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OBESI TY AND METABOLI C SYNDROVE TREATMENT W TH

TANSHI NONE DERI VATI VES WHI CH | NCREASE METABQOLI C
ACTIVITY 5 FI ELD OF THE | NVENTI ON The present
invention relates to a conposition for preventing and
treating netabolic syndrone, containing tanshinone
derivatives as an effective ingredient. 10 Mire

" specifically, the present invention relates to a
conposition for preventing and treating nmetabolic
syndrone, containing tanshi none derivatives that
OBESITYSAND METABONIOSYNDROME TREATMENT WITH
activity, as an effective ingredi ent. BACKGROUND OF
TANSHINONEDERITVATIVES WHICH INCREASE METABOLIC
syndrone involving health risk factors such as
hypertriglyceri dem a, héﬁgﬂﬂg on, gl yconetabolism

di sorder, bl ood coagul ati on disorder and obesity.
thabollc syndrone itself is not fatal, but indicates

0 severe diseases such as di abetes

R A _ Alascul ar di seases, 20 and has
energed as the nost t hreat eni ng di seases anong nodern
peopl e. Metabolic syndrome was once known by various

ot her_nanes including Syndrome X, due to | ack, of

knowl BrfgBresans dnvention Jelaiss 13 fc FPraRATHIoBieT DERYPijpgsand treating
officially designated as_ ,Metabolic Syndro

metsbeliq § ot eeTdaining fandinene HicsYEveAR] ﬁtf‘f?emgfed‘em
Program |1l (ATP I1]) enacted by the WHQ and th

Muaze spseificallipathe presemtoinventign pelatesl 19 @seomnopision ffor EW?'H@E and
NIH -1 The criteria proposed by the Third Report of

tredting Naetabnlig| syatiwomess containing tanshinone derivatives that exhibit superior

activity in enhancing metabolic activity, as an effective ingredient.

BACKGROUND OF THE INVENTION

Metabolic syndrome refers to syndrome involving health risk factors such as
hypertriglyceridemia, hypertension, glycometabolism disorder, blood coagulation
disorder and obesity. Metabolic syndrome itself is not fatal, but indicates a
predisposition to severe diseases such as diabetes and ischemic cardiovascular diseases,
and has emerged as the most threatening diseases among modern people. Metabolic
syndrome was once known by various other names including Syndrome X, due to lack
of knowledge about causes of such syndrome, but was officially designated as
Metabolic Syndrome or Insulin Resistance Syndrome through Adult Treatment Program
III (ATP IM0) enacted by the WHO and the National Heart, Lung, and Blood Institute of
the NIH.
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Educati on Program (NCEP) Expert Panel on Detection,

Eval uation, and Treatnent of High Blood Chol estero

in Adults (Adult Treatnent Panel 111), published in
2001, are the nost current and w dely used for

di agnosi ng the netabolic syndronme. According 5 to the
ATP 11l criteria, individuals are diagnosed with the

net abol i ¢ syndrone by the presence of three or nore

of these conponents; 1) A wajstline o 0..nches 41

cm) drhe FfeRa tR5PPYsed %8163%1'% o 8% ‘ﬁ?r)N“ro%’r"“%o F%“’%‘le
wonen (central obesity as ne

ménia oo 0EH) E@%Rﬂ&ﬂﬁ@ﬁ%é&ﬁé&ﬂ%&“ﬁgﬁamm of
) 3 A i i i i ] H
L e AS5E 2 hESBESIEE RSN EL

bl ood pressure_of 130/85 nmm Hg or higher and 5) A .
the awnist engrent aeshiwiflelicwse feradingpying Wépetg@?‘ééﬁ"é&"{”?ﬁa nA§pding
/dl . For eastern people, the criteria for, central
todhe ATy heriteria,; igtividyals ary; diaanesrd: with thapeipbqliteyBfross byt

or nore for nen and 80 cm or nore for wonen. Re t
s Cl0d s or

presencmelthreq ps mospof thesg comaeneyis b} A avisiline qft4Qinche
25% of Korean people suffer from netabolic syndrone.
mbresfot inen awsb3 Sinaltes €8% @h)rnare fox omendpasirahobrfiby &5 mcasymsd by
even though insulin is normally secreted in vivo, .
whis ciréumfemese)n @) A miglyeridefiévet isboite 130 ma/d), 8) Ay highy density
to cells. Therefore, glucose in the bl ood cannot enter
lipairatein leal CHDIA Usss rtbanhgengdll mem) er, undier) 59 iveg/dofrasman).st) A
cannot perform normal functions due to a shortage of
bipbd pressre bEEIS5gnincHy trchighen iafid S} Atfasting dloodhglugpes (segar) level
syndronme. At present, there are no drugs avail able for
giehier thae a101e1g!dl of Farehsidrolpecple, 2 eritenity foreentyal oleasity svap ahightly
been made to treat netabolic syndronme using
adjiesdRe B tvdistliRg oN o6 chroor fhorhfiranen hryd 80 loip b exira femyomen.
hypertensi on, but these drugs have |limted

REEcne edsba €0 RES repbriéd that wnigr Fedhaditkria; asyundr25ve ofi Kordae people
drug. As currently avail able drugs, netformn, drugs

SRk FRe RidtabOlid Bmdioaie. ( HhbullE @ésistinbe sifers @s i pheworhgnon wherein,
gl ucosi dase inhibitors, dual PPARy/a agonists and DDP
eted BEREH ¥l RPhHRARR )sedrdted b ividiol @isalin oL hot induce sufficient
supply of glucose to cells. Therefore, glucose in the blood cannot enter cells, thus
causing hyperglycemia, and thereby cells cannot perform normal functions due io a

shortage of glucose, leading to the manifestation of metabolic syndrome.

At present, there are no drugs available for the treatment of metabolic
syndrome. Attempts have been made to treat metabolic syndrome using therapeutic
agents for diabetes, hyperlipidemia and hypertension, but these drugs have limited
effectiveness in treating metsbolic syndrome as the drug.  As currently available drugs,
metformin, drugs belonging to the TZD (thiazolidinediones) family, glucosidase

inhibitors, dual PPARy/o. agonists and DDP (Dipeptidyl peptidase) IV inhibitors, which

-
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are used for the treatnent of diabetes, have received
a great deal of attention as prom sing drugs for
treating nmetabolic syndronme. In addition, a great dea
of interest has been directed to isoforns of apo A-I
and rel ated peptides thereof, which are targets of
anti - bl ood pressure drugs and anti-hyperlipidemc
drugs, and CETP (Chol esterol 5 ester transport

s e Popbneof ARGl tdhled e fd oy o
prminIE e B Festpomptaoo oot o peliGho Bfem BaFLPitrest
AL S AR P R e e
oX P SRFRTE SR SRR eme BRESHE CRTE fdler

effective way_to_fight the conditions associated with
eSS tABWOIPrAHYMBIRICIS known to be getting nore

exerci se and | osi ng weight, and, dietary.contr.al.

of t Henaygy feghers iigts asf dwwﬁhtqrn@dﬁwgbﬁsg%&g@ n“d“ﬂ}) r?%éle‘l' and
share in common the that that they, fagilita ener
trepsmens oif metabolie sxndrameinelude PhyscREEXPITIST e e s *@%ﬁ&ﬂﬁﬂ%??%bﬁdy

of surplus energy in the body |eadin 0 prevention, of
weight; ghlood celuense.attriglsiceride eleyels, nFige oﬁ‘?"ggi Hf’%’(ﬁ]@ fe‘sg%uce,
processed foods and fast foods, ﬁl@gnpared to . and
adipencbin, dénsing AMBK estivity, ssuhermence fich g5 esteoeg cfagigrs

in the formof fat and thereby becones an underlyi ng
ircvive malvhylkGoA coscedirstmises i ncl udi ng net abolic

di sorders. Effectively elimnating such surplus | X
ener gt ipgesens shiedmostdeffectivs eyl 1o dight e conditiony associated with
met abol i ¢ di sorders. Increasing netabolic activity is
nesdbolid isphdrome dif flmotvnvie| he gdtiing matres exeseisg pod lesing ypight, and
For this purpose, it is believed that there is_an )
desse oh@dl. nadidof die cirrent viays of fiphtifigametabalie syndrome share in
i nhi bition of gluconeogenesis, facilitation of glucose
CERRHHTRE D thet alsdyl fatilitatoenendy Matabalising dusorgsulting in maximized
facilitation of biogenesis of nmitochondria which is a
c6@iiipAbn 2P I0RIS epérgg nier the botybleadingn tangrexentionaof omergy
of factors involved in
accumulation. Due to high calorie intake from processed foods and fast foods,

compared to insufficient exercise, surplus energy is accumulated in the form of fat and
thereby becomes an underlying cause of various diseases including metabolic disordets.
Effectively eliminating such surplus emergy is considered a method for treating
metabolic disorders. Increasing metabolic activity is essential to effectively eliminate
surplus energy. For this purpose, it is believed that there is an essential need for
inhibition of fat synthesis, inhibition of gluconeogenesis, facilitation of glucose
consumption, facilitation of fat oxidation, facilitation of biogenesis of mitochondria

which is & central apparatus of energy metabolism and activation of factors involved in
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-3 nmetabolismactivation. Activation factors linked to
pronotion of netabolisminclude, for exanple,

AMP- acti vat ed protein kinase (AWPK), peroxi sone
proliferator-activated receptor ganm coactivator |a
(PGC-1a), glucose transporter 1 and 4 (GLUT 1 and 4),
carnitine palmtoyltransferase 1 (CPT 1), uncoupling
protein 1, 2 and 3 (UCP-l, 2 and 5 3), and acetyl - CoA

car boxyl ase ,| and | .and, ]I i ch. pl ay .an .
mERBRELFAVRRt,  APVES %&"Wé{“gﬁdo %Wm@‘ﬂ&ﬂf PigEbojjin include,
performthe follo f ons i n _enerq) .
SfraneiBBio; AMP-civaled Ptsin fipts (AMIL ProipEs Prigstor gotvated
A yconet abol ismln nuscle tissues and 0C
PSR it B0, EBos RO S (L HE L 4
facilitates uptake of glucose, ich in_t (Qﬂﬁ %
capibre palmioylmasiemse 1 (CBF ) uroupfoepioiin L ¢ ad 3 (HGh, 2 and
menbr ane, regardl ess_of insulin ‘ipfbl on,, resul ting

3), 1984 aetd vy eanaqratase bandll (AGSd vgiiph play ap isppottant Crole in
Bi ochem Bi ophys. 380, 347-352, 2000, 15 J. Appl.
efrgsingtabolm. 1073- 1083, 2001). After increase of

gl ucose uptake, AMPK activates hexoki nase, therehy

i ncr eSushrigetpts performdhy Eallomingmpin Mé&@@@g&mﬁabolm in
si mul t aneousl y |nh|b|t|ng gl ycogen synthesis. It is
rélatipmrto nistaboligdiggrderar di al tissues during ischem a,

AVPK activat es 6-phosphofructo-2-kinase (PFK-2) via a
phosphoryl ati on process, thus resulting in activation

of a netabolic cascade |leading to 20 increased flux of
1g! ycoGigcatmetabolistnCurr. Biol . 10, 1247-1255, 2000). In
addition, activation of AMPK in the liver inhibits )

r el eakemuodclagtissoessmd imymvaidap tissuesy AMPK prisgtoshinuscle pantraction
was confirmed that activity of phosphoenol pyruvate
atdttiepoby hoiliaers upBkPOK pluom, which ds turs aptinegsHALEE el, or induces
whi ch are enzymes of gl uconeogenesis, was arrested by
nfipfation bF GDENes ta1f plaSfia tﬁiﬂnxanﬁpﬁﬁérdleismdﬁ inslinnaptiphatesulting in
AMPK i ndependent |y

increased transport of glucose into cells (Arch. Biochem. Biophys. 380, 347-352, 2000,

J. Appl. Physiol, 91, 1073-1083, 2001). After increase of glucose uptake, AMPK
activates hexokinase, thereby increasing flux of glycometabolism processes and
simultaneously inhibiting glycogen synthesis. It is known that in myocardial tissues
during ischemia, AMPK activates 6-phosphofructo-2-kinase (PFK-2) via a
phosphorylation process, thus resulting in activation of a metabolic cascade leading to
increased flux of glycometabolism (Curr. Biol. 10, 1247-1255, 2000). In addition,
activation of AMPK in the liver inhibits release of glucose from hepatocytes.
Meanwhile, it was confirmed that activity of phosphoenclpyruvate carboxykinase
(PEPCK) and glucose-6-phosphatase, which ate enzymes of gluconeogenesis, was

arrested by AMPK (Diabetes 49, 896-903, 2000), indicating that AMPK independently
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-4 inhibits rel ease of glucose fromthe Iiver

regardl ess of insulin, thus being involved in

nodul ati on of bl ood glucose level. 2. Mtochondria

Bi ogenesis 5 One inportant function of mitochondria is

to carry out oxidative phosphorylation, which

converts energy produced from fuel netabolites such as

glucose and fatty acids into ATP. Functiona

m tochondrial alterations may effect. at hogepesi :
inhibife Frieage 0¥ glugpsedzam theliveg Ie Sﬁ%‘ﬁ“@‘&n@é‘g B ,“§"s°8‘{:° m

as diabetes nellitus, cardiovascul ar di seases,
mpdilaiond plepd glucesedevelnd senile dementia (Curr. Opin.

10 Cell Biol. 15, 706-716, 2003). Peterson, et a

(Science 300, 1140-1142, 2003) has reported that

oxi dati ve phosphorylation functions of mtochondria
2wer e MitephondaiabBioggmasift 40% in the el derly, suggesting

the possibility that deteriqrated bmtochondria

funct®en impoztapr diagion 4t FEIgERATIiE o s 00 fCaTR s 9 oxidative
resi stance syndrone. Lee et al Di abet es. Res. i
piisplorylatien, whéd cDBVerisFOogy Pﬁﬁ‘v?dcéﬂﬂ* %}e}e@a@ﬁ&ﬁs such af ghucose

decreased 15 m tochondrial DNA content .in peripheral

atel olatly pasidedety tAEP.deRinetiensht miechandiiad; slteratinns| mays effect
Bi ogenesis of mitochondria in nmuscles is known to b
pathogenesisl ob ylegenerativieyglisessss rasseciated nwith spRASEICErRIUSD ASi @‘abetes
activity of oxidative phosphorylation of nuscle cells,
mieHitig) esrdiwestulay diseases, Padtnson’s alisggsedog isenilegiementia (Curr. Opin.
exerci se. Meanwhil e, peroxisone proliferator-activated
CeROSiBL, 415, JO6HTEG,CI008). 1 \Pateeson, &0all (§¢ip@E- 300a)1 140-1{k47v 2903 phas
be a co-activator pronoting transcription of nuclear
réfcduitiht okidakwOpvsploorplbtign fumpiios aftmitasherylriarwere reegisened by
met abol i sm m tochondrial biogenesis, nuscle fiber )
aBRRCI084 i1z ald eldety)Csuggeating e possibility dhas sdeteringateds mitochondrial
functions. It was confirmed that increased expression
ffctibieGs ladprbBabld phthibgumicatavise of dasalin iresistivee ypdromes Les et al

(Diabetes Res. Clin. Pract. 42, 161-167, 1998) have confirmed that decreased
mitochondrial DNA. content in peripheral blood precedes the development of diabetes
mellitus. Biogenesis of mitochondria in muscles is known to be promoted by an
adaptive reaction in which metabolic activity of oxidative phosphorylation of muscle
cells is increased by continuous energy depletion and exercise.

Meanwhile, peroxisome proliferator-activated receptor gamma coactivator
16(PGC-10;) is known to be a co-activator promoting transcription of nuclear DNA and
is known to play important roles in glucose metabolism, mitochondrial biogenesis,
muscle fiber specialization and adaptive thermogenesis as main functions. It was

confirmed that increased expression of PGC-lo facilitates an increase in the copy
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nunber of mtochondrial DNA and m tochondria
proliferation (Cell, 98, 115-124, 1999). It was
suggested that overexpression of UCP-2 and UCP-3 in

t he nmouse nodel results in a decreased nunber of

adi pocytes, increased netabolic rate and increased 5
oxygen consunption, and thus UCP-2 and UCP-3 play an

i mportant role in energy netabolism and obesity
control (Nutrition, 20, 139-144 2004). 3. trol
ket o miopiossRbaP A, ity mHgohnAR Brmfion Rl REatBici2e
$articipates in fat netabolism 10 AMPK is known to
1999%uce phosphoryl ati on of acetyl-CoA carboxyl ase which

in turn inhibits fatty acid synthesi thus resultin
| n ddtwensugested haicaRTepRSIanAt AR 7 204 HIFE-bin the mouse medel
mal onyl - CoA that is an internediate in a fatty acid
resultst ines decreasot avwbetnef sdipagyites.rinrisnsed metplolie 4al; andjgereased
pal mtoyltransferase | (CPT Ii} | eadi ng . to pronoti,on
oxyiger apasymption, @) thas {UGP-2 anpTGP-p laghaw imperant $e R AFrEY
for a process wherein fatty acids enter mtochondria
metabiolist andeobesitydiontrol, (Natritions20¢ A3%whd4, 308D nodul at ed by
intracel lul ar concentrati on of malonyl- CoA In
addition, AWK is known to inhibit activity of HVG CoA
reductase and gl ycerol phosphate acyl transferase
3.( GPAT entretudifstadetaboliso| est erol and tri acyl gl ycer ol
synthesi s, through phosphorylation Q Biol. Chem 277,
3257 IRGRGIAE, 102 Gidchahism\irp whichPAYEIK [participates in fat metabolism,
92, 2475- 2482, 2002). Meanwhile, it was found that
AMIK vokiown of indhdeipliosphidbylition dfi acetyl-Cohi darttoxylabee which in turn
activity of pyruvate kinase, fatty acid synthase and
inAfBRs tHhteoHad synthexssp ko yesaltingrin dbcreased intracellular concentrations of
car bohydr at e-response- el enent - bi ndi ng protein (ChREBP)
miRlonBi-CbA thithesn inkfeBae th S8RF a21dGtheshsprdesss andizdn inhibitor
above, activators related to netabolismare known to
ofXaRNitifSpelmitby itrbifGase ICETEY, (3ading teprohiction of faitly ucidserjdation.
protein and fat in vitro and in vivo. Neil et al -6
CPT 1 is an enzyme essential for a process wherein fatty acids enter mitochondria and

are oxidized, and is known to be modulated by intracellular concentration of malonyl-
CoA. In addition, AMPK is known to inhibit activity of HMG-CoA reductase and
glycerol phosphate acyl transferase (GPAT), involved in cholesterol and triacylglycerol
synthesis, through phosphorylation (J. Biol. Chem. 277, 32571-32577, 2002, J. Appl.
Physiol. 92, 2475-2482,2002). Meanwhile, it was found that activation of AMPK in
the liver inhibits the activity of pyruvate kinase, fatty acid synthase and ACC through
phosphorylation of carbohydrate-response-element-binding protein (ChREBP) (J. Biol.
Chem. 277, 3829-3835, 2002).

As described above, activators related to metabolism are known to play central

roles in energy metabolism of glucose, protein and fat in vitro and in vivo. - Neil et al
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(Nature drug discovery, 3(April), 340, 2004) asserted

that AMPK and Mal onyl - CoA are targets for therapeutic

treatment of netabolic syndrome, and patients

suffering from metabolic syndrone are characterized

by insulin resistance, obesity, hypertension,

dysli pidem a, and dysfunction of pancreatic beta

cells, type Il diabetes nellitus and 5 manifestation

of arteriosclerosis. |t was hypothesi th C n
(asare drug discrrsmigd (APHDs 2402004 &%gﬁ%idﬁﬁrﬁ? Kt ﬁ“@?’@gnﬁm are

dysregul ati on of AMPK/ Mal ony] - Co fuel-gensing a&d. &
tasgetmfor itheyaneutiodrertment 0%&@%9%8@3@%&9 JgHgpis sultering trom
dysregul ation | eads to alteratigns iin ce

ul.ar .
mietabolic apidiome taxd sharaeterizedt by Ansulin fedisiance ag?ﬁb%&‘ﬁeﬂensm

l'i pid accunul ation, cellular _dysfunctiop d .
dyslipidemise [apd diyskenction & paneisatic bata gpllo t-‘,fi?eege‘ﬁ{&é‘ﬁest wgllitus and
factors that 10 activate AMPK and/or reduce .
manifestarion OF Arterivselesosis. gl wasdyppthesizadetbel 2 porBIAR fratyre dinking

and syndrones or prevent them from occurring. .
tHEenmultipleababralitics isBlystegulatiome! AVFK/ Malpgyl-GoA fyghgansing and
have reported that activation of AMPK inhibits

sianilingi tepwark. aft WhiOBrapogednibatt sush dysregulption losdwn e gHerations m
medi ator in chronic inflammatory conditions or

celhlat faey-aeié mostabolism dhatdi mgn ehuss isbyoras! Fipid-acewmuiptions celiplar
and thus will be effective for devel opi ng new
dpErdhction emdh altinmgely diseaseh arBvidencen siglse pesastedathet feptors that
Insulin sensitivity. In addition, they have reported
abtiate AMPIDiahd/on rediicéd MafonpleCoA ildvelsi might feyetsedhdsy abnormalities
activation of AWMPK, and thus this finding is
aﬁh&ﬁdﬁcﬁﬂx&sbr?ﬁﬁbﬁt&ﬁ@h&om@hﬁﬂgses such as septicen a,

multiple sclerosis, nyocardial infarction,

i nf | apeRdaew &oxel], BiceThen, angl 209684742 02004)bleva-repiried that
dysfunction. Zing 20 ping et al (FEBS Letters 443,

2200tieBDf ARER iEwes kPt &@adt HISOSAhRimacthity it esinflammation
endot hel i al NO synt hase t hrough phosphorylation, in

hdEatd BSERGSC HhildrdmsBhy BiAudlitiols of endBiciih heek, lisclading obesity-
nyocardi al cells of rats. This represents that AMPK is
: o . : : . oAb e B havi
e e R O ) s e
Rl WSO LT iU A0 {RGRARA] oy bave reported

respiratory netabolismwas reduce

that inhibition of iNOS activity is effected by activation of AMPK, and thus this finding
is clinically applicable to diseases such as septicemia, multiple sclerosis, myocardial
infarction, inflammatory bowel diseases and pancreatic beta-cell dysfunction. Zing-
ping et al (FEBS Letters 443, 285-289, 1999) have reported that AMPK activates
endothelial NO synthase through phosphorylation, in the presence of Ca-calmodulin in
muscle cells and myocardial cells of rats. This represents that AMPK is implicated in
cardiac diseases including angina pectoris, Alan D et al (Nature genetics, 34(3), 244,

2003) have confirmed that muscle mitochondrial respiratory metabolism was reduced
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-7 by ageing or diabetes, thus resulting in

coordi nated changes in expression of genes involved
in the oxidative phosphorylation process, and they
have reported that PGC-la is in charge of this change
in gene expression. Mary et al (PNAS 100, 8466, 2003)
have reported that decreased expression of PGC-la is a
mai n cause of insulin resistance 5 and dysnet abol i sm

in diabetjc patjents. .lsabella et.a Am. J. Physi o} .
ABSIRADR, Ciebrioe A% ooBE &7 SoRsRisfied Syateet i HRig R, Bl Benes
. PGC-la is a key factor stinulatin dapt ati on, qf
intpl e Wk PRA=S PORSIGELation DBIFGTS: BIRHBRY DaYeaeRegtey that PGC-1a
. thyroid hornmone, T3, and nuscle_ contr L OR., K t
isin chage okdlie shange if Aene GO O hMEE g NS 2oy et 2009

Bi ol ogy, 11, 16, 2004). have repqrted,that t%\rgulf'%h th
havgreporied tiahdecmpseskarprsstion PRRG S A% R FAILEEUSF gignsuim resistance

met abol i sm abnormalities in_the unt_ and ity o
aaf gl R e B e Jrla P LB 2oyt el Prydlol2es,
furthernore, is a main cause of netabolic syndrone, |,
cl68, Pe03 dave ireposted dhat RGETlvels diey frtarxitundpting §%‘§P&‘Hﬂ of
for metabolismactivating drugs, based on the
mitoshengtia &n chavges imewitoamentague; 9z MYEPIAHOERENS JIfy dd muscle
be effective for treatnent of petabolic syndrong,
cefitwotiwos Kimret ke Komsan Jeumms 2 Bioshmisi EcMolesalar Biglogy, 11,
tanshi none derivatives are effective ingredients for |
16,n2004p das tpeechthat tigonginity aapsal relatiqn /betweemnglucose/fatty acid
Therefore, the present invention has been nade to =
netabulisnt, ebnadomlitiepinothe emeunt @d quatityt efohitochandris Bpeasgnsulin
t hat have been desired to be solved fromthe past. The
raisemendndi fostleminores ishianain corsd afmetabolioszmdremy. of
extensive and intensive study and experinentation. As
a r esThe predensinedntars terrisd v aiextesdivereaich fior méfabolism-activating
inventors have found that tanshinone derivatives, )
dfugh,lleeédeon thecammiaptitinethat(fatbidla activatingometaboligm wilh e gffective
efficacy activating netabolismin cells and tissues,
féNeaktiérit REFTmétabolid dyRddomshdiseasesBand as a result, have confirmed that

tanshinone derivatives are effective ingredients for therapeutic agents.

SUMMARY OF THE INVENTION

Therefore, the present invention has been made to solve the above problems,
and technical problems that have been desired to be solved from the past.

The present inventors have conducted a variety of extensive and intensive
study and experimentation. As a result of such extensive investigation, the inventors
have found that tanshinone derivatives, extracted from Danshen (Salvia miltiorrhiza),

have efficacy activating metabolism in cells and tissues, and further found that when



ob/ob mce, a nodel of obesity caused by decreased
secretion of leptin, db/db mce, a nodel of
obesi ty/ di abetes, and DI O (diet-induced obesity) m ce,
caused by high fat dietary conditions, are treated

wi th tanshinone derivatives, these materials are
effective for preventing and treating netabolic
syndrone including obesity and di abetes nellitus. 5

o BB B B SRR TR 15, B0 i,
B e 00, G RBR) bl B, B s s

effectiye ingredient, tapshinpne deriyatives. .
distaRy SPRAGRpS e gt pith One SerixpiaNes oS aieals A effective
such a_ netabol.ic Séj}&””‘e t hrqugh, act.i vati

i on..of .

forerasting andctrsating me@bolissyprome Juqludiag best e difetes gngititus.

adi pocytes, .and ani mal di sease, nodel DETAI LED
Thegrereibinventiarhasbeen qqm%ﬁmqsﬂﬁnatg%%&'@&w&% with an

aspect of the present invention, the above .and other.

15" objTberefores 4 Obisoh ek BaPrISEHARVASYOR L IOIBYIAE A Fmppsiton for

conposition for preventing or treating obes,r.'ktgi and ..
preveaiing pud ystgoneiabnliseyadiome GRRPISNG |is fn clfective ingredient,

t herapeutically and/or prophylactically effective
tanshinone alerivativehiexbibifinge prophylpstics and Sherapents Sticcs, oy isych o

mltiorrhiza) extract as an effective ingredient.
niRtghoitio| sypdromle throuigh iactivation fof tastahwlin eetivaters; ipamyoldast C2C12

known hitherto are as 20 follows. Toshiyuki at al
ce Il andt slipdegtes, 200 2ninGd disgabe Brodals7) have reported that

tanshi none VI attenuates hypertrophy of cardi ac

myocytes and inhibits synthesis of collagen by

cardiac fibroblasts thereby retarding fibrosis of
DETAIGED DESCRIPTION OEITHE INVENTION anta Med. 2004,

70, 178-180) have suggested the possibility of using

tanshi none derivatives as an anti-allergic agent by

inhibition of mast cell degranulation. Ip et al -9

( Pl ants abfoidand® 9dth £8asped of-thé€ pieyerd dnvention,ahe dboveeand other

hepat oprotective effects of

objects can be accomplished by the provision of a composition for preventing or
treating obesity and metabolic syndrome diseases, comprising a therapeutically and/or
prophylactically effective amount of tanshinone derivatives from Danshen (Salvig
miltiorrhiza) extract as an effective ingredient.

Physiological activities of tanshinone derivatives known hitherto are as
follows. Toshiyuki et al (Planta Med. 2002. 68, 1103-1107) have reported that
tanshinone VI attenuates hypertrophy of cardiac myocytes and inhibits synthesis of
collagen by cardiac fibroblasts thereby retarding fibrosis of cardiac fibroblasts. Choi
et al (Planta Med. 2004, 70, 178-180) have suggested the possibility of using tanshinone

derivatives as an anti-allergic agent by inhibition of mast cell degranulation. Ip et al
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di hydr oi sot anshi none | agai nst nenadi one-i nduced
cytotoxicity in hepatocytes. Ren et al (Plante Med.
2004, 70, 201-204) have confirnmed that tanshi none
derivatives inhibit enzymatic activity of

acetyl cholinesterase. Kyoko et al (Biochem ca

Phar macol ogy, 5 64, 745-750 (2002)) have reported that
tanshi none |1 A sul fonate attenuates hypertrophy of

i as UG B AP HOE) DRt F5 Hindhorobs by b of
aukeiooteahinsig | pgsiiel st iep T AR SO SR HF hepkitgter o Ren
oo AR ot BRECTRT Hl Bf Ssveons
sl sl B gt oo
64045 730 KUBED) Dot BRporieh Pt B HEoHE DA Lo AiRFes bypsgirophy

et al (Biochem cal Pharnacol og 65, 51-57._,2003).
of aodinccupeRes fieed HBRSAEN [ 189 Fo b (Bickdl” Biotectnol

facilitates an electron-transfer reaction in ., .

Birichers oM i) 323672438, 89992 have(rapartedthat Ss O%E?ﬂvaﬁ"es gencrate
Chenot her apy, June, 1836-1841, 2003) have reported

supleraxides and; fheh el his antihertodalispiégty; n iiapg et al (immunopharmacology,
am nogl ycosi de-i nduced free radical fornation. Yun ef

49) 356361 £2000Patvemeporied Hiat tanshineng derivagipesinkibit production of IL-12
2000- 0027306) have asserted that tanshinone

ankb INB-at inviesnumoeyted. f &t etval (dgckn Rhpon.aResu25¢ 44Gas, 3087) have
treatment of hepatitis B. Sohn et al (Korean Patent

répottbd ¢t tamshihareddarivetivelianhisio eazyortd aethiityefseBade Zhou et al
therapeutic conposition for hepatic fibrosis or

(Biepiainsicdl r Plessibsnlogyo riSai 51+37g 2088)s haveo seporte@ (thats tagshinone IIA
effective ingredient. However, none of the

salfnar- IRvilitates esh peléitionatansfers reaction piat ewtoshatidsial o¥ang it al
suggests prevention and treatnent of obesity and

(Anfiraiefibidl Agend & Chendilempg.ciunby 1836-184d| 200HChaveiregortsfl that
AMPK, as in the present invention. The tanshinone

thShih@ derRativeshihiahit afmoglycbsideciddwcad thive radifed foimation. Yun et
ingredient in the conposition of the present

al r(x@fgai&ome%mrdaﬁaf iTlajd-GHeRSHO! 2000-DOXEI06N havé idsieried that
as crude -

tanshinone derivatives are effective as a therapeutic agent for treatment of hepatitis B.

Sohn et al (Korean Patent Publication Laid-open No. 2004-0084482) disclose &
therapeutic composition for hepatic fibrosis or hepatocirrhosis, containing tanshinone I
as an effective ingredient. However, none of the above-mentioned publications and
patents discloses or suggests prevention and treatment of obesity and metabolic
syndrome diseases by enhancing activity of AMPK, as in the present invention.

The tanshinone derivatives, which are utilized as the effective ingredient in the

composition of the present invention, are primarily present in Danshen, utilized as crude

-10-
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drug substance, such as Salvia mltiorrhiza and
Per ovski a abr ot anoi des. Tanshi none derivatives are
broadly divided into tetrahydrophenant hrene
derivatives and phenanthrene derivatives. Preferably,
the conposition in accordance with the present
i nvention conprises one or nore conpounds sel ected
fromthe group consisting of the 5 above-nentioned
derivatives ,and.m Xt ures .t.he f A h :

P EVRDH SO RS L R o Pl 25 Aot Tanshinone

rrvative 1s one or
OGRS itsnPREe CREPHD) ol i AR tefvatives  and
lsnaren hvartes. | AESTEAT e O oo o Hiing flegent
I OR HORESS 8 GF FF COPlTP PPLeoied Tt I 50 Ginpisingof the
a@e-&iﬁﬁcﬁha&eﬁhﬁkf M &Sl ded® O OB -11 [Formula

Preferably, the tetrahydrophenanthrene derivative is one or more compounds

selected from the group consisting of cqrptotans}ﬂnone (Formula 1) and tanshinone IIA
(Formula 2).

[Formula 1]

Preferably, the phenanthrene derivative is one or more compounds selected
from the group consisting of tanshinone I (Formula 3) and 15,16-Dihydrotanshinone I
(Formula 4).

[Formula 3]
0] CH;

-11-
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OCH3 1 O CH3 Tanshinone derivatives contained in
Danshen (roots of Salvia mltiorrhiza) are conposed
of 0.29% tanshi none Il A, 0.23% cryptotanshi none, 0.11%
tanshinone | and 5 0.054% 15, 16-di hydr ot anshi none |
As the main ingredient of Danshen, the tanshinone
derivatives are diterpene o-qui hone conpounds. A

bi osynt hesi s process of these conpounds is carried
out by biosynthesis of cryptotanshinone fromditerpene
[Bp@ulptlosynt hesi s of tanshi none derivatives of Danshen
such as tans% nong,l 1 A, 15, 16- di hydrotanshinone |I and
tanshi nong |, thrplgh oxi dative processes such as 10

denet hyl a ehydr ogenati on of cryptotanshinone.
The pre ors have found that such tanshi none
deri activate netabolism and thereby pronote
net abe gl ucose, proteins and lipid in the body

go inhibit fat accunul ation in the body, thus
bei ng &Apabl e of treating netabolic syndrone. These
finding and facts can al so be denonstrated thrgﬁlggh

AR >0, . gh.tne
f ol | Glanshjnar® desizativies sontaiped-infDasshen(rootsf Jeia giiffiorrhiza) are
i nventors have neasured the influence of _tanshinone
catapasediof 0.88%danshirone Tidy W3 %rervatetmphinese; P4 Vaotaashinege I and
expression of proteins and genes in nyoblast cells
008RG! 25,1 6-ditydmotqhinass dn ohs ctbe | maiar ingredientepf | Banshen, the
of preadi pocytes (3T3-LI and F442A cells) and as a
tangtindrie, defivatives anfditerpent o-quinosuempovadsp o dnbigsyasliesip process of
excel l ent netabolic activation. As can be seen through
tHelecaiforndssis 28ried otiansbibsynthesisl ef érypiotanshinans fore disgrpene and
and gene expression, such tanshi none conpounds nay
bivujtithists SfUpasiinsneadirivaiives afmDamsherbshite asdeishinonoflA, 15,16-
al one or in any conbination -12
dihydrotanshinone I and tanshinone I, through oxidative processes such as
demethylation or dehydrogenation of cryptotanshinone.

The present inventors have found that such tanshinone derivatives activate
metabolism and thereby promote metabolism of glucose, proteins and lipid in the body
and also inhibit fat accumulation in the body, thus being capable of treating metabolic
syndrome. These finding and facts can also be demonstrated through the following
examples. Specifically, the present inventors have measured the influence of
tanshinone derivatives on activity of metabolic activators and expression of proteins and
genes in myoblast cells (C2Ci2), end suppression of cellular differentiation of
preadipocytes (3T3-L1 and F442A cells) and as a result, have confirmed that such
compounds exhibit excellent metabolic activation. As can be seen through the effects
of tanshinone derivatives on protein and gene expression, such tanshinone compounds

may exhibit superior activity on metabolic activation, alone or in any combination

-12-
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thereof. Sinultaneously, the present inventors have
confirmed that inhibition of fatty acid synthesis,
facilitation of fat acid oxidation and expression

| evel of mitochondrial biogenesis factors correlate
with structures of tanshinone derivatives. Therefore,
the conposition in accordance with the present
invention is 5 conprised of one or nore tanshinone

derivatives selected fromthe grou n

thaseaft SiraiEneavebiothe PEFEH: LIPS PYe GROTNS 218kt ffiRlon of faty
15, 16-di hydr ot anshi nonel uch a co osi t, 0

acidl dynthesis,clasilitatian of &tlaﬁkﬂs““{s%“)’n @pdpEr 8&3‘6‘% ?%%'H’.%ﬂg’ﬁ’m"
crypt ot anshi none as the main i red

biggenpsisfactosrroelteavith FcRERToh orje dgit é&“’?%ial )rrai n

ingredient; 10 (iii),. Cbnp03|t|on Co,
t ans Aiharsfue,| thes comBosHiADN I} AgFaEdATS r'}( R‘%‘\% fention is
cont ai ni ng 15, 16- dlhydrotansblnone

_ copuisetipfoorte; or niord ta@glﬁ:p@_m derigatives ag %qtqq ﬁﬁm tlI;'e group cons1stmg of

crypt ot anshi none as the essenti al g\_ i ent g
croytbianshiridny, tamshinone Hmyndn@mﬂ%i%l%g% 8??6‘%’“1%%‘}"' ct ed

fromthe group consisting of tanshinone IIlA,

t ans Suaha eompasitibnliselades all thenasasap SHioN8he |; 15 (vi)

Conposi tion containing tanshinone I1A as the ssentl al

i ngr et}i Gumiposition commmmwmb@ﬂﬂﬁsﬁh?@m@ﬂ%grﬁ

conpounds sel ected fromthe group consisting_of

Cr y pt(if) Gomposidorecontaining tanshinons e the main ingredient;

15, 16- di hydr ot anshi none 1; (vi |IggCorrp03| tion

cont a(u[)@umﬁamﬁmhcmlmmngtmhmm grermaiafingredienddi ent

and optionally, containing one or nore co ounds

sel eqgHddnigsitioh eongaining 164 Asiilyliotanshinoneigas the main ingredient;

crypt ot anshi none, tanshi none HA and

15, 164lidevghosition shitaiaing| cryptonshisions s dunseenitial ingredient, and

cont al ni ng 15, 16-di hydrot anshinone | as the essenti al

optiFaRyli QitainiSd End B eRAtdypovadnscictednijor ke grouprpopsisting of
corrpounds sel ected fromthe group consisting of

1AnSMRSRIBA S hsARBSs 1 drdnSlicndiigirbidnshingne Bnshi none 1. - 13

{vi) Composition containing tanshinone [IA as the essential ingredient, and
optionally, containing one or more compounds selected from the group consisting of
cryptotanshinone, tanshinone 1 and 15,16-dihydrotanshinone I;

(vii) Composition containing tanshinone I as the essential ingredient, and
optionally, containing one or more compounds selected from the group consisting of
cryptotanshinone, tanshinone A and 15,16-dihydrotanshinone I; and

(viii) Composition containing 15,16-dihydrotanshinone I as the essential
ingredient, and optionally, containing one or more compounds selected from the group

consisting of cryptotanshinone, tanshinone [IA and tanshinone L

13-



If desired, the above-nentioned conpositions may
further conprise one or nore tanshinone derivatives
selected fromthe group consisting of 10-

hydr oxycr ypt ot anshi none, 1-oxocrypt ot anshi none,
tanshinol B, tanshinol 11B, przewaqui none A,

di hydr oi sot anshi none |, tanshinone |IIlA sulfonate, 1, 2-
5 di hydrot anshi none | and tanshi none VI. More

surprjsjngly,. the present inventors h e, h8 ' Eﬁg
t hat trdﬁg?%ﬁ%%?bo%ﬁeé@?’éwo?o%ﬁoﬁﬁoﬁ g%&hl noér:lJ;{:J © one of
tanshi nqgne |1 A, tanshi none. |l .and - 5
mpEs 1 ENSIRRNGY o‘@eéW%Yeﬁongf%Fth orfORPRS, BTOYP ¢ (Fopdsting of 1B
significantly increased conbi nat.i onal ,u of or
hﬁ@f”é‘“’&fpm@ﬁ@g@n%o nbﬂ%ﬁ?&’g’?‘y@fg‘\?°ﬁe’si‘ﬁ?ﬁ%ﬂ°& aﬁé tandtllb) °'1,
synergistic effect was not totall redicted and it 10 .
PRANSERRIeC o | ATROrOPAEPSIERAR o f ddsRiRgac e;ﬁ% bing%d,ﬁe' 12
regardl ess of kinds of \;]gose four taushinone
5 diwfrotanshipens I apd danghisens Vianong conbi nati ons of the
above-mentioned conpositions, coppositi.ons. (v
t hr oullerg suprisingly o theapresert, ayeplors, e?qngﬁl?le%&b% pBbpgcement
exanpl es of conpositions (v) throu LLi),,.. eEntion
offags sntelenshoone e PR R SFSHEPE | bl inone
conprising cryptotanshi none and L f
on AMBKgickiyidy i siguificantlidngreased brsppbisationsh use,of, o prgore o
cryptotanshi none and_ tanshinone ILA; - Conpositiagn )
timserpopiungs. t dvchiasignificpntAyrergisticetiest wpngehtetally predictrdeand it
I; - Conposition conprising tanshinone HA and
10  vieandsoi confisméd that Guwhpafieet wan extibitnd; sigargless of kinds of those four
15, 16-di hydr ot anshi none | and tanshinone |; and 20 -,
taEshiporss tderivativesypr Thdrefgre; sansinign oomabinatignsl of the above-mentioned
cryptotanshinone. In the conpositions as nentioned
calnpusitionshenmpmbitiond) tearghi(vid) awpaitivgladyiprefareed. | s
preferably in the range of 10:1 to 1:10 (ww, and
nmor e Psapeifibéxaniptestofi eomposiione {v)Srough ; Mentiorymay be made
of the following:
15 - Composition comprising cryptotanshinone and 15,16-dihydrotanshinone I;
- Composition comprising cryptotanshinone and tanshinone ITA;
- Composition comprising tanshinone ITA and 15,16-dihydrotanshinone I;
- Composition comprising tanshinone IIA and tanshinone I;
- Composition comprising 15,16-dihydrotanshinone I and tanshinone I; and

20 - Composition comprising tanshinone I and cryptotanshinone.

In the compositions as mentioned above, the ratio between the two ingredients
is preferably in the range of 10:1 to 1:10 (w/w), and more preferably in the range of 5:1

to 1:5.

-14-




10

15

20

The conposition of tanshinone derivatives contained in

naturally occurring Danshen may exhibit different

di stri butions dependi ng upon the harvesting season or

cultivation region. Considering the above-nentioned

synergistic effects, it is necessary to have the

opti mal conposition ratio between tanshi none

derivatives so as to 5 exert efficacy thereof

unifo . _The..present,. nve fii.r o
egc‘pmp{)gﬂg Ioﬁ gﬁma% @% ; ﬁvegac\@ﬁta‘ﬁﬁﬁ in ﬁ%ﬂ'&lly occurring

ef f ect ves on expression

ke P A A B BBl DRSO B2 g o
e

confirned effects _of adjustin he ratio betwee

RERTRSFY o fevedi R SersP ot e s PR g ot
10 then atte ed,.to obtain the pptinmal, conpositipon

Gt GOCoRE Rk VBB D oVDe RIFER DHERES S I Pr BT, efects of
accordance with the present ., invention conpris ne or ..
taRshinogg, Hﬁ%‘@ﬁ&%“ L PREHEE PTG @eﬁﬁscfa'a REGIRE 8pd ﬁﬁﬂf&?‘eﬂs‘“"s
t et r ahydr ophenant hyene deri vati ves d phengnt hrene..
ageqmipgt fo, égrpcfawh differprses HhorebetweRdy | Ry dpgopally controlling the
derivatives, the preferred conbination ratio

ORPEHeR fEerPmily basis phtheseeresults, thy greset igygntors gonfirggd effects
(by weight), nore preferably in the range of Z}:i‘(to,

of - afjusting) theyatie petwieen tapshinane degimtiyes pn daaessg pf body weight and
2.5:1to 1:2,5. Preferably, the

then attempinddp btatnhe prtieal gempesitianyati orponent  cont ai ns

both cryptotansl vhone and tanshinone Il A and the

rati o Ashdesereadvehone, Whem thereomnepigien an agcordange with thenpresent
addi tion, the phenanthrene derivative conponent L
ipventiah momiprise) 016 ot Guait lopthpounds sielepiod diam Abei graup consisting of
tanshinone |, and the ratio therebetween is in the
tetratydropherinthréne  derbvatiTése apd ephenenthnance lcovativiesy @nd preferably
further confirmed that tanshinone derivatives have
coanpyisesipeh derivativespthy [paaferra] combirtation satioubirehetréanoney by in the
nmet abol i ¢ syndrone, through extensive in vivo

rangeabD0:d toyhtld Goyeweizhp)hsnosec picferabiy it Her mpgaivf §:1 to 1:5, and
experinments in the -15 '

particularly preferably in the range of 2.5:1 to L:2.3. Preferably, the

tetrahydrophenanthrene derivative component contains both cryptotanshinone and
tanshinone IIA, and the ratio therebetween is in the range of 5:1 to 1:5. In addition,
the phenanthrene derivative component contains both 15,16-dihydrotanshinone I and
tanshinone I, and the ratio therebetween is in the range of 5:1 to 1:5,

The present inventors have further confirmed that tanshinone derivatives have
very superior prophylactic and therapeutic effects of metabolic syndrome, through

extensive in vivo metabolic syndrome-prophylactic and therapeutic experiments in the



10

15

20

obl ob m ce, a nodel of obesity, the db/db mce, a
nodel of obesity/di abetes, and the DI O (diet-induced
obesity) mce caused by high fat diet. As a result,
the conposition for preventing and treating netabolic
syndrone conprising tanshi none derivatives as the
effective ingredient can prevent and treat 5

net abol i ¢ syndrone through activation of metabolism

B &RH,S% | odlalsoﬂof{b%QBF ‘ﬂ?edilﬁé'ﬁ\?}niéeh DRI of 8%%&#@\:1%@@9 #Ad the

various’ t herapeuti ¢ -agen or a variety I seaseés

PO Skt hABalL SYaapRp, The composit on
accor danee it the LIS BEESEAL JlINEHLIAR SO hRERohl Smarome

above t'anshi fione rivatrmv n optil ure

t her.eof .as,the effective i.ngredi.ent C
FiRG caRnbAe SRy G GRLARTE g8 AR BEveH? and teat

(¥)u1|

el ST R Ay g FRPPRE o5 il fhs Brogiged s ey
Ph | ogi cal . P ti Th Yy ' . .
I TRSAR S i CROREL LS 0cTIE (O] - lsdafy g v
ASOBUF AR 04 b G rShL 588 S Fore

condi ti.ons include ut are pot |imted, to,, cqQnmD .
sypdame jn pAIERRCR aTiih gﬁe@?ﬁeﬁf UpygRHon, caparises the above tanshinone
rteriosclerosjs, hyperinsulinena, hyperglycem a,
wailves or anapritopal e, theregh gs |effﬁ&ytf3{snﬁ%g¥ ent, and can be

characteristically appearing with insulip resistance. |
fospaylated diater the aneebali o frndpome-prarbylastic o gih therapeutic agent, in
|'i poprotein profile_of phenotype B, .,is 20
conipetionayifyaphagpaceiicelly seswntablp carrier, 3 negess#y. esteri fi ed
fatty acids, elevated very low density |ipoproteins
(VLDL) triglyceride rich particles, high values of

ApoB, the presence of small, dense, |ow density

1.1 popPbaenacolaging) Ppeperties es, hi gh val ues of ApoB in

the presence of phenotype B, and | ow val ue of high

densi fThe | dopwpositioniinsaceeibance with ot apresentriinventiony iy aysgil for
of ApoAl particles. -16

prophylaxis and/or treatment of clinical conditions associated with metabolic syndrome,

These clinical conditions include, but are not limited to, common obesity, abdominal
obesity, hypertension, arteriosclerosis, hyperinsulinemia, hyperglycemia, type I
diabetes mellitus and dysﬁpideﬁa characteristically appearing with insulin resistance.
Dyslipidemia, also known as the atherogenic lipoprotein profile of phenotype B, is
characterized by significantly elevated non-esterified fatty acids, elevated very low
density lipoproteins (VLDL) triglyceride rich particles, high values of ApoB, the
presence of small, dense, low density lipoprotein (LDL) particles, high values of ApoB
in the presence of phenotype B, and low value of high density lipoproteins (HDL)

associated with low value of ApoAl particles.

-16-
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The conposition in accordance with the present
invention is expected to be wuseful for treating
patients suffering from conbi ned or m xed
dyslipidema, or hypertriglycerima having or having
not other signs of netabolic syndrone and suffering
fromvarious degrees of dyslipidema after neals. 5
The conposition in accordance with the present

invention is expected to hay anti-i nf | ammat or
pr op &g BWPeHHO pggccp@apqg\,\gﬁ {he presen W&%&R‘P{J*Sa ected to be

norbidity .and  nortaljt ssociated,with, e s
usgio opf GRS GUEy JTEERE O] (FORLIRRY, el dyslipidemia, o
cardi ovascul ar, di sease conditions influd . d
hyperdniglyesrigiia v Higeer Z‘F"W& r1ob ST nF1ERsH § %?@%?Hg Fadome, an
ug%;{gcardial_infarction cardi,ac_insufficiency,
sugleriagfromyatonsestrs Slyalinidemig afiergnedls,) 10 arteri al
insufficiency of the |ower extremties. Because ?f
t hei rThersgmPPHtieRinsAceordineg Witk the present dREntighis FEpeaighiofave
the present invention is al so expected, to prevent,
anfidpfiaramelosy nsersgies sandoplse ytgelomer dhe wardievaspular F'nglﬁ‘a‘ﬁ’ and
met abol i ¢ syndrone and devel opnent of diabetes durin
mprtaify asogiateteite pierioscletesis dyapie dyslinidemia. ¢ Hiesp e cular
invention is also expected to retard the progress of |
disdase reonditionsp finckude | waero-aagiopathies @f\warieus |ipternakjorgags causing
hyper gl ycaem a in di abetes, for exanple, the .
myoaardialaingirciien, veskiacciassfficigneye tatebrovassulop disepser angh peripheral
damage and peripheral vascul ar di seases of the |ower |,
artexinl @miffickency fofirthd dowaprextremitice.  Reepessi ¢ff Gair dasulinesensitizing
present invention may be useful in treatnent of
effrts] thesomposition ofdlspresentinvertian it dlso expeetedipquenenber retard the
system regardl ess of association with insulin
prog@is ofingse If diabetsmpllitup dh ymetatiolic syndnomenarsly development of
obesity, cancers, inflammtory 20 di seases, and
digsussieing pespaincye  Tharefase thesoniposition\di the Hegemit fivention is also
| rpai rment (MCl), Al zheiner's disease, Parkinson's
exbeeBAE RBE Tt tprglréss Sefl elixonit Scomplieativnsmsicistah with clhecal
present invention exhibits inhibitory effects against
hfiRYA) QRN didbefea, folf eddmintd, thdraRpd-piciatidsaniighg tenak digease,
I'i ver and al so activates p-oxidation of fatty acids,
ifi r&ﬁﬁg@hﬁ’ﬁd&‘%h&alfﬁk@lér@idewa R lovn eRPdrities. O Fusthermore,
triglycerol ‘and thus is

the composition of the present invention may be useful in treatment of various

conditions other than the cardiovascular system, regardless of association mﬂl insulin
resistance, for example polycystic ovarian syndrome, obesity, cancers, inflammatory
diseases, and neurodegenerative diseases such as Mild Cognitive Impairment (MCI),
Alzheimer’s disease, Parkinson’s disease and multiple sclerosis.

The composition of the present invention exhibits inhibitory effects against
development of fatty liver (hepatic steatosis) in the liver and also activates p-oxidation

of fatty acids, thereby playing a role in lowering concentration of triglycerol and thus is

-17-
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-17 expected to be useful for preventing or treating
fatty liver and hepatitis due to lipid dysnetabolism
of al coholic and non-al coholic liver. The conposition
of the present invention varies |ipid conmposition in
various tissues. In addition, it can vary fat content
and distribution and al so reduce plasnma 5 chol estero
and triacylglycerol levels. The conposition of the
present invention is effective for f.ormation qf i N
expoRs Hobd HFeTtlclor Prefipiie e rralng £ 1O B0 IpBetst o ivid
for preventing or treating cardi ac diseases, vascul ar
dyging @@Ql,oﬂﬁ}?ﬂ%f’ﬁ%?%q ’Eﬂ‘?’aé‘f?gOIé‘i’aléW'i | e dysfunction. As
hypert ensi on- _causi ng di seases, nention . may be.made of
car dithe compasitipe of feypreseiolxsniiog) vapiey 1ét°i°§’f?95m‘:l‘bm Varous
rupture of the cerebraovascul ar s&;%&nm tgégggoskf an
tissusineln addiders it Fmevay fgaonenoadofisiRuton 0 reduce plasma
invention is a material eliciting pronotion of fatty
chatsstirad ridittacyslyserdl Mds.gy consunption in distal
tissues and thereby is expected to be useful for .
t r eatTheccovpopition of therprescoiitpention ds pifcetiyp dorfoggation of NO in
renovi ng | ocalized fat deposits such as subcutaneous
eralothe il chetts and thisetis eApestaddiorksl yeeful ffer pisHeRSiaR T Jrpating cafdiac
15 present invention is expected to be useful for .
disensesy enscnlyr disegses,i hypetensioo rand srectlendypiimetion. g Bypegension-
including anti-inflammatory patches, and creans when
cateinp disdases mantiou endydte mdde ofncardiat insuffisiency gnyneardigh inferction,
fat is locally deposited, such as renoving
riptiRe of the eqrdbrovisatlaf systempthodmitmsisand kisiaey damsget he
eye-lids, arns and hips, abdom nal fat and fat of '
parti crHeaonipegition of thk Qresentdniehntion isal iaterisleslicR@g promotion of
Further, the conposition of the present invention may
409 auRiaskidtion AndBiidrgy cinslbtion indixtd tikyed adsthenaby istespected to
| evel of bl ood glucose. In addition, it was confirned
bt Gaultbir&Rmp @8 pidvertingfcotvmubesignindialsodin réemovingripcalized fat
decreased sensitivity to insulin and thereby enhances
digeRitehikR a$ SutRiitahétns khdabdominal fat.  Accordingly, the composition of the

present invention is expected to be useful for delivering drugs in the form of ointments,
patches including anti-inflammatory patches, and creams when desired to remove fat
from particular regions where fat is locally deposited, such as removing subcutaneous
fat from protuberant parts of the eye-lids, arms and hips, abdominal fat and fat of
particular regions, for example, cellulite.

Further, the composition of the present invention may be used as an anti-
disbetic agent by lowering the level of blood glucose. In addition, it was confirmed
that the composition of the present invention improves decreased sensitivity to insulin

and thereby enhances the effects of insulin.
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-18 The conposition of the present invention pronotes
m t ochondri al bi ogenesis, thereby increasing active
capacity of mtochondria and at the sane tine, induces
conversion of nuscle tissues into notor tissues,
thereby resulting in inproved |oconotive capacity of
patients, reinforced endurance, inproved energy

productivity, 5 fatigue-recovery, increased vital
power,,, reducti.on

N TN TREN N
LS Rl S bl 1 0chee PHT Gl e, s
oo S R S e Bl GRS 35 e

follow ng: ,arteriosclerosis, djabetes nell.itus

lovemPRYeoEAPRGIFY Of Raticutss reinforsed, pRAERRCE; WPREved coetgy productivity,
hepatocirrhosis, arthritis, Retinppathy o .
FEtERerERCOYATY-nCTERSE! é(ftaILRPé‘fef,ifgéuGE%?ﬁo&léﬂﬁ’ 5 F&t‘ﬁ‘ thropgh.increased
ef fect disorders by radiotherapy, bronchjal damge due
abilitysteutemaye reastive. 0Xygea SPecis JBOT ragg ikpe cadicaly, &é‘@ﬁ?@gf@ the
agents, cerebral edema, |ung edenm, foot edem,
compesiionlis ¢xreeted td bereffertivedioy treating diseasss coprggeti a,
epi | epsy, Al zheiner's di sease, Down's syndrong, )
Cr ohnAg dieases gt apry beorqusesehy Eraeiigs@ryeem speoictd ROS)fagntion
above, the conposition of the present invention was,
gy danmade of fhedolleiingeartetipesicupsise fllbetessmellifusqnqure)pgicy] diseases,
above-nentioned conditions and di seases, by , .
kivinely disedsagy hypatocizbosin drhritis, Retioenagn e Premamidy.cqcylag uveitis,
it can be seen that the conposition of the present i
stnile@ataiaot side effect ditoatsrebymtiotherapy f tyencbinh drmpgesiue to smoking,
nmetabolic syndronme. 20 The present invention rel ates
stde effset didorders byrpancivgsthiie agentspearétmy) edemphlungradena, ifoct edema,
conposition for therapy and/or prophylaxis of nultiple
ceebabinfirctions iadolgtie afiemin,gvogerie, epilephypAdsheimdn'stdisease, Down’s
nmet abol i ¢ syndrone characteristically appearing with

sidpahé, Crolri’ H@Reae andcillagen digasest ance, obesity, glucose
I ntol erance, type I

As mentioned above, the composition of the present invention was shown to
provide beneficial effects for all of the above-mentioned conditions and diseases, by
modulating glucose and lipid homeostasis. Therefore, it can be seen that the
composition of the present invention is a suitable material for control of metabolic
syndrome,

The present invention relates to use of a compound for preparing a
pharmaceutical composition for therapy and/or prophylaxis of multiple metabolic
syndrome (metabolic syndrome), that is, metabolic syndrome characteristically
appearing with hyperinsulinemia, insulin resistance, obesity, glucose intclerance, type II

diabetes mellitus, dyslipidemia, cardiovascular diseases or hypertension, in particular.

-19-
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di abetes nellitus, dyslipidema, cardiovascul ar
di seases or hypertension, in particular, -19 2.
Phar maceuti cal Preparations The conpositions for
preventing and treating nmetabolic syndrome conpri sing
tanshi none derivatives as the effective ingredient can
prevent and treat netabolic 5 syndrone through
activation of nmetabolism and thus it is believed that
they can be devel oped as various drugs for a variety
of di seases associated with netabolic syndrone. The
conposition for preventing and treating nmetabolic
2-syndPBPr’§mF“r‘F“t“é?égg'FRHﬁ@%n’W th the present invention
conpri ses the, abgve-nent,i one tanshiggpF desrivatives.
as t ke spmpgsitiops forpypysating pud eatng Mmetaholip &I}if&?lﬁ? &ouprising
into the netabolic 10 syndyone;prophylactic(ﬁnd boli
tanshinong derivasivey entthe ieffeetiisj ingtedient, ciff Prevgnt and treat metabolic
pharmaceutically acceptable carrier, if necessary. A
sybiroma hiougiv setiveton RE mstabp He< el 1t s VBRIt (67 T pfRcbe
present invention may vary dependi ng upon vari,ous ,
defelopedr 85 statibusadrugsr fon| aitvatiety n%é) Misgases isasiatad: itho getabolic
fashion, age, weight and sex of patients, pathol ogical,
syodmuet | dhse , codipesition dier rmireventing @nd fipatingyguetabolic syndrome in
adm ni stration route, excretion rate and sensitivity.
acterdares pwitls ehe Poasentp trventione ceriprises dhansbevermeioped one
met abol i ¢ syndrome-prophyl actic and therapeutic agent
detiRathves s dtha ceffesiiveh ingnedignt,c axhcan rbeeformulated owgsr ithee smetabolic
tanshi none derivatives as the effective ingredient.
syhiemicaqmcihiyotie ankt tevaptititeagent rin lvenjauktion; withe p eplianmegeutically
oral or parenteral routes upon clinica
acOEPibld Girricaf if aecessagly.can be used in general forms of 20
phar maceutical fornulations. That is, the conposition
I N agC GhithbRC Gosai dfthé pharmiaeamionl canpositivh @fi thepreisent invention
adm ni stered by various oral and parentera
mﬁvﬁ 4 4fy| RpéARfy, upbROArN fetobsich @b fttimubdtion dnethids admidisiration
en formulating, the fornulations are prepared using
faGAGY, Sigk, ﬁél?ﬁt_ drid! debc T PRGBS, Spatidldpiall esimlitidas diet) @dministration

agents, wetting agents,
time, administration route, excretion rate and sensitivity to response. The
pharmaceutical composition of metabolic syndrome-prophylactic and therapeutic agent
in accordance with the present invention comprises tanshinone derivatives as the
effective ingredient. The tanshinone derivatives can be administered via oral or
parenteral routes upon clinical administration and can be used in general forms of
pharmaceutical formulations. That is, the composition in accordance with the present
invention may be administered by various oral and parenteral formulations, upon
practical clinical administration. When formulating, the formulations are prepared
using conventional filling agents, extenders, binding agents, wetting agents,

disintegrating agents, diluents such as surfactants, or excipients. Solid formulations
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di sintegrating agents, diluents such as surfactants,
or excipients. Solid fornmulations -20 for ora

adm ni stration include, for exanple, tablets, pills,
powders, granules and capsules, and are prepared by

m xi ng tanshi none derivatives with one or nore

exci pients, such as starch, cal cium carbonate,

sucrose, lactose and gelatin. Lubricating agents such

as nmagnesium stearate and tal.c al sp be d,
fosxerah pdmiisteation| léclsﬁee R GRAPRIS, taRkets iPd‘Eﬁ’ PR, aramles and
for oral adm nistration, ,nentiqn rm% b .gade.

f
capsdlonnanchifse nsRRarRd; BhsmibiE 1ANERIPORs ﬁFé"ga,“_ i A% And"
cxdiponisuol ecsarah eI e o Plase, R pein  HRE e

formul ati ons can contain vari ous exci ienta, for ol
agertsTSich of MAgREFIwR SHAGTe SUR 46 MFYg alsg denied, SFERA{TTEmPle
and preservatjves. Formul ations for garent ral o ve made of
eadpientsst Asdiauid foooplaigns der @riabﬁ‘?simn%ga Oty gn may ¢ made o
sol utions, non-aqueous solvents, suspensiﬁps - all
sespehsioronsolutiang dertinternabuses epwkIoRs d In addition to generally
supposi tories. As non aqueous sol vents_and .
useds [sémple odidyents fsuete avayalse ande diqpido pyteliie ey abgve-mentioned
pol yet hyl ene gl ycol, vegetable oil such as olive oil, .
fompudationblcen eentein vamiohs sxcipietts| for srample (wettingsagerise sweetening
materials for suppositories, Wtepsol macroqol ., .. .
afeenabinaticnead puesdreatives. auFermulaiions for ragrsErd| administration
gelatin my be used. 15 Dosage units nmay contain one-,,
ihebode, stifilized- aqueotsosolutians,d netrameousofolyend, \AusReapions GEgilsions,
or 1/2, 1/3 or 1/4 fold anount of individual dose. i
15pbilized fnhulaions awd supphsitbricios As nowagueonssalyents AR FuspgRsions,
the effective drug that is.adm nistered one tine, and

thatB g/ beisedmropylemagigtol, tpolyethyleho plytolavagstable oil such as olive oil,
adm nistered for one day, or 1/2, 113 or 1/4

ibyebtdble ¥eteR suchtal @R late, Altd. h Quiuse hfatecinls\fer sippesitogies, Witepsol,
tanshi none derivatives are concentrati on 20 dependent,
thitpgohrRvdeh &f caei dutier) lduiia bugagglyodrolnd gelatid nHY ®e used.

ng/ kg, nore preferably 0.4 to 500 ng/kg and may be

adni nirsdsggetshits they Rntair 18-, 2wd g thredharfotiefol] ahouns lof inglirddual
derivatives may be adm nistered in the range of 0.1 to
&0 110180y K8 fiiWambet oXhdividual dose. Preferably, an individual dose
contains an amount of the effective drug that is administered one time, and typically
corresponds to the total amount administered for one day, or 172, 1/3 or 1/4 fold-amount
thereof.  Although effective doses of tanshinome derivatives are concentration-
dependent, they are preferably in the range of 0.1 to 1,000 mg/kg, more preferably 0.4
to 500 mg/kg and may be administered 1 to 6 times a day. Therefore, tanshinone

derivatives may be administered in the range of 0.1 to 6,000 mg/day’/kg bw, for aduits.
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-21 I n accordance with another aspect of the present
invention, there is provided a health and functiona
food conposition for preventing and treating netabolic
syndrone, containing tanshi none derivatives as an
effective ingredient. The term"a health and
functional food" used throughout the specification of
5 the present invention refers to a food in which
tanshj none derivati

oSt 00 et M G S e SRl R e
2GR oo e e B Ty oo
Sy FORIn BRIy R s Br 0P SAG SRS BEREIEE oot o

o e ST e hSua IR0 455, hehl ] Siion o

. because food material is usec{_‘_i s the raw m
att%ngln

| erial,
thenpregent dwvontion refawml toch fRgd i pong destyafiges arg added to
tanshi none derivatives of the present |nvention gs
gpwel foedsdpimpeoverfiactionstereoh | LABShIBoRe dsEivaliies Mﬂl‘iﬁgﬁed to
or can be used in conjunction with other food or food
genyelcfgpdmensmay, be pespated in dhaifoxm i sppsUlase POWaRIS SUEReRFjORnd
ot her 15 conventional methods. M xed anount of .
the fliket | ntako(pfedrabnishenlih pad Sunctignaly foode camtaming tanshinone
dependi ng upon the purpose of use éprgp_hyl actic, .
dededtives provides benefisial effects foahaalth; jod edikitsdvgntages in that there
produci ng foods or beverages w th which tanshi none,
ateend side Bffexts emmedrbx prhlongaé yee ofcdrigsmbdcouss faed meterighigaiged as
in an anount of 0.0001 to 10% by weight, and
the mfvanatbtigl, tnlikercoaventiobal@fugd. 1 to 5% by wei ght,
relative to the total 20 weight of raw materials.
Howev &t isvdesinedbtoaise hapshinomet dekiwatives iof thermdesdnt ipvention as a food
pur pose of health and hygi ene or for health control,
ddtigive bihee- daiviatiosrechnabo added allone ansém hemeedi by comguioclien with
may be adj usted bel ow the above-nentioned range. In

- gl fob@mor fobé ihgrliehtsf opanayf bé hsedpapmepmiatélnvaenonding to other

preferably contains tanshi none
conventional methods, Mixed amount of effective ingredients may be suitably

determined depending upon the purpose of use (prophylactic, health or therapeutic
treatment). Generally, in producing foods or beverages with which tanshinone
derivatives are mixed, these derivatives may be added in an amount of 0.0001 to 10%
by weight, and preferably in an amount of 0.1 to 5% by weight, relative to the total
weight of raw materials. However, when prolonged intake is intended for the
purpose of health and hygiene or for health control, the above-mentioned amount of
tanshinone derivatives may be adjusted below the above-mentioned range. In

addition, the health food of the present invention preferably contains tanshinone

gy
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-22 derivatives falling wthin the determ ned toxicity
range, when it is enployed as a pharnmaceutica
conposition. There is no particular limt to kinds of
t he above-nenti oned foods. As exanples of foods to
whi ch the tanshinone derivatives can be added, nention
may be 5 made of neats, sausages, bread, chocol ate,
candi es, snack, confectionary, pizza, Ranen, other

nqgod| es, gum ,ski ml k,, drjed foods, raw.food
degiyatiyey, Felog pathin Fhe %‘aﬁrﬁanqdaww seneg, ven 1'is &iiployed as a
bacteri a-fermented mlk and ice cream various soups,
phasmacelical compogidiongr j nks, al cohol i ¢ beverages and

mul ti-vitamn preparations. Specifically, as. exanples

of heXhern is gwdBatisHan liminty kipds 9 5% &b8 Pelawéﬁéa As
mention may be made of 10 heal { h foods an% ﬁgecial b
exaroples effopisiouiiiah thedpnshinone, debztyes) Gag pepdded guegtiop may be
and juice mnade of tanshinone deriyvatives as Jmjn .
rhatgr ofd meatss sausagesd dreado shogelate. | GRdisRySIek FoRfertionaryy pizza,
medi ci nes for edema, nephritis and urethri%%a as.

Ramege vther wpedies, gums skisamedeanilkodriedefoods, sapntneds, daity products
derivatives of the present invention as cosnetic raw
incltding bictic acif bewenimFarmanted mulk and iqgcrepan Faripys soups, beverages,
thensel ves or can be used in 15 conjunction with,

tedsh drinks, sileshilic ibeyeragtiscands multi-vitamin peppsatipns.  Specifically, as
appropriately according to other conventional nethods.
dvhmelts afrbealth foddsefoninining tnshinonsdietimativesapenion mey bamage of
det erm ned dependi ng upon the purpose of use thereof.
Hsahie fonklk ynd speciabfavdrits produstssawel acsgueeried diquidn teei jelsand juice
derivatives, these derivatives nmay be added in an

AadeUSE tandhifbn@ QlR#ivatbves G hain irgretients.arld geididioss atsngion gnay be
the anmobunt of 0.1 to 5% by 20 weight, relative to the
thideadf R ingddicinds fowerdenal sephritisandGosthritis axstargetsl ude, but

are not limted to, aftershaves, |otions, creans,

packs i it 64 Qésired 10wt Cmshidarsieiinatives o thes ptesant snvention as
accordance with the present invention may be
@¥inbRCiaRdnateridle) theae dbevati¢&adan ba addedtbiydherhsetwes oasardbe esd in
drug material or raw drug

conjunction with other cosmetic ingredients, or may be used appropriately according
to other conventional methods., Mixed amount of effective ingredients may be
suitably determined depending upon the purpose of use thereof. Generally, in
producing cosmetics using tanshinone derivatives, these derivatives may be added in
an amount of 0.0001 to 10% by weight, and preferably in the amount of 0.1 to 5% by
weight, relative to the total weight of raw materials. Cosmetics include, but are not
limited to, aftershaves, lotions, creams, packé and color cosmetics.

Tanshinone derivatives in accordance with the present invention may be
extracted using Danshen (Salvia miltiorrhiza) as dided drug material or raw drug

material, or may be synthesized by organochemical methods.
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material, or may be synthesized by organocheni cal

met hods. -23 A process for extracting tanshi none
derivatives from Danshen conprises: a) subjecting
Danshen to water or organic solvent extraction to
obtain crude extracts, b) filtering the crude
extracts, followed by (vacuun) concentration, and c)
optionally, renoving solvent. 5 For exanple, Danshen

is extracted with nmethanp], vacuum concentrated and. . ..
{ hen A BrReRi et CERERE RORBER STV AEHFPT B D Pa i itisgs:
concentrated solution. The _solution is rified via
subjectipgDagihendo BHieH ﬁﬁ?%?@wap*ﬂve%e’%smnnw Ffﬁ??ﬁé“ PR AT ©
derivatives. The present inyentiqQn will pe described
filtesingothe cdeapiiragly, JRlpWe Bynracyg) |%F"r¥§fﬂ€%r$’ﬁe opfygmally,
DETAI LED DESCRI PTI ON OF THE DRAW NGS The above and
regionig selypict s, features and ot her advantages of the
present invention will be nore clearly underst oo% d
Fr om TomexnmpleoRRReR s a¥treled JHGCRPBEaby vacHSm capeAtpisd an
conjunction with the acconpanying draw ngs, in which:
then ge-extracteda withr methslene eblopde ité g)bga& jpyeangentrates getution.  The
(AMP-activated protein kinase) between the treat ms%n
sajwtinmp isa purifiesh vico bilige copimm fchesmatogeaphydAt ojpin, Py tgaghmone
cell line C2C12 with Danshen (Salvia mltlorrhiza)
derivetivest  Zhel presergHinvention deilli leadeseribed inj mgoredetgil i way of the
results of Western blotting to determ ne effects of

fdllomddy examples.20 derivatives on protein expression of
total AMPK, p-AMPK, p-ACC and G.UT4, after treatnent

of nyoblast cell line C2C 12 with tanshi none
derivatives; Fig. 3 shows results of Western blotting
DEYARBD DESCRIPTEONOP THE.DRAWEWES deri vati ves on

gene expression of ACC 1 and 2, UCP-2, CPT1l, PGC-la
and GLUT1,

The above and other objects, features and other advan_ta,ges of the present
invention will be more clearly understood from the following detailed description
taken in conjunction with the accompanying drawings, in which:

Fig. 1 is a bar graph comparing activity of AMPK (AMP-activated protein
kinase) between the treatment group and control group, after treatment of myoblast cell
line C2C12 with Danshen (Salvia miltiorrhiza) extract and tanshinone derivatives;

Fig. 2 shows results of Western blotting to determine effects of tanshinone
derivatives on protein expression of total AMPK, p-AMPK, p-ACC and GLUTH, after
treatment of myoblast cell line C2C12 with tanshinone derivatives;

Fig. 3 shows results of Western bloiting to determine effects of tanshinone
derivatives on gene expression of ACC 1 and 2, UCP-2, CPT1, PGC-1la and GLUT1,

after treatment of myoblast cell line C2C12 with tanshinone derivatives;

04
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after treatnment of nyoblast cell line C2C12 with

t ansbi none derivatives; -24 Fig. 4 is a graph
conparing effects of tanshi none derivatives on
cellular glucose uptake, between the treatnent group
and control group, after treatnent of nmnyoblast cel
line C2C12 with tanshi none derivatives; Fig. 5is a

m crograph showi ng results of effects of tanshinone
derivatives on 5 adipocyt dif%ere tiation, .after

treaffigertt ivf poph sopganace ellenty of | g0 detjyeifes on cellular
tanshi none derivatives; Fig. 6 is a aph conparin
Shicgse UpBIhCbaEN TiReTeEE VP b QPR BRI SHST Togrsh Of
in effects of tanshinone derivative on insulin-
myabhast eéll/ling/ C2G12 with tanglinepser¥tivesiy obl ast cel |l 1ine

C2C12 with tanshi none derivatives, 10 Fig. .7 shows .
r esulBig Sofs somiceegrephoshowinggeanta o Bferohel GASRIRLS d’ggvsrt’rYes on

body wei ght over tinme, after treatnent of an aninal .
adippdpte diffevintietiony, aftor Greatment ph ma@éwoeﬂequl%/fﬁne AR with
W th cryptotanshinene; Figs. 8 and 9 are,
tanshipee tennaltiyes; a gr aph and tabl e showi ng ef fects of
tanshi none derivatives on changes in body weight over
ti e Figf6 &va graphtcompering resultschetwieen the trestmept greyp and control
obesity, C57BL/6JL Lep ob/Lep ob mice, with tanshi none
ey iin afffeve Sof fanshindi@ desivatigr amlinebinpwnsitivit Hfieg depaiment of
adi pocyte size between the treatnent group and

m96blast @bll he CRC1 Akfthtanshieadendenivatbfes;an ani mal nodel of
obesity, C57BL/6JL Lep ob/Lep ob mce, with .

t ans IRigoN shoIrestits of effects-ofrryidtanshirang oaphangesrindyadyigveight
fat distribution in ternms of nunerical values for 20

Vel WS aftvetranmaitsofhat aveesl havel bf ebdsityDIQ) (diepindnetd obesity)
control group, after treatnent of an ani mal nodel of

miRewith Yryplortishinent,. Lep ob/Lep ob mice, with tanshinone
derivatives; Fig. 12 is a graph conparing adi pose
Ui SSUSg4ligsindigoutt, iredpednalyl @ eraph atdnablishowingreffects of tanshinone
derivatives on changes in body weight over time, after treatment of an animai model of
obesity, C57BL/6IL Lep ob/Lep ob mice, with tanshinone derivatives;

Fig. 10 is a graph comparing changes in adipocyte size between the treatment
group and control group, after treatment of an animal model of obesity, C57BL/6JL Lep
ob/Lep ob mice, with tanshinone derivatives;

Fig. 11 is a graph comparing fat distribution in terms of numerical values for
respective organs between the treatment group and control group, after treatment of an
animal model of obesity, C57BL/6JL Lep ob/Lep ob mice, with tanshinone derivatives;

Fig. 12 is a graph comparing adipose tissue disttibution and fat accumulation in

the livers between the treatment group and control group, by way of staining of livers
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the livers between the treatnent group and contro
group, by way of staining of livers -25 follow ng
treatment of an ani mal nodel of obesity, C57BL/6JL Lep
ob/Lep ob mce, wth tanshinone derivatives; Fig. 13
Is a table conparing changes in lipid and
antioxidation indicator materials in liver tissues
bet ween the treatnment group and control group, after

treatment 5 of an, anina el, of Y 7BL/ 6JL .
Polon RS 10 O Eck i 5 B LR QGep #9 g
14 is a table conparing changes in blood Iipid and

wijh tpoghisonsaletisaliveihe  treat ment group and control

group, after treatnment of an animal  nodel of ,obesi}ny,
Cs57BHigIL3 ligp table eompnsing hangesiip Hinid 784 ghgipwidation mdicator
derivatives; 10 Fig. 15 is a m crograph conparin

metetiplg dislivers tigsuss betaeen the tigptmept FOWR i wntp) graup, B@?%E“@Hﬂcm

the treatnment group and control group, after treatnent
of i amineehimedel g cafiesi, COBAILLorCai¥bEp GBLmicen Wi Egpone
ob mce, wth tanshinone derivatives; Fig. 16 is a
derblatieesshowi ng ef fects of tanshi none derivatives on
changes in blood glucose, after treatnent of an
ani mefignbélisl a Gblodmepearing changes dhlped lipidangdighcosgbetyyeen the
15 tanshi none derivatives; Fig. 17 is a table .
treatmgpr grogp aatli oointrgl gfoup,oafiEp Sieatmesmt obyancayitpalemodel of obesity,
conbi nati on of tanshinone derivatives in accordance
CSVBL/6TThEepolEembb miseewith tanghiiing derigatives;a t abl e showi ng
changes in activity with respect to changes of )
i ngr eFigelt isramicograplcamyasig clangesdh viseeralfab distribution of mice
invention; 20 Fig. 19 is a table conparing AVMPK
béteiedn/ ite itre@fmen® RROPI dnkl @osird)\grdupi plter treatmmdni nfitd emimat model of
t anshi none derivatives in accordance with the present
obdRUE S TBI/6 Ry db/Ikp obGnics withitaishinosddesivativespsul t s of

effects of conbination ratio between

Fig. 16 is a table showing effects of tanshinone derivatives on changes in blood
glucose, after treatment of an animal model of obesity, Lepr db/Lepr db mice, with
tanshinone derivatives;

Fig. 17 is a table comparing activity of compositions by double combination of
tanshinone derivatives in accordance with the present invention;

Fig. 18 is a table showing changes in activity with respect to changes of
ingredient ratio in compositions of the present invention;

Fig. 19 is a table comparing AMPK activity of compositions by triple
combination of tanshinone derivatives in accordance with the present invention; and

Fig. 20 is a table showing results of effects of combination ratio between

tetrahydrophenanthrene derivative group and phenanthrene derivative group of

26-
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t etrahydr ophenant hrene derivati ve group and

phenant hrene derivative group of -26 tanshinone
derivatives on changes in body weight, after treatnent
of an ani mal nodel of obesity, C57BL/6JL Lep ob/Lep
ob mce, at various conbination ratios. EXAMPLES 5

Now, the present invention will be described in nore

detail with reference to the follow ng Exanpl es.

These exanples are prqvided only for illustratin th%1 ¢
tapshimona derivatiyeson dhangasdn Sedy et aftep Featppukal ga model 0

limting the scope and sprit of the present,
obesina K157BR{6JL @aegﬂgﬂq@p @b mics, gbYaEOIOIPIYAN2HIR #HASone
derivatives 5 kg of Danshen (Salvia mltiorrhiza)
mat eri al was purchased froma Chinese nedicinal herb
shop and ot her necessary materials were collected in

EXAMBEESNd nountains or were purchased fromthe shop.
Danshen was eluted with 50 L of 15 nethanol for 24

hours and concentrated under reduced pressure. 1500 niL
of water was added to the resulting material. Then,

an edNew, thepresentdhventine wdlh de destiibed i mosst detadlewiticrglerenge to
and ethyl acetate (EtOAc) were added and sequentially
Xl eeing Eximples.i ITE®ss exaaples aregvwded enly &irdlivsieting thepresent
extract. When activity was exam ned on the respective
inveytsnsaddnsheuldbicti becebnstinivd adinmiting yhewseoph angheprit dfinthe peesent
20 dichl oronmethane layer. Silica gel (Kieselgel 60,
im3fkidd 460 nmesh, Merck) was sufficiently swelled with
100% n- hexane and then packed into a colum (530 cm
high). 50 g of the extract obtained fromthe

CH2d 2| ayer was dissolved in a trace anmount of Et OAc

FRAfhpl N9¥didon of Tanshinone derivatives

5 kg of Danshen (Salvia miltiorrhiza) material was purchased from a Chinese
medicinal herb shop and other necessary materials were collected in fields and
mountains or were purchased from the shop. Danshen was eluted with 50 L of
methanol for 24 hours and concentrated under reduced pressure. 1500 mL of water
was added to the resulting material. Then, an equal amount of n-hexane,
dichloromethane (CH:Cly) and ethyl acetate (EtOAc) were added and sequentially
extracted two times so as to obtain a gelatinous red extract. When activily was
examined on the respective layers thus obtained, the activity was highest in the
dichloromethane layer.

Silica gel (Kieselgel 60, 230 to 460 mesh, Merck) was sufficiently swelied with
100% n-hexane and then packed into a column (530 cm high). 50 g of the extract
obtained from the CH,Cl, layer was dissolved in a trace amount of EtOAc and n-hexane

and the resulting sample was loaded onto the column. After loading and sufficiently
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and the resulting sanple was | oaded onto the col um.
After loading and sufficiently -27 eluting the
sanple, the resulting eluate was eluted with Et OAc
gradient of from10 to 20% and was sequentially
eluted with McOH CHC13 gradi ent of 0/100 (v/v) -'
50/50 (v/v) to obtain tanshi none derivatives. Through
rreasurerrent of AMPK activity, active fractions were

o SR g s Pl PSR PR o Bl o

20facrah By BT ALy Sh e MeELHRCRridiss @nﬁﬁmﬂ = 50/50
followed by  swelling with _100% n- hexane

(Vivhtt® o,i)t%tarﬁhmea? slegFatYEG h) L ??“rwg gﬁl@@ﬁ 6%“"'“5”

(v/iv) -* 20/80 (v/ VCL was used a, deyel opi ng sol vent.
ac@feaféﬁqﬂe%‘”ﬂéi’ﬁplﬁﬁl epneeygatsd Uy ‘if PEFHfer e pool ed
and concentrated under reduced pr sur 10 Next., 4
Pr op The Gt ceioh SUBISE oeiAGn EicirgcipBITEh ) O Seafate
Et OAc/ n- hexane = 30/ 70 (v/v). TLC was carrl ed %uﬁ q
usimgotiliost gl Gieselak 6Qedtloto 460 srsshr Merckh owed by
respective fractions was observed. As the devg%)oph;n
swebingewith 100%6ndienadresndracking Gup 2eolummy ) (4asmuigh). | FigAcin-
normal phase. Search for the respective nmaterijals was
hepenef Brafd) Ky vheatdRP (i wey asedpang developing) spivent. fFractions
hot plate using an ani sal dehyde 15 stai ni ng sol vent
exhibitingdsihitory aBivityorsre poaled and coneenirptad pden ;Q%écedamﬁﬁsure
87.5% ethanol). In this manner, tanshinone
der i Wi, vRspvIfCe wax toasrtedeoyt mﬂ@alﬂaﬂ developing selvente FtOAc/-
Exanpl e 2: Structural analysis of separated active
hemieer BOIT0 NWR).arBIl(y wias carried patrih eachedtert anddtbe degree ef separation
structures of cryptotanshinone, 20 tanshinone I,
oftthe1ebpeetinefrhdtina mels dbseivdedi Ay thealeseleping solwent, Et§lfe/mhesane
in Exanple 1, respectively. Crvntotanshinone -28
= 80/20 (v/v) was used in a normal phase. Search for the respective materials was

{...

performed by heating and developing a TLC plate in a hot plate using an anisaldehyde
staining solvent (5% H,804, 2.5% acetic acid, 5% anisaldehyde, and 87.5% ethanol).

In this manner, tanshinone derivatives were extracted, separated and puxified.

Example 2: Struciural analysis of separated active material
NMR analysis was performed to determine structures of cryptotanshinone,

tanshinone 1, tanshinone IIA and 15,16-dihydrotanshinone I separated in Example 1,

respectively.

Cryptotanshinone
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1H NMR (CDC13): 8 7.42 (2H, ABg, J=8.0 Hz), 4.83 (1H,
t, J=9.2 Hz), 4.31 (1H, dd, J=9.2 and 6.0 Hz), 3.55
(1H, m), 3.17 (2H, br t), 1.65 (4H m), 1.40 (3H d,
J=6.8 Hz), 1.28 (6H, s) 13C-NMR (CDC13): 8 9.58
(C-1), 19.00 (C2), 37.73 (C-3), 34.76 (C-4), 143.57
(C-5), 5 132.48 (C-6), 122.43 (C-7), 128.30 (C 8),
126.19 (C-9), 152.28 (C-10), 184.16 (C-11), 175.59

B g
1= M0 303 5 (1B ey B 19 TF 05 O 55 (2, By 149 B 0 e ),

3.18(2H, t, J=6.6Hz), 2.26(3H, s), 1.78(2H, m,
128(65(2H, m), 1.31(6H, s). 13C NVR(CDC13, 75.45Miz) 8

184. 29, 176.43, 162.38, 150.80, 145.14 4 6,
130AMEIEDRS: 49,5810 NalA0LCED) 130 (G T Ol ag 43T (C-5)
35.33, 32.51, 30.56, 19.79, 9.46. 1
132,68 Di-by A22HAKERNNLREB0 (CiB), ARz ,1§?ség (G446 (C-10),
9.24(1H, d, J=10.6Hz), 8.24(IH d, J=10_3Hz)... .7.
176159 0G-10), 3HED (C-18) (10466 €12+14)9 8188 (-1B), ﬁ%ﬁ% ,?5—}.62;1}517%?&%15)’
J=8.4Hz), 4.95(1H, t, J=11.3Hz), 4.41(1H, dd,
31»3:53(@'13)%,1.8@.(6#-]29), 3.62(1K m, 2.66(3H, s), 1.38(3H d,
J=8. 1Hz). 20 13C- NWR(CDC13, 75.45MHz) 8 184. 26,
175. 67, 170.56, 142.00, 134.95, 134.72, 132. 06,
131.90, 130.38, 128.81, 128.18, 126.01, 124. 99,

TapdRingme 114 8. 32, 114.06, 81.62, 34.68, 19.85, 18. 81.
ranshinone | -29 | H NVR(CDC13, 300. 40MHz

8 9.19(1H

1HINMITED (200 46MRBY §H.63C1H, I 168 ZH)) 7.54(1_}127@,(@,.2}5;5, 7.22(1H,
J=10.3Hz), 7.50(1H, dd, J=10.6, 8.5Hz), 7.30(lH, d,

5) I B(BHtlz) F=61618H(1.26(3H, 5), 1.78(2H, m), 1.65Q2H, m), 1.31(6H, 5).

{3C-NMR(CDCl;, 7545MHz) & 18429, 176.43, 162.38, 150.80, 145.14, 141.96,

134.13, 128.12, 127.16, 121.81, 120.91 120.57, 38.52, 35.33, 32.51, 30.56, 19.79, 9.46.

15, 16-Dihydrotanshinone 1

1H-NMR(CDCl;, 300.40MHz) & 924(1H, d, J=10.6Hz), 8.24(1H, d, J=10.3Hz),
7.69(1H, 4, J=10.3Hz), 7.54(1H, dd, J=10.6, 8.4Hz), 741(1H, d, J=8.4Hz), 4.95(1H, 1,
J=113Hz), 441(1H, dd, J=11.3Hz, 7.5Hz), 3.62(1H, m), 2.66(3H, s), 1.38(3H, 4,
J=8.1Hz).

13C-NMR(CDCl, 7545MHz) & 184.26, 175.67, 170.56, 142.00, 13495, 134.72,
132.06, 131.90, 130.38, 128.81, 128.18, 126.01, 124.99, 120.28, 118.32, 114.06, 81.62,
34.68, 19.85, 18.81.

Tanshinone 1
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J=1.3Hz), 2.64(3H, s), 2.25(3H, d, J=1.3Hz).

13C- NVMR(CDC13, 75.45MHz) 8 183.38, 175.55, 161.13,

142. 00, 135.18, 133.58, 5 132.90, 132.69, 130.63,

129.57, 128.31, 124.73, 123.03, 121.72, 120. 43,

118.69, 19.84, 8.79. Exanple 3: Determ nation of AWPK

activity Myoblast cells, C2Cl2, were cell cultured in

DMEM cont ai ni ng 10% bovine 10 calf serum Wen cell

density reached a range of about 85%to 90% the
THNMR(CRCl; 80D 40MidyS § ol Wdéd dniFeh0.a8E)) B23(@Hc al, f =38.3Hm),

mediumto induce differentiation of cells. Enzymatic
7.73%a H, dj I106HZANRIO(WE sddj ¢+ 6. 6718cbdEk),aB30(0H) dws 8. 5825 T726(1H, q,

cells were 1lysed to obtain protein extracts and then
J=1c0H),1.64(BE )] 228308, Jxlild8d).t 0 a final concentration

of 30% followed by precipitation of proteins. Protein

13ONMRE@DCEHE,e 95 6N EIz) D dBRSE)| VESKSS, niea. 18ufIkRI00( 635.58,m43.58,
Hepes, pH 7.2, 62.5 nM NaCl, 62.5 nM NaF, 1.25 nM Na

132090, aphosAi3alas, 120,25 1B EDTA73, 112313 DI, 72) 120.43 1RBBR, 19.84,
and 200 p. M AMP). Thereafter, 200 pM SAMS pepti de

8.70 HVRSAMSGLHLVKRR: the underlined serine residue is a
phosphoryl ation site, as an AMPK phosphoryl ation site
of acetyl-CoA carboxylase) and [y-32P] ATP were added
thereto and reactants were reacted for 10 20 m nutes

Ex#thpRACD eldMiinfich Jn&ﬂrmm&iﬁb#spot ting of the resulting
reactron solutron on p phosphocel | ul ose paper. The

. P81 MI9pfikhst WeBs, Wkl 0wie a1l duldifed ROPRIENICoRfir#hd 00% tRVRe
radloact|V|ty was nmeasured. For each reaction

Chd I t 7
calF Con uct&g g; rdaBive é’lkﬁ%erlﬁ’ aboMVBsRaBLIIE HE cBlture

asic va were subtracted from

Wﬂa ég acPIWiE 2% bNInd Saiff #Rurl nedRED 1d {nﬁﬂ&é:&ﬁereﬁuahon of

ast cells, C2Cl2, were treated wth Danshen

celﬁXt E@éﬁnﬁg@%nh ﬁf‘Aﬂﬁ‘i@w@?%’&ﬁﬁhé’@ﬁs 11w, | 82692 bAIs were

creased enzy tlc act i
lysed to obtain protein extracts and then ammonium sulfate was added to a final

concentration of 30%, followed by precipitation of proteins. Protein precipitates were
dissolved in a buffer (62.5 mM Hepes, pH 7.2, 62.5 mM NaCl, 62.5 mM NaF, 1.25 mM
Na pyrophosphate, 1.25 mM EDTA, 1 mM DTT, 0.1 mM PMSF, and 200 pM AMP).
Thereafter, 200 pM SAMS peptide (HMRSAMSGLHLVKRR: the underlined serine
residue is a phosphorylation site, as an AMPK phosphorylation site of acetyl-CoA
carboxylase) and [y-32PJATP were added thereto and reactants were reacted for 10
minutes at 30°C. This was followed by spotting of the resulting reaction solution on
p81 phosphocellulose paper, The p81 paper was washed with a 3% phosphate solution
and radioactivity was measured. For each reaction condition, reactions involving no
SAMS peptide were also conducted and basic values were subtracted from the total

values,
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of AWPK. 5 Exanple 4: Determ nation of expression

| evel s of t-AWPK, p-AMPK, p-ACC and G.UT 4 enzynes
Myobl ast cells, C2Cl2 were cell cultured in DVEM
contai ning 10% bovine calf serum Wen cell density
reached a range of about 85%to 90% the culture

medi um was replaced with 1% bovi ne cal f serum nedi um
to induce cellular 10 differenti ati on. Differentiated

fS's'ch% e 5@%@@@% i, g«%;prgﬁ i fene,dey Lyat {ggg%dgmh
Dgip Bty P omufifons aofan R, Bi)ellsds Rcesed aiimpus adtvie

determ ne the amount of total AMPK, p-AWPK
1\(s"sli’qlg’gphoryl ated AMPK), p-ACC (phosphoryl ated
acetyl - CoA carboxyl ase) and G.UT4 (gl ucose transporter
4) proteins. 15 As can be seen fromFig. 2, when
J.ng Wlththe ontrol ) tashl none

G hosphor vyl at ed AI\/PK protel n, |ncreasedarmunt of
Mryl ated ACC protein and i ncr eased

expr n Ievel of G.UT4 protein, even though there
IO SMYQH? P gr

gells (C2002 wesr egll culiverdnin BMEM mRrutginige] (% bogine
Exarrpl e 5. Effects of tanshinone derivative on fatty
calfc seumpet Whsn csth dereity tsnehed i raage of @bout 8536 e Rdk4, dhe culture
obl ast cells, C2Cl2 were cell cultured in DVEM
mg%ﬁ@a“ﬁﬁ rigpieoed et 1% hexine ealf erumraedien| fo deduset gellular
reached a range of about 85%to 90% the culture -31
ﬁé’ifﬂmﬁ%sml‘&wﬁ@@é afdls weneirentad wish 381 M senshinone denivatives,
to induce cellular differentiation. Differentiated
regpertivel e rénzymetie aetivily tof AAdPRMvasamsasuredrey breing /GG Neeslls to
obtain protein extracts and subjecting protein extracts to Western Blot analysis so as to
determine the amount of total AMPK, p~AMPK (phosphorylated AMPK), p-ACC
(phosphorylated acetyl-CoA carboxylase) and GLUT4 (glucose transporter 4) proteins.
As can be seen from Fig. 2, when comparing with the control group,
tanshinone derivative-treated cells exhibited increased amount of the phosphorylated
AMPK protein, increased amount of the phosphorylated ACC protein and increased
expression level of GLUT4 protein, even though there was no change in the total

amount of AMPK protein.

xample 5: Effects of tanshinone derivative on fa acid metabolism and

biosynthesis of mitochondria
Myoblast cells, C2C12 were cell cultured in DMEM containing 10% bovine

calf seram. When cell density reached a range of about 85% to 90%, the culture
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respectively. RNAs were extracted fromcells and

RT- PCR was perfornmed to observe effects of respective
t anshi none derivatives on gene expression of ACC 1
(acetyl - CoA 5 carboxylase-1), ACC-2, CPTlI (carnitine
pahni toyl transferase 1), PGC | a (peroxi sone
proliferator-activated receptor gamma co-acti vator
1(x), G.UTI (glucose transporter 1) and UCP-2

(uncoupl i ng protein-2) be seen from Fi 3,
medien wanpeRlnged With 180, o, 40 e, fiedry Ry, cellutar

derivative-treated cells exhi blted &y&.’f %Qé%ﬂ
diffsrputistion.o rDifterentiatsd cg%%ref’f@@te Tovthn t one desipptives,

PGC-1 a, UCP-2 and GLUT1. ysis of t
regpeefively. omwe@@mmt%’@w%ﬂ B&éﬁ*ﬁ%?ﬁg S@E@%ﬂed\/@er" serve
cell cultured in DMEM contai ning 10% bow al f
effocts whresppasive danshingemderivatives S8 1880 SKINGIRIGE oBACH foctifioA
to 90% the culture 15 nediumwas replaced with 1%
catouylage- D WCGs 2y GRT hiéasinitinet prlmiteyliganstersse d), £CGC 1o (Peromome
differentiation. Fully differentiated cells wer
prblifitaterractivited reeeptomgarimuher-Riinger 10y LT (ghee transporter 1y
containing 5 mM glucose, for an additional 2 hours.
anddJCB:2 (mrceuplinggrateinvid)t h  t anshi none derivatives for a
predeterm ned period of tinme, 0.2 G 2-deox %gl ucose

was Zadded Hehasent fromniigald, owles comparingawithrthe eangrol group,
After renoving the KRB buffer, cells 20 were washed
taidhirone Qlericaive-tratedi elip gilibitedsinkiensed rxfrfession vel ebigpass for
were |ysed using 0.5 N NaOH, followed by
Adet e ATmat ¢Pl, PG 0w EPpend GLBMNe (cpn) using a

radi ati on counter. In this case, non-specific uptake

of glucose was determ ned with the KRB buffer

containing 10 pM Cytochal asin B and was subtracted
Eii:_@@%hﬁnh%ﬂ'ofﬂﬂid@reeo?&l_u%sem_@e seen fromFig. 4,

en cells were treated with 30 pM tanshinone

der i WaYdbIRS cellse ERET L, Werk ell tllturédinsDMEM tentainéiy K% bovine
exhi bi ted increased upt ake of gl ucose, conpared to

cdif SerrANt Whlen HeDURnsity teached a range of about 85% to 90%, the culture

medium was replaced with 1% bovine celf serum medium to induce cellular
differentiation. Fully differentiated cells were further cultured in Krebs-Ringer Buﬁ'@r
(KRB) containing 5 mM glucose, for an additional 2 hours. Cells were treated with
tanshinone derivatives for a predetermined period of time, 0.2 uCi 2-deoxyglucose was
added thereto and allowed to stand for 2 min. After removing the KRB buffer, cells
were washed with ice-cold physiological saline buffer, and cells were lysed using 0.5 N
NaOH, followed by determination of counts per minute (cpm) using a radiation counter.
In this case, non-specific uptake of glucose was determined with the KRB buffer

containing 10 uM Cytochalasin B and was subtracted from the total value.
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5 Exanple 7: Determ nation of adipocvte
differentiation inhibitory activity Preadi pocytes,
3T3-LI and F442A, were cell cultured in DVEM

contai ning 10% bovine calf serum Wen cell density
of respective preadi pocytes reached about 90% 3T3-L1
cells were treated with Dexanet hasone, |BMX, and
insulin for about 48 to 55 hours to induce

t he cul

differentiation of adi pocytes n, re.

medi @ g sbel seep i 4l p47ui ‘%/’Wac?réﬁbre ﬁﬁuscgﬁ’ieaﬁr‘?ﬁ'tte:ﬂﬁgwf%t?’g | hM

calf serum and insulin every 2 d . In, the case. o
tbiaoms QR eoTRERFORAT, CoRAPU et cals s prEdRa ubtake of

reached about 90% the culture nediumwas repl aced
glwoses compased torthe eomtnal 0K 10% fetal cal f serum and
insulin and the culture nediumwas replaced every 2
days, so as to induce differentiation of adipocytes.
In order to determ ne inhibitory effects of adipocyte

Y ACTIR R

adi pocyte differentiation were treated w th_tanshi none
der i Pagadipesytes, ITBdhl endsFé4dA, avare geli coliresh i Péﬁ'? j fpuipning
concentration of 5to 30 M and were conpared w%%h

100 ovinetalbsergmou/heictlt density phraspastive Preadipoqieaieasted grout
cells into adipocytes took about 12 to 15 days.. In

9096, 0131 D caltsulare dretted inith Refambtbasose,JBMXaand mwiz@tf%ﬂgopt 48
cells were treated for the sanme period of tine as the

toCS bR t@ fmiupe differemintor? of efipesytesd Thete therpelfuse amsgiam yas
exam ne efficacy of tanshinone derivative treatnent.

replaed With 9 redtima rcoguiajiy fetairpalf sergmeaid powlin gvery 2 days. In the
differentiation ability between tanshinone

cele bf FRIJA e:llk ) whdnad]l gensity of petadipoeytes| reaphediphouhPO%, the culture
respect to induction timng of adipocyte .

miiifinew N epRESORith b inddiien consining H0efetd oblf sérunyr andinsulin and
differentiation of 80 to 90% of F442A cells into

R AR hR3iuhd Was 38sladed ldvefia sdayWihey aado induce hidffoagition of
-33 tanshi none derivative-treated group, when cells

axggécﬁte%f et SideMot RicpmisIabitTRefodts of adfocypMiffareatiitivoneslls

rrvatives fromthe early stage of dlfferentlatlon,.

irPb xﬁg, &zﬁ’gr?é%%’wﬁo differefifidifoR rvRRé iradieDiwititanstinirealesivatives,

Int sa

period of tine.
which was extracted from Danshen, in a concentration of 5 to 30 uM, and were

compared with the control group. Differentiation of more than 90% of cells into
adipocytes took about 12 to 15 days. In order to study activity of the respective
fractions, cells were treated for the same period of time as the control group and were
observed under microscope to examine efficacy of tanshinone derivative treatment.

Fig. 5 is a micrograph comparing adipocyte differentiation ability between
tanshinone derivative-treated group and control group, with respect to induction timing
of adipocyte differentiation. In the case of the control group, differentiation of 80 to

90% of F442A cells into adipocytes took about 11 days. Whereas, in the case of
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5 Exanple 8. Effects of tanshinone derivatives on
insulin sensitivity in nuscle cells Moblast cells,
C2C12, were cell cultured in DVEM contai ning 10%
bovine calf serum Wen cell density reached a range
of about 85%to 90% the culture nediumwas replaced
with 1% bovine calf serum nediumto induce cellular
differentiation. By treating differentiated myobl ast
cells with  insulip and tanshjnone 10 derjvatives ..
tanshingRe derpvptivesireqterd GioHE; Whenic WFF& P@B‘Fg AR RRati of 30
| ucose uptake with res ect t ri Qus cogﬁp tr%bl%p 1
fanshigonedesTyptivas droms the FaHy eesiation. §3d0% of cells
t hereby effects of tanshlnone deri vatives on insulin
differsatiated into,adigacitesindhe sage porgd eLiMpe seen from Fig. 6,
when tanshi none derivatives were adm ni stered at
vari ous concentrations in the presence of insulin,
this exhibited faC|I|tated_ 15 concentration- depende t
ppnple 8: Bffeets anshinpne rivak lLs_:_l Il S¢ 1 _.,_H_ syt in muscle cells
the group to whi ch insulin alone was adn1n|stereq %
the ddyblast cgliso GBC1 Bixeerpicel] gulturedsinyDMEN G@%‘Pﬂng IM ovine
prophyl actic and therapeutic effects in aninal
calff sepivesi When DitD desityereachedsa tange 9b sbowothto ke POl éae culture
mouse nodel for diet-induced obesity (DO, 4-
medied- olas ©EpIEB Bvittnl 18 rhayinewealt seoen amediuh. foatindyice cellular
(D12451, 45% kcal fat, Research Diets, New Brunsw ck,
dif3jentishiona Besrdating flifferantisied siyoblast cells withl iaswlin and tapshinone
ani mal body and about 3 nonths after birth, the mce
dériveiivesaiopdrailye dr dn lonbiowiingthereof, thodegret af ghioseoupakegwith
which is -34 1.4 times that of normal mice. |In order
rekfbct XA Ranieust duRcaftfationss o thet tamshivione derivadives was idetsemioed and
fat nmetabolism 3-nonth-old DIO mce (16 aninals),
&Mﬁbﬁbﬂ@ﬁs@&mﬁﬁnﬁﬁcd@mmﬂﬂﬁemdmmhﬂaﬂmﬁmﬁpuﬁmnm@nmuﬁs
one experimental group and one control group,
consi g4 éattbeeed froni FIR) & v fanskintecterioftivich avere administered at
experinmental group were adm ni stered

various concenirations in the presence of insulin, this exhibited facilitated

concentration-dependent uptake of glucose into muscle cells, as compared to the group

to which insulin alone was administered and the control group.

Example 9: Assay of obesity prophylactic and therapeutic effects in animal model

of obesity, DIO mouse
As the most commonly used mouse model for diet-induced obesity (DIO), 4-

week-old C57BL/6 male mice were fed a high-fat diet (012451, 45% kcal fat, Research
Diets, New Brunswick, NJ).
As a result, fat excessively accumulated in the animal body and about 3 months

after birth, the mice then maintained a body weight of more than 31 to 32 g, which is
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5 tanshi none derivatives at a concentration of 100
nmg/ kg, for 30 days, at a predeterm ned tine point.
Whereas, the control group was adm ni stered an equa
anmount of distilled water alone. Wen the body
wei ghts of the experinental group and control group
were neasured after 30 days of adm nistration, the
experimental group to which tanshinone derivatives
was adn1n|stered exhi bi t ed SI ni fi cant
L bviings, ek of pomelo ek ey G9ph b conirs) o BT of Wbingre
in Fig. 7. Exanple 10: Effect of tanshin
decintivonon 4 magspHONpm: 3-ondiold DD (fﬁnﬁ%"‘f‘gg/ ing 31 to 32
10-week-ol d C57BL/ 6JL Lep ob/Legﬁgb mal e ce hav'ﬂ%mo
g, owers i divided: fintp AB0egnoYps, cone\BPErIBHlnSIORR) Af MRSCEYHY Brovp,
Biolink Co., Ltd. (Chungchongbuk-do, 15 Korea
consisting] of Svenimalupashd B rmige F didPm BQFR (P4 agmipistered
temperature of 23C, 55% humidity, illu natlon of 300
tagshire@e dérivetives at Aghncentmtioncafd0R merke for.30 days, ¢ p predgfsguined
ventilation of 10 to 18 tines/hr. Animals were fe
time pbiet s Vliereasy the somen) areup|vsedminstgred a%sw%@@f“ﬂt 0 dlstlﬂed
(purchased fromPurina MIIs Inc., St. Louis,
watelalong, e 'Wheh thiei iidy uweighis o8 theepxwedmesik group a&'éc‘?oﬂlﬁ‘é]t %“’“P
to new environnent of the breeding roomfor 20 two
wireelsasared afer 63 daysnof ndmindstation, e kegperimentzls gioyp f@ which
derivatives for 26 days. (bservation was nade on
tagitamge Seiivativesiwasedminisierdl edibitgl sigpifisanthitiloes bady) weight, as
intake, wth respect to tinme points of
caelitrad t6 tealohteol. gréMp, es shoempih Eigi @n of admi ni strati on,
conmput ed Tonography (CT) was performed to confirm
changes in fat tissue distribution of animals,
changes in fat distribution of tissues in varlous
E9AARI0; Eifests eFtanshifbEeddivativeadministradionan ohphemired
pl ood and Ii1ver, and changes in lipid and enzynes
t abl ejofeckEig- C37RIGIB gy owiephtb | amte ehicscthaving obesity
according to adm ni stration of tanshinone

cERidotRtidsVfere Firised fofn DagiaaMbioligkndal,i g, (Gamgelwnghuk-do,
body wei ght over tinme, between

Korea). Animals were raised in a breeding room maintained at a temperature of 23C,

55% humidity, illumination of 300 to 500 lux, a light-dark cycle of 12 : 12 hours, and
ventilation of 10 to 18 times/hr, Animals were fed pellets of Purina Rodent Laboratory
Chow 5001 (purchased from Purina Mills Inc., St. Louis, MO, USA) and water ad
libitum. Mice were allowed to acclimate to new environment of the breeding room for
two weeks and were administered 300 mg/kg of tanshinone derivatives for 26 days.
Observation was made on changes in body weight, blood glucose and dietary intake,
with respect to time points of administration. After completion of administration,
computed Tomography (CT) was performed to confirm changes in fat tissue distribution

of animals, changes in fat distribution of tissues in various organs, changes in size of
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5 C57BL/ 6JL Lep ob/Lep ob mce, to which tanshi none
derivatives were admnistered and a control group. As
can be seen fromFig. 8, adnministration of tanshinone
derivatives lead to a significant reduction in body
wei ght, as conpared to the control group. Fig. 10 is
a graph conparing adi pocyte size in terns of nunerica
val ues, 10 between C57BL/6JL Lep ob/Lep ob mice to

whi ch tanshi none derivatives were  adm pistered an
adiportscs ENGosp D100 25 HVaReAns GORRESH i g g iehe The tabl of
experinmental group to which tanshi nope derivatives.,
FigueD cohenmihoids t weiht ko efieets cRosoTiog io; PRTITRRgY OF teiklipone
60% i n adi pocyte size, as conpared to the control
degjvadives. Fig. 11 is a graph conparing fat distribution
in terms of nunerical value for 15 respective organs
bet w¥igs. @5i2BL gwh dosyparing Ichanged invbedy Ms1ghkioysr time, between
tanshi none derivatives were admnistered and a _ |
CTBLI610) Ley oblpep Ab mise thewiicke tanshingnerdegivatives Wege administered
experimental group to which tanshinone derivatives |
andes eoaitbti giosp.er Al cex Hiebseendiem Kgghi pdministratien ¢f tarshinone
in fat content of tissues for all organs, and
detinativeadend thracignifieant reflocticanin todyyeeight, asi compered te dhe petrol
group, indicating that fat netabolismwas 20
greuggni ficantly increased. Fig. 12 is a graph conparing
adi pose tissue distribution in the Iiver by H&E
st ai IFigigltafxda @rdphRexhyfariag atipoeyde sizerin termyadf nimeical values,
obese mce and C57BL/6JL Lep ob/Lep ob mce to which
betvdeah COPBE/60E rTLepabbiles obe meica dori whish darsbinors detivatives rwere
Fig. 12, it was confirmed through staining of adipose
admifiSWRA 4dad cahtis] nireiy. atAsosanobe seel GirduarBgi Hyrtbe experimental
derivatives resulted in a pronounced reduction of fat

grBGs tWhidh t@Bhihdheldefivativiey Vere aitinistated eekibital 4 feductivmtafahore
group of obese mice. Fig. 13 is a table show ng

thhS 6% i adipboyf RIS cokpatedRb the@btrdligidupxi dat i on

Fig. 11 is a graph comparing fat distribution in terms of numerical value for
respective organs between C57BL/6IL Lep ob/Lep ob mice to which tanshinone
derivatives were administered and a control group. As can be seen from Fig, 11, the
experimental group to which tanshinone derivatives were administered exhibited 2
significant reduction in fat content of tissues for all organs, and increased brown fat
content compared with the confrol group, indicating that fat metabolism was
significantly increased.

Fig. 12 is a graph comparing adipose tissue distribution in the fiver by H&E
staining and Oil-Red O staining, for normal mice, obese mice and C57BL/6JL Lep
ob/Lep ob mice to which tanshinone derivatives were administered. As shown in Fig.

12, it was confirmed through staining of adipose tissues that adminisiration of
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i ndicator materials in liver tissues between C57BL/6JL
Lep ob/Lep ob mce to which 5 tanshinone derivatives
wer e adm ni stered and a control group. As can be seen
fromFig. 13, the group to which tanshi none
derivatives were adm ni stered exhibited significant
reductions in total fat contents, triglyceride,
chol esterol, GOT and GPT in the liver, conpared with
the control group. Fig. 14 is table c arin .
tapshage der RtV T liddng) moaeerd, atsuen SORY sapiiilsion g the
.C57BL/ 6JL Lep. ob/Lep ob njge to, which tanshi none
II%WWPQ}’%%%?%O%EFHP%? %é"ﬁelﬁﬁﬂ' control group. As

can he seen fromFig. 14, the _grqup to, which s g

t ansHigiokd it @r tablet shpadng gasplts gg‘n&ﬁgﬁ seP’eWBP’éx?ﬂ% pitigyidation

significant reductions in triglyceride, cholesterol, .,
indioatormaterigls jn diver fissues mqenc%%ﬁ@& {5t 9P7b R, O8 s 5 which

group. Fig. 15 shows anal yzed results of conputed
tamsbinege slptiyatives yerst adusmistered and a19pnfral S19HP- efpS S5 ﬁ? g fgpm

whi ch tanshi none derivatives were adm nistered. As n
Fige 135 dlemn grouprricrivhichy sanshinence derivatives figre §Aministergd rbdyited

tanshi none derivatives were admnistered exhibited a |,
signifjerint reduntionsdd detel fah contenys, deglyegrideaeholpstorel; HQHL gy GFT in

conpared with the control group. 20 Exanple 11: Assay
thefliveli, adnapared Witlothieycbuntraligeoupnd t her apeutic effects in

ani mal nodel of diabetes. Lepr db/Lepr db nouse Lepr

db/ LeRig. lihis aehtde pompmaring charigepini lipid ansbgluense imthg blgedpetween

continuously and excessively consune feed due to
C5TBILGILhewoii/Lep bemicappwhicheansiisone degivatives weeg adnginistered and

excessively accunul ated in the ani mal body and bl ood
caitiat pep. eXetan tx seéreframh dtlg. 14; 187 gromp ¢ whish tinshiabor deriygtives

to 400 ng/dl of blood glucose |evel about 10 to 11
weralmisbttRd exhibitédsigdificant dductions indzgiyoeride; dplsstends GOT and

and therapeutic effects of diabetes by tanshinone
ghiBbse i blow@ Scompaiet tvithely cotttrbl @pip.db mal e mice with

bl ood gl ucose | evel of

Fig. 15 shows analyzed results of computed Tomography (CT) of C57BL/6JL.

Lep ob/Lep ob mice to which tanshinone derivatives were administered. As can be
seen from Fig. 15, the experimental group to which tanshinone derivatives were
administered exhibited a significant reduction in visceral fat distribution, compared with

the control group.

Example 11: Assay of diabetes prophylactic and therapeutic effects in animal

model of diabetes, Lepr db/Lepr db mouse

Lepr db/Lepr db male mice lack leptin receptors and thus continuously and
excessively consume feed due to their uncontrolled appetite. As a result, fat is

excessively accumulated in the animal body and blood glucose level is elevated,
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about 350 to 400 ng/dl were divided into two groups,
one experinental group and one 5 control group,
consi sting of 10 aninmals each. 10 m ce of the
experinmental group were admi nistered tanshinone
derivatives at a concentration of 300 ng/kg, for 12
days. Wereas, 10 mice of the control group was
adm ni stered an equal anount of distilled water

al one, instead of tanshinqgne, derivatives.. Fig. .16 i
cemuitbinctbovs 35 ‘ori00gag el of Blpogieast srvstasit 108 1L Hebid dher
to adm ni stration period of tanshi none. degiyati.Vv nd
birth. cdm orderbte esaning hprPPYYASHE r@eﬁPE’g’& éffeols” of diabel€s by

| ucose-lowering effects b anshi none .der.i vatj ves.
st diei ativeN i Lot €o/Lor I BAIB AN RIpY BRSO sl of

respect to conbination ratio between tanshi ngne d one
alebast B 50atoi 498 ngAd] yvere g dedaintodvp SIOUPR,; Qe FXRFHINEI]LLOVP and ©
carried out to confirmsynergistic effects

{ .15 aof ANVPK
cantio] gioty, omhsistingenfIOCMAls e CUHBICA Sf PSPPSRI EEORare

derivatives, which contained tanshingne I, an%hi %)rhe
adrhifistecedy pnshinenshderivativesnal al SonpeniAtg d}foi%’nas?% @ 1y days.
as main ingredients. That is, we have attenpted to, .. .
Wierda,r 19 iniveerf-tho aquitesingroun was aduginistered an jsgyalegyount of distilled
derivatives according to gene expression_as shown . in
wateaglohe, ibstemicof taishinoby deyvativesi sFige 1645 @ table pwing changes in
conbi nation of tanshinone derivatives through 20 AVPK
bivotl iglticoye. wilthesspees freariniinistritiog pexiodeefitanshinope Aeriatipeang it can
t anshi none HA, cryptotanshi none and _ o
bé Beeh Gha tHeyewert dhoidi ghuwose-lowedngefibots by anshinpng grriyvatives.
conbined to prepare different conpositions. AMPK
activity of the prepared conpositions and the AWK
activity of respective ingredients included in those
naay S u_l:| NiberviRfie et % R8pect e 0
€ Ition, we have attenpted to co

MPHotdebi binksNindhé Beriv@eect to changes in the
conbrnatron ratio by varying the ratio between
i ngr etﬁsﬁ?‘nﬁwbl@ celld) €hiS exaagd Wisredant td eonfiinh Fymergistic effects
synergistic effects of activity by any conbi nati on of

of AMPK. activity with respect to the combination ratio between derivatives, which

contained tanshinone 1, tanshinone IIA, cryptotanshinone and 15,16-dihydrotanshinone
1, as main ingredients. That is, we have attempted to confirm inter-complementary
functions between derivatives according to gene expression as shown in Example 5 and
thereby synergistic effects by any combination of tanshinone derivatives through
AMPK activity.

The respective ingredients of tanshinone I, tanshinone 1A, cryptotanshinone
and 15,16-dihydrotanshinone I were doubly or triply combined to prepare different
compositions, AMPK activity of the prepared compositions and the AMPK activity of

respective ingredients included in those compositions were compared to confirm
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tanshi none derivatives. 5 Fig. 17 is a table conparing
activity of conpositions by doubl e conbination of

t anshi none derivatives, Fig. 18 is a table show ng
changes in activity with respect to changes of
ingredient ratio in double conbinations, and Fig. 19

is a table conparing AMPK activity of conpositions by
triple conbination of tanshinone derivatives. First,

as can be seen fromFigs. 17 and 18, conpog#b%ons,, .
synergisic refes.a Invasidition, weghay agemplednid e AMF I ety with
of tanshi none derivatives exhibited significant]y . X
relpecty@r chagePin thet Gonibinatioh satiot tyoweyies theratiq betpeen ingredients in
i ngredients, at the sane concentration. It could, be
th® empbiitionss awh tesybteingiysergistie ffects of awtivity dycawsomnhingige of
of derivative ingredients are very unigque phenonena
tanshinong devatiebsat i onshi p wi th ki nds of ingredients.
Wereas, as can be seen fromFig. 18, differences in
conbi Figt i708 artztilé connertring @ctivityef ¢empasifipas by deuble combination of
ingredients in the sanme conpositions resulted in
Gl dedikativesli Figel® it a AlvRKshowirtg chiangesde metidtnyith pespect to
Kinds of ingredients. Exanple 13: Synergistic effects
cRingésLlliatieaidni Mmtibda ylowsle ebmbinhtidnsy aslpBigt 19 ds a table comparing
conbi nation rati o between tanshinone derivatives 20
ANPRBatviglof cézRpdRkiidRd by tritte cdnibietion bf teashinanie derivativeng
obesity characteristics were purchased from Daehan

Bi ol i Fikst G- can bk Geerl b ITIEH 0P gind k8, dompoditicresadontainingra kwo- or
were raised in a breeding roomnaintained at a
e B htnetCconlbidtion oT¥asRiEhel dérvatibds! exbibied i siymifidan@y Garger
to 500 lux, a light-dark cycle of 12 : 12 hours, and
A‘i\ﬁﬂki ’8%319 £ 4tV8 Shddbdient) iafTibe Saine condeattation. It
pe eatk@h f Puﬁoﬂoﬁ%éﬁﬁp Laborégt ory -39 Chow 5001
cgﬁg g Bk @Rkt gﬁélil?,ygb@sﬁé eftbdtd Sueltd Gombihtions @0 Hérivalii ingfedjents

I"bi

wat er a um Mce were allowed to acclinate
R " QIR fhabidg B6 SRMIBEELIP Gt Qindst WP ingredisnts.
Eléega}é%,re Ylg ni sitglg?égd tagshi none derpi)vatives.

WEISR! ROBG BEEdeXAtdn §8g. 18, differences in combination ratio between the

respective ingredients in the same compositions resulted in specifically different AMPK

activity depending upon kinds of ingredients.

Example 13: Synergistic effects of reduction in_body weight with respect to

combination ratio betweei: tanshinone derivatives

10-week-old CS57BL/6JL Lep ob/Lep ob male mice having obesity
characteristics were purchased from Daehan Biolink Co., Lid. (Chungchongbuk-do,
Korea). Animals were raised in a breeding room maintained at a temperature of 23,
55% humidity, illumination of 300 to 500 hux, a light-dark cycle of 12 : 12 hours, and

ventilation of 10 to 18 times/hr.  Animals were fed pellets of Purina Rodent Laboratory
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contai ned in Danshen extracts were divided into two
groups: a tetrahydrophenanthrene 5 derivative group
(1:1 ratio of cryptotanshinone and tanshi none I1A),
and a phenanthrene derivative group (2:1 ratio of
tanshi none | and 15, 16-di hydr ot anshi none 1), and the
rati o between tanshinone derivatives was optionally
adjusted. In this nmanner, we attenpted to exam ne
effects of ch es in.i di entg, rat j. i d
C@ﬁﬁ59%h£mF8ﬁ@%£&PP ‘ngpp@@F%h%WE$ﬁ§%#§ggg$le n¥§ﬁ§£&“a
.actions, Conbination ratio between the 1 :
. N ige BITRRIRHER FORELHER D BEY SESPOUR 3 breoding room fo
phenant hr ene derivative grou s varied [
Ty

f 0

D, WEkd AP Tt e, A B EEP yghfig. &0 Zahdiilog sichivhives
[ kg f 26 d ) Ch i d i ght i

continen 5 HroathespoteEpre AT e i Seutemis: § Ak idhonapbrene
i ght reduct | ffects with £t i

darnieyegrpaaitlohtatp o PP QRS EBy Y Hipons 116) BRRE Bhdrintrene

seen fromFig. 20, changes in onbi nat.ion rati .
ROt 2 L tio F AR ST HER A e O BRI ) i o et
phenant hrene_ derivative | ead tq, chgn s.in reduction . .
betegeroanssindype derivptives Wes qpaiprally adipste xS dpgmner, We aremp
synergistic effects were confirmed, when th
tocexatvineaeifests ofathenges tin ingzedjent We??a?ﬂ%fr%ﬁghtoﬁé’hﬁi thug fo genfirm
phenant hrene derivative) was in the range of, 5:& t

0
effects anfl iderecompldmeantasy v actions; he Combigaiy mtig. (betyeen  the
1:2.5. 20 Exanple 14: Acute Toxicity Test ,1. Oal

tetrelinydnophenantilirene deoRativecaroumeidghienyiingne deriyptive group was varied
Sprague-Dawl ey rats, weighing 2507 g (Ju&?-Ang Lab
febmi Tl t6 1cl0, arScaiministéradete)anitsle atis osroel BOR me/kegios g9-days.
consisting of 10 -40 animals each, and were orally
Chaliien iss bedye sretght sifthreinenisteation aof i derivativas aeeomgasveed §0d; bedy
the present invention at doses of 100, 500 and 1,000
walghk geductivmpetiecis weithy respeot r changsls in the ingredient ratio were shown in
Fig. 20. As can be seen from Fig. 20, changes in the combination ratio between the
tetrahydrophenanthrene derivative and phenanthrene detivative lead to changes in
reduction (%) of body weight. In particular, excellent synergistic effects were
confirmed, when the combination ratio (tetrahydrophenanthrene derivative:
phenanthrene derivative) was in the range of 5:1 1o 1:5 and more preferably, in the

range of 2.5:1 to 1:2.5.

Example 14: Acute Toxicity Test
1. Oral administration

ICR mice, weighing 2342 g and Sprague-Dawley rats, weighing 2507 g

(Jung-Ang Lab Animal Inc., Seoul, Korea) were divided into 4 groups, consisting of 10
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adm ni stration, upon observing for 2 weeks whet her
toxicity was exhi bited or not, none of the aninmals
died in all four groups and no visually observabl e
synptons were 5 noticed conpared to the control group
(except loss of weights). 2. Peritoneal adm nistration
I CR m ce, weighing 253 g and Sprague-Dawl ey rats,

wei ghi ng 2556 g (Jung-Ang Lab Aninmal Inc., Seoul

Korea) were divided intp. 4 groups 1SSt .

aulggpls heiad watet ey pteptsreg R B ne ARG AtbcBipadhe with
t anshi none .deriyativ [ cC ce,wWMth the ;pre

the g PO gn Boees of 100 SOBE 00 Gk, Mgttty CAREY ora
respectively. After eritoneal adm nistrat,.pn ., u

adgpeFafionginog obseryiag S e SYBBR R IoRY, (i Sx AT A nome
or not, none of the animals died i,n all four groups

of thel episnals gied| inyal} Eg@rara'&i?seﬂ@y%t"&%‘?y Ri%%eé"ﬂﬁfﬁ F’glépgmgs were
conpared to the control (%rou& éeog,ce lLoss of

nofies red tg thercopaal exeymr E¥eOS U ! above- ment i oned
results that tanshinone derivatives in accordance
with the present invention had no acute toxicity.

Herei nafter, Preparation Exanples of the -

2.phar Peritoneatadmindstpdiont i on in  accordance with the
present invention wll be described. These exanpl ezs
ar e BEBvinihed wedghingP§+¥ @rand| SpraguePvsy trale. Pieighung 255%6 &
i nvention and shoul d not be construed as limting the

(Teugadeg hal Asjmal inaf Saohk Korea) wate dividediniorh s1oRpsnspesistigg of 10
Preparation of Tabl et Tanshi none derivatives

animals each; and were- peritoneally administerrd tanshingne denjvatives;iggecordance
protein --------c-ccocmmcmccnne e 640 g .

with \fied pteksém eineaition| ap oses- of 10,-50- and 100 nugdce, gespretiislisi dyter
stearate ----------c-e-ces cooaooaaaa -- 10 ¢

paritshealadptiniydtion; tydnwbbdrving §& 2-weeks whether toxicity was exhibited or

10 ¢
not, none of the animais died in all four groups and no visually observable symptoms
were noticed compared to the control group (except loss of weights}.
It was confirmed from the above-mentioned results that tanshinone derivatives

in accordance with the present invention had no acute toxicity.

Hereinafter, Preparation Examples of the pharmaceutical composition in
accordance with the present invention will be described. These examples are provided
only for illustrating the present invention and should not be construed as limiting the

scope and sprit of the present invention

Example 15: Preparation of Tablet

Tanshinone derivatives 200 g
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5 Exanple 16: Preparation of Powdered fornmul ation

Tanshi none derivatives ------------------------ 10 g
Soybean protein ---------- ------ 50 g
Car boxycel I ul ose ------ - 40 g 10 Tot al

------------------------------------- 100 g Exanple
17: Application of tanshinone derivatives to mlk
MIlk 99.9% Tanshi none derivatives ----- - - 0.1% 15
Exanmpl e 18: Appljcation of tanshinone g ivatives to
or angdilk sera@ profeirro-Fr Ut oseE 5% Pol v dEkEr ose
---------- - - ------ 1% Ctric acid 5%,,.20 Vitamn C
----- Crystalline cellwosg2o5—Tarrshimons-derTvat? es
--------------------- 0.1% Concentr at eiQOf or ange

f r ui tMpgriesigm. stearate === 594-Snr1ro3e tabt y acid
ester ------------- co-ooooon 0.2% Water
----- Hydroxypropylmethylceliulose rr-re—-—r—6395- 108 Exanpl e
19: Preparation of beverage Calciuml actate
R e 50 mgp Citric acid
----------------------------- s-- --------5nm 5
Eximplei 16; Preparadon of Powdered formulation_ . _____________ 10 ngy
Tanshinone derivatives 10g
Soybean protein 50g
Carboxycellulose 40 g
10 Total 100 g

Example 17: Application of tanshinone derivatives to milk

Milk 99.9%
Tanshinone derivatives 0.1%

15

Example 18: Application of tanshinone derivatives to orange juice

Liquid fructose 5%
Polydextrose 1%
Citric acid 5%

20 Vitamin C 0.02%
Tanshinone derivatives 0.1%

Concentraies of orange fruit juice =---—-swwweee 25%

Sucrose fatty acid ester 0.2%

Water 63%
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Ri bofl avin sodi um hydrochloride -------------- 3 ny

Pyri doxi ne hydrochloride -------- - 2 nmg Arginine
------------------------------------- --- 10 ngy
Sucrose fatty acid ester ------ - -- 10 ng 10

Tanshi none derivatives ------ ----- ---- 10 ng Water

- - - - - - - - 200 nt Exanple 20: Application of
tanshl none derivatives to cosnetic |otion

1, 3-butyl ene gl ycol ------------------ 5% 15

GI ycerine - ----- -- - - 5% EDTA-2Na

-------------- s-------------- 0.02% Trinmethylglycine
Epampple 10cPreparationofbeverage . . . . . 1 0% dyceryl

nonostearate enul sifier --------- 1.0% 20 Pol ysor bat e

60 - -Calcium factatg --sorbi-t-arr-sesquroreate™ - - - - - - - - -
---- 0.3% Cetyl 2-et hyI hexanoate ------------------

4. 0%Cigippgidarre-5-09r—-Drmethrcone L B L L L
0.3% -43 dyceryl stearate

----- Nicotinic amide rwe-s-s-sarrereezesurer-g--594 0 @ honer
------------------------------------ 0. 15%
Tri etmqudm hydrochlonde.—:—:-:—:-.—-.—-_--_-B g ________._ 0. 5%
I mdazolidinyl urea ----------- ----- ----- ---- 0.2%
5 Tar&'ﬁm hj@l’dchhﬁdvca ----------- 2-1]]3 ------- 1%

Arginine 10 mg

Sucrose fatty acid ester 10 mg

Tanshinone derivatives 10 mg

Water = 200 mé

Example 20: Application of tanshinone derivatives to cosmetic lotion

1,3-butylene glycol 5%
Glycerine 5%
EDTA-2Na 0.02%
Trimethylglycine 2.0%
Cetanol 1.0%

Glyceryl monostearate emulsifier ~------—-- 1.0%

Polysorbate 60 1.2%
Sorbitan sesquioleate 0.3%
Cetyl 2-ethyl-hexanoate 4.0%
Squalane 5.0%
Dimethicone 0.3%
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Purified water ----------------------------- 71. 8%
Exanpl e 21: Application of tanshinone derivatives to
cosnetic strin care 1, 3-butylene glycol ------
-------------- 4.0% 10 Di propyl ene gl ycol
------------------------ 5.0% EDTA-2Na
------------------------------ 0.02% Octyl dodecet h-16

0.3% PEGS0 hydrogenated castor oil------- 0. 2%
Tanshi none, derivatives --------- -- YR 0.1% 15
Pur i f@Reeryltearate —-—r-=- = 0,57 0 9096 | NDUSTRI AL

APPLI CABi | | TY As descri bed above, zi gonposition in
accorQPdh%rEerwi'T‘rr'ThE"pF‘é’S’eﬁT"T‘ﬁVé'hp'i 8 20 effectivel y

reduces body weight through netabolj¢ activation,
pr evem%h@ﬁéﬂ'é%wm'at'rvn‘“ﬁ'ﬂ“i‘ﬁé' Ooﬁ%y, | oners bl ood
glucose level, and effectively decreases anmounts of
chol datidazelidigngues +gtyrertder—and ®3@s i s useful for
preventing and treating nmetabolic _syndronme. In
addi t Tasshinenecdegisatyssr+Tom-preventst¥at accunul ation in
the body, as well as enhances insulin sensitivity,
t hus Rwifted ovatdr mg—-pi-god-gtucose-+eiled’ and therefore
may -44 be useful in devel oping foods, cosnetics and
medi ci nal conpositions capable of preventing or
treating various di seases associated with netabolic
Esymplecite Applicationrog tanshimonel geriivatives torcosrneticgkin gare
gl ucose netabolism Al though the preferred enbodi nents
of t h3uiemeiglycolrert--on--Rave-bedi% 5 di scl osed for
illustrative purposes, those skilled in the art wl|
appr eDippdpwidnb gtycolar+-ous---roei-+-catli%ons, additions and
substitutions are possible, wthout departing fromthe
SCOpPeEBRTA-2H +4-t---0f--+he--i-pvent+00.08% di scl osed in the
acconpanyi ng cl ai ns.

Octyldodeceth-16 0.3%

PEG60 hydrogenated castor 0il---=wscenn--- 0.2%

Tanshinone derivatives 0.1%

Purified water 90%
INDUSTRIAL APPLICABILITY

As described above, a composition in accordance with the present invention
effectively reduces body weight through metabolic activation, prevents fat accumulation
in the body, lowers blood glucose level, and effectively decreases amounts of
cholesterol and triglyceride, and thus is useful for preventing and treating metabolic
syndrome. In addition, the composition prevents fat accumulation in the body, as well

as enhances insulin sensitivity, thus controlling blood glucose level, and therefore may
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-45 VWat is Cained is: 1. A conposition for
preventing or treating nmetabolic syndrone di seases,
conprising a therapeutically and/or prophylactically
ef fective anount of Danshen (Salvia mltiorrhiza)
extract as an effective ingredient, wherein the
Danshen extract conprises two or nore conpounds
selected from the group consisting of

crypt.of anshi ngne,. t anshi none | LA, t{anshinone.l and
be; GReRl I ORRIIRG fesdin Suneics any s, tAngBitgRE Wpable of
comound and the.renmmi ni ng cao unds i i the range..
PISTOTOE B LGRDE DRriaE djoenten ASShraee Lk FEtehiie, pisrorne Fedfiring
syndr one, di §ase is at le sf one selected fromthe
ﬁ@*ﬁé‘ﬁiﬁ%‘&ﬁ’&i‘é gt 4gd glucess gueiabglismy; apet es,
arterioscl erosis, hypertension, erlipidem a,
hepatAlthoygh ghe ég?feﬁré‘f@&bﬁﬁl%ﬁpﬁgﬁ'& P ARgmgien have been

infarction, ischem c disease nd, cardjovascul ar, .
dignlesed fes UlupirativechuERsEo 1067 SR Le oYl APPFPette g Yarious

wherei n the Danshen extract conprjses,one or npre
medipainvas adkfion eyl FHSHUHEN 4R RIFEHRC AP dering from the
derivative consisting of cryptotanshinone and
soopm e spinifcofithennventipngs élsé]los"ﬁ%}a @W&?@Wms-
derivative consisting of tanshinone |I and
15, 16- di hydrot anshi none 1, and the ratio of
t et rahydr ophenant hrene deri vative: phenanthrene
derivative is in the range of 10:1 to 1: 10 (ww. 3.
The conposition as set forth in claiml1, further
conprising: one or nore conmpounds sel ected fromthe
group consisting of 1(3- hydroxycryptotanshi none,
1- oxocrypt ot anshi none, tanshinol B, tanshinol 1B
pr zewaqui none A, di hydroi sotanshinone |, tanshinone
Il A sul fonate, 1,2- dihydrotanshinone | and tanshi none
\Y/
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4. The conposition as set forth in claim2, wherein
the ratio of tetrahydrophenanthrene derivative:
phenant hrene derivative is in the range of 5:1 to 1:5.
5. The conposition as set forth in claim4, wherein
the ratio of tetrahydrophenanthrene derivative:
phenant hrene derivative is in the range of 2.5:1 to
1:2.5. 6. The conposition as set forth in claim 2,
whiateisallaihédist et r ahydr ophenant hrene 46 derivative
i ncl udes together cryptotanshi none and tanshinone |IA,
and the ratio therebetween is in the range of 1:5 to

1.5: 1 QWewh, oZmloForCEfH@eﬁﬁﬂ R featiRl nf@itdlici Bysdran® alseases

wherein t e phenant erivative 1Qncludes’ toget
comprisEgd p HjamapeuiraHy sddon rrophylegiicativnsifective apouy %lh anshen

(S&mal RiltiSRESPRSINBER dnSfebtivdidgfednge of 1:5 to 5:1
(ww). 8. The corrp03|t|on as set forth in claim

m 1,
wher @rhﬁreph@aed%qﬁg & EXtERSt BURPHICSdWO A5EagTe compounds selected from
th€ YOt P LaRGiNOBe cafdothishifond] Radhdbad IM, nﬁﬁﬁnh@negl ahe15,16-
03|t|ona &}Ffort in claim1, ﬁf}hereln d
diEaRThinas 1Cempite SO otoiapos P A LR BN gompounds is in
thé mnghbhohe td 1 A0 (Wdw), Bhé conposition as set forth in
claim1, wherein the conp om;ilﬁen conpri ses

bot
tansWhﬁ@Hb the Meipheliessypgremeiscase is Bt A8k ope Sf[%"te‘?hgom the

gr&GTReAdi i) oA Dbesiy, fddtetes] Artedidicterdsis, \My@emrmdm ehyperlipidemia,
hepggo ition co i ses both tan

1178t 1O é’l%rrﬁ%qcﬁ iﬂl I al‘gg?n,f {?FF‘?{HF diseases and

candievastular dibsases. n the conposition conprises both
15, 16- di hydr ot anshi none | and tanshinone |I. 13. The
conposition as set forth in claiml1l, wherein the

2, CO;B?%%: ;%(gﬁ?%gﬁ{ lageset Rphhit anshi rlon@héreﬁﬁ(ﬂhe Danshen extract
comprises one or more compounds selected from tetrahydrophenanthrene derivative
consisting of cryptotanshinone and tanshinone IIA, and one or more phenanthrene
derivative consisting of tanshinone I and 15,16-dihydrotanshinone I, and the ratio of
tetrahydrophenanthrene derivative: phenanthrene derivative is in the range of 10:1 to

1:10 (w/w).

3. The composition as set forth in claim 1, further comprising:

one or more compounds selected from the group consisting of If-
hydroxycryptotanshinone, 1-oxocryptotanshinone, tanshinol B, tanshinol IIB,
przewaquinone A, dihydroisotanshinone I, tanshinone IIA sulfonate, 1,2-
dihydrotanshinone I and tanshinone VI.

4. The composition as set forth in claim 2, wherein the ratio of
tetrahydrophenanthrene derivative: phenanthrene derivative is in the range of 5:1 to L:5.

5. The composition as set forth in claim 4, wherein the ratio of
tetrahydrophenanthrene derivative: phenanthrene derivative is in the range of 2.5:1 to
1:2.5.

6. The composition as set forth in claim 2, wherein the tetrahydrophenanthrene
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14. The conposition as set forth in any one of clains
8 through 13, wherein the mxing ratio between both
ingredients is in the range of 10:1 to 1:10 (ww) . 15.
The conposition as set forth in claim 14, wherein the
mxing ratiois in the range of 5:1 to 1:5. 16. The
conposition as set forth in claiml1, wherein the
conposition increases activity of 5 AMP-activated
defivathei indhideas o gedPKrygtdtahshindiee andnanshitéen ks, spd the ratio
. ek. conposition increases
th%%‘%‘%“%?%“;”g}ﬂ %W%%%?gon%‘? w(/}g?'l ul ar bl ood gl ucose
upt ake, thereby |l owering blood glucose |evel. 18. The

conposition as set forth in claim 16, .wherein the .
7. conpd8f cPBRosIHER @8 et forthcin; glpim, 2owhmﬁ¥<ﬂled$f@£mfgﬁw derivative
in@h@S| ttypdtidt ISt IGLdhPdrbiavisRidenel 9 abde tamsiieskt lonands the ratio

Sl getl s RS oS L comestiton

l'ipid-lowering activity. 20. The conposition as set
forth in claim16, wherein the conposition increases )
8. act i ¥he gompoRNPK a5 el fithbin claigr ily whgrem thepempesitgn comprises

bollEAFb NS hifoRAROES, PldiHyardi@shPon@f. fatty liver. 21.
The conposition as set forth in claim 16, wherein the

conposition increases activity of AMPK to exhibit

t herapeutic activit n.arteriosclerosi o :
9. ypel R oipalfioh o s R S} WHebGh The compgsition comprises
botinctyp@ataishivescaidtanshinemdbs. 22. A phar naceuti cal

formul ation for preventing and/or treating netabolic

syndrone di seases, conprising the conposition of claim

lO.lhaS Th?%o?@bﬁ}ﬁﬁnb@%&?ﬁ?ﬁﬁn &latn 10RGefdin IR eqmposittion comprises
armaceu a c e.carriers or exciplents,
boah@P ipone LA Apd iﬁggﬁ@%’ OAERRNedi sease is at | east

one selected fromthe group consisting of obesity,

di abet es, . ‘ . .
11. The composition as set forth in claim 1, wherein the composition comprises

both tanshinone ITA and tanshinone I.

12. The composition as set forth in claim 1, wherein the composition comprises
both 15,16-dihydrotanshinone I and tanshinone L.

13. The composition as set forth in claim 1, wherein the composition comprises
both tanshinone I and cryptotanshinone.

14. The composition as set forth in any one of claims 8 through 13, wherein the
mixing ratio between both ingredients is in the range of 10:1 to 1:10 (w/w).

15. The composition as set forth in claim 14, wherein the mixing ratio is in the

range of 5:1 to 1:5.

16. The composition as set forth in claim 1, wherein the composition increases
activity of 5' AMP-activated protein kinase (AMPK)
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arteriosclerosis, hypertension, hyperlipidem a,
hepati c di seases, cerebral apopl exy, nyocardi al
infarction, ischem c diseases and cardi ovascul ar
di seases. 23. The fornulation as set forth in claim
22, wherein the content of the active ingredient is
in the range of 0.0001 to 10% by wei ght. 24. The
formul ation as set forth in claim22, wherein the
17f or nThatb@position akgkt forthoih claim t6dehagm fherconimsitmnalncreases

sefbel AERGe B B BPad ML LK RS owering blood

gluicopekevelbl e preparati ons and enul sions. 25. The
formul ation as set forth in claim22, wherein the
active ingredient in the fornmulation is adm nistered

18i4g tzgﬁe Elz_al'i‘lgfﬁsiﬁﬁn le gsgatt forfh iQAQQ?iﬂ?/IQ,taWh&@irb}Me_ dJodr Zoaﬂwntii‘acreases
] ormyl.ation as.set forth in claim22,
aciirby %ﬁfhﬁﬁ%mr%ﬁ% %li'qs’élﬁ'“gﬂ §‘é§“g" phar maceutical |y

accept abl e excipient such that it can be prepared in

the formof beverages, foods or cosnetics. 49 =
19. The composition as set forth in claim 16, wherein the composition increases

activity of AMPK to exhibit blood lipid-lowering activity.

20. The composition as set forth in claim 16, wherein the composition increases
activity of AMPK to exhibit activity of inhibiting hepatocytic damage and formation of
fatty liver.

21. The composition as set forth in claim 16, wherein the composition increases
activity of AMPK to exhibit therapeutic activity on arteriosclerosis, hypertension,
cerebral apoplexy, ischemic diseases and cardiovascular diseases.

22, A pharmaceutical formulation for preventing and/or treating metabolic
syndrome diseases, comprising the composition of claim 1 as the active ingredient and
one or more pharmaceutically acceptable carriers or excipients, wherein the metabolic
syndrome disease is at least one selected from the group consisting of obesity, diabetes,
arteriosclerosis, hypertension, hyperlipidemia, hepatic diseases, cerebral apoplexy,

myocardial infarction, ischemic diseases and cardiovascular diseases.

23. The formulation as set forth in claim 22, wherein the content of the active
ingredient is in the range of 0.0001 to 10% by weight.

24. The formulation as set forth in claim 22, wherein the formulation is a multi- or
unit-dosage form for oral or parenteral administration, including tablets, powder, hard
or soft capsules, suspensions, injectable preparations and emulsions.

25. The formulation as set forth in claim 22, wherein the active ingredient in the
formulation is administered in the range of 0.1 to 6,000 mg/day/kg bw, for aduits.
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26. The formulation as set forth in claim 22, wherein the formulation comprises a
pharmaceutically acceptable excipient such that it can be prepared in the form of

beverages, foods or cosmetics.
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