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OPTUNTI A FI CUS- 1 NDI CA EXTRACT AND COVPOUNDS | SOLATED THEREERGIM FEOR 2003
PROTECTI NG NERVE CELLS s Field of the Invention The present invention
relates to a use of an ethyl acetate extract of Qpuntia ficus-indica and
conmpounds - isolated therefromfor protegting neurons. ~o Bacmmlmmmll«im“whe
I nvention When the blood flow through the cerebral artery or

artery is reduced below a threshold value e.g., by the bl ocking aatison of -

nerve o cardi 20 SIEIOF AR OPERIGARICUFINDICAERTRACTRID, 0" 70

cell death. Brain iGOIMPOUNDSSISONAYED THEREFROM FORIi ac arrest

and ischem c stroke and gives rise to an intractable damage to the cerebral
neurons, which |eads to di PROTECTINGINERVE EEdnl.8cath. 20

Pat hophysi ol ogi cal mechani snms i nvolved in central nervous system di seases
are diverse and conplex, but it has been found that reactive oxygen species

(RCS) su%h ield SF thé 1i10a| |l ay an inmportant role in central nervous
system di'se UL I c stroke, Alzheinmer's disease and Parkinson's
di sease. Nanely, it has been proposed that various kinds of ROS generated

2s by oxidative stress induce damage to certain nerve cells in acute and
chroni c degener at i'Mee pessennahvetitirnselatesRecenistyof an etind dustaterexradt e t hat
brai n damage by ischem c stroke is caused by free radi gal s generated by

i scheni a andOpuple  fisuenindicer @§ﬂe99n@qw§1ﬁ0\?ﬁql%tﬁdﬁ]é¢f§§%u QJs gwotechngd 7,
1996). Free radicals are also responsible for the | oss of certain nerve
cell's 30 obd¥™M8B%in Al zhei ner' s disease. One of the representative
clinical;, PCT/KR02/02010 1SA/KR 28. 2. 2003 2 manifestations of

Al zhei ner' s di sease is senile plaques forned through aggregation of

bet a- anyl oi dBaékgrqumd of the Theemtignegat ed bet a- anyl oi d protei n causes
hydr ogen peroxide to accunmulate in nerve cells, which | eads to oxidative
and peroxidative reactions. Further, these reactions pronote s the

2 Cuper ovi do. ani onV s thEBeG! bbb e BF1<PEe i P B RR, ey & ™ 11

reactivity, reduced below a threshold value e.g., by the blocking action of thrombosis or

15  arteriosclerosis, the resulting ischemia damages cerebral nerve or cardiac
cells, leading to brain or myocardial infarction due to cell death. Brain
ischemia is a common symptom observed in cardiac arrest and ischemic
stroke and gives rise to an intractable damage to the cerebral neurons, which
leads to disability, comatose, or even death.

20 Pathophysiological mechanisms involved in central nervous system
diseases are diverse and complex, but it has been found that reactive oxygen
species (ROS) such as free radicals play an important role in central nervoys
system diseases, e.g., ischemic stroke, Alzheimer’s disease and Parkinson’s
disease. Namely, it has been proposed that various kinds of ROS generated

25 by oxidative stress induce damage to certain nerve cells in acute and chronic
degenerative neuronal diseases. Recently, it has been reported that brain
damage by ischemic stroke is caused by free radicals generated by ischemia
and reperfusion (Koroshetz & Moskowitz, Trends Neurosci. 17:227, 1996).

Free radicals are also responsible for the loss of certain nerve cells

30 observed in Alzheimer’s disease. One of the representative clinical
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which results in increasing radical toxicity. Likewi sePCTEKIR0O2/62000 of
hydrexyl radical, a strong neurotoxic nediator, by oxidatiiga/ict 28252003
believed to | ead to Parkinson's disease-(Ebadi to et al., Prog. Neurobiol.
48:1, 1996). Furthernore, it has been suggested that ROS play an inportant
role in excitotoxic neuronal cell death Ehat I s caused by gl utamate
excessively released in acute brain damage and chroni c neurodegenerative
di seases (Choi, Neuron 1:623, 1988). Thus, ROS generated by the oxidative
stress is di : | ngi r VolS, | e, i rj n
neudegener atrflglgltf%%f%gégéesr}g éqghé ‘lr";si ndllg(%:sl\éue% as,gnﬂ\?zhel Elg??fsbﬁ‘ﬁlle?eggg}l gh

Par ki nson’ s #higse@ton aTdbétacanlid, (A provcimlat The apbrepaneeberremPtbidg
actively investigated for the prevention and treatnent of such nerve

di seases. Thwotriesauses hydrogenspéraxéde tol aaowmadate dnfriarde xetas whath Jeads
occurring 20 substance wth ant.i-oxidative acfiv and found that an

e
extract of GAUMIZENEand PREPRYELITE TReStRS.| FARher JHETS EeatiOnsSRTsmere

s been-w Ao ekl of i AHBE ARPIERIACIRILE tyfPRBRGERALALRHRR P2
and bronchi g s@sdriaRle ahidn fadi@l tBefRMN PetoXSMritB aYitR N ey @%ﬁgf%ééﬁ@ﬁ?, of

Qpuntica frcus-indica fruit and stem shows vari ous efficacies

prot ecti ng gahich resulis as increasing raodicabitalicitpse | evel s and enhance i munity
by anal gesic and antiinflapmatory actio TrejoGonzalez et al., J. .

Et hnophar macol . SE‘.lfﬁW’!ﬁ?; t 998‘?11%%9“@?3@’&1’%’6@1'@58%03 SRONEa HEHEIPR K

her bs Kyoha . p Lo i et ar: g /Gl - O
2000 ) RoceReriztor pyotddpti v sibls S bdlioved o R RERRAGIARES S dicdsd Fibad
PCTI KRO2{020810all SPHSR ARurdbiol088:13 1996)Di tFurtherardraasehubibekn! suggexelded
in nmelanin synthesis (Lee N. H et al., "J. Pharnmacognosy 31:412, "2000).
However, t hethat IROSoplaypan timpostantrode my|exaitetexic neitronak cell ddath ghatms
fruit or process fruit of Qpuntja ficus-ipdica or, a, camund i.sqlated s

t her ef r om sHEAMSCARY eiyamats excesstvely Tglepssd Hi aewedtraln Aangge dod dironit
neurodegenerative diseases (Choi, Neuron 1:623, 1988).

Thus, ROS generated by the oxidative stress is directly or indirectly
15 involved in various acute and neudegenerative diseases, e.g., brain ischemia,
Alzheimer’s disease, Parkinson’s disease, and therefore, anti-oxidative
substances are being actively investigated for the prevention and treatment of
such nerve diseases.
The present inventors have endeavored to find a naturally occurring
20 substance with anti-oxidative activity, and found that an extract of Opuntia
ficus-indica (Linné) Mill has significantly strong anti-oxidative activity for
protecting nerve cells.
Opuntica ficus-indica has been widely used as a folk remedy for
treating burn, edema, indigestion and bronchial asthma, and it has been
25 known that an ethanol extract of Opuntica ficus-indica fruit and stem shows
various efficacies for protecting gastric mucosa, lower blood glucose levels
and enhance immunity by analgesic and antiinflammatory actions (Trejo-
Gonzalez et al., J. Ethnopharmacol. 55:27-33, 1996; Ahn, Illustrated book of
Korean medical herbs Kyohaksa, 497, 1998; Galati et al., J. Ethnopharmacol.
30 76:1-9, 2001). Recently, it has been also reported that opuntica ficus-indica



accordingly, the present invention discloses for the fipetTAKRR)IH2013/Cch
an extract can be effectively used for preventing and trea}sjpgﬂRcz r@%&

nerve di seases such as ischem c stroke and Al zhei ner's di sease, "and “cardi ac
ischem a such as myocardial infarction. io Summary of the Invention
Accordingly, a primary object of the presgnt invention is to provide a

t herapeutic use of an extract of Opuntia-ficus-indica or a conpound
isolated ~ s therefrom showi ng anti-oxidative activity for the prevention

and treatnen | ] i erebral .nerve st.em di es aqr

car di ovascul {é}lﬁélytésmg@agig\@gﬁf ﬁ-lvéﬁ‘é%(f&%ma%nt €515 E‘%i\ﬁgﬁ- etrl., J.

pr esent invephbp,ﬂgc,b@ﬁé 315420 mm?i. ded an ethyl acetate extract of Qpuntia
v

ficus-indica show ng anfi oxi dat | activity for protecting nerve cells. In

accordance with arldowevensheretisafo réporpitlesteat ety enktns extiaet of ithe Riui ded
a conpound ifolat ed fromthz ethyl acetate extract of Qountia ficus-indica
and a met hod™dr OprRiOSESSed LMk O2Opuntia: Hsntrndisawpt re sompoubtiselatess pect

f th i td 4 1S, il h tical iti
conpr g ¢ MerHET 1B, aBfGriaaupe CH@REn 1R PreBEfhRher etloe ctasbund
i sol ated t hesedordingly, aie pfdsest iﬂ&&ﬁﬁpﬂ%[ﬁses%kctﬂgrcgﬁt BemdShds fsﬂé}ﬁqtgﬁe

prevention and treatnment of ischem c di seases, cere nerve sys

di seases or exlragtovarshel effestyetlyrusal dos prswenting BEA/ HBIRAL 2M6nicSALKR 28.

2. 2003 4 In,accordance with still another aspect of the pfesent invention,
there is pro$iSgatesasuch as isghemichgiroke cangd eAlgheimer’sodisepsmt and cardiac

ficus-indi caisehell%l@fsﬁa{rgé)ggg)ghls(ﬁlaﬁlté&d%&heref romfor the prevention and

treatnment an rschem c drs 2 nerve system di sease or a

cardi ovasgul ar system di sease. 5 Brief Description of the Draw ngs The
above and other objects and features of the present invention will becone
appar ent fr obunmimatylof she dnvertioni pti on of the invention, when taken io in
conjunction with the acconpanyi ng draw ngs which respectively show, Fig. 1:
inhibitory effects of various fractions extracted from Cpunti a

Accordingly, a primary object of the present invention is to provide a
therapeutic use of an extract of Opuntia ficus-indica or a compound isolated
15 therefrom showing anti-oxidative activity for the prevention and treatment of

ischemic diseases, cerebral nerve system diseases or cardiovascular system

diseases.

In accordance with one aspect of the present invention, there is

20 provided an ethyl acetate extract of Opuntia ficus-indica showing anti-
oxidative activity for protecting nerve cells.

In accordance with another aspect of the present invention, there is
provided a compound isolated from the ethyl acetate extract of Opuntia
Jficus-indica and a method for preparing same.

25 In accordance with still another aspect of the present invention, there
is provided a pharmaceutical composition comprising the ethyl acetate
extract of Opuntia ficus-indica or a compound isolated therefrom as an
effective component, which can be used for the prevention and treatment of

ischemic diseases, cerebral nerve system diseases or cardiovascular system
30 diseases.




frcus-indica fruit on xanthine/ xant hi ne oxi dase-i nducep(E/KRO%/020M0 Fi 9.
2: inhibitory effects of various fractions extracted fromgDtisarizgos
ficus-indica fruit on hydrogen peroxide-induced neurotoxicity, Fig. g:
i'nhibitory effects of various fractions extracted from Qpuntia ficus-indica
stem on xant hi ne/ xant hi ne oxi dase-i nduceg neurotoxicity, Fig. 4: inhibitory
effects of various fractions extracted from Qountia ficus-indica stemon
hydr ogen peroxi de-i nduced neurotoxicity, 20 Fig. 5. inhibitory effects of

t he conpounds iso}ated from an.ethyl acetate extrxact of nt i

1 ousoT hal ca. on’ xinarroTaRRen SRR el arBlE: Heatref Mrniseabiitehfonchgre .

i nhibitory f i r(gr@g acet: ract
of Qpuntia ?%?Eg{’lﬁlr? i%gggr?qﬁ%% ena%eé?ﬂg%)ﬂqu;tn uc gnéém;léeuur%%% ?ftﬁfr}é Fi g.
7. DPPH r adicoatpaarl tsadated thetéfvorhi f8 the precentiomp anddseatamsmtadischomian
ethyl acetate extract of Opuntia ficus-indica, Fi,g. 8: superoxide anion
radi cal scavldsefisaga aerebrak narye systene dissagoona sardiovagcadar systan slisgasg
acetate extract of Cpuntia ficus-indica, 30 Fig. 9: effects of quercetin,
quer cetin 3-net hyl ether and PC T/ KRO2/ 02010 I SA/ KR 28. 2. 2003 5

di hydr oquer EPD%@cfitﬁ?idjﬁf)Pﬂfémﬂvﬁﬁ gme of cerebral cortex, corpus
striatum or The totar tntarctrom votune, Fig. 10: effects of quercetin,

guercetin 3-nethyl ether and di hydroquercetin on the corrected total
infarction volunme, s Fig. 11: effects of quercetin, quercetin 3-methy

I
ether and di hydr odiirabstvieranshotbwepbjests and featurasgf the pregens davergion will
guercetin, quercetin 3- hyl .et and di hydr.oquerceti n on neur ol ogi cal
Tecovery " = PBo RERATRRC P, Hec o sy BREH SR e i fhrdibuh o BRefon
provi des;,a o?@&?é{ cak gp&g i i 2t i,schem c
di seas esl,0 bﬁgi%;\ | seg%rg?l%f&car P?\ng Zaﬁgﬁéﬁﬁggﬁnﬂg?ggg%eég&ﬁm %:lﬁmg’orrpri ses
an ethyl acetate extract of Qountia ficus ~ s indica; or any one of
conpounds sel ected fromthe grou& consi sting of kaenpferol of formula ( 1

¥

), di hydroquer cet Figot: mbibitory etfpctarnf variuselrpetioneextyacted HeomoPptiatiqul a
e iR PSR FRHERL xR oY BByt o=

Fig. 2: inhibitory effects of various fractions extracted from Opuntia

15 ficus-indica fruit on hydrogen peroxide-induced neurotoxicity,

Fig. 3: inhibitory effects of various fractions extracted from Opuntia
ficus-indica stem on xanthine/xanthine oxidase-induced neurotoxicity,

Fig. 4: inhibitory effects of various fractions extracted from Opuntia
ficus-indica stem on hydrogen peroxide-induced neurotoxicity,

20 Fig. 5: inhibitory effects of the compounds isolated from an ethyl
acetate extract of Opuntia ficus-indica on xanthine/xanthine oxidase-induced
neurotoxicity,

Fig. 6: inhibitory effects of the compounds isolated from an ethyl
acetate extract of Opuntia ficus-indica on hydrogen peroxide-induced

25  neurotoxicity,

Fig. 7: DPPH radical scavenging activities of the compounds isolated
from an ethyl acetate extract of Opuntia ficus-indica,

Fig. 8: superoxide anion radical scavenging activities of the
compounds isolated from an ethyl acetate extract of Opuntia ficus-indica,

30 Fig. 9: effects of quercetin, quercetin 3-methyl ether and



<Formula 2> HOOH O PCT/ KI't 02/ 02010 | SA/ KR 28. 2. POT/KR02¢62010
conpounds of formula 1 to 3 may have an asymetric carbon gagegbgrn. yagghi n
their structure, they may exist in the formof enantioner, diasteroner or a
m xture thereof containing racemate, and accordingly, these isomers of the
m xture thereof are included in the scop?) of the present invention. The

i nventive conpounds are capable to also fform pharnaceutically i o

acceptabl e salts. These pharmaceutically acceptable salts include, but are

not limted j; i i | i r ,

codi um hydr cindrPEEEEBh o5 VB OF kb o isBhut Sy oym
sodi um bi carfoiattetal iefarstonWohigar bonate), al kali netal carbonate (e.g.,
sodi um car bonat e, potassi um carbonate, cal ci um carbonate) and an organic

base such ~ s as &igri Mar yeffeetsorafar quemadtinger quencetian heethiyhoether d.and
Further, the,.lnventive co nds can exist. i.n t.he form of sol vates,

especi al |y adlhyéf%ﬂ‘@m%gg&ﬁ%ﬁoﬁﬁ?t@c@f@ igfargHPN YVME. | sol ation or by
t heir hygroscopicigty inith rse o j S t sy drates are
i ncl udedgji n the sgg%'e 2% tﬁfefE%ve(ﬁ;i%%éﬂcggnﬁnag%créglét %oﬁ?%}ggt ?gle? afid

ficus-indi CMih?dfdtgld@ééﬁ@@his\a%lﬁﬁgiréﬂ'iéy for nerve cells can be prepared by
extracting the fruit, stemor steamdried fruit of Qpuntia ficus-indica

with ethyl acetat &igf ol2exeffptts, dfy gqhercstippsqoércetinned-ymethgppethgrt and
fruit, stem@iﬂateamdrledfruit of, a?)untiafrcus-indica; soaking in 0.1 to
10 .~ , pref rQdusreetin on neurglogical Tecovery) cohol , e.g., 2s net hanol and
et hanol, or an aqueous solution of C-_3 al cohol per kg of said chopped
Qpuntia ficus-indica at roomtenperature for 4 to 5 days to obtain an

extract o xtDetiildd Diesétiption dethie Kivemti@and renovi ng the al cohol fromthe
<Formul a 3> PCTT KRO27 UgUIG [SAKR 28. 2. 2003

The present invention provides a pharmaceutical composition for
preventing and treating ischemic diseases, brain diseases or cardiovascular
system diseases, which comprises an ethyl acetate extract of Opuntia ficus-

15 indica; or any one of compounds selected from the group consisting of
kaempferol of formula (1), dihydroquercetin of formula (2) and quercetin 3-
methyl ether of formula (3), and their pharmaceutically acceptable salts,
hydrates, solvates, isomers and a mixture thereof.

<Formula 1>
OH

HO

20

<Formula 2>
OH
. g
RO

OH
OH O



7 filtrate to obtain an al cohol extract; adding 0.1 t oPCQT/KRO202G1GDbIy 1
to 4..~ of water to 1 k~ of said al cohol extract; and extn@eiirs.h®o3

resul ting aqueous sol ution with 0.1 to 5 ~, preferably 0.5 to 2 .~ of
ethyl acetate (EtOAc) to obtain an ethyl acetate extract. It is also
possible to directly extract the fruit, stemor steamdried fruit of

Qpuntia ficus-indica wwth ethyl acetate to obtain a simlar extract. The

inventive ethyl acetate extract of the fruit, stemor steamdried fruit of
Opuntia ficus-indj hi gh activity in: clearing DPPH ( 1,1- _
di phenyl - 2-pi cryl ﬁgg@ﬂ%\ﬂ?ﬂ adi cal s; _i nhi bi ti ng xant hi ne/ xant hi ne oxi dase
to induced neurotoxicity; and supp 9kt ng hydrogen per oxi de-i nduced
neurotoxi city. Such activit w et hyl acetate extract of Qpuntia
ficusindica is unfflre rrtfat ofke exf racts, e.g., CH2C12 and BuCH
extracts thereof, ar entially i nactive. Thus, the ethyl acetate extract
of Qpuntia ficus-indics an™~gfpid ci ent i s ROS scavengi ng agent and can be
used for the purpose of res enting and treating cerebral nerve cell damage
caused by brain diseas such as Al zhei ner's di sease, stroke and

Par ki nson' s di sease; and nyocardial infarction by preventing myocardiac
damage from cardi ac i schema. Fromthe inventive ethyl acetate extract of
Cpuntia ficus-indSsce ompounds of doraulad$ tO@ npayoheve an@symmetric carbohe

i sol ated by way of perform ng col um chromatography using a silica gel,
Sephadex 5L H-cemterRmitlgn ﬁlﬂllyégﬁudﬁlreﬂ'éb@péﬂﬁ}’o@ﬂmm ribei foren| AfngnantiRlgEe of
a Sephadex L .20, RP-18.0qr sjlic el, columm is preferred. ..As; t he

esut -5 oxdesterdbr Ot & modhrE el Kosafiipe el ndisroidintyt Mese
kaenpferol 3 I : r LOE Al e ! i

3-net hyl et ﬁg?ﬁx&gs\y/é) ngeHeéﬁh?lgo at g%tr?(?%r%g% Egg{%gn{fsgé ;htc%?? ggg?gteﬁeﬂeg%tr act
of Opunti a fingsationdi ca. 3- Oxo-a-ionol ~-D- glucoside, kaenpferol 3-nethyl

et her and quercetin 3-methyl ether are isol atbgz fromQountja fi Cus'_iaildi ca
for the first timdheninveatiye comppoynisedie; ¢Apablptxalsepfarmy phagnaseutically

o ot ner i 1 canceptiE iR oSk AR oAl af FRETaRs sl PO B e

as wel |l as xgeyt nhﬁf%/dxgﬂtaﬁi BoreXhidasRe itk shawa st (68!, sodiengi ng
activity. The conpound show ng the highest inhibitory activity for

xant hi ne/ xanhydroxidesi patssiam Hyytirogate)pealkali daetai dbivarboreate ofeog., csadiuins s
quercetin 3-nethyl ether, while quercetin, dihydro uergeti n and kaeppferol

. .
al so exhi bi t bispEmate.apetagsiuny i hicabonatrdy alkale metal (easbeRAE (86 M hat

the elective ¢ e e t..of I

ficus-indi cac?rﬁgggt%\’/@ﬁqugi;‘jmhgglfboéﬁ%\(é’a%gﬁgg{ ??@éhégeﬁtaﬁ@n@%%%%?%seo%c ase
or hydroper oxd ﬂ@rirﬂﬂ%ﬁébd%ﬁlarﬁhﬁditéﬂtlaw@hﬁn&&ﬁﬁﬁb&fo@d., quercetin, io

di hydroquercetin and quercetin 3-nethyl ether. Further, dihydroguercetin

and quercetin 3- ndiursherethe invendivef ¢ompennds canearjst in ie foiparafxsalwates,

radi cal s generated, b ant hi ne t hi ne oxi dase, .and eff.ecti vely inhibit
neur onal ganﬁﬂ@CEagbéédﬁﬁarWAﬁy@%%tmﬁy?‘H’é]trh &%t ﬁ@mgslsB%thncﬁf o y
active in pr j I N@LvV | §¢i N iQ$ehS hadC mage
ani mal nodel ﬁ{eiﬁm?%@‘%ﬁa‘%np ee‘régfiﬁledlﬁﬁ)} rg'qugf%g}elt %g%ngggrlg%?%@%aﬁﬁt hyl

et her or thejitdéd ﬁpﬁieag@peﬁﬂtheﬁn@ém@unti a ficus-indica can be
advant ageously used for preventing and treating neuronal damage caused by

cerebral 2herve sysAnnexfiraetaoésOputtiaaficut-indico aaviagr proteetive satiyaty for
Al zhei mer' s di sease, and Paxki nsony'.s di sease: .da f 20 e} L and
tissue (in pHP’E“iec%‘Iﬁ}ﬁ can Fé’JFB‘I‘reH b&gxﬁéﬁmgﬁﬁe ?‘iﬁlﬁg&g mc%(yéggmﬁgﬂkg gﬁb#‘n a;
and cel | daﬁegeodgimﬁ&;(?w?s\-fﬁ&z% %it@yahgmaeétﬁ&df&yex&ﬁgfép By stehstéps of:
i schem ¢ nyocardial i1nfarction, and cah be also applied as a

finely chopping the fruit, stem or steam-dried fruit of Opuntia ficus-indica;

soaking in 0.1 to 10 8 , preferably 0.5 to 7 & of a C,; alcohol, e.g.,
25 methanol and ethanol, or an aqueous solution of C;_; alcohol per kg of said
chopped Opuntia ficus-indica at room temperature for 4 to 5 days to obtain

an extract mixture; filtrating the mixture and removing the alcohol from the



neur oprotective agent or a cardioprotective agent. PhaPET¥KR02/02010
formul ati ons may be prepared using the conposition 2s of tR&/0f e8enioo3

i nvention according to the conventional procedures in the art. In such
preparation, it is preferable to mx, dilute or encapsulate the effective
ingredient with a suitable carrier in the formof capsule, sachet or other
container. Therefore, the fornulation of 'the present invention may be
prepared as tablets, pills, dispersions, sachet, elixir, suspensions,

enul si ons, ' \ .0l B1: har i syl es,
i nj ection sgil?lttj ?%F@bg%ﬁ&%ﬁ%%ﬁs&&ﬁ@%f t(gﬁozgogp%?%l‘r%%%gg%siﬂons,
oi ntnents, cifeREter®s 1l ki oNsaidRIasREICaUEdctpand crgacii@feresaltingigueous

exci pients and diluents used in the inventive pharmaceutical formulations

i ncl ude, ar esodatiomwith Dnli taell £ o, priefierablye(). e r b s eof ethyl asatatesd@tOIA Q) to

mani tol, calcgiumsilicate, cellulose, s t hyl | | ul ose,. m crocrystalline
cel | ul ose, tain %‘}Ff}wgﬁ@,et%%?'?cﬁmtlﬁﬁ %&wf}ﬁ%é‘hé&&pﬂy sy enfiditoxy
benzoate,  t i . meneral soil - 0 ' of the
or osont v e SeS R ARAL BT SR IPRL Dol i B AR b Yhhai

| ubricants, aeintilfxdexaggnt s, odoriferous substances, efnulsifying agents or
preservatives. The inventive io Ehar maceutical conposition nmay be

formul ated to provilgeinventivedsthgbacéetateoestract df ithgy dliit,edtems er sfeannelried

Comocnt ! Snat PtobCAlmRHE ek oo g A mSH G e (15
phar maceuti c 095]:L. e _agh ni. si ek r ] v a_parent al
phar maceut | CaphEATROshIAy AR BE (ABEMR SRR Shbihibe Rafih RRREL!
For the purpigglaced andirbfixdeityadahdi sthppressinga hydozeh dpbtokidesfd@led he
ethyl acetate extract of Qountia frcus-indica, or” kaenpferol,

di hydr oquer cegunotaxicifyer Suth racsivitt hy ithetetley! acashtt extradteo Ommtimyficusnge
20 from10 tp 70,Q00 ng/ kg. bad i ght, preferably from5 0 000 ny/ kg
body wei ght T dh ‘Hélngﬁﬁn‘inn?@%r qt ?’htrgc%i Fdhe cﬁ'&%@m@&é‘d@h Fatraghse.

I n particul ag, [ fcdaSis 1: 0 ed via ari intravenous or intranuscul ar
i njection, f{l}lgt%?&éﬁiss&%’g?@@g@%@%ﬁy range from 10 to 5,000 ng/ kg body
wei ght, pref er abl YTHusp thé 2thytl acdt4le @xitmick & f WOpyn e k- indREMEn efficiean be
2s changed into the higher or lower daily dose of the effective ingredient
dependi nf onROS seaednging agese anduearhbe used Enotliedpwpose dfr prevettingaand he
amount of thg effective ingredien tually admnistrated,to a certain
pati ent oughieRBnCCHEPElniFes ik CGragsr CPUsT U rUpdisoashs; Spef as
including th | fq ef; | V&rGIREP KA d PasiahBh S e h d i

age, sex, he‘gﬁlﬁa%lgecsoﬁ&d??%gh,ﬁal et % excr e?dl)%% rcg%gsg’f e%rﬁg %ﬁ\%ﬁg%}l&l
patient, theinfardiom by pteventinghkBoardi@dddmagéfidin 2ardidc i enik0 of

adm ni stration, the conbination of drugs and the severity of the patient's
symptom Furt her, ktem tthe Bvepbye ethydcapatatengxtasleof ePpputial ficusrindisat i ng

<" compoufils FRLrerrUnpeUEdor R oL iRE L nusIB: Hah” et PO APy oft ' @
i ngredi ent sgéM6ifthd ESRINA hRIRMoRY SRy Weink- K SiPleR c%%f,@&)lﬁd%k%ﬂ&(ﬁ Rpent s.

Exanpl es of nherve protective agents whi'ch can be a ni stered together with
t he inventi vé8cpolyamide, FoyoperhoeXADyresa eadufor. | The aasiofig Sdphadextddhi one .

concentratiog ﬁt)rrggl Bi e as.a cal ci.umapntagonist, vitamin Cand i o E as

an anti oxi dad®, RPrig g Sgl%ﬁﬁlﬁ@g‘é‘ﬁndéﬂrﬁ% fi§-as a thronbol ytics, and ot her

cerebral nerve andygar thovascuier PLBLESHOfI0GER e Rder THAARR,
Se or tredtin I seas

conprising the inventive conpounds "u I scheri c es’ may

further sonpdilfrirekdenpierel, dehiedbferd PB-MRERWA Hthé cﬂi&@cétfrﬁadih?dr&ﬂiﬁﬁgﬁhpf
nerve cell and’tissue FI n particular, i s Cerebral nerve cell and cerebral
tissue) causanduersetited-metbyl cther haveaheenfisolated from the inventive ethyl

acetate extract of Opuntia ficus-indica. 3-Oxo-0-ionol B-D-glucoside,

kaempferol 3-methyl ether and quercetin 3-methyl ether are isolated from
Opuntia ficus-indica for the first time in the present invention.

30 Kaempferol, quercetin, dihydroquercetin and quercetin 3-methyl



cardi ovascul ar system caused by ischem a. The fol |l ow nPEFRHKRO/02010est
Exanpl es are given for the purpose of illustration only, aRd/RRE8Mb03
intended to limt the scope of the invention. 20 Exanpl e Reference Exam ne
1: Measurenent of DPPH radical scavenging a~ctivity 2s The anti-oxi dative
activity of a test sanple was represented, by its electron donating ability
(EDA) which was neasured by a nodified hod of Blois (Nature 18l:1199,
1958). Nanely, a test sanple was dissolved in 99.9% et hanol and diluted to

BPPH sol ut i oAiEh Cegyispa T sy BR) Ay tdNREd By:ebl) msatiie™ss *
et hanol ), agw%ﬂt@sdxiﬂhl&/ﬁﬁﬁhlﬁldxfcﬁ%tﬁiﬂ ghow l'f’gi'i/ IBROR Pfidh)l ic%/e@n%
2003 11 37C for 30 min, followed by measuring the& absorbance of the-m ture

at 515 nm Emmvm@s cBhd neeragofind mshbwisgnhe' highesor biribitorye! attiviey t ot hat
of a control, B . CSO, 1 e res tlng 50% i nhi bitory activity was cal cul ated
therefrom sXgghucixamh PERB NPCIGKI Fidée\éliﬂt@ﬁlcité(discal

scavengi n xi.de.an
adicar 1o garteids ﬁﬁéfh?ﬁéﬁe&?@bﬂ%ﬁ%@%@%@fb&ﬁ#‘%ﬁeﬁéﬁ B REERER Gase
(XOD), the n@ltsboe?idﬁbﬁ%’TgﬂﬂItahv aEﬁdﬁle@,t THerefore 2ittiths BRG corfifined ) tas
performed~as follows 8st sanpl e sol utions of various concentrations were
each ni xed weffectivel comipoments of the ethylMcERITA exBact of Gpuidy ifivessedion in

al bumin (BSA), t s 25 mMnitroblue tetrazolium (NBT), 40 n1\/||\|a2(1)3 and 7 X
10- 3 unit XCPYavening; n RCUE endamagsn mooxwmwxa@%mw exidasT for 20

m n. ~ hereactl e to stop the
react | on angy@]{%’%r%%{lg?@g@gg@f 3%31%8@3‘@?%)6 rﬂrgt ur }(fﬁg sur ldergpagﬁo nm
to det ermnedﬁfy@r@q@m&nﬁfanhcqu&é@m% mBehyd efy@ngi ng acthl ty of superoxide
20 anion radical was estimated fromthe absorbance relative to that of a
control, and | CSOuphers dihydrgqBesdetinhad tqmuepceam Bwnb’ghyha&thenhmj Ieﬁ@dnt

t herefrom Reference

anple 3:, Prim cul tur cereb ocortl
neurons 2s NEGAVGREFISE Isg‘BP’éQ?‘IIQ? dadica Pﬂ%raﬁ%f @Br%ﬁ‘n e/xaptding oxi ase

o Lt softld eferROLY IR Rrfiichl'Ehade LRI AIMIAC Gfércdtin 30 ©

Spr ague- Dawl et eﬂf@?rm%arﬁbuﬂa@}iﬁcﬁ%’ Snoﬁr(ﬂ@cﬁtir% cerebiRY ﬁefv%%é‘ﬂ@% and
meni nges encephal i was renoved therefrom using a dissecting mcroscope. The

tissue thus Bohemtei certbrak dampagat edimal onwidelyl e Asicosdingly, r ikaenmpiferod,
using a Past dih (ﬁ)‘oguercetm, quercetin 3-methyl ether or the ethyl acetate extract of
Opuntia ficus-indica can be advantageously used for preventing and treating
neuronal damage caused by cerebral nerve system diseases such as stroke,
cerebral concussion, Alzheimer’s disease and Parkinson’s disease; damage of
20 neuronal cell and tissue (in particular, cerebral nerve cell and tissue) caused
by ischemia; and cell damage of cardiovascular system caused by ischemia
such as ischemhic myocardial infarction, and can be also applied as a
neuroprotective agent or a cardioprotective agent.
Pharmaceutical formulations may be prepared using the composition
25 of the present invention according to the conventional procedures in the art.
In such preparation, it is preferable to mix, dilute or encapsulate the effective
ingredient with a suitable carrier in the form of capsule, sachet or other
container. Therefore, the formulation of the present invention may be

prepared as tablets, pills, dispersions, sachet, elixir, suspensions, emulsions,

30  solutions, syrups, aerosols, soft or hard gelatin capsules, injection solutions



PCT/ KRO2/ 02010 | SA/KR 28. 2. 2003 12 in a nedium (MEM PG BPARIR02010
contai ning 25 nM gl ucose, 5% FBS, 5% horse serum and 2 nmVgdxmipuigamings The
separated cells were plated at a density of 4 to 5 X 105 cells/well on
24-wel |l culture plates previously coated with poly-L-lysine and laninine to
a concentration of 4 to 5 X 105 ceIIs/webI, s and cultured in a 37C

i ncubat or under 95% 2/ 5% C02. A portion”of the culture solution was
replaced with a fresh culture nedia tw ce per week, and cultures were

treated wit 0 I: bl i 4 to 72 hours at day 7 to 9
after plant %ﬁéﬁ%@éﬁ%ﬂs&%ﬁ@@tgﬁ%ﬁmgﬁ lﬁ@@%’eur onal cells. The cultured
cells at day 10 tphdmaddificallyadticeptbl® clrriiedek FipRMME ahdriilents As&efigr ence
Exanmpl e 4: 1nduction of neuronal cell danmage by oxidative stress The

cul tured certheriaventive ghacmatsutienl eforamiiationsh imdude,nese wot foua limited to,
HEPES- contrql |l ed saJt sol ution (HCSSfa(iw nd tr,%ited with serumfree MEM ~ s
( MEM cont ai AR¢§S95 AeRITgse:c SYErQssd Sor €| maniiole \caleinpy i dheafex sinlhlese, (0. 5

mV) and xanthj X (ons . {0 i n. 49,4 ngk c

ehsod by odBERSL RS, mikdaMsiiHing Heibiod, iy i Hibhie” el B
wajshed with y%’éi’xz@ﬁiet jiréﬁyl ﬂyéﬁi%%ﬁﬁ@at&EMlb,aﬁ’fdg?ﬂsﬁﬁﬂtd%d}ﬁfé(@ﬂﬂ hi ne
oxi dase at 37C for 20 to hour s undér 95% 02/ 5% C02.” zo Cell|l damage
caused by hydimeyeh qibr oxIle fexmulationse dfbythe wpstseny inventiont mayd fwtHes,
treating with HCCS contai ning 100 p, M hly rogen peroxide for 5 gin,, washi ng
repeat edl y, GOSBPHES réllelﬁe anti-copgulapts, aluRricANte r WetHRS 290015, a RHOTIERTONE

culturing fo tQ 24 :3.:_The ur r eate i th var.l qus
concentrati d%if?%gafwgs’t eg{}‘?’i%ﬁ%lpg fggéjljftshoﬁf, Vﬁpgeg,? éﬁvé\{'t h Z?hw ﬁweﬁ'ﬁ'vg
xant hi nefyxargiHrfiticeiies L fipBHifoRIMapebexifdfnafrdests | povilieva impidie
presence of the test sanple,” and furtHer maintained for 20 to 24 hours, as
above. The ecdrgimuont areddlayedrecjeasemof teasfleetivdyngdedienttaftmt absinistbedgi n
Ref erence Exanple 5. 30 Reference Exanpl e 5: Measarene,nt of _neuronal, (iell
damage  PCTRKROMmDgH accosdmeriopthe convengignabpmisedargsain: thephagmageudgalt he
cul tured negﬁgldcel | s treated according to the nethod of Reference Exanple 4
was exam ned nof phol ogically using a phase-contrast m croscope or

determ ned by nmeaqiel idgehtite phhinihésntifal cafipisitich 6@k be radacinaseredlddally

rel eased into the culture nedia. Data were cal cul ated as percentages of the
control 15DH ercvia ipagerital réwtes suchras peciutanenyso ssbicutaneous,r sdpyenpus or
oxidative insult in ihe absence of test principles. The inhibitory activity
of a test saWWaBYSSUIaThe oxidative nerve cell damage was

For the purpose of a clinical administration, a typical daily dose of

the ethyl acetate extract of Opuntia ficus-indica, or kaempferol,
dihydroquercetin or quercetin 3-methyl ether isolated therefrom may range
20 from 10 to 50,000 mg/kg body weight, preferably from 50 to 1,000 meg/ke
body weight and can be administrated in a single dose or in divided dose.
In particular, when it is administered via an intravenous or intramuscular
injection, the typical daily dose may range from 10 to 5,000 mg/ke body
weight, preferably from 150 to 3,000 mg/kg body weight, however, it can be
25 changed into the higher or lower daily dose of the effective ingredient
depending on a certain disease. Further, it should be understood that the
amount of the effective ingredient actually administrated to a certain patient
ought to be determined in light of various relevant factors including the kind
of effective compound administered, the body weight, age, sex, health

30 condition, diet and excretion rate of the individual patient, the chosen route



cal EU ated fromthe anount of released LDH rel ative t oPNEYKR02/020t0anged
io control. The neasurenment was repeated two to four tinmeggaadid SSmos
representing 50% i nhi bitory concentration was cal cul ated by nonlinear
regressi on anal ysis the nmean val ues using Prism (G aphed software Inc,

USA). i s Reference Exanple 6: Culture of srat cerebral hippocanpus cells
and cortex cells for neurotoxicity test 'me hi ppocanpus and cortex were
extracted fromthe cerebral tissue of 17-day old fetus of a pregnant SD rat

using a mcrgsc . ract ed. [ d ri{ex re b,
separated i nq%iacﬁfiﬁﬁ%&io@ftﬁa ?ceorﬁgmagoas@ﬁgﬁ%g%@eﬁ{%e?%ﬁﬁ?th(lﬁg & q‘%%%t 5
obtained th tom. by centrifuging were inoculated into a 96-well plate
coated with poly-L-1ysine. H ppocanpus cells were inoculated at a
concentration of Fubthér) ddr ahel piypsse, ofinatquoringxacbétter, result inoteatingat i on
of 5 X 104 cells/well|. 200 ~ of Neurobasal nedium (Life 2s technol ogjes)
cont ai ni ng 2sslEemic digpgsesretheamyentive exftactost Prpmiicaficus-isdiean os aelave

gl utam ne was_added,t o each well, . and,the pla i ncubated at 37C. After
72" hour s i naguaeoones Thd o ol aupeRdd odBher TR of mbheio

| acking gl utiagpdfenPficletled 6! ﬁle‘c’lﬁ’{e%iéd‘s'lofl RESILREWREhETe }ﬁ'o'f‘@dg\%t sty
test was perforned after 7 to 10 days. 3 PCT/ KRO2/ 02010 | SA/ KR 28. 2.
2003 14 Ref dEeampldsxafipleevd prétdctive agentpreheoh cag loendirialisteaed! ogdetlom

neur ot oxi ¢ dapmge, caused by NVDA The cultured cells prepared in Reference
Exanpl e 6 wewgﬁt that kyestive: gompounds) MvDAN(aselARYstesle don olncgeasing nihgce

cerebral cel i 1 R . the pr fi xe t. of a
Cost sarm! o SRS clicshuBtioh bRHRING o AR AtaBonist SRERL it o
sol uti omgnasE RAGH AticEHAG, AikshPrhIABRTGAA akiiyatoBOAN | theGbYRARACIARG. | ©
Ref erence Exanple 8: Activi for preventing cerebral cells from’neuronal
damage causecthby cgrebralndrae tand-card iovasowlbr pratective agemtscel | s prepared in
Ref erence Exanple 6 were cultured in NVDA nedi.um contai ni ng 2% B27

suppl enent ary nut rilentdformplations, coppyising the dnventses wonapourds used aferg

with the sa Lum bkt Ki 71SUppl tar ut.r | ent khduce
cell death g@ﬁ%ﬁ% b&gﬁ%@g n@??%’%ﬁoﬁﬂ%ﬁﬁm#4eﬂﬁ'&?§? t é}a.r’régfﬁ%%itgL@

rel eased by %Elvbnﬂ_ﬁgraﬁd Stré@ingE@AHASS O nReveéiteliDAnde fisstid Neh Kpdrticular,
(Boehri nger nnhein) to quantify the extent of cell death. 20 'Reference
Exanpl e & PReaphraltieove oéll andaterehrabtissiie)tcansed bytis¢hemaia, or celdrdamagectieni ¢

dama; ~e caused by mddle cerebral artery occlusion (MACO- reperfusion 2s
Mal e Spraguec@éx‘/ﬁ%’/‘@yﬁcl*g’ﬂ'éﬁtﬁakﬁ%‘l‘ﬁeéﬂﬁéﬁ A& ani mal center,

The following Examples and Test Examples are given for the purpose

of illustration only, and are not intended to limit the scope of the invention.

20
Example
Reference Example 1: Measurement of DPPH radical scavenging activity
25 The anti-oxidative activity of a test sample was represented by its

electron donating ability (EDA) which was measured by a modified method
of Blois (Nature 181:1199, 1958). Namely, a test sample was dissolved in
99.9% ethanol and diluted to a suitable concentration. 10 w©f of the
solution was mixed with 190 ¢ of a DPPH solution (1,1-diphenyl-2-
30 picrylhydrazyl; dissolved in 99.9% ethanol), agitated for 5 sec, and reacted at



Eunsung) wei ghing 2S0-300 g were used as experinental BGTAR0OIZE2010
experinental animal was anesthetized with 1.5% i sof | ur ane € ARRraze2. 26boong
\We Pharnmaceutical Co.) using 70% nitrous oxi de (N20) and 30% oxygen (02)
as carrier gases, and operated by the nethod described by 30 Nagasawa and
Kogure (Stroke 20:1037, 1989) while mai ng/fli ning the PCT/ KRO2/ 02010 | SA/ KR
28. 2. 2003 15 experinmental animal's body tenperature at about 37 0.5C
using a heating pad and a heating |lanp. The cervix was incised al ong the

m dl i ne of ngck,Qf th t i I ri

carotid arté?eq f(ﬁrt %Qr{gfn,gfgflg)t%fedp §§ﬁg§@wee%pg&rpéﬁgga¢%dﬁ g’rwtﬁg?;?tv\ere
careful |y separ ghed HYAT ®hE @8tiMAtdE oMy ithe saidptes| RofRince reliaivram tHae
nervus vagus. The conmon carotid artery and the external carotid artery
were |igatedf @ cofitnoly hdhd Cas abpresesting sSX%beuhhibitoryt hetivity evasakcalealased d
artery fromthe bifurgation point of the internal and external carotid
artery, andth%!?fllqn&at ed just above the insertion io site to occlude the
base part5 of the mddle cerebral artery. The probe had been previously
prepared by maki ng one end of a 4-0 nylon suture (N tcho Kogyo Co., Ltd.,
Japan) i nt o RefsRfilel ERAmpRAPEMBAshEGheATo P BEhérBkideaniba @dim%bvéﬁ%iﬁg mm
(the |l ength excludes the spherical end), follTowed by 1Tmersing an about 7
to 9 mm | ongchwityi on of the other end in a mxture of a ~s silicone (Bayer
Dental , Xantopren) and a hardeni ng agent (Optosil Xantopren Activator,
Bayer Dental) to forma coating having a thickness of 0.3 to 0.4 mm This

coated end was inserted int h ¢ nal Yool . -ock. tihe bl ood
fl ow t herethr oughi%ASE‘)Wag%c}pg g‘ﬁfﬁ{%&%]lggataecﬁwi’lﬁéuoci %ﬁ %éo\r{%%ér)aﬁlﬁlgcﬂa?ﬁl&e{,

neur ol ogjocal gl by e réBassH Beiwadtxhihin@ahd XBhfFANE ARIHBINOD)/ the

neur ol ogi cal™ deficit "synptons were included in the ischem c group. The

neur ol ogi calmetfadcdéescribedjydfeda by abi{Pdanton dlad 8y 199 was petformadias

fl exes vvhenetlhe rat is lifted by the tail in the air, or whether the body
turns to thdolleMsieit her spontaneously or when lifted by its tail. After

the mddle cerebr Tes%agﬁﬁ%o%gﬁti%sgbg%ﬂoﬁgéo%%t@é{b&sﬁgé{eﬁ%&?ﬁr@ixé%

cerebral 2s ischemC T repare ure site

whi l e the any rahMagndiigel 0anaVINEBDTA b0 | soMYubevige sordmpalbuintia (BRA),
spherical end of the probe out about 10 mmlong to make it reperfused. The
sur gi cal 15si t25 wa¥l niteorbluetetrann]ivam NBIE), Aélmbﬂg\ja&% dad 7oK d Ovagnih&dalr ed

after one day. The brain tissue renmoved fromt i mal, and subj ect ed
to histol ogi ©a 198l cpueentrajion 0&%@?@%‘?@% 2%@&0@_0 %3 %24 @)ut
30 min after_¢ | i ' 9 ' i ny/ kg
of querceti n(,)f gﬂj‘éﬁ ela?'ll dl;ll% gbﬁgg?ﬁgl/?@é? rf%? q‘%éag)lré%?gghg?c%?ﬂﬁhgv\géa%tgm’ %g tered
i ntraperitonggl lapsofbancanpfetie reaetion atriirturef was eneasared oht Ghihtim to

ficus-indica fruit and its activi , for protecting nerve cells Fresh fruit
of Opuntia fdetgemingitheaamppahotiymazaseandharavsngmg: a¢HabHORBURETOEIfifdong

mar ket) was fi.nely .chopped, .an ds rer i ef r 8 f the
chopped % ui ‘I’n]\?/&sl%glféi &%FSi %t@g&ﬁq@%@%%ﬁ&g&%ﬁ%@pﬁ%p ﬁ r,a ecolff%}oq’él to
5 days, and 4 t i i bAES, and

t he conbi nedaﬂ}r%%%g)nlgﬁ res? (%l ﬁ?ﬁ?ﬁb’&g@f?%%% ?g?ggyﬁsfs?%(éﬁ%%e%ﬁgﬁpor at or

at 40C to obtain a nethanol extract, Then, 498 g of the nethanol extract of
Qountia ficus-indica_fruit was 1 s dissolved in 1 Q of . er, and the

resul ti ng agBeterenee Examie s rong vaeuliure Qfdat cerebEocoriica lneWORB| or onet hane
(CH2C12, 600 Me X 3), ethyl acetate (EtQAc, 600 MLA X 3) and butanol (BuCH,
600 MB X 3) to obtain. Several different solvent fractions were obtai ned

fromrespective ongamidhaf¥tllaédclaRadrontttel é@bbﬁﬂ%@@@e%ﬁSppag};{E@D%
radi cal scavenging activity and 20 inhibition of xanthine/xanthine

oxi dase- i nduradembryosdwerg nulfurask by ¢ha duethwdndescotbedi by Chonet al.fddfeud@d i n
each fractio ccordj to e t hods. described in Reference. Ex les 1
to 5, respecgﬁaéﬁ% i@gk)novxﬁqam\qu é&’ qerepr n&oﬁtéﬁﬂseo?, éP%uH?QﬂWi%r@fhane
fraction (GD), 1t tian rAact 4 ) t f [

[ractt on, {COLnyb0s BEURIPh (LGACAS BEARER, PO 108pibR! B eSS el
the inhibiti Qmsoteniaéditheteffsthhiisingoyi dinsécthig MiidioaRpererThd desuadhasd
neurotoxicity. On the other hand, the et hlg acetate fraction (GE) |
effectiveby sbtainedsvhsDrepdratadiiotd singkmoells byitfituratiohyusing afasteur pipette
xant hi ne/ xant hi ne oxi dasei nduced or hydrogen peroxi de-i nduced neurotoxicity

at 1Cso: d0.0 ~.cg/Me, 30 ICSo: 67.7 uglMB and 1 CSO. 115.9 L. ~gl MB,
respectively. Fromthese results, PCT/ KRO2/ 02010 | SA/ KR 28. 2. 2003




17 it has been confirned that an ethyl acetate extract PETASURORA2010
ficus-indica fruit exhibits significant neuroprotective adBAMKR 2% 2.2003
cerebrocortical neurons, and accordingly, can be used for treating stroke
or Alzheimer's disease. s Exanple 2: Preparation of an extract of Qpuntia
~cus-indica processed fruit and its acti ‘I% for protecting nerve cells _ 15
kg of processed fruit of Opuntia ficus-indica (from Cheju Island, Korea,
pur chased at Kyeongdong market), prepared by steaming, drying and io

pul veri zi ng,; ﬁm 1265ibé it RiRREA r to 5
days, and fi‘PYV‘?g‘%egﬁ.aﬁf} e net g}a{R% ﬁs%ﬁtkpgmng %So(r?llgﬂennFr at eg’ gg{ ggB‘Sa)i 5r(&gjt ary
evapor at or  aior4® Getumahid2 md ieghaaniinext Thetsepaietod o£ll3 wew plated meétahanol
extract was dissolved in 1. wat er, and_the aqueous sol uti on was

S 5.0 of L
extract ed sudensityi ofef yodi X0’ elsimalbaptdanell apue platespremiousky coated
et hyl acetate.(Et 800 NB 3.). and butanol (BuOd. ,80 X t
obt ;i n vari owgilé%ﬂ?&gqﬁly?lpﬁ@fﬂdgﬁ@&lfﬂ?etoﬁ;éw?%fag&% 8{;%38%9%@56?8?1?2}?’ ?@ and
| NN DIET 4. Ofnd BREIHCIABTRC NAcRbL AR D508 D A5 UNLBL0CA Rstivh! dietiduced
neurotoxicity were neasured 1n eac raction according fo tHe net hods
descri bed i noiRairersoigtorovapephicdédtwith a frespegltinesmyedioviceqrptwéek, dnde
water fraction (SH), all fractions fromthe processed fruit of@Ogunti a

ficus-indi caculiires axerevieeatadpyith 10)uMagptoginenarabingside der 24 He QHrsadlet at e
fraction (SE)_ scave DPPH.r adi cal s .nmpst pot ent |y scavenged, and

i e ot 8% fahiih Ss‘é’h’ﬂ%?%ggﬁ%ﬁB}*’%Hﬂr%‘b%‘He (5] csB8 e
neur ot oxi ci t { G, G W M inZekverientsd! M-~ and
21. 2 ugl MB. lggﬂgardeezlﬁ%?gta \(;lﬁ)ft:or m tﬁg{ﬁltaﬁgmgtvﬁﬁeggcetlgt e%xt ract of Qpuntia
ficus-ingjca processed fruit exhibits significant neuroprotective action in
cerebrocortical neurons, and accordingly, can be used for treating stroke
or Al zhei ner Refetenee Example #x lnduation ofneuronal celhdamage byoxidativestrepsint i a
ficus-indica stemand its PCT/ KR02/ 02010 | SA/ KR 28. 2. 2003 18 activity
for protecting nerve cells 32.6 kg of fresh stemof Cpuntia ficus-indica

(from Chej u I sl andpp PWLHIRSE deftlbrbY SR QRYs TREKE WashiRE $P6K §iinéd) with 4 Of

nmet hanol at rooms tenperature for 4 to 5 days, and filtrated. The nethanol
extracti on WHERESeahadlledosaltosautiong3CA8)Y arick treatdnl wath setuinaficde MHEM i on
was concentrated using.a rotary evaporator at 40C_to qbtain met hanol
extract. 1819 Wofcopgﬁénﬁ’ﬂ HendnMexg ‘W\/&‘%‘E d2s§%é'§utamlpeg~cwpmvb% ,

(Crocis, o” RHRmiR Yl IVT R ARG RIBERTR0 (LY 101,16, R0 aHBbcene
(BuGH, 600 Mgl Yathas® cafise 'biy;’_ﬁ'i'éwﬁicﬁ-:ohﬁﬁjﬁ radidsl | OTRe tfd¥edPRRMsr ateal

scavenging activity and inhibr'ti on of xanthine/ xanthi ne oxi dase-i nduced or
hydr ogen per pepeaitedlydwashied avitto tld&SS tandvenburesh s rsedumnfree dBMaltacking

according to the nmethods descyi bed_ g Ref erenc anplesg 1 ,
respectivel y_xam:ef‘gnﬂtgag oK aﬁ?@§3l7% §)r t%ﬁ%%ﬂ%ﬂ?ﬁ@ %%’%’n@é?%r@giane
cpunt i & 7% coliHe PRl CBRsel B hioRPTIndiRide SlChfugel TPy Sshind e
clearance angultheed eélls)itieating aeith ICE ST eontainii il 08/pirtiydrogen pesosidefor
hydr ogen peroxi dei nduced neurotoxicity at all. On the other hand, , fhe
et hyl acet at & miactwashing repeatedly, replacing the culture media with serum-free

MEM and further culturing for 20 to 24 hours. The cultured were pre-

treated with various concentrations of a test sample for 1 hour, treated with
25  xanthine/xanthine oxidase or hydrogen peroxide as describe above in the
presence of the test sample, and further maintained for 20 to 24 hours, as
above. The extent of cell damage was measured by the method described

in Reference Example 5.

30 Reference Example 5: Measurement of neuronal cell damage




20 (FE) significantly scavenged DPPH radicals, and pot ®#CTT/KRO20026020

xant hi ne/ xant hi ne oxi dase-i nduced or hydrogen peroxi de-i ndiga@adr 28. 2. 2003
neurotoxicity with the respective I1Cso of 60.0 ~g/ M8, 15.2 ugl Me, arid 17.5
Lcgl Me. The potency of the ethyl acetate fraction (FE) fromthe stemin the
i nhi bition of neurotoxicity induced by xgnt hi ne/ xant hi ne oxi dase or 2s

hydr ogen peroxide was simlar to that of the ethyl acetate fraction (SE)
fromthe processed fruit, and superior to that of the ethyl acetate
fraction (GE) fromthe fruit. These results show that the ethyl acetate
extract of Qpuntia ficus-indica stemor processed fruit exhibits

si gnificantly pot &ife @aenopf dagtigeVs  thetdudired rﬁﬁ@bél%%hie@adccﬁe&ﬁhg% and
accordingly, can be 30 used for treating the cerebral nerve system di seases
such as st r obe, methashpfRefereatre Haaplzod svassvanmngd. morplrdogicallyaming ssi on,

Al zhei mer' s di sease ,or ,Parki nson's di sease., ., The DPPH radi cal, .scavengin
activity andPRae-§qmHrast W‘Sﬁowpﬁﬁt(fﬁt?@%ﬂthﬁ W@aﬁ%l%z}& a%v%g%i@’gﬁteg

Beampl s L 15 ORIl ke ks S E U Qb G DR MR el
radi cal | nhi big j)émeﬁfdgﬁbidﬂthé @Bnfot LAYHUBtRALY in the culture medium exposed to

activi tyxant hi'ne/ xant’hi nehydr ogen per oxi de- (1 CSO,
| r gl M.~) oxi dtseréspeativdi nalidativendnsudt dwi the yebseuentof test principles. The

e W24y b bt o BB RSB o o
fruit (GD)E %ﬁﬁliul%gﬁ rﬁ‘tﬁ)?l{l EIE%W&Q% ?@léa%%déﬁ[)g?frelfaﬁ%tto e SR 0Rndd et ' on

of 142. 2>1, 00 rac

fruit>500>1, &trol. 00TheHdabhesneénte xidsagbpaited 2w 0@ §4ar -tﬁﬁégcﬁﬁéeI’C%J ui t
(SM Di chl or onet hane367. 5277. 1202. 2fracti on of processedfruit ('SD)Ethy

acet at e fractepsesating? 0% . adtibiione esméntnation( SEsBeakndatedr byt nonlinear

of 206. 3570. 6803. 9processed fruit (SB)VWater fraction

of >500>1, ooo%é?ﬁsg%é’é@ibéﬂs ftLGi me}i@k&@sl@?ﬁa}%ﬂg Wi (Graphedosofiwarp dne,

1, 000st em ( A). PCT/ KR02/ 02010 | SA/ KR 28. 2. 2003 20 Di chl or onet hane448. 2>
1, 000> 1, 000 raé%ion of stem (FD) Ethyl acetate fraction60.015.217.50f stem
(FE) But anol fraction of >500>1, 000>l , 000stem (FB) Water fraction

of >500>1, 000>1, 000stem (FH) Exanple 4. I|solation of conpounds

exhi bitil’ﬁ~~pRﬁfQiBﬂ¢Q/&X@£1ﬂlﬁiél)CgRurm at eerebral thippg d aortaxact s
cessed

of Qpuntia~cu s. dica s, S.nce e%hyl acetate extracts of fruit, pro
fruit and st@—s&%ﬂ%i ndi ca show hi gh protective activity for
nerve cells, attenpts to isolate conpounds responsible for such activity

were made as follows. <4-1 > |Isolation of conpounds having protective

activity for nervedlehippdoampusocaricheorttkwerecettedoted fitomache ebreBpahtitsue
frcus-indica ii:a 4.98 of the ethyl acetate fraction of Qpuntia
ficus-indica® %gldst%&%e adpregnang| Slhrat s8R BUSLASEOPE.4 Khs extiacted ng

h I : i 20..( Cat . . 20-.100,
S gnay oS 5 FieBRLGbRs Mhel fontel e earRBRRted g, i, sl RENS Bl
phase sili caa gfpetld, ardisige @Ell@idb?éiﬁéﬁffﬁkfhﬁftﬁn3b}mébﬁﬁm ing Wwere in8éuldted
devel opi ng solvent) and reverse phase silica gel TLC (Use of water :

net hanol = 4into $@6awel platelanatedy veith peoly L -lysinpouklippoeampys sicts | were

olarity were collected to obtain 17 suhfr i ons bf racti ons to 17).
gubf rac%/i - g}chig;p&&t a concentration of f% X?BI ceﬁs/“(reﬁﬂ and cortex cells, at a )

concentration of 5X10* cells/well. 200 p¢ of Neurobasal medium (Life

20 &

25 technologies) containing 2% B-27 supplementary nutrient, 25 M glutamate
and 0.5 mM glutamine was added to each well, and the plate was incubated
at 37°C. After 72 hours incubation, the medium was replaced with the
same medium but lacking glutamate, and the cells were further incubated.
A neurotoxicity test was performed after 7 to 10 days.

30



20 relative low polarity was subjected to reverse phaspCq/KR02/02010
chromat ography (Li Chroprep RP-18, 40 to 63 um 2.5 X 35 CWSA%RQSI\PQO(P?’%O’
Merck) . The col umm chronat ogr aphy was perforned using aqueous nethanol” with
its methanol content increasing gradually from40%to 60% and the
effluents PCT/ KRO2/ 02010 | SA/ KR 28. 2. ,2003 21 were divided into 12
subfraction (sub fractions 12A to 12L) aécordi ng to the polarity.
Subfraction 12B was subjected to Sephadex LH 20 col utm chr omat ography (2.5

X 35 ¢ usi 0 pt hanal ,as, a.devel opji.ng sol.vent - t.o obtain
3-oxo-g)-ion gf? 04y ---ia-s-.gn-.' C efl erebral cells from neyrot

T t < V-Eo&ka HH 3 < F )
was i sol at eddgﬂlg%%gggger@EWE. Subfraction 12C was subjected to
Sephadex LH colum chroma aphy (2.5 X 35 cm) using aqueous net hanol
as a devel opi ng solvent to obtain di hydroquercetin (77.5 ng). Subfraction

121 was al so succeigi vel&;{gbj ected to Sephadex LH 20 col utmm chr omat ogr aphy
under the sanme ~o EBEW cedlsaprepared, dn sRefsnerce Examplechruaeg tigatashy

(Li Chroprep 1 t Uny: 2. 35 ¢ t. No. 13900 r gk) using
50% met hasﬁol {3?%?%‘%@%@38@&@}8%@ #?ert 23/}?0%15&& indgige £erg r_a’l%&g@ggﬂ 12K
was subj ect eqithOoSeRNRAR I (o} L th S a
devel opi ng gg’lnt}/le(r)]t, and ggéﬁxg%ﬁgyd%?%?a@égﬁ&g?%&#EWYB@?X égfékn%ax
0.25 cm Cathouwrs, Nee aftfodi?®, ofNEDEK rele@sedVardd) theocdhirei solkaenpi ey aleasuret hy!
ether (5.2 ng),. Further, subfraction 15 having relative |ow polarity was
subj ect ed t oustegrRadeloH measuring ki BoghsingesdviapnleinD. 0 X 30 cm net hanol )
and preparative R'-18 TLC (10 X 10 cm X 0.25 cm Cat. No. 15423, Merck,
60% 20 MeOH) to obtain kaenpferol ( 10 ng) and quercetin ( 10 ngy). <4-2>

| sol ati oy of ReRIFBAUN B ahAIE W _REAVRS foY HrdGbhtihd etralSEMS fFh! SefrbhAt
ethyl acetate extiracts of Cpuntia ficus-Tndrca 1rurt_and processed fruit 2s
1.82 g of thdamapegicanscet by gréwtcfiotor with@paweal a ficus-indica fruit was

subj ected to Sephadex LH 20 col um chromatography (4.0 X 26.5 cm

met hanol ). The obtained fraction was subjected to normal phase silica gel

of devel oping sol vt CUEBRRLCHEL IR, FERelEnt Endinfis et bUftnBe &' 5y
to obtain 13NMpPX i SR ' ' ' 2tk ol

beT] KDD] 02000 1 o BN eohtiding 09 B Mupiiembchigry Auflicl, ShaBEAPUR ) |
3.6 ny ofs queunltwrei solutiomwasubplasediith 12¢ sarBeNMHDAI medRim \bais |soking B2 t o

col um chromat ography (2 X.,30 cn) using lsfi‘l ica gel . D hydrokaenpferol (6.1
mgy) was obt aPHIHCSBRY NittEantfo; dycaicell deatly cadsed by vadsrmuritionand Adehanol

(20/1) with I i easi t i bfraction 9 S .

subj ect ed togzci:o%ﬁ?né'i %ﬁfacl)ﬁrrgg%tggg%ﬂg{(r g%ag&llﬁg&%wgﬁrﬁs%wﬁ |‘P‘E:%S“§8 using

Di hydr oquer cet IIDK2ndasi@ing kit BUefh&ﬁﬂgeﬁMEﬁﬂYéinﬁttbQiueﬁﬁif? tHBex@éift sfugiEcetin
3-net hyl et her LS.O ng) were obtained when elutéd wth a”m xture of

di chl or onet hédeahand net hanol (20/ 1 ) with gradually increasing the

- pol ari tzo. The ethyl acetate extract of to Qpuntia ficus-indica processed
fruit wasS subjected to a simlar isolation procedure to obtain a result
simlar tot f . thhewe : i

i us.i ndi caFrarnek ExaMIE ¢ Proplfutfn U aJoEnibdu S iRt B Sekebnal
protective aischemiy damageodsaused% eeiddic BdRUTaEaiER VetRisiGL VRGO Nari
Bruker 300 spectronpeter. 1H 1H Y, HMQC and HVMBC NMR spectra were

obt ai ned wi tFeReERIsiBial pul s sequences. 1H NVR (300 MHz), 13C NMVR (75 MHz)

and HVBC 20 correl ative spectral data are shown in Tables 2 and 3. <Table
2>

o e ladwka & “hdm=

25 Male Sprague-Dawley rats (Dachan experimental animal center,
Eumsung) weighing 250-300 g were used as experimental animals. Each
experimental animal was anesthetized with 1.5% isoflurane (Forane®,
Choong Wae Pharmaceutical Co.) using 70% nitrous oxide (N,O) and 30%
oxygen (O,) as carrier gases, and operated by the method described by

30 Nagasawa and Kogure (Stroke 20:1037, 1989) while maintaining the



1H signal s (8)* HKaenpferol Di hydr okaenpf er ol Kaenpf er ol Pt"[‘?KRDNO 01
et her Quer ceti nDi hydroquercetinQuercetin 3-nethyl ether24. qug

(11.54)34.55 (11.59)4.80 (11.54)4566.075.89 (2.09)6.10 ( 77 (
1.79)6.09 PCT/ KRO2/ 02010 | SA/ KR 28. 2. 2003 23 (1 72) (1. 79)(1 82)786 29
(1.82)5.93 (2.13)6.306.29 ( 1.72)5.81 (é579)6 28 1.82)9101' 2' 7. 98
(8.81)7.36 (8.57)7.89 (8.67)7.63 (1.75)6285 (1. 22)7 52 (1.96)3'6.79
(8.83)6.84 (8. 60)6 82 (8.82) _4'5'6.79 (8.83)6.84 (8.60)6.82 (8.82)6.78

(5 45, °1° oy aobbRuRhandd) Bods Wnblufisd 4 S AU B abid Bloiaeses

are coupl i nQpaﬁpﬁl?d #Medtihp Natkip)

The cervix was incised along the midline of the neck of the

anesthetized animal, and the right common carotid artery, internal carotid
5 artery and external carotid artery were carefully separated therefrom while
paying attention not to damage the nervus vagus. The common carotid
artery and the external carotid artery were ligated, a 17 mm long probe was
inserted into the internal carotid artery from the bifurgation point of the
internal and external carotid artery, and was ligated just above the insertion
10 site to occlude the base part of the middle cerebral artery. The probe had
been previously prepared by making one end of a 4-0 nylon suture (Nitcho
Kogyo Co., Ltd., Japan) into a spherical shape by heating and cutting to a
length of 17 mm (the length excludes the spherical end), followed by
immersing an about 7 to 9 mm long portion of the other end in a mixture of a
15 silicone (Bayer Dental, Xantopren) and a hardening agent (Optosil-
Xantopren Activator, Bayer Dental) to form a coating having a thickness of
0.3 to 0.4 mm. This coated end was inserted into the external carotid artery
to block the blood flow therethrough. About 25 to 30 min after inducing
cerebral ischemia, neurological deficit was measured, and the test animals
20 showing the neurological deficit symptoms were included in the ischemic
group. The neurological deficit was judged by observing whether the left
forearm flexes when the rat is lifted by the tail in the air, or whether the body
turns to the left either spontaneously or when lifted by its tail. After the
middle cerebral artery was occluded for 120 min, a transient focal cerebral
25  ischemic rat model was prepared by incising the suture site while the animal
was under anesthesia by isoflurane, and pulling the spherical end of the
probe out about 10 mm long to make it reperfused. The surgical site was
then sutured, and the neurological deficit was measured after one day. The
brain tissue was removed from the animal and subjected to histological

30 staining.



<Tabl e 3> i 3C signal s CD hydrokaenpf erol Kaenpferol 3- RECHTYKR02/02010

et her Di hydr oquer ceti nQuercetin 3-nethyl ether HVBCHVBC285. 4$a8&1528. 2. 2003

85. 5158. 4374. 01 39. 974.1139. 94198. 8180. 4198. 8180. 45169. 4163. 5169. 2163. 5697. 8
| 00. 2C5, C7, C8, Cl 7.7100.1C5, C7, C8,

C107165. 7166. 5165. 7166. 3896. 895. 2C6, C7, %9 C1096. 795.1C6, C7, (9,

Cl 09164. 9158. 9164. 9158. 8 PCT/ KRO2/ 0201d | SA/ KR 28. 2. 2003 24

10102. 2106. 3102. 2106. 21' 129. 71 23. 0130. 3123. 32" 130. 7131. 8C2, C4',
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CA' 146. 71 48. 84" 15%’6%1‘1‘!:‘%?%%@@‘%&%%@4 sline (yehigles 1ynlkede -
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Anal yses of the above result showed that respéctive struCtures of the each
conpound weradmitesterehintvipenitohesdly. pr evi ously reported: kaenpferol (Ckuyama
et al., Chem Pharm Bull. 26:3071, 1978); quercetin (G ande et s al.,
Planta Medica. 51:414, 1985); di hydrokaenpferol (Shen et al.,

ool O°her 3 EXardid 3° prbaltkion bR SUEGCE! Ohillie) Fths Shaly, froff R i ™
Medi ca 51: 414.tiviBBHor provstiist hérvé-delikhyl ether (Barbera et al

Phyt ochem stTy 25: 2357, 1986); and 3-o0xo0-a-ionol ~i-D-glucoside (Pabst et
to al., Phytochem stry 31:1649, 1992). Exanple 6: Anti-oxidative and
neuroprotective acfivity Qf compounds jsolated from Qgyntia_ficus-jndica
fruit, processed flgtﬁ %Wdt e @rgtyn ieyspiy %i&éﬂ’msgﬁlﬁé%glﬂ@‘gcgq}’?@y,

super oxi de apj I Ga ' LVILLY, Ll b {1 f

mer of oxi oi ¢ UeRabRE ST vRERERPE: Walesh vy GV PR, Ak Jesh drere
hydr ogen;per fthéeed WEWRAOMIT V8 tkef aFtBE dhdppedanmit wWakescakaluat 80 Dyof he
met hods described in Reference Exanples 1 to 8, respectively. 20 Quercetin,

di hydr oquer cotethaoldt goemctemperature fory4 te tShdaysyend ftltrated. RO R0 10
| SA/ KR 28. 2. 2003 d25 . . .
was conducted two more times, and the combined methanol solution was

concentrated using a rotary evaporator at 40°C to obtain a methanol extract.
Then, 498 g of the methanol extract of Opuntia ficus-indica fruit was
15 dissolved in 1 £ of water, and the resulting aqueous solution was extracted
successively with: dichloromethane (CH,Cl,, 600 M¢X3), ethyl acetate
(EtOAc, 600 MZX3) and butanol (BuOH, 600 MZX3) to obtain. Several
different solvent fractions were obtained from respective organic extracts
and the final aqueous phase. The DPPH radical scavenging activity and
20 inhibition of xanthine/xanthine oxidase-induced or hydrogen peroxide-
induced neurotoxicity were measured in each fraction according to the
methods described in Reference Examples 1 to 5, respectively.
| As shown in Figs. 1, 2 and Table 1, the dichloromethane fraction
(GD), the butanol fraction (GB) and the water fraction (GH) of Opuntia
25  ficus-indica fruit showed DPPH radical scavenging activity, or the inhibition
of xanthine/xanthine oxidase or hydrogen peroxide-induced neurotoxicity.
On the other hand, the ethyl acetate fraction (GE) effectively scavenged
DPPH radicals, and significantly inhibited xanthine/xanthine oxidase-
induced or hydrogen peroxide-induced neurotoxicity at ICsy: 60.0 pg/Me,
30 ICsp: 67.7 ug/M¢ and ICsy: 115.9 ug/M, respectively. From these results,



to show potent DPPH radi cal scavenging activity, and dilFMT/AGR2/62010and
quercetin 3-nethyl ether showed potent superoxide anion ragbgrR 28cavessgi ng
activity from xant hi ne by xant hi ne oxi dase system (Table 4). As shown in
Table 5 and Figs 5 and 6, it has been confirmed that kaenpferol, quercetin,
s di hydroquercetin and quercetin 3-nethyljsether strongly inhibit the
neurotoxi city i nduced by hydrogen per oxi dle or xant hi ne/ xant hi ne oxi dase.
Furt hernore, dihydroquercetin and quercetin 3-nethyl ether were shown to
inhibit the Y, i r 3 -
mothyl et her e Sor et b P e anY et Ao ek aBE BT\ Opia RARLERC 5
wi t hdr aval . fliithexhibits DREh ficast qrdur«sw@dtgxmac@@muw ¢arebided®tical neurons,
ug~e) Super oxi de ani on radi cal scavenging activity (I Cso~

u~l MB) Kaenpf adprssurdsuglyhean bk asedfer weatbne stoedse or Aldheimaris digease.

et her>50>50Quer ceti n2. 89>50D hydr oquer ceti n4. 492. 48Querceti n 3-net hyl
ether3.764.77 <Table 5> I nhibition oflnhibition oflnhibition oflnhibition
of xant hi ne/ xpRhhigie by Pregaatih s d}ijeﬁﬁg&r&"%uﬁq’a ficys-indica processed fruit
f act or oxi dase-T nducedper oxl de- neur ot OXI CI't = cedi
nduced( | CSQ, Mﬁtwabﬁ&itwdbbp'r@ﬂetﬁnﬂmreWQ&tld:s ty(l Cso~

u~/ MB) Kaenpf er ol 24. 929. 7- - Di hydr okaenpf er ol >300>300- - Kaenpf er ol
3-->300- - et hyl et her PCT/ KR2/ 02010 | SA/ KR 28. 2. 2003 26

i bi 1 on( 30 gl V) b BaTR B WY 0 6o Tattel (st Tt 1Ana,
g1t e) (30 barkmPRCAAR A KGR G kY, SRR HiathingS Bryfhe and

quer cet i mo-3 pBIvfeyizneg,heas Ibakdat i ﬁl @Od(arwfgﬁet}wm Byorrte &ﬂﬁuré #684 to 5
cerebral ischema in_a rat s nod was neasured by the TTC

(2, 3,'5- t ri pheays.tand Gisatedm JMW&@%@QIW!%WtWCQB@MB%ﬁg& TGiary

S ke | 7: 13 I d ,
Phe et vas. Slanqriet g MPCO Sht £ RetHAnAR difach, STk f2Id aftheY
therefrom Bhfétﬂarﬁﬂr&&?dct% ag@éwearlﬁ pseaabﬁdva%/r, %ﬁﬁ%%%ﬁoﬁ%bl%nﬂ e

the renoved brain to a thickness of nm ~o0 begi nni n spot

frontal pol ewssi extractedasucoessiveky (\#ﬂh Idmd’llbrusmaﬂﬁmeV‘e@HQ@lz, IVSOO UBAX 3)Each
section was treated with 2% TIC s Cl@utlon n 0.9% saline and i ncubated at

37C for 69 neHh gestats EtQAnSQQR MY ¥ 3)gndi hitanol (BnQHc 8R8s MY P A1towbtain
phosphat e- bulL 8HEE {QUER! 'actions. The DPPH radical scavenging activity and

inhibition of xanthine/xanthine oxidase-induced or hydrogen peroxide-

induced neurotoxicity were measured in each fraction according to the
methods described in Reference Examples 1 to 5, respectively.

20 Except for the water fraction (SH), all fractions from the processed
fruit of Opuntia ficus-indica were active (Table 1). Among the fractions,
the ethyl acetate fraction (SE) scavenged DPPH radicals most potently
scavenged, and inhibited xanthine/xanthine oxidase-induced or hydrogen

| peroxide-induced neurotoxicity. The respective ICso were 58.0 ug/M¢, 22.2

25 pg/M¢ and 21.2 pg/M{. These results confirm that the ethyl acetate extract of
Opuntia ficus-indica processed fruit exhibits significant neuroprotective
action in cerebrocortical neurons, and accordingly, can be used for treating

stroke or Alzheimer’s disease.

30 Example 3: Preparation of an extract of Opuntia ficus-indica stem and its




solution, and its reverse side image was acquired by uPOT/KROWO2010' S
equipped with a CCD canera. The infarction area (c>~) of cneRRak L£9hdzeX
and corpus striatum where no deep red col or staining occurred was neasured
by using an inmage anal ysis software (Optinas, Ednonds, WA, USA), and the

i nfarction volume (nm>~) was cal cul at ed bﬁgnul tiplying the thickness of
section. Finally, the total infarction volune was cal cul ated as the sum of
20 the infarction volune of the cerebral cortex and co&pus striatum A]E
this tine, : ' ' ume was cal cul ated to conpensate for
the swelli n%@%ﬂm o_té?:ftﬁ{ Grye.ck 'Stot al infarction area of each section
was PCTlI KRO2/ 02010 | SA/ KR 28. 2. 2003 27 cal cul ated by subtracting the
normal tissue area of the right cerebral hem sphere (ipsilateral ischemc
side) fromthe tot3l.6akeaobfreshestemf of RmetiafichsindivhetfeoticChejialsasd al

non-i schem c side),, and the. corrected total infarction volune was
cal cul at ed fPWﬁ’?‘f‘ gbkysengeong markehy Was seakedaied0 sl efcoethangl @b reom sane

hod LtAQp, <t 4l ti f cerebral hen sphere
Mduced By 1 Surerdrr A8 7 BT R, R ol iR CouRat s
swel ling ratiepebféd two -more - tintes; dnd OthdB c%mbﬁl%dv%b'ﬂ‘i?nngf $diatibR! WA
I schem ¢ cerebral hem sphere in total coronal sections n) B: the vol une

of contral ateongentratathisingratotaty heaponater & 401Ct ¢o abtiis < arethanoleetdcons
(mm <T able farction vol umeCorrect edSwel | i ngCor pus

ST as umoer CHHEP Book D1 GRabanp LIxPehveas Gissobiadgn ok ito ofoavetasi end the

o S oy gy o AR G
et her 1126 93608 M223)3%i. dcetate (EtOAc, 600 MZ X 3) anld butanol £]23.u7011-9[9.6g_0r

22.9*81.6-1-17.8%5.8-1"0.7*Di hydroquercetind30.1 4. 3169.4-1- 1.
16.5130. 7 134 XB)o@. ebtain variowstsalvert frestieus. arThe BPPHSaghi¢4li stanenging

Bxcarpl o 8 MR orPAC AP RSy oy MaHthity xeNngiso oxidase-BOHE et BYPEIEERO The
neur ol ogi cal & Be VLRI S burSlo B SRirk TadadtRedYh eG4l Hackidn! apcecording to
the methods described in Reference Examples 1 to 5, respectively.
15 As shown in Figs. 3, 4 and Table 1, the dichloromethane fraction
(FD), the butanol fraction (FB) and the water fraction (FH) of Opuntia ficus-

indica stem did not show the activity of DPPH radical clearance and the

inhibitory activity for xanthine/xanthine oxidase or hydrogen peroxide-
induced neurotoxicity at all. On the other hand, , the ethyl acetate fraction
20 (FE) significantly scavenged DPPH radicals, and potently inhibited
xanthine/xanthine  oxidase-induced or hydrogen peroxide-induced
neurotoxicity with the respective ICsy of 60.0 pg/M¢, 15.2 ug/Ml, and 17.5
ug/Mé. The potency of the ethyl acetate fraction (FE) from the stem in the
inhibition of neurotoxicity induced by xanthine/xanthine oxidase or
25 hydrogen peroxide was similar to that of the ethyl acetate fraction (SE) from
the processed fruit, and superior to that of the ethyl acetate fraction (GE)
from the fruit. These results show that the ethyl acetate extract of Opuntia
ficus-indica stem or processed fruit exhibits significantly potent
neuroprotective action in cerebrocortical neurons, and accordingly, can be

30 used for treating the cerebral nerve system diseases such as stroke, cerebral
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thyl acetate fraction 60.0 67.7 115.9
of fruit (GE)
Butanol fraction of 142.2 >1,000 >1,000
fruit (GH)
Water fraction of fruit >500 >1,000 >1,000
(GH)
Methanol extract of 312.6 600.8 457.6
processed fruit (SM)
Dichloromethane 367.5 277.1 202.2
fraction of processed
fruit (SD)
Ethyl acetate fraction 58.0 22.2 21.2
of processed fruit
(SE)
Butanol fraction of 206.3 570.6 803.9
processed fruit (SB)
Water fraction of >500 >1,000 852.1
processed fruit (SH)
Methanol extract of >500 >1,000 >1,000

stem (FM)
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developing solvent), compounds having similar polarity were collected to
obtain 17 subfractions (subfractions 1 to 17). Subfraction 12 having

20 relative low polarity was subjected to reverse phase column chromatography

(LiChroprep RP-18, 40 to 63 pm, 2.5X35 cm, Cat. No. 13900, Merck).

The column chromatography was performed using aqueous methanol with its

methanol content increasing gradually from 40% to 60%, and the effluents
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12°. Subfraction 8 was subjected to column chromatography (2<30 cm)
using silica gel. Dihydrokaempferol (6.1 mg) was obtained when eluted
with a mixture of dichloromethane and methanol (20/1) with gradually
5 increasing the polarity. Subfraction 9> was subjected to column
chromatography (118.5 cm) using silica gel. Dihydroquercetin (2.2 mg),
kaempferol 3-methyl ether (0.6 mg) and quercetin 3-methyl ether (3.0 mg)
were obtained when eluted with a mixture of dichloromethane and methanol
(20/1) with gradually increasing the ‘polarity. The ethyl acetate extract of
10 Opuntia ficus-indica processed fruit was subjected to a similar isolation
procedure to obtain a result similar to the result found for the ethyl acetate

extract of Opuntia ficus-indica fruit.

Example 5: Structural analyses of the compounds having protective activity

15 for nerve cells

NMR spectra were recorded on a Bruker 300 spectrometer. 'H-'H
COSY, HMQC and HMBC NMR spectra were obtained with the usual puls
sequences. 'H-NMR (300 MHz), 3C-NMR (75 MHz) and HMBC

20  correlative spectral data are shown in Tables 2 and 3.

<Table 2>
'H signals (8)*
H | Kaempferol | Dihydrokaempferol | Kaempferol | Quercetin | Dihydroquercetin | Quercetin
3-methyl 3-methyl
ether ether
4.99 (11.59) 4.39 (11.54)
4.55 (11.59) 4.80 (11.54)

AN I h W N

6.07 5.89 (2.09) 6.10(1.41) | 6.07 5.77(1.79) 6.09
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'DL" 10%& () -, S100& () - 109 ()- 9& 10% ()- }HaB-_@10!Y. 10% ()-
() - %A0%& () -, >BaB~_@

31@@

e

&S5 10%& ()-S5 109%&' ()-3¥0% ()- L1109 ()-y&0 10%& ()- B
10!/ S"109%&' ()-3 !'S"10%& ()-3 f10%& ()-!f 10%& ()- 10 10
(1.72) (1.79) (1.82)
7
8 6.29 5.93 (2.13) 6.30 6.29 5.81 (1.79) 6.28
(1.82) (1.72) (1.82)
9
10
1
2 7.98 7.36 (8.57) 7.89 (8.67) 7.63 6.85 (1.22) 7.52
(8.81) (1.75) (1.96)
3 6.79 6.84 (8.60) 6.82 (8.82)
(8.83)
4
5' 6.79 6.84 (8.60) 6.82 (8.82) 6.78 6.69 (8.11) 6.80
(8.83) (8.49) (8.38)
6' 7.98 7.36 (8.57) 7.89 (8.67) 7.53 6.74 (8.16, 1.52) 743
(8.81) (8.45, (8.46)
1.83)
OMe 3.67 3.68
* Values in parentheses are coupling constants (in Hz)
<Table 3>
BC signals
C Dihydrokaempfero} Kaempferol 3- Dihydroquercetin | Quercetin 3-methyl
methyl ether ether
HMBC HMBC
2 854 158.5 85.5 158.4
3 74.0 139.9 | 74.1 139.9
4 198.8 180.4 198.8 180.4
5 169.4 163.5 169.2 163.5
6 97.8 100.2 | Cs5,C7, 97.7 100.1 Cs,C7,
C8,C10 C8,Cl10
7 165.7 166.5 165.7 166.3
8 96.8 95.2 C6, C7, 96.7 95.1 Ce, C7,
C9, C10 C9,C10
9 164.9 158.9 164.9 158.8
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6 130.7 1318 | C2,C2, 1213 1227 | €2, ¢c2,
ce c4
OMe 60.9 c3 60.9 3

Analyses of the above result showed that respective structures of the
each compound were identical with those previously reported: kaempferol
(Okuyama et al., Chem. Pharm. Bull. 26:3071, 1978); quercetin (Grande et

5 al, Planta Medica. 51:414, 1985); dihydrokaempferol (Shen et al.,
Phytochemistry 24:155, 1985); dihydroquercetin (Nonaka et al., Chem.
Pharm. Bull. 35:1105, 1987); kaempferol 3-methyl ether (Grande er al.,
Planta Medica 51:414, 1985); quercetin 3-methyl ether (Barbera et al.,
Phytochemistry 25:2357, 1986); and 3-oxo-a-ionol B-D-glucoside (Pabst et

10  al., Phytochemistry 31:1649, 1992).

Example 6: Anti-oxidative and neuroprotective activity of compounds

isolated from Opuntia ficus-indica fruit, processed fruit and stem

15 The DPPH radical scavenging activity, superoxide anion radical
scavenging activity, and inhibition of the neurotoxicity induced in cultured
neurons by xanthine/xanthine oxidase, hydrogen peroxide, NMDA or growth
factor withdrawal were evaluated by the methods described in Reference
Examples 1 to 8, respectively.

20 Quercetin, dihydroquercetin and quercetin 3-methyl ether were found
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Furthermore, dihydroquercetin and quercetin 3-methyl ether were shown to
inhibit the neurotoxicity induced by NMDA, and in particular, quercetin 3-
methyl ether also inhibited the neurotoxicity induced by growth factor
10 withdrawal.

<Table 4>
DPPH radical scavenging | Superoxide anion radical
activity scavenging activity
(ICso, 1g/M?) (Cso, ug/ME)
Kaempferol >50 >50
Dihydrokaempferol >50 >50
Kaemferol 3-methy! ether >50 >50
Quercetin 2.89 >50
Dihydroquercetin 4.49 2.48
Quercetin 3-methyl ether 3.76 4.77
<Table 5>
Inhibition of Inhibition of Inhibition of Inhibition of
xanthine/xanthine hydrogen NMDA induced | growth factor
oxidase-induced peroxide- neurotoxicity withdrawal-
neurotoxicity induced induced
(I1Cso, 1g/MYO) neurotoxicity neurotoxicity
(ICs, wg/Me)
Kaempferol 249 29.7 - -
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Example 7: In vivo neuroi)rotective activity of quercetin-3 methyl ether

The brain damagé caused by transient focal cerebral ischemia in a rat
model was measured by the TTC (2,3,5-triphenyltetrazolium chloride)
staining method (Bederson et al., Stroke 17:1304, 1986). One day after
occluding the middle cerebral artery, the rat was sacrificed using a guillotine,
and the brain was removed therefrom. Brain coronal sections were
prepared by successive cutting of the removed brain to a thickness of 2 mm
beginning at 1 mm spot from the frontal pole using a brain matrix (ASI
Instruments, Warren, MI, USA). Each section was treated with 2% TTC
solution in 0.9% saline and incubated at 37°C for 60 min to stain. Each
section stained with TTC was fixed with a phosphate-buffered formalin
solution, and its reverse side image was acquired by using a computer
equipped with a CCD camera. The infarction area (ci) of cerebral cortex
and corpus striatum where no deep red color staining occurred was measured
by using an image analysis software (Optimas, Edmonds, WA, USA), and
the infarction volume (mit) was calculated by multiplying the thickness of
section. Finally, the total infarction volume was calculated as the sum of
the infarction volume of the cerebral cortex and corpus striatum. At this
time, a corrected infarction volume was calculated to compensate for the

swelling as follows: a corrected total infarction area of each section was

()-

10
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10% () - 10 hemisphere (ipsilateral ischemic side) from the total area of the left cerebral
hemisphere (contralateral non-ischemic side), and the corrected total
infarction volume was calculated from the corrected total infarction area
5 according to the same method as above.
In addition, the swelling ratio of cerebral hemisphere induced by

ischemia was calculated by the following expression.

A-B
10 swelling ratio (%) = -==--=-mmnn—- X100
B

A: the volume of ipsilateral ischemic cerebral hemisphere in total
coronal sections (mi)
B: the volume of contralateral normal cerebral hemisphere in total

15 coronal sections (mi)

20

<Table 6>
Treatment n Infarction volume Corrected | Swelling
Corpus Cerebral Total total ratio (%)
striatum cortex infarction
volume
Vehicle (saline) 36.7+2.0 | 181.8*+11.4 | 218.6+12.5 | 150.0%£7.1 | 12.8+1.0
Quercetin 30.1£4.9 |1 130.5+18.6 | 161.1:21.4 | 110.6t15.8| 9.1*1.1
Quercetin 3- 11 | 289+3.1 (81.2+20.8*% | 110.1+£22.9* | 81.6+17.8* | 5.8+0.7*
methyl ether
Dihydroquercetin | 8 |30.144.3 | 169.4+12.7| 199.5£16.5 | 130.7+13.1 | 11.9%+0.5
N: the number of tested animals
* Significant difference by the control as a result of Duncan’s multiple range test

Example 8: Neurological recovery effect of quercetin 3-methyl ether

The neurological recovery effect of quercetin-3 methyl ether in the
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6. The use of claim 1, wherein the disease is stroke, cerebral concussion,

30 Alzheimer’s disease, Parkinson’s disease, myocardial infarction or cerebral
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infarction.

7. A use of a compound selected from the group consisting of
kaempferol,  dihydroquercetin, quercetin  3-methyl ether, their
pharmaceutically acceptable salts, hydrates, solvates, stereoisomers and a
mixture thereof for preventing and treating a brain disease, an ischemic

disease and a cardiovascular system disease.

8. The use of claim 7, wherein the disease is stroke, cerebral concussion,
Alzheimer’s disease, Parkinson’s disease, myocardial infarction or cerebral

infarction.



