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COVPOUNDS | SOLATED THEREFROM FOR PROTECTI NG NERVE CELLS 5 Field of the

| nvent i orwOhg/opr3esent i nvention relates to a use of an et rgir/KRoe2116
extract of Qpuntia ficus-indica and conpounds isolated therefromfor
protecting neurons. 10 Background of the Invention Wen the bl ood flow
through the cerebral artery or coronary artery is reduced bel ow a
threshol d value e.g., by the blocking action of thronbosis or
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mechani sns involved in central nervous system diseases are diverse and
conplex, but it has been found that reactive oxygen species (ROS) such as
free radlscallslethg@Ih{rmﬁbﬁnt roI e in central nervous system diseases,
e.g., ischerfT stroke, A znernmer's di sease and Parkinson's disease.
Narrely, it has been proposed that various kinds of ROS generated 25 by
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Background of the Invention

When the blood flow through the cerebral artery or coronary artery is
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 nervous
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



2 manifestations of Al zheiner's disease is senile plaques forned through
aggregation of beta-anyloid (A(err)) protein. The aggregated beta-anyloid
prot ei n ca098931394r ogen peroxi de to accunulate in nerve c@Cr&Rozoe@h | eads
to oxidative and peroxidative reactions. Further, these reactions pronote 5
the generation of nitric oxide, and the pitric oxide thus generated reacts
wth a superoxide anion radical to formperoxynitrite with very strong
reactivity, which results in increasing radical toxicity. Likew se, the
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di sease, Parkinson's di sease, and therefore, anti-oxidative substances are

bei ng acti ved yuperoasdd gatondraidacal tthfopmeparoxyopitritmwvitlr weryrstmong freactivaty, ner ve
di seases. The, present i nventors ha%ie endeavored to find a naturally

occurring 28h uits in peraasing radigaldoXig activity, and found that an
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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



30 76:1-9, 2001). Recently, it has been also reported that opuntica
ficus-indica WO 03/037324 PCT/ KRO2/ 02010 3 inhibits tyrosinase which is

i nvol ved wo oaeszmmi n synthesis (Lee NN H et al., J. Phar mataRosy18l: 412,
2000). However, there is no report that an ethyl acetate extract of the
stem fruit or processed fruit of Qpuntga ficus-indica or a conpound
isolated 5 therefrom shows anti-oxidative activity for protecting nerve
cells, and accordingly, the present invention discloses for the first tine
that such annhfbfs'ebsifae Whid sGRvOMRIDINAERNIPSyBYBTLIBN et 5 NG
chronic nerve diséases such as ischem c stroke an zhei mer' s di sease,
and cardi ac Phauhrragnosydi 4k2, H00ar di al infarction. 10 Sunmary of the

I nvention Accordipgly, a primary object of the present invention is to
provide a ther apEiRWeVelsthese 1aRogeppHthab an gtk acetatecerdracipidhesten,
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di seases sor thafedttMashowa aftioxedAtivE SRESERS. o et GRrw tdeIRNeamepect
of the present invention, there is 20 provided an ethyl acetate extract of
Opunti a fi cumcontlngly, shewwnesentninventien dhisclosesaboer the firstotiner thaé ctichgamer ve
cells. In accordance E/ite}lfanot er aagfect of the prlgisent invention, there is
provi ded a cGHFSLFEY BB 1vely Hse oto5: preventng And gating: clyonsg, nerye
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anot her aspect of the present invention, there I's provided a

phar maceut i Gatherpiapamhtdsomyooadialsnfigetioie. et hyl acetate extract of Opuntia
f+cus-indica or a conmpound isolated therefromas an effective conponent,
whi ch ca® be used for the prevention and treatnent of ischem c diseases,

cer ebral nerQ/e S sten}.ai]s ases.or cardi ovascul ar system
ummary of the Invention

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
ficus-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.



30 diseases. WO 03/037324 PCT/ KR02/02010 4 1In accordance with still

anot her aspect of the present invention, there 1is provided a use of the

et hyl acewetog/ogmes act of CQpuntia ficus-indica or the conpolndRmsoilat ed
therefromfor the prevention and treatnent an ischemc disease, a cerebral
nerve system di sease or a cardiovascul argsystem di sease. 5 Bri ef
Description of the Drawi ngs The above and other objects and features of the
present inventi on will beconme apparent fromthe foll ow ng description of

the invention, a&e&%ncewmmsﬁnwnaﬂférla@pew $fHeSredEmOMRERNbAItHEFAW Ngs
whi ch respecti veI y show, Fig. 1. inhibitory effects of various fractions

extracted frigrpropidedi ausélafuhelethybace‘tanel extmtwnopunaay‘mmdeca or the
oxi dase-i nduced neurotoxicity, inhibitory effects of various
fractions exQQrBPOWR ﬁcﬂﬁﬁedﬁhﬁf@fspml’@rfthe (RIEV e o apd freatgient ad isghemic

racti ons eirabeos o atFsStefh dfeetdll L EtRan e iefimiBeaitn ne

oxi dase-isnduced neurotoxicity, Fig. 4: inhibitory effects of various
fractions extracted from Qountia ficus-indica stemon hydrogen

per oxi de- i ndBciefl Description of the Drowings 5: inhibitory effects of the

conpounds isolated froman ethyl acetate extract of Qountia ficus-indica
on xant hi ne/ xant hi ne oxi dase-i nduced neurotoxicity, Fig. 6: inhibitory

effects of the co IS0l ﬁ%@y unti a
ficus-indica on h@??&gﬁlep@@o% fjoﬁjrgag Eﬁgi I]I’?(gl,(l)?g | cF?MI{\%%IO%?W%P
radi cal scavisseniQapsdreni frofstief folloeviag deserigiion o6 kl@é ﬁﬁ/enhl’oﬂnmn&hhé’ﬂ
acetate extract of unti aficus-indica, Fig. 8 superoxide anjon radical

scavengi Wy dotdonjenaonowithibe aseompanyng diavdings whiehrespestingly stoovat e
extract of Qpuntiaficus-indica,

Fig. 1: inhibitory effects of various fractions extracted from Opuntia
ficus-indica fruit on xanthine/xanthine oxidase-induced neurotoxicity,
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



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

03/ 037324 PCT/ KRO2/ 02010 5 di hydroquercetin on the infarction volune of
cerebral worB@xi32corpus striatum or the total infarctionPeolKRR/02HNg. 10:
effects of quercetin, quercetin 3-nethyl ether and dihydroquercetin on the
corrected total infarction volunme, 5 Figg 11: effects of quercetin,
quercetin 3-nethyl ether and dihydroquercetin on swelling ratio, Fig. 12:
ef fects of quercetin, quercetin 3-nethyl ether and di hydroquercetin on
neur ol ogi cal dihGaR¥flereetiPol BAIERHORSFSIuRI Offc@bbidl ok RX BN shifuRs esent
i nvention provides a pharnmaceutical conposition for preventing and
treating i sadrethetotdl siefasetson bolwmme,di seases or cardi ovascul ar system

di seases, which conprises an ethyl acetate extract, K of Cpuntia fjcus 1
indica; or any on&i®f Hnplierds ©&| cesertim: ouekeetyt odpmetndi thery e

kaenpf erol of. I 1 I r I -fo la (2) and quercetin 3-
nmet hyl et herélg&géog&ﬁr?g‘f%"%%?%gf{%&gﬂg?ﬁg@éﬁ%&{n {’%’ﬁ? accept abl e salts,
hydr at es,s sol vat egig i Sprergrrais @fmggﬂ%&iﬂ h%&%etirﬁ@hﬂéf 11%th¥ 4fy O POH
20 OH O <Formula 2>"0CH HO Ol OH OH 0 03/ 037324 PCT/ KR0O2/ 02010
dihydroquercetin on swelling ratio,
Fig. 12: effects of quercetin, quercetin 3-methyl ether and

dihydroquercetin on neurological recovery.

~ 10 Detailed Description of the Invention

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> :

98

HO |I[i| O OH
OH

OH O



6 <Fornmula 3> OH OH HO O POV OH O Since compounds of fornula 1 to 3 may
have an asymmetric carbon 5 center within their structure, they may exi st
in the fowmosfo3saanti oner, diasteronmer or a m xture ther @afl/KRmtoadi ng
racemate, and accordingly, these isonmers of the m xture thereof are
included in the scope of the present inyention. The inventive conpounds
are capable to al so form pharmaceuticall | 0 acceptable salts. These
pharmaceutically acceptable salts include, but are not limted to, an

I nor gani ¢ base sugg %%X%Lg i metal hydrate (e.g., sodium hydroxide,

pot assi um hydr oxi f I metal bicarbonate (e.g., sodium bicarbonate,
pot assi um bi carbonate), al kali @Eta Ehr bonat e (e.g., sodium carbonate,
pot assi um car bonat e caIC|un1c ate) and an organic base such 15 as a
primary, secondary'® § S @pM no acid. Further, the inventive
conmpounds can exi st | urn1of solvates, especially a hydrate.

' OMe | Sol ation or by their hygroscopicity in
the course of tine. Sugﬂ#si ts and hydrates are included in the scope of
the invention. 20 An e act of Qpuntia ficus-indica having protective
activity for nerve cells can be prepared by extracting the fruit, stemor
steamdried fruit of Qountia ficus-indica wwth ethyl acetate, for exanple,
by the steps of: Sinceetgmpbupgs of fomular Lito 3 stagnhave s asymandtad darbion  of

QC)untlaflcusmdlai12 oaking in 0.1 to 10 ~. reger bl 035to790fa
CL_3 a cé2?|cenéergwn 5 theith SHYCT R thesh andy  exdst s ofophant H’r‘in‘iﬁrgl 3
a P aggtgf%rﬁg%gr a“rHBRHFedt LUt d dhtd pﬁ&grééféﬂ?@ ?rlﬁdn éB?@giﬁIQe{h%Eé*

for 4 to 5 arn ‘an ex ract mx ture and
renmovi ng t heisaheeh@f fHeomikh@e thereof are included in the scope of the present

invention.

The inventive compounds are capable to also form pharmaceutically

10 acceptable salts. These pharmaceutically acceptable salts include, but are
not limited to, an inorganic base such as alkali metal hydrate (e.g., sodium
hydroxide, potassium hydroxide), alkali metal bicarbonate (e.g., sodium
bicarbonate, potassium bicarbonate), alkali metal carbonate (e.g., sodium
carbonate, potassium carbonate, calcium carbonate) and an organic base such

15  as a primary, secondary and tertiary amine amino acid.

Further, the inventive compounds can exist in the form of solvates,
especially a hydrate. Hydration may occur either during isolation or by
their hygroscopicity in the course of time. Such salts and hydrates are
included in the scope of the invention.

20 An extract of Opuntia ficus-indica having protective activity for
nerve cells can be prepared by extracting the fruit, stem or steam-dried fruit
of Opuntia ficus-indica with ethyl acetate, for example, by the steps of:
finely chopping the fruit, stem or steam-dried fruit of Opuntia ficus-indica;
soaking in 0.1 to 10 £ , preferably 0.5 to 7 £ of a C,3 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



WO 03/ 037324 PCT/ KRO2/ 02010 7 filtrate to obtain an al cohol extract;
adding 0.1 to 10 9, preferably 1 to 4 of water to 1 kg of said al cohol
extract; wod3exteacti ng the resulting aqueous sol ution wWPCA/KR02/02@05 9
preferably 0.5 to 2 Q of ethyl acetate (EtOAc) to obtain an ethyl acetate
extract. It is also possible to directly7extract the fruit, 5 stemor
steamdried fruit of Qpuntiaficus-indica’with ethyl acetate to obtain a
simlar extract. The inventive ethyl acetate extract of the fruit, stemor

steamdri ed | t ' AN elol i bV i D; 4C)earing
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xant hi ne/ xargfhivarr @ i1d&geof aitladesiRsg exeractad Gittactina e TPELAEAGUGous
hydrogen peroxi de-induced neurotoxicity. Such activity of the ethyl

acet at e ext rsadution wiguftli o §i & yprefanably0.Ssothilquefiethytl aeetaie KBIOAL) tact s,

.g., CH2QO 2 d B t t t f, tially,i tive. Jhus,
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Al zhei ner' s gsissidaesxtaictoke and Par ki nson' s di sease; and nyocar di al
I nfarction by preventing nyocardi ac damage from cardi ac i schema. Fromthe

i nventive ethyl addeamnvenfive £thyloncatpignextsadtifuthe; fuite stemoy geamydried
comounds { ol S 550 REIRS el WAL BRERD o SRR T 1
o am e, apengl 28 R atsy Sl e shposiaine Bioh
R: D gl ucosi dadukednpiearotoxicif dahg drsaippeessireg olhydragerpf grerbxBlermidayéd
et her, quercetin, dihydrgquercetin d quercetin 3-nethyl ether have been
i sol ated f r EWAtOXigfENt Syeh SChyIty %fialea?é‘l}’éﬂcﬁﬁ?é? cxiragh ot Vpumtie &i4Sndi ca.
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thereof, are essentially inactive.

Thus, the ethyl acetate extract of Opuntia ficus-indica is an efficient

15 ROS scavenging agent and can be used for the purpose of preventing and
treating cerebral nerve cell damage caused by brain diseases such as
Alzheimer’s disease, stroke and Parkinson’s disease; and myocardial
infarction by preventing myocardiac damage from cardiac ischemia.

From the inventive ethyl acetate extract of Opuntia ficus-indica,

20 active compounds for protecting neurons can be isolated by way of
performing column chromafography using a silica gel, Sephadex LH-20, RP-
18, polyamide, Toyoperl or XAD resin column. The use of a Sephadex LH-
20, RP-18 or silica gel column is preferred.

As the result, 3-oxo-a-ionol B-D-glucoside, kaempferol,

25  dihydrokaempferol, kaempferol 3-methyl ether, quercetin, dihydroquercetin
and quercetin 3-methyl ether have been isolated from the inventive ethyl
acetate extract of Opuntia ficus-indica. 3-Oxo-a-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



OQpuntiaficus-indica for the first tinme in the present invention. 30
Kaenpferol, quercetin, dihydroquercetin and quercetin 3-nethyl WO 03/037324
PCT/ KRO2/WDP®203B24 et her effectively inhibit nerve cell damag&RrRodemed by
hydr ogen peroxide as well as xant hi ne/ xant hi ne oxi dase, and show hi gh DPPH
radi cal scavenging activity. The conpougd show ng the highest inhibitory
activity for xanthine/ xant hi ne oxi dase or hydrogen peroxi de-i nduced
neurotoxicity is 5 quercetin 3-nethyl ether, while quercetin,
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and effectively inhibit neuronal damage caused by NMDA. Quercetin 3-

methyl ether is particularly active in protecting cerebral nerve cells in an

15 ischemic cerebral damage animal model.  Accordingly, kaempferol,

dihydroquercetin, 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 ischemic 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



ingredient with a suitable carrier in the formof capsule, sachet or other
container. Therefore, the fornulation of the present invention may be
prepared WO iBabizets, pills, dispersions, sachet, elixir, POIpR2I02MS,

enul sions, 30 solutions, syrups, aerosols, soft or hard gelatin capsul es,

i njection solutions WO 03/037324 PCT/ KROQ/ 02010 9 or suspensions,
ointnments, creans or |lotions. Pharmaceutically acceptable carriers,

exci pients and diluents used in the inventive pharnmaceutical formulations

i ncl ude, ar eoﬁ‘s‘?fsnpgﬁiohé %lhﬁﬂgﬁ'?u?fehﬁﬁt@%‘ég?ﬂ%“ rose, sucrose, sorbitol,

mani tol, calcium rcate, 0Sse, cellul ose, mcrocrystalline
cel l'ul ose, pol yvi PhhhflaocuticatllyedccePRIDIY carrierd! exoipheng aad &lilusnePubedisr oxy
benzoate, talc, magnesiumstearate and mineral oil. The formul ations of
the present thaviaventive mharmacentecal fosnpatiens indluds, amnnot duadumiad sto,

| ubricants, wetting, agents, odoriferpys, substances, enulsifying,agents or
preservat | veéCtopfie ‘ng’@ﬁ?’i \FECT%epI‘?QFBrﬁeleuma@éqoic Wik i SERCa Y ]elugose,
fornmul ated t Vi ' ) TSy ed 1 agetd

et oct  ve. i reaildceifdsd, Wbl Gocr SAlhE BHBI G, TRIMEIIBHET SRS (AL
convent i onalhyatroggdbsreeate) propybhgdrecebtnzadte, fdle| thaghbsiunnsegdrateeand
pharmaceutical conposition can be admnistered orally 15 or via parental
rout es such mingsak ceid.aneble, formmdatienfe aifs the npreseah dnyention | mayarfusther ar .
For the purpose of adm.ni trahi on i cal dakﬁl yogos of the

linical
cthyl  acet areaRrs cilige: ctkepeypats. Phuans v adhly,  od6iferdls

di hydr oquer cgfy qu iIFAng- eberyyi t herpfha o iv@nge
20 Trom 10 ta B0 By neTie DAUE wEFGRT, br elar bl s from 50 to T 000 19/ ko

body wei pht plintageutiealadrompeditian ednayn be s forghelatsak etcor priavidi vadeapidose.
In particular, when it is adm nister vi g an intravenous or intramyscul ar
i nj ection, tetinpeusAr drlaysd azrrl%sena ﬂreaﬁééctf%mafedte@t 3iigo @dmynicie gy

wei ght, pr eft%réelg{a\fnﬁlréi)m:éo‘r’rﬁir{gotosth Oc%n%ﬁhgngloﬁ%c@ﬁﬁ%@tin the %Xﬁ{lacélftic%?n be
field.

The inventive pharmaceutical composition can be administered orally

15 or via parental routes such as percutaneous, subcutaneous, intravenous or
intramuscular.

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 mg/kg
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/kg 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



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
anmount ofwOhe/ogftecti ve i ngredi ent actual |y adm ni strat ed PCo/KROcA2G18I N
patient ought to be determned in |ight of various relevant factors
including the kind of effective corrpouni adm ni stered, the body weight,
age, sex, health 30 condition, diet and cheti on rate of the individual
patient, the chosen route WO 03/037324 PCT/ KR0O2/ 02010 10 of

adm ni strati cpol [ ] ver it j-ent' s
synpt om Fur%%?@nﬁ%t?%n%gr%g@%g Bgﬁw r %;alil@ %‘Eﬁ%’? h}l}égglt{’gﬁﬁﬂt@&egti ng
i schem ¢ di sganpom.t he i nventive extract of Qpuntia ficus-indica or active
5 conpounds therefrom can be_ adm ni stered together with one or nore of

i ngredi ent sel ect Egrthesmfendhpr puinese| of \askuinieg v betterergaudt ant treatingent s.

Exanpl es of .nerve. protective a entf<, whi ch %ar}be adm'jr).i stered together

wi th the i niSRRSTIE SiReASehdbe oI eRbisE dexfiach e CRuniis ikt rudice g Brave

gl utat hi qne @ﬁg&ﬁ&dsah'é&%om B pé fﬁ%ﬁﬁuﬁe&:ﬁ' 'Edagcé%é}“%}ﬂp%%t or YhéRbP C
and io E as an antioxidant, tissue plasm nogen attivator as a

t hronbol yt i cingredient sgleeted desmbthel proeiouslyanellclicivawgsee proteptiot agentse
agents. The fornu] atigns conprising the inventive conpounds used for
treating isclhsmplesi abaseee prgtective gentohich ecan her administeredittegetber

ti t ti f | ti i ti I , 15
Cer ebral mer o Yo teF eeFuPonhE e Miae BNl aBE R el InBRRNEE Miarmoe
of cardiov @ﬁ%tﬁfor&y&ﬁﬁHhﬁéﬁéﬁ‘,%imodiﬁﬁfé% Pealtfifin faﬁ'tdgﬁﬂiﬂg viearICean@nd
Test Exanpl es are given for the purpose of illustration only, and are not

i nt endediat 0 Eias antdmiosadq, dissud eplasmmogennactBatéxastd ¢hroRebaytns,eakdkanpl e

1: Measurenent of PH radi cal, scavenging activjty 25 The anti-oxidative
activity of %hpég%re EpieEvaand capHe¥aTued ptegiye agents.

The formulations comprising the inventive compounds used for
treating ischemic diseases may further comprise other ingredients for
preventing and treating damage of nerve cell and tissue (in particular,

15 cerebral nerve cell and cerebral tissue) caused by ischemia, or cell damage of

cardiovascular system caused by ischemia.

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 gf of the
solution was mixed with 190 x¢ of a DPPH solution (1,1-diphenyl-2-
30  picrylhydrazyl; dissolved in 99.9% ethanol), agitated for 5 sec, and reacted at



el ectron donating ability (EDA) which was nmeasured by a nodified nethod of
Blois (Nature 181:1199, 1958). Nanely, a test sanple was dissolved in

99. 9% et haipaB/ozases di l uted to a suitable concentration. 10PC&KR0208010he
solution was m xed with 190 pt of a DPPH solution (1, 1-di phenyl-2 30

pi cryl hydrazyl; dissolved in 99.9% et han 5), agitated for 5 sec, and
reacted at WO 03/ 037324 PCT/ KRO2/ 02010 1 37 Cfor 30 mn, foll owed by
measuri ng the absorbance of the mxture at 515 nm EDA was estinated from

t he sanpl e’ .fags ce.re iV . of nt rol I

representi n; %%ﬁﬁb tpa}Loéy ?64/58’ yﬁl{%géurgig (t,ﬁ? gﬁé(arbapﬁg%zdgh S%ﬁ%i%féiagr ence
Exanpl e 2: Mepss yfemempb A0{vag WRahMed €roin 1tRS séﬁﬂil@@'ab%@?d’a@ﬁ@'r@ﬁitw%cﬁd tHat TO
estimate the scavenging activity of superoxide anion radical o generated

by the reactéofoa doetiedeandalishirapresadting (9 nmhdbitatysactiviGDwast balcutaedod
described by, To et at. (Planta, Med. 57:8, 1991) was perforned as

fol l ows: Tedhe e solutions of various concentrations were each m xed
with O. % nmM xant hi ne, 0.1 nmM EDTA, 50 (err)/n(err) bovine serum al bum n
(BSA), 5 25 mM nitroblue tetrazolium (NBT), 40 mM Na2CC3 and 7X 10-3 unit

XCD to a fi rﬁéfe@@f@eEkmgil@a Meadtifterie@ngf s@REbRitieadnidh redical s@dvdniging 6. 6
of 6 M Cud (err) was a to the reaction mxture to stop the reaction,
and the absagtba®ice of the reaction mixture was neasured at 560 nmto.
determ ne the anpbunt of fornmazane. The scavenging activity of superoxide 20

ani on radical was estinated fromthe absorbance relative to that of a

control, and | Cogy rgg@g@@tthggs ﬂ%bdch]%%lr %?t ﬁﬁérbﬂxf@f@:s gﬁhf%ﬁ e

therefrom Referenc l'e 3: rat cerebrocortical
neurons K6 Nesitepated b;eﬂhlesreasmbmbedvéermmﬂthmeca*rcbbamhlmmudaes (X0D), the

SO o Smbthod descnbed by To0a et al. (Blanta, Med, 3775, 1991) was pertormed as '~ ¢

follows:

Test sample solutions of various concentrations were each mixed with

0.1 mM xanthine, 0.1 mM EDTA, 50 ug/m{ bovine serum albumin (BSA),

15 25 mM nitroblue tetrazolium (NBT), 40 mM Na,COj; and 7% 107 unit XOD

to a final concentration of 200 «{ and reacted at 25C for 20 min. 6.6

of 6 mM CuCl, was added to the reaction mixture to stop the reaction, and

the absorbance of the reaction mixture was measured at 560 nm to

determine the amount of formazane. The scavenging activity of superoxide

20 anion radical was estimated from the absorbance relative to that of a control,

and ICso representing 50% inhibitory activity was calculated therefrom.

Reference Example 3: Primary culture of rat cerebrocortical neurons

25 Neuronal cells isolated from the cerebral cortices of Sprague-Dawley
rat embryos were cultured by the method described by Cho et al. (Life Sci.
68:1567, 2001). Namely, the cerebral cortices of Sprague-Dawley rat
embryos at 16-18 days of gestation were isolated, and meninges encephali
was removed therefrom using a dissecting microscope. The tissue thus

30 obtained was separated into single cells by trituration using a Pasteur pipette



68: 1567, 2001). Nanely, the cerebral cortices of Sprague-Daw ey rat

enbryos at 16-18 days of gestation were isolated, and neni nges encephal i
was renowwo osloam3ef rom usi ng a di ssecting mcroscope. The PCIR9200bLU8 30

obt ai ned was separated into single cells by trituration using a Pasteur

pi pette WO 03/037324 PCT/ KRO2/ 02010 12 ’g a nmedium (MEM G bco BRL)

contai ning 25 nM gl ucose, 5% FBS, 5% horSe serumand 2 nM L-gl utam ne. The
separated cells were plated at a density of 4 to 5x 105 cells/well on

o a concent & MRGTar-QMER, GHjed BRAC Efhiaflihe SOV gl E5BIFBS I e
i ncubat or urtigse SN 2nd72 G LAghwdmhin) OThé Reparatdd Veks waretpletedvesa

replaced with a fresh culturg nedia twi ce per week, and cultures were

treated wit Hensitmafyd txi5iel@r asllsivellden 24rwell cudture phases prexciousiyyconted 9

ft | anting, to.inhibi.t th wt h of - neur.onal,. cel Ls. | d
cel |5 at - dayih Aoy Tavine and Eaiing ther SToeBRARD St e ant € CalHeller ance
Exanpl e 4: | Ih8dgh Mglfqoriﬂbusﬁb} uﬁﬁgggtsoﬁgg)é@%%@.ve A bbAtsh of e

cul tured cerebrocortical c S were was tinmes “wt

HEPES- cont r ajuliexie salutiohoivas irepla¢¢dC8Bh a dredhtaudaire dnodib hwies per hicele, MM 15
(MEM contai ning 25 nmM gl ucose .and 2 _nM gl utam ne) conpri Si ng) xanthine (0.5
m\V) and xantdWliveeowicaa dieatetbwilly k9 ¢V )oytesine arabinasids for ddc® 72 dourgigtrage

db ' ' ical.. . .Ik |1 I
Cacned vt nEELZIOE B Y o8 ianiPl i ESE noR T Soal SRR T i ne
oxi dase at 3 ifré@EeAPat Ba240MOULSAEIIRENFRIaRRS D% DR explrifiehts, damage

caused by hydrogen peroxi de was i nduced by:"washing the " cultured cells,
treatingow th HCCS containing 100 M hydrogen peroxide for 5 mn, washing
repeatedly, replacing the culture.nedia with se{u free NMEM and further
cul turing fcr&ISIENCS ale-4 Indugtion of neuronal cgll dagage iy oxidagiverstiessi ous
concentrations of a test sanple for 1 hour, treated with 25
xant hi ne/ xant hi ne oxi dase or hydrogen peroxi de as descri be above in the
The cultured cerebrocortical cells were washed three times with a

HEPES-controlled salt solution (HCSS), and treated with serum-free MEM
15 (MEM containing 25 mM glucose and 2 mM glutamine) comprising
xanthine (0.5 mM) and xanthine oxidase (10 mU/m{) for 10 min to induce

cell damage caused by superoxide anion radical. The treated cells were
repeatedly washed with HCSS, and cultured in serum-free MEM lacking
xanthine/xanthine oxidase at 37°C for 20 to 24 hours under 95% 0,/5% CO,.
20 Cell damage caused by hydrogen peroxide was induced by: washing the
cultured cells, treating with HCCS containing 100 uM hydrogen peroxide for
5 min, washing 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




presence of the test sanple, and further maintained for 20 to 24 hours, as
above. The extent of cell damage was neasured by the nethod described in
Ref er encewbanpiet 5. 30 Reference Exanple 5: Measurenent @CTRozEb cel |
damage WO 03/ 037324 PCT/ KR02/ 02010 13 The extent of damage of the cul tured
nerve cells treated according to the rrei}é‘n)od of Reference Exanple 4 was
exam ned norphologically using a phase-contrast m croscope or determ ned
by neasuring the activity of |actate 5 dehydrogenase (LDH) rel eased into
the culture nmedia. Data were calculated as percentages of the control LDH
activity in the culture nmedium exposed to the respective oxidative insult
in the absence of Thesixterit ofdahage oThiee culvindd have crtlsitvddiyd aécardigsto
sanple for the oxidative nerve cell danmage was cal culated fromthe anount
of rel eased themet@pdiofRefesenemExampi 4wﬁa$1§ng@m¢cbnwphalqglca#beusmg a

d f d | 50%
i bi fory dURBEHERER i iciScat eLHEEbIER AEaraune hegkBRLTa ans i s
the mean valguss dskeifhsE( LB RIS the'@ifutdhedit e %@r@@il@ﬁ%@ﬁg .

Exanpl e ure of rat cere I ppocanpus c cortex

neur ot OXI ci ta)s pers¢ntapes bf frocentpelsl Bt activitye xn Wes eulemxrter metlan fexposéd eo
cerebral tissue of 17-day old fetus of a pregnant SD rat usi. nIg a

mi croscope. tRereSREFHYE eQP‘ldQ'OV%l isgultatp Ube apbsaaset ek Rt dradplesepalhg ed

ther et rom by BRI asB i "ot P COR BulbEish the AddG: e o HALREE et i o
pol y- L- 1 ysi nglcithedofemthe f80h% dﬁfe‘l’easbﬂq_QID'H%%h\?E to%lﬁ?@fﬁﬂtdr@hbﬁ%ed)f
2.5x 104 cells/well, and cortex cells, at a concentration of 5x

cel | s/ welol . @irod. of TiNeumeasmawament divasn repedted2 Swoe thrfmuo gtioes, candt di3p ng 2%

B- 27 suppl enentary .nutr t, 25 Mglutamate., and 0.5 | u ne was added
Lo each wel ITCPEENGAG éb%é taryc GeBcEHratign 3yes %fl‘gﬁlﬁ? L%mhnear

I ncubatton, e R UMMRE HRPIAGHRT VY bfg Prism (Graphed software Inc,
USA).

15 Reference Example 6: Culture of rat cerebral hippocampus cells and cortex

cells for neurotoxicity test

The hippocampus and cortex were extracted from the cerebral tissue
of 17-day old fetus of a pregnant SD rat using a microscope. The extracted
20 hippocampus and cortex were each separated into discrete single cells using
a pipette, and the cells obtained therefrom by centrifuging were inoculated
into a 96-well plate coated with poly-L-lysine. Hippocampus cells were
inoculated at a concentration of 2.5 10* cells/well, and cortex cells, at a
concentration of 5% 10* cells/well. 200 x{ of Neurobasal medium (Life
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



sanme nmedi um but | acking glutamate, and the cells were further incubated. A
neurotoxicity test was perforned after 7 to 10 days. 30 WO 03/037324

PCT/ KRO2/WP3@3B44 Reference Exanple 7: Activi for preventPicmKRrienedna

cells fromneurotoxic danmage caused by NVDA The cultured cells prepared in
Reference Exanple-6 were treated 5 withyi00 M NMDA (Sigma) for 2 hours to

I nduce cerebral cell damage, wth or without the presence of a fixed
anount of a test sanple. After 24 hours, the anbunt of LDH released into
the culture RefeWiQENRR r@aswcﬁeh U PePehtind LARRBRI'deNld fhorh deBRstxigger
Mannhein). 10 Reference anpl e CtIvity I preventing cerebral cells
fron1neuronaknndanuused&BSdeﬁwxgromﬁh factor withdrawal The cultured cells
prepared in Reference Exanple 6 were cultured in NVDA nmedi um contai ni ng 2%
B27 suppl ementary nutrient, and then, the 15 culture solution was repl aced

i Lhe sare MDAMPUNINNCCSGHBaECT, ROBGIEEROIVY LN dadddice
rel eased sby wihl lmgmwmmstwrﬁﬂ Vdiongs t@indikt GBRsHHAl B€ll lamage,

(Boehri nger Mannhei to quan he extent of cell death. 20 Ref erence
Exanpl e 9: Rwﬁhaurawnthnubthaprestcno@@éla fiked mamsuingmf 4 ¢estlsaoeplebr Afteri 2¢heni ¢

damage caused b ddl e cer artery occl usi o VA and re er fusi on
25 Wl e Spr duvollin BonaE oF (rRbhEEleaeloPia e shituts Saltticantas MeEmEdNg)

hi h I
\Qﬁ: ?ra: n\?\/a?g"hsgsgﬁet [ zﬂﬁnlégﬁﬁnigs]g&))@?o %ﬁy%@or anZ( r e mgéﬁgr{/\gﬁm :

Phar maceutical Co.) using 70% nitrous oxr de (N20) and 30% oxygen (02) as

carrier gases, and oEerat ed by the nethod descri bed by
10 Reference Example 8: Activity for preventing cerebral cells from neuronal

damage caused by growth factor withdrawal

The cultured cells prepared in Reference Example 6 were cultured in

NMDA medium containing 2% B27 supplementary nutrient, and then, the

15 culture solution was replaced with the same NMDA medium but lacking B27
supplementary nutrient to induce cell death caused by undernutrition. After

24 hours, the amount of LDH released by cell necrosis was measured using

an LDH measuring kit (Boehringer Mannheim) to quantify the extent of cell

death.

20
Reference Example 9: Preparation of a rat model of transient focal cerebral
ischemic damage caused by middle cerebral artery occlusion (MACQ) and
reperfusion

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



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

03/ 037324 PCT/ KRO2/ 02010 15 experinental animal's body tenperature at
about 37 WO93@31324 ng a heating pad and a heating | anp. TRETARI0X010aS
incised along the mdline of the neck of the anesthetized aninmal, and the
right common carotid artery, internal caggtid 5 artery and external
carotid artery were carefully separated erefrom whil e paying attention
not to danage the nervus vagus. The comon carotid artery and the external

tid art ' ' ' i
carotid artef ie\é\ﬁgﬁtglr 3@1‘;11?%?% t@g%] B%éﬁﬁ&epit%%u‘f‘@?i DI5SEr h?ﬁ'lrg‘ Aheafi

I nternal caro rgation point of the nter nal and
external carpdd ahdatheatingdmdpwas |i gated just above the insertion io site
to occlude the base part of the mddle cereb{lal artery. The probe had been
previously prepar ebhdycariki ngaoriacsad afong ihe mydlre soff the pegk oo thkogyo

Co., Ltd., Japap).into a spheri,cal s eat | and cutting,t -
Cength of 17 raiteria gt 8h e 20 oty TanrtL Aoy bkl g

| mer si ng anphQUind’ ek ferflalMBarofiddarmeryt (vere Qﬁréfﬁﬁ¥0§e§§fat8@Qhéﬂéﬁ%nm\%hﬂé e of
a 15 silicone (Bayer Dental, Xantopr en;l and a hardeni ng agent (Optosil -
Xant opr en Agpaywng cattenBaynenoDdat ddthage thermarsus oaigusg Adei ogmmaricakoteds of

0.3to0 0.4 mm This, goated end was.inserted i,nto the terpal carotid
artery to HTHIN angkt %@mqqmr%@raaew&gﬁ.l%%@taé??xfﬂe ZProbEs vas

i nducing c [ 8C I u i [ i oa e
test ani nal ?hg%&%c}b\fbngﬁ %nﬁgterll’gﬁr g?@g@cgﬁbﬁgﬁdﬁt {hse\;,/\@rr%}l %@%ﬁeﬁglr}tngfﬁggd I n
the ischem cintéhalBnd BReerngl oot sd¢rydand ovis Vigatdduigedbéve s aigertidn
whether the left forearmflexes when'the rat is lifted by the tail in the

air, or Whetditer ta becluddythethasagpart of ttlee maiddle cetebralspdenyan ebhes pyoter hadhen
i, & ) andhes PRSI ARRAEA s ARG ANE Sk Of kD) RGN DAt
02 K 2148, bl LS SRl R ogieg skl
| ong to nekeength egfernf7usmd (thehdesgthgegeludss tthewspherical 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.



t hen sutured, and the neurological deficit was neasured after one day. The
brain tissue was renoved fromthe aninmal and subjected to histological 30
st ai ni ng.wo030373287324 PCT/ KRO2/ 02010 16 About 30 m n af Pem/KRodo2i01ng
ischema, 0.9%saline (vehicle, 1 m/kg), or 10 ng/kg of quercetin,
quercetin-3 nethyl ether or dihydroquercggin was adm nistered
intraperitoneally. 5 Exanple 1: Preparation of an extract of Qpuntia
ficus-indica fruit and its activity for protecting nerve cells Fresh fruit
of Cpuntia ficus-iAhg30(hiP IR Ridhcisg ReHemR(29% sélgfec{}%ﬁ el nif gdong
market) was finely chopped, and seeds Wwere 10 renove erefrom 7 kg of
t he chopped drr 10 mgkkg ebgkertetin, qOercetinAdniethyl ether voaihydrogecatetinewhsr 4
to 5 days, Cﬁ'@flltr ajed. Such extraction was conducted two nore tines,
and the comABHIFETLINIPSEIRRGalY- was concentrated using a rotary
evaporator at 40 Cto obtain a nethanol extract. Then, 498 g of the

nmet hanol extract of Opuntia ficus-indica fruit was 15 dissolved in 1 ~ of

water, and tBeahplllt imgpmmﬁtksf af| eitraRR orROpaXtihaséRdindbs TR iandl s W t h:
di chl or onet hane | ethyl acetate (EtOAc, 600 mx 3) and
but anol (Buﬁw&gmwn_ﬁdlteveral di fferent solvent fractions

were obtained fromrespective organic extracts and the final aqueous
phase. The DPPH radi cal scavenging activity and 20 i nhi bition of

xant hi ne/ xant hi ne ggifagg;d %‘?U@?qmafa gqgg;}ap h H{lﬁﬁﬁﬁﬂ Kﬂreé‘g

neurotoxicity were neasured I n action ac

descri bed i itehaseehae Kyeomgdungl markst) mpﬁgblwe:hmﬁpéd ahdvwsedd’ fiegs. 1,
2 and Table 1, the dichl oronet hane fraction e butanol fractiaon

(GB) andl® herefeaved thesefrpsn (G ket Ownmtchappczds it &y ﬁ@alccal in \Q Lspbwed
DPPH r adi cal ave activit 0 the h| bi ti.o hi .ne/ xant hi ne
oxi dase or ﬁ@é‘@ﬁ%fe&&% ﬁ%ﬂl&ee r e@r 8¥? anwnlua@ﬁ th 81?% ﬂté% t he
ethyl acet atg,f rankuerd(&o ﬁﬁf@ﬁm%?lahdsﬂﬁVE&%%ﬁled 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 méx 3), ethyl acetate

(EtOAc, 600 m{x 3) and butanol (BuOH, 600 méx 3) 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 ICso: 60.0 ug/mé,

30 ICsy: 67.7 ug/mé and ICso: 115.9 ug/mé, respectively. From these results,



DPPH radi cal s, and significantly inhibited xanthi ne/ xanthi ne oxi dase-

i nduced or hydrogen peroxide-induced neurotoxicity at 1C50: 60.0 ggl m, 30
| C50: 67.woughsiz2zand |1 C50: 115.9 , tgW respectively. Fromcrhae/oe@asults,
WO 03/ 037324 PCT/ KRO2/ 02010 17 it has been confirned that an ethyl acetate
extract of Cpuntia ficus-indica fruit e¥9ibits significant neuroprotective
action in cerebrocortical neurons, and accordingly, can be used for
treating stroke or Alzheinmer's disease. 5 Exanple 2: Preparation of an

extract of i i H‘ﬁhﬁ i i M TR AYE
protecting ?&H\% tzeg{n I g gdgﬁatgé‘g%@g%"?% ‘%X%%@é)futr??@}ﬁ ?ﬂgﬁ%llnr{ I %:%1
(from Chej u fraitagxhibitkaigdficanr abaspdorttily ernigaoiin cersbretJrtical apaream, by
steam ng, drying and io pulverizing, was soaked in 20 1 of mnethanol at
room t enper aang accosdingly,sap bpaysed t9F drepting siioke. orrhizheimer s glisegse-ut i on was
concentrated using a rotary evaporator at 40 C to obtain a nethanol
extract. Then, 412 g of the nethanol extract was dissolved in 1.5 (err) of

wat er, and tEﬁarﬁBRﬁ@#Prgﬂ'rézﬁér%f anasctivet bR@sthRt FERS ARl Yorvbédled fruit
di chl or onet hane | : m X , 1S ethyl acetate (EtCOAC, 800 m x 3)
and but anol griLBHactBOly foxpRitettmpiviercellsari ous sol vent fractions. The

DPPH radi cal scavenging activity and inhibition of xanthine/xanthine
oxi dase-i nduced or hydrogen peroxide- induced neurotoxicity were neasured

1 oEr teapect vely oBP Bibeshef st oLORRHE R iticd (R DTSR T one
fromthe progessepuréhdsed @K Fdunpdong haket) ?ﬂép‘a&e tagrniive d&ggpﬁnd) :

Anong the fractions, the ethyl acetate fraction (SE) scavenged
r adi cal sinospulyetiemyg, wasssoakedde 0 £ndf mdthanalet reant timpératurefond to 5

PG50 wer e 5658y and) e r) TR sethaSol siion atk eancenyted usineca SRR 1 o
Frutt exni ol PepOrShPYat, 300 & BHBAG. pithartdl Bricde; | CFffed, JA1S O PO T8
neurons, andmaef@olliertlayt wasndibsolvedeh s 4 ofavateg and the aqueous solution
was extracted successively with: dichloromethane (CH,Cl,, 800 mix 3),
15 ethyl acetate (EtOAc, 800 m{X 3) and butanol (BuOH, 800 m{x 3) to obtain

various solvent fractions. 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/mé, 22.2

25 ug/mf and 21.2 pg/ml. 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




stroke or Al zheinmer's disease. 30 Exanple 3: Preparation of an extract of
Qpuntia ficus-indica stemand its WO 03/037324 PCT/ KR0O2/ 02010 18 activity
for protew0ing3tesve cells 32.6 kg of fresh stem of Copunt iPETIKRIO®2G1I0di ca
(from Cheju Island, purchased at Kyeongdong market) was soaked in 20 1 of
met hanol at room 5 tenperature for 4 to § days, and filtrated. The

nmet hanol extraction was repeated two m)ré times, and the conbi ned net hanol
solution was concentrated using a rotary evaporator at 40 Cto obtain a
nmet hanol  extJakhity fof otdclin f e O hanol extract was dissolved in 1 (err)
of water, a s extracted successively wth:

di chl oronet hane (CH2C 2, io 600 mx 3), ethyl acetate (EtQAc, 600 m x 3)
and butanol (BuCH, 600 mx 3) to obtain various solvent fractions. The

DPPH radi cal scavelgbnige ofctresh stemarnf Opunbiniion-ordisadiommé/beantlnland,

P each 11 adnishsed d K AeraddhE RS nbeaked i pth % Rf riatREic BR R s
e ! et

di chl of orot RERDY Rl 80 50 X005, By rarely JTRCIndBngl taralfion wes
fracti on (FHepeite@puwbi andrec ubmes,ndinda the egoribinedt nedleandlhgohtionvi wys of

DPPH radi cal clearance and the inhibitory ac:zj;vi ty for xanthine/ xant hi ne
oxi dase or HAICEHHAIUTIRE Aot RNAPOI#HOT abANF cta gbtain g methanol pxtragther

hand, , th I te f t.i FE) (sl gnifi.cant d PH
adical s, an g et o ehRfeReAch asuRieiPh "D el SRR The
hydrogen peryied@s isBHIIdwal eyfratey! s‘iﬂcbé‘ss‘l@él? WiE: di@ﬁRﬁ@hiéfﬁaﬂeC@QH%Iﬁo- 0
,ag/m, 15.2 ggl me, and 17.5 , Lg/m. The potency of the ethyl acéfate

fracti onio FEHOU i Bheetiydradetate hELOAd)i 600 i mix 3 arelibotanolc(ByOHhdoe®d by
Fhe. ot hyl - adebacy oraRiamoatens SPNGH TaaPoc dIclPPHITBdIcah S8 EaTH 1 o
(hatof e g, S50 oA b el g Bk lancERESE Hihthis shov
peroxide-induced neurotoxicity were measured in each fraction according 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 ICsq of 60.0 xg/mé, 15.2 pg/mé, and 17.5
ug/mb. 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



ficus-indica stemor processed fruit exhibits significantly potent

neur oprotective action in cerebrocortical neurons, and accordingly, can be
30 used fwp oBgmei ng the cerebral nerve system di seases s®RCH/KR252010ke,
cerebral WO 03/037324 PCT/ KR02/02010 19 concussion, Alzheiner's disease or
Par ki nson' s di sease. The DPPH r adi cal sc?genging activity and the

I nhi bition of xanthi ne/ xant hi ne oxi dase-"or hydrogen per oxi de-i nduced
neurotoxicity by each extract fraction obtained in Exanples 1 to 3 are
summri zed | i nEaliGn AL IRIMERR! disdie A BarkinbolRFdis LAl cal 1 nhibition of

I nhibition o scavehgi'ng activity xanthine/xanthi ne hydrogen peroxi de-
(1C50, jug/ng) oxiThesOPPHUCEdidaldgceenpdng ohorvity t wndolthentinfiibatién oof
neurotoxicity (1C50, 99/My) . (1C50, tg/ng) Methanol extract of >500 >1, 000
>1, 000 f r uixantiome/xanthingr oxdasaner Mgragenlpmldq-,lmedr PEVHOLOFICHY BY ui t

(GD) Ethyl acetate fracti.on ”g£§7. 115.,9 f fruit (GE). Buta fraction
of a2, 2 1 6 ExfrashBRchBR bvaied foaitifsL B o AsupiriatizE8 8 18bienho
>1,000 (GH) Methanol extract of 312.6 600.8 457.6 processed fruit (SM

Di chl oromet hane 367.5 277.1 202.2 fraction of processed

<Table 1>
Activity DPPH radical Inhibition of Inhibition of
scavenging activity xanthine/xanthine hydrogen peroxide-
(ICsp, ug/ml) oxidase-induced induced neurotoxicity
Solvent fraction neurotoxicity (ICso, 1g/ml)
(ICso, pg/me)
Methanol extract of >500 >1,000 >1,000
fruit (GM)
Dichloromethane 145.4 >1,000 >1,000
fraction of fruit (GD)
Ethyl 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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Example 4: Isolation of compounds exhibiting neuroprotective activity for

nerve cells from ethyl acetate extracts of Opuntia ficus-indica

Since ethyl acetate extracts of fruit, processed fruit and stem of

Opuntia ficus-indica show high protective activity for nerve cells, attempts

to isolate compounds responsible for such activity were made as follows.

<4-1> Isolation of compounds having protective activity for nerve cells from

the ethyl acetate extract of Opuntia ficus-indica stem

4.98 g of the ethyl acetate fraction of Opuntia ficus-indica stem was

subjected to column chromatography (4x 5 cm) using methanol as a
developing solvent and Sephadex LH-20 (Cat. No. LH-20-100, Sigma) as a

solid phase.

TLC (use of dichloromethane : methanol =

reverse phase silica gel TLC (use of water :

methanol =

After analyzing the fractions using forward phase silica gel

5: 1 as a developing solvent) and

40 : 60 as a

developing solvent), compounds having similar polarity were collected to

obtain 17 subfractions (subfractions 1 to 17).

Subfraction 12 having

relative low polarity was subjected to reverse phase column chromatography
(LiChroprep RP-18, 40 to 63 um, 2.5 35 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

9,



15 solid phase. After analyzing the fractions using forward phase silica
gel TLC (use of dichloronethane : nethanol =5 : 1 as a devel opi ng

sol vent) wod3/0sBeer se phase silica gel TLC (use of water Pommkmenedio= 40 :
60 as a devel oping solvent), conpounds having simlar polarity were
collected to obtain 17 subfractions (sugflractions 1 to 17). Subfraction 12
having 20 relative low polarity was subjéecCted to reverse phase colum
chromat ography (Li Chroprep RP-18, 40 to 63 gm 2.5X 35 cm Cat. No. 13900,

Merck). Th a8y t : [ Bt I
W th is e O S 2 S 0 0B S B 00 e
ef fl uents Wpdlari6a37334bRaTtikR022B2Gx4y Ahbjested tdi \Sephddext bHE20sublunact i on
(sub fractions 12A to 12L) according to the polarity. Subfractiopn 12B was
subj ect ed t chsepiiegtRPhy 655K o3 unel)” MsMEAANgPEY etiansk a% & devalapieg

aqueous neth as dgvel opiyn o| vent obt ai n.3- 0x@- a-j onol
(err)-D-gl ucsg)g‘%fbt (58 r@tsmPuPé.g’éo' 'Wg)?ok@g%ﬁ?‘éﬁ?%ld? 3()()§© mﬂlfg was ipél(g? at ed
from subfsr acdihgarcldlempfrdll F @7 Ong)2Caas BoRIEE! FrohC sieibadion Liog0
col um chr omat 6graphy © (2. 5x 35 cm) “usi ng aqueous net hanol as a devel opi ng
sol vent to obabHiractiati hydrwasisulgjiectad to7Sephadgk. LBe20 cahtrorcht@hategraphg o

successively ubj ected to Sephadex LH 20 colu chr omat ogr aphy under. the
sans | 0 corld ¥ i CIriing JqUrOHS eSO B @ e\éfHPBHﬁ @g[vgaﬁytw eg@w opr ep

RP-18, 40t m t. 0, I N % hanol ,
to obtain qﬁg%re r?—réetrﬁri(et ﬁ’?l'get% T (§gﬁ3§ra§§§8 ét%/]?rvgc i%%blgké%é)ss%ﬁy
subjected tgy 8adex Sdphd@ex OLHRDO chslammi Qﬁfr@ﬁﬁ&f%gﬁgh% oRdeanhe @fné
devel oping solfvent, and purified by preparative RP-1 LC (I Ox 10 cnx

0. 25 cm 10Catconhtions, ang4pFeverse phasé oobuveDehramatsigraphy Karpoprep RE- bt hy |
Subj ect od 10 & iady I3 39 €81 b N dAdP Do MeR Esingo 8 Blithiithinol )
and  prepar afpg, RhertBtinlLnictiyl dhef 399 A2).CMBubfthctiol 1210473 sujéka 60%
to Sephadex LH-20 column chromatography using methanol as a developing
solvent, and purified by preparative RP-18 TLC (10x 10 cmx 0.25 cm, Cat.
15 No. 15423, Merck, 50% MeOH) to obtain kaempferol 3-methyl ether (5.2
mg).
Further, subfraction 15 having relative low polarity was subjected to
Sephadex LH-20 column chromatography (2.0X 30 cm, methanol) and
preparative RP-18 TLC (10x 10 cmx 0.25 cm, Cat. No. 15423, Merck, 60%
20 MeOH) to obtain kaempferol (10 mg) and quercetin (10 mg).

<4-2> Isolation of compounds having protective activity for nerve cells from

ethyl acetate extracts of Opuntia ficus-indica fruit and processed fruit

25 1.82 g of the ethyl acetate fraction of Opuntia ficus-indica fruit was
subjected to Sephadex LH-20 column chromatography (4.0x 26.5 cm,
methanol). The obtained fraction was subjected to normal phase silica gel
TLC together with reverse phase silica gel TLC while changing the polarity
of developing solvent. Compounds having similar polarity were collected

30 to obtain 13 subfractions (subfractions 1’ to 13°). 2.4 mg of kaempferol



20 MeOH) to obtain kaenpferol (10 ng) and quercetin (10 ng). <4-2>

| sol ati on of conpounds having protective activity for nerve cells from

et hyl acewetog/ogmes acts of Qpuntiaficus-indica fruit and protaged2dipuit 25
1.82 g of the ethyl acetate fraction of Cpuntia ficus-indica fruit was
subj ected to Sephadex LH 20 col unmm chrongfography (4.0x 26.5 cm

nmet hanol ). The obtained fraction was sub[€cted to normal phase silica gel
TLC together with reverse phase silica gel TLC while changing the polarity

of devel opi ng % Y4B fr Ionsrﬁggﬁpﬁoﬂq b n&l(ﬁB'@ lrr@rlgf’ﬁ{x@fé:'e&}’l ‘ﬁ%[rrﬁs erh &‘Fd 30

to obtain 13 su rac ractions erol WO

03/ 037324 PAR’KREBUHIALON2E’ msSutged:tetlet@ éél@fﬁrﬁ@hfdhﬁ@tdg@ Byt (2xa3@i c@) 6 ng
of quercetin, fromsubfraction 12". Subfraction 8 was sueégrect ed to colum

chr omat ogr apHjng auigo goh) D;bydr@kgﬁmpcf@n@e(b 1 me)ywaskekiaprask wihepselitedy) was
bt d when. gl ut ed t t f dichl d .net hanol,, (20/ 1
ot h or adua s Rtk o dichuSiameinang g RrEERbD 128/ Bl ST Rty " o
col um  ghr qEBQGAPNYLE | Po 3%15 C@hbﬁ%'c Sns'd¢" C@vagelsuﬂ?%&léﬁr OBICE SR ) (2 2

ng), kaenpferol 3-Tmethyl qguercetin met hyl er (3.0

ng) were otnlnonmﬂogvlaphye(llut ¢8. 5vwm)huﬁng1 silica gehf Dnlwﬂroquaﬁiehar(@ ﬁnng)
nmet hanol (20/ 1) with gradual ly increasing the polarity. The ethyl acetate

extract of 2 e@?ﬁfﬁfq’a finethy] jetlgrct). érWeéé‘édll\‘emﬁttn ﬁla@egllrdj etber @3 0o mg)

For the et nyfeicyallet §BEh Su@gRvf e BE viciPomenbhe ha HEdinby. ©"
Structural a(%@l’b’)sﬁﬁttpérdd‘ﬂﬁll‘}qﬁﬁlé%ﬁﬁg B pBIArRY Ot ahel ¥ByRGEMd ¥xtrhet ber

nerve cells NVR spectfa weré recorded on a Bruker 300 spectroneter 1H 1H
COSY, HMQC abpuriiBJicdsRirsier tpracessed ﬁbttavwaedsuhjecttedhm as siahilguisolation
sequences. 1H N 300 13C NIVR Nﬁlz HNBCF 2% corr | ative
spectral datR¥Os¢ wADaI Rolss Elt% cTath Ef@&n for the eth acetate

extract of Opuntza ﬁcus-mdzca 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), C-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)

N B W N

6.07 5.89 (2.09) 6.10 (1.41) 6.07 5.77 (1.79) 6.09




1H signals (6)* H Kaenpferol D hydrokaenpferol Kaenpferol Quercetin

D hydroquercetin Quercetin 3-nethyl 3-nethyl ether ether 2 4.99 (11.59)
4.39 (11.\0)3/037324 55 (11.59) 4.80 (11.54) 4 5 6 6.07 5. 82T(KR0202016. 10
(1.41) 6.07 5.77 (1.79) 6.09 WO 03/037324 PCT/ KR0O2/ 02010 23 (1.72) (1.79)
(1.82) 7 8 6.29 5.93 (2.13) 6.30 6.29 5581 (1.79) 6.28 (1.82) (1.72)
(1.82) 9 10 if 2" 7.98 7.36 (8.57) 7.% (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 ' 6.79
6.84 (8.60)| 6.82 (@.8%) .78 6.69 (8.11) 6.80 | (8.B8%) |(8.49) (8.38) (18
7.98 7.36 ( ._?/ 7.89 (8] 67) 7.53 6. 74 (8. 16, [[.52) 743 (8.8I) (§.45,
(8. 46) 1. ’2) OV 3. 67 B3 68 * Values in parept heses lare ("ﬂllle ng
constants (lingHz) 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) 7.43
(8.81) (8.45, (8.46)
1.83)
OMe 3.67 3.68
* Values in parentheses are coupling constants (in Hz)

<Table 3>
B3C signals
C Dihydrokaempferol Kaempferol 3- Dihydroquercetin | Quercetin 3-methyl
methyl ether ether
HMBC HMBC
2 85.4 158.5 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 1002 | 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 Ce, C7, 96.7 95.1 Ce, C7,
C9,C10 C9,Cl10
9 164.9 158.9 164.9 158.8




<Tabl e 3> 13C signals C D hydrokaenpferol Kaenpferol 3- D hydroquercetin
Quercetin 3-nmethyl nethyl ether ether HMVBC HVBC 2 85.4 158.5 85.5 158.4

3 74.0 138093/p%7324 139.9 4 198.8 180.4 198.8 180.4 5 169rPeTAGR2520169. 2
163.5 6 97.8 100.2 C5, C7, 97.7 100.1 G5, C7, €8, Cl0 C8, C10 7 165.7
166.5 165.7 166.3 8 96.8 95.2 C6, C7, 96 »Z< 95.1 C6, C7, (C9, C10 C9, C10 9
164.9 158.9 164.9 158.8 WD 03/037324 PCT? R02/ 02010 24 10 102.2 106.3
102.2 106.2_ it 129.7 123.0 130.3 123 3 2' 0.7 131.8 C2, ¢4', 116.5 116.8"

Cc2, C3', d6' 14 | C6' 1032 116.51347.0 A", (:5 , Ao 7 118.156'54 4' 159.6
162. 1 147. 5150315116 5 11700 C~1C3— 11631168 €3 A4
6 130.7 131 8l'co] 2 12931 3 1p3230¢p > [car B3 de2-d 60. 9| C3
Anal yses of| the above rigsylt showedst hak, cespecti vg.sstrugt yiges patde,
Ce’ C4’, Co’
3 116.5 117.0 | C1°,C5’, 146.7 148.8
c4
4 159.6 162.1 147.5 150.3
5 116.5 117.0 | CI’,C3’, 116.3 116.8 | C1’,C3’,
Cc4’ c4
6' 130.7 131.8 C2,C2’, 121.3 122.7 C2,C2’,
Cc4 c4
OMe 60.9 C3 60.9 C3

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 et 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



each compound were identical with those previously reported: kaenpferol
(OCkuyama et al., Chem Pharm Bull. 26:3071, 1978); quercetin (Grande et s
al ., PlamnwveaoMestisee. 51: 414, 1985); di hydrokaenpferol (ShemrCEtKRR/02010

Phyt ochem stry 24:155, 1985); di hydroquercetin (Nonaka et al., Chem
Pharm Bull. 35:1105, 1987); kaenpferol anethyl ether (Grande et al.,

Pl anta Medica 51:414, 1985); quercetin 3-methyl ether (Barbera et al.,
Phyt ochem stry 25:2357, 1986); and 3-oxo-a-ionol (3-D-glucoside (Pabst et
lo al., Phyt cgﬁaq, i : : - O | £:A%) i
neuroprotect?&e ac iJ%F?ég?ﬁggﬁ%%ﬁ%ﬁ?vmﬁégg§¥§l féﬂ?éggg?ﬁghkﬁgﬁgpgﬁ%ica
fruit, procegsadetin Grinetind eth@mshbvethpotoRPsupedikidd asioavadgahgcaaingmg v,
superoxi de ani on radical scavenging activity, and inhibition of the

neur ot oxi ci t3ctivibuliem xanthine by etpntagreridass sysemh(Table4nt hidvseshowymii e,
hydr ogen per-axi.d N or. gr factor wthdr | were evgl uated. by the
methods. desclitEd PC BleSdfibs: bt sOimae i R @9, dBhTea
Quercetin, diifydrQf@EAR | And@NAuRYEStRE! BOm3tHiR! ithertt §i86n¥§T Cinhdbind MO

03/ 037324 PCT/ KR02/ 02010 25 to show potent PH radi cal avengi ng
activity, amkeutbtoxicidyjurdeedd byamyldroger rperokide3onxahttineixhathisd mmdageot ent

super oxi de i on radical, scavengi ng ctivity from xant hi ne by xant hi ne
oxi dase sysfﬁw Srr 3}h>/d§§qgmﬂniafn quecetin %mtﬁy%gtwrmeé oW fRs

been confir . s ; di i rcetin
been cont il SRARRRRI RSB0 . Ry AL G BRIGR Rk B,

per oxi d_e or ﬂﬁétﬁ}}l' Btexaglkoi ﬁﬂlil@i&dﬂ&'ﬁé- nelﬁ‘éltéﬂ_@ftynﬁﬁluc@d hiy I SRIEIHC FhetOr and
guercetin 3-nethyl ether were shown to inhibit the neurotoXicity induced

by NVDA, 1eandwithdpawali cul ar, quercetin 3- nethyl ether also inhibited the
neurotoxicity induced by growmh factor io wthdrawal. <Table 4> DPPH
radi cal scavengi ng Superoxi de ani on radi cal

<Table 4>
DPPH radical scavenging | Superoxide anion radical
activity scavenging activity
(ICso, 1g/md) (ICso, 1g/mé)
Kaempferol >50 >50
Dihydrokaempferol >50 >50
Kaemferol 3-methyl 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 growth factor
oxidase-induced peroxide- induced withdrawal-
neurotoxicity induced neurotoxicity induced
(ICso, ug/mé) neurotoxicity neurotoxicity
(ICso, 1g/mé)
Kaempferol 249 29.7 - -
Dihydrokaempferol >300 >300 - -
Kaempferol 3- - >300 - -
methyl ether




activity scavenging activity (1Cso, ug/nmg) (I1C50, 99/ M) Kaenpferol >50 >50
D hydr okaenpferol >50 >50 Kaenferol 3-nethyl ether >50 >50 Quercetin 2.89
>50 D hywioegoeneetin 4.49 2.48 Quercetin 3-methyl ether PBTAR04/0Z010 <Tabl e
5> Inhibition of Inhibition of Inhibition of Inhibition of

xant hi ne/ xant hi ne hydrogen NVDA grow h fgﬁtor oxi dase-i nduced peroxi de-

I nduced wi t hdrawal neurotoxicity induced™neurotoxicity induced (I1C50,

ug/ np) neurotoxicity neurotoxicity (1Cso, ug/m) Kaenpferol 24.9 29.7 - -
Di hydr okaenpf er@e@ago >BOO - 5—5 Kaenpf eroly.13- - [»300 -~ - nethyl ether WO
03/ 037324 LI/KHUA/ 02010 rceti N 5.5 4. I - -_Dinydrogpercetim 16} 6
7.8 33% i nhji Bibydgquercqtiy cg/ n| 47%|i nhi Bi% i on %%ﬂ}hfql@ﬂm Quercetin
3-methyl 0./65 0.60 21% i nhibition 31% inhibition ebhgmef9 pg/ me) (9
ug/ M{?) 54% inhibition 86% i nhibitign (30 zg/ m)) 4';"/31nh1b1t%/ m)

(30 ug/md)
Quercetin 3-methyl 0.65 0.60 21% inhibition | 31% inhibition
ether (9 ug/m) (9 ug/ml)
54% inhibition | 86% inhibition
(30 pg/mb) (30 ug/mb)

Example 7: In vivo neuroprotective activity of quercetin-3 methyl ether

The brain damage caused by transient focal cerebral ischemia in a rat

s 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

10 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

15 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 (mm') was calculated by multiplying the thickness of
section. Finally, the total infarction volume was calculated as the sum of

20 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



Example 7: In vivo neuroprotective activi of quercetin-3 nmethyl ether The
brai n damage caused by transient focal cerebral ischema in a rat 5 nodel
was neasuwedsly7ehe TTC (2, 3, 5-tri phenyltetrazol i um chl or ipd@)KRrogta1ni ng

nmet hod (Bederson et al., Stroke 17:1304, 1986). One day after occluding
the mddle cerebral artery, the rat was glcrlflced using a guillotine, and
the brain was renmoved therefrom Brain coronal sections were prepared by
successive cutting of the renoved brain to a thickness of 2 mmto beginning
at 1 m*nspot u n nts,
verren M. ey SBBRALRE e BuiBaf GIRkn gl AL e Tight TR Cos
sal i ne and i Hegnisp helcé (ﬁsﬁaleﬁlﬁwheﬁﬁcmlde)tﬁoﬁt thientotdlearba ofehtileft ckrebhraed
with TTC was flxed with a phosphate-huffered formalin solution, and its
reverse si dehqnfmﬁgbemas(canqalaﬁ@ra byoRrdsehgmaice sigd: eand 5theyueeipeiedi totah oD

canera. The .infay.ction area cer,ebr cor.t [
striatum M_ ﬁgoﬁe‘é Uy I cg%l%g %%q‘nqj%m Fsgﬁct%gs?cﬁ@]aéﬁlgégﬁor&?rﬁ%i ng
an image anatysiidin %&H@E@m@%&t’hﬁﬁ%sa%@%nds WA, USA), and the infarction
volume (nm ) was cdlculated by nultiplying the thickness of section.
Finally, the totalniaddition, dte sudeﬂnmﬁg watiocaf cetelirall hemispleersumdotedOby he
infarction vol une, of the c (Eg (%Qﬁex and corpus striatum At this
time, a corriseheanig wagealculyte (the fobewing exprgsuan; o conpensate for the
swelling as follows: a corrected total infarction area of each section was
WO 03/ 037324 PCT/ KR02/ 02010 27 calculated by subtracting the normal tissue
area of the right cerebral HeniBsphere (ipsilateral ischemc side) fromthe
total arga ofwdlifglrefib (%r<bral-__henksppgre (contral ateral non-ischem c
side), and the cogrect edtotal pinfarction volunme was cal cul ated fromthe
corrected total infarction are? C ding to the sane nethod as above. In
addition, the swelq:i fhg iféhirﬁ’e f fpRilakral 1§&ﬁ€hﬁ@*’t§é’i@oﬂal‘%@pﬁé’re s ebRMm a
was cal cul at ed by the foll owi ng expression. A-B

coronal sections (mm')

B: the volume of contralateral normal cerebral hemisphere in total

15 coronal sections (mm)

<Table 6>
Treatment n Infarction volume Corrected | Swelling
Corpus Cerebral Total total ratio (%)
striatum cortex infarction
volume
Vehicle (saline) 6 |36.7tf 2.0 181.8% 11.4 218.6x 12.5 | 150.0+ 7.1 | 12.8% 1.0
Quercetin 9 |30.1f 49 | 130.5% 18.6 | 161.1t 21.4 | 110.6x 15.8 | 9.1+ 1.1
Quercetin 3- 11 | 289t 3.1 | 81.2¢ 20.8* | 110.1+ 22.9* | 81.6% 17.8* | 5.8% 0.7*
methy] ether
Dihydroquercetin | 8 | 30.1% 4.3 | 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

20
The neurological recovery effect of quercetin-3 methyl ether in the rat



to swelling ratio ------------- x 100 B A the volune of ipsilateral

I schem ¢ cerebral hem sphere in total coronal sections (nm) B: the vol une
of contr aweatoanaisznhor mal cerebral hem sphere in total 15 ®CTGKRR/0%ME6tI ONS
(ml') <Table 6> Treatnment n Infarction volune Corrected Swelling Corpus
Cerebral Total total ratio (% striatun%gortex I nfarction volume Vehicle
(saline) 6 36.7 2.0 181.8 11.4 218.6 12.5 150.0 7.1 12.8 1.0 Quercetin 9
30.1 4.9 130.5 18.6 161.1 21.4 110.6 15.8 9.1 1.1 Quercetin 3- 11 28.9 3.1
81.2 20.8" 148utdd %RcBigifE & Ve Hiothodl Of ExaiBldl vekhekahsligmerset i n 8
30.1 4.3 169.4 12.7 199.5 16.5 130.7 13.1 11.9 0.5 N: the nunber "of tested
ani mal s * Simethodcmeasutind erreucelogycal seoxofReltdn esal, Seaké 280430yAO87) s
mul ti pl e range tlest Exanpl e 8: Neurol ogi cal recovery effect of quercetin
3- et hyl et rsrfollpwsthe neur ol ogi cal recovery effect of quercetin-3 nethyl

method of Bxaml ef SMEOCSORAIET Y i B EEARE B T AN B g ca
score (Reltafurgtiod! of ford1RKB ABxibA3CHmEST) forélimbOlfleRion dwireloMetbsxi on
(when the rat is fully lifted by the tail in the air), 5 duration of

forelinb f :c epdrind)(anidm‘:yrmfnetw[]d mewemieok (whew e ral'.tgs nmlccmdwabrem:lgd)slil_ag\d
WhiTe: boi ng REEES byl being fitehdy fhe Bilrand i TinRgos anetnin G i)

were examined, and the observed scores are summarized in Table 7.

10 <Table 7>

Test item Score
0 1 2 3 4
Forelimb No Limited Less Symmetrical -
flexion movement on | movement on | extended or movement
left side left side slower

movement on

left side
Duration of 8-10 sec 6-8 sec 4-6 sec 2-4 sec 0-2 sec
forelimb
flexion

Symmetry of | Left forelimb | Left forelimb | Left forelimb | Forelimbs -

movement does not moves outstretches outstretch
move minimally less than and rat walks
and rat right normally
circles

The final neurological scores of each group are shown in Table 8

(each experimental score is shown by the format of average valuet standard
error) by adding up the scores shown in Table 7, and also depicted in Fig. 12.

15 10 point means normal (no neurological deficit), and the lower score, the

larger neurological deficit.



were examn
7> Test ite
fl exi on Mo

ed, and the observed scores are summuari zed in Table 7.
mScore 01 2 34 Forelinb No Limted Less Symetri cal
@ost32on novement on extended or novenent | eft PSirderok®bd1osi de

10 <Tabl e

sl ower novenent on |eft side Duration of 8-10 sec 6-8 sec 4-6 sec 2-4 sec
0-2 sec forelinb flexion Symetry of Lgét forelinb Left forelinb Left
forelinb Forelinbs - novenent does not ndbves outstretches outstretch nove
mninmally less than and rat wal ks and rat right normally circles The
final neur olgﬂbq@g>scor es of each group are shown in Table 8 (each
exper i nent g—seofe—+s—shoewnby—the—forrmat—of—average—val-ve—standared—e{ror)
by addi ng yp Tilheusiddrees shown in Table 7, afdeathend depicted in Fig. 12| 15
10 point muangenaeaelh (neafHaog! Caoudeti! t)  cabdedde | DUy satey | he
| ar ger neur|ol oe(jil ca .éefi c?t.%n&g 03 354 PCT/ KRO@? 5010 20 gTaﬁ{%ec 85 Ti me
until the TreBgrwedesiteasur enent Vehicl e (saling) nethet etberi n| Quercetin 3}
Di hydr oquer|cet ¢fmid@ft er] occl usion methyl ether|of mddle fcerebral artery
cerebral artery
30 min 2.33% 0.24 244t 0.24 2.36% 0.15 2.33+ 0.16
24 hour 2.50t 0.41 4.56% 0.53* 4811 0.44* 3.00% 0.33
* Significant difference from the control at 24 hour by the Duncan’s multiple range test
(p<0.05)

10

As shown in Table 8 and Fig. 12, the group treated with quercetin 3-
methyl ether showed a significantly higher neurological score than the
control, showing that quercetin 3-methyl ether exerts the neurological

recovery effect.

While the embodiments of the subject invention have been described
and illustrated, it is obvious that various changes and modifications can be
made therein without departing from the spirit of the present invention which

should be limited only by the scope of the appended claims.



30 mMn 2.33 0.24 2.44 0.24 2.36 0.15 2.33 0.16 24 hour 2.50 0.41 4.56
0.53* 4.81 0.44* 3.00 0.33 * Significant difference fromthe control at 24
hour by twe Busmsan' s multiple range test (p<0.05) As shoraTiKROZakiie 8 and
Fig. 12, the group treated with quercetin 3- nethyl ether showed a
significantly higher neurol ogical score gpan the 5 control, show ng that
quercetin 3-nethyl ether exerts the neurological recovery effect.” Wile

t he enbodi nents of the subject invention have been described and
i1lustrated, wHatis cPimh&t'ss £ hat various changes and nodifications can be
to made therein wthout departing fromthe spirit of the present invention
which should be limted only by the scope of the appended clains. WO

03/ 037324 PCT/ KR02/ 02010 30 What_is clained is@i_. A use of an et hyl
acetate extrhct ofAOyshtPh an (ﬁ}gy} rRECEAE f BXtracs, o e Mnungiaa firusriadiain dor

brain di seasg .1 schem j.sease . ar dj ov . ar e | sease.
2 “the use orreyaing 1R BreBliRET Re AR, fischsPlr 8 SHERENE LARERA T °F
ficus-indi cacr@fgvasediar KPpaenf @isease, di hydroquercetin or quercetin 3-nethyl
ether as an effective ingredient. 10 3. The use of claim 1, wherein the
ethyl acetate extract of Qpuntia ficus-indica is an ethyl acetate extract
of the stem_fruit_or processed fruit of untia ficus-indica.,. 1s 4. The
use of clai M3, wHERG Use (0l ¢ lﬁwl,é@é@@%t@t ; aggtats, Griragt of | @puniiadi ca

ruit of opdiisPed SO Bldiyfeld, SIRAERE. STbREIdy TamPgF T oom
t enper at ur e §ther 4s al@effécﬁaysng@dmﬂ_ai n an extraction m xture,
10
3. The use of claim 1, wherein the ethyl acetate extract of Opuntia
ficus-indica is an ethyl acetate extract of the stem, fruit or processed fruit of

Opuntia ficus-indica.

15 4. The use of claim 3, wherein the ethyl acetate extract of Opuntia
ficus-indica is obtained by a method comprising:
1) soaking the stem, fruit or processed fruit of Opuntia ficus-indica
in0.1to 10 £ ofan alcohol solvent at room temperature for 4 to
5 days to obtain an extraction mixture,
20 2) filtering the extraction mixture and removing the alcohol from the
filtrate to obtain an alcohol extract, and
3) adding 0.1 to 10 £ of water to the alcohol extract and
extracting the resulting aqueous solution with 0.5 to 2 £ of
ethyl acetate (EtOAc).
25
5. The use of claim 4, wherein the alcohol solvent is a C;_3 alcohol or

an aqueous solution of C;_; alcohol.

6. The use of claim 1, wherein the disease is stroke, cerebral concussion,

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



20 2) filtering the extraction m xture and renoving the al cohol fromthe
filtrate to obtain an al cohol extract, and 3) adding 0.1 to 10 ~ of water
to the alwohel3®ssract and extracting the resulting aque®a3/igoRo0Li10n Wit h
0.5to 2 of ethyl acetate (EtOQAc). 25 5. The use of claim4, wherein the
al cohol solvent is a C1_3 alcohol or angpqueous solution of Cl_3 al cohol.
6. The use of claim1l, wherein the disease is stroke, cerebral concussion,
30 Al zhei mer's disease, Parkinson's disease, nyocardial infarction or
cerebral WO;@8{egéa24 PCT/ KR02/02010 31 infarction. 7. A use of a conpound
selected fromthe group consisting of kaenpferol, dihydroquercetin,
quercetin 3-nethyl ether, their 5 pharmaceutically acceptable salts,

hydrat es, sol vates, steregisoners and a m xture thereof for preventing and
treating a bfain dhsB&geof h GompeMmd scdeciedsomdthe &IPEPoraBESIAE 8 stem

di sease. 8. ;T of cl.ajm 7 rein .seasge_j trokg, cergbral
concussi on, ka%gnlgl%g%léi m‘i‘ﬁg@@ﬂyggségn’ Parci}{}‘g%%k%s Z‘FELGZ@ rrﬁ@%e&rdi glfelfa
infarctien gshaeRieditidallyl AE&dptablensalts, 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,
10  Alzheimer’s disease, Parkinson’s disease, myocardial infarction or cerebral

infarction.



