA wlA (survivin, Bel-2) @& o F oz
2F AESHE Q3 dH FEEY Ax2H 839 2 AAF Az

=gAA 3

A% Ay 18y 24 o 8@

2 EFAANE G924 A L AEGAY 97

(@) A% 24 % 474 ARuPE

4) AAEFANE ol §8 A L Y AEAL ° A2TH £F
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AT 20029E UAE BY TUBUINE LS AV EWHTALAY, T2UTH AT UL
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MEIe) 225S TS BT oed EYNEI-HOIES | MEWA HaH | L aany
A-3 o9 IReYadol BNEL 99 AdA 248 g, Ui e
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T e sl b e e
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A2dEUE TN O ERANYZZED-2o00] BPE2 8 | A=A 497 399 42
A AA g 248 a3 13z
ot A gk AgE S5 A 2 ok o] #S Ao vlE] duiH o=
ufj - 1 ] 9k,

- 1980 gk A oFEks| Ao AAE “DrAbe] AR Aol EetE o= 3%
zHEA 14dErRte] BuEon Aefzt=e] zF Fod FEEo g g
Ed A= ok mE AdHE .

- 19989 gk A F ks Ao “AFAE HEFe] w74 wE FEy9, 714, e,
Uzl Fr1s o] WA md st Al H L FsAl 7] djdsis Al7E o
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2t FH 2o HAAOR b & #AATEOFR FEWI Q)= anti-inflaimmation(#} 9 ) 7164
o gk A=, inflammation(9 %) AlZWolo] &gt s HEste] 2], dxw, &
zstoln, SAEMRAEstF, ABEHP A, ?Z:EPS‘%‘ s W ohFet AW wEe] 9l
= Ae® HL FAGgEA ] & By 93 [5]

al A 7A Bad  wle]  oJd anti—inﬂammatlon(%‘%?%)% Fuff 74 A TNF (tumor

ol

necrosis factor)9} ZAFQIA NF-kB(nuclear factor-kappaB)E& A3 T+ JAs= A
o] M7= = [6], 51]3 | A AA Zba2 ol gk A 9 F7HH #AA4lo] 7}S
ZEA Q) A ol2a1 e AAolH, B Vs gt AEFAE Ve 5 AAA

= S 29T AR oA,
vl 53], A= Fdel anti-inflammation2 g = Aol e A= S
= 7}

[e)

= wopZt Wejste] 7]
AE 2 YA Ao AR FAEa o) #E Tled

e = 29

AL ApoptosisE Al @ AN AGHAS F3Fo] AE 22F =5 programmed cell
death®] 3 FFolH, AEo] YAl plebbing@d A, AEHI ] A Hol $-=

DNA9 Aat wEZ=g o} density 74, apoptotic bodyd3A 5o tixZ<el EA<l

.

of. ket TR AESS AR E4E Aol oo SAoR WP wet HLe
AT FFL ol e dre AxFgo] SAIE A Hshs Aol &Y Aol =
8% Ebzleo]l ¥ 9lom, BH3 mimetics [7], Trail [8], IAP #] 3} A 2}

Smac mimetics

[9], Choroquine [10]ﬂ 54 AZAEAZE BACRE 3 dxs =4 s v
Ae e A+

A g *ﬂﬂ%‘f‘é% &% AE AR BEE dEiM e AdE FRE, AT e
metabolite®] Z}o] Jfrgo] w3 FQstw o]e} ydste] Aejdd AR E47]E o] &
a8, ¥ in vitro s AP} HEol in vivo NS ol 8F AEHH AT
2873

DVU

A AU A5y Ea B4 6] aXA %, wEFE /5 2AF ol gste] AA
2 4es 2 AQaE d5a] s, ERRAE ATATe A% Fg2YRY FE

=
e AFHer AL = s 7l e

dpx

2. THIETFALY oy

7Y AFEW AATFTE 19%, AFEW F7he] 93%7F gEEOl FAEL glol, 1E
Qe w REEN) S 2 AFE AnAelPm & F Yo}, A

et A Tlel F7h B Au4P, FL R A4 34Y o5 5o

El 5

AzHES Zhol e FASA e RS OE AEE A Aok

i o
©,
:(I)L_tl
=

L 2001 A= g T AR 7%7F 7R LA, 20020l = 17%68 =Tt e A e H
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A3z diidsd Us A

A 1d AR =3 FEEY AEHogA 25 2 AE

1.

FUR 44E A% F2EY FATZ

[N}
[

S|
~

o
Al

R dAEAE BT HIt

FA| 2o M o] A e zbe o] 247, 80% OﬂE‘r% =50 W AESH A &3 =AY
A= BRA AR, AES dder ddS Adsloy 2R oy«
o] WAZ AR, WE il ojdlztyt ZAts xekske] 20114 19 FolrIdd) (@A

=
PrrgoRe FHA, o7, B Y&THAL

FU o 2
> W{N'

grg & FoF 9 Ve EeEY
AAE Al 8 A 2= 23] AHssv 53 HuE FEst -70 T deep
freezeroll A 397 FA3 F T2A7F FAAZ 9T I FE AS, sAAZ A
20 AF Az By, A5, SIHE A4 vk A7 H, 130 282 DWel ¥ojE ¥ 1
AlZEEQE 105 T 12714l A FE39 . HHE & wF5A17]3 54 dxste] 4 o
oA B#stal DMSOo| =o] AR&stadth 80% EtOH F%9] 49, s4dx Al
Alg Azt By, 35, HXE 44 v A2 FH, 42 80% ethanololl A A&
o &wje H&S 113002 o] 458 3 xS 7'43];}04 e FEES T2
T4 Axg 5 DMSO| o Age AR&stdth AP AolA AxT des, dFF
=59 &2 ot table 13 2t}

Sample %‘? FEE & | 80% _oﬂ_%% FEE | TF
F=F (9) (%) F=F (9) (%)

I} 4.33 43.3 7.40 74

Rt 75 2.89 28.9 4.94 49.4
B 3.55 35.5 6.07 60.7

-5 4.21 42.1 7.98 79.8

o] of 7+ 73] 2.81 28.1 5.33 53.3
&3 3.45 34.5 6.55 65.5

o5 8.74 87.4 6.50 65

22} 7} 5.83 58.3 4.34 43.4
&3 7.16 71.6 5.33 53.3

- MTT-assayS &3}t human gastric cancer celld] AGS®} human cervical cancer cell

9l Hela cell, Z22] 3 normal cell?] human lung fibroblastel] thalA A A= F
=59 g 55S A4S A, 24, 48, 2A % A Al EF FEEH 80% e

S=olA Fdgdgdo] =4 vYehbA Fdktt (Fig. 1 A-D). =3 A5 Adzs F=
of AwkMEZe sk FFS &RAst7] St A MAEFLI fibroblaste]l MTT-assay
Flg Ad, 48 A A Al Alxz=Ago] UEhuA FUdtt (Fig. 1E). ol& &3 4

o g e
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7 80% ALTFE YUl AT AF
o] 27 vhehbA gths e @ 5 A9

(A) MTT assay In AGS - Joju Cirus Peel Hol Water extract, £8h

MTT assay In AGS - Jefu Clius Peel Hol Waler exira, 72h

140 140
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z % 100 Fome—
S
= £ e
3 3
= &0 = &0
] ]
LS o 40

20 20

] T T T T T ] T T T T T
0 62.5 125 250 S00 1000 0 £2.5 125 250 500 1000
Concentration {pgiml) Concentration {ugiml)

(B)

MTT assay In AGS - Jeju CHrus Pedl B0% EOH exiract, 4EN

140

Goll Viability(3}
Cell Viability (%)
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MTT assay in AGS - Jeju Clirus Peel 0% EOH exiract, 72h
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(C) wrr assay m Heta - sep carus Peet Hot water exrace, 46 MITT 3ss3y In HeLa - Jeju CITUS Peel HOt Water extract, 72

140 4 140 1
120 4 120 4
F wd F 1004 i %
g ] g “‘\.‘%%
E &0 4 S 60
8 wf 8 &
20 1 20 4
'] T T T v T ] v v v T T
'] 325 1~ 250 500 1000 ] 825 125 250 500 1000
Concentration (ug/mL) Concentration (ug/mL)
{D)MﬁmmAGS-JeiumPuim%&Ol-!em% MTT assay in Hela - Jeju Citrus Peel 80% ErOH extract. T2h
140 140
120 120
F 100 P F 100
£ ¥
2 8 s £ 80 . ——
£ 3
s & s 80
= —=
S S o
2 2
1] 04
0 625 125 250 500 1000 0 625 125 250 500 1000
Concentration (ug/mL) Concentration (ug/mlL)
(E)
MTT assay in Forobiet - Crirus Peol Mot Vieter entracts, 48h MTT assay n Fibmblast - Otrus Pesl 80% E1OH extracts, 480
140 { tea
—— 1 :"]! %"f
S el 1 $ 1 = 3 <ol ot S
B AESS ws S e : B S = =3
z 2 . .
l_? Ll E: ]
4 = (]
o s 124 .;u \L'.L r-.}.u ¢ 5 w28 124 or 08 130
Concentrabor{ugime | Concertraton(ugiml)

Figure. 1. Jeju traditional citrus peel extract inhibits the cell proliferation on AGS and
HeLa cell lines. (A) Hot water extracct was treated on AGS in 24 h, 48 h and 72 h. (B)
80% ethanol extract was treated on AGS in 24 h, 48 h and 72 h. (C) Hot water extracct
was treated on HelLa in 24 h, 48 h and 72 h. (D) 80% ethanol extracct was treated on
AGS in 24 h, 48 h and 72 h. (E) Hot water extracct (left) and 80% ethanol extract (right)

were treated on fibroblast in 48 h, respectively. (@: B2}, O: Z2} W: oo 7).
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. A EA Y] AtE 294 FEEEY AEFA oA 23 &4

(1) 247 F==9 g5 3 AGAEFe AgdAEFT e AE =S 2 AZFH
st 2kl

- A% A7 AF A= #y, 35, FHE 47 wAz F, 2ddolydd
(F)ell =8t =dA FEES AxSFA. 2UA FEZUDLS 242 5 1 L
Extractor= 300 bar, 50 ColA F&3t9 o™ o]t 2529 A5 1A 30 &< F
sttt A3lthel AFe] Ay APdS A8 AT 294 FE=E TS F
ZF F-9le mE 294 F

=
oA ¢ A R#AsPHA DMSO o] AF-&3F T
5 &L table 29F #t}.

Table 2. Yield of CO. supercritical extract.

A Z g NS FEAITH FEY FETE%)
Flesh 332.65 2 h 5.05 1.52
3=} Peel 220.24 2 h 2.88 1.31
Whole 280.14 2 h 5.27 1.88
Flesh 279.66 1 h 30 min 3.9 1.40
o ol 7+ Peel 300.56 2 h 4.04 1.34
Whole 330.98 2 h 3.69 1.11
Flesh 371.06 2 h 1.75 0.47
oAt Peel 280.38 2 h 2.24 0.84
Whole 319.24 2 h 2.68 0.79

- MTT-assayS ©3}% human gastric cancer celldl AGS<®} human cervical cancer
cellg! HeLa cellel thalr A5 A= A F=29 F4 T 54 44
ABAIZE A Al I (A), B B)ollA BEF B4t FEE0] AEY AdAA 7

TS AoE Yyt FHdAE Z &5 §lo, &5° £ 35 (A9 F

AE e, s (AHRT= 39 B)AA7E AlE dzoA 2
S ¢ 7 dAth Cell line =2 HluE 3 EO}—E— o, AGSE.t}= HeLadl
A e gFe] AXE Boldor %S Bt AL AT & AU (Fig. 2).
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(A)

MTT assay - Super Critical Exdract Flesh 45h, AGS MTT assay- Super Criical Ectract Flesh 43h, Hela
140 140
120 120 4
= 1m < 1w &
= £ =
¥} -
L] [l
‘s B0 5 J
T 3T
O 40 @ 40
2 20 4
1] = : v : u} . . ¥ v
a 80 100 200 400 ] a0 100 200 400
Concentration{pg'mlL ) Concentration(pgml )
(B) MTT assay - Super Critical Extract Peel 48h, AGS MTT assay- Super Critical Exract Peel 48h, Hela
140 4 140 4
120 1 120
g 100 g 100 ¥
= 80 > 80l
3 ;
3 60 ] LAY
& @] Y @
20 4 20 4
0 : - : - 0
0 50 100 200 400 0 50 100 200 400
Concentration(pg/mL ) Concentration(pg/mL)

Figure. 2. Jeju traditional citrus super critical extract inhibits the cell proliferation on
AGS(left) and HeLa(right) cell lines. (A) Citrus peel super critical extract was treated 48 h
on AGS(left) and HeLa(right), respectively. (B) Citrus flesh super critical extract was
treated 48 h on AGS(left) and Hela(right), respectively (@: Z2} O: T2}, W o] 7}).

- AGMEF AGSS AFIHAEFA HelLa MEANA 23 2dA FEE4 &) HE
AEEo] o A YEYa ¢ %% EQE Afzded #9 204 FEE 9 Ax
A7) AtE e F1H 9 AdS @WastE 60 mm cell culture dishell 3x10*
cel/mLEEE MEE FFste] stF wWigs H, FE2ES At 2443 o v &st
Ak 24A17F 5 10 uM9] Hoechst33342 H=+= acridine orange dyes Y il 37 Coll A
1023 FAAIZL 5 AN AE S ol&dte] AEE BESSAY. Hoechst33342 &
Acridine Orange staining 22 %+ 100, 200 pg/mL= dto] MY Y¢S du)d o
2 Az 3AS uf, T2 FFE Hoechst33342 staining©ll A1+& apoptotic body &4 o]
¥ a1, Acridine Orange stainingo| A= T34 o] H&= AL &2l & 4 A
(Fig. BB).

- FHA FEE Hoechst33342 staining®l] A1+ apoptotic body & Alo] #& x| k=
Mol Acridine Orange staining®| 4]+ autophagic morphorogy changez} AJ7}4 =
G dote] F7Fek= A AT AT (Fig. 30). oldf FEIZoA=
Hoechst33342 staining©l 4] apoptotic body”7} @A A ¢ko ™, Acridine Orange
staining©®ll 41 & autophagic morphology changez} A Zt% = F34 doto] F718t= A

=S
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= 92 5 Agd (Fig. 3D).

A Control

Control Q50 uM

100 pg/mL 200 pg/mL

100 pg/mL 200 pg/mL
D o] ¢z v
100 pg/mL 200 pg/mL

Figure. 3. Effect of Jeju traditional citrus super critical extract on cell morphology.

- 99} e WHoR AAAETQ AGSOlE Hoechst33342 staining?} acridin orange
B

stainingS
200 pg/mLE 3ol AlE RS FHnjFow #F IS w, 24}

3ttt Hoechst33342 & Acridine Orange staining &2 F =+

Hoechst33342 staining®ll 4]+= apoptotic body &4l ©] ¥ %13, Acridine Orange staining

M FEA Gae] H: Ze A G & AT (Fig 4B). FHA
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Hoechst33342 stainingol A1+ %% 200 pg/mLol A apoptotic body & Aol &&=
"t o]l Acridine Orange staining®] A1+ autophagic morphology change#} A7tE &=

T4 dote] Frlske AS AT & AAT (Fig. 40). old FEEolAM=
[©)

Hoechst33342 staining®l A apoptotic body”7} 200 ng/mLolA H.o]7] A]ZH3]

Acridine Orange staining®] 4]+ autophagic morphology changez} A Zt%+= F34

dote] S7Fet= As &9ld 5 Agvk (Fig. 4D).

A Control
Control Q50 IM
B &4t 3}y

100 pg/mL 200 pg/mL

C g7 3]

100 ug/mL 200 pg/mL

- MTT assay Z3A 7HE 2 2345 HEg]

=
HeLaA| 35 FACS analysis® cell cycle & @9lst ZA3 & F&5E Hu £

)

g
e
o
T
i
o
)
rot
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Sub-G1719] Z71= #<1d 4= A2l (Table 3, 4). o] & E3dlo] Z2Le & AF A
P == tr 27 apoptisisE £33t cell ¢ =88 FEdt= Aoz AyziEo] At

Table 3. FACS analysis of Sub Gl phase (%) in the HelLa cells treated with extract.

HeLa I A ol 224
ug/mL | Control 50 100 50 100 50 100
Sub-G1 8.81 7.76 1547 7.32 14.29 36.17 47.31

G1 50.64 45.40 37.78 51.19 48.77 31.38 23.61
S 14.94 16.03 18.43 15.20 14.21 11.35 13.10
G2/M 20.83 31.14 28.80 26.71 23.04 21.46 16.32

Table 4. FACS analysis of Sub G1 phase (%) in the AGS cells treated with extract.

AGS I+ A ol o Z+ 24
ug/mL | Control 50 100 50 100 50 100
Sub-G1 4.59 6.19 10.49 5.14 7.07 9.53 30.58

Gl 52.38 50.50 47.78 54.96 53.42 51.32 41.85
S 16.79 15.95 15.46 16.26 16.19 13.43 11.44
G2/M 26.48 27.70 26.52 23.89 23.88 25.94 16.44

(2) B2 #9] 29dA FEE og A AAEFS Hela ol 419] apoptosis ¥
- MTT-assayE &3 human cervical adenocarcinoma cell?] HeLa Ao A& o
2 294 FEE (F5, 49)E sEEHE APste 39 55 ZRL
EE5 AA AE F2A 9A 2de vE oEAHoE YER o
HA o2 vetytt (Fig. 5). WepA] o9 A s At
Ab-&sto] =85t
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Figure 5. Jeju traditional mature Dangyuja super critical extract inhibits the cell

proliferation on Hela cell line (@: peel, O: flesh).
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5 9o gy 207 22T w2 vlofsld] o] 2EEo| o3 A L9 o
W3} 9 apoptotic body BAFFE &
Ak A= ‘%%x} 7y %9l
1}

ko3t 7] €3Fe] hoechst33342 stainingS <=3 &}
FEE TET 0, 50, 100, 200 ug/mL= *]2]3Fo] 244]
stk 1 Ay 100 pg/mL F =l A
t} (Fig. 6).

Control 100 pg/mL

Figure. 6. Effect of Jeju traditional mature Dangyuja peel super critical extract on cell
morphology (Q50: Quercetin 50 pM).

ol
-

7

_

% A By 2AA FEE Y3 apoptosis@ A M EFT] ] AP S el
) MEF7E el dtt 60 mm cell culture dishel 3x10* cell/mLsEE A%
5 =Eo AYsta 24/\]7J O HjFstdnt. 24413 5 A

%, 70% cold ethanol®Z 3173t %, 40 pg/mL propidium iodide

| 3087 AlEE G5 cell cycleg =433t (Table 5). A4 E -4}
FE5S FACS analysis® cell cycles #9213t A3 % oEH 02 sub-Gl7]
= AT F AT o5 Foto A

apoptosisE& &3to] Aol 5

b

kel
o

U

G4A By 2 REEE

[
2 fEste o Yzl

=

dlo

Table 5. Analysis of % of Sub GI1 phase in the Hela cells treated with peel extract.

ug/mL Control 50 100 200 Quercetin 50 yM
Sub-G1 2.00 5.87 39.49 86.97 5.32
Gl 60.28 60.22 27.59 10.25 61.45
S 13.18 13.04 11.90 2.10 11.68
G2/M 24.82 21.31 21.56 0.89 21.99

- A As FHIel] 93 apoptosisE thE WHoR FQlslr] 9o DNA
fragmentatlon-g 3kel a9tk 100 mm cell culture dishell 5x10* cell/mL=Z Hela A%

& B3 stF wigE H, @A As Ay 297 FEES sEHEE A st 244
ekttt 2447 3 AIXE JAAEYE % lysis buffers}

protease K& ¥ i 50 Coﬂ A over-night &2 W& AT} o

(!
olft 0"
2 k

methodsE E3}l¢] DN 23k H 1.8% agarose geldl 7] 538t AyE <l
stk 1 23 v «]ﬁﬁgi DNA?®| fragmentation @7%-& &< & + AATH
(Fig. 17).
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M C Q50 50 100 200 pg/mL

Figure. 7. DNA fragmentation of Hel.a cells induced by Jeju traditional mature Dangyuja

peel super critical extract (Q50: Quercetin 50 pM).

- HeLa Mo A< DA 33 =44 gk & AEZE lysissto]
Gl d S F53 5 SDS-PAGE A7]9sS S dilld s A7|EE v F transfer

= Eéﬂ PVDF membraned] ©@¥dS F2A171 5 & &A db§g& E&ﬂ apoptosis

Ay
e
ot o
o
N
WS
>,
o~
E

Figure. 8. Western blot analysis of apoptosis-related protein expression in mature Dangyuja peel
super critical extract-treated HeLa cells (Q50: Quercetin 50 pM).

o

S
w
N—
Ho
ol
o=

F7IAEE o] &3 T2 2 FEEY FUdET

- g 2714 EE 96well plateoﬂ 5x1o4 cel/mL& ®F3te] a7 wjdst 5 FEES
FEEE Ayt AT W H 5 mg/mLe MTT solutiong 44 7H&<et g
sttt o] % wAE A ASIal formazan crystalS DMSO°| %<1 % 570nmoll A &%
L5 SASAT A849, w5 oEH R MXE AEE] FAE dS5E IRAFA
o} AlE AEE] 7&5\_3}% S Foto] B2 2A FE=o] SHAEE AEAANE F
e o= AT £ vt (Fig. 9)
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Figure. 9. Supercritical CO, extract from palsak induces cell death in breast cancer stem

cells.

- MTT Assays %6}

FEE o Axsso 71#s gl
7] 918t ME @ =, A& immunoblotE G sATh F
ok F71A %J’”i} 5":1:]74]—3— ey 5l % 24A1 7 Fo] AlE W apoptosisT#H
g A S50 wed W3S western blot analysis® E3lo] gelstivt 1 Ay A %
A FE=E 93] PARPY cleavage, procaspase-93} 32| &4 3} anti-apoptosis
protein¢! Bcl-29] & 749} pro-apoptosis protein?] Baxe] Wd Z712 E3dto] &
28 294 FEE 98] AMEsE Y E71AIE7) apoptosisE F3le] AME3 AL

0 100 200 400 (ug/mL)
' ]CPARP

..-- Procaspase-9

- - . - Caspase-9

———— “"" Procaspase-3

- ﬂ‘ Caspase-3
——— — - BC|-2
AT | o)
S 3ot

Figure. 10. Supercritical CO- extract from palsak induces apoptotic cell death in breast

cancer stem cells.

A 2dA FEE Y8l FAWNAEE FES e AR X ABCG2e Hd W
sl = 8FQlsl7] ¢13}e] reverse transcripaional PCRS E3lo] ABCG2e %3 A=
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. 2 A3 s% EHoE ABCG29 #do] #Aasta ddew (Fig. 11A),
house keeping 73 %¢1 GAPDH® HHAE BHluslye wor »& &Aooz
o] HAasta &S A 4 AT (Fig. 11B).
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Figure. 11. Supercritical CO, extract from palsak down regulate multi-drug resistance gene

ABCG2 in breast cancer stem cells.
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Figure. 12. GC-MS chromatogram of supercritical extract of Y:Yagam varieties from

Jeju,Korea.
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Table 6. Chemical compounds identified from supercritical extract of Y:Yegam variety.

SN RT Rl Name MF Whole A;Zaef Flesh
1. 7.72 989 B-Myrcene CioHis 0.09 0.10 0.18
2. 79 995 (E,6)-2,4-Heptadienal C7H100 0.08 0.21 0.16
3. 8.76 1027 p—-Cymene CioH14 0.58 1.30 0.6
4. 8.925 1033 Limonene CioH1e 11.14 21.87 10.62
5. 9.69 1059 2-Octenal CgH140 0.08 0.12 0.16
6. 10.995 1100 Linalool CioH1s0 4.49 8.32 0.94
7. 11.06 1102 Nonanal CyH10 0.08 nd 0.51
8. 12.02 1136 (J-Limoneneoxide CioH160 0.10 0.22 0.22
9. 13.10 1172 Nonanool CoHa0O 0.14 0.33 nd
10. 13.39 1180 4-Terpineol CioH1s0 0.09 0.40 0.39
11. 13.79 1193 a-Terpineol CioH1s0 1.18 2.03 0.28
12. 14.145 1204 Decanal CioH200 0.17 0.26 0.08
13. 14.27 1209 Octyl acetate C1oH2002 0.07 0.22 0.02
14. 14.64 1222 Carveol CioH160 0.13 0.18 0.22
15. 15.32 1246 Piperitenone oxide CioH140- 0.12 nd 0.53
16. 15.56 1255 a-Geraniol CioH4gO 0.09 0.18 nd
17. 15.80 1264 (E)-2-Decenal CioH1s0 0.08 0.02 0.57
18. 16.295 1279 Perilla aldehyde CioH140 0.27 0.53 0.12
19. 16.795 1295 (E£,212,4-Decadienal CioH160 1.88 0.99 3.05
20. 16.96 1304 Thymol CioH140 0.08 0.29 nd
21. 17.465 1320 (E,6)-2,4-Decadienal CioH160 2.53 0.87 4.82
22. 18.03 1341 6—Elemene CisHoa 0.11 0.58 nd
23. 18.68 1367 2-Undecenal C11H200 0.22 nd 0.60
24. 18.695 1365 Neryl acetate CioH200» 0.57 0.82 Nd
25. 19.225 1383 Geranyl acetate C12H200- 1.44 2.08 nd
26. 19.54 1398 Tetradecane CiaHazo 0.08 nd 0.14
27. 19.575 1395 B-Elemene CisHos 0.33 0.76 nd
28. 19.89 1406 Decyl acetate C12H240; 0.38 0.56 0.06
29. 20.045 1412 Perillyl acetate Ci2H180- 0.29 0.48 0.07
30. 20.415 1428 B-Caryophyllene CisHos 0.24 0.66 0.07
31. 20.66 1435 a-Himachalene CisHos 0.18 0.62 nd
32. 20.81 1443 a-Guaiene CisHos 0.12 0.19 nd
33. 21.06 1452 (B-Geranylacetone CizH20 0.09 nd 0.10
34. 21.19 1459 B-Farnesene CisHoa 1.25 1.79 0.05
35. 21.325 1462 a-Humulene CisHos 0.14 0.37 nd
36. 21.68 1475 (E)-2-Dodecenal Ci2H20 0.05 nd 0.19
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37. 22.00 1487 Germacrene-D CisHog 0.1 0.43 nd
38. 22.18 1493 Farnesene CisHog 0.12 nd 0.13
30. 22.44 1503 a—-Muurolene CisHog 0.13 0.12 nd
40. 22.62 1512 a-Chamigrene CisHos 0.13 0.24 nd
41, 22.67 1513 2,4-Di-tert-butylphenol Ci4H20 0.19 nd 0.18
42, 23.07 1530 §—Cadinene CisHzs 0.68 1.15 0.06
43, 23.68 1555 Elemol Ci5H260 0.04 0.16 nd
44, 23.94 1565 Dodecanoic acid C12H2402 0.50 nd 0.41
45, 23.95 1565 (E)-Nerolidol Ci5H260 0.58 0.7 nd
46. 24.545 1588 Spathulenol Ci5H240 0.49 0.66 0.06
47. 24.7 1594 Caryophyllene oxide Ci5H240 1.04 1.42 0.16
48, 27.26 1702 B-Sinensal Ci5H220 1.34 1.63 nd
49. 27.835 1729 isospathulenol C15H240 0.36 0.58 nd
50. 28.59 1763 Tetradecanoic acid Ci4H280- 0.53 0.76 0.32
51. 29.905 1822 Nootkatone C15H220 0.38 1.03 0.14
52. 30.64 1857 Pentadecanoic acid C15H3002 0.32 0.49 0.09
53. 31.04 1875 Platambin Ci5H2602 0.61 0.92 nd
Pentadecanoic acid
54, 32.025 1922 CieH302 0.72 nd 0.73
methyl ester
55. 33.015 1971 Hexadecanoic acid Ci6H320- 492 2.05 9.36
Hexadecanoic acid, ethyl
56. 334 1989 Ci7H3402 0.48 0.38 0.32
ester
(2,2)-9,12- Octadecanoic
57. 35.36 2093 i CigHz402 0.47 0.16 nd
acid  methyl ester
(2,2)-9,12- Octadecanoic
58. 36.425 2150 i CooHzs02 8.78 1.2 15.33
acid  ethyl ester
(2)-9-Octadecanoic  acid
59. 36.63 2160 CooHzg02 0.18 0.48 0.80
ethyl  ester
60. 37.28 2194 Docosane CooHas 042 0.33 1.00
61. 39.085 2295 Tricosane CosHas 1.96 0.10 4,08
62. 40.13 2356 2-Methyl tricosane CaosHsp 1.22 0.51 1.03
63. 40.755 2393 Tetracosane CosHsp 0.93 0.82 1.98
64. 4227 2494 Pentacosane CosHsp 2.42 0.16 3.53
65. 43.25 2568 Hexacosane CogHsg 1.06 0.47 2.39
66. 44,805 2696 Heptacosane CorHsg 1.27 0.20 1.98
67. 45.88 2798 Octacosane CogHss 0.14 0.09 0.43
68. 46.375 2833 Squalene CaoHso 222 1.91 0.35
69. 50.8 3000< Tangeritin CooH2007 25 3.15 0.91
70. 51.41 3000< 55-Ergostenol CogHas0 1.71 1.03 1.23
71. 51.845 3000< Stigmasterol CogH1s0 1.39 1.54 0.58
72. 52.82 3000< y—Sitosterol CaogHs00 5.38 3.96 3.28
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73. 53.5 3000< Nobilitin Co1H208 1.62 1.82 nd
74. 55.15 3000< Cycloartenol CaoHs0O 0.29 0.27 nd
76.59 | 78.27 | 75.61

- Carboxylic 2+ (4), &=
AE (2) 718 10)=Z &
13).

= (12), &dstol= (11), d=dH= (10), &3tFa (25), F4
FE = 47 geEo] ol FEEolM AN (Fig.

@ Acid (carboxylic)
® Alcohol
OAldehyde
OEster

® Hydrocarbon

=]
=

Relative are %

@Ketone
& Miscellaneous

Figure. 13. Relative content of functional groups of volatile organic compounds identified in

supercritical extract of Y:Yegam.

- B3l AaE MY W FEQ 27.07%E A et 2ot 8 ©slaA 3ghE
+ pentacosane (2.42%), hexacosane (1.06%) % tricosane (1.96%)9} 72 dH <
o}

limonene (11.14%) 3} ~F&# (2.22%) o]t (Fig. 14).
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Figure. 14. Relative number of compounds belongs to functional groups identified in

supercritical extract of Y:Yegam.
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Figure.
fruit.

Figure.

13.38%9] esterst= 7 WA T2 TF EFHATE A WA esters FolA 53] F
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th. Carboxylic acids, 53] 47F#]¢] AAat AA] oo 2k F3p FEE £3HE o] 93l
t}. Hexadecanoic acid (4.92%)7} 1 5 +8 Edo|gleon, & 24&

Wakol et &dste] = 3HE T monoterpenocidal & U|dlo]l ==R{7F FR3F 1
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AEHAL ool T3 FEE] Eetd miscellaneous 3FFES 2F7H] flavone®
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flavoneEd = HAEHJ o, 159 F40E&EE =4 ¥ v7HAR s EolE A
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15. Relative proportion of major five constituents in supercritical extract Yegam
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om & Fa EA9 TIJHE VTR Z7)-912- Octadecanoic acid ethyl ester, y
-Sitosterol , hexadecanoic acid and linalool &©¢] % ZHoz FA3At} oo
Aok 2bgoll gk F&3 oA 2dEs A& F ds AR gFdET (Fig. 15).
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16. Relative proportion of compounds those found in supercritical extract of Yegam

citrus fruit but not in other two samples.
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8 SFrEC] vjal BFAo] ofrje A Ho] gtk #HA &= EA7Ee n| =%
E 2d B4 didiAe Iy GSE M E AR ZFdoh &
170¢] 4ol %2 ¢l functional groupe] A= o] At (Fig. 16).

Fale] # Sl GOMSE Eajo] ¥4

= <
7] 332 Table 791 TAsRow, Zz2vtEadyE Fig 172

Table 7. Chemical compounds identified from supercritical extract of D:Dangyuja variety.

SN| AT Al Name MF "Whole AFr’eeaeI/o Flesh
1. 7.78 991 B-pinene CioH1e 1.93 0.50 1.01
2. 7.85 993 B-Myrcene CioH1e 477 0.05 0.91
3. 7.90 995 (E,E)-2,4-Heptadienal C7H1qO 0.44 nd 0.56
4, 8.97 1034 Limonene CioHis 18.67 3.63 3.93
5. 10.99 1100 Linalool CioH1g0 0.65 0.78 0.18
6. 11.08 1103 Nonanal CoH150 0.23 nd 0.16
7. 12.07 1138 (J-Limoneneoxide CioH160 0.19 0.05 0.04
8. 12.19 1142 (B)~limoneneoxide CioH160 0.27 0.07 0.06
9. 12.60 1156 Citronellal CioH1s0 0.36 0.33 nd

10. 13.81 1193 a-Terpineol CioH1s0 0.43 0.88 0.15
11. 14.64 1222 Carveol CioH160 0.18 0.09 0.15
12. 14.84 1229 B-Citronellol CioH200 0.19 0.44 nd

13. 15.25 1244 B—Citral CioH160 0.15 0.22 0.09
14, 15.61 1256 a-Geraniol CioH1s0 0.35 0.59 0.06
15. 15.78 1262 (E)-2-Decenal CioH1s0 0.06 nd 0.61
16. 16.11 1273 a-Citral CioH160 0.51 0.68 0.09
17. 16.78 1295 (E,2)-2,4-Decadienal CioH160 1.64 0.89 450
18. 17.44 1319 (E,E)-2,4-Decadienal CioH160 1.97 1.28 6.32
19. 18.38 1353 Citronellyl acetate CioH20, 0.26 0.51 nd

20. 18.66 1363 2-Undecenal C11Hx0 0.42 nd 0.60
21. 18.69 1364 Neryl acetate CioH200» 0.25 0.39 nd

22. 19.24 1383 Geranyl acetate C12H2002 2.2 4.36 0.3

23. 19.55 1394 Tetradecane CiaHzo 0.62 nd 0.16
24. 19.56 1395 B-Cubebene CisHos 0.37 0.83 nd

25. 20.02 1412 Dimethyl anthranilate CoH11NO2 0.11 nd 0.14
26. 20.05 1413 Perillyl acetate Ci2H1g02 0.14 0.23 nd
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27. 20.42 1428 B-Caryophyllene CisHog 0.29 0.39 0.10
28. 21.09 1453 (E)-Geranylacetone Ci3H20 0.2 0.38 0.76
29. 21.32 1462 a-Humulene CisHos 0.12 0.10 nd
30. 22.04 1488 Germacrene D CisHog 0.14 0.06 nd
31. 2217 1495 Pentadecane CisHao 0.05 nd 0.23
32. 22.66 1513 2,4-Di-tert-butylphenol Ci4H20 0.12 0.40 0.43
33. 23.07 1530 §—Cadinene CisHzs 0.49 1.06 0.10
34. 23.37 1542 Dihydroactinidiolide C11H1602 0.12 0.33 nd
35. 23.80 1559 Dodecanoic acid Ci2H2402 0.43 0.5 0.19
36. 24.53 1588 Spathulenol Ci5H240 0.3 0.97 0.04
37. 24.66 1595 Hexadecane CieHas 0.12 nd 0.16
38. 24.69 1594 Caryophyllene oxide Ci5H240 0.62 1.41 0.22
. CMHQQ
39. 24.89 1604 Salvial-4(14)-en-1-one o 0.06 0.13 nd
40. 28.53 1760 Tetradecanoic acid C14H280- 0.28 0.58 0.25
41, 29.90 1822 Nootkatone Ci5H20 0.72 1.50 nd
42. 31.02 1874 Platambin Ci5H2602 0.26 0.64 nd
43. 31.92 1917 (E,E)-Farnesyl acetone CigH300 0.20 0.55 nd
Pentadecanoic acid,
44, 32.04 1923 CigH3202 1.35 1.57 474
methyl ester
45. 32.98 1969 Hexadecanoic acid CieHz0- 444 3.72 9.94
Hexadecanoic acid, ethyl
46. 33.37 1990 Ci7H3402 1.17 2.96 0.94
ester
47. 35.17 2076 Xanthotoxin C12HsO4 0.56 0.74 nd
(2,2)-9,12-Octadecadienoi
48, 35.42 2095 ) CigHz402 0.87 1.44 2.39
¢ acid, methyl ester
(2)-9-Octadecenoic  acid
49, 35.53 2101 CigHz602 0.5 0.09 0.81
methyl ester
(2,2)-9,12-Octadecadienoi
50. 36.41 2149 ) CooHz602 7.96 454 4.28
c acid, ethyl ester
(2)-9-Octadecenoic  acid
51. 36.72 2163 CooHzs02 0.42 0.37 1.46
ethyl  ester
52. 37.28 2195 Docosane CooHae 0.33 0.38 1.41
583. 39.10 2296 Tricosane CosHag 1.84 0.54 6.16
54, 40.75 2396 Tetracosane CosHso 0.79 0.35 3.65
55. 42.27 2494 Pentacosane CosHsp 2.1 0.67 7.02
56. 43.60 2593 Hexacosane CoeHsg 0.36 0.38 417
57. 4433 2655 Auraptene CigH203 1.27 1.71 nd
58. 45.60 2798 Octacosane CogHsg 0.30 0.12 1.24
50. 46.35 2833 Squalene CaoHso 0.88 1.94 0.65
60. 48.93 3000< Hentriacontane CsiHes 0.57 0.23 0.15
61. 49.79 3000< Vitamin E CogHs002 0.73 0.21 0.08
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62. 50.73 3000< Tangeritin CooH2007 0.95 1.24 0.56

63. 51.38 3000< 65-Ergostenol CogHsg0 0.83 1.30 1.19

64. 51.81 3000< Stigmasterol CooHsg0 0.46 1.01 0.54

65. 52.75 3000< y-Sitosterol Co9H500 297 5.09 3.59

66. 53.43 3000< Nobiletin Co1H208 0.44 0.53 nd
73.98 56.93 | 77.47

Figure.

Korea.

Abundance

17. GC-MS

6671219 =4 o]
aldehyde (9), ester (10), hydrocarbon (19), ketone (7), miscellaneous (10)=
F du (Fig. 18, 19).
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chromatogram of supercritical extract of Dangyuja varieties from Jeju,
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Figure. 18. Relative content of functional groups identified from Dangyuja fruits.
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19. Relative content of number of compounds based upon the functional groups

identified from Dangyuja fruits.
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Dangyuja fruit.

- dd = B9 HseE dido] A E oy, B =l deiM = dyy 35
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o dojsof AUt
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o] 7)o = 6709 esterified® ZH o] 1742%E A&t At} FFo A= 37HA 9] 3

t=o], By A 27FA 9] gt Eo] oA = HEEHA ZUTE Beta-citronellol ©]
FHAAA A2 FAEer tE F AEHT B FES AAsta AT AA
Aoz FaoA 1.11%, AI oA 0.97%, HI A 036%e] Edo] & 2459 &
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Figure. 21. Relative proportion of constituents those found in supercritical extract of

Dangyuja fruit but not in other two varieties.
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- A Ty FEFAA EEE 6579 skeEe]l 27 carboxylic acid (6), alcohol
(11), aldehyde (8), ester (8), hydrocarbon (18), ketone (7), miscellaneous (8)2.= &
FH AT (Fig. 24, 25).
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Figure. 22. GC-MS chromatogram of supercritical extract of Palsak fruit from Jeju Korea.

Table 8. Chemical compounds identified from supercritical extract of P:Palsak variety.

SN RT Rl Name MF Whole Algeeael/o Flesh
1. 7.77 991 B-Pinene CioH1e 0.12 nd nd
2. 7.83 993 B-Myrcene CioH1s 0.1 0.22 nd
3. 8.77 1027 p-Cymene CioH1a 0.12 0.03 0.03
4. 8.90 1032 Limonene CioHis 2.41 0.25 0.35
5. 9.78 1062 2-Octenal CgH140 0.12 0.05 0.49
6. 10.65 1090 Linalool oxide CioH1802 0.04 0.15 0.09
7. 10.97 1099 Linalool CioH1g0 0.55 0.38 0.85
8. 13.18 1174 Octanoic acid CsHi1602 0.14 0.15 0.28
9. 13.41 1181 4-Terpineol CioH1s0 0.17 0.08 0.06
10. 13.80 1193 a-Terpineol CioH1s0 0.95 1.38 0.41
11. 15.775 1262 (E)-2-Decenal CioH1s0 0.04 nd 0.21
12. 16.09 1272 a—Citral CioH160 0.14 0.33 0.06
13. 16.29 1279 Perilla aldehyde CioH140 0.13 0.34 0.05
14. 16.76 1294 (£,22,4-Decadienal CioH160 1.13 1.93 0.98
15. 17.42 1318 (£,B)-2,4-Decadienal CioH160 1.55 2.79 1.81
16. 18.36 1352 Citronellyl acetate C12H220, 0.19 0.36 nd
17. 18.65 1362 2-Undecenal Ci1Hx0 0.14 nd 0.28
18. 18.68 1364 Neryl acetate C12H2002 0.3 0.97 nd
19. 19.20 1381 Geranyl acetate Ci2H2002 0.48 1.33 0.22

20. 19.56 1391 B-Cubebene CisHos 0.19 0.58 nd

21. 19.89 1406 Decy! acetate C12H2402 0.14 0.58 0.05

22. 20.03 1412 Prillyl acetate Ci2H1502 0.1 0.37 0.06

_41_



23. 20.37 1426 (E)-Caryophyllene CisHos 0.03 0.19 nd
24. 21.08 1453 (E)-Geranylacetone Ci3H20 0.13 0.34 0.16
25. 21.14 1456 Citronellol CioH200 0.21 0.95 nd
26. 22.16 1493 Pentadecane CisHa 0.10 nd 0.06
27. 22.66 1512 2,4-Di-tert-butylphenol Ci4H20 0.13 0.56 0.4
28. 23.06 1529 §-Cadinene CisHos 0.44 1.51 0.03
29. 23.36 1541 Dihydroactinidiolide C11H1602 0.13 0.31 0.15
30. 23.87 1562 Dodecanoic acid C12H240, 0.31 0.51 0.33
31. 23.88 1563 Nerolidol C1sH260 0.05 0.27 nd
32. 24.52 1587 Spathulenol Ci5H240 0.1 0.37 0.06
33. 24.69 1594 Caryophyllene oxide Ci5H240 0.27 0.75 0.17
34. 25.69 1638 a-Copaen-8-ol Ci5H240 1.05 1.94 nd
35. 27.21 1700 B-Sinensal Ci5H20 0.09 0.29 nd
36. 28.52 1759 Tetradecanoic acid Ci4H280- 0.25 0.45 0.25
37. 29.94 1823 Nootkatone Ci5H20 3.39 5.91 0.15
38. 30.64 1857 Umbelliferone CoHeOs3 0.12 0.20 nd
39. 30.96 1873 Platambin CisH2602 0.02 0.2 0.08
40. 31.96 1919 (E,E)-Farnesyl acetone CigH300 0.17 0.38 nd
41. 32.01 1921 Hexadecanole acid Ci7H3402 0.17 nd 0.53
methyl ester
42. 32.98 1969 Hexadecanoic acid CiH302 6.74 3.42 10.77
43. 34.22 2045 Heptadecanoic acid Ci7H340- 0.12 nd 0.2
44. 35.08 2076 Xanthotoxin Ci2HgOq 0.09 0.19 0.27
45. 35.41 2098 Heneicosane CotHus 0.57 0.41 1.48
46.| 3554 o009 | ZF)912-Octadecenoic | o Ll 0o | nd | 104
acid methyl  ester
47.| 3562 pipp | \H O Ootadecenoe acd | o Lo | 013 | nd | 03
methyl  ester
48. 36.53 2147 (2)-9-Octadecenoic acid | CigHaO» 16.79 2.74 20.79
49. 37.29 2194 Docosane CooHas 1.13 0.60 1.98
50. 39.11 2296 Tricosane CosHag 5.44 4.34 6.95
51. 40.77 2396 Tetracosane CasHso 2.33 2.0 2.62
52. 41.96 2473 Pentacosanol CosHs500 0.53 0.28 0.55
53. 42.28 2495 Pentacosane CosHs 3.96 3.70 4.46
54. 43.61 2594 Hexacosane CosHsa 1.25 1.07 243
55. 4445 2631 Auraptene CigH203 14.00 8.39 2.80
56. 44.81 2696 Heptacosane CorHse 1.55 nd 15
57. 45.88 2797 Octacosane CogHsg 0.56 nd 0.21
58. 46.35 2833 Squalene CaoHso 1.18 2.56 0.18
59. 48.96 3000< Hentriacontane CsiHes 0.36 nd nd
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60. 49.78 3000< Vitamine E CooHs002 0.26 1.69 nd

61. 50.69 3000< Tangeritin CooH2007 0.18 1.05 nd

62. 51.37 3000< 65-Ergostenol CogHagO 1.1 3.25 214

63. 51.80 3000< Stigmasterol CooHag0 0.44 2.06 0.67

64. 52.71 3000< y-Sitosterol Co9H500 1.8 5.08 nd

65. 53.37 3000< Nobilitin Co1H2:08 0.08 0.31 nd
77.23 70.54 | 69.72

35 - @ Acid (carboxylic) m Alcohol
O Aldehyde OEster
® Hydrocarbon E Ketone
30 + IMisceHane_ous
26 4
8 ™
@
= 20 4
@
2
£ 15
g
10 4
5 h E
0 T T
Whole Peel Flesh

Figure. 23. Relative content of functional groups identified from supercritical extract of

Palsak.

B Acid {carboxylic) ®Alcohol
OAldehyde O Ester
18 4 & Hydrocarbon & Ketone
m Miscellaneous

Number of compounds

Figure. 24. Relative content of number of compounds based upon the functional groups in

Palsak fruit.

- 4719
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e

Wbk 178 e BEEs Ao s A MRkl 2 phytochemical©]
=52 F 2435%E AAFH o (Z)-9-octadecanoic acid (16.79%) %= I o]
EuFAE (Z)-9-octadecanoic acide] IHol| A A stE H|Fo] =t} o] &

G Abel ol wastls wW AFE Aol Ak FEFel tiE A

of &€ o & Aoly (Fig. 25).
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Figure. 25. Relative proportion of major five constituents in supercritical extract of Palsak
fruit.
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Figure. 26. Relative proportion of compounds those found in supercritical extract of Palsak
fruit but not in other two varieties.

- 2FE BIAY S Zoy EE A U uv&e HL&Yoth (3.76%).
Monoterpenoidal €=, linanool (0.55%), alpha-terpineol (0.95%) %] th& A=<l
o 73 FfrAfel] vl S W A2 o] AEEH AT

o dtol = 3}StE 712 ©] monoterpenoidal YHIElel=7F Xuj A el 15 2 o] 3}
32 sesquiterpenoidalell &3l <dsle]l= = W El-sinesal (0.09%)¢] ZAF E 3}o] A
A=HAJoH, oozt AHEI} Huside W ojdFeM= A G
sesquiterpenoid compound, beta-sinesal (1.34%)°] 7<% At}

Z2at B3 FEE 8% miscellaneous 3HHE> °F7Hol flavone¥ sterol¥ -
epoxy 3}gt&Eo] ¥ 3ty o] <t} Tangeritin (0.18%)3F nobiletin (0.08%)3} Z& tow
flavone=d = HAZHA o, 259 74 HE&2 =4 & vHIA R AH RO =AY
s}3tE | y-Sitosterol (1.18%), Stigmasterol (0.44%), §5-Ergostenol (1.1%)°] &% %1
on, #a By FEEAAE odt 3 FEEIE 28 Cycloartenole] &% A
2 Skt

- 99 AYE vjFor Zaf 2YA FEE T2 EFL limonenel 2 FQIESlow,
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02 28 549 Id/E 7S =2 (Z2)-9- Octadecanoic acid, y-Sitosterol, Auraptene
and limonene o] $HF¥ o=z A AT ©slrie} Atsd ©@sla-ivt F8
d == terpenoids T8 SFEE GH o, Ak o ~EsE YJEjrl vhEF W

AL guk xgE o] AT (2.41%). Auraptene (14.00%)

3L
o the AEse wel Be ol ¥auol Atk 8o AT siEo] wAHIL
1=

— o

H, 2 F FRAAE FAEA ZAdrh (Z2)-9-Octadecanoic acid 7F 7+ B2 S
x3teta e, AZo] HAFEAY. (Z2)-9-Octadecanoic acid (20.79%) < vwlA =
AHEE 7 Ag Aot "AAHoR FiolA 19.26%, TI|AA 5.87%, ¥} ddA]
2347%2] Edo] & Aggad= i)

kAl sRtELo® Al T/ AAgE 2AA FEE S v 4% A7
oM = FA HHE AT BE AEZolA gstaaTt xujF ol om ) o AE XAk
Aol A Fo g iolvy Ao = wlg A& o] EIHIAT. oldFe mg A&
Fo] AEo] TFHJoUY A E £ FEE Y At ¢H22EFTES 9

B Acid (carboxylic)
@ Alcohol

B Aldehyde

B Ester

30 1 B Hydmcarbon

254 O Ketone

'gf-1iscellan S0US
20 A

15
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Area % of functional groups
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Figure. 27. Comparative profile of functional groups among the fruit samples.
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. TEE AARE AT FEEY GAEFY A 2 dAZEAE BF HUt
7h QHAIEo A o] w s A EYztE ] dF, 80% S FEEEC g AXFA oA &

- DU 108 B9 @ATIFIGORR TR, 9T, T4 AhAAE

’

et 5 o 2 Ve mwEl] AAE Ad 2 SA =2 23] AHsidn. A5
o & EEstal 70 T deep freezerel Al 3zt %75?'5& T, A FAAx sHATh
A FEo AF, vAAx A AF AdEE o, 35, F9E 474 vk AR
H, 1:30 o2 DWel| Holz F 1Akt 105 € 1274l A FZ3t9ith. e &
FEAZIL TA Axsto] A2 GxlolA Hasta DMSOC o] AREssitt 80%
EtOH FE9 4%, #24dx A A5 Adzrae] 39, 35, 35 242 vk A

71 5, 2722 80% ethanololl A A& o) UHJ H &< 1:300.% 3] 45% 7+ %S5}
2 %, DMSOo°l| 5o Ao AE-3A
& o}z Table 93 #t}.

o AF 222 =% | 80% e 222 | &
ampie =23 (g) (%) =23 (g) (%)

5 2.82 56.4 1.84 36.8

[ s 3} 2.43 40.0 1.99 39.8
=3 1.55 31.0 1.92 38.4

5 2.75 55.0 2.39 47.8

o] o 7+ 3} 3 2.32 46.4 1.78 35.6
=3 2.71 54.2 2.48 49.6

5 3.65 73.0 2.98 59.6

2k 3} 1.81 36.2 1.96 39.2
3 2.85 57.0 2.36 47.2

(1) 80% ethanol A% Aezd Ay FEE9 GAESH JA 4 GAXAIE &5 3
7}

- 1AM E AT A AN A AddE dFFE=3 80% ethanol FEES A5 YAE
ArE Zdo] A FHEXA Zgd HyE vxdoz AddwE vAds B39 80%
ethanol F==9] ¢ AAEX AE G258 YebUTh G EFA AGS Alze oist
o] MTT AssayZ AAI3 A3 500 pg/mLe] F=7-A 5% oEZ o7 AFE Apdo]
et ow oo 3k Gt ZAF 3y AR AE AEEo] B vEwT AR o E
Al Aol A 72 AP M= 48 AIZFI mETEA| R M E AEEO] Al FHAEA &

Zo] #AH AT (Fig. 28A and B). ol¢t o= A5 hAl£<7] Hela Al

3l AAIgE MTT assayd¥, &2F 33 FEEA v Iy FE2] v&] Ax

AEES Fo] Bojmgles S glgdlon, 72 At A= 500 ng/mL F=7H4] &

Jo

d

£ 0
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ool How AFabde] oRojXm Ut AL Flarh (Fig. 28C and D). ©|
3 wAds AUdE A3 80% dEHEFE=ol o3 AT AMxEel] i FUES
= 40T F UAdH
(A) MTT Assay in AGS - Citrus peel, 80% EtOH, 48h - (B) MTT Assay in AGS - Citrus peel, 80%EIDH, 72h -
140 - 180 -
120 3 140 4
¥ 100 4 T 1204
= > 100 4
= 807 . 1
= B0 i
2 Z &0
L] 4 L]
o ® O 40
20 4 €0 4
1] o :
] 62.5 125 250 500 1000 0 62.5 125 250 500 1000
Concentration {pg/mL) Concentration (pg/mL)
(C) MTT Assay inHela - Citrus peel, 809%EOH, 48h - {D) MTT Assay inHela - Citrus peel, 8B0%EWOH, 72h-
140 120 4
120 100
£ 1o E
> 3 )
£ w0 £
= 804 =
-—1 —t 40 4
ar i L1
o ¥ Q
20 20 1
0 0

0 62.5 125 250 500 1000 0 62.5 125 250 500 1000
Concentration (pg/mL) Concentration {pg/mL)

Figure. 28. Jeju traditional immature citrus peel 80% ethanol extracts inhibits the cell
proliferation on AGS and HeLa cell lines. (A and B) Immature peel and flesh supercritical
extracts were treated in AGS on 48 h (A) and 72 h (B), respectively. (C and D) Immature
peel and flesh supercritical extracts were treated in HeLa on 48 h (C) and 72 h (D),
respectively (@: 32k, O: o]z}, W &2h),
(@) AT W% A E 2QA e FEEEe) AXFA o4 it B
o
LN

Az A7 AF WS AdEe B9, 3

- 9 329 A9, 3 e 49
np A7l 5, 2417 H9F 1 L Extractor® 300 bar, 50 CollA 24 A F=HS AMEs
o FE3A 2 T oldy #Fe AS 1AZ 308 F FEIAL o)F FEE
2 A2dA & 2] Bste AFE A] DMSO°l =9 Algstdth &2 (1 L

Extractor, 300 bar, 50 C, 2 hr)ellA AAst 2dA FE2=59 F&2 oy 1 107
Fdg
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Table 10. Yield of Hot water and 80% ethanol extract.

Cell viability (%)

Cell viability (%)

Figure.

AEY A5 (g) F=% (9 | FETFE @)
)5 385 6.11 2.01
A 3} 3] 277.36 3.61 0.29
s 368.1 7.4 1.3
5 375.07 1.1 0.29
o] o 7t 3} 3] 281.34 2.8 0.995
ol 315.24 6.21 1.97
)5 320.12 6.74 2.11
iy 3} 3] 300.48 4.42 1.47
s 350.5 9.29 2.65

MTT-assayS &3}% human gastric cancer cell?l AGS®} human cervical cancer

celll HeLa celldl tialA A5 vAds Aegigdd 244 F2E9 & a5& 543

o= YEEt (Fig. 29A and B). Cell line B2 ¥ E 3] HokS o, AGSH T+

HeLaol A }9]o] AxAbE Fgo] $-3s & 5 AT

(A) MTT Assay in AGS - Immature Citrus Flesh SCE, 48h - MTT Assay in Hela - Immature Citrus Flesh SCE, 480 -
140 - 120 -
120 4 100 3
100 4 S
80 o =
5
80 - =
= 40 4
o L4
% Q
20 | 20 4
o 0
o 25 50 100 200 400 ] 25 50 100 200 400
Concentration (pg/mL) Concentration (pg/mL)
(B) MTT Assay in AGS - Immature Citus Peel SCE, 48h - MTT Assay in Hela - Immature Citrus Peel SCE, 48h -
140 - 120 -
amil 100 1
100 4 £ g
=
%0 - £
3 =
80 - =
= 40 4
- 4
“ (8]
20 20 1
o 0
i) 25 50 100 200 400 0 25 50 100 200 400
Concentration {pg/mL) Concentration (pg/mL)
29. Jeju traditional immature citrus super critical extract inhibits the cell
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proliferation on AGS and HelLa cell lines. (A and B) Immature flesh supercritical extracts
was treated in AGS (A) and HelLa (B) on 48 h. (C and D) Immature peel supercritical
extracts was treated in AGS(C) and HeLa(D) on 48 h (@: @A} O: o|d 7 W: A},

- MTT Assays &sto] 213 mAds AaizdsE 29A FE==0 o3 AlzAE
apoptosis¢}e] A S Flstr] fste] 747t e] FFES HeLaAdXol| s2¥=2 A
st M RYS A Aoz A At Addw T3 #AAglel 5 (F)

FE==o M= control¥ Hlwske] Wstrh gilAwt, 39 (P) FEEA = apoptotic
body7} &ddES €<l & + AU (Fig. 30).

Ar A

Control F 100 pg/mL F 200 pg/mL

IR P 100 pg/mlL I P 200 pug/mL E

P 100pg/mL P 200 pg/mL

F 100 pg/mL F 200 pg/mL

C: o]zt

P 100 pg/mL I P 200 pg/mL I

Figure. 30. Effect of Jeju traditional immature citrus super critical extract on cell
morphology (A: @72k, B Z2F C: o]ezh), (Pr 29, F: #).

- YIAEFA AGSH = X}%Olﬁb‘vz—od HeLa®} v}zH71A] 2 Hoechst33342 staining ©-
LA s W, ASoA= WSt AJAA R 23] 200
kel & 4 AT (Fig. 31).
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Figure.

- Hoechst33342 staining<
nAd s AQHagE 2y
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)

[e)
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ans

e 9

A}
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C: o]zt

19 s A7

A FeEs

ke,

FA]
A2l gk %
(Table 11, 12) MTT assay

F: 35).

U AS5FEES

HelLa A9} AGS AME2] 7]
Aol A 7H
FACS analysis® cell cycle

P 100 pg/mL I P 200 pg/mL I F 100 pg/mL I F 200 pg/mL I
P 100 ug/mL I P 200 pg/mL I F 100 pg/mL I F 200 pg/mL I

P 100 pg/mL I P 200 pg/mL I F 100 pg/mL I F 200 pg/mL I

Effect of Jeju traditional

44, B:

immature citrus super critical extract on cell

), (P: 23],

A e]skar Al

kol stk

R B SSA B

b 2

A3 sub-G17] 9

==X

=t e]
TEE =T

Bokel g% AuUgw
FEFE A0 470l

Koo rlo mu <N

Table 11. Analysis of

200 png/mL 5% Az Al HeLar ¥ AGS
sub-G17]1¢ &

w2 =

9% of Sub G1 phase in the Hel.a cells treated with peel extracts.

Hela -2 o] of 7+ oA
ng/mL | Control 100 200 100 200 100 200
Sub-G1 1.86 32.27 28.92 5.62 40.45 5.62 23.67

G1 56.25 22.95 29.31 64.54 35.01 64.54 38.74
S 16.45 19.93 24.73 11.54 12.66 11.54 18.85
G2/M 25.84 22.49 1791 18.55 12.50 18.55 19.24
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Table 12. Analysis of 2 of Sub G1 phase in the AGS cells treated with peel extracts.

AGS g H2 o] o 2 24
ng/mL [ Control | 100 200 100 200 100 200
Sub-Gl | 453 1479 | 3449 | 1286 | 40.10 9.00 16.08

G1 5205 | 2764 | 2675 | 3881 | 2260 | 49.08 | 41.32
s 1711 | 1237 | 1936 | 1005 | 1964 | 1214 | 972
G2/M | 2665 | 4564 | 2035 | 3817 | 1799 | 2976 | 32.80

\= 1

3 <, B, BG5S 294 FEE 2AHES GC/MSE F3te] 48

Ak A 7] 3= Table 130 Edston, A=vtE 1= Fig. 3
t}

Do
o
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Figure. 32. GC-MS chromatogram of supercritical extract of immature dangyuja varieties

from Jeju,Korea.

Table 13. Chemical compounds identified from supercritical extract of immature dangyuja

variety.
sN| RT | R Name MF frea 7
Whole | Peel | Flesh
1 7.81 992 beta-Myrcene C10H16 20.44 12.41
2| 898 1035 Limonene C10H16 5149 | 1309 | 1.73
3| 11.01 1100 Linalool C10H180 1.94
4 | 13.78 1193 alpha-Terpineol C10H180 0.65
5| 15.21 1243 Z—Citral C10H160 0.25
6 | 15.56 1255 trans-Geraniol C10H180 0.23
7 | 18.06 1342 delta.—Elemene C15H24 0.17 0.78
8 | 19.19 1382 Geranyl acetate C12H2002 0.39 1.55
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9 | 19.57 1395 beta-Cubebene C15H24 0.24

10| 19.53 1394 beta.-Elemene C15H24 0.98

111 20.41 1427 beta-Caryophyllene C15H24 0.39 1.55

12| 21.14 1456 Nerolidol C15H260 0.39

131 21.27 1461 alpha-Humulene C15H24 0.43

14 | 22.04 1489 Germacrene-D C15H24 1.14 3.79

15| 22.40 1502 Bicyclogermacrene C15H24 0.34

16 | 22.60 1511 2,4-Di-tert-butylphenol C15H220 0.26 04

17 | 23.06 1530 delta—Cadinene C15H24 0.19 0.77

18 | 23.66 1554 Elemol C15H260 0.45

19| 27.16 1699 beta-Sinensal C15H220 0.24

20 | 28.43 1756 Alpha-Sinensal C15H220 0.42

21| 32.78 1960 Hexadecanoic  acid C16H3202 0.61 4.32

22 | 35.14 2079 Xanthotoxin C12H804 0.33 1.18 0.3

23| 3535 | 2090 Henicosane C21 H44 0.47

24| 3577 | 2112 Phytol C20H400 1.03 0.23

25| 36.23 2137 Ethyl linoleate C20H3602 475

26| 36.36 | 2144 Octadecanoic  acid C18H3602 3.69

27| 3656 | 2155 Osthol C15H1603 0.25 0.95

28| 3722 | 2189 Docosane C22H46 0.98

29| 3845 | o059 | [ Mehowy&-2-oxo-Smeviouly | oigiens | pog | 128
l)coumarin

30| 3867 2271 1,1,4,4-Tetramethyl-2-tetralone C14H180 17.84

31| 39.06 | 2293 Tricosane C23H48 1.03 7.07

3| 3925 | 2aos | [ Methoxy-8-RroxosSmetyiouty |60 087
l)coumarin

33 | 40.08 2354 2-Methyltricosane C24H52 1.14

34 | 40.27 2365 9-Butyldocosane C26H54 3.77

35| 40.70 | 2390 Tetracosane C24H50 3.05

36| 41.68 2455 Methyl-tetracosane C25H50 5.99

37| 42.25 2493 pentacosane C25H52 1.19 8.24

38| 43.24 2568 Methylpentacosane C26H52 0.66

39| 43.58 | 2593 Hexacosane C26H54 0.16 1.30

40| 44.29 2652 Auraptene C19H2203 0.65 3.66 0.96

41| 4432 2654 8-Methylhexacosane C27H54 2.07

42| 448 2693 Heptacosane C27H56 0.2 2.03

43| 4635 | 2829 Squalene C30H50 0.26 0.78

44| 47.88 | 3000 Triacontane C30H62 0.21

45| 48.78 | 3000< gamma.-Tocopherol C28H4802 1.00

46 | 49.78 | 3000< alpha-tocopherol C28H4802 0.68 4.41

47 | 50.71 | 3000< 4' 5.6,7,8-Pentamethoxyflavone C20H2007 1.06 2.8 0.66

48 | 51.38 | 3000< delta.5-Ergostenol C28H480 0.79 2.03 3.02

49 | 52.73 | 3000< gamma-Sitosterol C29H480 3.37 1.96 1.22
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50| 52.69 | 3000< gamma-Sitosterol C29H500 8.11 11.38
3,3,4' 5,5 7,8-Heptamethoxyflavon
e

52| 53.43 | 3000< 3,4’ 5,6,7,8-Hexamethoxyflavone C21H2208 0.7 1.48 0.66
Total 90.4 90.72 | 71.06

51| 53.09 | 3000< C22H2409 0.7 24 0.87

- Terpenee] F¥ AFEo= yYelykow aldehyde, alcohol, coumarin, polymethoxy
=

flavonoidsE 2 75+ gtgdeo] vds A FEEo0A AU (Fig. 33).

Dangyuja SCE- immature
OHydrocarbon terpens
80 .:j 4 P
o4

=]
mFolymethoxy flavanoids

Compound %

0 — . = -
Whole Peel Flesh

Figure. 33. Relative content of functional groups of volatile organic compounds identified in
supercritical extract of immature Dangyuja.

- 1,144-Tetramethyl-2-tetralone= 2%  Z}I] o % A% o™ Limonened}
beta-Myrcene -+ 3+3tE©] 70% oS AAES & = At sHAINE I A A
o

H 2 RtEE0] A HEHA &= AL AlRY variation WO E AR H

t} (Fig. 34).
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Figure. 34. Relative proportion of major four constituents in supercritical extract of
immature Dangyuja.
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Figure. 35. GC-MS chromatogram of supercritical extract of immature Phalsak varieties

from Jeju, Korea.

Table 14. Chemical compounds identified from supercritical extract of fruit of immature

Phalsak variety.

SN RT Report Name MF Area %
Whole | Peel | Flesh

1 7.87 994 beta—Myrcene C10H16 0.72

2 8.86 1030 Sylvestrene C10H16 1.00 4.24

3 9.12 1039 Limonene C10H16 3.97 7.98 8.03

4 9.75 1061 gamma-Terpinene C10H16 19.00 4.86 3.28

5 10.92 1098 Linalool C10H180 1.43 1.79 1.48

6 11.14 1106 Nonanal C9H200 0.62

7 13.71 1191 alpha-Terpineol C10H180 1.61

8 14.07 1201 Decanal C10H200 1.38 0.72

9 18.58 1361 Neryl acetate C12H2002 | 0.85 1.05

10 19.09 1378 Gerany!l acetate C12H2002 | 0.93 1.09

11 19.46 1391 Beta-Elemene C15H24 0.64 0.88

12 19.80 1403 Decyl acetate C15H24 0.4

13 21.93 1485 Germacrene-D C15H24 3.35 417

14 22.31 1498 alpha.-Selinene C15H220 1.28 1.67

15 22.44 1504 Farnesene C15H24 1.77

16 22.61 1511 2,4-Di-tert-butylphenol C14H220 0.35

17 22.97 1526 delta—Cadinene C15H24 0.32 0.46

18 23.62 1552 Elemol C15H260 0.31

19 29.12 1786 Ethyl myristate C16H3202 0.2

20 31.97 1919 Methyl palmitate C17H3402 0.27
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21 33.30 1984 Ethyl palmitate C18H3602 0.26

22 36.20 2135 Ethyl linoleate C20H3602 2.80
23 36.28 2139 Octadecanocic  acid C18H3602 1.17
24 36.45 2148 Osthol C15H1603 | 0.31 0.66

25 37.22 2189 Docosane C22H46 0.65

7-Methoxy-8-(2-formyl-2-met
hylpropyl)coumarin

27 38.13 2241 Xanthotoxol C11H604 0.84

1,1,4,4-Tetramethyl-2-tetralon

26 37.96 2231 C15H1604 1.28 1.68

28 | 3831 2051 - C14H180 20.86
29 38.36 2253 Methyldocosane C23H49 3.42
30 | 3860 | opoyp | AMetyImSmpropyl2H-Tbenz | a0 | 1345

opyran—2-on
31 | 3902 | 2091 Tricosane C23H48 1.05 537

7-Methoxy-8-(2—-ox0-3-methyl

32 39.20 2300 .
butyl)coumarin

C15H160 1.23 1.37

33 40.09 2354 2-Methyltricosane C24H52 0.79
34 40.27 2364 9-Butyldocosane C26H54 3.05
35 40.70 2390 Tetracosane C24H50 0.45 2.08
36 41.67 2454 Methyltetracosane C25H54 482
37 42.22 2491 Pentacosane C25H52 1.39 5.94
38 43.21 2565 3-Methylpentacosane C26H54 2.83
39 43.54 2590 Hexacosane C26H54 0.98
40 4408 2633 Alloimperatorin C16H1404 8.15

41 4431 2653 Auraptene C19H2203 | 7.81 7.29 0.54
42 44.32 2653 8-Methylhexacosane C27H54 1.73
43 4476 2690 Heptacosane C27H56 2.14
44 45.59 2798 Octacosane C28H58 1.03
45 46.30 2829 Squalene C30H50 1.21 1.26
46 4763 3000 Triacontane C30H62 0.28
47 48.70 3000< .gamma.-Tocopherol C28H4802 0.41 0.73

48 49.64 3000< alpha-tocopherol C28H4802 1.67 2.41 0.86

4' 5,6,7,8-Pentamethoxyflavone

49 50.57 3000< C20H2007 1.32 1.78

50 51.20 3000< delta.5-Ergostenol C28H480 4.84 1.87 9.6
51 51.64 3000< Stigmasterol C29H480 1.89 1.34 2.71
52 52.52 3000< gamma-Sitosterol C29H500 9.26 4.38 16.65
53 | s326 | sooo< | o ’5'6'7'8_Hixeamethoxyﬂavo C21H2208 | 056 | 0.24
Total 83.62 820 84.11
- 5371A1 9] EHdo] wAd L Z2 2JA FEEANA B EH A2, hydrocarbon terpenoid

7} coumarin®|] TH AEOS UElE o™ alcohol, phytosteroids, polymethoxy
=1
=

flavonoidsE 2 w w5+« 3I3tEo] 2t FEFoA A E AT (Fig. 36).
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Figure. 36. Relative content of functional groups of volatile organic compounds identified in
supercritical extract of immature Phalsak.
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Figure. 37. Relative proportion of major four constituents in supercritical extract of
immature Phalsak.
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2 FEWE ol el ZHFPom, GO/MSE #A 5
AZH H3Ee] BES Table 152 RASGOM, AwrbETdE Fig. 8% 1}
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t} (Fig. 38).
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Figure. 38. GC-MS chromatogram of supercritical extract of immature Yeagam varieties

from Jeju, Korea.

Table 15. Chemical compounds identified from supercritical extract of fruit of immature

Yeagam variety.

T T t t T T T t
175 200 225 250 75 300 325 350

Time (min)

T T T
425 450 475

T T
525 550

T
575

Area %

SN RT RI Name FF

Whole | Peel | Flesh
1 8.97 1034 Limonene C10H16 376 | 2219 | 36
2 9.83 1064 gamma-Terpinene C10H16 450
3 11.00 1101 Linalool C10H180 878 | 1123 | 1.42
4 13.78 1193 alpha-Terpineol C10H180 1.42 1.60
5 14.13 1204 Decanall C10H200 0.56 0.48
6 16.26 1278 Perillal C10H140 0.29
7 18.04 1341 delta—Elemene C15H24 3.21 5.02 0.31
8 18.62 1362 Limonene oxide C10H160 0.53
9 18.64 1363 Neryl acetate C12H2002 0.38
10 19.16 1381 Geranyl acetate C12H2002 0.61 1.13
11 19.55 1394 beta-Elemene C15H24 0.95 1.55
12 20.36 1426 beta—Caryophyllen C15H24 1.12 1.61
13 21.14 1456 Nerolidol C15H260 1.17
14 21.28 1461 alpha-Humulene C15H24 0.46 0.72
15 22.01 1488 Germacrene-D C15H24 3.1 4.46 0.44
16 22.40 1502 bicyclogermacrene C15H24 0.35
17 22.61 1511 2,4-Di-tert-butylphenol C14H220 0.37 0.77
18 23.02 1528 delta-Cadinene C15H24 0.49 0.92
19 23.67 1555 Elemol C15H260 0.33 1.06
20 23.88 1563 Nerolidol C15H260 0.24
o1 248 1606 47(2,2,3,(Hetramlethylbutyl)*pheno C14H220 027
22 27.17 1699 beta-Sinensal C15H220 0.56 1.31
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23 28.45 1757 alpha-Sinensal C15H220 1.09 2.66
24 29.16 1788 Ethyl myristate C16H3202 0.29
25 31.97 1919 Methyl palmitate C17H3402 0.22
26 32.78 1960 Hexadecanoic acid C16H3202 2.8 4.21
27 33.34 1987 Ethyl palmitate C18H3602 0.36
28 35.36 2098 Heneicosane C21H44 0.62
29 35.71 2108 Phytol C20H400 1.07
30 36.16 2133 Ethyl linoleate C20H3602 2.52
31 36.25 2138 Octadecanoic acid C18H3602 2.58
32 37.22 2189 Docosane C22H46 1.52
33 38.35 2253 3-Methyldocosane C23H49 4.89
34 39.05 2298 Tricosane C23H48 1.39 12.10
35 40.69 2389 Tetracosane C24H50 0.51 3.89
36 41.66 2454 2-Methyltetracosane C25H52 6.59
37 41.96 2474 Pentacosanol C15H320 0.44
38 42.19 2490 Pentacosane C25H52 1.25 9.11
39 43.53 2589 Hexacosane C26H54 1.46
40 44.75 2699 Heptacosane C27H56 0.35 2.51
41 46.30 2790 Squalene C30H50 0.51 1.19 | 0.67
42 48.78 3000< gamma.-Tocopherol C28H4802 0.4 1.33
43 49.75 3000< alpha-Tocopherol C28H4802 1.41 4.24
44 50.73 3000< 4' 5,6,7,8-Pentamethoxyflavone C20H2007 2.3 4.68 0.5
45 51.34 3000< delta.5-Ergostenol C28H480 1.38 2.18 | 554
46 51.78 3000< Stigmasterol C29H480 1.16 286 | 2.05
47 52.73 3000< Gamma-Sitosterol C29H500 54 912 | 11.72
s8 | sa02 | sooo< | OXHeor8Heplamethoxtavo | 00 | 064
ne
49 53.40 3000< 3',4' 5,6,7,8-Hexamethoxyflavone | C21H2208 1.42 1.59 0.3
Total 87.14 8?2 80.78
60 1 D Rcone " erPene B Aldehye _
= Etalt‘lgrgcnls OP olymethoxy flavanoids
50 1
& 7
% 30 1

P
=
!

-
-
!

Whole

Pedl

Flesh
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Figure. 39. Relative content of functional groups of volatile organic compounds identified in
supercritical extract of immature Yeagam.

- AL oldzt 2YA FEEoNA Limonened} Linaloole] IFyjoA o] FH IFEZ
THH Ao, FFoAM = o4 % gamma-Sitosterolo] B2 S AAskaL U3
t} (Fig. 40)
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Figure. 40. Relative proportion of major five constituents in supercritical extract of

immature Yeagam.
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Figure. 41. Effects of fraction from various Citrus on the cell wviability in RAW 264.7

macrophages.
2. AEY Fy FEE U LPSE =¥ Agdx JAT F7t

- RAW264.7 th Al 320l A olelzt, &4t Frate] a5, 33, &3 585 20 ug/mLA 2] &

% lipopolysaccharide (LPS)Z Atshd Aol HAS FEstAS wf oozt yajel, &4k i}

¥ FEES AEE FEolA LPSE fed AFshdao] Aol oAlE= RS el

WA EA M= LPSE o7 HAYAR 7hFete, ofdd s 545 zbe o549l Akst

A5 INOSE Fsto] HASH =t olibshdid] dAle FATEAE Hol= Fo=
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detet o= vt (Fig. 42).
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Figure. 42. Effects of fraction from various Citrus on the LPS induced nitric oxide (NO) in
RAW 264.7 macrophages.

3. ol Bw), B2k B} 2289 FIFEE W7
b elelzt ), Bap 73] FEE AL AT Bt
- UlAAES) RAWZBAT MOl olelzh 33, @at 3u #%
2l8t 23 [LPSE L3 Astd e AAo] Fk o]FEZ
(Fig. 43A and B).
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Figure. 43. Effects of fraction from Iyokan and hassaku pericarp on the LPS induced nitric
oxide (NO) in RAW 264.7 macrophages.

thoelelzt 2], Fab by FEEe] g LPSE fri=®l INOSe COX-29] f4ah 2 oA
37t
- RAW2647 oA AN oldlgh s, Fap #u] FZ o] INOS, COX-2 v e
ulilb V= #shy] flste] dl=dsts shalh LPS®E e wastod s 45
CAl HH, o] =l fJeis] AT FI SNPR gl iNOSeF COX-2 v e
Bl FrketAl |k LPS®E A3 eFe HiolAE iINOS9 COX-29] wale] =~
ot ozt #yjeh Bt A9E 0-40 ug/ml FEEZ A § LPSE INOSst
COX-2% I8lale o, INOSeH COX-2 whijde] Wdo] Fke oEHor fashs A&
stelstoltt (Fig. 44A and B).
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Figure. 44. Inhibition of the fraction from Iyokan and hassaku pericarp on LPS induced iNOS,
COX-2 gene products in RAW 264.7 macrophages (A) o]d7F #}3]. (B) 221 3}y,

é

t}, oldzk ¥y I} ] FEEo| o3 LPSE FE¥ INOS9 COX-29] mRNA & o4
s 37t
- SelA FaAEAE INOSe COX-2 el Hdo] mRNAS] &3 53 o] A&
gelatz] 98kl RT-PCRE Fastlth LPS® A5ahA & FEelAs iNOSet

l

(|

COX-2¢ mRNA ®glo] =% O}O}O‘% olezt Fuleh Al ;IS 0-40 ug/mL FEEE
Aelgk & LPS® INOS¢F COX-2E5 fr=st3le ", mRNA o] sk o|EAow 7H4st

= AEs A (Flg. 45A and B).
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Figure. 45. Inhibition of INOS and COX-2 mRNA expressions by fraction from Iyokan and
hassaku pericarp in LPS-stimulated RAW264.7 cells (A) o] 7t =}y, (B) &2 3}y,

g}, o)zt u) T2} 3y FEHE] o3 LPSE FE¥ NF-kBe &4 o4 &3 g9l
g AARRIARQ] NF-kappaBv A5WHs-oll 1olA INOS$®F COX-2& XHetR=

T WS wpiEttal & BaE Qi ol 2 AFol A= NF-kappaB®| Subunit$l
p65e ¢IxtEl Aw2 Hrbsigity. 1 Ay LPSel 93 p65e] ¢l4tkshe= 15«011*1 T2 9
absl wlojxm il ulE A A AETAE o] phel UAtsr oAl At
= =%+ NF-kappaBe A4S ojAlsta 754@33 INOSQ]F
S A 3o R AT} (Fig. 46).
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Figure. 46. Suppression of LPS induced NF-kB activity by fraction from Citrus hassaku
pericarp in RAW 264.7 macrophages.

nl, oozt u] FAF u] FEEo| 93 LPSE %49 p38, ERK1/2, INKe| ¢14+3} wkg o
A5 H7}

- gE d320AF FroldlobAlel MAPKs (p38, ERK, JNK)o| tish Ql4tst A®=7F A|7}F
¥ 7He 3U7EE stk o A¥ #AF ulE LPSY fEHE oud MAPKs (p38,
ERK, JNK) Q4tsts oAlgS &2l & 57} qlQlch 9l Az #af Ayjo] ~dars
MAPKs (p38, ERK, JNK)¢] 21413} 9JAE Fair dojub= Ao] o}jegt NF-kappaBe]
GAAAE E3lA dojdrh=s AS thA] & W ElE)] =3t (Fig. 47).
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Figure. 47. Effects of fraction from Citrus hassaku pericarp on LPS induced activation of p38,
ERK, and JNK.
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Figure. 48. Inhibition of the fraction from Iyokan
and TNFa production in RAW 264.7 macrophages.
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Al 438 FAEZ AEE Foldl o EtOAc 8 &3 A
B A 2 F Capillarisin®] 93 A&7 7 &

1. 7otrt ol EtOAc 28 & 9% HepG2 A EAA S NE BS &5 T4
7h grobnk & FEE R

- dzxd Foput ¢l 1200 g= wallste] 80% wWlgbE= 33Ut FE9 FH Y wFVE
ol-gste] 27.0 g¢] MBS FE== de 7 UM o] WEE FE= 200 g AF
A FZF WH (Schem. D& o] &sto] odotAlElo]E #2E (EAF) 08 g& 95

AN

Extract with 80% MeOH. Filtration
80% MeOH extract

H,0 - MeOH

Extract with Hexane

Hexane fraction Aqueous layer

; Extract with CHCl;
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] Extact with EtOAc

Extract with BuOH
BuOH fraction ' H,0 extract

Scehme 1. Fractionation of guava leaf extraction.

Mixed with H20:MeOH extract (1:1.v:v)

vl Ee FFS ehnch

Table 16. Total phenolic content and total flavonoid content from different fraction of P.

cattleianum leaf extract.

Sisite T‘ol‘all pol.}'phcnol content (mg 'g) Totgl flavonoid content (mg g)
Gallic acid Rautin

HF 157.22+16.58 114.35+8.76

CF 166.10£17.14 193.74£3 65

EAF 318.33+44.06 330.92+14.89

BF 326.92+38.81 4433742290

WF 227.28+2929 322741226

ME 2754042955 329.75+10.65

- AA2=AFHEEF7] (Electron Spin Resonance Spectrometer)E ©]-&gk o}u}

e
A
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5] L= (0] o = S =0 3 S
JEE9 AFedd 2A%5S 43¢ 27, EAFS BE/F M £ @48 YE
t} (Fig. 49).
(A) DPPH radical (B) Hydroxyl radical
100 100

= I 525 pg/mL = N 0.5 mgimbL

2 = 125 il = = ; mgﬁt

_-§' 30 | I 25 pg/mL Z 20 ——

2 _2

] E: .

2 504 @ 60

=] k=]

5 @

; 40 4 % 40

o o

L2 “

8 204 S8 20

o o

& @

0 - o T

(C) Alkyl radical
100
- 125 gl
[ 25 pgml
g0 | B 50 py'ml 7'[

60 -
40 -

20 4

LA L

A\ f \

Radical scavenging activity (%)

Figure. 49 Radical scavenging activity of various fractions of P. cattlelanum leaf extract.
(A) DPPH, (B) hydroxyl, and (C) alkyl radical. All fractions were added at 6.25 - 25 ug/mL

(A, C), 05-2 mg/mL (B). Catechin was used positive control. Values are means £ SD (n

=3).
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& ] Eokow, Afettd &7e EAe] Hojd EAF

¢ BFE HepG2 Aol 1A17F A Agd 7, Ho0x5 4r3F Agste] Ast2Ef s

% Aelstel AlE AEES &2 3 243, EAFRte] H202

= o2 yUeutew (Fig 50A), EAFE v=¥= A

A 57, HO. & Aelsh 43 s& oA or Agie s Hg BE 37 o
ettt (Fig. 50B).
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Figure. 50. Protective effects of EAF of P. cattleianum leaf. (A) HepG2 cell culture were
treated for 1 h with 50 and 100 pg/mL concentrations of ethyl acetate fraction (EAF) and
butanol fraction (BF) and then incubated with 200 uM of H-Os; for 4 h. (B) Cell treated
with various concentration of EAF. The values presented are the means + SD (n =4).
- Comet assayS %3lo] HyO.0 23 DNA damageZE 3¢l & 4= glom $of &
Ao® EAFE v=H= d AYd 5 HO0.E 4 AZF A3t H, AlxE Sghol=
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2 N
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=S E& 242 DNA ZZHE59 o]%5S %3l DNA damageE =A3gch. 1 A,
EAF %% & o7 H202¢ 93 DNA damage’} o]t AL o & 4 9
t} (Fig. 51).
(B)
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% of DNA
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Figure. 51. Protective effects of EAF on H;Os-induced DNA damage by comet assay. (A)
HepG2 cells were pretreated with the 25-100 pg/mL of EAF for 1 h prior to the
incubation with 200 pM of H.O, for 4 h. (B) Graphical representation of comet assay. (a)
Control. (b) 200 uM H0s. (c) 25 ng/mL EAF+H.0,. (d) 50 pg/mL EAF+H:0.. (e) 100 n
g/mL EAF+H>0,.
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2.

o

7bE

A& o z28RE B H Capillarising 3893 &% &4 2 &< 714 +9
E A E A (in vitro)E ©]43F Capillarisin®] &d5a %

(1) Capﬂlarisinﬂ At A Al H7F (Nitric Oxide Assay)

RAW264.7 WA M EZ A Capillarising 4, 16, 80, 160 uM< %= A s =
lipopolysaccharide (LPS)2 2Fs}&d 4o WA S F 2319 S u LPSE =% 2ksd 4
o BAol v YEHoE AAY= s skt A A EAAM = LPSE 9
AJA=E 5ok, old el S-S Zbe WolE 4 AstdAE INOSS Esto] o
sl H=d, o] Astd A dAE FETEAE Hole Adow #ddd F Uth
RAW264.7 th2] M ¥ A Capillarisin®] iNOS, COX-2 @z Wdo]| njx+= FgS
glstr] flete] A"k st LPSE fxd viazgeiA s 45 07]
A =, o] 4ol osfs] A5 ¥ dwAR dH INOSe COX-2 whid o] o
o] F7tstA €tk LPSE A=3kA ¢k FielAE INOSe COX-29 o] E]X]
%okoy Capillarisine 4, 16, 80, 160 uM T=E=Z AHg3 & LPS=E INOS%}
COX-2% FE3t3S d, INOSS COX-2 ©ulde] sdo] sk oEH o R HAirsdte
A& gdedvh(Fig. 52A).

Sl A st A™ INOSSH COX-2 @ o] Wao] mRNAS W 33 #hddo] 3l
=4 g<Qlstr] 918t RT-PCRS < E’S}‘iﬁﬂr LPSE 2314 2 FitoA =

9} COX-29] mRNA & o] mx 9kgror} apillarisin% 4,16, 80, 160 uM F=4E &
A2 § LPS2 iINOS$t COX-28 +&=3t3<s W, mRNA o] & ofEHow
sk AS FlstAn (Fig. 52B and O).
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Figure. 52. (A) Cells were pretreated with different concentrations of CPS for 1 h and
stimulated with LPS (1 ug/mL) for 24 h. The values obtained were compared with those
of standard concentrations of sodium nitrite dissolved in Dulbecco’s modified Eagle's
minimal essential medium (DMEM), and the concentrations of nitrite in a conditioned media
of sample treated cells were calculated. Data were obtained from three independent
experiments and were expressed as means * SD. =#xxf < 0.001 indicates significant
differences from the LPS treated group, ##/F < 0.001 indicates significant differences from
the unstimulated control group. (B) RAW 264.7 cells were pretreated with different
concentrations of CPS for 1 h and stimulated with LPS (1 ug/mL) for 24 h. Equal amounts
of total proteins (25 ug/lane) were subjected to 8% (for iINOS) and 10% (for COX-2)
SDS-PAGE, and the expressions of iINOS and COX-2 proteins were detected by Western
blotting using specific anti INOS and anti COX-2 antibodies. B-actin was used as a

loading control. The blots shown are representative of three independent experiments that
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had similar results. (C) Inhibition of iNOS and COX-2 mRNA expressions by CPS in
LPS-stimulated RAW 264.7 cells. RAW 264.7 cells were pretreated with the indicated
concentrations of CPS for 1 h before being incubated with LPS (1 ug/mL) for 20 h. Total
RNA was isolated, and iINOS and COX-2 mRNA expressions were examined by RT-PCR
analysis. PCR of glyceraldehydes-3-phosphatedehydrogenase, GAPDH, was performed to
control for a similar initial cDNA content of the sample. The results shown are

representative of the three independent experiments.

- A5l Fag AARIAS NF-kappaBE A58H8-ol loiA INOS® COX-2& %43t
224 d4F wkee viAgva 2 Burdu ol 2 Aol = NF-kappaB2|
Subunit?! p659] <QlAtst A=E Frbstdvh. 1 A3 LPSel ok p659] <QlAikstE 15
wo A QlAakst woJ X Capillarising A 228k A XA = o] p65e <lAkstr o
AES BAY (Fig. 53A). WA Capillarisine LPSel %% +& NF-kappaBel &4
S oAt A2H o2 INOS9 COX-25 Hd S oAt 3oz FdekEch

LPS
(B) T2 16 80 160 CPS (uM)

(A) LPS CPSILPS

0 5153060 0 5 15 30 60 Time (min) {
- - - —
- - - e | < p65 <NF-xB
NE - Ve
50 00 a0 80 I e e en & | ¢ Lamin B
l I ! | I‘ ! l

014 1 12 1 06 03 fold

Figure. 53. (A) Cells were pretreated with 160 uM of CPS for 1 h and stimulated with
LPS (1 ug/mL) for the indicated times and the nuclear extracts were prepared, resolved by
SDS-PAGE, and electrotransferred to a PVDF membrane, after which Western blot
analyses using anti p65 antibody was performed. Lamin B protein was used as a loading
control. The results shown are representative of the three independent experiments. (B)
Cells were pretreated with the indicated concentrations of CPS for 1 h and stimulated with
LPS (1 ug/mL) for 1 h; nuclear extracts were prepared as described in the methods
section. Detection of NF-kB binding activities was performed by electrophoretic mobility
shift assay (EMSA). The specificity of NF-kB complex formation was verified in the LPS

only sample by displacement with a 50-fold excess of the unlabeled mutated
oligonucleotide (mut) and a 50-fold excess of the unlabeled consensus oligonucleotide (cold)

(Data not shown).
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(3) Capillarisindll ¢]3F LPSZ F%=% p38, ERK1/2, ]NK2| 143} wk8- ojA's H7}
- I gE dF9A gholulotAlel MAPKs (ERK, JNK, p38)ol thak <latsl 4 =7}
A7F ¥ 7 #HI7FE etk o] A3} Capillarisine] LPSel X%+ ERK, J
A E gAlet= AS gl F F AATh 919 ZAH/E Capillarisin®] A9 &
NF-kappaB2] &4 <A1¢} ERK, JNK2 <14tst A& FalA dojdti= S &

& F AAt (Fig. 54).

A i ® e ©
0 80 160 CPS(uM) - 0 80 160 CPS(uM) 0 80 160 CPS(uM)
— N S — ]
I- 4 Phospho-ERK1/2 | e — == « phospho-JnK B

(Thr202/Tyr204) (Thr183/Tyr185)

Ss==

(Thr180/Tyr182)
<4 p38

Figure. 54. (A, B, and C) The cells were pretreated with the indicated concentrations of
CPS for 1 h and stimulated with LPS (1 ug/mL) for 1 h; whole cell extracts were
prepared, resolved by SDS-PAGE, and electrotransferred to a PVDF membrane. After
which Western blot analysis using phospho—specific anti—-ERK, phospho-specific anti—JNK,
and phospho-specific anti-p38 antibodies was performed. The same membranes were
reblotted with anti-ERK, anti-JNK, and anti-p38 antibodies. The results shown are

representative of the three independent experiments.

(4) Capillarisinell ©18 LPS® =% TNFa, IL-6, IL-1, PGE,®] A4 o4 &3} el

- RAW264.7 W12 Aol A Capillarisin®] LPSe] €8 TNFq, IL-6, IL-16, PGE2 1} 4]
el AT e Felsly] fste] ELISA WHe ol&stdt. 4, LPSuS A&
AEFANE 498 Ze TNFa, IL-6, IL-18, PGE2 A2 BEHHE AL 349159
il Capillarising AA g g METAA = FEoEA 02 TNFa, IL-6, IL-18, PGE2%
o] A= AL gt} wpebA Capillarisine] 954 o] E7}21¢l TNFa, IL-6,

IL-1B, PGE2#HS Aoz ddF a5 7HHAus AS dUdsArt (Fig. 55).
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Figure. 55. Cells were pretreated with different concentrations of CPS for 1 h and
stimulated with LPS (1 ug/mL final concentration) for 24 h. (A) The amount of TNF-a
release was determined by a TNF-a antibody coated enzyme linked immunosorbent
assay (ELISA) Kkit, as described in the Materials and methods. (B) The amount of IL-6
release was determined by an IL-6 antibody coated ELISA Kkit, as described in the
Materials and Methods. (C) The amount of PGE2 release was determined by the mouse
PGE2 ELISA kit. Data were obtained from three independent experiments and were
expressed as means = SD. (D) The amount of IL-18 release was determined by an IL-1b
antibody coated ELISA Kkit.

(5) Capillarisin®] M¥XZF2 A5 H7}F

- Capillarising 50, 100, 150 uMS A gst 5, U266ME2FTE 12, 24, 36A1ZF w3t 2y}
Capillarisine 150 uM #]2]gF oA X} AIZF oJEX o2 A xE F2A o] JA =
As F< sttt (Fig. 56A).

- FAE BA7]E o] £3}o] Capillarisin®] U2664| 252 AEZF7]o] sk 23S s
A3}, Capillarising 2 2] 3k ol = 22 ekA] && ol B} subGlS 2 & gl
S & F7F A}ATE o= apoptosisd] FH STl stUEA o] EFE gk Ax
543 AxFS2AY A= apoptosis® I AAVE Ae= AlAbste] &£+ (Fig

56B).
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Figure. 56. (A) CPS suppresses cell proliferation in U266 cells were plated in triplicate,
treated with 50, 100, and 150 uM CPS, and then subjected to MTT assay after 12, 24, and
36 h to analyze proliferation of cells. (B) U266 cells were treated 150 uM of CPS for 24 h,
after which the cells were washed, fixed, stained with PI, and analyzed for DNA content

by flow cytometry.

(6) Capillarisin®] ™3 constitutive STAT3, JAK], JAK?2, Src 4= Asls H7}

- $-2]+= Capillarisine 30, 50, 100, 150 uM= AXEZAo] gl 6417 A7k o <l
39 STAT3E 928" B2 A% vk 1 A3 Capillarising 223k ol A
T oEHo g AikstE STAT37 JAES F2lstAtt (Fig. 57A).

- STAT3e]| tj3t upstream kinases ol 3sttkel JAKIlol| diaiAl Capillarisine] gk A4k
=gl JAK19] A" =5tE Al edvh. 2 23, d4kske JAKISH JAKLS] Tdo]
AAHS Btk JAKLS wao] A= Aol /\]E 2o A4E ophdA A A
2131 A HﬂE]roﬁ“‘ﬂ% g Ay sd A5 2EAS At wEkA Capillarisin
AbstEl JAK1S] €45 Aslfed Rk ofye} ]AKl-J U w3k A" Z2l 5k
o} (Fig. 57B).

- T3k STAT3e] W8t upstream kinase% JAK2el| thdfA Capillarisine] tgk 12ks}e
JAK2¢] dl2=d" &35 A% stk 1 49, Qlikslel JAK2¢9 JAK29] Hdo] A
He Btk JAK29 Tdo] JAH= o] g 2l A opdA AlAsty] §
A WEDE S 2 A7 sds Al 2ddS gt wEbA Capillarisin
QxkstE JAK29 EA4S Aed ®ut ofyel JAK29 wdE =3 A ES el 9]
t} (Fig. 57C).

- I t}E STAT39 W3t non-receptor upstream kinasezol| &Ft}el Srcoll thaf A
Capillarisioll ™3k <123l ¥ Srco] l2~W L=t A% st 2 23 Capillarisin
A et FolA wE JEH R AAstE Srcrt JAE S FelskAh (Fig. 57D).

off
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Figure. 57. U266 cells (1 x 10° cells/mL) were treated with 0, 30, 50, 100, and 150 uM CPS
for 6 h. (A) Whole-cell extracts were prepared and immunoblotted with antibodies for
phospho-STAT3 (Tyr™) andphospho-STAT3 (Ser’”). The same blots were stripped and
reprobed with STAT3 antibody to verify equal protein loading. (B) Whole—cell extracts
were prepared and immunoblotted with antibodies for phospho-JAKI1 (Tyrlm/ 1023) " The
same blots were stripped and reprobed with JAK1 antibody to verify equal protein loading.
(C) Whole-cell extracts were prepared and immunoblotted with antibodies for
phospho-JAK2 (Tyr'®71%%)  The same blots were stripped and reprobed with JAK?2
antibody to verify equal protein loading. (D) Whole—cell extracts were prepared and
immunoblotted with antibodies for phospho-Src (Tyr*®). The same blots were stripped and

reprobed with Src antibody to verify equal protein loading.

S m}ouu
ARG A=A
STATSS] 9542 o3

o $¥]+ Capillarisine] STAT3¢] 3
Capillarisine] oA Z7E9 o

Atk (Fig. 58).

x0

4 Merge

Figure. 58. After 6 h of CPS treatment, the cells were fixed and permeabilized. STAT3
(green) was immunestained with rabbit anti-STAT3 followed by FITC-conjugated
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secondary antibodies and the nucleus (blue) was stained with DAPI. The third panels show
the merged images of the first and second panels. The results shown are representative of

two independent experiments.

(W) Capillarisin®} Pervanadate©l ¢]3F STAT3 x5 H7}

- ¢+ Capillarisin f+%=% STAT3 EFo] 24l QIAkste] A7 & Elo] =4l <147}
Tl Zao 24 Wil dojus ANA Flejreknt. 1 Ax @A g2l
N7 R Eae]l JAAQ pervanadater Capillarisin =% STAT3 A4S oA
sttt (Fig. 59A).

|

- SHP1, SHP2, PTEN2 wlz glo] 22 Qibrtia| ga0lt). $-2]% Capillarisin®]

ot ZF5FolA SHPL, SHP2, PTENS 23S 243 ¢+ gex 928 Egs
o] &3to] FelajH gttt 1 A3 Capillarisin® SHP1¥ SHP29 &3S # %38 A vk
PTENS] ®&o = o &S U] x| 2] ekt (Fig. 59B).

- flelA s S go] 24l QIMb R E A o] mRNAY] Y e
o] A=A gl 43}04 RT-PCRS <33}dt}t. = A3} Capillarisine SHP1
¥ SHP2°] mRNA 23S #F=39A % PTENS] mRNA 3ol wgo] oot
(Fig. 59C).

N

(A) (B) CPS © cPs
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0 0 5 10 25 Pervanadate(uM) -— e 8| < sHP-1 _ <« SHP-1
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O S5 $% S 8 < STAT3 - aup @l | « PTEN <« PTEN

Figure. 59. (A) U266 cells were treated with the indicated concentrations of pervanadateand

150 uM CPS for 6 h. Whole—cell extracts were prepared and immunoblotted with antibodies
for phospho-STAT3 (Tyr'™®). The same blots were stripped and reprobed with STATS3
antibody to verify equal protein loading. (B and C) U266 cells were treated with the
indicated concentrations of CPS for 6 h. (B) Whole—cell extracts were prepared and
immunoblotted with antibodies for SHP-1, SHP-2, and PTEN. The same blots were
stripped and reprobed with B-actin antibody to verify equal protein loading. (C) Total RNA
was extracted and examined for expression of SHP-1, SHP-2, and PTEN by Reverse
Transcription—-Polymerase Chain Reaction (RT-PCR). Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as an internal control to show equal RNA loading.

(7) Capillarisin®] apoptosis 25 #H7}

(7} Capillarisin®] ™3+ Annexin V¢} TUNEL assayS %3+ apoptosis %7}

- Annexin V2 TUNEL ofAlo]E FalA v =54 U266 4 Capillarisin®]
apoptosis & oJHE =AY 1 A3 Capillarising #2839l A= Annexin
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V positive AXE7F 20%% Z7}gS HAQL TUNEL dAolE HEafa =3t
Capillarisine * 2]t To| A= DNA d¥Ho] 14% ZMNA = A& &l
o] F7HA dlAlelE& Sl Capillarisine] 243] apoptosisg& +E¥= ettt
(Fig. 60A and B).

- HAARRIAL Fof el STATB-J 242 Master switch@ZA] A AE] & HQ
s e A FAE F]o #AE did HHdd Aol E FAETE Capillarisin
S FTEEE AHgsh wel STAT3 Al F731 AR Bel-x1, Bel-2, Survivin, Cyclin
D1, IAP19] W3S FAlsle] H Q) A3} Capillarising A 2] $ 79| A= Bel-x],
Bcl-2, Survivin, Cyclin D1, IAP1¢] #&do] s% oj&EX oz IAHES XY (Fig.
60C).

- Yol A FFeAd Bel-x1, Bel-2, Survivin, Cyclin D1, IAP1 w2 ¢] ¥3 o] mRNA
o] vty fFy A#o] =A #elslry] 9ste] RT-PCRS 334t} Capillarising
30, 50, 100, 150 uM === AHZ3A<S 9  Bel-xl, Bel-2, Cyclin D1, Survivin
mRNA Zdo] vk o&EH oz arste AS 2Adskant (Fig. 60D).

\
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Figure.60. (A and B) U266 cells were treated 150 uM of CPS for 24 h, incubated with an
anti-Annexin V antibody conjugated with fluorescein isothiocyanate (A), TUNEL-Label mix
conjugated with the TUNEL-Enzyme (B) and then analyzed with a flow cytometer for
apoptotic DNA fragmentation effects. (C and D) U266 cells were treated with the indicated
concentrations of CPS for 24 h. (C) Whole—cell extracts were prepared; 30 ug portions of
those extracts were resolved on 10% SDS-PAGE and probed against Bcl-xI, Bel-2, Cyclin
D1, Survivin, and IAP1 antibodies. The same blots were stripped and reprobed with
—actin antibody to verify equal protein loading. (D) Total RNA was extracted and
examined for the expression of Bcl-xl, Bcl-2, CyclinD1, and Survivin by RT-PCR. GAPDH

was used as an internal control to show equal RNA loading.
(1}) Capillarisin®] t 3+ Caspase-3 &4 3} PARP Cleavage 37}

- M Ho]FE Ao A= Capillarisin®] STATS3, JAK2, Src A4S oAHES
STAT3d 98] 245 E ofe] 7k @id =3k ddo] JAgS Bt &=
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714 Skell A AF @Kol apoptosis el FFA¢ @ E <l Caspase-39 €73 7
PARP cleavages %3d|lA A= Capillarisin®] apoptosisE 23t 7S thA| A
=4S sHrt. 1 A3 Capillarisin®] Caspase-3¢] A4S F %33 vholrbA]

PAPR cleavageE '23o] apoptosisE Yo7|= Aow HFAHoR AES Adrt
(Fig. 61A).

- 8+ Capillarisin®] STAT39 DNA #v}eld FAS A= Flsuote}. & +
ZES o83 EMSA 4 o|A Capillarisine] w2 Al7relE4 o2 STAT3 DNA
ele &S AAS &2 & & AT (Fig. 61B).

(A) (B)  CPS(uM) CcPS

CPS 0 30 50100150 O 2 4 6 Time (h)
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ML

— 4 Cleaved caspase-3
Figure. 61. (A) U266 cells were treated with the indicated concentrations of CPS for 24 h.

Whole-cell extracts were prepared and immuneblotted with antibodies for Caspase-3 and

4 STAT3

- <« B-actin

PARP. The same blots were stripped and reprobed with [B-actin antibody to verify equal
protein loading. (B) U266 cells were treated with the indicated concentrations of CPS for 6
h and analyzed for nuclear STATS3 levels by EMSA (lefi panel). U266 cells (1 x 10°
cells/mL) were treated with 150 uM CPS for the indicated times and analyzed for nuclear
STATS3 levels by EMSA (right panel).

(8) Capillarisin®} Bortezomib®] STAT3 B4l A x}e] wralz wke 7}

- Capillarisin?} BortezomibS ® 3tz g]dte] STAT3 Al FAAE9 S Ao
Btk 1 A3 Capillarisins ‘T/_}%Oi 23S u] Xt} Capillarisin® Bortezomib
= BEAgsR S wW STAT3 g FAAE] o Be| JAHS Bvh (Fig. 62A).

- Capillarisin?} Bortezomibs W23t S vl apoptosis ol FF4<Q @zl
PARP cleavage®} Caspase-39] &A<o W37l ex A&t 1 Ay
Capillarisin®} Bortezomib®] Caspase-32] XS =3t }ol7}A PAPR cleavage
S ettt (Fig. 62B).
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Figure. 62. U266 cells (1 x 10° cells/well) were cotreated with CPS for 6 h prior to
bortezomib treatment and added with bortezomib for 24 h, (A) And then whole—cell
extracts were prepared; 30 ug portions of those extracts were resolved on 10% SDS-PAGE
and probed against anti-apoptotic, proliferative, and metastatic, and angiogenic gene
products. The same blots were stripped and reprobed with B-actin antibody to verify equal
protein loading. (B) Whole—cell extracts were prepared and immunoblotted with antibodies
against Caspase-3 and PARP. The same blots were stripped and reprobed with B-actin
antibody to verify equal protein loading.
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A 52 FHA A oA edel o UTIMG AZANAY A
¥ 54 oA 2 AZAE 5% F7)

1. B2 3 A-d 2do o3 U3T3MG A EANAY AE T4 94 8% 4
- MTT assayS %3} human glioblatoma$! U373MGoA A5 B2 3 ofAaA
ede g9 Bes AT A 1243 A2 20 pg/mL FEOANE TR oEA
o2 MEe A% AdAE &<l T F A} (Fig 63).
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Figure. 63. Cell growth inhibition. The values presented are the means = SD (n=4).
Viability was determined on the basis of MTT reduction. Human U373 glioblastoma cells
were treated with Dangyuja peel essential oil (DPEO). PP < 0.01, compared to the control.

2. FA o o HAE odo o3 U373MG Al E oA ¢ apoptosis &<l
- Hoechst33342 @4 Al ¢ks o] &sto] Fak A8 2dS 20-60 ug/mLE A 2lE Al
FoAe] s dAete] FPFANAES T HF A T T OE o =
(apoptotic body) &7dS &<l & 4 AT}t (Fig 46A). =3 DNAE FE319] agarose
A7195S St DNAE &2l 3 23 60 pg/mL sl 55 DNAS dHstE &
& 4 AAH (Fig 64B).
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Figure. 64. Effects of DPEO on nuclear Hoechst33342 staining and DNA fragmentation.
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Cells were treated with DMSO or with the indicated concentration of DPEO for 12 h. (A)
Treated cells were stained with Hoechst 33342 and the stained nuclei were visualized under
a fluoresce microscope. (B) DNA fragmentation was analyzed by 1.8% agarose gel

electrophoresis.

- A #y oA e del ogt MEFT]e] WEtE FACS analysisg $3l 3
t} (Table 17). = A3 60 pg/mL H%olA sub-Gl17]1¢ =712 s 5+ 9
(Table 17). ®3gF W EF =2 o} membrane potential s JC-1 A& &3l A

ek AR 60 pg/mL FEolA At FAaE gl & 5 AAY (Fig. 65).

Table 17. The percentage of cell cycle phase in the DPEO-treated U373 cells for 12 h.

Concentration (pg/mL)

0 20 40 60
Sub-G1 0.23 £ 0.14 0.25 £ 0.07 1.96 = 1.04 72.69 + 3.95°
Gl 54.81 + 5.07 52.46 + 245 51.07 + 4.02 15.05 += 2.04
S 18.30 £ 1.62 17.78 + 0.54 13.69 += 3.77 6.23 £ 1.89

G2/M 27.11 £ 6.21 29.99 + 3.07 33.66 £ 7.51 6.26 £ 0.56
PP < 0.01, compared to the control.
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Figure. 65. Effects of DPEO on mitochondria membrane potential. Cells were treated with
DMSO or with the indicated concentration of DPEO for 12 h. Mitochondria membrane
potential was determined by flow cytometry after staining with JC-1 in DPEO treated
U373 cells (C). PP < 0.01, compared to the control.

- A Ha dAE edE 12A AYg & AEE lysisgte] dMAS FE3 F
SDS-PAGE 7|95 s &3 dWds A7|EE Usr F transfer® &3 PVDF
membrane°] TS F2A 7] 5 el A wHES Fal apoptosis ¥ A s
stolsl A3} PARPO cleavage®}t capase-8, caspase-3¢9 &A43tE #& & 4 vt
(Fig. 66).
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Figure. 66. Immunoblot analysis of apoptosis-related protein expression in DPEO treated
U373 cells. Cells were lysed after 12 h of incubation with the indicated concentration of
DPEO. Cellular proteins were separated by SDS-PAGE and were transferred onto PVDF

membranes. b—actin was used as an internal control.

3. ZFA FAy gAA 2d AEEH
- G52 By o AR ode] s AR BEAES GC/MSE BEASGT A9
7] 3}3E] B2 Table 189 & a9t}

ol
(02
oX,
Ho

Table 18. Major components (in %) of Dangyuja peel essential oil separated by gas

chromatography-mass spectroscopy.

RT RI ¥ Name of the compound ” Area % ©
10.765 932 o-pinene 0.49
12.659 976 Sabinene 0.07
13.581 993 B-myrcene 32.23
15.693 1036 dl-limonene 64.69
16.440 1053 B-ocimene 0.45
17.613 1076 Linalool oxide 0.4
18.398 1090 trans-linalool oxide 0.2
19.025 1101 Linalool 0.18
21.704 1157 Citronella 0.11
23.574 1193 p-menth-1-en-8-ol 0.1
25.081 1224 7-ethylden 0.1
26.042 1245 Z-citral 0.04
27474 1274 Citral 0.06
32325 1379 a-copaene 0.05
32.670 1386 Neryl acetate 0.09
34286 1423 trans-cCaryophyllene 0.1
36974 1485 Germacrene-D 0.41
38.756 1528 d-cadinene 0.08
54.644 1956 Hexadecapentaene 0.11
55.798 1990 Farnesol 0.04

@ retention indices relative to C7-C30 n-alkanes calculated on Rtx-5MS capillary column.

P supercritical CO2 extract of fruit compounds tentatively identified based on retention

index and elution order as well as the fragmentation pattern described in the literature.

° relative peak area percentage (peak area relative to the total peak area %)
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Al 62 FHA Y BIFE AMEHO|YAET A 2 Ao 7]
ol sl= A A4 E A (phytochemicals) &=

1. 372 dellA £33 qgef7tA] £ EC] dd AEA GAE AZAE7Z g
7h AR ol ZEdk o rhA Y=l E A-A AE AEARE 22l

- A9 xﬂiv&ﬂ DU1459 4] ol olAH o] E, & BIBS A Ay, F2
23E B3 EA 30-100 ug/mLolA F2lA sk A Tt (Fig. 67).
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Figure. 67. Effect of the chloroform (CHCl3) fraction of Dangyuja leaves (DCF) on
cytotoxicity. Cells were treated with three fractions from Dangyuja leaves (10, 30, 50, or 100
g/mL) for 24 hours, and cell viability was determined by
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide assay. Results of independent
experiments were averaged and are shown as percentage cell viability compared with the

viability of nontreated (NT) cells. Data are mean+SD values of three measurements.

oA FREE BRI AFA odAE 7}
- A EREE 955 507 100 ug/mLS A2 3 F, DUIBAMEFE 244 3F 36A1%F )
Fe A} FAE ASA @ FlAE BAAA 200 AEFAL Tk A
St FREE FHSS AL Pl FES A EHoz JAE FHo] oAl

= AL Bl Stk (Fig. 63A).

- AP AEFOIN FAS 2ol FRA FREE PR 44 A9d AXdE 9
AEA zARRtel B Ad o RIBE APH FAEFIN £F T THL BYAW
44 AYH AL T JuoR AEmAE E PPl USS HelF] v by
ol 98 Yo HelFa vt (Fig. 63B).
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Figure. 68. Effect of DCF on proliferation and exerts strong cytotoxicity against DUI145 cells
compared with noncancerous RWPE-1 human prostate cells. DU145 cells were plated in
triplicate and treated with DCF (0, 50, or 100 pg/mL) (A) And then cell proliferation was
analyzed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. (B) DCF
exerted strong cytotoxicity against DU145 cells compared with noncancerous RWPE-1 human

prostate cells.

o WA 2ReE Rz ATl 97}

- §AE BAVE olgkel WA FREE BEo] DUMSHERY ATF/ da A
AS 2 23 o] FEES A3 LollA = AgstA Fe —7101]/\1 BT} 10017%¢] subGl
S %42 1S & 77 Atk ol apoptosise] FH SHF hhAl o #Eo
g AESAH AEFAS AL apoptosise] FEI WAL Aee AAed Fu
(Fig. 69)
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Figure. 69. Effect of DCF on cell cycle. DU145 cells were treated with vehicle (0.1%
dimethyl sulfoxide, A) of DCF (100 pg/mL, B). After a 24-hour incubation, cells were
harvested, washed with cold phosphate-buffered saline, and digested with RNase. Cellular
DNA staining with propidium iodide and flow cytometric analysis were done to determine
the cell cycle distribution. Data are from one representative experiment of three independent
experiments that had similar values among all the results. **P<.01, **xP<0.001. BuOH,
n-butanol; ¢/w, cells per well; EtOAc, ethyl acetate.

g}, GAF F22E 235 U3 constitutive STAT3 A% Asis H7}

- 2] A= oH] doleloll A AYA LAEF DUILS7} constitutive STAT3EA S
S WA sty wabA e G SEEE £85S 30-100 ug/mLs AR
5A0] gl 8AIZE AEdk Fofl QlitalE STAT3S 92" E2ks Al stk o1 dx,
TR ERER B8E Ag v sEEA SR I4kstE STAT3ZE dAl9S <l
skTt (Fig. 70)

DCF
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% % o | «phospho-STAT3 (Tyr705)

.-—{ < STAT3

Figure. 70. DCF suppresses constitutive activation of the signal transducer and activator of
transcription (STAT) 3. DU145 cells were treated with DCF (0, 30, 50, or 100 ug/mL) for &
hours. Whole-cell extracts were prepared and immunoblotted with antibodies for
phospho-STAT3 and STATS.

np, DA FR2E B35 Y3 constitutive JAK2 B4 %= Adls H7

w3k STAT3O EH'L upstream kinases ol stuel JAK29] thaljx] o] E&Eof stk <Ak
shel JAK29] 92" E3kS A% etk 1 Ad 14bstE JAK29F JAK29] o]
HE Btk JAK29 o] AgA|E= Ao ] 2o A= 0}‘4%] A =Lstr] f1siA
HENE S e A3 5 T2 S22 28982
AstE JAK29] &S Aei Ewt OP‘/]"/}, ]AKZ«] ‘%@_5‘35& AAES g2l st
(Fig. 71).
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Figure. 71. DCF suppresses constitutive activation of Janus like kinase (JAK) 2. DU145 cells
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were treated with DCF (0, 30, 50, or 100 pg/mL) for 8 hours. Whole—cell extracts were prepared
and immunoblotted with antibodies for phospho-JAK?Z and JAK2.

vl G2 FREZ BE 5 3l constitutive Src ST Al H7t

- I & STAT3e] 3k non-receptor upstream kinasesol 3Ft}Ql Srcoll tiaji] o] #3
o digk Q1ikstE Sreol d2® E3S A% Stk 1 2y, A EEEE +9E
g8k FoA ErolEAom AakslE Srevt AAES z}g%}gﬁr/} (Fig. 72).
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Figure. 72. DCF suppresses constitutive activation Src. DU145 cells were treated with DCF (0,
30, 50, or 100 pg/mL) for 8 hours. Whole—cell extracts were prepared and immunoblotted with
antibodies for phospho-Src and Src.

AL g STAT3 AsiAIZ L& AG4900] tigt STAT3 &4 JAs H7t
AP dAM HoFE FHA FREIE BYEo] YR STAT3 &4 Asjet dAvo]
v 7He gRlske Adolnh wekA] STAT3 AsiAR & odelzl AGL0S 3Fd3s] At
¥l STAT3 €4& Aaes BT (Fig. 730).
Al Rl AG4909] STAT3 &4 Aoz Ay dMEFT MxES2A
2 AES Bt (Fig. 73A). ©] 2324 Fiak F2ZIEES STATS ZA4S
oy AHd HAEF MESAES AT T F7F AS5S At Foh S B
AG4909] gt STAT3 &4 A5 AExT2A A= Caspase3S 84S FEste
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Figure. 73. AG490 suppresses cell proliferation and indeces caspase-3 activation. DU145 cells
were plated in triplicate and treated with 100 uM AG490 for the indicated times, and then cell
proliferation was analyzed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
assays (A). DUI45 cells were treated with AG490 (100 pM) for the indicated time intervals.
Whole—cell extracts were prepared and immunoblotted with antibody against caspase-3 or 3
—actin, which was used as a loading control (B and C). AG490 suppresses activation of STATS3.
DU145 cells (2x10° cells per well) were treated with indicated concentrations of AG490 for 8
hours, and whole-cell extracts were prepared and immunoblotted with antibodies for caspase—3,
phospho-STAT3 and STATS.

[e]
= 7hE dolus] 9lEA UV 23Ed3 on 22obEde ogdld o 714 B4
A YA ¥ Aok PR FEREEF REBIA nobiletin (NB)o] FHES Hesta
o (Fig. 74)
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Figure. 74. Identification of nobiletin in DCF. Liquid chromatography (LC)/electrospray
ionization (ESI)-mass spectrometry profile: total ion chromatograms and ultraviolet (UV)

spectra at 288 nm of nobiletin standard (STD) and DCF of Dangyuja leaves.

2. Nobiletin®ll w3} constitutive STAT3 ZA = A&l H7}
7}. Nobiletinoll ™3+ constitutive STATS, JAK, SrcZ2A4 %= A&s H7}

- Fd= Nobileting 30-100 uM< AlE54d0] gl 8AIRE A2k Fo <14kstdl STAT3S
dd E2ks Ax 39tk 2 A3 nobiletin A 2|3 Tl A FrEoEHOoR <14HEtE
STAT37} A19-& gt} (Fig. 75A). 5 Y 3HAl Nobiletinge 30-100 uM-S Al 3Z=4] o]
= 8AI7E A el Fo 24kstE Sres 9AE E2kS A% stk 2 A3} nobiletin A
gt oA FRoEHoZ AsE Srcrt JAES STt (Fig. 75B). & thE
STAT3e] th3F non-receptor upstream kinasez°ll 3F}2l Srcoll a4 nobiletinel t 3+
AAEtE Srce] A2E E2S A% St 1 A3, nobiletin wellA FEOEHOE
AHskEl Srert AES EIskt (Fig. 750).
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Figure. 75. Nobiletin suppresses constitutive activation of STAT3, JAK and Src. DU145 cells
were treated with nobiletin (NB; 0, 30, 50, or 100 pg/mL) for 8 hours. Whole—cell extracts were
prepared and immunoblotted with antibodies. (A) Phospho-STAT3 and STAT3. (B)
Phospho-JAK2 and JAK2. (C) Phospho-Src and Src.

L}, Nobiletin®ll ™3+ Caspase-3 &4 3 PARP Cleavage %7}
- QA HolFE Ao A= nobiletin®] STAT3, JAK2, Src &S AES BT oA
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H315%0] apoptosis kol & o] Al Caspase-32] 2433 PARP cleavages %5
4 A= R o] nobiletin®] apoptosisE sl 7S thAISHH =AH S Rt 1 Ad
nobiletin®] Caspase-32] &4S F%38tal Yol7lA PAPR cleavageE #938F9] apoptosis
& dovle e FHIFAHoR AES 4t wdbN A EEER F9E9
apoptosis®] e AHolm: o] B3 & E3tE nobiletinel] &l 7|elsl= AR AR HT}
(Fig. 76).
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Figure. 76. Nobiletin induces apoptosis by PARP cleavage. DU145 cells (2x10° cells per well)
were treated with NB (50 pM) for the indicated time intervals. Whole—cell extracts were
prepared and immunoblotted with antibody against PARP. (B-Actin was used as a loading

control.

t}. Nobiletindl |a Az @] M} zAb
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2% o & 2-dimensional gel electrophoresis (2-DE)E 433} t}. Nobiletin # 2] 3}
A g dhe] dde] Wy WslE ol Ad vA gy} vluste] wwg el g
o] 28] o]Fe] Aol7F vi= 62719 spots AS T AR (Fig. 77), 1 T 2070¢]
spots ARt @A =4S FtAt (Table 19). L 5 17708 @A g
Aol AEAoR olFolxon o] F ER-stress¢t #dHo] 3= GRP78o|Zt= ©
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Figure. 77. Representative 2-DE maps of proteins of human gastric cancer SNU-16 cell
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line. (A: Control, B: treated—nobiletin 50 pM). The gels were silver stained. Solubilized

1IPG
SDS-polyacrylamide gradient gels (10 - 16%).

proteins were focused on strips  (pH  4-10,

Table 19. Proteins identified from the 2-DE gels of human
by PMF.

24 cm) and separated in

gastric cancer SNU-16 cell line

Identified  protein Score  Expect OFOId
% vol.
1  spermine synthase 120 2.3e-07 3.34
2 Chain B, histocompatibility = Antigen Hla-Dm 67 0.045 3.64
3 rho GDP-dissociation inhibitor 1 isoform a 135 7.4e-09 1.92
4 mitochondrial ATP . synthase, H+ transporting F1 136 5 96-09 322
complex beta subunit
5 78 kDa glucose-regulated  protein 241 1.9e-19 6.44
6 TXNDCS protein 233 1.2e-18 5.12
7  COMM domain-containing  protein 9 isoform 2 91 0.00017  0.29
8 eukaryotic translation initiation factor 4E, isoform 73 0,011 0.40
CRA e
9 Chain A 183 1.2e-13 4.15
10 capping .proteln (actin filament) muscle Z-line, 93 0.00012  56.08
alpha 2, isoform CRA_a
11 EF-hand calcium binding domain 6 85 0.00068 241
12 peroxiredoxin 3, isoform  CRA_c 66 0.058 0.80
13 proteasome subunit beta  type-3 71 0.017 0.69
14 Chain A, crystal structure  of The Protein-Disulfide 66 0,055 0.60
Isomerase Related Chaperone Erp29
15 fatty acid-binding protein, epidermal 64 0.083 0.58
16 peroxiredoxin-6 240 2.3e-19 0.60
17 proteasome subunit alpha type-6 133 1.2e-08 0.63
2}. Nobiletinol] 2|3+ GRP78 whuld o] ute W3l #z

- 2-DE o]"]#] ZA3¥} nobiletin®l
western blot< &3l nobiletin&
A3} nobiletin®] %7t S7HETE
o] & 2= 919

e GRP78 & o)
GRP78¢] 23o] 295

SHEA RS
ghlstAtt (Fig. 78A).
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SEHE SNU-16 Aol Aeste] glstadct. 1
GRP789] mRNA¢®} @94 o] wrdo] FrtgS g
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Figure. 78. RT-PCR and Western blot analysis of protein expression in gastric cancer cells.

(A) Expression of GRP78 in SNU-16 cells after treatment
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RT-PCR. (B) After 24 h, cell lysates were subjected to western blotting with antibodies
against GRP78 and caspase—4 in SNU-16 cells. (C) Western blotting with GRP78 antibody

against in another gastric cancer cells, SNU-1 and AGS.
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Figure. 79. Expression level of cell growth and ER-stress related proteins in SNU-16 cells.
Cells were incubated with various concentration of nobiletin for 24 h (A and C) or 50 uM
of nobiletin with time-dependent manner (B). Proteins were separated by SDS-PAGE in a
10-15% polyacrylamide gel, transferred to a PVDF membrane and immuno-reacted with

autophagy antibodies.

vt Nobiletinell ¢J3] f+%=% autophagy @7°l apoptosisel mA+= F3F A}
- L3 nobiletinell ¢l =¥ LC3 IolA LC3 Ize] o] Fr7hdS gl e=mX
nobiletin®l] ]3]l autophagy’} %= 2 4 =S &Asto] (Fig. 80), nobiletin *] 2] A|
autophagy <A #|Q1 chloroquines A A E]lsto] MTT assay, cell cycle analysis, L2
T3ttt 21 23} autophagys A8 S 7-F nobiletinoll <]
I A F7F (Fig. 80A), sub-G17]12] 57} (Table 20), cleaved PARPS] &
7} (Fig 80B)E& &3} apoptosis’t B T#sHA 283t= o=z SlE A}, walA
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Figure. 80. Chloroquine inhibits autophagy and sensitizes SNU-16 cells to cytotoxic actions
of nobiletin. (A) Cell viability was determined by MTT assay after treatment with different
time (24 and 48 h) of nobiletin in the absence or presence of chloroquine (40 pM,
pretreated for 2 h). (B) Western blot analysis of cleaved PARP expressions in cells treated

with 25 uM nobiletin in the absence or presence of chloroquine (40 pM).

Table 20. Inhibition of autophagy enhance nobiletin—-induced apoptosis.

(M) ; cQ+ ’ cQ+
PM Control CQ40 NO23 N NO 50 s

(%0)
Sub-G1 7931467 5.61+2.84 17.16+2 51 23.03£3.07 30.91+7.40 30.81£11.50
Gl 55324240 55:104.92 62.97+1.36 54371612 42.76+5.09 38431484
5 11.62+113 11.45+243 42440389 6.23£2.42 7.88:1.49 7.535+1.81
G2AI 25.47+533 24.17+2.74 15.79+3 32 16.62+3.60 18.76+225 14.55'+568
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Al 74 o]z #Ay YA FE2ES STAT3 EAAH £ ALA
T A

1. o]zt #9 2UA FEE o Ax5H L AxdHo] g9
7} ol 7t 3y FELE (supercritical extracts of yeagam peel (SEYG)) o tf
SAZAA O AE=RE FH
- oA 2-’?? AERQD U266, " =54 wWEwW Azl K562, dHA %“ﬂi‘ﬂ
DU145, %< A2 MDA-MB-231, 7+t AlZ<Q HepG2 Al Eol o] ozt
ZE(SEYQ)S Ags 23, BE AEZFAA 50~400 ug/mL 7HA] 5% o420 Al
] <

o
v
o2,
rob

EIEAE BH9oewn, 53 K562, DUL45, HepG2 AEAA 7t & AE54S ey
t} (Fig. 81).
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Figure. 81. U266, K562, DU145, MDA-MB-231, and HepG2 cells were incubated at 37 C
with various indicated concentrations of SEYG for 24 h, and the viable cells were assayed

using the MTT reagent.

2. SEYGoO 2|3 <Al Eol A9 constitutive STAT3 X A5 H7}
7F. SEYGO 9]3F theFsk A oA 9] constitutive STAT3 &4 %= A dls H7}
- A 7HA] SAIEFT7} constitutive STAT3 &84S Holmg -2l SEYG 100 ug/mL
S AlE=do] gl 6A1F A7gh o 14ksl ® STAT3 9128 E2H& A% st
71 A, DUL4S Ay hAlEZFol A 14kst ®l STAT3S] &A4o] 7H wWol dAHE S
ittt (Fig. 82).

*
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Figure. 82. Cells were incubated with the indicated concentrations of SEYG for 6 h.
Whole-cell extracts were prepared, then equal amounts of lysates were analyzed by
Western blot analysis using antibodies against p—-STAT3, and STAT3. The results shown
here are representative of three independent experiments.

L}, SEYGoO 23 DU145 A XA 2] constitutive STAT3, JAK1/JAK?2, Src A= A 3l
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X F Akst | STATS 24 Aol 7 & &35 B3l DUL4S Al
of wiate] Az, w2 Q14kEt STAT3S 24 ®stE 9=
0-1-3-6 A7k Aglste] A2 duid )

1 Hkgste] A @A S ael EES 3 A ARE oEF R o EAQ <
3} STAT39 #a S yetdlth. STAT3e] thdk upstream kinase?l JAKI1¥}
JAR2e| tisiA] SEYGel <13 <latsl | JAKI/JAK29] ¢l~® &3ts A% stdch 1 4
7 Q1Aksl H O JAKL# JAK29] o] AgE o]EA) ke o|EAoR AAEE Btk =
t}2 STAT3o W3k non-receptor upstream kinasez ol 3}v}Ql Srcoll thsfA SEYGel o
gk QIAksE ¥ Srcol A" E2tE Ak SiSith 1 A, SEYGel 98] AIRE oE4 sk
o]FH o= 2xkslyE Srevb AAES 289} (Fig. 83).
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83. DU145 cells (1 x 10° cells/well) were treated with various indicated

concentrations of SEYG and time intervals. Then equal amounts of lysates were analyzed
by Western blot analysis. Using antibodies against (A) p-STAT3(Tyr705), and STATS,

p—JAKI1(Tyr1022/1023), and JAK, (C) p-JAK2(Tyrl007/1008), and JAK2, (D)

p-Src(Tyr416), and Src.

t}. SEYGol 93t DU145 Al¥oA ¢ STAT39 EMSA (Electrophoretic Mobility Shift

Assay) &<l

- STAT3+= oAt whe-S E3&f 8 <to g o533k & DNAo| Agste] Fdx HAALE
Astmi, STAT3S) DNAZS| 2% 24 1 A BMSA 29 Hes Bk 4
FE AEA R A EE s YERIAT (Fig. 84).
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Figure. 84. SEYG suppresses STAT3 binding activity. DU145 cells were treated with
various indicated concentrations of SEYG, analyzed for nuclear STAT3 levels by EMSA.

2}, DU145 Al ¥4 SEYGol 93 STAT39 Nuclear pool®] 74 kel
- STAT3 oAl 3 ¢to= o]gsle] 54 Hx FAxe] HAME dstE=E STAT39
o 7ol o]Fo] Aau]=A WAMESHE o]gste] S A}, SEYG MA kel A
= 8 Yol EA8td STAT37} SEYG A2l A= S8l 24d Axs 13 (Fig.
85).

Figure. 85. SEYG causes the inhibition of translocation of STAT3 to the nucleus. After 6 h
of SEYG treatment, the cells were fixed and permeabilized. STAT3 (green) was
immunostained with rabbit anti-STAT3 followed by FITC-conjugated secondary antibodies
and the nuclei (blue) were stained with DAPI. The third panels show the merged images
of the first and second panels. The results shown are representative of two independent

experiments.

3. DU145 M)A SEYGH Y3t M= F2 oA 7t
- DU145 MEZF9 SEYGE 200 ug/mLS A&t 5, A AE FA47]& o]-83te] 48417t
S AE LS S A ob AR AEetA] @42 7o) AlE e 3] SEYG A
o] A2 Aol @A AEE AE glent (Fig. 86).
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Figure. 86. Cell proliferation assay was performed using the Roche xCELLigence Real-Time
Cell Analyzer (RTCA) DP instrument (Roche Diagnostics GmbH, Germany). After DU145
cells were seeded onto 96-well E-plates and continuously monitored using impedance

technology.

7t DU145 M EZ el A SEYGel ok A2 A EZF7]ol #a ]
- ZARIARQl STAT39] A2 dhAlxe] A& 27 dad dmadn QAL HELF7]d
g g o] o] fofgith webx] STAT3O| 93] 4=+ did 5
¥ B E Bel-2, Bel-xL, Survivin, IAP-1/29] @&dS FAlsle] w3ty 1 Ay SEYG
Ao iz o]E wEe] wtgo] T oEXo R JAPES Ko T thE STATS
of olefjr] =dyw= dwld F hME MEF7]F #HHHE cyclin D12} cyclin E€] ' &
gt SEYG AH#ioA % oEXHo=Z AAES gl old tiste] Aol Holg},
AA dagGA o] #olski= MMP-9, COX-2, VEGF g o] wtex Fi o&d 744 o
&& Bdvk (Fig. 87).
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Figure. 87. DU145 cells were incubated with the indicated concentrations of SEYG for 24 h.

Whole-cell extracts were prepared, and 20 ug of the whole—cell lysate was resolved by

SDS-PAGE, electrotransferred to nitrocellulose membrane, sliced from the membrane based
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on the molecular weight, and then probed with antibodies against (A) bcl-2, bcl-xL,
survivin, IAP1/2, (B) cyclin D1, cyclin E, (C) COX-2, VEGF, and MMP-9 (C). The same

blots were stripped and reprobed with B-actin antibody to verify equal protein loading.

L. DU145 Al oA SEYGO et A7 H7F 9 p53, p21 Tz el vtby 7}

- FAE BA7]E o] &3te] SEYGOl 9% DU145 Al¥:F9] A¥x57] WHsts =43 23}
o] SEYGel 93l F% oFEH o R sub G179 F4& g5 & 571 ASTh sub G171
o] %L apoptosis®] FH EA stz o] SEYGO 9lgt AxE=Adat MaEF2ae] oA
= apoptosis®] #1 Besel A58 AR, AL A el Fa AT
= po3¥h, ME F719] IS A Zdshs p2l T o] W] SEYGYF vAl= dEs
geEl wetow WY A% BE oJEAen ofF wulde] wdo] AR nin
(Fig. 88).
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Figure. 88. (A) After DU145 cells were seeded onto 6-well plates, they were incubated with

the indicated concentrations of SEYG for 24 h. Then, the cells were fixed and analyzed

using a flow cytometry. (B) DU145 cells were incubated with the indicated concentrations

of SEYG for 24 h. Whole-cell extracts were prepared, and 20 ug of the whole—cell lysate

was resolved by SDS-PAGE, electrotransferred to nitrocellulose membrane, sliced from the

membrane based on the molecular weight, and then probed with antibodies against p53,

and p2l. The same blots were stripped and reprobed with —actin antibody to verify equal

protein loading.

t}. SEYG®l 2]3%+ apoptosis

T =

G g7}

(1) Annexin V¢} TUNEL assayS %3 apoptosis % &<l

- Anmnexin V¢ TUNEL ol|AMo]lE T34 DUI4S HAHH FAEZFo|A SEYGO] sk
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Figure. 89. (A) Cells were treated with indicated concentrations of SEYG for 24 h.
Afterward, they were incubated with anti—annexin V antibody conjugated with FITC plus
PI and analyzed with a flow cytometer for apoptotic effects. (B) Cells were treated with
indicated concentrations of SEYG for 24 h. Cells were fixed, stained with TUNEL assay

reagent, and then analyzed with flow cytometer.

k. SEYGell 2%t Caspase-3 &4 7} PARP Cleavage %7}

— apoptosis ol FFA Q0 WAl Caspase-39] &4 ¥ PARP cleavage? 9128 &gk
gtolS %3] SEYGZ} apoptosis 2ol 21 H A ¢l kS nx=x] Felgt A3 5 oF
o7 Caspase-39 &AJo] dojup PARPO claavage’t dAES &Ad 4 AU

(Fig. 90).
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Figure. 90. After DU145 cells were seeded onto 6-well plates, they were treated with
various indicated concentrations of SEYG for 24 h. Thereafter, equal amounts of lysates
were analyzed by Western blot analysis using antibodies against caspase-3, and PARP.
The same blots were stripped and reprobed with [-actin antibody to verify equal protein
loading.
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Figure. 91. (A) Schematic representation of experimental protocol described in “Materials
and Methods.” DU145 cells (4 x 10° cells/mice) were injected subcutaneously into the right
flank of the mice. The animals were randomized after 1 week of tumor cell injection into
four groups based on tumor volume. Group I was given PBS (200 pL, ip. thrice/week),
group II was given SEYG (50 mg/kg body weight, ip. thrice/week), and group III was
given SEYG (200 mg/kg body weight, i.p. thrice/week). (B) Necropsy photographs of mice



bearing subcutaneously implanted prostate tumors. (C) Tumor volumes in mice measured
during the course of experiment and calculated using the formula V = 4 / 3 zr =
indicates P < 0.01. (D) Tumor volumes in mice measured on the last day of the
experiment at autopsy using Vernier calipers and calculated using the formula V = 4/ 3 =
r* (n=11). Columns, mean; bars, SE.

thoolgold b mul
- DU145 o]Fe]4] n}
o]kl A FA] A2l
apoptosis fritell FF21<l

2 AFsAh Ki673 CD31 7
Wolt) ol SEYGel o %
QJZshe Aveta Bad & ek (Fig. 92).
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Figure. 92. (A) Immunohistochemical analysis of proliferation marker Ki-67+ cell indicates
the inhibition of human prostate cancer cells proliferation by SEYG dose-dependent treated
groups of animals. Samples from 3 animals in each treatment group were analyzed. (B)
Immunohistochemical analysis of CD31 for microvessel density in prostate tumors indicates
the inhibition of angiogenesis by SEYG dose-dependent treated groups of animals. Samples
from 3 animals in each treatment group were analyzed. (C) Immunohistochemical analysis
of cleaved caspase-3 in prostate tumors. Samples from 3 animals in each treatment group

were analyzed.
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. A& TF 249 constitutive STAT3/JAK1/JAK2/Src S %= A&s H7}
- DUI4S o] Feld nh9x mdeyy 458 $9% 2onye
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A% FAeA SEYGe tiall vk &4 o® Fradts e 99T + A (Fig.

93).
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Figure. 93. Western blot analysis showed the inhibition of p—-STATS3, p-JAKI1, p-JAK2, and
p-Src by SEYG in whole cell extracts from animal tissue. The same blots were stripped
and reprobed with STAT3, JAKI1, JAK?2, and Src antibody to verify equal protein loading.
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gttt (Fig. 94).

ol\

(A) (B) (C)
SEYG SEYG SEYG
0 50 200 (mg/kg) 0 50 200 (mg/kg) 0 50 200 (mg/kg)

«Bolz  [mmam  [«cox2 |55 S | pss

| € Bol-xL | s ——| g Cyclin D1 | e s 4l | ¢ p21

< Survivin | e e = - | 4 VEGF ...|< p-actin

Figure. 94. Equal amounts of lysates were analyzed by Western blot analysis using
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antibodies against bcl-2, bcl-xL, survivin, IAP-1, IAP-2 (A), COX-2, cyclin D1, VEGEF,
and MMP-9 (B), p53, and p21 (C). B-actin was used as a loading control. Western blotting

samples from three mice in each group were analyzed and representative data are shown.
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1. 22 #y) FEE 93 FHo] F& <
7F. ZAF ¥y =% 5 (supercritical extracts of phalsak peel (SEPS)) o th3dl thekst obA)
xoAe] CXCR4 &4
- AAEL] o] FI Holo FR3I IS = CXC chemokine receptor-4 (CXCR4)<]

ol SEPS7F WA= @ 1}% thbgd =E AlEQD U266, R =g uEy A
¢l K562, dH4 hAlEZSl DU145, et A2l MDA-MB-231, 119t Al32¢1 HepG2

A EZ A 928 B ng o8 ZAHs9th SEPSE 100 ug/mL &3 2}
DU1459F MDA-MB-231 Al¥o]A4 CXCR49e F=81z A= &g 4 At (Fig.
95).
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Figure. 95. U266, K562, DU145, MDA-MB-231, and HepG2 cells were incubated at 37 T
with 100 ug/mL of SEPS for 24 h. Whole—cell extracts were prepared, then equal amounts
of lysates were analyzed by Western blot analysis using antibody against CXCR4. The
same blots were stripped and reprobed with -actin antibody to verify equal protein

loading. The results shown here are representative of three independent experiments.

. SEPSO| g thekgh bAoA 9] HER2/neu 574
- 3% CXCR49 a3 AdEo] 2+ HER2/mneu® o] SEPS7F HlX& F3Fs 4

28 S5t A¥How val 7HA] MEFoA gl A3 MDA-MB-231 Al 3250l A
g Fed dAE YeEr Tt (Fig. 96).
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Figure. 96. Cells were incubated with the indicated concentrations of SEPS for 24 h.
Whole-cell extracts were prepared, then equal amounts of lysates were analyzed by
Western blot analysis using antibody against HER2/neu. The same blots were stripped and
reprobed with B-actin antibody to verify equal protein loading. The results shown here are

representative of three independent experiments.
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of 9% FEH, AZHH CXCR4¢ €4 HslsE d2" Egto=m SAHSY. ME =
Aol gl & ¥l SEPSE xms}o# Ao AR iy Berd Ay sx 9
&4, A 9EAQ] T FFes At (Fig. 97).
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Figure. 97. (A) MDA-MB-231 cells were treated with various indicated concentrations of
SEPS. Then equal amounts of lysates were analyzed by Western blot analysis using
antibody against CXCR4. (B) MDA-MB-231 cells were treated with various indicated time
intervals of SEPS. Then equal amounts of lysates were analyzed by Western blot analysis
using antibody against CXCR4. The results shown here are representative of three

independent experiments.

Z}. MDA-MB-231 Al ¥4 SEPSe| <3 MMP-9¢] =4

- A Azl A FH= GAXEY HAYPHY HolE fElA Aol MMP-9
(matrix metalloproteinases 9, T=3= gelatinase B)-2 o]¥l Z8& 3= ddz 48 A
9lt}h. SEPSo ¢]3 MMP-9¢] mRNA$} 7 AFE¢] gl do]l =3 WselE AL 53
g4 ANks, 2" E2t AY 7|HS o] &t FAs o, A3 MMP-9¢]
T &N A dAS FAT 4 AT e Aty zpol Ry E o] &3 23
49l Auo| A% MMP-9& SEPSel 5% &4 72 $48 wv} (Fig. 98).
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Figure. 98. Cells were incubated with SEPS (0, 10, 50 or 100 ug/mL) for 24 h. (A) MMP-9
gene expression was determined by RT-PCR. GAPDH was an internal control. The
intensity of bands was normalized to the mRNA level of GAPDH. (B) MMP-9 protein
levels were determined by Western blot analysis. B-actin was used as a loading control.
(C) MMP-9 gelatinase activity was determined by gelatin zymography. The blots shown

are representative of three independent experiments that had similar results.
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928l EBetoz CXCR49 waS Hwd Ay T2 olsy g)AELS SEPSo| <3k
CXCR4¢] Aol F3FS vAA Fas dstAtt (Fig. 99).
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Figure. 99. SEPS inhibits CXCR4 by reducing the mRNA level and constitutive activation
of NF-kB. MDA-MB-231 cells were treated with the indicated concentrations of
chloroquine (A) or N-acetyl-leucylleucyl-norleucinal (ALLN) (B) for 1 h at 37 C, followed
by treatment with 100 ug/mL SEPS for 24 h. Whole—cell extracts were prepared and
analyzed by Western blotting with antibody against CXCR4. The same blots were stripped
and reprobed with B-actin antibody to show equal protein loading. The results shown are

representative of three independent experiments.
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Figure. 100. (A) SEPS suppresses the expression of CXCR4 mRNA. Cells (1 x 10°
cells/well) were treated with 100 ug/mL SEPS for the indicated times. Total RNA was
1solated and analyzed by an RT-PCR assay. GAPDH was used to show equal loading of
total RNA. The results shown are representative of three independent experiments. (B)
Graphs represent band intensities of CXCR4 mRNA. Data was expressed as mean = SD.
#x P <0.01 vs. control.
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Agt o] AajE=x EMSA A8 7|How Hrist di F5 o) ow oqy= ok
o o]i= SEPSe| o]g NF-kBe| €7 °]A|7} CXCR49] A3sdlE A3ty o]
sh= Aot} (Fig. 101).
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Figure. 101. SEPS inhibits constitutive NF-kB activation in breast cancer cells.
MDA-MB-231 cells were incubated with SEPS at the indicated concentrations for 12 h.
The nuclear extracts were assayed for NF-KB activation by electrophoretic mobility shift

assay. The results shown are representative of three independent experiments.
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Figure. 102. SEPS inhibits binding of NF-kB to the CXCR4 promoter. MDA-MB-231 cells
were pretreated with 100 ug/mL SEPS for indicated times, and the proteins were
cross—linked with DNA with formaldehyde and then subjected to ChIP assay with an
anti—p65 antibody.
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Figure. 103. (A) MDA-MB-231 cells were seeded in the top chamber of a Matrigel. After
preincubation with or without SEPS (100 ug/mL) for 6 h, the transwell chambers were
placed into 24-well plates with basal medium only or basal medium containing 100 ng/mL
CXCL12. After incubation, the cell invasion assay was done. Randomly chosen fields were
photographed under a light microscope at 100x magnification and invaded cells were
counted. (B) Columns indicate standard average number of invaded cells, bars SE; #* P <
0.01. (C) Invasion assay was performed using the Roche xCELLigence Real-Time Cell
Analyzer (RTCA) DP instrument (Roche Diagnostics GmbH, Germany). We tested
MDA-MB-231 cells invasion activity in the matrigel-coated CIM (cellular

invasion/migration)-Plate 16 with various indicated concentrations of SEPS.
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M X9} normal cell?l human embryonic kidney cell$] 293T°ﬂ 3f Al auraptene}
ostholeel tigh 3t T5S F43 A BN A Al AAGAZFE g A=
S oA E9e vk gEHoE YEweH O F SNU 1 Azl A 7 &34 2
Z Jegtt (Fig. 104A and B). E£3 $1 @50 ANkA|Zo] it 9&S g
71 ¢kl AA M EF< embryonic kidney cellel MTT-assays 33k 23} 48 A
b A Al MESAe] YERYRA ekt oS F3dl auraptened} osthole©] ¥HAE
olo g fIAMENA T JEHoR MEFTA oA 37 YEIES & = 9
i, SNU-1 Azl A 7F8 WiztstA ghgele As &2 & 5 AUtk wepA o F
A=A J 52 SNU-1° diste] 3t 3iet.
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Figure. 104. Auraptene and osthole inhibits the cell proliferation on human gastric cancer
cell lines (A: Auraptene, B: Osthole), (@: AGS, O: MKN-45, ¥: SNU-1, A: SNU-16, I
293T).

L}, Auraptene®} ostholeol] 2]3F ¢ A ¥ SNU-194 9] apoptosis@A &H2l.
(1) Hoechst 33342 staining= &%+ apoptotic body34 22l.
- Hoechst33342 @4 A|°FS & auraptene?} oshtoles F=HE A 0}04 AE =
dud oz #F ¥ S W, auraptene (A)Z} osthole (B) FoA & oFH
apoptotic body dAdo] ¥+ A& &<l & 4 ddY (Fig. 105).

(A)

Control

(B)

Control

Figure. 105. Effect of auraptene and osthole on cell morphology (A: Auraptene, B: Osthole).

(2) FAZEA7E o] &g AxF7] Ws &2l

- Flow-cytometeryS £3to] SNU-1 AlZo| Ao AEF7] L apoptosisd FEZ ol
st7] 918te] sub-G171E #9213 A3} auraptenedl M= = oEHoRE G179 F7t
= Holthrt 100 111\/101]/\1 ub-G17]1¢ Z7F= e A} A 9 osthole 28 759l
= G719 7 glo] 25 uM s=dAFH sub-G1719 718 &< & & AAT
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(Table 22).

Table 22. Analysis of 2% of Sub Gl phase in the SNU-1 cells treated with auraptene and

osthole.

Phase Control Auraptene (uM) Osthole (uM)
25 50 100 25 50 100
Sub-G1 5.58 10.93 8.55 25.58 9.24 15.81 38.71
Gl 54.96 62.00 7945 48.31 55.29 55.72 40.04
S 13.80 10.58 5.04 10.22 12.51 10.99 8.06
G2/M 26.20 16.90 7.25 16.43 23.50 17.98 13.83

(3) Western blotS %3} apoptosis@# whulz ke w3l 3ol

- Western blotS &3}o] auraptene®} osthole ]9 o]k SNU-1 |34 2] apoptosis
HE g AEe] WHEE 3elstdtl. Auraptened}t osthole 5% AX A3y Add
Akte] QIAFstE S7HE IAIRE mTORS] <Q14bste] 7HAE Felstglon old gk 7]
2hg sk 918 A Al A Folth Aktd] IAMEIE S EA = = tek L
apoptosisP}7] @A el caspase-39] A3t p21¢9 7}, cleaved PARPE #1314
th 919 A3 2 auraptene?} osthole EF SNU-1 A|3Eo|A] Akt <lAk3l=
ARk E3 apoptosisE e & F Ao FAsY (Fig. 106A and B).
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Figure. 106. Western blot analysis of apoptosis-related protein expression in auraptene and
osthole-treated SNU-1 cells (A: Auraptene, B: Osthole).

(4) Auraptene®] 23 mTOR-AKT singaling®] =4 &9l.

- Western blot2 33 A3 M2 A3 ey gzl Akte] <147} auraptene

of ol&) Z7}% A downstream©] 2+ mTOR % mTOR 3&t¢ w2l p70S6K <)

lxsl = AAasto 2M auraptene®] mTORS AEld oz oA s & 4 At (Fig

(RO
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107A). o] SNU-1 AXE So]&3 Aoz velyton (Fig. 107B), Akte] ¢14ta F
7F= mTORY AeA el oA A2l rapamycinol] &8 FE5HE A3} 2& AgFS H9
© 2 M auraptene GA| rapamycin¥ #o] mTORES Aglx oz JAste= gt s}
1 Abs €Y (Fig. 1070).
(A) (B)
Auraptene (uM) AGS SNU-1 SNU-16
0 25 50 100 0 2550100 0 2550100 0 2550100 Auraptene(uM)
— — —— == 55

PTEN T —— - ;-
. ————
Akt

Qg‘—: p-mToR (C) Rapamycin (nM)
- e @b«  TOR 0 10 20

R —— -p70SGK | S - Akt
PSS

67056K —m————
p-mTOR

- SN p-4EBP-1 | weeSS S
N e el S = MTOR
CE———— [-actin W — (-actin

Figure. 107. Inhibition of mammalian target of rapamycin (mTOR) signaling by auraptene
leads to an increase of Akt phosphorylation in SNU-1 cells. (A) Western blotting for
Akt/mTOR related proteins using auraptene-treated lysates from SNU-1 cells. (B) Cells
were treated with auraptene for 24 h in gastric cancer cells. (C) Cells were treated with

repamycin for 24 h in SNU-1 cells.
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Figure. 108. The nitrite production was measured by the Griess reaction assay. Cells were
pretreated with different concentrations of OM for 2 h and stimulated with LPS (1 ug/mL)

for 22 h. The values obtained were compared with those of standard concentrations of

sodium nitrite dissolved in RPMI 1640 medium, and the concentrations of nitrite in a

conditioned media of sample treated cells were calculated. Data were obtained from three

independent experiments and were expressed as means *= SD. =xxxP < (0.001 indicates

significant differences from the LPS treated group, ###P < 0.001 indicates significant

differences from the unstimulated control group.
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Figure. 108. Inhibition of INOS and COX-2 expressions by OM in LPS-stimulated RAW
2647 cells. RAW 264.7 cells were pretreated with different concentrations of OM for 2 h
and stimulated with LPS (1 ug/mL) for 22 h. (A) Equal amounts of total proteins (25
ug/lane) were subjected to 8% (for iINOS) and 10% (for COX-2) SDS-PAGE, and the
expressions of iINOS and COX-2 proteins were detected by Western blotting using specific
INOS and anti COX-2 antibodies. b-actin was used as a loading control. The blots
shown are representative of three independent experiments that had similar results. (B)
Total RNA was isolated, and iINOS and COX-2 mRNA expressions were examined by
RT-PCR analysis. PCR GAPDH, was

performed to control for a similar initial cDNA content of the sample. The results shown

anti

of glyceraldehydes—-3-phosphatedehydrogenase,

are representative of the three independent experiments.

ok OMel ©l§ LPSZ =% TNF-q, IL-6, PGE, ¢ A4 % 4 a3} 89l

- RAW264.7 ti2] A2 OMe] LPSel 9]& TNF-q, IL-6, PGE, vi#]e] fr2ld A<
ghlstr] fske] ELISA WS o] &3stdth 4, LPSTE A gk MEatdAe ddst
o] TNF-a, IL-6, PGE, ¥lA| 2 &H]H & A& G218t OMS AA2lsh AlEatol A=
FEOEHOE TNF-q, IL-6, PGE,Fo] S5 21 2Iskerh. weba OMe] 434
Aol E7121Q1 TNF-q, IL-6, PGE,#& Adgean Fd5 a5 7Hivke & &8}
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Figure. 109. Cells were pretreated with different concentrations of OM for 2 h and

stimulated with LPS (1 ug/mL) for 22 h. (A) The amount of TNF-a release was
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determined by a TNF-a antibody coated enzyme linked immunosorbent assay (ELISA)
kit. (B) The amount of IL-6 release was determined by an IL-6 antibody coated ELISA
kit. (C) The amount of PGE2 release was determined by the mouse PGE2 ELISA Kkit. Data
were obtained from three independent experiments and were expressed as means = SD.
*<0.05, **P<0.01 and =***P<0.001 indicate significant differences from the LPS-treated
group, ###/<0.001 indicate significant differences from the unstimulated control group.

g}, OMell 93 LPSE %9 ERK, p38, JNK¢] ¢lats}l vk olA% H7}

- AZAA FholdlobAll MAPKs (ERK, p36, JNK)oll thgh ksl Hwrt oA ==45 3
7He skl OMS 10, 30, 50 ug/mL sE=¥ & g3 & LPSE ERK, p38, INKZ #=
AL v, FEoEH o QakslE JAEtE AL Fol o = Itk

a}
LPS
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e — « phospho-ERK (Thr202/Tyr204)

-— e tes et e e  ERK
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— ey enp e =y e 4 p38
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I------ 4 JNK

Figure. 110. (A, B, and C) The cells were pretreated with the indicated concentrations of
OM for 2 h and stimulated with LPS (1 ug/mL) for 15 min; whole cell extracts were
prepared, resolved by SDS-PAGE, and electrotransferred to a nitrocellulose membrane.
After which Western blot analysis using phospho-specific anti—-ERK, phospho-specific
anti-p38, and phospho-specific anti-JNK antibodies was performed. The same membranes
were reblotted with anti—-ERK, anti—p38, and anti—-JNK antibodies. The results shown are

representative of the three independent experiments.

vl OMol 93t LPSE %% NF-kappaBet AP-19] 24 oA &3 &<l
- A5l T2 HAARIARI NF-kappaBE A5HHEl oA INOSSF COX-2& e
HoAS S wivlgtt e F HaE ek olo] . H3oA= NF-kappaB®| Subunit?]
Aikst A s Hrielsdth 1 23 LPSel| of¢ kBad] #3lle A=A &
Skt IkBa®l #3alle] A= p6oe] HAE A= A= deA ot aeA & A
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Figure. 111. (A) The Cells were pretreated with the indicated concentrations of OM for 2 h
and stimulated with LPS (1 ug/mL) for 15 min; cytoplasmic and nuclear extracts were
prepared resolved by SDS-PAGE, and electrotransferred to a nitrocellulose membrane. (A)
After which western blot analyses using IkBa and anti-p65 antibody were performed.
b-actin (cytoplasmic fraction) and Lamin B (nuclear fraction) proteins were used as a
loading control. The results shown are representative of three independent experiments.
(B) After which western blot analyses using c—-Jun and c-Fos antibody were performed.
Lamin B proteins were used as a loading control. The results shown are representative of

three independent experiments.
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Figure. 112. BALB/c mice (ten per group) were injected intraperitoneally with 8 mg/kg of
LPS. OM doses of 500 mg/kg were administered orally through an esophageal catheter at
24 h and 2 h before the LPS was injected. Survival was monitored during the next 72 h.

The difference in the survival curves is significant, as calculated by log-rank test (p =
0.004).

L FEE Ao OMel 9|3 TNF-a, IL-62] 9#| a3}

- FEE vzl LPS 9] & ¥F wkollA TNF-ash IL-6 443 Akasit
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Figure. 113. OM doses of 500 mg/kg were administered orally through an esophageal
catheter at 24 h and 2 h before the LPS was injected. Serum was collected at 2 h and 4 h
after the LPS injection for the measurement of TNF-a (A) and IL-6 (B). TNF- a and
IL-6 levels were measured using an ELISA kit. Data are the mean £ SD from the data of

three randomly chosen animals per group.
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FE=E9 Ax

oA AFEE a3, XS, G Aol Fhst] AREel o™ Fofnt
A AFgao A AlFrrol ALEsATE 2011 19 31 AFst] AxH EF
9 (Taraxacum platycarpum), 2010\d 8¥ 13U FH3e] AxH AT (Artemisia
capillaris Thumb) 2 2011d 1€ 27 HAste] Axd 3 (Coptis chinensis)<
zkzh ZEH71E AbEete] w20 meshAE SHAA FESEJL Foput 9

T ﬁ
(Psfdjum guajava) 2011 549 2o AFHsIe] HAxE AS
ES 3z

i 8
% 20 meshA & THAA FEZsIAh AW =Z, Folnl, X3, FA 77 20 g&
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MTT assay
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plateoﬂ B3 3 37 T, 5% CO, incubatorol Al 24417F =<t wjoksldct N8RS &
=9 (0, 5, 10, 30, 50 ug/mL)Z A A2t & 24A 7H5Qt HH-S At}

NO A= =4
NO9 s&=+ vl W] nitrite 5ES Griess regentZS ©]-&3lo] =439ttt RAW
264.7 cellsZ 1x10° cells/well2 96 well plated] EF3Fo] 24A17F v kst & Froln}, <l
A%, 848 2 ¥39 et FF5E5S 5 10 2 30 pg/mL 552 AXo] A A
2AIZEERE e & LPS (1 pg/mL)E A elste] 24A1%F vl 3l d ot Al 3wl
100 uLE 96 well plated] FH3slar, oJ7]d] &=2] Griess regentE ¥ o] 10+3t
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). Sodium nitrite?] T =Y EFFAS o] &3l g W] NO s=&5 4
PGE, 848 % 574
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5% CO- incubatordl Al 24A13F ot vjFstA ). Al 28 RPMI 16404} ] $
ofuf, QIX T, A P ¥ ¥ g FEES 5 10 ¥ 30 pg/ml w2 Axd A
Aglste] 24175 wiE & LPS (1 ng/mL)E A 2l8te] 24413 vl < 3}»;«3}. A 3E 1)
FHS 5000 rpmolA 3FE L A EEste] FEE FTHES PGE; enzyme
immune assay (EIA) kit (R&D Systems, Abington, UK)S A}-&3to] PGE, 4& =4
st AT
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Figure. 115. Effect of ethanolic extracts from Psidium guajava, Artemisia capillaris Thumb,
Coptis chinensis and 7Taraxacum platycarpum on cell viability in RAW 264.7. Each column
represents the meantstandard deviation(n=3). Values with different letters are significantly
different (p<0.05).

(4) NO Aol mA= 9%

- fFAE 4F (Pobrl, AWE, £FY, FW) FEES FASRYS Lopur] 943
of WY fEAE LPSE RAW 2517 Az Aol Rulsle NOS #e ZHT
A3 Fig. 1169 29tk obFel ob2e Aelshd e LPSEY A8 tixite] 4

ol

e NO9| 42 4813 + 0.62 uM°1oq o Folul FEES TEHEZ A A9
M sk oEH oz NOo Aol dAEA. Fofn 5
g/mL)2 HZ|d F LPSE A3 Ao NO A F 4
026 % 2282 = 010 pMZ 3 JAZE&S Yefdilen (p<O.
AR TS 247 4346 + 036, 3741 £ 0.31 2 2637 £ 021 yME =¥ Fo73 747}
e (p<0.05). F3H FEES =9 (5, 10, 30 pg/mL)E A3 2Fe NO
AT 747 4313 + 077, 36.32 £ 0.36 2 2637 £ 022 uME 5% oEH o7 fFo
A A #FAasden (p<0.05) FuyY FEE A NO AAZFS
0.10, 4249 = 0.18 2 30.09 + 041 YM& ZEATHoZ Fo4 A= 7
(p<0 05). RAW 264.7 A|3Eo] F&54tE 4% 535S 30 ng/mL ¥
LPSE AZHS S 539 W AATE NO9 A &S o
s};q 3L LPSERE A=3F giztol] vl Folnl FEES 5258% ©l %
] B—l EE9e 47t 4521%, 45.21%, 3747%= el k85 AatE 4% F
o] NO9 A4 oA zH&o] 7Md Holds & + At ol2H IdF
w E—ZHEEH ﬁlo}ﬂw‘r °J7<1 9
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Figure. 116. Effect of ethanolic extracts from Psidium guajava, Artemisia capillaris Thumb,
Coptis chinensis and 7Taraxacum platycarpum on NO production in LPS- induced RAW
264.7 cells for 24 hr incubation. Each column represents the meanzstandard deviation(n=3).

Values with different letters are significantly different (p<0.05).

(5) PGE, A4l WA= 43
- FEFAE 4T (Foln, AR T, ¥FY, FH) FEE9 PGE, A JA 5HE do
B2k RAW 2647 Al3Eo] LPSE A#lste] dF wES FEA7]aL F&EAE 4T
=S 47 Agste] PGE, A8 #HFs 5483 23+ Fig. 117943 2t of & ¢
S AystA @a LPSEw =3 tixtol AAE PGE,el %S 18026 + 19.3
pg/mLol ot} Fofut FEES %E%i AHele Ao s FEEH O Z PGE,
of Aol gAY, Folut FEFES = (5, 10, 30 uyg/mbL)= A g A9
PGE, AA#& 72t 14750 + 395, 13674 + 36.62 2 1133.1 + 90.95 pg/mLE e
ow ol fyl ofES AHyeA ¥ LPSEw =3 tixatoll vls) 10 pg/mL 2 30 p
g/mL FE= AstAs wW Fog A&l YRt (p<0.05). X5 A§ 7
7} 1564.1 + 37.7, 14614 + 587 % 13521 + 50.7 pg/mL= FE=WE 7HAidts 7o
et e QxE FE=5 5 10 yg/mL % 30 pg/mL FE==2 AHsA= PGE,
*ME” obl of&o] A WA i LPSERF A3k thxare] Hla] fo Al A
BRAY (p<0.05). &dH FE55 5= (5 10, 30 yg/mL)= A A& PGE;
A HS ZhzZE 14926 + 799, 13594 + 109 2 12406 + 929 pg/mLZE %= &40
2 fFY3 #HAE BAeH (p<0.05) T %%%fﬂ 45 PGE, A=+ 2t7
ut

s [e]
15143 + 81, 13880 + 7.4 % 13645 + 109 pg/mLE %o & F92< #HAas

il
s

o
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(p<0.05). RAW 2647 A3l F&F4E 459 FEES 30 ng/ml 552
ggt & LPSE A3HES FE3A9S W AAPHE PGE:Y A1&& obf-d
P4 eFal LPSERE 253k tixato] Hl&f Frolut &= 37.14% °lA 2
21 F3ge 747t 24.30%, 31.18% 2 24.30%% YERY} F&EAE 4
PGE;] A4 oA Z&o] Holds & 5 AUAUTE o] =24 &4
FAEZA Froprutel Q1% g 24 S 4
stz stk e A =2 PGE, A4 A&
ig. 1159 el nie} o] AEAEL] vton fEARo] Mol
A4k Ao ALgSE = Qe 959 B2 S0 due HS 7
g4 T3e 9 =

J b RAR A
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Figure. 117. Effect of ethanolic extracts from Psidium guajava, Artemisia capillaris Thumb,
Coptis chinensis and Taraxacum platycarpum on PGE,; production in LPS- induced RAW
264.7 cells for 24hr incubation. Each column represents the meanzstandard deviation(n=3).

Values with different letters are significantly different (p<0.05).
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(2)

Table

o WO riz
2
X
=
%
El
=2

Taraxacum platycarpum), 201013 8% 13Ul 3] 3}

capillaris Thumb) 2 2011 1€¥€ 27 AFH st HxH

Zkzh A7 E AESte] b gk ? 20 mesh# & %Jﬂr/‘]

(Pszdzum guajava)~< 2011'd 59 2¢o| xAHsI] Ax" A
% 20 meshA & FHA1A 77_“%?5‘}93‘4

FEdga Fohk 2

RG] W FEES 2E ) -%% A9 A452 et

=), —.*% 2 H/ﬂ‘” SAS (statistical analysis System) program< A}
o SAFAAA G g% SYHS (XD 2AEAEL Table 73 #9] —’—?%%@
g agHE A F AR FEIE X)), FEEMY e v
(X3)< -168, -1, 0, 1, -1.68¢] 5tAl=Z F 53}t th (Table 23). =
HHT XD sAFdA g wet Table 24¥ o] 207-7te = A3t ii"]@g
AAISEA T (Table 24). T3 o]& QW o] Y3t Jgs e FHAF (Y&
=59 FHAAAEA F& (Y, T 3= 3 (Y, NO production (Ysz) % PGE2
production (Y42 2 3} om, ol5L2 33 Wk =Aslo] I HA S 3 FFA o Af
Lottt WarEY FEE5AY o dSste 4 F52X712 Mathematica program

= ol&sto] 439 WrgEH o s YER ST

ul

23. Independent variables and their levels used in the response surface design.
. Factor level
Independent variables Symbol 1632 1 0 1 1622
Extraction temperature (C) Xi 30 42 60 78 90
EtOH (%) Xo 0 20 50 80 100
Extraction time (hr) X3 1 3 6 9 11
(3)
2} 5 FESEe IS T

= 3 S 7)ol #2910 mLE #3he]

% AnA F O RAE ZPRG, 5 A AgH AEF
= =
T=

T$& (%, total extract vield)S eERA ST
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(5)

(6)

FEE9 F Zg¥E ¥ Folin-Ciocalteau WS W3] A AL 24 55
500 pLel 1 N Folin-Ciocalteau’s phenol reagent 500 uL % 2% Na,CO3; 10 mL& 7}
shal T v ARolA 1ARE Xéxlf?} % 750 nmolA FEFE=E SAHSAH. ol
Fr=dEE gallic acidg AH&ste]l 73 AFSHORZRY AR T F ZYds §
Fe Tkt

MTT assay

FEEY AEEAE A} Yl MTT  (3-(45-dimethyl-thiazol-2-y1)-2,5-diphenyltetra
zoliumbromide) assaye A A8t RAW 2647 cellsS 1x10° cells/well2 96 well
plateo] 3 % 37 T, 5% CO, incubatoroll Al 24A17F E¢t wjgstin, 555
55, 10, 30, 50 pg/mL)= A A 2gh F 24A7bE < vEg A A T

NO B4 = =4

NO9 s+ il We] nitrite %S Griess regent= ©]-83lo] =439 th. RAW
264.7 cellsE 1x10° cells/well2 96 well plateol] #F3ko] 24417 v ¥ & FEE 30
ng/mL FE& APt 2417 & LPSA ng/mL)E A ste] 24417 s ettt Al

Fujk SN 100 L= 96 well plateell Fs}aL, of7]ol] &S] Griess regentE % ]
10527F Ao A HkgAl7l 3 ELISA microplate reader® ©] &3] 540 nmol A &3
5 4389 Sodium nitrite®] FEW ZEFAS o] &3ke] HIGH e NO 5%
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Table 24. Central composite design for the optimization of extraction condition for

Artemisia capillaris Thumb and Psidium guajava.

Coded Levels of Variables Response
No. Extraction EtOH Extl.raction

X1 Xo X3 temperature (%) time

(C) (hr)

1 -1 -1 -1 42 20 3
2 1 -1 -1 78 20 3
3 -1 1 -1 42 80 3
4 1 1 -1 78 80 3
5 -1 -1 1 42 20 9
6 1 -1 1 78 20 9
7 -1 1 1 42 80 9
8 1 1 1 78 80 9
9 -1.682 0 1 30 50 6
10 1.682 0 1 90 50 6
11 0 -1.682 1 60 0 6
12 0 1.682 1 60 100 6
13 0 0 -1.682 60 50 1
14 0 0 1.682 60 50 11
15 0 0 0 60 50 6
16 0 0 0 60 50 6
17 0 0 0 60 50 6
18 0 0 0 60 50 6
19 0 0 0 60 50 6
20 0 0 0 60 50 6

(7) PGE; B4 & =4

- RAW 264.7 cellsZ 6 well plateol] 1x10° cells/mLe] A EF7} H &2 EF31o] 37
5% COs incubatorol| 4 24A17F &<t v st Al 28 RPMI 164OHH A2 uwgk &
E 30 pg/mL w22 Mxdd dAgsta 2A et g & LPSA pg/mL)E

@)

Ay

]

she] 24212k WStk AEMFAE 5000 rpmel A 3% Fet 4R se] B

Zoe
AHg3ke] PGE, & %43l

PGE, enzyme immune assay (EIA) kit (R&D Systems, Abington, UK)

(1) T%Eﬂoﬂ up & —%%%94 o|s}st4 54

- Fobut B RIS E o] &sle] FHAF Aol Eoli AFIHE AF HAAFES gHet
a2} FARAAAG ok 2077t FExA wef FEAFS AAIEa, olu Ao
2 Z47ke] FEFo dste 78, TUsEd 33E &%, NO A% 2 PGE, A4
S SA3 A= Table 240 Yerddh. 2h7te] A3 E o] &3ty HA FEx1S
Paza whEEW IARAS A 74 FEEF S e, THsEA sEE T
NO A4 % PGE, B Zel g 3172& LAt (Table 25). =3 HyE HA F
Ex219 FAEA & oS53t Table 259 YUl on, 747te] FEHHAFE] 43
A WS E WS Mathematica programl. & FEHE2%(Xy), FE=819 e 5% Xy
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ol

R FEAL (X)E FHUSTE Sho] Fig. 118~119 Yeb Aot

Table 25. Polynomial equations calculated by RSM program for extraction conditions of

Psidium guajava.

Response Second order Polynomials Rr? Significance
Yy = 83.272705-2.004304X:-0.281121X5-0.522449X3 +0.017
Yield 386X,%+0.007755X 1 X>-0.007081X5°+0.003472X,X3+0.004028X» 0.9086 0.0004
X5+0.021894X5”
. Yrp = 93.542465-0.690086X;-0.082600X2-2.165496X5 +0.006
Total phenolic ) 9
409X;+0.000704X; X2+0.000979X2*-0.010556 X, X3-0.005139X 5 0.8964 0.0007
compound -y L 0.274716X2
LPS Yrno = 51.658160-0.099846X:-0.283024X»+0.992187X5 +0.006
induced NO 716X,%-0.005222X, X5+0.004944X°~0.036713X,X3-0.003361 X5 0.9062 0.0005
production X5+0.200393X 5>
LPS Yp=79.995882-0.663475X,-0.458842X»-1.232247X5 +0.009340
induced PGE,  X;°-0.002569X,;X5+0.005980X52-0.015046X,X5-0.015417X X5+ 0.9244 0.0002

production 0.294641X5”

Xi: Extraction temperature (C), Xo: EtOH (%), X3: Extraction time (hr).

(2) FEx] F& A= 9T

- Folnte] FEx | WE &8 AT ZI= Table 249 o] 26.81~83.14%2]
A= ZHHAon, Axte] gk & EW 3 A4 RG-S 0908602 FoAo] 5%°]
el frolFol A Qg At (Table 23). &8 AAHL ob44 (saddle point) &=
Az gt &5 8953 T, F=819 dus FE%E 58.72%, FE=AHS 6.15
hroll A Aoz 77.02% % =5t} (Table 25). o] AL WhgFHEMNow o=¢ 7t
S UE Ao 8L FEE ‘ =

(A) (B)

() auryy uonaexy

(axg) gy uopENA

&0
0 40 G

pature
ey @ E“ﬂctiun‘empe

Figure. 117. Response surface for yield in Psidium guajava extract at constant value (yield:
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40-55-70%) as a function of extraction temperature, ethanol ratio and extraction time (A).

Response surface for total phenolics in Psidium guajava extract at constant value (total

phenolics: 68-70-72 mg/100g) as a function of extraction temperature, ethanol ratio and

extraction time (B).

(4)

FExAY BE FE= T EE T
0.8964019loH Fol=A IFE FF A=

| digt FE2%7F 5952 C, =819

11.0 hrd o Hdg 75.26 mg/100go = oS = AT} (

=S —
o dF9 e Ve Aow Fhnd BUE FFS FEEY 9L FE
FHE5s

FEgvol] gt dEe wkol Mg & 9IS W 9

FEx0] NO A wA = 43

AA gl og Foput FEE NO A FS 48.90~70.29%°] W= e
(Table 25), Aol o wh&xw 3749 R*= 090628 frelAdel 5%0]ul <]
oA JAABEHAT (Table 24). A4 dsFd=4dd AdgIdiF (LPS,
lipopolysaccharide)ell €3  @F¥kgo]  doyw oy 7HA dAFRAAE
(pro-inflammatory mediators)7} TFE A =], 950 Ao = inducible nitric oxide
synthase (iNOS)oll 28] ¥F=o]A]+= nitric oxide (NO)2} cyclooxygenase-2 (COX-2)
of 9JafA] WHEo] A= prostaglandin E» (PGE;) &°] th. Folu} =59 ZH-$ LPS
2 258 AExudde] NO A ZFE 5483 49 d59 442 A2 (minimum

point) .2 FEL257F 3866 C, =&Y deE& FE+= 49.90%, A2 250 hr
1

N E

d o NO Aol 7H w2 el 4571%= Y ElSTE (Table 26). NO<9 A4 =F
59 FEt BLFE FELES FEANS FSFEE NO YTl Bads
Ao hepge,
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(A) (B)

(ay) 2w OISR TR |

Figure. 118. Response surface for NO production in Psidium guajava extract at constant
value (NO production: 50-57.5-65%) as a function of extraction temperature, ethanol ratio
and extraction time (A). Response surface for PGE:. production in Psidium guajava extract

at constant value (PGE. production: 50-55-60%) as a function of extraction temperature,
ethanol ratio and extraction time (B).

=x10] PGE; A w A= 93
Zx0 wWE PGE:Y AAZFS obfFl of&Eo] AR &g LPSErE A=3F o
o] M]S| Table 249} #o] 4895~73.38%<] W= UElston, Azfo] st vk
Wog) A9 R 092442 FoAe] 5%olule] feojgEdlA AAE AT (Table
ZHFgoi= cytokines, prostagrandin E2 (PGE2), lysosomal enzyme, free
radicals 5 ©th3 w7 E o] Aot = d 53], Al ¥ A cytokines, tumor
necrosis factor-a (TNF-a), lipopolysaccharide (LPS)$} 28 zp=to] 9o]3] o Zur<9
AAFRIZLRD nuclear factor-kB (NF-xB)E& €4 3tA171M 1 A3} cyclooxygenase-2
(COX-2)5 HANA #ZF9 PGEE BAste d5& 4ot Fopvt #5255 A
g 5 LPS®E A3 AEY wigdel BAHE PGE, ¥& 58T
Ae AL (minimum point) 8.2 FEHL L7} 4724 C, %8
54.58%, FEAIHS 477 hrd W PGE, A #o] 714 & ke
(Table 27). PGE;9] A ZFS F=5E&1Y v % 7

= gashs Aow UEton, o NO A4 @ fA# Aol gl
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Table 26. Experimental data on yield, total phenolics, NO production and PGE, production
in Psidium guajava extract under different conditions based on central composite design for

response surface analysis.

Yield Total LPS induced LPS induced

No. (;) phenolics NO production PGE, production

’ (mg/100g) (%) (%)
1 37.43 69.45 48.90 55.14
2 41.63 71.39 67.69 68.32
3 36.82 72.29 49.65 56.47
4 56.72 74.88 51.25 59.23
5 38.57 73.04 65.34 68.32
6 42.51 71.84 70.29 73.38
7 38.43 73.16 58.97 59.32
8 60.05 74.34 58.55 63.61
9 41.11 70.70 49.74 48.95
10 83.14 75.44 67.69 68.65
11 30.70 69.18 69.79 70.47
12 26.81 70.32 59.51 60.22
13 47.33 72.54 56.11 57.69
14 46.70 75.80 59.39 57.83
15 44.99 65.18 50.41 49.19
16 45.11 67.88 50.07 50.98
17 45.59 65.18 50.24 51.34
18 45.16 68.33 50.32 51.71
19 45.36 67.65 50.16 52.58
20 45.32 69.36 52.57 52.30

Table 27. Predicted levels of optimum conditions for the maximized and minimized

responses of variables by the ridge analysis of their response surface.

Estimated
Responses X1 Xy X3 Morphology
responses

58.66 0.05 6.04 24.44(min)
89.53 98.72 6.15 77.02(max)

Yield (%) saddle point

Total phenolics 56.41 37.61 5.40 66.79(min) .
(mg/100g) 5052 5017 1100  7526(max) ~ ommum
LPS induced 38.66  49.90 2.50 45.71(min)
NO production minimum
75.51 757 6.56 74.35(max)
(%)
LPS induced 4724 5458 4.77 49.07(min)
PGE: production minimum
%) 73.44 6.73 712 75.12(max)
0

X1 Extraction temperature (C), Xo: EtOH (%), X3: Extraction time (hr).

6) HA F=x21 9=
- Jotul HA FEx1ES AAsH7] fste] NO ¢ PGE2 productions -7 RFSA|ASF
= HA FEFALS dux ZF vSEHS superimposingdhe] Fig. 1290 e AT



ol RtgxWomRE HAAE F e HHAxH R Fig 1199 THH= FRo=

(o]
A Table 289 #HAx71& Yetdlddct. Folbl % HA A9 F52% 38~56 T,
NS % 42~68% L FEA 3~6 AtoE e

Table 28. The range of optimum extraction condition for maximum response variables by

superimposing response surface of NO and PGE- production in Psidium guajava extract.

Range of predicted condition

Extraction Condition . .
(optional point)

Extraction temperature (C) 38~56 (47)
EtOH (%) 42~68 (55)
Extraction time (hr) 3~6 (4.5)

Figure 119. Superimposed response surface for optimization of NO and PGE, production of
Psidium guajava extract as a function of extraction temperature, ethanol ratio and

extraction time.
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Table 29. Polynomial equations calculated by RSM program for extraction conditions of

Artemisia capillaris Thumb.

Xi:

Response Second order Polynomials R? Significance
Yy = 43.300079-1.067861X,+0.151573X5-1.009167X5 +0.0
Yield 10386X,%+0.000741X,X5-0.002181X,>+0.010185X,X5+0.0019  0.9089 0.0004
44XX5+0.059906X5”

Yrp = 54.381526-0.143614X,+0.416293X»+0.191777X5 +0.0
03459X,%-0.002315X; X>-0.002197X-*-0.004491X;X3+0.0004  0.9303 0.0001

17XX5+0.037325X 4%
LPS Yro = 166.746113-1.795566X,-0.476033X,-12.006566X5 +0.0

induced NO  13512X,%-0.007505XX2+0.009401X*~0.075766X,X5-0.0086  0.9062 0.0005

production 32X, X5+0.595208X 5>
LPS Yp=173.194583-2.523157X,-0.289006X5-11.023825X5 +0.01

induced PGE;  9932X;%-0.007467X;X5+0.008825X,°-0.072940X,X5-0.02913  0.9123 0.0003
production 1X,X5+0.660889X 4>

Total phenolic

compound

Extraction temperature (C) / Xu: EtOH (%)/ Xs: Extraction time (hr)

(A) (B)

=)

() awmpy HonaeyNy

(aq) aluuuuunung

B0
I'l'llPl:‘rag"M ( ?\J

Figure 120. Response surface for yield in Artemisia capillaris Thumb extract at constant

value (yield: 20-25-30%) as a function of extraction temperature, ethanol ratio and extraction

time (A). Response surface for total phenolics in Artemisia capillaris Thumb extract at

constant value (total phenolics: 60-65-68 mg/100g) as a function of extraction temperature,

ethanol ratio and extraction time (B).

(2) FZz7 9] Total phenolicsoll W] x]+= <&

93092 oA 5%clule] felFEelA AU (Table 27). 94 832
steko] o =3 A" b4 (saddle pomt)Oi Az 3 FE=LE7F 8962 C,
22 au9 oHS FEE 4905%, FEAZE 678 hrd o HAZh 7468 mg/100go.
2 dZHATE (Table 28). o] A2 WEFHEA o R o35 S Yeld Aoz Fi

FEX E FEE9 FHsA JTFE ?EL%L% =23 Avto] ek 37149 Rgk
2 0. o o
&

1
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3)

(4)

FTATAAA G ot QT FE2AE NO9 A FE ofFd ofEo] AHeEl¥ x| &
of H]all Table 149} o] 5855~87.02%° H ¢
2 yEsken, At 3174 9] R*%= 090622 ool 5%olWe
oA AAHJ(Table 27). A dsFLE=dd ALdHdHF  (LPS,
lipopolysaccharide)el &3t @ 5HES ] dojypd oy 7HA ASAR=
(pro—-inflammatory mediators)”} TS A =H, dA5AA o= inducible nitric oxide
synthase (iNOS)ol| ¢]3] W& o] A= nitric oxide (NO)9} cyclooxygenase-2 (COX-2)
of 9l WHEo A= prostaglandin Ey (PGE) S¢] dth AXE FEE5S At &
LPS=E =3k Ao wjFdel A AAHE NO & 543 23 o=

A (minimum point) 2.2 FE=%7} 6455 C, FE=8&19 &S T =& 54.60%, F+=
AlZFL 646 hrd Wl NO A4 =Fo] 7Hd whe gkl 5855% = LhERRth (Table 28). NO
o A FEE FTrE Y1 FEE9 FEANS =255 NO A Ho] 7
Aot Ao E YERT

o,
i
oo
=3
2o

o] PGE; Aol w A= <&
FEMd BE PGE®] AAZFS obFd oF=o] AEA ¢Fal LPSERE
272 PGE, XA o] W& Table 289} #o] 53.94~83.63%<°] W= EH
, Adpo] dig wreww 3749 RE 091232 fro)Ao] 5%l o530l
AE At (Table 27). 95wWH$olE=  cytokines, prostagrandin E2 (PGE2),
lysosomal enzyme, free radicals & T3t w7l &4 o] #ofstal &= d 53], tialA
XA cytokines, tumor necrosis factor-a (TNF-a), lipopolysaccharide (LPS)¢} #-2
A= o8] FSurge] AAFJIAQD nuclear factor-kB (NF-xB)E &4 34719
A} cyclooxygenase-2 (COX-2)& TdAA H&Fe] PGEE Adste] d5S ¢
o XS FEES AYs ¥ LPSE A=3 A2 wjfddd A BdE PGE, &
= B AdEe F44d (minimum point) &2 FE%7F 60.00 C, F
& =+ 50.00%, FE=AI7F 6.00 hrd o PGE, A &o] 7Mg &
o1 53.94% = U EFWTE (Table 28). PGE29] A #HS FEE&mo st o
=
0,

Lo

o Ju X

23
© B oo fr i

o

O

(

o rlo =Y e mlo A4 Y

1 FE
A3k

ol rlr

S FEANNTLE ESTE Hghste Ao yUEyton, o) NO A4 &t

¢
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Table 30. Predicted levels of optimum conditions for the maximized and minimized

responses of variables by the ridge analysis of their response surface.

Estimated

Responses X4 X5 X3 Morphology
responses
. 51.04 97.20 5.30 13.75(min) .
[0)
Yield (%) 9.66 50.85 6.74 39.24(max) _ Saddle point
Total phenolics 50.03 3.23 5.40 57.72(min) ddl -
(mg/100g) 89.62 49.05 6.78 7468(max) oo pom
LPS induced 64.55 54.60 6.46 58.55(min)
NO production minimum
43.92 85.29 3.63 87.02(max)
(%)
LPS induced 60.00 50.00 6.00 53.94(min)
PGE, production minimum
- 41.31 80.99 3.62 83.63(max)
0

X;: Extraction temperature (C), Xo: EtOH (%), X3: Extraction time (hr).

- % Ax 22202 4] A5l NO 8 & mE wmEAAF

il = o = HAH FEAS
Azt 7 ¥k E WS superimposingdte] Fig. 1319l ‘/]rEP ATk o] WS HEHO 2 HE
AAE F dE HAEA HYE Fig. 1210 FHEE BE o224 NO production©]

PGE2 production®] B5% &%= Aoz ey or Table 310 HAHz27AS e
Ytk & F5 HF HYE FE2E 53~73 T, dEe 5% 42~66% 2 FEFA7

5~8A|te 2 EFRIH

Table 31. The range of optimum extraction condition for maximum response variables by

superimposing response surface of NO and PGE: production in Psidium guajava extract.

. . Range of predicted condition
Extraction Condition . .
(optional point)

Extraction temperature (C) 53~73 (63)
EtOH (%) 42~66 (54)
Extraction time (hr) 4.5~7.5 (6.0)
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Figure. 121. Superimposed response surface for optimization of NO and PGE: production of

Artemisia capillaris Thumb extract as a function of extraction temperature, ethanol ratio
and extraction.
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- 7t AR FEI A5 F FETFES FEFS AT U FEY 10 mLs FH 5
105CNA S A F 2 FAE SAsRon, 55 A AH8d da5=Hd
=)o digk MEEEH FF 58(%, total extract yield)= YEF AT

(2) & Zd= 3=

- FEE9 F Zg¥E ¥ Folin-Ciocalteau WS W5t A AL 4 55
20 pLel 1IN Folin-Ciocalteau’s phenol reagent 45 pl. % 2% Na,COs; 135 pl< 7}3}
TR oy A2A 2412 AAE F 750 nmoll A FHEE SR oln &
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T2 A2 gallic acidg AF&3ste] 3 AFFHOZREH A5 T F 3
o
=

(3) MTT assay

el
i)
i)
i
o
ol

- FEE AMESHS A Y8l MIT  (3-(45-dimethyl-thiazol-2-y1)-2,5-dipheny
Itetrazoliumbromide) assayS 2 A18tAth. RAW 2647 cellsS 1x10° cells/well2 96

well plateo] &3 & 37T, 5% CO, incubatorol] A 24A417F <t vjkal sl
25 2930, 50, 100, 200 pg/mh= A A gk F 244 HE 9k HE-S-A| Z T}

(4) NO A& =74
- NOY %+ vkl 9 nitrite 55 Griess regentS o] 838Fo] =434t}
264.7 cellsE 1x10° cells/wellZ 96 well plateoﬂ Foe] 24A)17F w3 & ZF
% 100 pg/ml e AAgsta 247 3 LPSA ug/mL)E A& ste] 244 7F
F5 o 100 uLES 96 well plateo] #H 3}, o] 7)o =9 Griess

(5) PGE, A4
- RAW 264.7 cellsE 6 well plateo] 1x10° cells/mle] MEZF7F HEE v‘i—z—a‘}oq
5% CO, incubatoroll A 24A]7F &<F w3t A . Al 28 RPMI 164OHH A2 g &

gy

A

O o
= %01 10%}1} AL A wr8-Al 71 3 ELISA microplate readerE ©]€3to] 540 nmol
3 EE 453t Sodium nitrite®] =¥ FEFHAS o]&sto] wjded Wi

L FE

\d

=
>
Epps

FEE
vl 3

regent

7C
3 7

=532 100 ng/ml =2 Mo dAg st 241 7bs <t wids $ LPS(1 ug/mL)E
g sto] 244 7F wjekakdel. AlE S 5000 rpmoll A 3EEeF AR sl E

H 4S5 99E PGE; enzyme immune assay (EIA) kit (R&D Systems, Abington, UK)
o

Abgste] PGE, d& 43kl

Table 32. Independent variables and their levels used in the response surface design.

Factor level

Independent variables Symbol

-1.682 -1 0 1 1.682
EtOH (%) X 15 31 55 79 95
Extraction temperature (C) Xy 30 41 58 75 36
Extraction time (hr) X3 1 3 5 7 9

X;: EtOH (%), X2 Extraction temperature (C), X3 Extraction time (hr).
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Table 33. Central composite design for the optimization of extraction condition for Citrus

hassaku pericarp.

Response

Coded Levels of Variables

Extraction
time
(hr)

Extraction
temperature
(C)

EtOH
(%)

X4 Xo X3

No.

41

31

41

79

75

31

75

79

41

31

41

79

75

31

75

79

58

15

-1.6818 0

9

58

95

0

1.6818

10

30

-1.6818 0 55

0

11

86

1.6818 0 55

0

12

o8

-1.6818 55

0

13

58

55

1.6818

0

14

58

55

15

58

55

16

58

55

17

58

55

18

58

55

19

58

55

X;: EtOH (%), Xo: Extraction temperature (C), X3 Extraction time (hr).
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Figure 122. Total extract yield of ethanolic extracts from Citrus hassaku pericarp. Data are
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Figure. 123. Total phenolic content of ethanolic extracts from Citrus hassaku pericarp. The

level of total phenolics is expressed as mg gallic acid equivalents/g dry weight. Data are

presented as meantstandard deviation(n=3).
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Figure. 124. Effect of ethanolic extracts from Citrus hassaku pericarp

RAW 264.7. Each column represents the meantstandard deviation(n=3).
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Figure. 125. Response surface for total extract yield in Citrus hassaku pericarp at constant

value (yield: 39.0-455-51.7%) as a function of extraction temperature, ethanol ratio and

extraction time.
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Figure. 126. Response surface for total phenolics in Citrus hassaku pericarp
constant value (total phenolics: 37.2-40.0-43.3 mg/g) as

ol W oes Tl 7 2 ¥ T e Aoz yeEstH(Fig. 126).

Extraction time (hr)

extract at

a function of extraction

temperature, ethanol ratio and extraction time.
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Figure.

(9,) UoEeQUAOUCD UoPEOXT

Ethanol concentration (%)

127. Response surface for NO production in Citrus hassaku pericarp extract at

constant value (NO production: 63.5-72.2-81.7%) as a function of extraction temperature,

ethanol ratio and extraction time.
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Extraction time (h)

Figure. 128. Response surface for PGE: production in Citrus hassaku pericarp extract at

constant value (PGE: production: 61.9-72.2-81.5%) as a function of extraction temperature,
ethanol ratio and extraction time.
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Table 34. Polynomial equations calculated by RSM program for extraction conditions of

Citrus hassaku pericarp.

Response Second order Polynomials R? Significance

Yy = 35.357852 — 0.301439X; — 0.004153X, + 1.259806X3
Total extract - 0.003131X;* - 0.000322X;X; + 0.001484Xy* -

) ) 0.9903 < 0.0001
yield 0.006719X1X3 + 0.001157X.X3 —0.086066X3
Yrp = 32.312353 + 0.204201X; + 0.245401X; -
Total 1.138844X; -  0.002459X;® + 0.003533X1Xs -
ota ‘
) 0.004835X,> - 0.003698X:X3 +  0.002884X,X; +
phenolic 5 0.9503 0.0907
0.135698X3
content
LPS Yo = —7.662093+ 0.391837X1+ 2.020014X,+ 3.515877X3
induced NO  +0.000611X;%-0.010219X,X5-0.007047Xs*+ 0.015833X;  0.9488 0.0001

production X3—0.111494X2X3+ 0262211}(5Z

LPS
o YemmLL515066+0.605215K + 2.036909+ 2.461893X;
mdauce .
. +0.001041X,2-0.012041X,X5-0.008426X52-0.011198X;,  0.9594 0.0001
? X3-0.071424XsXa+ 0.307473X52
production

Xi- EtOH (%), Xo: Extraction temperature (C), X3: Extraction time (hr).
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Table 35. Experimental data on total extract yield, total phenolics, NO production and PGE:
production in Citrus hassaku pericarp extract under different conditions based on central

composite design for response surface analysis.

. LPS induced LPS induced

No. chiaellj)zgjd TOtaiHIj:/Z;OhCS NO production PGEz production
(%) (%)
1 45.50 41.51 63.51 61.92
2 42.33 43.89 66.09 70.69
3 49.74 36.51 77.73 74.25
4 45.96 44.54 71.56 71.08
5 46.62 40.91 69.87 70.28
6 41.94 43.65 80.01 80.55
7 50.77 37.22 76.53 78.59
8 45.92 43.47 68.88 69.62
9 47.31 35.38 73.45 73.29
10 38.95 43.53 74.05 74.82
11 45.95 41.45 64.90 63.81
12 51.69 40.49 73.35 72.31
13 46.45 43.89 71.86 73.27
14 47.04 47.16 81.70 81.17
15 48.43 42.58 72.16 72.58
16 48.29 42.82 70.97 72.17
17 47.62 43.89 71.36 71.49
18 47.68 42.88 73.05 72.31
19 48.43 43.89 72.76 71.36
20 48.06 43.59 72.76 72.72
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Table 36. Predicted levels of optimum conditions for the maximized and minimized

responses of variables by the ridge analysis of their response surface.

Estimated
Responses X1 Xo X3 Morphology
responses
94.21 48.30 5.26 (min)
Yield (%) saddle point
43.94 74.01 5.40 (max)

Total phenolics 19.30 62.52 471 (min) '
(me/1002) saddle point
masiuve 6575 5227 8.85 (max)

LPS induced 42.67  33.47 3.26 (min)
NO production saddle point

(%) 68.08 4515 8.55 (max)

LPS induced 37.10 34.00 3.60 (min)
PGE; production saddle point

(%) 60.21 48.16 8.90 (max)

X;: EtOH (%), Xo: Extraction temperature (C), X3: Extraction time (hr).

Q) H4 F=x1 95

- I} By HH FE2AS AAS] 989 NO ¢ PGE; productions EF THEA|
A3 oted FAEEAY BAY SUS I neste] HHY FEEAS duA 7
Hk-8- 3% ™S superimposing o] Fig. 1269 YEFUSIth o] vbggwWoez iy AAE
Q= Az Weos F1g 12601]*1 FHYE FEOZM Table 379 HZAx2AS e
wele =, &4 A9 25 H4 Hee 7= 307547C, clEE F&= 20740% =
FEAT 2TTAS R e

Table 37. The range of optimum extraction condition for maximum response variables by

superimposing response surface of NO and PGE, production in Citrus hassaku pericarp

extract.
) . Range of predicted condition
Extraction Condition ) .
(optional point)
Extraction temperature (C) 30~54 (42)
EtOH (%) 20~40 (30)
Extraction time (hr) 2~7 (4.5)
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Extraction time (hr)

Figure. 129. Superimposed response surface for optimization of NO and PGE: production of

Citrus hassaku pericarp extract as a function of extraction temperature, ethanol ratio and

extraction time.
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3)

(4) A5 &37v
J

Ao A HES-Al 71 & ELISA microplate readerS ©] 8319 540 nmolA S3=E =

AstA . Sodium nitrite®] FE¥ ZFEIAE o]&ste] wMgd o NO w55 274

s} AT

PGE, B8 %F &4

RAW 264.7 cellsE 6 well plateo] 1x10° cells/mle] A ZF7F 5 =2 B3] 37 T,

5% COy incubatoroll A 24413t &<t wj ettt A= RPMI 16401 A = L8t % 7]

EFE=E Ao AT st 2A1bEE widFe $ LPS (1 ug/mL)E A gsto] 2447k
°

v Fst ATt AEmGFAS 5000 rpmoll A 3% e GAEE Ste] EElE AEdS
PGE; enzyme immune assay (EIA) kit (R&D Systems, Abington, UK)& A}-& 35}
PGE; ¥& 54353
&9 HAstE g AF tad
7 e SALZENAY PY" (MINITAB ver. 18)
S AHEetda, AFAYY 5 E3E AA (mixture design)dll wel AAISHATE 59
A 2 (A), Fotut o F=& (B), IE F== O=
|4 &2t 3y FEEo] Holk 50%°l Holof =
Aokt ole} ol AFxAS ZkeE Az A
A1 A A (Simplex Centroid Design)& AF&3F3 1, #
4

[}
sttt EE TEHS 1E FAS W A4 AR H F

ELE

i

Xl +X2+X3=1

0 <Xl <05

0 < X2 <10

0 < X3 <10
714, Al A X1& 2} #ule] 2AFEES X228 Foput o FHES X3=
IHXE FEES 47 Yepdoh mygie E3E AAE ol &3l 7 dAE HHE
dEstd s W F3 FHoE 1079 A@He] AAEJ o (Fig. 130), A@H ] A
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Figure. 130. Simplex design plot by mixture design.
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Figure. 131. Effect of ethanolic extracts from mixture (Cifrus hassaku pericarp,

Conzan. B0%

Psidium

guajava, and Artemisia capillaris Thumb extract) on cell viability in RAW 264.7. Each

column represents the meantstandard deviation(n=3).
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Table

design.

38. Experimental variables and responses used in the simplex—centroid mixture

Std Run Pt

order order type Block X X X 0 va
1 9 1 1 1.0000 0.0000 0.0000 43.12 63.61
2 2 1 1 0.5000 0.5000 0.0000 40.60 63.98
3 4 1 1 0.5000 0.0000 0.5000 45.35 67.08
4 3 2 1 0.7500 0.2500 0.0000 36.00 49.73
5 1 2 1 0.7500 0.0000 0.2500 46.39 63.98
6 10 2 1 0.5000 0.2500 0.2500 39.78 49.83
7 7 0 1 0.6667 0.1667 0.1667 47.58 52.26
8 6 -1 1 0.8333 0.0833 0.0833 38.97 58.16
9 5 -1 1 0.5833 0.3333 0.0833 36.29 56.80
10 8 -1 1 0.5833 0.0833 0.3333 37.56 57.48

. Citrus hassaku pericarp extract.

. Psidium guajava extract.

. Artemisia capillaris Thumb extract.

. NO production in LPS-induced RAW 264.7 cells.

. PGE; production in LPS—induced RAW 264.7 cells.

3 o s NO A=
up§- o] A A EQ RAW 2647 Ao 1071¢] A& Ao

2 WE A7 £dFEE
S AHEd ¥ LPSE frste] AAdE dF5#AJNARI NOE 54¢ A7+ Table 38
o} ottt 7zt Ao wE NO A HFS 3600 - 4758%= JelfRoer 13dx o
TAB}AA ol Fropul ol F QIXE HA FEE9 NO A 4581 + 0.62%,
57.79 + 0.82% KXt} vro} &3 FE5E0] NO AAHS ¢ axg oz JAA7|= Ao

= UEsh
AoHES EAstE AGAHE 9] HAdH oz ot
A7 Alet, vloly = &

HAMEZE sy, st WA EANA dFHES 7HESAZIT
% nitric oxide (NO)= =& HF3AS 717 A A EAZM, NO synthase (NOS)
of 9]&] L-arginine® 258 AAQET. NOT A4AE, o] ok 2 A wjr/iA



HgukSo] Hojdl=d E3] 2 A E7} lipopolysacchride (LPS)¢} interferon—y (IFN-
vZ A== o inducible NOS (NOS)7} Td = o] @ o] NOS AAsHA #. o
2A AdE e ¥ NOE A5 wWiNEde 98-S shA #rh

-y £3kE AA FAE ol &ste] AF Ayl dig A& A A
¥, Froput H QX s E3ES NOAAAZ et =& +4 2349 sudx 9 &
W=+ Fig. 1329} Fig. 1330 YEF T Fig. 133 (A= A3 # 5202 FE A
2be Syl FEHEUFY AAE AAH SR HoFE TadEeH oygt T
A= 2 EHEB)E T3 w943 v 1He] AAE Foteta =EstaAt of
v HAAZRAY AAE MEAHSE & 5 vk Fig. 1320041 ZAbxFtotnte] p ghol

3k

050 VhERE 5% olulel Al frel 4 1

BeFE A5 Fo] HLFE NO A4

Fig. 133 (A)oll A= Z2t3t Frofube] kol

ol wolge & 4+ ATk AALA A¥E wA YR doly AFEs} R-A
F = 90.04%E2A FlolEl7t HYEPo] tha foIsHM AN A% p = 00395 A3
AFE p - 0078 WY Fo% F5S Bt

Figure.

132. Analysis result of the regression and

EZohEol CHSt &7 24: NO O Zah, op}, NS
NO production (SAF d&)0l Cfgt £H9 3 Al

2 A= SE A== T P VIF
That 39.04 1.420 * * 1.964
= Ofut 40,62 1.420 * * 1.964
oIFE 45,18 1.420 * * 1.964
Ak Zobdh -18.86 6.547 -2.88 0.045 1.982
TANOIR S 2.45 6.547 0.37 0.728 1.982
FoteRoIEE -18.17 6.547 -2.78 0.050 1.982
S = 1.47283 PRESS = 133.944

R-H& = 90.04% R-HZ(0IZ) =0.00% R-AZ(=H)=77.58%

NO productionol]l CigF 22A 2M

(FA 42

=5 DF Seq SS Adj 8§
37 = 5  78.4165 78.4165
ﬁ%ﬂ 2 43,5661 22,3454
2R} 3 34.8503 34.8503
THab ot} 1 17.8140 17.9951
Wb Ol R T 1 0.3314 0.3031
FOoH0IEIE 1 18,7050 16,7050
FAF 2R 4 8.6769 8.6769
27 9 §7.0933
NO production(d =2 ¢holl oSt - 37 Al
ot H 4
THAf 39,0445
= Ofut 79,9015
QlRlE 46,4215
ZhAbs Fotd} -75.4231
WOl A T 9.78901
FotehoITE -72.6691

Adj MS
15.6833
111727
11.6168
17.9951
0.3031
16.7050
2.1692

0.039
0.078
0.068
0.045

0.728

0.050

LPS-induced RAW 264.7 cells.
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Figure. 133. (A) Triangular-dimensional contours diagrams for the effect of Citrus hassaku
pericarp (Xy), Psidium guajava (Xs), and Artemisia capillaris Thumb (X3) on NO
production in LPS-induced RAW 2647 cells. The contour line show % PGE,; production.
The contour line show % NO production. (B) Response su(Bace (3D) showing the effect of
difB) ent combinations of Citrus hassaku pericarp, Psidium guajava, Artemisia capillaris
Thumb extract on NO production in LPS-induced RAW 264.7 cells.
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Figure. 134. Analysis result of the regression and variance for PGE; production in
LPS-induced RAW 264.7 cells.
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Figure. 135. (A) Triangular-dimensional contours diagrams for the effect of Citrus hassaku
pericarp (X1), Psidium guajava (X2), and Artemisia capillaris Thumb (X3) on PGE>
production in LPS-induced RAW 264.7 cells. The contour line show % PGE:; production.
(B) Response surface (3D) showing the effect of different combinations of Citrus hassaku
pericarp, Psidium guajava, Artemisia capillaris Thumb  extract on PGE; production in
LPS-induced RAW 264.7 cells.
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Figure. 136. Optimization mixing proportion and composite desirability for responses of NO

production and PGEs production.
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(1) 243y =229 A=

(2)
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A H 3= (Haskel Gas Booster, Model No.: AGT-30/75)E ©]-&3F] 300
A4 FPseY FExO UWHEE 50 TS FA 3t F&7] g4 =& WHEE
do] FEES 3FXE TalA Wi yEgEH 257 300719 50 TE A=
5 IY7IAl 2 E AT F A FES At o o] FEEC] AGEHA
Zoe gelstar olu AFEE CO2¢ 42 19Kg(+&:% 0.1Kg)o| At o] &
% crude FEE 1977 g& F53AT

AFea 2 HE 5 Fopnp g Ax - whAld F 20 mesh AE FAAA ALE

stk Alge] 20 T 55% olEE FE&HS ARESle] 47 TollA 4543 s<t

FRFET F ofFste] o FEAS AYEHTIE 45 T olstellA F535te] 4
%3

UPLC-ESI-MS/MS<= &3 7obat F=E&9] dAlasd A 4

Tolul o] A @A E A<l phenolic compounds 115 (gallic acid % (+)-catechin,
chlorogenic acid, caffeic acid, rutin hydrate, luteolin 7-glucoside, p-coumaric acid,
myricetin, quercetin, luteolin, kaempferol)®] =2 UPLC-ESI-MS/MSS ©] 83}
Akt Ao A3 7]7]E=  Waters ultra  high performance liquid
chromatography system (Waters Inc., Milford, MA, USA)¥} electro spray ionization
tandem mass spectrometry(Quattro Premier XE)o|® #2418 columne Kinetex
C18(100 mm x 2.1 mm x 2.6 um, Phenomenex. Inc., Torrance, CA)S AF&3}¢it}. o]
42 solvent A (0.1% formic acid in water)®} solvent B (0.1% formic acid in
acetonitrile) & AF&3te] 0.25 mL/min®] 5 2= 0-1% (A 90%, B 10%), 1-5%(A
50%, B 50%), 5-8 (A 0%, B 100%), 8-10+ (A 90%, B 10%)°.2 &ujjg-uje] W
o2 ANEAT. LC-MS/MS+ #4 o4 phenolic compounds 115< =743%}7] ¢l3st
o] electron spray ionization (ESI) source® 2F¥ MS system= negative ion mode
2 =439 2 multiple reaction monitoring (MRM) scan mode®] %71-& th&ap 7
t}: Ccapillary voltage (3.20 kV), cone voltage (30 V), source temp. (120 TC),
desolvation temp. (300 C), collision gas flow (0.22 mL/min). LC-MS/MS #4] )
phenolic compounds 11%°] st MRM %72 Table 399 YERH AT
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Table 39. UPLC-ESI-MS/MS parameters for slected phenolic compounds in the negative

mode.

Compound RIa Mr MS/ MS ions m/z MRM D.P. C.E
(min) (relative abundance, %) (m/z) V) (V)
Gallic acid 119 170 125 (100), 81 (7) 169 > 125 20 13
(+)-Catechin 239 290 109 (100), 125 (67), 245 (65) 289 >109 35 25
Chlorogenic acid 242 34 191 (100), 85 (10) 33 >191 20 13
Caffeic acid 267 180 135 (100), 134 (4) 179 >135 40 11
Rutin hydrate 288 610 300 (100), 301 (26), 271 (14) 609 >300 40 40
Luteolin 7-glucoside 297 448 284 (100), 133 (4) 47 > 284 40 40
p-Coumearic acid 306 164 119 (100), 93 (4) 163 > 119 30 20
Myricetin 332 318 151 (100), 137 (57) 317 > 151 40 25
Quercetin 367 302 151 (100), 179 (11) 301 >151 40 25
Luteolin 367 286 133 (100), 107 (10), 151 (3) 285 >133 50 40

Kaempferol 39 28 117 (100), 187 (2) %5 >117 30 40

2 RT: retention time; MRM: multiple reaction monitoring; DP: declustering potential; CE:

collision energy.
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Table 40. Conversion of Animal Doses to Human Equivalent Doses Based on Body Surface

Area’.

To Convert Animal To Convert Animal Dose in mg/kg

Dose in mg/kg to to HED® in mg/kg, Either:

Species Dose in mg/m?
Multiply by km Divide Animal Multiply Animal
Dose By Dose By
Human 37 - -
Child (20 kg)° 25
Mouse 3 12.3 0.08
Hamster 5 74 0.13
Rat 6 6.2 0.16
Ferret 7 53 0.19
Guinea pig 8 4.6 0.22
Rabbit 12 3.1 0.32
Dog 20 1.8 0.54
Primates:

Monkeysc 12 3.1 0.32
Marmoset 6 6.2 0.16
Squirrel monkey 7 53 0.19
Baboon 20 1.8 0.54
Micro-pig 27 14 0.73
Mini-pig 35 1.1 0.95

" Guidance for Industry - Estimating the Maximum Safe Starting Dose in Initial
Clinical Trials for Therapeutics in Adult Healthy Volunteers. U.S. FDA
* Assumes 60 kg human. For species not listed or for weights outside the
standard ranges, HED can be calculated from the following formula:
HED = animal dose in mg/kg x (animal weight in kg/human weight in kg)0.33.
® This km value is provided for reference only since healthy children will
rarely be volunteers for phase 1 trials.
¢ For example, cynomolgus, rhesus, and stumptail.
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Table 41. Composition of uncoated Hassaku-guava tablet.

Ingredient

Ratio of per
tablet (%)

Quantity of per
tablet (mg)

Hassaku extract 0.50 2.50
Guava leaves extract 0.20 1.00
Cellulose, microcrystalline 30.70 153.50
Lactose 62.50 312.50
Calcium carboxymethylcellulose 1.50 7.50
Hydroxypropyl methylcellulose 1.50 7.50
Hydroxypropylcellulose (HPC) 1.40 7.00
Magnesium stearate 1.00 5.00
Silicon dioxide 0.70 3.50
Total 100.00 500.00
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| Mixing
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| Compressing |

» Guava extract, cellulose, lactose

* Citrus hassaku pericarp, HPC, EtOH

* Agitator velocity : S5rpm
* Chopper velocity : 6 rpm

* 18 mesh screen

* Inlet temp. 40~55 °C

» 18 mesh screen

* Lubricant (Mg stearate)
» Disintegrating agent (CMC-Ca)

Figure. 137. Manufacturing process of uncoated Hassaku-guava tablet.
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Table 42. Coating’s condition for uncoated Hassaku—guava tablet.

Coating room temp. : 18.0 C, humidity @ 30.0 %

Time Inlet Exhaust  Product Spray Pan Balance  Theoretical
Temp. Temp. Temp. rate speed reading weight gain
(min)  (C) (€) (€) (g/min)  (RPM) (©) (%)
0 42.0 26.0 27.0 7.50 12.0 0.0 0.00
1 43.0 26.0 250 7.50 14.0 7.5 0.19
5 42.0 27.0 25.0 13.13 27.0 60.0 1.50

Atomising air pressure : 1 bar.
Pattern air pressure : 1.2 bar.
Air flow : 140.0 m3/hr.

Inlet warm up temp. : 42.0 TC.
Warm up time : 10.00 min.
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Table 43. Quantitative analytical results of the guava leaves extract.

Compound Contents (ug/)
Gallic acid 21397 + 6.24

(+)-Catechin 445649 + 43.27
Chlorogenic acid 55.86 + 2.16
Caffeic acid 454 + 0.25
Rutin hydrate 0.27 £ 0.01
Luteolin 7-glucoside 191 + 0.02
p-Coumaric acid 1.26 = 0.09
Myricetin 1.70 + 0.01
Quercetin 15.65 = 2.98
Luteolin 0.23 £ 0.02
Kaempferol 0.66 £ 0.02
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Figure. 138. MRM chromatograms of standard mixture at 1 pg/mL for target compounds

analyzed by negative ionization.
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Figure. 139. MRM chromatograms of the guava leaves extract at 1 pg/mL for

compounds analyzed by negative ionization.
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Table 44. Compressed value of uncoated Hassaku-guava tablet.

Test

Average £ SD

Weight (mg)
Hardness (kp)
Thickness (mm)

Diameter (mm)

2

493.0 ~ 507.0

6.38 + 0.48
4.66 =+ 0.03

13.82 + 0.01
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Table 45. Total phenolic content(TPC) of manufacturing processes for Hassaku-guava
tablet.

Type of samples TPCY
Hassaku mixture 291.0 + 12.6°
Guava mixture 18549 + 57.9°
Kneading 590.5 + 104°
Drying 5892 + 11.7¢
Mixing 4494 + 158¢
Uncoated tablets 4406 =+ 156"
HPMC-coated tablets 4379 + 951

DResults were expressed as ug of gallic acid equivalents (GAEs) per gram of dry weight
(ug of GAEs/g of DW).

The different superscript letters within same columns mean significantly different at
p<0.05.

All values are mean+SD (n=b).
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Table 46. Microbial contamination levels of manufacturing processes for Hassaku-guava
tablet.

Type of samples Aerob.ic Coliform E. coli Yeast and mold
bacteria group
Hassaku mixture NDV ND ND ND
Guava mixture ND ND ND ND
Kneading ND ND ND ND
Drying ND ND ND ND
Mixing ND ND ND ND
Uncoated tablets ND ND ND ND
HPMC-coated tablets ND ND ND ND

UNot detected.
All values are Mean log (CFU/g) + standard deviation (n=3).
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Figure. 141. AlAl5% AR Z2f-Fropup &5t AAl (A), Z4F-Folut £ (B).
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