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Abstract

We have examined radical scavenging effects, tyrosinase
inhibition activities and anti-allergic activities on the methanol
extracts of Opuntia ficus—-indica cultivated in Cheju island. By
the comparison of the four samples, methanol and 50% methanol
extracts of respective fruits and stems of Opuntia, the most
desirable activities were obtained in the sample of the stems
methanol extracts.

The aq. methanol extracts of the Opuntia ficus-indica were
subjected to chromatographic separations including preparative
HPLC. Analysis of the components using the NMR spectra
showed the presence of a flavonoid component. Further study is
necessary to identify the active components in more detail.
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s pwake] 949 o) b SdZ AR Falk ol @ 0¥ A=
o atshebm AAAL Utk B ATME Eupet AAge] BAHBAL
o]

DPPHY'S o] &3 guz &4 A4S Fate] zalste marh A

melanine tyrosineS 258 T 23 7] ©@AQ tyrosinase? 2185 A
Al AR E Y wWebA tyrosinase®] A= B Feo] Hepd A4 24S Fa)
of I mgdE Ve F Aok vHEHRE A5l Fol, Enke A1
tyrosinase 1A &4°S zAbstgth AE7 tEEWA AYdES vk

GH 2] allergenol w=&Fo] 9lojA, Ll 27]o] <gt I} AFe] 7psAdo] =
oA i Sl AA oItk wbA, Eutet HA1ge] g er] E3E Abete] X
gtk L E7] ¥Eg-ol in vivo E2<S rat homologous passive cutaneous
anaphylaxis(PCA)*S o] &3ato] kg = elatgdth.

A, H ol Euby AJQEY a2 ARl dE vt A 23dEe] B
wE Yk =3 2F neAE giew 3 FAsF! npeas giow
& Ak e Ed 9ES ddeR & WA Axe FAde o a]
G 2d HEZ o] 83 a3 et F'5o] By v g L3I AR o
g ATEA, AJQFY HESE F8Y FEES AR vhol 939, flavonoid
2 Hlzd 549 ol AR F9ol et Hof 49%0l ol =il glgo] Kl
o] Qtt? ol v Ao Hate] WS e FFH LS et 9d JE
of thsk A=A flavonoid A F<Q t-dihydrokaempferol 2 ¢-dihydroquercetin
o] Eubehel el A walHo] By vp vk’

AFAA olfA A wEel uE Aol aXm 1 FEAA HWA e

ATE k] BA @ ole] BEA



Az 2 BH

1. A=

Ertg AAF - AW =7 % vl AFE s FeE ddAvks
oAl A ARE AREsY. FEste] A ddd RS We AdxARl
T,omEge EUE -20CoA Bastua] AREs Sl

2. AleF 2 717]

L

of Abg-¥ &wE5-& Merck (Co., Junsei Co., Hyman Co.AFe] #|#&
AF-8-3 9t Normal-phase silica gel column chromatography©ll &= Silica gel 60
(230-400mesh ASTM, Merck)e] A& Qo F&] g AF8¥ TLC(Thin
-Layer Chromatography)< precoated silica gel aluminium sheet(Silica gel 60
F254. 2.0mm, Merck)E A}&3tth. TLCAOA HeEld EZES selsr] 9 &)
UV lampE AF&3tAY 52 visualizing agentES A A7l 3 plateE dry gun
S o] g3le] AxAZ ). visualizing agent:= 3% KMnOs, 20% KoCOs, 1] al
0.25% NaOH<S =33t =89S Abg39itt. HPLC(High Performance Liquid
Chromatography)= Waters 2487(Duallabsorbance detector, Waters)S A}-&3}
A3, ODS columnes #3zsle] #23dth. NMR(Neuclear Magnetic Resonance)

< JNM-LA 400(FT NMR system, JEOL)S o]-&3&}o] &l

2
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dissolved in 250m¢ of absolute methanol

filter out the insoluble solid

5g 9] freeze dried
0.73g of greenish solid was obtained

7] %2 & (methanol ©]-&)
the filterate was concentrated with rotovap at 40C

stirring for 24hr at room temp. using magnetic stirrer
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S
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@ Aeo# =7 FEE(50% methanol ©]-&)
5g9] freeze dried A2 =7]
dissolved in 250m¢ of 502 methanol

l

stirring for 24hr at room temp. using magnetic stirrer

l

filter out the insoluble solid

l

the filterate was concentrated with rotovap at 40C

l

2.0g of solid (light brownish color) was obtained

@ A<NA Do F%E (methanol ©]-§)
5g9] freeze dried A1 < uj
dissolved in 250m{¢ of absolute methanol

l

stirring for 24hr at room temp. using magnetic stirrer

l

filter out the insoluble solid



the filterate was decolorized with carbon, then filter again

l

the filterate was concentrated with rotovap at 40C

l

1.9g of greenish solid was obtained

@ A% 4 F+%E(50% methanol ©]&)

5g9] freeze dried A1 <)

l

dissolved in 250m¢ of 502 methanol

l

stirring for 24hr at room temp. using magnetic stirrer

l

centrifugal separation (7,000rpm, 15min, 4C)

l

the filterate was decolorized with carbon (3g), then filter again

l

the filterate was concentrated with rotovap at 40C

l

2.54g of yellowish solid was obtained



2) FgzZd &2A 4 =AY - 1]1-diphenyl-2-picrylhydrazyl(DPPH,
Aldrich) 20mgS ol &g 150meel =] DPPH &S A|F3sth o €9 60l
of DMSO 250mlE H7FA171a A oaFe] oe2=2 gAst & 10x237F JeA A

3 Zs|
o} olu} 518nme] el A el UV-Vis. 37 F3=7F 0.94-0970] =
TE A4St €9 10mee] EUE FE5H AR 0100gS 4 & FE3] =
olal #H]¥ DPPH 900uloll A58 100ptE i1, ImMe s&=2 9E & &
FES =48tk o)W 518nmol 4, thEwtel i F3E FAAWA)Z b
3t B9 =E vEhSdTh

3) Tyrosinase JA A AM? - 150402 mushroom tyrosinase(150unit,
Sigma), 22540(2.5mM)2] L-tyrosine, 225102 0.4M HEPES buffer(pH6.8), 18]
3 300p09] olEre & B2 AlZ(Img/ml)E RS 42 & Wl A 2Ela 16%

o g & 475nmell A FEEE 27 S5t A= s A EEA
t} Tyrosinase A &+ o3 o] FH3FAT)

Tyrosinase inhibition(%) = [(D-C)-(B-A)]/(D-C)x100
A9} BE 27 A58 ¥ &9 g d 2 Fo] FFEow, C¢ D= 7+t

NEE A ge Fojel W A R Fo FFEoIh

4) 5937z A ¥(Passive Cutaneous Anaphylaxis, PCA)”
Ovalbumin(Grade IV, Sigma) Img/rat®} Pertussis antigen(Difco) 0.7mg=
250-300ge] &4 Wistar rate] <& W&} B o= 747t Fojsta 129 § Ho
=moz Asle] A Halsle] AlLsdn;. o] @3 PCA d7tE =3
3. Evans blue?] #4b 7ol 10-20m7F S+ s=2 845t 2839
Wistar ratoll A/ A Z¥ &AL Wistar rat(180-230g, 4 B&K)e] 559 €
Zhal 45910 2v) AlG A A (AASST A Aol A, pH 7.4) 0.1ml
A Il Fofstal 48A17F % Ovalbumin Smg< 0.5ml¢] salineo £33+ Evans
blue(0.25%) 9} &&3ste] mme] Ao g Folsdtt. Ovalbumin F¢] 30% §&

F-E vlg]&l 2 Evans blue?] &4t A4S SA43AY. Al g E2S Ovalbumins
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el
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ot



o] 57] 308 el Fol skt

5 42 71BA AP - Guinea pigE ether® F¢ vhHstn HjEH

]
ol gd AR 731'?—94 RS dAdez Aste] 7aAE =AY
[¢]

@O Aeldo H faAd% WA - FAARE M 7] BES
MZtEEt 2~ =0 YW il absolute methanolE 7}Fsle] A& A|ZIth AEA7 A RS
7t 5 A7 E o] &35t oIt} o]ef e W o g FRAbY] dste] 2-3
3] W& AAte] & FEHES AT oY & Ao SAES IHAFFIE
TE53tY FEES 9= 9] % =5 normal-phase column chromatography
2 B3ty o] A AHqAM dojH EIFEo tste] 21z ODS columne #-3H3sk
HPLCE AAste] tiA] o] =S A=t oZAA o4z EIES

ot
N,
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N
h
off
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=
=
N
N
H
gk
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@ Normal-phase Silica gel column chromatographyol <%+ Fg]34 -
MeOH FZE< 7t 718wl 93] separation A7l § Z+7Fe] /7] 8wiE<
A=t} o] FolA EtOAcES fractiono @ #E|st7] 938t glass column(2.5x
60)el silica gels FXAIZITE EtOAcs 4H&5 2% &dd = & 34

ol

columnol A 7}& vl (Hex/EtOAc = 2/5)S Ab&3te] ANAZIE o] H A djjA



il

o1Z fractions 3 A EF7|Z FHZAAA 247t B EZ bl A=t figure

D).

@ HPLC(High Performance Liquid Chromatography)el <3+ &34 -
HFA @A dojzxl EIHES ODS  column(uBondapak C18, 7.8x300mm
column)g %3 HPLC (Waters 2487)5 o] &3to] z}7+9] fractionE = ¥ 3}
At ol Ao Z ALE3E &uiE 70% MeOH(HPLC-E, Fisher)olW, flow rate:
35ml/ming] 7102 AAse] AL}

T2 Axd AdRF €71 £F 400.0g
1. MeOH 12.0L i

v 2. 24hr-s <t stirring(x2)
MeOH Extract (67.69g)

Suspended in Water 1L I & stirring
in—Hexane 1L lEtOAc IL i n-BtOH IL M L

Hexane Ext. EtOAc Ext. BtOH Ext. H,O Ext.
(6.900g) (0.849¢) (2.516g) (21.844¢)

normal-phase silica gel |column chromatography with Hex/EtOAc(2/5)

frl fr2 fr3 fr4 fr5 fr6 fr7
(6mg) (12mg) (59mg) (43mg) (10mg) (48mg)

‘ HPLC with 70% MeOH

T Voo

fr3-12mg) fr3-2(3mg) fr3-3(4mg) fr3-4(4mg) fr3-5(4mg)

Figure 1. Isolation procedure using Opuntia ficus-indica.



dozd &7 84 - Entd A9 =71 2 I wee, e 50% v
g 899 DPPHO| Sz 2AEd5 A tH(Table 1). & Aol A
23 DPPHE oA FHZ EA8tE o 224, AR gste] g
Zol AAHE UV 37114 518nme| F3ao] AbebAAl vt whebA, 2
Uz 27 &4 M= dEzade] F3E Aols dEd AolBR, gleo] 4%
g0l =t

N N NO
° N\ 2

A Ao Aoz g akhs oA BEAAHA 7AATE abk
(ground state triplet oxygen)7} AW & AA, A )AL, 3pskofE =
stehnkg o 7% =24, 334 aleel 9t J
27F A" figure 2). o] Z2A A W 2tatEA
A0

MEA eu7 2ARA, G2 &7 B4 2



[ Cell damage, cell death ]

T

[ Damages of proteins, lipids, sugars, DNA, etc. ]

carcinogens ﬁ stress

radiations

L u |

\ Air pollutants

[ Peroxidants in foods ] [Food additives]

T

Figure 2. Active oxygen generating factors in environments

Tyrosinase inhibition

AEER 27 BA(A) y
Hes FE5= 0.803 68

AN =71
50% W 5% 0.759 71
e s FE55 0.640 56

R v
50% wWlets FE= 0.309 -11

Table 1. DPPH radical scavenging effects and tyrosinase inhibition effects of

Oputia ficus-indica extracts
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a, eeema —
X Ll - =38 B e

Figure 3. Radical scavenging effect of MeOH extract from Oputia

ficus—indica stem.

LRl T = — T e =

Figure 4. Radical scavenging effect of 50% MeOH extract from Oputia

ficus—indica stem.
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AR Bl L = - - [

Figure 5. Radical scavenging effect of MeOH extract from Oputia

ficus—indica fruit.

aa EE L] £ i B ™

Figure 6. Radical scavenging effect of 50% MeOH extract from Oputia

ficus—indica fruit.
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Tyrosinase A 84 A~ - =

Ao grul o

k)
-
rlo

AEada 242 42
il B e o o
m Ao gk WA A o
oMol W HE75S s

kv

tyrosinase tyrosinase

HOWCOZH
HO NH,

L-DOPA
HO™ " "N""COH™ HO N COH

DOPAchrome LeucoDOPAchrome——

L-tyrosine

glutathione
or
cysteine

S

HO Tyrosinase and/or
j@j Peroxidase _ D\j
HO N ) N
H H %
oN

DHI / Indole-5,6-quinone

Eu-Melanin—

| -

Mixed Melanin<— Pheo-Melanin

~

figure 7. Melanin synthesis pathway

Ty depde] AL QIA Zn, FEAE
Z1gke}. o] #A A Tyrosinase®™ @kl Ao F2a
o] Aadl FHE AdFo=A Webd A4S
d 2de AAGoRAM Entg AAdRe

(Table 1). & =719 e

vl

Al

M= A%

-
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shS golslh. o] 84 WESSS 7 st 3 chloroform¥F 30% v &
22 FEygedyg. a2 A¥ 30%HEEs FA(AHE I 14%)e] vl

chloroform3 ZH (A a3} 96%)ANA g =2 A4S RIS gl o

o,
N
N
o
=)
)
il
o
e
o
rlo
[".8{.:
Y
ro
i
o)
it
N
Y
:(x)L_‘,
)
oo
O,
%9
[o

=
= 5o HATHAEA AN =719 Wes FEES Z4 AR Wi AUt

B astelet 2.

Holg Alm P i PCA response, o
Mean*SD(diameter, mm)
saline,
control ; 10 15.4+0.6
0.9ml/rat, ip
450mg/kg, ip 3 9.0+1.1 p <0.01
Hes FE55
=7 650mg/keg, ip | 5 3.3£0.7 p €0.01
50% v ets F55 | 720mg/ke, ip 4 14.840.8
Hee =25 450mg/kg, ip 4 13.310.5 p = 0.04
=R -
50% v ets F=55 | 700mg/kg, ip 4 16.0£0.5

Table 2. Inhibitory activity of Oputia ficus—indica extracts on PCA response
in rats [P values indicate significant statistical difference from

control (Student's t-test) |
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AZ 71BA ANE - A9 in vivo AFA PCAoA AJNA =719 wErs
FEEo] FHstA7] W, o] Al87F ¢E=27] 8 wi7/lE<Q] histamineo] Y
leukotriene Dsoll 2 A o2 AGF2AES =42 oF = guinea pigd A& 7]

£ o] &3t Algsldth 2 A 80-240ug/mle] F=olA FA U= ]

|2
shahgo] PAH A FYTHTable 3). o] A=, o5 F Eqel F
o pZs

8 i E
sk AHAQ A ztEo] gl AASY. g Rz M F7]9 Iddy=
7] Zge g ufEA A4S A3/ HuE mast cell SolA] vl E
Aol FE& dAGE S 7HeAdS AAS T a2y, ol dE HEHA & %
& dE 59 cAMPe && oA #go]y bradykinin, serotonin, PAFS 2] wj
MEA gk dgtztgof Hajr= F7H4Q0 A7 Z st}

ANHdEHD 75 FEITY 24 9% change
histamine -6.5
0ug/mé
leukotriene Dy 0
histamine -3.0
24048/ ml
leukotriene Dy 0

Table 3. Effects of Oputia ficus-indica extracts on isolated tracheal
contraction of guinea pigs induced by histamine and leukotriene

Di[Mean values from three determinations; (-): relaxation]

FEAAE g% 7 € ‘—rLZ:l‘i:@. - Aol #7] 248 71x 31 MeOH
FZES dArh o] MeOHF=%S thA] n-hexane®} ethylacetate, n—buthanol,
water =& &3t} ethylacetate &< 7}FA3l normal-phase silica gel

column chromatography< 4 Hex/EtOAC(2/5)¢] A/N&ujS A3t 671 <]
B3 og EYsta, YA 1719 32 absolute methanolE Ab-&3o] 2¢)
t}. U5 ethylacetate &< normal-phase silica gel column chromatography

2 23 TLC 23} o|th(figure 8).

_16_



o ——0.73

O ———01
o —+——10.34
0 ———10.20
| —1——005

figure 8. Ethlyacetate F+%%¢ TLC 23}

o] B3 Fo|A I-fr39] NMR spectrum(figure 12)& 2213t ZA 3} flavonoid
component2} il A% = EA X2 peak’} 6~8ppmol A doubletoZ &2l1E S

o
t} o] [-fr3S 7FXa2 HPLC 7]7]1E o] &3te] thA] 7ol #3802 fractions

= = = -
Figure 9. Separation of I-fr3 of EtOAc extract from Opuntia ficus—indica
using HPLC
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o] Fo|A I-fr3-2¢] NMR spectrum(figure 20)& 2Helst Ay} 7]&Eo] o+
A¥ AR t-dihydrokaempferolgl= 3}3&9] peaket Aol dXxsHS U 4
AN TH(Table 4).
I-fr3-2 "C NMR t-dihydrokaempferol “C NMR
(100MHz, MeOH-d,) (100MHz, ACTN-ds)
73.6 73.0(C-3)
35.1 84.3(C-2)
96.2 95.9(C-8)
97.3 96.9(C-6)
101.7 101.3(C-10)
1151 115.7(C-3'5")
129.3 129.0(C-1")
130.3 130.2(C-2',6")
159.2 158.8(C-4")
164.4 164.1(C-9)
165.3 164.7(C-5)
168.7 167.8(C-7)
1985 198.2(C-4)

Table 4. 1-fr3-29} ¢-dihydrokaempferol®] “C NMR spectrum data Y]t

a8 a1 I-fr3-3¢9] NMR spectrum(figure 22)2 &913t 23 1-fr3-29] NMR

spectrum¥} A9 FAFES ol o)

t—dihydrokaempferol
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Figure 10. "H-NMR spectrum of I-frl of EtOAc extract from Oputia

ficus—indica
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Figure 11. 'H -NMR spectrum of I-fr2 of EtOAc extract from Oputia

ficus—indica
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Figure 12. 'H-NMR spectrum of I-fr3 of EtOAc extract from Oputia
ficus—indica
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Figure 13. “C-NMR spectrum of I-fr3 of EtOAc extract from Oputia
ficus—indica
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Figure 14. 'H-NMR spectrum of I-fr3 of EtOAc extract from Oputia
ficus—indica
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Figure 15. "C-NMR spectrum of I-fr3 of EtOAc extract from Oputia
ficus—indica
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Figure 16. "H-NMR spectrum of I-fr4 of EtOAc extract from Oputia

ficus—indica
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Figure 17. 'H-NMR spectrum of I-fr5 of EtOAc extract from Oputia

ficus—indica
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Figure 18. 'H-NMR spectrum of I-fr6 of EtOAc extract from Oputia

ficus—indica

400MHz, CDsOD
Figure 19. 'H-NMR spectrum of I-fr3-1 of EtOAc extract from Oputia

ficus—indica
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Figure 20. 'H-NMR spectrum of I-fr3-2 of EtOAc extract from Oputia
ficus—indica
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Figure 21. “C-NMR spectrum of I-fr3-2 of EtOAc extract from Oputia
ficus—indica

_24_



— ———— 58857
- B.M
o
a7
4.8507
3391
3055
143
on
357
221
8941
1,745
-y 4554
— | &%

= 4,339
T = 4.Bi0R

J. ks J' ﬁL—JL—“—*”‘..17*—Tﬁ“TﬁL‘L+TJTLL‘

400MHz, CD30OD

Figure 22. 'H-NMR spectrum of I-fr3-3 of EtOAc extract from Oputia
ficus—indica
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Figure 23. “C-NMR spectrum of I-fr3-3 of EtOAc extract from Oputia

ficus—indica
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Figure 24. 'H-NMR spectrum of I-fr3-4 of EtOAc extract from Oputia
ficus—indica
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Figure 25. 'H-NMR spectrum of I[-fr3-5 of EtOAc extract from Oputia
ficus—indica
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