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EXTRACTS FROM CHLORELLA SOROKINIANA BACKGROUND
Peroxisome proliferator-activated receptors (PPARS) belong to a family of
nuclear receptors that control many cellular and metabolic processes.
Three mammalian 5 PPARs have been identified, i.e., PPARa, PPARG,
and PPARy. See Lee C.H. et al., Endocrinology 2003, 144: 2201-7. Upon
activation., PPARs trigger a cascade of transcriptional events leading to

altered “MI’R@&L@PS m@%@m%ﬂﬂl&%@mm
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110, 371- 85. 10 Given thelr roles in I|p|d and glucose metabolism, PPARS
are promising therapeutic targets of diseases, such as type Il diabetes,
obesity, hepatitis C, dyslipidemia, BbtdheRPEA®P disease, inflammatory
disease, and cancer. For example, glitazones, PPARYy agonists, have
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to aextiaat eonigining mysristic acid, palmitic aid, palmitoleic acid, oleic

acid, linoleic acid, linolenic acid, and stearic acid, which, respectively,
constitute @b RS 1598101 004iRideudilnopsomeeBo hyBPLERE Aopisys,

0.8%ctaR¥icand Qs ¥uiie-pi ahtheasdfypw eighirRidh e xttadic fiale @blysiipidemia,
the m mySI‘IStIC 25 acid, the &almltlc aid, the palmitoleic acid, the ojeic aC|d

the RGBT BEA dRsAfotRiRE iRy iR R SARCEEId RoRAIE 8oy

4% pR A Yy ten b6N%ts, Bbobked d9%d & D%ate g2 %diadlada 1dlamdihddetanhile, fibrates,
and 0.8% to 4% of the dgy weight of the extract, reSE{ectlve . More

prefaraBy A0S A BRI A ARSh SIRL e Lt eStter,

at Ol dig thofVPPLRANetpaRi&dha vk 4%0i ted Lk Aoy bAdedttidah O%de 319%:s.
0, 0
to 8.8%, e/{”et?s stﬁ)l a need to develop more effective drugs for controlling lipid and

glucose metabolism via modulation of PPAR activity.

SUMMARY

This invention is based on a discovery that an extract of Chlorella sorokinana, a
single-cell thermophilic green alga, effectively activates PPARa and PPARy. Thus, in
one aspect, this invention relates o an extract containing mysristic acid, palmitic aid,
palmitoleic acid, oleic acid, linoleic acid, linolenic acid, and stearic acid, which,
respectively, constitute 0.1% to 5%, 10% to 60%, 2% to 15%, 2% to 15%, 2% to 15%,
0.8% to 6%, and 0.5% to 5% of the dry weight of the extract. Preferably, the mysristic
acid, the palmitic aid, the palmitoleic acid, the oleic acid, the linoleic acid, the linolenic
acid, and the stearic acid constitute 0.5% to 4%, 15% to 50%, 3.3% to 12%, 3.5% to 12%,
3% to 12%, 1.2% to 5%, and 0.8% to 4% of the dry weight of the extract, respectively.

More preferably, the extract contains the seven components, in the above order, at 0.7%
I
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and 1.1% to 2.6% of the dry weight of the extract, respectively. The

extract may further contain hexadecadienoic acid, hexadecenoic acid, and
octadecenoic acid, which constitute 0.8% to 6%, 1.2% to 8%, and 1.2% to

8% of the dry 5 weight of the extract, respectively. In one embodiment,

the hexadecadienoic acid, the hexadecenoic acid, and the octadecenoic

acid constitute 1.2% to 5%, 2% to 7%, and 2% to 7% of the dry weight of
thetextrrst, | LESpactizedys Fntexarmples thel exisaict G065 . SoNians%, 1.8% to 4.0%,
hex%%e}c?,gigr}?igo/aggi}@%)éad%(@}rgoi acidtr%ndrggtgc ec noic acid at 1.9%

to & %, 2. 9610 b 0, and 2°69% to %69% SFine 8ry évgléht of the extract,
respectivelie ttiacamor@rthepentizihibaxadentidinng lateis! theaadmthodt ofid, and
tre%‘&ﬁl@@&%%icﬂhﬁﬁgﬂ c&@%é'@!g%et@@ﬁ:r ﬂ%m@“&‘%‘} é%?lﬂg%sto 8% of the dry

administering to a subject in need an effective amount of the

aboVe die st st EathaeePATES it PR cspsinamhidhesatensdisacic acid, the

puﬁ{éﬂad&ei{@i%'l&%n, mﬁg Fcﬁ@&@;ﬁﬂi@gﬁa%&m&eﬂ@%i@ﬁﬂ/@ﬁ%% andaAd 2%
p armgce cally accepta e carrier, use of 15 such a COI’T]pOSItIOﬂ to treat
diaﬁ%Fe{e,,ﬂE&&s Sr VSR bR e T R PERE B s ik SABRIpdLRiSH ST #e
manuiiath teoddecnticiohneidt fexikatingctheide slisocdakzeRgtailsdoft 1.9% to
sev imepts of the jnyentiQ set forth jn the description .
o A D G R L el R pectivly.
apparent fronather aipserigitio nyeant el seldioroth eretbichsf REaDIZTHIbERS, obesity,

DESCRIBTRMhTNer RXiRe &f Hhif JAVGHHON SahETH SRR PY LA A ive

of Chiorella sorokinana with ethyl acetate. The extract thus obtained can

be fFEEY PLTESGWS dhrF TSR P& matography, flash column

chromatog(epRyihipihORIEpEDARGE S RIS IFHAGHARRYICEI RINHETHhRH
suitable_methERgs An ctuaéb%x?m leis qorovided below, 25 The Extract,

o e IRR) RS AR POREDG FALARIAGA BlETRRE ARl gieRighls carier, use of
metalbblisromiiciivtheretardibe:-tusesbteityeat dialhsitesnihesidyysarof such a

dyslipidaemia. Jhus, thistin\{enti rel%tes to am thod of treagn qne of
C mgo | 10nbfor %e manyiaciure o ameblcaxglen or E{tlﬂ these aispr Frs.
the disorders by administering to a” subject in need ther&of an efrective

amount ofb@itefaereT @wiﬂm@ﬁé&ﬁ/@\’aﬁi@u e ﬁ@fé%_tbdlaﬁlamwhﬁion
of theextraghWhigh S eMtEad JGRRIGEINS APANSRAARRCHRESE apparent from the

therapeutic effect in the subject. Effective amounts may vary, as
recéﬁﬂilzgﬂogyargi also from the claims.

DETAILED DESCRIPTION

The extract of this invention can be prepared by extraction of Chlorella
sorokinana with ethyl acetate. The extract thus obtained can be further purified by thin
layer chromatography, flash column chromatography, high performance liquid
chromatography, or any other suitable methods. An actual example is provided below.

The extract effectively activates PPARa/y, resulting in altered lipid and glucose
metabolism. It can therefore be used to treat diabetes, obesity, or dyslipidaemia. Thus,
this invention relates to a method of treating one of the disorders by administering to a
subject in need thereof an effective amount of the extract, The term “an effective
amount” refers to an amount of the extract which is required to confer the above-

described therapeutic effect in the subject. Effective amounts may vary, as recognized by
2
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those skilled in the art, depending on route of administration, excipient
usage, and the possibility of co-usage with other agents. The term
“"treating" refers to administering the extract to a subject that has
diabetes, obesity, or dyslipidaemia, or has a predisposition toward one of
the disorders, with the purpose to cure, heal, alleviate, relieve, alter, 5
remedy, ameliorate, improve, or affect the target disorder, the symptoms

of tietargatedlisarder:, Aefradmedispostiontoward i daEaabrlisardet, I the
practice ane of the above-described metfjods, one administers to a
S I

bR e FHrSRES O R RMTEARER: pHe iRPaiffrabsnisl 4 s inystgring the
via extrivipian et cce sienviais digerepositicinyibatiiskiidesiie or has a predisposition
abQt - ioned e lon mixture of 10 the,extract and.a
S PR R LSS e
incltriest s Aseel tars iis piavacutalies des iprgat/évoudsr.ifteayupeutant the target

Intraagiauider dERaTIGNAL SRR LAsIGHgl, intrathecal,
intralesional and ntracranial injection or infusion techniques. An oral

compositidi BEK5E 4B ihmreReptapibcdduatednonaseninistrbin netbiect in

15 liiitetldieo fablats reaniyll@arcaeriBIOBS RIRE AMEQHS SUBRRNSIORBlanted
dispersions and solutionli. Comé{]o ly thed carriers for tablets include
B L AN T AR PRGBS shoRe el or & mivare of

lactose and cornstd
stedhatestace Bido phproaibpatiddy 1octailbls choierorehammirigiratiemnmin 8 used
capgila i dis et BIMERER neludg.lacipse.and diied cormn, S&@J&?:i‘é%g%%m
agueous suspensions or emullsmns are administered bra y, the acfive ’
ingratinasictiah bastiapentlddrastamtloivtathscah bilglshinsel corhipimauanighinjection

emyisifing Rt asarRding agents. If desired, certain sweetening,
flavoring, or coloring agents can be added. A sterile injectable

compositidH (54 CORRIBHIRG SrbReANh SR L aspratbI BascHR TR Ayringg but not
acchingliag t {#0be]Ques ks IR dheal ApiegSvilaleidisD arsiesiens and

wetting,.25 agents (such as, for example, Tween 80) and suspending
agemTif, S e‘g.%,f% 8§§§%a5%8f5§?5t%§e&saﬁ1§% ?étgsst@ﬂé?ﬂ}e%%e
soldtidmicrtisgsigentsjoncin magsisite pranenteradylacogptabieaddednt @blets. For
SO'V&Qlta&ﬂ{iﬁféﬂEﬁBl? PP 95%48{}4&}&;{3@2%@&9 I?qlcluﬁmggt%stehgnd dﬁied corn

acceptable vehicles and solvents that can be employed are mannito
watdArcRinY e aHRATS FUsRENE 066 icesBHsinpsahforitie tsienid wral aditiotye
steriig.diest QUSRI m&%&%@aﬁﬂ@!%{gﬂpﬁ%@&%‘ﬁ%%m emulsifying or

suspending medium (e.g., synthetic mono- or di- ]
suspending agents, If desired, certain sweetening, flavoring, or coloring agents can be

added.

A sterile injectable composition (e.g., aqueous or oleaginous suspension) can be
formulated according to techniques known in the art using suitable dispersing or wetting
agents (such as, for example, Tween 80) and suspending agents. The sterile injectable
preparation can also be a sterile injectable solution or suspension in a non-toxic
parenterally acceptable diluent or solvent, for example, as a solution in 1,3-butanediol.
Among the acceptable vehicles and solvents that can be employed are mannitol, water,
Ringer’s solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium (e.g., synthetic mono- or di-

glycerides).
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glycerides). 3 An inhalation composition can be prepared according to
techniques well known in the art of pharmaceutical formulation and can

be prepared as solutions in saline, employing benzyl alcohol or other

suitable preservatives, absorption promoters to enhance bioavailability,
fluorocarbons, and/or other solubilizing or dispersing agents 5 known in

the art. A topical composition can be formulated in form of oil, cream,

lotion, ointadntiakxidiikedikesiGaltebl®cpreRisdokibalpempesHinguitciuicknown in
vegfg%a%tg%eo rhmir@j%gl toiI : Whit? getrolgtumlswhlite soft ar?ﬁi‘:lnzl, branched

chain fats of 01 S animal f%)s and I?g%l molec aerp\%&g Al c‘;jolﬁofsl?gs?eig?ér
tharn@I)Ing henpré fderdaicarribrs suikatho peinrvetivks, kO sbrptantipemoters to

INgregisnt s SRR RS s HRDIARIS- AUMERIANSANY &1 i&éiﬁ%ﬁé%ms

may also be includedas well as agents imparting color orfragrance,
de Aadsaally, transdermal penetration enhancers may be

employed AndBraectanicalfofmHalionsmmEamal esahruoh ahaneabs, GARtment
be found in U.S, Patents 3,98%816 and 4,444,762. Creams are .
pre?@ﬂa%if%s?m%fg%’ BT A S YR ROTEPH IBAldE s iabdsrprTgingral oils,

beestiaxpandl aatefvihiwRidh paixting maaqmﬂ/eﬂﬂg rﬁeﬂ enbitdissohvaldds and high
small amauntaf ,an,0l &%?Qré‘%e%"{z?a%“ 19,1': Lghaedr}%' ed, %ereé‘r%mrg'gngsfe in which
such a cream is‘one whichincludes abodt 40 parts water, about 20 parts
beedbwasti aiogredBpastsohae rdloillsifier satsobilizepa fiumertadsaihd antioxidants may

Ointfuepts Mavde farmuia rm/impgﬁgl@c%@m%%r%@e?ﬁhf&e@fﬁ%icﬁﬂbnauy,

in a vegetable oil, such as almond oil, with warm soft paraffin and allowing

20 (R HKERA LRI CEBIONNBRGFS B 0F Stemrlnvshinibatesopieliranlations.
includasbost 30Rendinend ant ahpul TV wiviesef peyaffin v weights? .

A carrier in a pharmaceutical composition must he "acceptable” in the

o T L T A B A ST s R e
(antpreferablywerpablehith sidbilizidg itardmptdetetaiissisdd ithe small amount of
S“bg;%“ifosgﬁl”s‘?afe%- Foh SXample. solublizin 1%%@&%5‘%%%0“33% which

cyc odextring ?wﬁm form specific, more soluble complexes wi i ohe or
motachidestibe s dthpatnastot theusdvaerts baesbexutilizet@parts mineral oil and

Phaspaace Al SXGRISN S RImERIMERY 8 BEAGENE COMPBAWSotution of the active

Examples of other carriers include colloidal silicon dioxide, magnesium
stedhgtedientiinaseenhiagitatmn siaended DECweEncRiopemitin and allowing

the mixture to cool. An example of such an ointment is one which includes about 30%
almond and about 70% white soft paraffin by weight.

A carrier in a pharmaceutical composition must be “acceptable™ in the sense of
being compatible with the active ingredient of the formulation (and preferably, capable of
stabilizing it) and not deleterious to the subject to be treated. For example, solubilizing
agents, such as cyclodextrins (which form specific, more soluble complexes with one or
more of active compounds of the extract), can be utilized as pharmaceutical excipients for
delivery of the active compounds. Examples of other carriers include colloidal silicon
dioxide, magnesium stearate, cellulose, sodium lauryl sulfate, and D&C Yellow # 10,

A suitable in vitro assay can be used to preliminarily evaluate the efficacy of an
extract of this invention in activating PPARa/y. See the example described below. The
extract can further be examined for its efficacy in treating diabetes, obesity, or

4
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A suitable in vitro assay can be used to preliminarily evaluate the efficacy

of an 30 extract of this invention in activating PPARaly. See the example
described below. The extract can further be examined for its efficacy in
treating diabetes, obesity, or 4 dyslipidaemia. For example, the extract

can be administered to an animal (e.g., a mouse model) having a

disorder and its therapeutic effects are then accessed. Based on the
resugtﬁqﬂﬂaammpﬂa&@amﬂaq&erammﬁ BélRRisicatieon tma;ﬁﬁﬁiq@g Pemouse
deter Wlth er Iab ration,, it is.believed that the

oIS A SHEHGAEN rAERHIE PISCRET DEN AL Fre EARGhe
spateisﬁdtemmmbe@amc dihwgémaegetmﬁemhnnshmmmmmenaiyamwsieaiwemfned
and not "%ﬁi \I{% ﬁlﬂ!int %R%%r 1‘3%‘})@89\!@8'8&9 Eﬁe'a %‘V géhllatlon has

whatsoever atlonS INcluding patents Clted ere
heradsavatdysoried tby p@@!@n@@mﬁmm’bﬁfwéwm PxoAfieREEnDles are, therefore,

PrepatationefLhiorelia s ainkiniana SRS IS EVE S (It Bnder of the

sorokiniana water suolution (W87-10) was provided by International

ChigiRhesess i1 48y, wawbamraf%o&wf %Mloﬁt@l@ inelydigsppafsareiid berein
follaveshdedtyptaranadadas, wascsaede dhiflraetityye bottle containing

nutrition medium. Air 15 was continuously bubbled into the nutrition
medium, while the bottle was agitated on a shaker. Cryptomonadales was

cuI@&MﬂﬂMﬁéMﬁt&mmﬁ&dmw was harvested by
the ALFA-LAVEL caniijias 8 ‘?[( l?é? Si3RlE gn%; tIPoé 1‘%%263/

70 kg of water was added to 3 g of t e cryptom
mixiohanadenpbiibteisila Coclidr. SthnhbiesComer2d wméﬁﬁ)&t rBs‘x}@@l grepared as
wasgggarved by centrifugation and the supernatant was collected.
Approximately 95% of water was removed from the supernatant using a

vacuum diyePOrHEsHsa NI SIS dn SitH s it een iningaibier mydium. Air

aff%d@c@ﬁﬁd&o@ﬂ%&ﬂﬁleﬂ@ﬁﬁktﬁtﬁnﬁrﬁﬁiﬂtﬂﬁ&’mﬂ;@Qvﬂ"lEl@ﬁﬁ@%&[ﬂ@a@@@ﬁ@éﬂ ona
was dljfute with Wategt ice the trl%gg%vol and was then

subjec SH to" ERITALY 'i]gnawﬁﬁvﬁst& .m?H Sc)rganic layer was

then concéhtratgamaderdabduted predsuresi®h oy dsidiiciwalsACYiBfgethoifbge and

as iHﬁ@ugﬁA)) %&?‘Hr%}%%da\%@&{ﬁdfg ﬂ@%%%%?a@a@&d‘@eﬁ% 30 kg of the

(30%-1 afford 8 fractions
cryptomonadales powder. The mixture was boiled at 100°C for 30 minutes. The

undissolved residue was removed by centrifugation and the supernatant was collected.
Approximately 95% of water was removed from the supernatant using a vacuum dryer.
The remaining suspension was filtered and decolored to afford a crude Chlorella
sorokiniana solution.

100 ml of the crude solution was diluted with water twice the original volume
and was then subjected to extraction with EtOAc (200 mLx4). The organic layer was
then concentrated under reduced pressure. The residue was charged onto a silica gel
column and eluted with gradient acetone-n-hexane (30%-100%) to afford 8 fractions
(CEl: 7.0 mg, CE2: 17.9 mg, CE3: 59.0 mg, CE4: 60.9 mg, CE5: 68.4 mg, CE6:

115.7 mg, CE7: 33.4 mg, and CE8: 170.2 mg).
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(CE1: 7.0 mg, CE2: 17.9 mg, CE3: 59.0 mg, CE4: 60.9 mg, CES: 68.4

mg, CE6: 115.7 mg, CE7: 33.4 mg, and CE8: 170.2 mg). 5 Fraction CE3
was further purified using preparative TLC and developed with 33%

EtOAc in n-hexane to obtain six sub-fractions (CE3-1 : 5.3 mg, CE3-2: 1.3
mg, CE3-3: 25.6 mg; CE3-4: 3.5 mg, CE3-5: 15.5 mg, and CE3-6: 5.6

mg). 8.2 mg of CE3-3 was dissolved in dichloromethane (0.6 mL) and

mixed WiﬂF;%@%ni?E@f@ﬁb@ﬁﬂﬂﬁ@ﬂg&ﬁ?@d%&%@ 2R T4 0h)dd8loped with

nitroge s. The solution was then sealed and stirred at 100C for 5.0
min?’%]gg%é(‘ilfﬂé‘f é%fﬁtﬁﬁ‘?wa%xﬁélﬁffaﬁfi@&%@?%&itiéﬁ BresStitatelts me
sodiUEA-8hi ElmgaLiEDd s spmtipOR3IG Mk sang, tharCazbjestedto.

extraction with n- 2 mL). The organic layer. was dried with MgSO4. .
and concg'r\?trné%e(m% \Evea r@és)esa}-\f)?%éégu}ce igra%/%ﬁgl?ﬁé@jhéyfndé‘jtl%?dp% %c?mh 20%
as yelionitolsrecledicrt: (@ ERBMY! Thebpmgdositiongeh €E3-BM whsion was then

analyzed Mg A ligWiRi PR dhABOR r8RS SHHMALQGI ARV Y Meatized by

coupled with a HP 5973 mass selective detector, a HP 7673 automatic
liquid S5RANME st s pdinBrhisdsmey et s B EH b thmsubjected to
thickaessida. A50m)-Helelid o was, USRE @sdiie Batia.gasal eiflovgats afd

mL/min. The inlet temperature was majntained at 250C. The sample (1 L) i
waSC?ﬁﬁCeeE%é?ﬁﬁwﬁ ey BISHEYERIE, PHEAMAID el emperLat e ipgscolored oil

maift&ihédiat TRO EhhapoSi tivin Ntk HAOG raum medhie dnsieaseieviBOR aiaed 6890
rate, of JQG{min.(held for, L mi ”%%QS Q&%ﬁ?{gﬁtﬁ ete of 2G/min (neld for, ¢4
5 m%nf, with a tgtaPr n’tme o min. Mass spectra were recor ec} overa
50-880@mANg Hanigesamipte? Graanohizigno PR ridvigycahtha3BCcM S 35upoe film

temperative (Datarpliaction and dolggationmereneriormad Ry i HR imin. The

Chem Station 20 software. The quantity of each com&onent were

detdRIFiBRGIAIREE RMREIRINER Ak AR - oftth B Idrd-iretiected with a 1:50
Sdpegsm%ﬁ%msra;ednﬁ&wasﬁ%m@ﬁh ﬁat&@@wmﬁa%ﬁ %W@H%E‘tl‘ﬁnﬁ\f?ﬂﬁdd
identifie comparison of their retention times with commercial standard
corRBOARE S P RAE Sh AT T RLACT SIS I FRich RGPS 210°C st o
Seatkth @roEranm Feht fitty atigswere obdemaihfearN30 Giohmomatggamwere
2nAeRYERIAISRINR. fe SRRUTGE YD SRR IR, 3 ERCNE source
relative percentages an(f retention times of all these fal%ty dids &re shown

in tHemagiiyeldwatheolSeip cof duirenas (R eterstipn Pimed R katiiéPoghem Station

software. The quantity of each component were determined by integrating the peak area
of the total ions current spectrograms and transformed into percentage. The components
were identified by comparison of their retention times with commercial standard
compounds and the National Institute of Standards And Technology MS Search program.
Ten fatty acids were observed from GC chromatogram and seven of them were
confirmed by the GC-MS library search. The relative percentages and retention times of

all these fatty acids are shown in the table below:

no. Compound name Retention Time  Relative %
(min.}
1 myristic acid C14:0 119 1.7
[tetradecanoic acid]
2 hexadecadienoic acid Cl6:2 15.6 43
3 hexadecenoic acid Cie6:l 15.9 0.0
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35

(min.) 30 1 myristic acid C14:0 11.9 1.7 [tetradecanoic acid] 2
hexadecadienoic acid C16:2 15.6 4.3 3 hexadecenoic acid C16:1 15.9
6.0 6 4 palmitoleic acid C16:1 15.9 10.1 [(Z)-9-hexadecenoic acid] 5
palmitic acid C16:0 16.6 43.6 [hexadecanoic acid] 5 6 linoleic acid C 18:2
21.5 8.8 [(2),(2)-9-12 -octadecadienoic acid] 7 linolenic acid C18:3 21.7
4.0 [(2),(2),(2)-9-,12-,15 10 -octadecadienoic acid] 8 oleic acid C18:1
21.8 10.0 [(2){#-ecterecan@ic acid] 9 qrtgdecenoic acigs® 18:1 22¢015.9
10 stearic acid[C48.032dkamid hcfjartadecanoic acid] EXAMPLE 2:
Bioassays CE3anmtic m3d3 were studied fetheir efficaqyis activating
PPARaly in théhésHdewimgiagsalys. 20 PPAR y Ligand Binding Assay The
ligathd binding HoelaimolhPPARY was €xprassed in E. 2B as glutéthione
S transferase (&8 didon proteins. The recombinant proteins were
isolated by afﬂnﬂ?%@d?ﬁ?é’aﬁﬂm?@?sldb glutathione-sepharose (Amersham
Biodciences, \!'zg the manufattlifér's instructiéds. The 4.0
recombinant GEF-(BHARY ?)‘_reparatlons were used 25 at a final
congcentratlon of Qﬁﬁfjﬁﬁﬁﬁﬁ’?&ﬁ &g, G&agt_ ?nti-GST an%ilbgodies (Claot%log

oleic acid

[{(Z)-9-octadecenoic acid]

octadecenoic acid Ci8:1 22.0 5.9
10 stearic acid C18:0 227 2.6

{octadecanoic acid]

EXAMPLE 2. Bioassays

CE3 and CE3-3 were studied for their efficacy in activating PPAR /Y in the
following assays.
PPARy Ligand Binding Assay

The ligand binding domain of hPPARY was expressed in E. coli as glutathione S-
transferase (GST) fusion proteins. The recombinant proteins were isolated by affinity
purification using glutathione-sepharose (Amersham Biosciences, NJ) following the

manufacturer’s instructions, The recombinant GST-hPPARy"P"

preparations were used
at a final concentration of approximately 5 nM. Goat anti-GST antibodies (Catalog
number 27-4577-01, Amersham Biosciences, NJ) were used at a dilution of 1:2000.
Protein A-yttrium silicate scintillation proximity assay beads (catalog number RPN143,
Amersham Biosciences, NJ) were suspended in 50 mL of an assay buffer containing
10 mM Tris-Cl, pH 7.2, I mM EDTA, 10% (w/v) glycerol, 10 mM sodium molybdate,
I mM dithiothreitol, 0.5 mM phenylmethylsulfonyl fluoride, 2 pg/ml. benzamidine, and
0.01% sodium azide.

A sample extract was dissolved in DMSQO to obtain a final concentration of
Sug/mL. The radiolabeled PPAR ligand [’H] rosiglitazone (60 Ci/mmol) (American
Radiolabeled Chemicals, MO} was diluted 425-fold in ethanol and used at a final

concentration of 7.8 nM.
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number 27-4577-01, Amersham Biosciences, NJ) were used at a dilution

of 1:2000. Protein A-yttrium silicate scintillation proximity assay beads

(catalog number RPN 143, Amersham Biosciences, NJ) were suspended

in 50 mL of an assay buffer containing 10 mM Tris-Cl, pH 7.2, 1 mM

EDTA, 10% (w/v) glycerol, 10 mM sodium molybdate, 30 1 mM

dithiothreitol, 0.5 mM phenylmethylsulfonyl fluoride, 2 Vg/ML benzamidine,

and 0. Olqmwﬁumlaﬁiﬁlﬁotﬁes@lﬁﬁlﬁiﬁlﬁr@hmdmm ndRM&S@steument, CT)
obtain a flnal g@ radlolabele AR Jigand [3H
r03|gf‘]iazoqhue mmo?i (%rsn?e?%gr? RadloFa% %?J"E%g i%lgfé,g%)&ﬁageu‘
dllmesbékﬁﬁdf@tdtmmﬂ?amhmmdmaedcattalﬁmmh ocmnice atsayibeads, (8 sviiple
7Toa %@ ierofit mber

nstren e O RLe o SR e R it AR sy meuoac
anteESTeaibes, AHE Wellisnpbpas dipr deeih ofspdinami siticaas quantlﬁed using
sctglonRrOTbY ARSI 09 SRR RIS AR IR ment o,

[3H,] rosiglitazone solution (20 lit, each). The plate was incubate
geﬁﬂé ng at 4C. After 24 hours, the level of radioactivity was

quantlfledmmuﬁsm@@@a%@%&r@@@%cﬁe@iuﬁ&m&ummﬁﬁ &BGRity: while
Counter (Packard Instrument Co., Ing, USA). The results showe #}gt

both'EEeshtice 2% % I’i‘éﬁcﬂ’lﬁfﬂ‘é‘ﬁﬁ‘o‘i’ﬁélﬁé “éié‘cﬁ}lﬁ?ﬁ%ﬁ ihovests BRARIted: CE3-3

>9°%m Minmiasesnent i st e ig ez ene0enadL01 PR ARYLBR FPRRA L0y ere
exhibited 99.8 % displacement of [3H] ro glltazone IC50 values for

PP APYBHRLPSIng RS HIRTBONSR 5 'ad SRS oA SO B VR U Rigegsd dthe 1Cs0 values

poiRisinIdplicates; %be IChRovaluasd ofdGEmandsiadndayere 2.7 Rg/mL
and 1.6 Rg/mL, respectively. PPARa Charcoal Binding Assay The
o Binery 4s&iad éBlhducted in manners similar to those

deslg:ribEd] E@dﬁhi\(ﬂ:&hiﬁﬂmﬂg edsal:, wﬂ\ﬂgﬁh@m 121969&':111{&?& §ﬂa%r2N@§1osel described
Mabhi oN.etal.,J em 4 droo ta
MBI 9508 S G ABa000 JEL0 Gt T% MRy 268l abed Chem

270308 A8 ssah2 gp | fibisicanthisint, TRGN(thefie2 (06) aoMITispatd 1.2, L L. et al.,
mMERT A, %Qg@&gy‘g@r%?ﬂg_%lloo mL of (3-mercaptoethanol,10 mM

sodium mogrybd‘ate 1'm
Assay solutions containing TEGM buffer (10 mM Tris, pH 7.2, 1 mM EDTA,

10% glycerol, 7 uL/100 mL of f-mercaptoethanol, 10 mM sodium molybdate, 1 mM
dithiothreitol, 2 ug/mL benzamide, and 0.5mM phenylmethylsulfonyl fluoride) and
2.5 nM [*H] L-783,483 (79 pCi/mmol, synthesized by the Division of Biotechnology and
Pharmaceutical Research, National Health Research Institutes, Taiwan), with or without a
sample extract, were prepared. The assay solutions were incubated at 4°C for 24 hours in
a final volume of 300 pl.. The unbound ligand was removed by incubating on ice with
200 uL of dextran/gelatin-coated charcoal for 10 min. After centrifugation at 4°C at
3,000 rpm for 10 min, radioactivity of the supernatant was counted in a TRI-CARB
2100TR® liquid scintillation analyzer.

ICsq values for displacing the binding of [°H] L-783,483 to PPAR "B were
determined using dose response curves with 6 data points in triplicates. The 1Cs; values

for CE3 and CE3-3 were 5.0 and 2.3 pg/mL, respectively.
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20 dithiothreitol, 2 Rg/mL benzamide, and 0.5mM phenylmethylsulfonyl
fluoride) and 2.5 nM [3H] L-783,483 (79 RCi/mmol, synthesized by the
Division of Biotechnology and Pharmaceutical Research, National Health
Research Institutes, Taiwan), with or without a sample extract, were
prepared. The assay solutions were incubated at 4C for 24 hours in a
final volume of 300 RL. The unbound. ligand was removed by incubating
on ice with 25 200 RL of dextran/gelatin-coated charcoal for 1.0 min. After
cen}rjjﬁlg[zition at.4C at, 3,000 rL?]:r%for 10 min, radioactivity of the

superna ant s (t:lgﬁ?ﬁ{eﬁﬁlr‘fag EARB 2100TR(r) liquid scintillation

analyzer. H0BGuwhhkpesfor Higplaeihtjttevhirndiaglaf (SH]OL 283480 ta 24-well cell

PP termi ' curves wi ..
e RS A 5 PR S PR i
2.3 Rejyistal fspretrreny, 800 PR/ Miapesrbtiohal A8 tivatioh skspyniimptate, and
henptemaikithsrdkdngs ware seegded (R dAfisrlisietbinedwalicelh fer

culture plates in high glucose Dulbecco's modified Eggle's medium

(DMERPED HEINiFR8 Yoo PreiampsViivsdie frceon U riteriecpenieaspeRoche,
100Gegtank) skeptingyeiths wiaierane0s2hspaiiibnanuRotesitin, B @indfetion
under a humidified 5%CO2 atm sg]er _After 24 hours, transfection wag,,
porb gai%%ﬁ;iﬂ géf:_ st dabin et i)

ac inigl,t0. tHe pnafin(acTi dris: ingisttetj ang . (3ani YRAFASIREHDN lucif
mixtyre was prepared by adding 9.5 Ig f Fugene q{og E . - ?jrase
RN E RIS oA Bty SRR MR s ey i
ng W@Riﬁ@ﬁﬂ@lkﬁ@nﬁlaﬂa’é‘ﬁémseliip‘hasnﬂdré%tﬁé)traﬁﬁecﬂm:meh_mlincubated
coniebi aARLLNRILi b COBAIIR A HRAI ERO SRR I Rurions

at 37C overnight.under 5% CO2. The cells were then incubated for 24h in
frest gAY RRGSBISIAEM (rPpeelsieloners Brelaipldda@-DMSO

solutions @MariONGENNEEBIRLIONS HaQBLRY GRHSHYEE IRCHBAIRH Broduced using
DMSO. 15 After 24 hours, the cells were harvested and the cell l.ysates

werd Y SUEEH LRI G Passves: Yiis iBltrsingohs meg 4oy aon S tiaes-

manutaehdse astinmiructiansxubbeiioiaga aativity iRirelh BUAACIEMESse® Reporter
det rmin%using a Dual-Luciferase(r) Reporter Assay kit (Promega,

MadiSsh, WAy SitF Eburass -2 S IR SounisthinmbrLY e ntinereris Eigrhold
systerasjdiforabeinp GedmemnygeBiefly, BoiplyobbuciferaseiRasassay Reagent 11

Re%ﬂﬁ%” was added into a vial containing 5 ul. of cell lysate and then the Firefly
Luciferase activity of the mixture was measured. 50 pL of Stop & Glo® Reagent was
added to the vial and the Renilla Luciferase activity of the mixture was measured. The
highest DMSO concentration used in the assay was 0.1%, which was found to have no
effect on transactivation activity. In all theses results, activation by PPAR ligand
rosiglitazone (2 uM) was used as a positive control. The transactivation results were
expressed as the ratio of Firefly Luciferase signal over the Renilla Luciferase signal.

CE3 achieved 55.6 % of the maximum PPARY activation of the positive control
and CE3-3 achieved 63.4% of the maximum PPARYy activation of the positive control.
Preadipocyte Differentiation Assay

Confluent preadipocyte 3T3-L1 celis were incubated in DMEM containing 10%

fetal calf serum, 100 units/mL penicillin G, 10 pg/mL streptomycin sulfate, and 150 nM
9



10

16

20

20 (LARII) was added into a vial containing 5 L of cell lysate and then the
Firefly Luciferase activity of the mixture was measured. 50 L of Stop &

Glo(r) Reagent was added to the vial and the Renilla Luciferase activity of
the mixture was measured. The highest DMSO concentration used in the
assay was 0.1%, which was found to have no effect on transactivation
activity. In all theses results, activation by PPAR ligand 25 rosiglitazone (2
MMhswHs, irsée alssenpositiveseontrsl ickhfraraosast /a0 mr8suliOwers days. The
expressed as the ratio.of Firefly. L ucifer signal over the Renilla .
e R AR S P B AP EIERUE cavoutine

actilstowidi thempetitinehmgoruey ORI achidlrashbd 4iasentated into

maximleERARY BEHVAUSH i Re LoSItESe Ak FFCAIPACR: K. 1. et al...
Differentiation Assay 30 Confluent greadal‘ﬁopyte 3T3-L1 cells were

incdbate #xid ke esetaiifgl §%096 -Tatap s ssriih weroftrktdai % formalin for

penicibintGh ARHGIame8 e piaMYSIohSHI IR and 1§ORMe? dusalitiviytiBsed with
absence qr presence of test fractions at 37 C in 5% CO2 for 3 days. The

cel ¥R reRERT S YERP e drisiuidBHd inR 8iéabpearance of adipocytes
(about ningk days) @HtB-tehsneditindeRangigopuaty differeayaidnels wiieh3T3-L1
differen({.iated_into adipocytes were stained with Oil Red-O (Sigma) as
desribed i Trouba K. J. et al.,. 5 Toxicol Appl Pharmacol 2000, 168,

25-35. Briefly, cells were fixed in 10% formalin for at least Ih and stained

by immersion in Oil Red-O for@fﬁlﬁgmﬁtﬂm@ed with water.

Samples were then dried by incubation at 32C-CE 3 and CE 3-3 showed
moderate A8l riE anperingaicn Betorsnspshave heoprdesaihsdytdsvatheless, it

OTREREMBRRARIMENT A BV mRET S RMRANBE el G JRVEIRMBaNSN the

been described. Nevertheless, it will be understood that various o
modRELEhEe ARGy B MR S re AR ng hamthedigsnt anarlioplitdn the
the dawensiahe Adkartipglyimiher embodiments are also within the 15

scope of the gllying claims, The delalls o one,or mare embodimensf,
the invention are set forth in the accompanying drawings and the
desgriptionhéigwr®tnes fodilned;sotijgtis patay. Other features, objects, and

advantages of the invention will be apparent from the description and drawings, and from

the claims.
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advantages of the invention will be apparent from the description and
drawings, and from the claims. 20 10 WHAT IS CLAIMED IS: 1. An

extract of Chlorella sorokinana, comprising mysristic acid, palmitic aid,
palmitoleic acid, oleic acid, linoleic acid, linolenic acid, and stearic acid;
wherein the 5 mysristic acid, the palmitic aid, the palmitoleic acid, the

oleic acid, the linoleic acid, the linolenic acid, and the stearic acid
constitute WHXIt OS50, ADYE® BO%, 2% to 15%, 2% to 15%, 2% to 15%,
0.8% to 6%, and 0.5% to 5% of the dry weight of the extract, respectively.

10 2. The extract of claim 1, wherein the mysristic acid, the palmitic aid,

the palmifoleic dvidxthwsioléictaeid laserihviaie, okl ptherimojenitiaaidt. ambnitic

the SieadeA6idiCRASHINE ARV R0 ada AiBIa0Y Rt 2 G Air 3 Wherein the
to 12%, 3% to 12%, 1.2% to 5%, and 0.8% to 4% of the dry weight of the

extraT s et Fide thamalivistielamsia, terlpitmaie thfrybwéﬁtc acid, the

acidiifienpadniticRichdReaRalbitrisiGAcd. dhealemagish thestople acides 2% to
aric auq constitute 0. 7% t0 1.7% 19 2% to

the linolenic a the S

o e b P e,
1.1%stei68y of the dry weight of the extract, respectively. 20 4. The

extract of claim 1, further comprising hexadecadienoic acid,

hexadecenoic acid, and octadecenoic acid; wherein the hexadecadienoic
acid, the Rexaddderaicaicid ctaw thevbeteiddbe noigisdiciodnttitptendi84aid, the

10 630l 6f0IQRYOnBLid 78, Eﬂ&é‘l&&%i‘&%‘é’%&%éﬂﬁ DSIEXPEL: stearic acid

respectively. 25 5. The extract of claim 4, wherein the hexadécadienoic

acidonE e ate i hdicladdoaniare st tadecenbiyatid Bandthitel 1%99h2% to 5%,
to Sd B¥oiQu’4, aindlle, Witk of dhcadimvaightafifie extract,

respectively. 6. The extract of claim 5, wherein the hexadecadienoic acid,
the 30 hexadecenoic acid, and the octadecenoic acid constitute 1.9% to
4.3%, 2.6% to 6.086 canact2.64aita 3, 9Meafihbedny wisighichf, tihe padtradt, aid, the

respaFtI\{efglc acid, the oleic acid, the linoleic acid, the linolenic acid, and the stearic acid
constitute 0.7% to 1.7%, 19.2% to 43.6%, 4.4% to 10.1%, 4.4% to 10.0%, 3.9% to 8.8%,
.8% to 4.0%, and 1.1% to 2.6% of the dry weight of the extract, respectively.

4, The extract of claim 1, further comprising hexadecadienoic acid,
hexadecenoic acid, and octadecenoic acid; wherein the hexadecadienoic acid, the
hexadecenoic acid, and the octadecenoic acid constitute 0.8% to 6%, 1.2% to 8%, and

1.2% to 8% of the dry weight of the extract, respectively.

5. The extract of claim 4, wherein the hexadecadienoic acid, the
hexadecenoic acid, and the octadecenocic acid constitute 1.2% to 5%, 2% to 7%, and 2%

to 7% of the dry weight of the extract, respectively.

6. The extract of claim 5, wherein the hexadecadienoic acid, the
hexadecenoic acid, and the octadecenoic acid constitute 1.9% to 4.3%, 2.6% to 6.0%, and
2.6% to 5.9% of the dry weight of the extract, respectively.

11
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7. The extract of claim 2, further comprising hexadecadienoic acid,
hexadecenoic acid, and octadecenoic acid; wherein the hexadecadienoic
acid, the hexadecenoic acid, and the octadecenoic acid constitute 0.8%
to 6%, 1.2% to 8%, and 1.2% to 8% of the dry weight of the extract,
respectively. 5 8. The extract of claim 7, wherein the hexadecadienoic
acid, the hexadecenoic acid, and the octadecenoic acid constitute 1.2%
to 5%, 2%7t0 7%6Tiansk @46t $0cTnol thedlsy weighiied Hiexbkinoic acid,
respectively. 10 9. The,extract of claim,8, wherein the hexadecadienpjc

e cHaderelivie acid and octedecenaip ad heraiibe oGRS b e

to A% BUicedtiOgnd drcb@abetcimis. 88is abtittalry (vidighttdh the Bxis 886, and
reSRosilfe oIt MOG SRR L R M HIGEGRAISNG
hexadecadienoic acid, 15 hexadecenoic acid, and dctadecenoic acid;
wherein the hexadecadienoic acid, the hexadecenoic acid, and the

octadecergic acithe@REttuE Q8% 10w % eih 20 110x8%0c AMGole 2%t QR0 Of

the dry weight of the extract, respectively, 11. The extract of claim 10
whFRHBSEPRIS A ARl tatice s FotapsHRE hoie ST oaa tRd % and 2%
octasl@geoditcalidven st it0thele 2060 e 2fielp. 7%, and 2% to 7% of the

dry weight of the extract, respectively. 12. The extract of claim 11, wherein

the hexadecadienoic acid, the hexadecenoic acid, and the octadecenoic

acid 1.9%%0 4.3Wcz:8%xte bolit; Endiieht te 1REHB @M vhtheadiy, height

of the SalanhiteRREGHUe: &&ad%o%n&m%gmmgm9%513%98@.85@{5&0%, and

an extract of claim 1 and a pharmaceutically acceptable carrier.’30 1
The?fathadeutithiccmpeighion’ SicrairctIcwaeiBaivthe extract contains
mysristic acid, palmitic aid, palmitoleic acid, oleic acid, linoleic acid,
linolenic acid, and stearic a¢id at 0.5% to 4%, 15% to 50%, 3.5% to 12%,
3.50 to 12%, 39 16 T £ 1798'8 s AH PO IBeA e s iaRp asiht
of thexadtraaticespeatidelytaBecenoic acid; wherein the hexadecadienoic acid, the

hexadecenoic acid, and the octadecenoic acid constitute 0.8% to 6%, 1.2% to 8%, and

1.2% to 8% of the dry weight of the extract, respectively.

11. The extract of claim 10, wherein the hexadecadienoic acid, the
hexadecenoic acid, and the octadecenoic acid constitute 1.2% to 5%, 2% to 7%, and 2%

to 7% of the dry weight of the extract, respectively.
12. The extract of claim 11, wherein the hexadecadienoic acid, the
hexadecenoic acid, and the octadecenoic acid 1.9% to 4.3%, 2.6% to 6.0%, and 2.6% to

5.9% of the dry weight of the extract, respectively.

13, A pharmaceutical composition comprising an extract of claim 1 and a

pharmaceutically acceptable carrier.
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15. The pharmaceutical composition of claim 14, wherein the mysristic
acid, the palmitic aid, the palmitoleic acid, the oleic acid, the linoleic acid,
the linolenic acid, and the stearic acid constitute 0.7% to 1.7%, 19.2% to
43.6%, 4.4% to 10.1%, 4.4% to 10.0%, 3.9% to 8.8%, 1.8% to 4.0%, and
1.1 % to 2.6% of the dry weight of the extract, 10 respectively. 16. The
pharmaceutical composition of claim 13, wherein the extract further

contains hexadecagigRain Ak RexaaReenRit Cithiant ORIRISERNOK tract contains
acid: wherein the hexadecadienaic acid, the hexadecenoic acid, and the

octdBEEHGi AL BHt Rt T BYC1E 43896 O Eiogs e H9plein acidobpelsmgsacid. and

of thecginy m@zmm amrag%resp@zﬂ\sej% th 7. 2%%%{61@%%%0 12%, 1.2% to
Sltl Ia| rein th adecadienoic acid, the

o T e S At O e e e T D06 to 5%, 256

to 7%, and 2% to 7% of the dry weight of the extract, respectively. 20 18.

Use of ane tract?r;ﬂ‘ Iorreglcaus[oquln%n% c})tf1 clal 'lfort e re%g é%\ omm acid.
a medicament in etes, ocbe%tS 8 naaefnla i e nse

of Cl@maﬁﬁimr&ﬂhdm@§MSehsea@(ﬂlabeiésc az:wgmﬂmlawqﬁcmma@mc acid,
Wheéﬁﬁﬁ@%t@é?%aa%?d't?q%?t‘?t%'t%’()zﬂ% ¢ H5e A S AL AL 106, 4.4% 1o

disease Is dyS|IpI aemia.
10.0%, 3.9% t0 8.8%, 1. 8% to 4.0%, and 1.1% to 2.6% of the dry weight of the extract,

respectively.

16.  The pharmaceutical composition of claim 13, wherein the extract further
contains hexadecadienoic acid, hexadecenoic acid, and octadecenoic acid; wherein the
hexadecadienoic acid, the hexadecenoic acid, and the octadecenoic acid constitute 0.8%
to 6%, 1.2% to 8%, and 1.2% to 8% of the dry weight of the extract, respectively.

17.  The pharmaceutical composition of claim 16, wherein the
hexadecadienoic acid, the hexadecenoic acid, and the octadecenoic acid constitute 1.2%

Lo 5%, 2% to 7%, and 2% to 7% of the dry weight of the extract, respectively.

18.  Use of an extract of Chlorella sorokinana of claim [ for the preparation of

a medicament in treating diabetes, obesity, or dyslipidaemia,
19. The use of claim 18, wherein the disease is diabetes.
20.  The use of claim 18, wherein the disease is obesity.

21, The use of claim 18, wherein the disease is dyslipidaemia.
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