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Development of technology to industrialize the

nutraceutical compounds from a local citrus
species, dangyuja (Citrus grandis Osbeck)
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SUMMARY

The flavonoid contents of dangyuja (Citrus grandis Osbeck) were measured
during  fruit growth and maturation by HPLC and liquid
chromatography-mass spectrometry (LC-MS). The contents of flavonoids in
peel decreased gradually throughout the growth and the highest concentration
hesperidin, neohesperidin, naringin was observed in immature fruits. Among
the sequential solvent fractions obtained from crude extracts, hexane and
chloroform fractions showed potential inhibitory activity on the mRNA
expression of IL-6, iNOS and COX-2 at the concentration of 100 ug/mL in
RAW264.7 cells. EtOAc fraction showed inhibitory activity on the thymus and
activation-regulated chemokine and macrophage~derived chmokine in HaCaT
cells,

Crude extract of young dangyuja (Citrus grandis Osbeck) fruit was
investigated for its antioxidant activity as measured by
1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging activity. Among
the samples, including 4 Citrus species and various
solvent-extracted-fractions of young dangyuja fruit, the water-extracted
fraction (WF) and butanolextracted fraction (BF) showed the greatest DPPH
free radical scavenging activity. WF and BF were further examined for their
antioxidant activities by three different in vitro assays. The cell viability tests
using 3-(4,5-dimethylthiazol-2-y1)-2,5- diphenyltetrazolium bromide (MTT)
reduction assay showed that both fractions significantly reduced HoOz-induced
cytotoxicity in HepG2 cells dose-dependently. Generation of the reactive
oxygen species (ROS) was also reduced in cells pretreated with both
fractions. In addition, BF showed a higher level of lipid peroxidation inhibitory
capacity than water fraction in HOz-treated HepG2 cells. Taken together,
these results indicate that young dangyuja fruit can be used as an easily
accessible source of natural antioxidants.

The antioxidant activities of the extracts of Citrus grandis Osbeck leaves
were also evaluated. The highest phenolic content was obtained from the



ethyl acetate fraction (EF) (2021 * 0.8 mg GAE/g dried extract) and it
exhibited the highest 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical
scavenging activity. The cytoprotective effects of EF on oxidative damage
induced by tert-butyl hydroperoxide in a human hepatoma cell line, HepG2
cells, were investigated to understand the intracellular antioxidant
mechanisms. Treatment of HepG2 cells with EF prior to oxidative stress was
found to inhibit reactive oxygen species (ROS) generation, lipid peroxidation,
and DNA damage in a dose-dependent manner. GC-MS studies on EF
resulted in tentative identification of 19 compounds representing 94.3% of the
total content. Taken together, these results demonstrated that EF has
excellent antioxidant activities and thus C. grandis Osbeck leaves have great
potential as a source for natural antioxidant which can be applied in food
products.

The study was carried out to examine the anti-proliferative effects of the
various solvent fractions of the immature dangyuja (Citrus grandis Osbeck)
fruit on cancer cell lines. The human U937 leukemia (U937) cells were the
most susceptible to the hexane fraction of immature dangyuja (HFID) and
their growth was inhibited in a dose-dependent manner (ICso=ca. 60 ug/mL).
With the HFID, apoptosis—related experiments, (a) Annexin V staining; (b)
DNA fragmentation (c) reverse transcription-polymerase chain reaction of
BCL-2 and BAX gene; (d) Western blot analysis of Bcl-2, Bax, poly
(ADP-ribose) polymerase (PARP), and Caspase-3 expressions; (d) Caspase-3
activity assay, were carried out on U937 cells. IDH- induced cell death was
characterized by morphological changes of chromatin condensation and
apoptotic body formation. The molecular mechanismm behind IDH induced
apoptosis of U937 cells might be via mitochondria-mediated signaling
pathway, as demonstrated by increases in the ratio of BAX/BCL-2 gene and
Bax/Bcl-2 protein expression. Furthermore, proteolytic cleavages of
caspase-3 and PARP, casapse-3 activity in the IDH - treated cells were
significantly increased compared with those in control group.

GC and GC-MS analysis of IDH showed that major constituents of the IDH
fraction were rich in steroids and coumarins, particularly -sitosterol (17.5%6),
7-methoxy-8-(2-oxo-3-methylbutyl) coumarin (6.8%), stigmasterol (3.8%),



campesterol (3.4%). Taken together, the results of our studies present the
first evidence of IDH as an apoptosis inducer in U937 cells and these findings
may open interesting perspectives to the strategy in human leukemia cancer
treatment.
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neohesperidin peak®] #&|7} o]FofAjA] ¢kske} &FWH(1996) T AFM F
P& PHA 05% acetic acid methanold 0.5% acetic acid water® A}43+¢]
5-60#3 ME 71&7] E4UPE <]83F RAMNE isomer$] hesperidin®
neohesperidin ¥ 489 &#& o]Fo]x A ¥}t Rouseff 52 FATFoNA AE
¥ 795% water, 20% acetonitrile 9+ 0.5% glacial acetic acid®] =AM E £
7t AA3] o]FolxA gtth Kanaze 59 AFANA 88 49 water
tetrahydrofuran @ acetic acid(77:21:2)& isocratic elutione.®2 48 A3 372
standard peak®] e HeH ot FPE F22A¢ B2 29 sampled
injection® chromatogram-= Fig. 13 Zt}.

- - 4y
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2 i1 sMaringin 2 ) oy
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Figure 1. HPLC Chromatograms of Citrus grandis (a) immature fruit, (b)
mature fruit, (¢) peel of mature fruit, (d) flesh of mature fruit.
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Citrus& ©]43}9 flavonoidE w43 &34 Xian-guo, He, A9F 59 d+&
EY|Z 209% DMF methanol, 80% ethanol, waterg #&g&vz XA} F&
ZAL 54 A9 FHAE 4L E47](epia power mixer JW-2300, 2]*33tolH
2, #Hz v F 05mm A2 2L sigich EE3F gHA AlE 1gdl
50mL¢] 209% DMF methanol, 80% ethanol, water® Z+z} ¥ 2X)13HE<¢ 60TCol
A &9 32 ¥ vacuum ovens ©]E3t9 FF3I}L ZF FFE 20mL
methanol& ¥o] A& volumed 20mLE 234t} &HE mobile phase 3L
2zt 32288 200l injection® A3 80% ethanolE ©]&F F&Wo] & F24
o] 1H)8 hesperidin, neohesperidin® F&&&o| FA uJElWTE 20% DMF
methanol& AHE-§ Z$- 80% ethanolE AHEFH &2 His F W0%AEY =
FLL HYon water® A3 FZE-L ethanold F&40]2 ARS-]t sampled]
70%AEY &8 Bth wetd 593 sampled] g FEEE&o] & 80%
ethanol& FE8v92 AA3}At
2005\ 794 88 w&3) 20069 190 =89 A4, A9, 45S 4 ¥4
A 22278 2 BMRAL o)83te 334 injection ¥ standard curveE o}&
st EAF A+ Table 13 2th 36E A9E BEAE, 4TS 005004
ANOVAE AAs A3, wl<zel 359 hesperidin, neohesperidin, naringin Al
AR e I3 2 EFAe %} Duncun R Tukeyd HRA fofxe
2 o7t Jvebsith. 3% 9 flavonoids BEFASH B} vl&atolA A Yebst
t}. ol FHAo] &A% weEkA AEBA ] FaFd o Fhde AL HAF
o] ol2g dAFAFE 7189 FuE B9 dAFAFe} X FHAAE A 7t
A 9] flavonoid & neohesperidin®] &Fo] 2 F EZr Bo] 4SS ¢
4 qth ole Kawaii 59 @FA ¢ 309F9] citrusE W42 E flavonoidsel
8 FAMSE A3} neohesperidin®] #3o] EA &€ Bergamot, Red Blush,
Natsudaidai 42" A& 100g T 1.60g, 1.58g, 158get vlAHHolx 33 w2

TEIA.

Table 3. Hesperidin, nechesperidin, and naringin contents of Citrus grandis
Osbeck

v % 3t A% A%t Ay A%t AF
Hesperidin 1.22° 0.15” 0.15” 0.09”
Neohesperidin 414° 2.37° 2.31¥ 1.11®
naringin 3.12° 1.39” 1.48" 0.44
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B2t limonoid ¥41& #1814 flavonoids £4A)¢l BU¥ HPLC system}
column®] ARE-S2H, 210nme) A limonoid 4E-$ H&359r} Sigma(St. Louis,
MO, USA)elM % limonin®} nomilin standard”?} peake] EaAx &9 @ 4
T2 93 AU Limnoid 489 A4 2 A%e $1% mobile phased] =7
= Bl A8 water?t acetonitrile® AME5}e] Omin. water ACN=90:10,
70min. water:ACN=10:90, 75min. water:ACN=10:90, 80min. water: ACN=0:100,
90min. water:ACN=90:10, 100min. water:ACN=90:108} gradient Za-& AFL3l%

o °]& &3 nomilin#} limonin peak® ¥-&stdc}h

- T ] ‘
----- . |
= ’ %5782 | | “
[ Limonin |, i' |
=l i | 30.665 |
. /| I /1 Nomilin :
e i !
::I' i I
5 i | r
(\‘. I]. :l [
2 : g g 2 J o g

Figure 2. HPLC Chromatogram of limomnoids standard

A 24 WEE FEE) ASH F£2 BB AT

flavonoids 2 limonoids ¥4
1. Flavonoids %4

FHAE skl A4 flavonoids 2 limonoidsA} £L BA% 13dwe] &
= F 49 P}
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Table 4. The contents of flavonoids and limonoids in different tissues of
Dangyuja.

Flavonoids Limonoids
Naringin Hesperidin Neohesperidin  Limonin Nomilin
Immature  49.00" ¥:027 17619 £ 033  6088°:067 0487t 001 057t 0.00
Mature 10012 + 010 051® + 0012  17.76Y:037  0.08”: 000 013"+ 0.00
Pup  273” + 013 0022 + 000 299”004 nd® 0.03"+ 0.00
Peel 866 £ 020 0667 + 002 13857021  013%: 000 0257t 0.00
Albedo 21,012 $069 176 + 014  31.86°t1.14 0003t 000 003"t 0.00
Flavedo 341” 004 053” + 010 1235731029 0149+ 0.0 0.257% 0.00
Seed Trace ¥ Trace * Trace ® 3479+ 0.02 2659t 0.05

1)mg/g on dry weight
2)Mean values for all determinations based on n=3.

3)Data are means of independent samples + S.D. The data showed significant differences at the
level of P<0.05

1IZMdE A¥827% vgHdodA 7 8L %9 flavonoids7t HEFHNOH,
limonoids®] 74 seedel Wo] #iHo UNTh 2xhdE HFAQ FHA EFHEY
flavonoids A#-& £4317] 93l 74 v&EHE 8¥d AHsY FAAXY
vt7)12 dol mARE sttt ¥ XE (8498g)F 80% methanolZ 23] F%
F qF33tq A F539 S§HE FEARAD 9710 4L methanol FEFE
(3447g)& A¥A F& o) 239 hexane #¥(0.46g), chloroform £F
(0.83g), ethylacetate ¥¥(2.30g) butanol #&(15.17g)& Qo] A& 2 AL&34Th
F7A9] flavonoids #4L 93 HPLC system2Z Waters(Milford MA)2} 600
pumpE AFE3l e}, 2487 UV-vis detectorE® ©]83&te] 285nme] 7o) A
flavonoids & A8t EAdle Waters9 SunfireTM C-18
column(4.6x250mm,5m)°) AF&E Ak 1Ade A4F dAE ulgt o2 methanol$
FEErZ2 AARFRRT, 23dxd = o]F dF BASY resolutiond FUAIA A

< A 339} mobile phase AL methanol(A), 0.01M phosphoric acid(B)E
AHE-8ted 0-2min, 20% A in B, 2-50min, 20-45% of A in B, 50-55min 45-50%
of A in B, 55-65min A in B, 65-70min A in B9 ZA 22 gradient& FUuc}
Sigma(St.Louis,MO, USA)o|A F<U4jt hesperidin, neohesperidin, naringin®] 37}
A BEFEHE AHE3lY standard curveE FA 3] tHFig.3).

22hdxe] gygd F&Exd ¢ ENRAL o839 334 injectiond F
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standard curveE ©]-83to] EA4stgon £4¢ A Fig. 39 Fig. 4, Fig. 59

Rl et

Table 5. The contents of flavoncids in Gitrus grandis Osbeck fractioned by butanol, hexane, and

methanal
Naringin Hesperidin Neohesperidin
Butanol 225131° ¥ P 16716 | 23.309” +0.648 406.849° +11.335
Hexane Trace® Trace® 1.8997 +0.025
Methanol 144.971® +0.393 22.728” 10,030 233.378” +0572

1)Mean values for all determinations based on n=3.

2)Data are means of independent samples + S.D. The data showed significant differences at the
level of P<0.05
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Figure 3. Standards curves of flavonoids in methanol fraction and butanol
naringin, (b) hesperidin, (c) neohesperidin

fraction. (a)
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Figure 5. HPLC chromatograms of immature Citrus grandis Osbeck. (a) butanol
fraction, (b) hexane fraction, (c) methanol fraction

21 4% butanol R EAM naringinF neohesperidin®] &4zt 221.277mg/L,
400.629mg/LZ A JYsten, methanol #8E-2 naringin® neohesperidin®]
Zt 144989mg/L, 233264mg/LE AF ATk 28)i hexane FHEIME
neohesperiding A3 Urlx] HAEL HEHA @¢kem, neohesperidin GA
1.89mg/L= 71 WA AFE N Hesperidin® butanol #3 &4 24.148mg/L,
methanol £ EAE 22733mg/Le2 Hled goz A= ¢tl Methanol 2
butanol F&E9] flavonoids A% #4] ¥ LC/MS/MSE o]-&3to m=]e} peak
€ FAAY. o 4, 139 A¥L 3 WA hesperidin, neohesperidin,
naringin (Fig. 6) $]9] neoeriocitrin®] &<15 %t} (Figure 7)
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Figure 6. Mass spectra of flavonoids from Citrus grandis Osbeck (a) hesperidin,
(b) neohesperidin, (¢) naringin
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Figure 7. Mass spectra and chemical structure of neoeriocitrin from Gitrus grandis
Osbeck

2. Limonoids 4

Y A5(84.98g)0A €& 80% methanol 5&E(3447g)2 ATH F& Wi
9J3t9 hexane Y&, butanol EIFES Ao APl ALIATt FHAY
limonoids ¥4-% $1314 Summit HPLC system (Dionex, USA) UV detectorE
o]-§3t9 210nm HFo)A] limonoids FEE FEHYT. £4 Aole Shim-pack
prep ODS C18 (H)KIT-column (4.6x260mm, 35m)e] AH¢ HUu 8z
Sigma(St.Louis, MO, USA)lA T % limonine™ nomilin EFE 0] peaks &
AT A 2 AFE 98 ALEHAJT) Limonoids A8 A L AFE A%
mobile phase?] ZHE& A7 s water?} acetonitrile& ©]-&E Omin
A:B=90:10, 61lmin, A1B=10290, 7lmin. A:B=0:100, 8lmin. A:B=10:90, 91lmin.
A;B=90:10, 120min. A;B=90:109] gradient®Zd2 AF-3l5 ™. Nomilin#} limonene
AEE 537 9189 0.2 mg/mLe] BEFERA S AM83lY peak #FE A7HE ]
waPt. $AE di= Fig 99 2ok

Table 6. Limonin in (itrus Grandis Osbeck fractioned by butanol, hexane and
methanol(mg/L)
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Limonin Nomilin
Butarol 2.78279+0,119” trace
Hexane trace” trace
Methanol 13.092+0.327° trace

1) Mean values for all determinations based on n=3.

2) Data are means of independent samples + SD. The data showed significant differences at the

level of P<0.05

(a)
120 - Limonin - External Uv VIS 1-
TArea [mAU mMIn] |
] _ el
; ré=(,99
50 j -~
0 ; ———
0 100 200 300
(b)
lomilin__External UV VIS 1
%0 Tarea [mAU mIn] -
40 - re=0,99
20 -
0.0 L L) l ¥ L] I' Li L] rnlg%
0 100 200 300

Figure 8. Standards curves of limonoids in methanol, butanol and Hexane fraction. (a)

limonin  (b) nomilin
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Figure 9. HPLC chromatograms of immature Citrus grandis Osbeck. (a)
methanol extract, (b) butanol extract, (c) hexane extract

Limonin’d ¥ limonoid A4¥¢] 4oz ZAFF o ®o] 850 m Fvjd
29S e FAERY I F FHF E% W & #AE @3 Ytk
Limonoid+= butanol ¥3& Y 2.782mg/L, methanol £8E U 13.092mg/L A&
H 3 nomilin JEL HEHA 2490 hexane EEE A+ limonin, nomilino]
SAFLE AFHY dojH HEHA Fdth. ANOVA £4 Ax I Y4
limonin %2 Q) el HHh
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A 34 wA AR BEATZ 79
1. LC-MSE ©]&-% v]X]9] flavonoids ¥ limonoids A% BEA7Z 79

FHA EHEY flavonoids ¥ limonoids 489 4 ¥ BEx7z 79& 94
LC-ESI-MSE€  °]83t9q E434h. LC(Vardan 212)8] 24 ==AdA
column(varian, chromsep 150+20mm Pursuit XRs-3um-C)& AlS dgen
mobile phase®] £/AJ2 water+0.1% formic acid(A), acetonitrile+0.1% formic
acidg AM&3tY 0-2min 90%A in B, 2710min 90-60%A in B, 10-20min
60-302%A in B, 20-25min 30-10%A in B, 25733min 10-90%A in B¢ A o=
gradient& Fr}.

Mass Set Points (Varian 500-MS)¢] B4 %L  Sprayshielde Voltage
(+):600.0 volts. Voltage (-): ~600.0 volts®]™ nebulizer gas: airg ©]&33t}.
Nebulizer pressure= 350 psi, drying gas pressure:l0.0 psi, drying gas
temperature:  300°C capillary voltage® 80.0 volts, needle voltage (+): 5000
volts, needle voltage (-): -5000 volts®]$1th. Mass ranget 100-1000(m/z) ©]1%)
oo, EM A & total ion chromatograms: Fig 103 2t} LC-ESI-MSS
©]-8% methanol $%&% ¥ butanol $&8 £4247}E table 79} table 89 Lehy]
Xt
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citris MeOH ext.XMS TIC Filtered

citrus meoh =xt.run 285.00 [of3

citrus buch ext.run 285.00

0753
E
| ueo- l i
025— |
olm_iw___——hﬂkjd;
""""" TR T e s .
minutes

Figure 10, LC-MS total ion Chromatograms of immature Citrus grandis Osbeck.
(1) methanol extractxms tic filtered, (2) butanol extract.xms tic filtered, (3)
methanol extract(285), (4) buthanol extract(285)
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Table 7. Components found in methanol fraction

Molecular Fragmentation g
R.T. Compounds fornula M.W. pattern o] 3
24 Sucrose CizHz2O1 342 341;179;89 >4
26 192 191;173;127;111;93;85
3.0 318 317,225,207;165;125
3.3 Byakangelicin CiiHisOr 334 333;287;196;125 *+3
e . 333[M-H+formic acidl;
34  Phlorin;O-D-Glucopyranoside  CpHjOs 288 987: 196; 125 *3
4' 5,7 8-Tetrahydroxyflavone; . . =
126 78-Di-Me ether CivHuOs 314 313; 295; 191 23
p~Mentha-1,8-dien-6-ol;
(4R,6S)-form, CisH0s 314 3
O-b-D-Glucopyranoside
7-[(6-Hydroxy-3,7-dimethyl-2,7-
octadienylDoxy]-2H-1-benzopyran CisHz04 314 *3
-2-one
Citroside A; . .
128 5 oD Cneouenoside CiHxOs 386 385; 233;191 %7
1(109)-Abeo-7-acetoxyobacun-9( I =
129 ) et CuHlnOs 496  495449;427;287;265 %4
130 3"5"Di’D“g1“°‘;1pyra“°SY Iohloreti o 1O 598 5OTATTAG0241 27
13.1 Neoeriocitrin CxHs015 596 595; 459; 357;235 gl
Hesperetin
132 ‘7"O-[-L-Rhamnopyranosyl-(12) (b1 75g 1755;480;301 23

~[~L~-rhamnopyranosyl-(16)]
-D-glucopyranoside]
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Table 8. Components found in butanol fraction

Molecular Fragmentation  &¢l
R.T Compounds fomula M.W. pattern o3
4,9-Dihydroxy-7TH-furol3,2-gl[1]
benzopyran-7-one; T =
25 4-0-(3.7-Dimethyl-2,6-octadienyl), CxoHuOs 368 367,307:277;205,187 A
9-Me ether
25 192 191;173;127,111;93;85 4
2.3 Sucrose 342 341;179;143 3
31 Byakangelicin 334 333;287:265 3
1-Hexanol; 263;248;176;147;133;1 .
15 O-b-D-Glucopyranoside CrflaOs 264 2 3
4'5,6,7,8-Pentahydroxyflavone; 101-197
678-Tri-Me ether CisHisO7 344 343;181;137;109 33
9.1 3-Methylpentacosane CosHsy 366 365;03;297;262 34
Bufotenine; =
O-b~D-Glucopyranoside CagHzsN206 3
3' 4’ 5,7-Tetrahydroxyflavone;
13.4 7-O-[a-L-Rhamnopyranosy!-(1)-b 594 593;473;285 74
-D-glucopyranoside]
Didymin 3
Poncirin 3
10.0 626 625;597;299 3
105 784 783;681;62115;559;477:3 23
120 Hesperidin CuH3Oy5 610 609;301 g
10.7 3’,5’-Di-D-glucopyranosylphloretin Cgz/H3O15 598 597,477,387;357 33
109 Neoeriocitrin CoHzO015 596 595;459;357;235 g
Hesperetin
7-0-[-L-Rhamnopyranosyl-(12) 190 N
2 mnopvrenoey(16)] . CoHuOrw 756 756;489;301 23
~D-glucopyranoside]}
115 Naringin CisHizOs 580 579;459;353?339;271;2 29
14.4 840  839;693;664;553;263 73
144 870  869;553;495;407,263 +A
25.0 Diosmin CosH3:015 608 607;299;284 g4l
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22hdx=d  FH¥® flavonoid®} limonoid $elE LC/MS/MSE =3

neoeriocitrin®] FAHJY =M o] FFEL 2 flavonoids} w7tz At
R d& Aoz 283 0om Natsudaidai orange, sour oranget} limeol 4]
T4€E v 3tk 3R}dEANE LC/MSE o439 8% 23 butanol EEEd)
A diosmin®) FAHAET o JA Fag A otn LA Qo ook
dME Aol FAYF M) AF&Hz e} o] Yol = F7-" 02 phiorin,
4'5",7" 8'-tetrahydroxyflavone, citroside A, didymin, hesperetin S9] t}<=9
flavonoid#7F B#2t W €x) b4l de FFERZ FAFHUYC

2. BRAY g B} AR 53 L A

7 AH(Citrus grandis Osbeck)d] 31¥A 7RSS BM57] Y8 B9} 34
€ 47 #83t9 SAFE(Solvent assisted flavor evaporation)& Ab2ale] 2331
¥ gas chromatograph/mass spectrometer(GC/MS)Z B43yc} 89 ¢
A= A% 12cm U9 RE AFE AFA X% AF Bl 20073 190
TS s B A AMEEgT. UREFZEIZ AMEE  heptadecaned
Sigma-Aldrich. Inc. (St. Louis, MO, USA), $%£v9 methylene chloride™
J.T. Backer (Phillipsburg, NJ, USA) o4 F43t9 Al43tgic} Ag: $ 2
7let BEEE AAE H8 8 FA Bz 23 Asn 2718 AAT F -7
0C deep freezerdlX B# Rtk A& M A 4T AR YFAA 24]
T AN F FHE 22 Cubiclemxlem)BRYLo R &do)x sk 2
¥ 3=z Hig 38¢ 2elste] gAdLz $2 A7 F blender (HMC-400T,
Hanil electron Co., Seoul, Korea)& o] &3t} 24 stgd.on 70g¥ ANH st Ay
of AMgstch. AeA F& AE T0g3 A% FImethylene chloride (J.T.backer,
USA) 140mLe] W¥EFEZIZ 0.ImL heptadecane (1,000ppm in methylene
chloride, w/v)& &3st 500rpmo)Al 60%3t stirring 3HHA £uj3E:Z& & A)3s}
A 2 ¥ Whatman No.4l filter paper (Whatman Ltd., Maidstone, UK)& 2
FES A3 4 sodium sulfate(Na2S04)E A48t F2S AA s o
o0 FHA Huje}t HFe FEZNA SAFEHE oLty Fuy ARue Ha
AT 71 &ul FEEL 40T, 200mpm2 #XQ 1L $2 S22 § BN
gojxa] 2 A A, 10-5torre] TIEF FFolA dAALo] @712 trapd)
Hdd dEEC) EFIFHEE 3. o8P SAFEE ©o]4% F2d 08 I
YHEZ diflen Y LA HEES 4780 27t2E olgdtd JF
0.1mL7}A]  F&FsRem 1pLE GC/MSH FUANAT  Agilent 6890 gas
chromatographe] @Z¥ mass selective detector (5975 mass selective detector,
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Agilent Technologies, Palo Alto, CA, USA)9] DB-5 capillary column (30 m
length x 0.25 mm i.d.,025 film thickness, J&W Scientific, Folsom, CA, USA)
& AAs A JEE] 244 AEET 01 7IAZE 0.8mL/mine] ¥
AR FFoZ Heol AL, mass spectrumE 70evolA] electron ionization
mode(ED) W&o o8] dojAG. A7 FYFHE 1wLgLen, splitless modeE A}
4319 GC oven €E& 40T A 6% FAAZ H 200C7HA 4C/min 37FA
Ao, 200C A 10827 FAAA F 5659 Alzte] 28HUY GC FY719 A
&7] &x+ 47 200C2 250C, mass scan ranger 407550 amul® AAs4
ol A AERES FHAYN 4L 98 mass spectral data®) retention index
(RIDE o}43l9tl. Mass spectral datar on-computer library (Wiley 275 mass
spectral database, Hewlett-Packard Co.)Y} manual interpretation®] ¢l <13}t
g3 YA HEE2 RIE n-paraffing C7-C22¢] oH#& A|7+s vlwsle] 3k
ot} & FHaA HJEE AFL GC-MS total ion chromatogram Ae]A Fi& <)
peak area [(peak area of individual compound/ peak area of n-decane) x 100]
o &3 Ttk

FHA  H¥el FKe] LA ES  SAFE(solvent assisted flavor
evaporation) £ F&£% ¥ GC-MS=z= BAa¢ct. 2 A7} Table 9% Fig 1194
BE AT o] A FAyjde 24719 A F7]4ES0] ¥4 FHUL, Table
10 A B A Fo] FFde F16719 JREC] ¥4 HUh FAve A5 &2
F limonene®] F& AEoINR 4z HAAFEY 60%, 73%E AAFA
Limonene2 33 F7|1& Fv ZAIEFY F8% P ELE giFEe AEFH
A ¥FEo] v sweet orangeo] 83797% FHo 03, mandaringl
65-94% FHrEo] At R vlsd Aol
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Table 9. Volatile compounds in dangyuja (Citrus grandis Osbeck) peel.

NO Volatile components RI®  Relative peak area (%)®
ALCOHOL
| Linalool 1101 3.83+0.08
2 a-Terpineol 1190 3.01+0.14
(Z)-Piperitol 1178 0.76+£0.02
Citronellol 1175 0.39+0.04
ALDEHYDE
5 Hexanal 792 0.16x0.02
6 2-Hexenal 849 0.47x0.04
7 Citronellal 1154 3.34+0.04
8 Citral 1240 1.62+0.01
9 (E)-Geranial 1260 0.14+0.01
10 Geranial 1269 2.21+0.01
TERPENE
HYDROCARBONS
11 a-Pinene 931 12.73+0.34
12 Myrcene 1003 396.64+14.91
13 B-Phellandrene 1006 1.59+0.44
15 1,3,7-Octatrien 1055 9.34+0.20

(a) Relative retention indices were determined using n~paraffins C7-C22 as external references.
(b) Relative peak areas compared to that of internal standard (0.1 uL of 1000ppm heptadecane).
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Table 10. Volatile compounds in dangyuja (Citrus grandis Osbeck) flash.

NO  Volatile components RI® Relative peak area(%)®

ALCOHOL
1 Linalool 1009 0.07+0.07
ALDEHYDE
2 Citronellal 1152 0.06£0.01
TERPENE CARBON
4 Myrcene 993 26.5£0.54

(a) Relative retention indices were determined using n-paraffins C7-C22as external references.
(b) Relative peak areas compared to that of internal standard (0.1 uL of 1000 ppm heptadecane)

Lomonene
Abundance Myrcene

Germacrene-D
£500000 l N
€000000 @
5600000
£000000
4500000
4000000 .
2E00000 u-plnelle
3000000 \\‘
2500000 :
2000000 ool citronellal
1500000
1000000

r'd
soqoa:- i A, . ,I ' |-l‘l ln, *_&-J-.LJ'I"LL*—'—"“*-'—‘-P‘—"'I*

s.bo 10l00 15.00  20.00  £5.00  30.00  35.00 40100

Tma==x

- 42 -



Abunagance

Limonene
7000000
(b)
8000000
L0000060 Myrcene
4000006 N
3900000
Gernnacrene-D
E0QQ000 1.3-bisbenzene
1000000 / ‘/
8 vy i 1

B.00 10.00 15.00 2600 2500 3000 3500 4000 I5.00 8300

Figure 11. GC/MS total ion chromatograms of volatile compounds in dangyuja
(Citrus grandis Osbeck) (a) peel and (b) flash

FF2E INEAY(AEDA)E )83l FHad 7184 AES E48 A=
Table 11 3} 12¢] et Methylen choloride €v] F&3d d2 FZHAE
methylen choloride® ©]-¢3] 3wz @Ad2 N or, Md F&5q9 7
o] ZAAE A k& wl7A] sniffing testE Al AY3le WYz o JoHd #
T2 2339 FyeA 107] FKo)A 419 F7IFPNES FET 5+ AUt 4
AAQ o BEAL AF HUlE Fo] Ut geranialst TER Yol Ue
terpiolene, 12|31, geranial acetate(xH%&)¢] F& ©]F31aL, FD factor7l ¥ 37
g4 HAEEZE geranial(Log3 FD factor 6, ¥{1o1&3), a-pinene (Log3 FD
factor 5, rancid), citroneallal(Log3 FD factor 5, 3 X.3), terpiolene(Log3 FD
factord, 2+ 3F), Nerol(Log3 FD factor 4, }83), hexanal(Log3FD factor 4,
%) o2 WA
G Ee] BAHE B8 GC-MSAME FASHA &%Ad #3 U a-pinene,
geranial acetate, nerol¥ & | B-phellandrene® TAE §& AU

Table 11. Aroma-active compounds in dangyuja (Citrus grandis Osbeck) peel.
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Logs FD

NO Compounds RI¥ Odor descriptions™ factor®
1 Hexanal 735 % 4
2 a-Pinene 1035 A5 5
3 Myrcene 1058 3235 g 3
4 B-Phellandrene 1098 T3 4
5 Limonene 1122 g3 2 X 3
6 Citronellal 1211 5] 2.3 5]
7 Geranial 1217 Q) o} F3F 6
8 Gernal acetate 1363 g 1
9 a-copaene 1382 gE3 YA 1
10 Nerol 1485 A% 4

a) Retention index determined using n-paraffins C7-C22 as references.
b} Aroma description assigned during AEDA.

¢) Log3 (flavor dilution factor).

Table 12. Aroma-active compounds in dangyuja(Citrus grandis Osbeck) flash.

NO Compounds RI’  Odor descriptions®” Iigg:of,‘c]))
1 a-Pinene 1030 ES 2
2 Myrcene 1085 g3 & 2
3 B-Phellandrene 1108 T3 I3V |
4 Limonene 1164 S W= & il

a) Retention index determined using n-paraffins C7-C22 as references.

b) Aroma description assigned during AEDA.

¢) Log3 (flavor dilution factor).

A 48 A v FEE9 7154 B4

1. AR

AFEAN AfE R gl FHA f5HE 88 AP F2Ax &
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712 Zo} v ER Pt AT AR (8498 g)E 80% methanol (MeOH)
2 23 @k & F A3 ¢ &Y §0E FLNFG A7]dAH 22
MeOH Z&E (3447 g)€ AEA & 9o 918 hexane 3 (046 g),
chloroform %3 (0.88 g), ethylacetate (EtOAc) #3¥ (230 g), butanol
(n-BuOH) 38 (1517 g), H20 3 (1557 g)& 4o AFAEZ ARG
(Scheme 1).

Dried Ciirus grandis Osbeck powder ( 8498 g)

1) extraction with 8% McOH
2) stirring for 34h at roam lemperature
! 3) vacuws flltvation
#0% MeOH Ext,
( 3447
suspended with water(1L)
Extraction Extraction Extraction
with hexage(1:1) with CHCI3(1:1) with E0As(1:1) wnhnbmanol(l 1)
hexaue fr. CHCIM fr, EtOAc 1r. BuOH fr. H,0 fr.
( 04557 ( 03814 ) ( 229859 (181671 (153660 )

Scheme 1. Systematic purification using solvent partitioning from Citrus
grandis Osbeck.

2. M=

Y& d59A 9A &2

e

RAW264.7 AXE (1.5x10° cells/mL)o] A8 ¢kE3} LPS (lug/mL)E $A A
o] 24A17F WY F, MTT assay 4HE o] &3t AE AEEE U 4
3, BE BYEAA FAo YeR g4t (Fig. 12-a).

LDHE BE Axe A¥d ¢l EA3tE 4 2A pyruvic acid®} lactic acid
k9] 7193 Aol BAse] oL v, LDHE WEF 23] HIE 9
g zoz Feus ¥F LDH/ A<s@t @38 AxAAZY Ax
HaCaT Al %o IFN-y (10ng/mL)E ARNAE FE3x, A v 788
o A d3} BE RY I g2 FH=9 duEty 30% ot 54&
el Rl ekt (Fig. 13).
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Figure 12. Inhibitory effect of crude extract and solvent fractions of C



grandis on the nitric oxide production and iNOS expession in RAW264.7 cells.
(a). The production of nitric oxide was assayed from culture medium of cells
stimulated with LPS (lug/mL) in the presence of C. grandis (100ug/mL). Cell
viability was determined using MTT method. (b) The mRNA expression of
INOS was determined from the 24 hr culture of cells stimulated with LPS (1p
g/mL) in the presence of C. grandis (100ug/mL). (¢) The protein level of
iNOS was determined from the 24 hr culture of cells stimulated with LPS (1n
g/mL) in the presence of C. grandis (100ng/mL).

% cytciicity

Positive Medinm medom MeOR hexsne CHC) Ei0Ac  ByOH B0
comtrel IFTNY (10 ug/t)

Figure 13. Cytotoxicify effect of crude extract and solvent fractions of C
grandis on the LDH release in HaCaT cells. The activity of LDH in the
medium was determined from the 24 hr culture of cells stimulated with IFN-
¥ (10ng/mL) in the presence of C. grandis (50ng/mL). Values are the mean *
SEM of triplicate experiments.

1) Nitirc Oxide 44 9A &3

A F ddeln, 2 dF 24 Fo¢ 9L = Aoz gAY

nitric oxide (NO) Aol the BF{HA vl&s} &89 adE golrgich 44

¥ NO 42 Griess NS o83t AXMFY Fo) A48 NO; 9 =

37‘33}93“4 HAP2H hexane £8E 2 chloroform EIJENA =79 LPS
= AT vl ¥ NO AA JAEZAE #3E $ AU (Fig. 12-a).
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2) INOS &3l wAE 9%

iNOS= e AX o &A4sA geou da FEH" FAAEF o
ol nitiric oxdie(NO)& A4 39, JHEY NOE ¥ FBYF, AX5H,
2 T 2L YA FHE F8E YA 283 GF 494 INOS
o €3 A4E NOE ¥& FH4, ¥F 59 94393 &3A42 2% o
oA FFPE £33 e AP Aoz g8A Qo
RAW264.7 A Z] LPS (lpg/mL)E AHE3l9 iNOSY AL FE% F 47
s ate] 23t mRNA expression As|A =& RT-PCRE E3] ¢olxtr}. LPS
of 93 INOSE dA3] F7tslged, FHA 2YE2L Aed A hexane &
YET chloroform #&E¢] iNOSe mRNA 2#L Z&A dASAd (Fig.
13-b). £, LPS (lug/mL) ¥ INF-y (50ng/mL)E AMg3te] @l wde] of
¥ YA F=E immunoblottingg T3 Folrgitt 1 AF gl FFAME
hexane % chloroform #3&¢) LPS ¥ INF-y 9% 2|0 vl #g <A
EI3E Ui (Fig. 12-c). 1§ 3= NOY A A7 INOS €3 o
A 5% Aoz AR,

3) COX-2 Lqe vA&= F3F

e 4% 94 FEE9 FE7A L prostagladin T4 AAS JENY o]
= COX-29 A4 2 A 94§ Aot COXE COX-17% COX-22 UH
of A= QI NN 474 g 33d ZFFL vehdth COX-1& ¢ 2
2147159 FA, Q2w FAd YLF prostaglading] Aol 2E3k0], Ao
HeZ COX-2& TEOIY <Azt 4Fwe YA dddr. oeks COX-2
of 9% prostagladin®] 4L FFuSE wiASE Aoez: oAAY,
RAW264.7 AlX9 LPS (lug/mL)E2 A3F& F2 FHA F2E Asiyq &
A% A, hexane EYEo)A ZE A AHFE B o, chloroform &
AE 4F 94 84¢ B9 (Fig. 14).
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Cgra(lWuynl) - - MeDH  hezame CHCLY EtOAc BoDH 0

COX:2

100
80
60 |

40
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Figure 14. Inhibitory effect of crude extract and solvent fractions of C
grandis on the mRNA expression of COX-2 in RAW?264.7 cells. The mRNA
expression of COX-2 was determined from the 24 hr culture of cells
stimulated with LPS (1ng/mL) in the presence of C grandis (100ug/mL).

4) Interleukin-6 QA vl & G

Pro-inflammatory cytokinel IL-6% in vivo B in vitrodlA M= A5 280
AE Aoz dEA o, dF WHeS dodlE B¢ 9AA AP
RAW?264.7 A Zo| LPS (lpg/mL)%} 23 28L& s [L-6 4499 o
& oA AIE ZAEIET FHA F£88 A28 AF} hexane £ HEF
chloroform ##EojA g 9= =€ B} (Fig. 15).
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LPS U nwed) « ¥ * 4 -* + * +
Cgra(it@pgiml) » -« MeOH bexane CHCI) EiOAc B00H H,0

Ceaelty tato

Figure 15. Inhibitory effect of crude extract and solvent fractions of C
grandis on the mRNA expression of IL-6 in RAW?264.7 cells. The mRNA
expression of IL-6 was determined from the 24 hr culture of cells stimulated
with LPS (lug/mL) in the presence of C grandis (100ug/mL).

5) TARC R MDC A4l mlAe 9%

AP ALE ofdFd Ao]EF}S (cytokine)d} A XE FZFEAF (cell adhesion
molecule : CAM)E S84 T Hx7¢ ¥4548& B39 42 714 7% 2g
o] |9 ubgo) wdA o) ol#d w3 T FEZFA EHlde INF-¥ 5
o] 4F4 AlEFIAC AN A3, A2 FN-yv7I ZFHAAEANA &
dEg4d JAE &8 TARC 2 MDC 8-S F7MA71E ALE BEaHUGY.
R Z4APA ME HaCaT Al XS IFN-y (10ng/mL)Z ARALE F=38
3, G2 AEd 2EE8S A AdH, EtOAc £ EJ4A TARC @S 4
A3 gAML (Fig. 16-a), MDC &dd= 7§ A &A4s ZAd (Fig.
16-b).

A9 A = 28 (MeOH ext)old 54 QA did A &4 ¢l
Rov, F FEEEZRE AL hexane, chloroform 8 ZojA IL-6, iNOS 28
i COX-29) o &4¢& Jehfiien, EtOAc £¥EA & TARC ¥ MDC
o &4& dehlle] §4¢ 54 Yoz IAFHS gk
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Figure 16. Inhibitory effect of crude extract and solvent fractions of C.
grandis on the mRNA expression of TARC and MDC in HaCaT cells, The
mRNA expression of TARC and MDC were determined from 24 hr culture of
cell stimulated with IFN-¥ (10ng/mL) in the presence of C. grandis (501

g/mL).
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3. vAds BEYEY Fu3) &%
1) HepG2 A X5¢| X DPPHE o| &% F3ls 24

DPPHE 33822 tA3}1E free radicalE 7M1 Q& 44 2324 g
Aol Qe B4 B AAE WFo radicalo] &A= o] Ho) Wt th
¢ FEF 2 FHA FEE9 DPPHE HHsld 2 2A% L 520mmoilA &
733}%1:}. 4343 FHA AL FEF FAME vASHAANN =& radical

g UeEHlod, o8 EY¥da ujad é-"—l— water £ E3 butanol Y E
oﬂz\i TE EHLo2 ¥L radical 27% € Y ATHFig. 17-18). £ FH3
9 FEEAME ethyl acetate EHENA =& radical 245 < YeEuQen,
ol TEEEZ AT di} FE JEHOZ radical 2A%E M H(Fig. 19).

B
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H
Radical scavenging actvkey (%) ©
0y

Radical scaveaging activity (%)
&

-]

MBY YBY Q] HE NO HF GCF EF @&F WF Duy T¢r

Figure 17. The effects of total extracts from Citrus fruits (A) and various
solvent-extracted fractions from YDY (B) on scavenging DPPH free radicals.
All the extracts, butylated hydroxytoluene, and a-tocopherol were added at 0.5
mg/mL. Values are means *SD(n=3). (A) MDY mature C. grandis Osbeck;
YDY young C grandis Osbeck; O] C. unshiu Marc., HB;[(C. unshiu Marc. x
C. sinensis Osb.) x C reticulata Bla.], and NO, C. sinensis (B) HF, hexane;
CF, chloroform~; EF, ethyl acetate-; BF, butanol-; WF, water extracted
fractions; BHT, butylated hydroxytoluene; and TCP, a-tocopherol.
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Figure 18. Antioxidant activity of water fraction (A) and butanol fraction (B)

at various concentrations as measured by free radical scavenging effects.
Values are means SD (n=3).

3

Radical scavenging acitvity (%)
]

8

sty b ] fclsin! . d
EtOAc BuOH H20 Tce BHT
Sample (0.5mg/mL)

B0% MeOH ex

Figure 19. The effects of various solvent-extracted fractions from dangyuja
on scavenging DPPH free radicals. All the extracts, butylated hydroxytoluene,
and -tocopherol were added at 0.5 mg/mL. Values are means SD (n=3). BHT:
butylated hydroxytoluene, and TCP: -tocopherol.
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2) HepG2 A|X W ROS &A% &34

ROS (Reactive Oxygen Species)E free radicalg 7}A <¢AHA 2§ FH &
Tdatn, 22 A AF 4L /1A ROSY 442 DCFH-DAY S ] 439
ZR3Hct. FPFF2 2t 2'-7'-dichlorofluorescein diacetate (DCFH-DA)E AlX
e QA E3% F den, AE Y esterased 2 u]FEF<¢ DCFHE A
"} ROSY &4 A 7142 DCFH7 ROS$} w39 A= DCFe ¥3=
£ £A3o ROSY AH& FA. 4% A3, HepG2 vl Fol oA H:0: &
£ t-BOOHY <3 H#=¥ ROS A/deol BHA vd%He water £YE,
butanol ¥ &(Fig. 20) 28| FFA U9 ethyl acatate £ Eoj o3 #4H
Rt (Fig. 21).

A
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1 8§ B
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Figure 20. Effect of young dangyuja fruit extracts on HzOz-induced
intracellular reactive oxygen species (ROS) generation in HepG2 cells. Water
fractions (A) and butanol fractions (B) and then incubated with 1mM HO2
for the indicated period of time. Values are presented as means + SD(n=4).
O, ImM H0: only; Vv, 625 ug/mL; H, 125 ug/mL; O, 250 ug/mL; V¥, 500
ug/mL; @, unstressed control.
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Figure 21. Effect of dangyuja leaf extracts on Hz;O; and t-BOOH induced
intracellular reactive oxygen species (ROS) generation in HepG2 cells.
Cultures were treated for 30 min with the noted concentrations of
EtOAc-extracted fractions and then incubated with 200uM H:Q; or t-BOOH
for the indicated period of time. Values are presented as means SD (n=4)

3) Lipid peroxidation inhibitory capacity

96 well-microtit plated] HepGZ M EXFE widst ¥ FHA v]j&s yggid
% EF YL FEEEZ INZ H3AN F 1 mM FES JA5AE 1 AT
¢ A e’} Lipid peroxides”} thiobarbituric acid (TBA)$} u+$-8e) TBARS
(thiobarbituric acid reactive substances)e FAFLZHN ZEAL Jeh): A
A& o] 439 530 nmolM FFEE AU
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Figure 22. Lipid peroxidation inhibitory activity of young Danyuza fruit
extracts against H202-induced oxidative damage in HepG2 cells. Each
experiment was performed at least 4 times and values are expressed at
average percent change from control +S.D. Black and grey bar indicated the
noted concentrations of water fractions and butano! fractions, respectively.

4, U35 oA &%
2ZAEFA MG-63AEe) [L-1B2 234 Qx4 L6 BdE A3ax
=

syt 2328 2 $vEYe AP 2 FHA AR IL-6 2E 44
g7go] o mlostA Y (Fig 23).

IL~1p(10ng/ml) - + + + + + + +
C.gra (1 00ug ’ml) - - MeOH Hexane CHcl BElOA¢ BuOl nzo
IL-&
b-aclin 58B8bp

IL-6 mRNA
expression
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Figure 23. The inhibitory effects of C. gra crude extract and solvent fractions
on IL-6 mRNA expression in MG-63 cells. MG-63 cells (4 x 10° cells/mL)
were pre-incubated for 18 hr, and the mRNA expression of IL-6 was
determined from the 24 hr culture of cells stimulated by IL-18(10 ng/mL) in
the presence of C.gra crude extract and solvent fractions (100 pg/mlL).

5. £3AA &%

)

SHt €€ v Fo vevde 55, AAL 83, 24, TE, oF, ALw

= X80 AAFA FPeRe U4, &5 Y A eIy Hz L =8
Haz Hg¥8 4 JH(Wiese JG. et al, 2000). Ao ¢F&E alcohol
dehydrogenase(ADH)¢ 93] olHNELQH3I=7F H3u oA aldehyde
dehydroganase(ALDH)o} 93] 443850 acetic acid® HI d¥ = = COE
Hiddn g3ee AFAFA e 3 diate 98 AR 93 vAE Aoz
4HA Jed, €& I AHRGE AAgHgM AHE e LddI=g
NADHZ} ZHAIE &82 7HH A €k Al A3 d3go] HFHd B¢
dxed EHUER AAE oAELHI=E H2 AdgA B FHFER
vhiio] wdtel Frhg B, T, o4, FE 9 4 29E ¢ A 2
M ¥:&9 AMEE ADH 9 ALDH® 4o 9%& F& 889 93 =
deot M & AFdME FHAY &3 date miAE 9§ Gotry]
A3l S9 rat liver homogenateE EA Qo8 AF£3le ADHe AL &A3}
A

1) ADHS] &4 &4 WY (in vitro)

ADHY &4 #7-L2 Blandino? 'Y (Bostian. et a,., 1978)& W&o =A3}
Ao, F4E 340 nmoA NADHS 44 £E& AEZ AL w49
ZL& %574 14ml, 1.0M Tris-HCl Buffer (pH 8.8) 0.75mL, 20mM NAD'
0.3mL,. ethanol 0.3mL, sample 0.1lmL ¢ &% Az F4 9 015 mLE FIF2
o Yol & 3mlo] Hx& ZAsle 37CHA 5% preincubation & ¥, 583
340 nmol A 9] FRE WMIE FAHINAY. ojb ANEE HIIEA &L A& U
ZT o2 ¥ A2 ADH 842 controld) did Adl BR(%)L2A &3
33 o
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2) ADH 24 &4 A%

@ 4«3 ADHEH

AsHix e ADHEXNE 238 47 1 mg¥ wE controld] ®jate] o7k A
+(102%) 3o, 01 mgQ WE 2318 FA23E AL AU & $ AU $
27t £3 QA AL ASAAY A& 2y 2 Fo|AY, B ¢
T %9 BHE Fad $AAA a7t FAHEAN g A GLd R
HolA ot & Aoz Alg ¥

ADH activity (%)

cont img 0.1mg

Figure 24. Effect of adult Danyuza fruit extracts on ADH activity. Each
experiment was performed at least 3 times and values are expressed at
average percent change from control +S.D.

@ W4 =3e ADHEX

Ul s3tol X e ADH 84 &3¢ 23 controldl WIate 126 %ot 45@
a7 GEbt ole A5 vy S $35k0 F& ARG JEo)
gREAJG Al E
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Figure 25. Effect of young Danyuza fruit extracts on ADH activity. Each
experiment was performed at least 3 times and values are expressed at
average percent change from control +S.D.

6. B WS 9% 2EB AMT A BE
D) wlds Fiatste] §ajE e ng U937 ME AEE 24 - MTT 84

MeOH7} g€ wiAlo] wlg< F4313te] €41 £38, CHCh 23, g of
AHIE BY, #9e 28 L HO 23 44 Yotas, 47 2o anf &
89 =& 25 50, 100 2 200ug/mLZ 3o, 2Q7 Y=ZE M xQ U7 ME
E 49 T S ohE, MTT(Sigma, USA) 0.lmge ztzte] o] Hr1ek3 4
A B 37CAA Fot2 wigsteh Mg 3 92 A2dA 202 Zot
2500rrme 2 A& dtn, Wgd A, YHY Erl=2(formazan) 2 A
< DMSO 150 mLe)] &3IA1z1 thg, Micro reader(Sunrise, $3)& o] &atd
540nm ¥}Fo T FRFEE SAYrh

MTT &4 23, wAd& FHAHe] A4 £3 9 CHChS A7ME =] ojA
WlFE U937 AME AEEC) 3 gason, oz AN F§Ate gan
E(ol3, HFYD) ¥ CHClh £&9] U937 A X9 Algde gugits AL & =
AN HFig. 26).
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Figure 26. Viability of U-937 cells treated with immature dangyuja fruits

2) HFYDO| 9% A% AEE B4-MTT 24

U937, HCT-15, Hep-G2, MCF-7, NCI-H460 ¥ SNU-16 A X9 M&EEd o
sta] HFYD7} 7lX]= 9%& MTT 24202 zA&Q.

7] (exponential phase)e] 7] G4ANEE 4z A3, Zzte] d(well)(eF
10°-10°H2/1800L DE 7 gtk 47) GAErT HFYDE 27 25, 50,
100 2 200 ug/mLZ H7/HF F, 49 ¥4 WG 9L, MTT(Sigma, USA)
0.1mgs ZZte] o] H7FSEI 43 §¢F 37CAAN F712 wjeksigic)

FAE g F, 4 HLdX 208 59 2500pmez YA LD s 3, e
AAsE, AE EwZ R formazan) FH-E DMSO 150 mLol] £3A17 o+-g,
Micro reader(Sunrise, £5)& ©¢]&3}d 540nm FFoz2 FJEE =3}
E 19 Yebd uie} o], MTT £4 A3, HFYD7F 278 iAo A wjdd
Axe] AEEL AE 7 wel d=A vens, o we) ICH(HAE A&
€ 50%Y 1 HFYDY ¥%) +XE 93 dav, 53] HFYDE U937¢] w3t
o 7 S4& YeEhiE AL ¢ F Ui

Table 13. Inhibitory effects of HFYD on the growth of human cancer cells
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A= 54 ICs0(11g/mL)

U937 AT YEZF AX 59.57
HepG2 NENEFT AX 131.45
Hela g Ax 286.52
HCT-15 dd Ax 86.55
MCF-7 4 Ax 143.76
NCI-H460 g A= 72.67
SNU-16 A Ax %0

3) AZAFE &4 B2

U937 MEE 10 x 10° ME/mL ¥E2 24 4 FgolEm LAY SHojy %
16M3F H, 471 MXE 3A7F < HFYDE A3, 16812 33 ¥, DNA-
5°]3 % 9812l 10mg/mL Hoechst 33342 150LE ZF €o] &9 15mLo] 3
7 O, A7 4 EHOEE 37TAA 108 E< wgst A7) 8% A=
E 9449 AEXE ¥F 4|7 (fluorescence microscope)S ©]-&3te] BAstg T,
¥Z Z3, HFYD A ste] u)gg U937 M X} A EAD A7 AHE RAE
gAsg o, o]Z Qs8] HFYD7F U937 ALY AlHE fEdtes AL ¢ &
AUt (Fig. 27-B).

Control

© S

®: o b
[N @ ™ o
a N 8 N
wl . % el
: ¢ g 8
Fe vl - i

v .

117 .1 il
PL1 LOG FL1. Lod
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Figure 27. The apoptotic patterns of U937 cells treated with immature
dangyuja hexane fraction (IDH). (A) Dot-plot of Annexin V-FITC vs.
propiumiodide, apoptotic cells (%) are localized in the lower right quadrant.
U937 Cells were treated with HFYD 60 g/mL for 3 h, 6 h and then incubated
with amnexin V-FITC and propiodium iodide. (B) Mophological changes
(magnification: 200x), cells were treated with DMSO alone or 60 g/mL of
HFYD for 16h and then stained with Hoechst 33342 and examined by

fluorescence microscope.
4) DNA 2484 &3

U937(1x10°cells/mL)& 24A)3F St 0, 25, 50, 100 2 200ug/mLe] HFYDZ X8|t
¢ A% DNAE DNA AHA|7|E(Wizard Genomic DNA purification kit, Promega,

USA)E ol83le F&8l¢lch &% DNA 4mge 7|58t Esigich

O A, AEANEY 5, 7EH2E U9 DNA #I s A% AFHA A

2] Y ¥l (ladder patterm)E FAE 4= I3, A7) A= HFYD7F U937 AME9

AZAEE FEIE A& vedt (Fig. 28).

0 25 50 100 200 (ug/mD.
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Figure 28. Effect of immature dangyuja hexane fraction (IDH)on DNA
fragmentation detected by agarose gel electrophoresis. U937 cells were treated with
the different concentration during 24 h, Genomic DNA was extracted using a
genomic DNA extraction kit, and DNA was electrophoresed on a 1.8% agarose gel
and visualized under ultraviolet light.

5) EAEYAA 9% 3 (Phosphatidylserine Externalization) £4

U937 AE(2x10° AE/mL)& 347 5<¢ 100ug/mLe] HFYDE &3,
Annexin V-2% €% 9(10 mM HEPES/NaOH, pH 7.4, 140 mM NaCl 2 5
mM CaClz) 100uLel &3 &, Annexin V-FITC(BD Bioscience, NJ, USA)
2 FFEAA Z2IYE o}o] o) =(PI: propidium iodide)S H7}ste F=
TE 5 ng/ml7t H=g suh o, A7) AXE JUAN Hedd 158
¢t wiFata, vhdY wm 300uLE #A§ ohe, EPICS-XL FACScan flow
cytometer(Coulter, Miami, FL, USA)& o©]-83t HAX &2 (flow cytometry
analysis)& 483t}

oldl, Annexin Vo] WA E %A (positive)] Rt PI FFo] DsiAE <A
(negative)& Yetuls M X7t AXANE A Eolth (Zhong WB et al, Anticancer
Drugs 14, 211:217, 2003).

FAXE B4 A3, HFYDE A U7 AXojAe AXAY Axe] HgL
HFYDE A& 31X & gz=FEY &7849 1 (Fig. 27-A), @, HFYD+=
U937 A9 ATAIEY BAIATGE AL ¢ 5 YUt

6) HFYD X 2] 9% Bcl-2 2 Bax9] @3 wW3}ia

HFYD A 2& U937 A& &34, AZXAlE #38 §38%9 Bel-2 2 Bax9
43d L RT-PCRE &A3t4).

RNAE TRI-zol(Invitrogen, USA)& A3t AEA F&3grt. 47] RNA
9] F¥EE Sambrook Fol ¥ “Wi(Sambrook JE et al, In Molecular
Cloning Laboratory Manual(2nd ed.), Cold Spring Harbor Laboratory Press.
United States of America, 7:8, 1989)2. 2 243 ¢t}

PCR &2 37] Zeolmg Al43to $33 5t} Bel-2¢ Zato]s(MEgNE
1 R AE¥% 2) 2 Bax® Z#o]nj(MEWE 3 2 AEHE )8 o83t
Gt i, &) GAPDHY FE& Hs(Xguls 5 2 NIW3 62 =g
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o) & AMgBsT.

AEWE 1: 5'-TGCACCTGACGCCCTTCAC-3’
ANEH3E 2 5'-AGACAGCCAGGAGAAATCAAACAG-3'
XMEME 3 5'-ACCAAGAAGCTGAGCGAGTGT-3’
AEH3E 4 5'-ACAAAGATGGTCACGGTCTGCC-3’
AEHFE 5 5'-GAAGGTGA AGGTCGGAGTC-3’
MEWE 6 5'-GAAGATGGTGATGGGA TTTC-3'

47| Bel-2, Bax %@ GAPDH® %€ £&9 vl V|92 AFFHL
o, G A7|E 47 292 bp(Bel-2), 364 bp(Bax) 2 226 bp(GAPDH)®] 3t}
A £ bE & (antiapoptotic protein)¢l Bel-2¢] W@-& A|zHe] 3l et
Ao 2 A4z, AEAIDRFE ¥ A (pro-apoptotic protein)?l Baxe] Y&
& ¥E7t fee BEIAT (Fig. 29).

A, HFYDE A XAE @uladQl Bel-29 2dE Ao zn, AZAIES
FEITE AE 4 F AAH

Figure 29. Effect of IDH on gene expression of Bel-2 and Bax. Expression of
GAPDH was used as an internal control. U937 cells treated IDH (60ng/mL)
for time course (A). U937 cells treated IDH(24hr) for dose dependent (B).

7) 928 Eg(western blot) £4]& o|&3de] HFYD #&d Bcl-2 ¥ Baxe 2d
Sy

HFYD A=d& AXE& 33 A7l PBSE F & AFE F, A8 &

Z A (lysis buffer) (50 mM Tris-HCl (pH 75) 150 mM NaCl, 1% Nonidet
P-40, 2 mM EDTA, 1 mM EGTA, 1 mM NaVv03, 10 mM NaF, 1 mM
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dithiothreitol, 1mM phenylmethylsulfonyl fluoride, 25 pg/mL  aprotinin, 25 u
g/mL leupeptin] o] 841712 308 B¢ Wzt = Tk )% X L3
TE 208 F¢ 4TA 12,000 RPMOZ fA8alstn, H=de A £32
(@9 30-50pg)e] ©¥& 8-12% SDS-Z@)olZYolu|=  2(polyacrylamide
geDol A 719 FEAA ¥, A 49 @928L PVDF(polyvinylidene fluoride)
B ABIO-RAD, HC, USA)e 2 Ed2HAAC 5% 3 7 Z=% A (nonfat
dried milk)E ©]-83t] H|5o]3 RS D Fo), 47 ABEAAS Uzt 3
A 7}&5A 3(primary antihuman caspase 3) &, £ ADP 924 a] v
2+ A (PARP: Poly ADP Ribosyl Polymerase) A, Bel-2 &4 2 Bax X (Cell
signaling, MA, USA)E ol &3l wgA7 3, LAt ) Adt" ojab &4
(1:5000, Vector, CA, USA)Z %712 uh$AZth A7) PVDF WB#e XA
Y& =2A72, 47 g9d W=g Baso.

2 A3}, FAEAPE @9 4 (antiapoptotic protein)¢l Bel-29) W@ xjzke] A
ol whe} HAHoz Fadtm, MEAYKE DA (pro-apoptotic protein)Ql
Baxe] ¥HL W37t Y& AU (Fig. 30). 27, HFYDE o4 TALY
@A Bel-29 wdg JAFozd AEAEL S$EHOE AL 4 4 99
},

0 4dh 16h 24h  40h

BC]."'?. o 3 i m ~

Bax.

Cleaved.
Casgpase3v

PARP.

B-actin

Figure 30. Western blotting analysis of Bel-2, Bax, activation of Caspase-3
and cleaved of PARP in IDH treated U937 cells. U937 cells were cultured
with IDH at 60 pg/mL for the 24 h. Cells were lyzed with lysis buffer and
protein was subjected to SDS-PAGE. The gel was transferred to a PVDF
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membrane and the membrane was incubated with anti Bcl-2, —Bax,-Cleaved
Caspase 3 and PARP as primary antibodies and then goat anti Rabbit IgG
conjugated with horse radish peroxidase as a secondary detection antibody.

8) Jt2%A|-3(caspase-3) A H3EA

U937 X & 24X13F F<F 25, 50, 100 2 200 ug/mLe] HFYDZE A& ¥+ AXE
g3 @Fde)  LIHAA 0 EFEL  AAANZFLH, od, AL
DEAD-pNA(p-nitroanyline) & A3ttt 47 EFEE 37CY &8 AeHA
HA S F, &8 pNAY F=§ SAFA

2 A3}, HFYDS] s%7t 571858, &€ pNAY Fx7t F713tY, pNAE
e B4 Ft2RA-39 g0 F94E & + A (Fig. 31).
HFYDS] F%7} F7t5dl wte 7h20-39 S/ = F713hy, old, Fl204
-3& 993 & T AXAPES A8 RAaxol2®, A, HFYDE 5t
231A4-39] 8A4E& F7HA AXAE S fEdYE A & F A

350 ¢

200 |

156

100"

50 1

piot pNA liberatediiriig protein

JiL

0 a5
HFYD. fugitil )

Pioh]

B fod 200

Figure 31.Dose-dependent caspase-3 activity in U937cells treated with IDH.
The rate of DEVD-pNA cleavage was measured at 405 nm. IDH was treated
at 25, 50, 100 and 200 g/mL. Results are presented as mean M SE. The
experiments were done in triplicate. *P < 0.05 compared with control.

- 66 ~



A 54 A5 FA(EH, dy, vis)d 288 dn 9 A
2| &4 g7}

1L ASH 4 298

FHA 298 $4e vEey) A5a A%43e) B3, 33, Ynd gF =

FEE(80% MeOH ¥3)g 9i ol &£x13 o2 Hex, CHCl;, EtOAc, BuOH,
H.08 A3t 2+ gulo] dd 7142 8S AAr}.(Scheme 2-4)

I Drind Clvy gramadis Oubock Svispowder{ 50 g)J

1) xtracthon with 0% B OF
2) stiTing fox 24k stroam torpentoe
3yvacuem il dtion
§0% MeOH Ext.
( B0

sup ended whthvrater(1L)

Bdrection Extraction Bxracton EMroctin

wibhoare(l:l)  Jwith CHCBQ:1) 4 Wi ROAQ:D) wih nbuanoX1:1)
Tuccama fr. CHCB fr, RtOA fr. BuOHEr. M 0K,
{ 05512 ) ( 0.4351 ) ( 13175 p) (74088 ) {25.67550)

Scheme 2. Sysmatic purification using solvent partitioning from Citrus
grandis Osbeck fruits.

| Drisd Gavws gramom Orsockpowter ( 50 o |
1)extractimwith 80% MeOH

2)sthring far 24h . 100m tn PO Xe
3 )vacvam flireion

l 90%% WeOX Bxi. |
( 8 g

suspande d with watar{ IL)
Extraation Bmcton Exraction Extryction
withhexane(1:1) with CHCL3(1:1} ’ with B0 Acf 1:1) withn-butanoX1:1)

hexnetc, CHCD I, | FiOAcK. BONK. Hew |
( 0.6769 ) ¢ 0.633 ) [ (g | (48995 D) I (usmﬂ

Scheme 3. Sysmatic purification using solvent partitioning from pericarp of

Citrus grandis Osbeck peels.
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Dried  Giurs gramis Oobeckpuwdes (50 g) |

1) extractionwith 80% MrOH

2)stirring for 34h & roam temperature
3) vacum 1 fiirdion,

'

BO0% Ke (0K Ext.,
¢ 1713 g

suspaidadvwith wata(1L)

. Exmaadma Esarction, Eursction Edntim
wibhease(il)  Lyin CHCB() | wihTOAL:1) ithn-bazmel(t 1)

hexwne fi, CHCD . BiOAc . PuDX4&. HOf.
(e { 04526 o {11056 g) (37728 0 (11383 )

Scheme 4. Sysmatic purification using solvent partitioning from Citrus
grandis Osbeck endodermis.

2. 45948% H7t
1) iNOS 2de) A= 4%

RAW264.7 A X LPS (1 pg/mL)E A2 INOSS AL F=d £ F#
A H9d A g4 2]9F mRNA expression A#AEE RT-PCRES S| dolr
st LPS 9 o3 INOS® @A 3] F7stden, 27y ¢, %3, 93, Uy
EHES 100ug/mL ¥E2 AIAsYe o 943 E32 chloroform £ E
iNOS ZdEg 9dAsger, 399 hexane #YL& FAFEA AXLEARE
EM At} (Figure 32-34).

LPS (1 hg/mt) - + + + + + + +

C.gra (100 pg/md) - - MeOH  Hex CHCI3 EtOAc  BuOH H,0

iNos [

Figure 32.. Inhibitory effect of crude extract and solvent fractions of C.
grandis fruits on the mRNA expression of INOS in RAW264.7 cells. The
mRNA expression of INOS was determined from the 24 hr culture of cells
stimulated with LPS (1 pg/mL) in the presence of C. grandis (100 pg/mL).
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LPS (1 pg/mt) - + + + + + + +
C.gra (100 pg/mt) - . MeOH  *Hex  CHCI3 EtOAc BuOH  H,0

Figure 33.. Inhibitory effect of crude extract and solvent fractions of C.
grandis fruit peels on the mRNA expression of INOS in RAW264.7 cells. The
mRNA expression of iINOS was determined from the 24 hr culture of cells
stimulated with LPS (1 pg/mL) in the presence of C. grandis (100 ng/mL).
+cytotoxicity

LPS (1 pg/me) - + + + + + + +
C.gra (100 pg/mt) - - MeOH  Hex CHCI3 EtOAc BuOH H,0
iNOS
B-actin

Figure 34. Inhibitory effect of crude extract and solvent fractions of C.
grandis fruit endodermis on the mRNA expression of INOS in RAW264.7
cells, The mRNA expression of iNOS was determined from the 24 hr culture
of cells stimulated with LPS (1 pg/mL) in the presence of C. grandis (100 p
g/mL).

2) Cox-2 L@ vX= 9%

RAW2647 MEe| LPS (1 ug/mL)E AH§3t] COX-2¢ A& #=8 F ¢
&2 B9y A=o] 98 mRNA expression A#|HEE RT-PCRE F3 %o}
B3koh LPS o o8] COX-2& @A Z7isied, B2 53, 49, Wy
PFYES 100ug/mL FEZ A5 W A7) hexane EEEo] COX-2 &
g JAdgen, #39 F$ F4E Rolr FERIAA AEFAAE YN
t}. (Figure 35-37).
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LPS (1 ugimt) - + + + + + + +
C.gra (100 pg/mé) - - MeOH  Hex CHCI3 EtOAc BuOH H,0

Figure 35. Inhibitory effect of crude extract and solvent fractions of C.
grandis fruits on the mRNA expression of COX-2 in RAW264.7 cells. The
mRNA expression of COX-2 was determined from the 24 hr culture of cells
stimulated with LPS (1 pg/mL) in the presence of C. grandis (100 ng/mL).

LPS(1ug/me) - + + + + Ir} + -
C.gra (100 pg/me)

Figure 36. Inhibitory effect of crude extract and solvent fractions of C.
grandis fruit peels on the mRNA expression of COX-2 in RAW264.7 cells.
The mRNA expression of COX-2 was determined from the 24 hr culture of
cells stimulated with LPS (1 pg/mL) in the presence of C. grandis (100 1
g/mL). *cytotoxicity

LPS (1 ug/ml) - + + + + + + +
C.gra(100 pg/mt) - - MeOH Hex  CHCI3 EtOAc BuOH M0
cox2  [MEEEE™ - R "l 6o6bp

B-actin 603bp

Figure 37. Inhibitory effect of crude extract and solvent fractions of C.
grandis fruit endodermis on the mRNA expression of COX-2 in RAW264.7
cells. The mRNA expression of COX-2 was determined from the 24 hr
culture of cells stimulated with LPS (1 ng/mL) in the presence of C. grandis
(100 ug/mL).

3) Interleukin-6 Al v X= FF

RAW2647 AEo] LPS (1 ng/mL)2 AH&dte IL-69 AAHE FEZ ¥ &
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A 99 A8 9% mRNA expression AFEE RT-PCRE E8 %oln
gkth LPS o 93 COX-2& dA3 F7legled, B/A9 %3, 3y, Wy
2YEE 100ug/mL FEE AEsQye u T3 EtOAc ¥, 799 hexane,
chloroform #&&o] IL-6 28-S A5H o, hexane ¥ HL FHFENA =
€ e (Figure 38-40).
LPS (1 ug/me) . + + + + + + +
Cgra (100 ug/nd) - - MeOH Hex CHC3 FEtOAc BuOH H0

1L-6

Figure 38. Inhibitory effect of crude extract and solvent fractions of C.
grandis fruits on the mRNA expression of IL-6 in RAW264.7 cells. The
mRNA expression of IL-6 was determined from the 24 hr culture of cells
stimulated with LPS (1 pg/mL) in the presence of C. grandis (100 pg/mL).

LPS (1 pg/me) - + + + + + + +
Cgra(100 pg/mt) - - MeOH  "lMex  CHCI3 EiOAc BuCH  H20

L6 %
Figure 39. Inhibitory effect of crude extract and solvent fractions of C.
grandis fruit peels on the mRNA expression of IL-6 in RAW264.7 cells. The
mRNA expression of IL-6 was determined from the 24 hr culture of cells
stimulated with LPS (1 pg/ml) in the presence of C. grandis (100 pg/mL).
*cytotoxicity

LPS (1 pg/mt) - + + + + + + +
Cgra (100 ug/mé) - - MeOH  Hex CHCi3 EtOAc BuOH H20

B-actin _ 603bp

Figure 40. Inhibitory effect of crude extract and solvent fractions of C.
grandis fruit endodermis on the mRNA expression of IL-6 in RAW264.7 cells,
The mRNA expression of IL-6 was determined from the 24 hr culture of
cells stimulated with LPS (1 ug/mL) in the presence of C. grandis (100 1
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g/mL).
4) MDC ¥ TARC A4 v 9%

A A A EQ HaCaT Ao} IFN-y (10 ng/mL)E ARINE FEdlx, 7
A 2 A7 93t AR el mRNA expression Ad]A=E RT-PCRE
S8 gelRch. FRAe] 3, #3, s £YES S0ug/mL BEE A8
2 m Q¢ EtOAc IR YEo] MDC R TARC LHE& 7ZslA At
(Figure 41-46).

hINF-y (10 ng/ml) - + + + + + + +
Cera(50ug/mt) - - MeOH Hex  CHCI3 EtOAc BuOH  H,0
MDC
p-actin

Figure 41. Inhibitory effect of crude extract and solvent fractions of C.
grandis fruits on the mRNA expression of MDC in HaCaT cells. The mRNA
expression of MDC determined from the 24 hr culture of cells stimulated with
IFN-v¥ (10 ng/mL) in the presence of C. grandis (50 pg/mL).

hINF-y (10 ng/me) - + + + + + + +
C.gra(S0pg/mt) - - MeOH  Hex CHC13 EtOAc BuOH H,0

TARC M

B-actin B R R R R m Tl S588bp

Figure 42. Inhibitory effect of crude extract and solvent fractions of C.
grandis fruit peels on the mRNA expression of TARC in HaCaT cells. The
mRNA expression of TARC determined from the 24 hr culture of cells
stimulated with IFN-y (10 ng/mL) in the presence of C. grandis (50 ug/mL).
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hIFN-y (10 ng/m¢) - + + + & + + +
C.gra (50 ig/me) - . MeOH Hex CHCI3 EtOAc BuOH H,0

Sl e pwn G — q— - m—— R

Figure 43. Inhibitory effect of crude extract and solvent fractions of C.
grandis fruit peels on the mRNA expression of MDC in HaCaT cells. The
mRNA expression of MDC determined from the 24 hr culture of cells
stimulated with IFN-y (10 ng/mL) in the presence of C. grandis (50 ng/mL).

hIFN-y (10 ng/me) - + + + + + + +
C.gra (50 1g/me) - - MeOH Hex CHCl, EtOA¢ BuOH H,0

Figure 44. Inhibitory effect of crude extract and solvent fractions of C.
grandis fruit peels on the mRNA expression of TARC in HaCaT cells. The
mRNA expression of TARC determined from the 24 hr culture of cells
stimulated with [FN-y (10 ng/mL) in the presence of C. grandis (50 pg/mL).

hINF-y (10 ng/ml) - + + + + + + +
C.gra (50 yg/ml) - - MeOH  Hex CHCI3  EtOAc BuOH H,0
MDC
Bnctin [0 g

Figure 45, Inhibitory effect of crude extract and solvent fractions of C.
grandis fruit endodermis on the mRNA expression of MDC in HaCaT cells.
The mRNA expression of MDC determined from the 24 hr culture of cells
stimulated with IFN-y (10 ng/mL) in the presence of C. grandis (50 pg/mL).
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LINF-y (10 ng/m) - + + + + + + +
C.gra (50 yg/m) - - MeOH Hex CHCI3 EtOAc BuOH H,0

Figure 46. Inhibitory effect of crude extract and solvent fractions of C.
grandis fruit endodermis on the mRNA expression of TARC in HaCaT cells.
The mRNA expression of TARC determined from the 24 hr culture of cells
stimulated with IFN-y (10 ng/mL) in the presence of C. grandis (50 ng/mL).

5) Nitric oxide WA YA &3}

AL F oo, A2 4F #Hdd F8E dEe e ez UdHA
nitric oxide (NO) 4ol t¥ T/ 592 5254 238 Folrsin. 44
H NO ¢2 Griess A& o) &3t AxulFe Fo 2A8= NO2-9 Hejz
S 49243 #99 hexane £YE3} chloroform £8EA E& NO
A% QA &FE A2 hexane FYEY 7 BAFEA ATEHS
Yehl et (Fig.47-49).

n
[ =3
LDHreleasel%2)

Ji

LPS(l g/l - + + + + + + +
Cgra (100 pglot) - - Me0OH Hex CHC3 BOAc BuOH H.0

PFigure 47. Inhibitory effect of crude extract and solvent fractions of C.
grandis fruits on the nitric oxide production in RAW264.7 cells. The
production of nitric oxide was assayed from culture medium of cells
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stimulated with LPS (1 ug/mL) in the presence of C. grandis (100 ng/mL).
Cytotoxicity was evaluated from LDH release at the same condition.

80 100 gm o u)
50 90 -® LDH%
80
60 |
70
50 TR
gw I 50
g &
30 4o§
30
20 |
20
10 | 10
0 0
LPS (1 ugfat) - + + + + + + +
C.om (100 ugime) - . MeOH *Hex  CHCI3 ROAc BuOH HO

Figure 48. Inhibitory effect of crude extract and solvent fractions of C.
grandis fruit peels on the nitric oxide production in RAW264.7 cells. The
production of nitric oxide was assayed from culture medium of cells
stimulated with LPS (1 ug/mL) in the presence of C. grandis (100 ng/mL).
Cytotoxicity was evaluated from LDH release at the same condition.
*cytotoxicity

80 100
NO fuM)

0 | 1% = rpHR

LDH rekaue%)

0
C.gra (100 ygint)
LPs(1 vg/mt) - + + + + + + +

Figure 49. Inhibitory effect of crude extract and solvent fractions of C.
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grandis fruit endodermis on the nitric oxide production in RAW264.7 cells.
The production of nitric oxide was assayed from culture medium of cells
stimulated with LPS (1 pg/mL) in the presence of C. grandis (100 pg/mL).
Cytotoxicity was evaluated from LDH release at the same condition.

A 68 FHA A9 AR 94

L ASH &) 2YE gu

A dol oid FFEFEB0% MeOH #I)2. Ax old $xHoz
hexane(Hex), chloroform(CHCL), ethyl acetate(EtOAc), buthanol(BuOH), H.O&
Aejete] 2 gojdl g ALEYE AQHScheme 1).

I Dried Citnss guandhis Osbeck powder ( 50.0 g)

1) extraction with 80% MeOE
2) stirring for 24h at room temperature
3) vacuum filtration

80% MeOH Ext.
( 108l g
suspended with water(1L)
Extraction Extraction Extraction Extraction
with hexane(1:1) with CHCl(1:1) with EtOAc(1:1) .| with o-butanol(1:1)
haxane fr. [ cHey EtOAcfr. BuOH fr. 01
(07219 ( 02517p (1268 p (2179 (54634 g

Scheme 5. Systemtic purification using solvent partitioning from Citrus
grandis Osbeck leaves

2. 37 99 4 A E

1) Nitric oxide A A &

A 4% AAAM T2 JEE = A= ¢ nitric oxide (NO) 44
oA A& /A 4 FEEY £XE AT RAW 2647 A X LPS (1 u
g/mb)% B2 4 EYE (100 ng/mL)e FAAY dx, A4Y NO9| %
Griess Al9F& 0|83t ME v Fo EA3E NO; o ¥z sl
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< 2% LPSe) 93 NOo| 432 AAsA 371 sgen, 344 9 28BS
A& # CHCh £¥Eo] NOY 44e FsA dAstes A FA & 5
AN, Hex £HEL AEZA Z3A Jehd Aoz wel NOY A7
AX 4 A g Aoz MY EF T4 2 RYEY 5y A
AX NOo| Qo] F& oEHoE dAHE adE BYo) (Fig. 50-51).

— 120

70 mmm NO —e—MTT

NO production (uM)
Cell viability (% of contral)

IPS (1 ra/md) - + +: + + + + +
C.grix (100 pgm@) - - MeOH *Hex CHCl, EQAc BuOH H,0
Figure 50. Effect of crude extract and solvert fractions from C grandis
Osbeck leaves on the nitric oxide production in RAW 264.7 cells. The
production of nitric oxide was assayed from culture medium of cells (1.5x10°
cells/mL) stimulated with LPS (1 upg/mL) in the presence of C grandis
leaves (100 pg/mL). Cell viability was determined from 24hr culture of cells
stimulated with LPS in the presence of C. grandis leaves. * Hex: cytotoxicity.
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Figure 51. Effect of CHClL fraction from C grandis Osbeck leaves on the
nitric oxide production in RAW 264.7 cells. The production of nitric oxide
was assayed culture medium of cells (1.5%x10° cells/mL) stimulated with LPS
(1 ug/mL) in the presence of C. grandis leaves (125, 25, 50, 100 pg/mL). Cell
viability was determined from the 24hr culture of cells stimulated with LPS
(1 ug/mL) in the presence of C. grandis leaves.

2) INOS 2dd wX+& 98

RAW264.7 A E LPS (1 ng/mL)& A3t INOSY AHE 58 & &
A 9 3289 9% mRNA expression®} AP EE RT-PCRE E3 Uoly
skeh. LPSel 913 iNOSE dA43 Frlatgen, 344 9 2YEL 100 ug/mL
TEE AZSAE o e CHCh £8E0] iNOS 2dE A2, hexane
TYEE 540 A ¢d JAJ Jdeno. = 43 @ CHCL 23ES
125, 25, 50, 100 ng/mL9] F=¥2 AHste INOSS mRNA 98 A AL}
99l d 94 JEE $9Y d3t mRNAS @] Byo] BT % o
EHoz JAHNEE FAF F ARt (Figure 52-54).
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Figure 52. Effect of crude extract and solvent fractions from C, grandis
Osbeck leaves on the mRNA expression of iNOS in LPS-stimulated RAW
2647 cells. RAW 264.7 cells (5.0x10°cells/mL) were stimulated with LPS (1 u
g/mL) in the presence of C. grandis leaves (100 ug/mL) for 24hr. The mRNA
expression of iNOS was determined by RT-PCR.

LPS @ s8/me) - + + + + +
C.gne (2a/mb) - - 125 25 50 100

iNOS
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Figure 53. Effects of CHCls fraction from C. grandis Osbeck leaves on the
mRNA expression of INOS in LPS-stimulated RAW 264.7 cells. RAW 264.7
cells (5.0x10° cells/mL) were stimulated with LPS (1 pg/mlL)in the presence
of C. grandis leaves ( 125, 25, 50, 100 ug/mL) for 24hr. The mRNA
expression of INOS was determined by RT-PCR.

LPS (1 #9/md) - + + + + +
C.gra-CHCH, (2a/mé) - - 125 25 50 100

iNOS 130 kDa

42kDa

40

Density ratio (% of control}

0
Figure 54. Effects of CHCl: fraction from C grandis Osbeck leaves on the
activation of INOS in LPS-stimulated RAW 264.7 cells. RAW 2647 cells
(5.0%10° cells/ml.) were stimulated with LPS (1 ug/mL)in the presence of C.
grandis leaves ( 125, 25, 50, 100 ng/mL) for 24hr. Whole—cell lysate (25 ng)
were prepared and the protein level was subjected to 10% SDS-PAGE, and
expression of iNOS was determined by western blottiong.

3) COX-2 &dd V&= 9%

RAW264.7 A Ed] LPS (1 ug/mL)E AH&-3te] COX-29 AAQE =& F 7
A 9 22849 ¥ mRNA expression®] AHAEE RT-PCRE &3 %o}
Bkt LPSHl 93 COX-2& dA3 F/Mtded, 373 4 £S5 100 v
g/mlL ¥E2 AIAHE o dAEZH v FH R, CHChS FEEE AT
AN E JAAE YeEA] &3kt (Figure 55-56).
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Figure 55. Effect of crude extract and solvent fractions from C. grandis
Osbeck leaves on the mRNA expression of COX-2 in LPS-stimulated RAW
264.7 cells. RAW 2647 cells (50x10° cellsmLmL) were stimulated with LPS
(1 ug/mL) in the presence of C grandis leaves (100 pg/ml.). The mRNA
expression of COX-2 was determined by RT-PCR.
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Figure 56. Effect of CHCls fraction from C grandis Osbeck leaves on the
mRNA expression of COX-2 in LPS-stimulated RAW 264.7 cells. RAW 264.7
cells (5.0x10° cells/mL) were stimulated with LPS (1 pg/mL) in the presence
of C grandis leaves (125 25, 50, 100 ug/mL). The mRNA expression of
COX-2 was determined by RT-PCR.

4) Interleukin-6 (IL-6) A w]X]= &

RAW 264.7 A E°] LPS (1 pg/mL)E AH&3le IL-62] HAL2 =8 & 2
2 4 FEEC 9% mRNA expressiond AsHE=E RT-PCRZ #3x
ELISAZ IL-69 A %S AH%stach LPSel <3 IL-6&= @A Z7lege
o, A 9 FEEE 100 ng/ml FE2 A¥stEe W) CHCh £ EJAN &
H A F=E el £, R 98 FEEE ANEE ARgME
mRNA®] $&8AA S} IL-69] Mol JAHA) (Figure 57-59).
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Figure 57. Effect of crude extract and solvent fractions from C grandis
Osbeck leaves on the mRNA expression of IL-6 in LPS-stimulated RAW
264.7 cells. RAW 264.7 cells (5.0x10° cells/mL) were stimulated with LPS (1 u
g/mL) in the presence of C. grandis leaves (100 pg/ml). The mRNA
expression of IL-6 was determined by RT-PCR.

LPS (1 19/nf) - + + + + +
C.gra (ug nf) - - 125 25 50 100
s
B-actin
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Figure 58. Effect CHCls fraction from C grandis Osbeck leaves on the
mRNA expression of IL-6 in LPS-stimulated RAW 2647 cells. RAW 264.7
cells (5.0x10° cells/mL) were stimulated with LPS (1 ug/mL) in the presence
of C grandis leaves (125, 25, 50, 100 ug/mL). The mRNA expression of IL-6

was determined by RT-PCR.
+ +

C.gra (1o/nk) » - 125 25 50 100
Figure 59. Effects of CHCls fraction from C. grandis leaves on the IL-6
production in RAW 264.7 cells. The production of IL-6 were determined by
ELISA methods from the medium of RAW 264.7 cells (3.5 x10°cells/mL) were
stimulated with LPS (1 pg/mL) in the presence of C. grandis leaves (12.5,
25, 50, 100 pg/mL).

50

20’

I8 production (ng/mi)

10

0

LPS (1 po/mé) - + + +

5) TNF-a R84 uX&= 93

RAW264.7 A Z LPS (1 pg/mL)& AHE3le] TNF-a 9] AL =3 F 3
#2 9 F#&E) 9T mRNA expression®] HHHEE RT-PCRS =3 <o}
Bttt LPS 98] TNF-at A3 F713igen, 244 4 RYES 100 v
g/mL FE2 AHS 9 mRNA 28 JA7F Jehta &%x, CHCLE 5
=2 A AdFNNE A7t veldA] &3t (Figure 60-61).
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Figure 60. Effect of crude extract and solvent fractions from C grandis
Osbeck leaves on the mRNA expression of TNF-a in LPS-stimulated RAW
264.7 cells. RAW 2647 cells (5.0x10° cells/mL) were stimulated with LPS (1
g/mL) in the presence of C grandis leaves (100 ug/mL), The mRNA
expression of TNF-a was determined by RT-PCR.
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Figure 61. Effect CHCls fraction from C grandis Osbeck leaves on the
mRNA expression of TNF-a in LPS-stimulated RAW 264.7 cells. RAW 264.7
cells (5.0x10° cells/mL) were stimulated with LPS (1 ng/mlL) in the presence
of C grandis leaves (125, 25, 50, 100 ug/mL). The mRNA expression of
TNF-a was determined by RT-PCR.

6) Ba 9 CHCl; £8E¢) <8 JNK €4 o4 &3}

RAW 264.7 AE (1.0x10° cells/mL)E LPS (1 pug/mL)S} %47 9 CHClL %
E& v=9 (125 25, 50, 100 ng/mL)E A= 3te] JNK Q43 dANAEE
western blot& ¥3Fe] FA3%h INKE LPSE A3 % 3084 <astzt 7}
F Bo) FrMetRth 28 SP600125 (JNK inhibitor)} B4 € CHCly ¥3
< F=E=2 AHY A, 942 100 pg/mLoA JNK <4t A7)
SP600125¢] & 9t ¥|&# Hx2 Jelgr} (Figure 62).
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Figure 62, Effect CHCls fraction from C. grandis Osbeck leaves on the
activation of JNK 1/2 in LPS-stimulated RAW 264.7 cells. RAW 264.7 cells
(1.0x10° cells/mL) were stimulated with LPS (1 pg/mL) for indicate times
(upper panel). RAW 264.7 cells (1.0x10° cells/mL) were stimulated with LPS
(1 ug/mL) in the presence of C. grandis leaves (12.5, 25, 50, 100 ug/mL) or
SP600125 (50 uM) for 30 minutes (low panel). Whole—cell lysate (25 pg) were
prepared and the protein level was subjected to 12% SDS-PAGE, and
expression of Phospho-JNK and JNK were determined by western blotting.

7 AN 8¢

A 4 2FEE L Sl BY L Axder dold EYHoz AYBAHE
H7iatdeh. A 99 CHCh 232 NO 44 2 iNOS2 IL-62] mRNA &
L FRoEHoR gAY, EF [L-69] 44 ELISA WHo2 &A%
Az IL-6 AMe] dAHA} =g LPS Ao s A= ATALEAA
A INK(1/2)9 Qxslg Fxo&EFyog g oz Hol FFal 9
CHCls# 8] 2|3k NO, iNOS, IL-6% Al &3+ JNK(1/2) 2143}t Ao I3 7]
AY R oA, LPS AT 93 @AsEe b B4 Wity s
#Hoydhe Aol didk CHClz 82 a7 dF F9 Ah
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3. 37 9 CHCh ¥8E9 9Axy Ad 55
1) B2 9 CHCl: 2889 SNU-16 I¢AXA G &5

O BRA A EYEEY AX A nXE 9 (Fig. 63)

A 4 BHEE AXY AEE FEEXE golrs] 3 ¢4 MTT
assay€ ¥ AE YFEL FANY T Q BYEES SNU-16 A%
o F=d (0-200 pg/mlL)Z X=@ AF} CHCh ¥IYEL AAF 9 ICxit
(92.15 pg/mL)°] 713 FRI o8 FF MXEESA CHCh FIES A
A3} SNU-16 MENA 714 €& AX A4 oA %€ 24t ad8n 34
AJREQl CCD-25Lu (lung fibroblast cell) MENME S Holx gkt ¢
43 F/HA 4 £YE F CHC 2YEo) ZAATdE 48 F1 g3 94
FE 5olFoz AR dAseE AL B F AUk
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Cell viability (%}
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—8— NCI-H480
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Figure. 63. A ' Viability of SNU-16 cells treated with dangyuja leaf extracts.
B : Effect of the Chloroform extract of Dangyuja leaf (CFDL) extracts on
viability of cancer cell lines. Viability was determined by MTT assay.
Untreatd cells were used control. Values are presented as mean = SD (n=4).

@ FHA 9 CHCl: 8 &) o & AL DNA fragmentation (Fig. 64-65)
Fig. 6494 CFDL& SNU-16 A% ¥="¥ (0-200 ug/mL)E A& 3td 24
ANzt Hel DNAE 3% & ¥ DNA ol7l2= A7)9% S & A3} apoptosisd
574 ¥ 34 DNAZI 180-200 bp ©SIE dAdo] HE AL I & 5 9
Rt

Fig. 659 A& comet assay 322 CFDLE SNU-16 Al%d] Nz st &4
¥ AX25E DNA damagegE A7195o2 3 Ao}, Apoptosis7t =3
Ha &4 &2 DNAE °8§ Q438 A E3 1 repairdx Eit}. DNA7 &4
< Wol Ao Ho e HAUYLE Yoz B I o F3A Hol HAY
nE EFE 8HA €.

o] A3 CFDL®] DNA €43 H9S YoA A X9 apoptosisES §& & &
AL Holga yZE 4§ Ut}
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M__0 25 50 100 200 pg/me

Figure. 64. Genotoxicity induced by Chloroform extract of Dangyuja leaf
(CFDL) in SNU-16 cells. The cells were treated with the different
concentration (25-200 pg/mL) during 24 h., DNA extracted was subjected to
DNA agarose gel electrophoresis and visualized under ultraviolet light.

Figure, 65. (a) Representative comet images from untreated control SNU-16
cell. (b, c) Chloroform extract of Dangyuja leaf (CFDL)-treated SNU-16 cells
at 100 or 200 pg/mL. DNA was stained with ethidium bromide.

® %53 9 CHChL #FEd 9% Ax2 morphologys} cell-cycle®] W3}

(Fig. 66-67)
Fig. 66914+ apoptosis®] tiE3AQ A %9 14+ DNA condensationg &
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243t7] 913 CFDLE %9 (0-200 pg/mL)2 SNU-16 M X AHe|ste] 2447
¥ Hoechst 333422 f43le ¥4 AvlZdea #F 7 Aotk 2 A3 CFDL
< AYA &2 A (a)o] v|se CFDL £ EE& A Fd AE (b-e)olAM &
% (apoptotic body)°l © & #¢l S Ut}

Fig. 67914 & CFDL #3& A7 ¥ cell cycle® PI 942 E3lo flow
cytometry 2 ¢l 3 Ao, (A EE2L ¥TdE=2 A3 & A7 ¥E 9
T3 23 apoptotic ratio (Sub-GL)7t 371 F718-& B3 (B)olM & CFDL &
= 100 pg/mLE ATEZ & & Aotk #§Q A Azte] el uwal
Sub-G1719] ratio’} F718€ £ 4 dAth

Figure. 66, Chloroform extract of Dangyuja leaf (CFDL) induces apoptotic cell
death in SNU-16. Cells were treated in the absence (a) or 25-200 pg/mL (b,
c, d, e) of CFDL for 24 h. The cells were stained with Hoechst 33342 and

examined by fluorescence microscope.
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Figure. 67. Determine of apoptotic ratio (Sub-G1 ratio) in Chloroform extract
of Dangyuja leaf (CFDL)-treated SNU-16 cells by flow cytometric analysis.
(A) SNU-16 cells were treated with various concentrations (a : untreated, b :
25 pg/mL c : 50 ng/mL, d : 100 ng/mL, e : 200 ug/mL) of CFDL for 24 h.
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(B) SNU-16 cells were treated with 100 ng/mL CFDL for indicated time (a :
Ohb:4h c:8h d:16h,e:24h, f:32h).

@ 354 9 CHCh £8o) 9% apoptosis #8 @RS ¥d ¥ (Fig
68-69)

Fig. 68¢] (A)9)X+ CFDL& SNU-16 Al ¥4 ¥k 2]&3 (07200 pg/mL)e=
Ae)ate] 24X F @A ESe] HdAE western blot WHE AME3 FAFH
t}. 2 A anti-apoptotic proteing] Bcl-29) W& Fo] FAdte W
pro-apoptotic proteing] Bax¥ F7}stEa o2 {13t ] E&=32]¢} membrane
potentiale] ZA3tA HI Bcl-2, Bax %9 ETYLE nEE=gol Uy
cytochrome c7} &= 7 @t} w&¥ cytochrome ci Apaf-13 caspase-9%
§t7] 233 apoptosomes A 3}IL o] caspase-7, 35S 43 3z &4
3 ¥ caspase-3= DNA repaird] AH&5+ PARPE dFusdtd BEEAs AL
2% BF cell death® F¢37A Bk 29 (A)elA mEnte 2o} CFDL ¥
7} 27} &4= apoptosis® § # AFFES ¢ & Utk (B)E CFDLE 100 1
g/mlL A#ste] A7z dud 2y Fe 59 F Aol (A)dA st Zel A
Zro) Ao wel iAol uwd Ao] apoptosisE WHHE AL & F UM
.

Fig. 69% pro-apoptotic protein®l caspase-3 BA& FAE ZAFoIth
caspase-3 activity assay kit® A3t 405nmelA FAE A3} =7 F7t
#4542 caspase-3 FAE oz F/ge &Y & £ AN ° BH
apoptosis HA A F831A &3 caspase-3 protein®] CFDLA o3 &4
3} 53 o]2 <13 apoptosis FAL FE & § AdtE AL FIHAUS
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(A)

0 25 60 100 200 ug/ml 0 25 50 100 200 ug/ml

Cleaved PARP

0 4 8 16 24 32h

Bax

Caspase-3

Cleaved Caspase-7

Cleaved PARP

B-actin

Figure 68. Effect of chloroform extract of Dangyuja leaf (CFDL) on
apoptosis—related proteins in SNU-16 cells by Western blot analysis. (A)
Effect of dose-dependent (0 - 200 pg/mL) CFDL on the expressions of
anti-apoptotic and pro-apoptotic proteins. (B) Effect of time-dependent (0 -
32 h) CFDL on the expressions of apoptosis related proteins. B-actin was
used as an internal control to normalize the amounts of proteins loaded in

- 94 -~



each lane.

Caspase-3 activity
{pNA / ug of protein}

s o
ug/ml
Figure 69. Dose-dependent caspase-3 activity in SNU-16 cells treated with
chloroform extract of Dangyuja leaf (CFDL). The rate of DEVD-pNA
cleavage was measured at 405 nm. CFDL was treated at 25, 50, 100 and 200
ug/mL. The experiments were done in triplicate.

® d34 29

A 4 ZFEEZVE dojy EYEEES AXd IS apoptosisE
=fozA ¢ a9/t & AsA A L FHA 49 €8 =017 A3
9 AYEL PRt 2 AT 4 MTT assays 519 o2 EYEE Fo
A} Chloroform #3 &3} Hexane ¥ Eo] SNU-16 A2 4% 4A FHel 3
$2 Bt I F ICs #°] d ¥ Chloroform £ EE A€std olF 49
P3RS, 35 9 CHC £ E(0)8 CFDL)E A=d SNU-16 A X
apoptosis®] WEAHY FAESol UYgwed dFE A71¢ DNA
fragmentation®] Yo% I comet assay® DNA damage £ 9 & £ UM
. 283 AEF7E A9 A} apoptotic ratio (Sub-Gl1)7F B, A 9&
oz F7EE B F YA} Western blot I L2 apoptosis FH G¥AE
Q) Bcl-2, Bax, Caspase-3/7, PARPS 9 23 JAL ¥, Ad=z 984
t}, £ DNA repaird]l #9J3l= PARPE Fddle] B#A3 AJ)|E caspase-3
9] 848 R34t 2 A3 CFDLE AXEd AHYIE & 81 A 9
EH0Z AX AHES FE T F IS A T 5 AAd

2 fd o
fe o o
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2) BFA 9 CHCl £8E9] Hela MEAME A%

@ Cytotoxicity effect of CHCl3 fraction in human cell line HeLa cells

ZH2 Qe EYE 5 Hela celld AFARERE YEbd CHCh #89&¢ 9]
£to] AL AEY R AXEAL MTT assay2 &34tk MTT assayc &
Fa BAFL st x=FHe] $44 7149 terazolium salt MTTE FAH
< H& H$L49 MTT formazanl 2 #9A7e vEZ= ety T8 E o
43t YPoR Aolgle A F7 BE&FE AAYHE formazan crystald
go] ®olx FX=7l #A &9l Hela AlXe] FHA 9 CHC: 23&$
FEEE A 2ALFS G F, A crystald] FE FAHHAC
CHC; ¥E&<2 Xad Ad, AT AELo] 100 pg/mLe FZoMFE &
A87] AFEeH, 3= dEFHoR dAHE AL A ¥ & AU (Fig.
70.).

mam CHO,
100 -

80 -

60 4

cell viability %

0 & 100 150 20

concendr alon ug/ml

Figure 70. Effect of CHCls fraction from Dangyuja leave on the viability of
Hela cells. Cells were treated for 72 hours in the presence of CHCls fraction
in the medium. Cell viability was determined by MTT assay.

@ DNA fragmentation assay

Apoptosis®l 9% AT FE&2 nucleosome Ato]e] linker region 1A ¥
double strand DNAZF A& o] 1807200 base pair Zo]9] W2 dgd £
TtEo] W}, o] agarose geldAl 573 <Q ladder pattern®] band= viehdt
olg g AL necrosisdlA UEUE FFH9Z<Q DNAESA <& diffuse
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smear patter® H|E Tl HeLa M Xl 3F#z 9 CHCl #3E& 0, 50, 100,
150, 200 pg/mLe] ¥E=2 X2sle] DNAE $&F F A7|95 < 39 DNA
fragmentations #<184ch 2t 23 100 ng/mLe FEZAA 38 DNAY ladder
pattern® 918 $ UKo, FHA 4 CHCh £FE 93] HeLa A%
apoptosis7t FEHRNSE &U8H). (Fig. 71.)

M © 50 100 150 200 pgfmb

Fig. 71. DNA fragmentation of HeLa cells treated CHCI3 fraction. HeLa cells
were incubated with 0, 50, 100, 150, 200 ng/mL of CHCls fraction for 24
hours. Ladder pattern reflecting the presence of DNA fragment were viewed
on gel stained ethidium-bromide

@ Effect of CHCls fraction on the cell morphology

Hoechst 33342 staining2 Hoechst 333422t 83 dye’t Al X9g 5318t
minor groove DNA strandd] Z¥3d 4 2 F&49 33 e A X9
Ag FHYMNAT AEV A apoptosis7t FoiVtAl HE FHA e 53 A
Hgol =AY 5 de g Wzt Jeldrl. Hela A X F#A 9 CHCh
PYE-E 24275 A2) 8] Hoechst 333422 A& ¥, PPA0F & o] &3t
o] @2 morphology& AUt 2 A7 o}FAE AaA &L v HHFO
ug/mL)¢] w3le] CHCl: #E&& A AdFolA e &5 2 =43P 5&
33 F YN, £YEY FEV FAEFE 2 4L FEHAHIERE).
ol FAE dgo2ZN GFA U CHCl; £3Eo| HelLa A%l apoptosis& -
Taies U3 (Fig 72)
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150
Fig. 72. Morphological change of HeLa cells after CHClz fraction treatment for

24 hours followed Hoechst 33342 staining., Arrows indicate apoptotic bodies of
nuclear fragmentation.

@ Western blot

342 ¢4 CHCh £3E¢ 2z UL Mg Hela AXEAM ddadg
A& & western blot analysis® ©]-43t9 pro-survival protein® pro-apoptotic
proteing FU-FAwrgo2 B FILS FUFHATh Caspase series®t PARP
= g87 9 CHCh EYEE 2EE=Z AHAYFE full lengthe FA3HAA
Cleaved forme #7438l9 1, pro-survival proteing! Bcl-2¢} Bide Z&ste 3
F2 Byt o)A2Z Hela AEAA 29x 9 CHCh £88¢] ¥= &F
22 apoptosisE do7lE A& HA}AU. (Fig. 73)
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0 50 100 150 200 ugme 0 50 100 150 200 ngfml.

<B-actin> <|3—actln>
Fig. 73. Western blot analysis of protein extract obtained from Hela cells
treated with CHCls fraction 0, 50, 100, 150, 200 ung/ml. respectiviely. Total
protein extracts were prepared after treatment for 24 hours, and analyzed
with antibodies to caspase-9, caspase-8, casapase-7, caspase-3, Bcl-2, Bid,
PARP and B-actin.

® Dose- and Time-dependent effect of CHClz fraction on cell cycle
distribution

FACSE & %9 N2 ¥34E4<2 PIZ DNAE g4A8 &, 7te & F3
FYEA 8% 5% 9 Az g AZE EF EE AdFE ReE AxY
o] DNA%S AFsle AEFV EBXE FAdslE WHyolt. BE cell cycle
phases Gl, S, G2/M phaseZ} 9¥&tl, FACSY 4 sub Gl< apoptosisg} &€
RoZ oln FL& NEF £¥Th &, sub G19 ratio’l &4 F apoptosis7t -.‘%-
LHEASS ¢ 5 Yot Hela A X X, AZtd2 2{5A 9 CHCl: 88
Agadet. (A)e HNIATE 4Ae 2 mAsE CHCl #3E€ 0, 00, 100‘
150. 200ug/mLE A 31, B)e FET 100ug/mLE 2483 A]z}—"— 0, 4,
8, 16, 24, 36AI1te = At 2 AR nFEUFE, Aol ZTF sub
Gl phaseZt F718 R, ©]&4 apoptosis’7} FLHRF& FUAstich (Fig. 74)
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(B)

o
1
3
24h rl ;: - ]
| e, |
e J}'_\uw--‘f“"w‘:u ] j M:“*\wﬂmﬂ} J
Hours sub G1(%)
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4 597
8 15.29
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24 40.55
36 54.67

Fig. 74. Dose-(A) and time-(B)dependent effect of CHCls fraction on cell
cycle distribution. (A). HeLa cells were treated with different concentration of
CHCI3 fraction for 24 hours analyzed by flow cytometry. (B). HeLa cells
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were treated with 100ug/mL for 0, 4, 8, 16, 24, 32 hours. It analyzed by flow
cytometry. The table indicated sub Gl ratio.

® RT-PCR analysis of mRNA for BAX, Bcl-2

Hela A X6] HeLa A¥o] 2§42 9 CHCl £¥EL FE¥E 2443 A2s
o] BAXY Bel-2 #3449 mRNA %3 REE RT-PCR& B3 #UHi
BAX® mRNAS Z@e Z7e WHo] fiRed, Ba-2 #3dAE mRNA &
dqae] wgo] AAHE A& FAsAct (Fig. 75).

0 50 100 150 200 pg/mL

<GAPDH>

Fig. 75. Effect of CHCI3 fraction on the mRNA expression of Hela cells.
HeLa cells were treated CHCls fraction 0, 50, 100, 150, 200ng/mL respectively.
The mRNA expression of HeLa cells was determined by RT-PCR.

@ AFHa%

MTT assay® S3te ohorst 24z o E98E F adsl 713 34
CHCl: fraction® A¥@ £, AX A=24 2 AXEHL Fdsided, v 9
2502 cell viability(%)7t Z2stdd. 32 2 CHCh fractiond v=4=
47+ HNF® T, 100ug/mLe FE=oMRE DNA 9 laddering®t ¥4
morphology #3238 Q3T

Caspase series$} PARPE %7 9 CHCl fractiong IL¥EE AAETFH o
W7 o] urgoke] 7h4 9} cleaved form(caspase 7, PARP)S #4133t
FACS-PIZ %3] Cell cycle®} apoptosis®] #AE Lolrgted], A 2l
CHCL fractiong A& & & Axo) v 15 EZ AE TS5 subGl phase
o) %7} Z7}8te apoptosis7t FEHASE HA T F AMUTh
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o] AFEL TP W, F¥A 9 CHCl; fraction® Hela celld] oiate]
Apoptosis& F =359 FYEAE 7ML A5E FUFA

4, 35 ¢ ethyl acetate Y& FAisEF

) % Z89E, FHRExo=E 3FF

AZE FaA 99 A5 4o RHEY 3 oy P JREA dE
A B IdFL BASs] Y8 folin ciocalteu assayE AHE-3t gallic
acid9} HlZEA Y. s F$de dEolME Fol 2021 mg gallic
acid/g dried sampled] #2ete FEZ FFo] /MY Eghon, FHEXEE
Z222YE 20] 714 BL ¥$%(449 mg CE/g dried sample)Z 3F3t A=
Aoz EAFAT (Table 14).

Table 14. Total phenolic and flavonoidcontents of crude extracts and their
derived fractions from the leaves of dangyuja (Citrus grandis Osbeck)

. . Total flavonoid content
Sample Total phenolic content (mg/g)

(mg/g)"
ME 737 +£13° 21 07 °
HF 723 £ 02 ° 21.1 £ 07 °
CF 1109 + 24 ° 449 £ 18 °
EF 202.1 £ 08 ¢ 291 + 0.5 °
BF 1388 + 0.3 °© 262 + 09 ¢
WF 758 £ 1.2 ° 52+ 03°

* Values and # values expressed as mg gallic acid equivalents (GAE) per g
of dried extract and mg catechin equivalents (CE) per g of dried extract
repectively. Data represent means + SD of three independent experiments
performed in triplicate.

2) DPPH #A#a@dd 2A4%
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FHA @ &2 FARFAHE Ay 98 DPPH sejded dd 2AT
& z2AdYn 2 AT ¥ oj&3 o2 DPPH #oZd i@ £2A%E YEY
qem o 500 yg/ml FEANAN 2A%9 €4 G5 &) (Fig 76)

BF (71.92%) > EF (71.86%) > WF (57.56%) > ME (38.68%) > HF (16.79%)
> CF (1404%). ©|% BF$ EF7} 713 5% g0z 27%¢ vehdler EF
B8 &) 3]l HepG2 M EFo| A9 Fiba &gl tial]l =AM8HAH.

~ 100
> N 50 pe/mL 1
= ) 125 pg/mL
5 80 250 pg/mL j
g ERET=I 500 pg/mL
BD
E 601
)
9
2
iw) 40
=
S
? 20- |
®
3 il
2 i
. i

BF WF BHT

Figure 76. DPPH radical scavenging activity of extracts of dangyuja leaves.
All extracts were added at 50500 Elg/mL. ME: 80% methanol extract, HF:
n-hexane; EF: ethyl acetate; CF: chloroform; BF: butanol; WF:
water—extracted fractions; BHT: butylated hydroxytoluene. Values are means
+SD (n=3).

3) ZA 9 EFo] +-BHPY| #+E8 A% Ul ROS A4 v|Ae 9%

Aokge AE Y ROSFES A A& J=E ¢ 5 gl2d
t-BHPS} 22 AstAld] x=&5d AXe DCFHE 4344 ¥3& o= DCF
2 AFHEY Fig. 77904 el vle} Zo] AXE EFE AX® F t-BHP
g AHEsA 5™ ROS 440l HASA Eol=e Ag IF F Uk )H&
A3E EF7 HepG2 A XA -BHPY] 93] $A=E ROSH A4S A
Z viepdch
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Figure 77. Protective effects of EF treatment on t-BHP-induced intracellular
reactive oxygen species (ROS) generation in HepG2 cells. HepG2 cells were
treated with 50-500 ng/mL EF for 1 h prior to the addition of 200 UM {-BHP
for 3 h. The level of intracellular ROS was then determined using the
peroxide-sensitive fluorescent probe DCFH-DA. Values are presented as
means SD (n=4).

4) AAs}t AT

96 well-microtit plates] HepG2 A EFE wl¥d F FHA o oD opAlH <)
E £ZEL FEEE N AR F 200 1M 559 FASEFAE 1 AT
EoF 228k, Lipid peroxides?} thiobarbituric acid (TBA)$} ¥H-83l TBARS
(thiobarbituric acid reactive substances)g dAdgozx EFAL Jeghle A
42 o]g3 530 nmolA FFEE AN A Q EF £FEE 0
pg/mL FEE AAFPE © 50% o) A I3 A 24 Jelxtew
ol Hae] AT AEQ FHY 2RI FARE TA ol
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TBARS (nmol MDA/mg protein)
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Figure 78. The effects of EF treatment on lipid peroxidation in HepG2 cells
after t-BHP induced oxidative stress. Cultures were pre-treated with EF at
the indicated concentrations for 1 h and subsequently submitted to t-BHP 200
pyM for 3 h. The concentration of TBARS was expressed asnmol MDA per
mg protein. Values are presented as means +SD (n=3).

5) DNA €43 AX 5% 94 &%

AsiEd 20 o8 DNA €4 2 AEFSE A% AHd d7A 200 uM
t-BHPE HepG2 AXol & Azt B¢ H&3d DNA &4 A% Ax &2
gursitin 2 oA o] FoA d EFEEe dAAAEE AEe DNA &4 o
BE Comet assay® o438 =454t Fig. 79914 ehd wpsh ol A
g RYEo] B gEHOoZ DNASAY Aissien, ol MTT assay©l
NE EFg Neg Axe 8o A & &z #F2HALES §
& 4 AR (Fig. 80)
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Figure 79. Graphical representation of the Comet assay. Cells were treated
with the indicated amount of EF for 1 h prior to incubation with 200 uM
t-BHP for 3 h. One hundred cells were analyzed per experimental point in
each of the three independent experimental cultures. DNA damage is
expressed as the mean +SD (n=3) of the percent DNA migrated in the tail of
the comet (percent DNA in tail).
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Figure 80. Protective effects of EF on t-BHP-induced cytotoxicity in HepG2
cells. Cultures were treated for 1 h with the indicated concentrations of EF
and then incubated with 200 uM t-BHP for 3 h. Viability as determined by
MTT reduction. Values are presented as means +SD (n=3).
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1. EHIMEKEN SEl(A NOUGIYOU KIYOUDOU KuMiAl RENGOUKRAL
To prepars & citrus fruit drink having improved quallty and good flavor, by treating &
citrue fruit drink with an ion sxchange resl to remove one or twe 0T Mo of
omganic acids, bitter cubstances and cationic whstancen selechvely. .......

2. NIIMOTO SABURDU st al..
To obtain a fruit drink with little bittemess by eaey operation, by adsorbing
limonoid substances which are bitter components contained in a frult drink on
siica gel to mmove the subdEances .......

8. IFUKU YA8US8HIet al..
The Juice of citrus fruite are treated with a synthetic ad sorbent to remove hesperidin

to prevent the pulp in the loice from preicpitating and give a Juice whose turbidity
and carotinoid are maintained, resulting in stabilized quality and good smsll and taste. ......

4. o] &gt

ZEed $5E SRS 39 2 AA, & drlx £ J9E 23/
e st ARoR AT e RN Ry AAFY Q' VTEE
AZ ALH7] 9AA e ok T 4P FHE Y A7 ¥4
gagolel 30 E§ dEEe ZEFFA YAFGYYEE AL & %e HE
37 A% 714 JgEolof dvn gddt
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