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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 Mre
specifically, the present invention relates to a
conposition for preventing and treating netabolic
syndrone, containing tanshi none derivatives that
GBESITY $ND METABOIIC 3 YNDRORE TREATRIONTEWITH
activity, as an effective ingredi ent. BACKGROUND OF
TPHESHWHDINE])ERI\MBB%ESCV\&HGH)WCMAS&E MEIARBOIC

i nvol ving health risk factor ch as
hypertriglyceri dem a, H%é ﬂ’iﬁ gl yconet abol i sm

di sorder, bl ood coagul ati on dlsorder and obesity.
thabollc syndrone itself is not fatal, but indicates
O P severe di seases such as di abet es
1S+ MION, ascul ar di seases, 20 and has
energed as the nost t hreat eni ng di seases anong nodem
peopl e. Metabolic syndrone was once known by varlous
ot her _nanes including Syndronme X, .due_to |ack
knowiTs8 g&essabmve’é%m%?éat%? 05 & RIPGHHPTH £, Prsmn%sand treating
officially designated as . Metabolic Syndro
mytHRAlE] YIESHEs (CRRBIEY FEIFUAERS AFOIRGNOSARIA T el freeredint
Program |11 (ATP I11) enacted by the WHO and the
Mist sepifipallie s preganh gnveation milaeyid hPMpeRioTLfor prgvepHipg and
NIH -1
treating metabolic syndrome, 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
I (ATP IIT) enacted by the WHO and the National Heart, Lung, and Blood Institute of

the NTH.
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The criteria proposed by the Third Report of the

Nat i onal Chol esterol Education Program (NCEP) Expert
Panel on Detection, Evaluation, and Treatnment of High
Bl ood Chol esterol in Adults (Adult Treatnent Panel
[11), published in 2001, are the nost current and

w dely used for diagnosing the netabolic syndrone.
According 5 to the ATP II1l criteria, individuals are

or DR Gristngreosd Phate TompSnent ot B Nfaped| (iR
f 40 inches (102 f d 35 .
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HDL) | ess than 40 [dl . (men r under. 50 ,my/ dl .
the%m@ﬁz@ﬁ;rsmt@}ldﬂﬂiéyw r B}a((sw ) afnei%eﬁ%m% gocording

hi gher and 5) A fasting bl ood gl ycose ( r) level
to g A eheies Tdyels A Aipenesad pib b aiARare SpFOre by the
criteria for central obesity was sljghtl adj us t
presenggiof thrpher wpregr thess epmpRsERs:tlgA Wé]ﬁg]&ﬁ a¥é% “tch?soﬁtl S’Srﬁlflg"f

for wonen. Recent research has reporte hat under
mage & raati and 35 anchay (38 ven) P5ULETIOKWPER (GERER (0RSSIY 3F fgpsured by
from nmetabolic syndrone. Insulin resistance ref s &o,
wedst plieenofiwense), e Actktiglycarrleolesel ehoya g0 medhi 3 fishigh density
normal |y secreted in vivo, insulin does_ not jnduce
lippproteim let (HBL) sy theh 4§ me/dk éneny oz amfler, SOrmefdl (gpren), 4) A
glucose in the blood cannot enter cells, thus causing
bléodyeesyhne e iB eSS ama Hgrva higher ans) A faavinmhloprbelnepss(Figandgvel
functions due to a shortage of glucose, leading to_.
grédne thenl Toamg/dt. i dlor edstamepeiple, the csijariarfoneentralobspityswa slightly
there are no drugs available for the treatnent of
adjeted ol 4 evaisfihesofr@lr emeor rbteciop menhaeSh emnormge fop women.
treat netabolic syndrone using therapeutic agents for
Reéteabebcsch Muspepdrtedi tetnirdenndh hyipeial ersnd 25 %ol Kotees geople
drugs have limted effectiveness in treating .
suffet 8BR dabolitiyan@mes Iselirtfesigtandbsrefius toemphenomenon abbnsin,
drugs, netformn, drugs belonging to the TZD
eveh MhAzal inslined ey tardttd/ in givuchsiliindees not 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 to 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 metabolic syndrome as the drug.  As currently available drugs,
metformin, drugs belonging to the TZD (thiazolidinediones) family, glucosidase

inhibitors, dual PPARy/c. agonists and DDP (Dipeptidyl peptidase) IV inhibitors, which
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i nhibitors, dual PPARy/a agonists and DDP (Di pepti dyl
peptidase) IV inhibitors, which -2 are used for the
treatment of diabetes, have received a great deal of
attention as promsing drugs for treating netabolic
syndrone. In addition, a great deal of interest has
been directed to isoforns of apo A-1 and rel ated
pepti des thereof, which are targets of anti-bl ood

d d i -h lipidem c_d ' P
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as estrogen, genetic factors and 10 in vivo
estRRIFAMPAIt DIIRIDARBIRS-at i on. At present, the nost
effective way to fight the condjtions ass? iattﬁd W t h d
met aBspwe fagiem Sift 4% RGN OF PBECle AFTOGFGo it causes an
exerci se and | osing weight, an di,etary control,. Al
tregtmenhef metebalistsyngrpme sclyde phy sl ¥retish, 3}%963’ 8%%?“&%’6 body
share in comon the fact that they L cilitate.ener
weightahgads glucosey striglisemde deyelsn chalestiro gﬁveﬂﬁ SR, ﬁﬁflg%‘?fe’
of surplus ener in the body |eading to prevention of d
adipoaeatip, IepEBURMPRIAcBHty, BHcharBOMSHOL 3 SHTPET, REAERE SR
processed foods and fast foods, conpared to
iniviveuhdlomyl €ToA. enneentiatien. sur pl us energy i s accunul at ed
in the formof fat and thereby becones an underlying .
causeitofreseat, i theisnait sfegive wayctou@ehigtheerondisiony, associated “with
di sorders. Effectively elimnating such surplus
metalesligysyindroomnisi kierved toa bergetting thare exexsisej and peing weight, and
nmet abol i ¢ di sorders. Increasing netabolic activity is
distaseadrial. tAll efff the toredtywaisi ofi Dghtting mefeboliss syndeqreg, share in
For this purpose, it is believed that there is an
coags@ntheabctndedthbpfacilitate energy metabolism, thus resulting in maximized

consumption of surplus energy in the body leading to prevention of energy
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 disorders.
Effectively eliminating such surplus energy 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 a central apparatus of energy metabolism and activation of factors involved in
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inhibition of fat synthesis, inhibition of

gl uconeogenesi s, facilitation of glucose consunption,
facilitation of fat oxidation, facilitation of

bi ogenesis of mtochondria which is a centra
apparatus of energy netabolismand activation of
factors involved in -3 netabolismactivation.
Activation factors linked to pronotion of netabolism

oot S, AR R G AR P
toEgramile, QR gl pigii K (MER)IRRTPopleI IRl Fagdopes
rosspon A CEREHTACh L G G s e | B LI S
it et 4T S e P O 2
AR aBT o PP o THACK D wbGh Pl b impeet gl o

tissues and myocardi al tissues, AWVPK pronotes nuscle
engigi mpesabolign.  and thereby facilitates uptake of
gl ucose, which in turn actjivates G.UT 1, or induces. .
mi gr Svcty factsrs genformy the folowsipg anain FORHONSHR SOPISY FPEARYIS™M, I
of insulin action, resulting in increased transport
relgtionyiopeahwlicdisordesst | s (Arch. Bi ochem Bi ophys. 380,
347-352, 2000, 15 J. Appl. Physiol. 91, 1073-1083,
2001). After increase of glucose uptake, AWPK
activates hexoki nase, thereby increasing flux of
Lgl ycdripecameshbdisnpr ocesses and si nul t aneously
i nhi biting glycogen synthesis. It is known that in )
nmy ocdn divatle tissnes end myoeardig tissieheMVEK ppmRtes dyselgtcgatraction
6- phosphofruct o- 2- ki nase (PFK-2) via a i
andhtherpbyo fagiltesomptakeonteglvoose, twhich wsturm aqtiyates CAATT Vo ipguces
of a netabolic cascade |eading to 20 increased flux of
miprytioaraf tGLET dston a(fasmia mBinbiane, Tegardless pf 1mBYn aghwp yesulting in
addi ti on,
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 phosphoenolpyruvate carboxykinase
(PEPCK) and glucose-6-phosphatase, which are enzymes of gluconeogenesis, was

arrested by AMPK (Diabetes 49, 896-903, 2000), indicating that AMPK independently
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activation of AMPK in the liver inhibits rel ease of
gl ucose from hepatocytes. Meanwhile, it was confirned
that activity of phosphoenol pyruvate carboxyki nase
(PEPCK) and gl ucose- 6- phosphat ase, which are enzynes
of gl uconeogenesis, was arrested by AWPK (Di abet es
49, 896-903, 2000), indicating that AMPK i ndependently
-4 inhibits rel ease of glucose fromthe Iiver
. regardless of insulin, thus bejng iLnvglved i.n. . .
inhyfs FlRRse g Satcots BoR tGf it wemgiray of Ul de Bing imygived in
Bi ogenesis 5 One inportant function of mtochondria is
n“ﬂﬂhgﬁﬂﬁﬁmﬁﬁ%gﬁ%ﬁﬁgﬁﬁ¥e phosphoryl ati on, whi ch
converts energy produced from fuel netabolites such as
glucose and fatty acids into ATP. Functiona

m tochondrial alterations may effect pathogenesis of
2. degeNEtoghpndrialiBiegeness associ ated with senescence, such

as diabetes nellitus, cardjovascul ar di seases

Par kOns oimporting e fiseticth dofs aritachonite it i 1P (R Oy ofidative

10 Cell Biol. 15, 706-716, 2003%. Petersq{é, et c}l{ (”Q
phegboirtienseltich canverts anepgy mrodssd fam fusl apsigbolifes spclyas glucose
oxi dative phosphorylation functions aof mtochondria
ande Fastynaaidenédo b TPabobendionali mitopkongrigle AAtratiensy Judt i §ifpet
the possibility that deteriorated m tochondri al )
pafhopertesis rofi deganquatiiadibessqsaashesiaterl &Vithaisaescacei FaGh s diabetes
resi stance syndrone. Lee et al (D abetes Res. Cin. |
méMims} cardi@vasabdr-diGases, \R@linsania/diseasmdnidrssaide derpgntia (Curr. Opin.
decreased 15 mtochondrial DNA content in peripheral
céil Bad, p3,et06dHs, £003).deRatrspyehel (HeicgcaB69.e5L40mdpRi 2Q03) has
Bi ogenesis of mtochondria in nuscles is known to be
represduhsicxidatian phesphpdylatien femtivnoel initoskondtie wereaheakeaed by
activity of oxidative phosphorylation of nuscle cells,
abofit HOBr mathe ckldeylyr swdgestinguihe qrossitgjlityditepl deterioratgd dnitochondrial
exerci se. Meanwhil e, peroxisone proliferator-activated
fuh@E@PIsOd peAabe padrgtiiy atwe of insulin resistance syndrome. Lee 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-1c) is known to be a co-activator promoting transcription of nuclear DNA and
is known to play important roles in glucose metabolism, mitochondrial biogenesis,
musele fiber specialization and adaptive thermogenesis as main functions. It was

confirmed that increased expression of PGC-la facilitates an increase in the copy
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20 la(PGC-la) is known to be a co-activator pronoting
transcription of nuclear DNA and is known to play
i mportant roles in glucose netabolism mtochondrial
bi ogenesis, nuscle fiber specialization and adaptive
t hernogenesis as main functions. It was confirned
that increased expression of PGC-la facilitates an
increase in the copy -5 nunber of mtochondrial DNA
and mtochondrial proliferation (Cell., 98, b2
rumbiogt mitechidrisl Gy et Tapopel BRIy Beils 124
and UCP-3 in the nouse nodel results in a decreased
19%)nber of adi pocytes, increased nmetabolic rate and

i ncreased 5 oxygen consunptiop, and t -2 and
UCP- B vysts sygasste ﬂvbﬁYeawm@P%Of ‘ACBﬁeﬂn&w 8%5?‘]5@8@% Hedel
obesity control (Nutrition, 20, 139-144 20%;1%. Cﬁ d
resginin ol degteatedtnumben ob pipasytess Bicreasrg metaholifefatia AR fRcTsase
whi ch AMPK participates in fat nmetabolism 10 ﬁNPK IS
oxkgeovwonswnptiogy ¢ad HrsSPERTyAndt VER-3oplay @Bt ippog role 1n encrgy
car boxyl ase which in turn _inhibits faSty acid
megahotisre shd obashy sonted (Wutritien, 20y 1§8dA8aX9)-i nt racel | ul ar
concentrations of malonyl-CoA that is an internediate
in a fatty acid synthesis process and is an inhibitor
of carnitine palmtoyltransferase I (CPT |), |eading
3.t 0 pCombtel affabinefadwliymaci d oxi dation. CPT | is an
enzyne essential for a process wherein fatty acids |
ent eReferfis boadmechagisn h5whicle AMPHi pesticipatesdin £t Kagahelism,
to be nodul ated by intracellular concentration of
ANRKOiS nowEad induce ahickpherylationnpreetd-Godo emrberylasa ylieh in turn
activity of HMG CoA reductase and gl ycerol phosphate
inkibid fatty kY emieeis,(GRAESyling indocedsddnintracsilaler eensentzatigns of
triacylglycerol synthesis, through phosphorylation
mildnylBlo thatk amintarfnkdiaBin AatBP &Y synBESi2 prokessAqmglis an inhibitor
Physiol . 92,2475-2482,2002). Meanwhile, it was found
oftchatitinR Gainvitdyledms fefas@VREPT 1), leading to promotion of fatty acid oxidation.

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 vive. Neil et al
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20 the liver inhibits the activity of pyruvate kinase,
fatty acid synthase and ACC t hrough phosphoryl ation
of carbohydrat e-response-el enment - bi nding protein
(ChREBP) (J. Biol. Chem 277, 3829-3835, 2002). As
descri bed above, activators related to netabolismare
known to play central roles in energy netabolism of
gl ucose, protein and fat in vitro and in vivo. Neil et
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characterized by insuljn resistance, obesity. .
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e s PR Ob PrEE 6 1% DPRdL dRyHS ML i
that a common feature linking the mul tiple . 1
megtifesiating off artesiopejeragis é@ma&bmﬁhwei\ﬁ?ﬁkﬂwﬁ feptypg linking
fuel -sensing and signaling network. |t S .proposed
these anultple Abuymelites iadywrenatian of AYEKMalonyl-6ré f"ﬁﬁseﬂsmg and
cellular fatty-acid nmetabolismthat in turn cause . .
sigriating mafwoirls.pi I8l veas cerapased ithsh suehe Aysieeaation yleads o; ?‘jEFF“QH%l m
ultimately di sease. Evidence is al so presented.that
cellalet fatty-ackiametabolisot thahinetumyraKseatiaormal L, ageunmulation, cellular
mal onyl - CoA | evel s mi ght reverse these abnornalitfies
dyafinicom dnd nimatelyp diseasnt  Evidence ris nelesc dupsertpd) that factors that
Cenevieve et al (J. Biol. Chem 279, 20767-74, 2004) .
adtisate AMPKrdngcbrirbditce malonpl-oiolevas miglekeyansd thesesabnormalities
activity of an i NOS enzyne that is a inflammtion
arieghdbmes omprevenothem frovh bamrangor y condi ti ons or
endot oxi n shock, including obesity 15 rel ated di abetes
and tdeisvievd let b (Bf Biett Cheen. {259, GOTEH Ui 20§4hbave reported that
medi ci nes having a mechani sm capabl e of enhancing )
adtivatidn Bf FAVIBKL inhitity . actinitypdfliahi IQS tehzymen ghae is ep drflagynation
that inhibition of i NOS activity is effected by
R&ihioY & ichibnef infiiifat@n Gotiditicnst dti endbionihi stppck, including obesity-

related diabetes and thus will be effective for developing new medicines having a
mechanism capable of enhancing insulin sensitivity. In addition, they have reported
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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is clinically applicable to di seases such as
septicema, nmultiple sclerosis, nyocardi a

infarction, inflamatory bowel diseases and pancreatic
beta-cell dysfunction. Zing 20 ping et al (FEBS
Letters 443, 285-289, 1999) have reported that AMPK
activates endothelial NO synthase through
phosphorylation in the presence of Ca-cahnodulin in

by PR RE QB o CATRS T ProLats ed%aﬂge%f:%r%}"‘ésﬁw of genes
im%' e.mil sl ahosaiy dpoeatpest gud e e BoGled b ppc-1a
s P o °°“?%9%%%Fs§%§?; m%’%u%rf?fgéﬁf’idmé@%‘m
A e et e e
ang Rumes Pl e dobstas e b ooy S FRrgRL *’i%bﬁhvg%&“

2003 have reported that decrease exp{ es
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regiftanrietand futhermere, in 8 mpinscanprsafimaiabolie syndiomk e and
furthernore, is a main cause of netabalic syndrone.
The piihe peasentiimentoravasrieskaul peektensive searehfog gligrgpiiyating
for nmetabolismactivating drugs, based on the

dragss bayetli contht assumptive e insatexiels activating metebaliom Wil by pifective
be effective for treatnent of netabolic syndrone

fotliteemmas of arethtakic ayndremk tdisehses,candoasf & mesuld, hawet configmed that
tansbi none derivatives are effective ingredients for

tahdbexiomp derfivativesgea tfective ingredients for therapeutic agends.

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
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SUMVARY OF THE | NVENTI ON Therefore, the present

i nvention has been nmade to sol ve the above probl ens,
20 and technical problens that have been desired to be
solved fromthe past. The present inventors have
conducted a variety of extensive and intensive study
and experinentation. As a result of such extensive

i nvestigation, the inventors have found that
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The present |nvent| has been conmnl et ed on ..

{ hes SBEIORRIP 00 o oF BeceseRLiVE{oacE PR o editon for
invention is to provjde conposi tion for 1Qrcgvent 4]+ -
pravrating aad itivglinee PEBEPEC Sﬂ@ﬁﬁ% (FOMPESHEr s 1h § 1oAY © gherecient
effective ingredient, tanshinone derivatjv b
tausbinape t desyapyesperpititing Prepteleche raaﬁefaﬂaee‘ﬁ'f“f %@?@S §f sueh a

such a netabolic syndrone throuqh activati,on o%
mefgbelisosyndrames thyershy astivatipingionpiabeliccadtystors; o agyablast, (4C12
adi pocytes, and ani nal di sease nodels. DETAILED
cale saRadipoapescmdmamaldigensm mpdelsn accor dance with an
aspect of the present invention, the above and ot her
15 obj ects can be acconplished by the provision of a
conposition for preventl ng or treating obesity and
DETAIDED BESCRIPBION () JEJIE f
therapeutically and/or prophylactlcally effective
amount of tanshi none derivatives from Danshen (Sal vi a

In accordance with an aspect of the present invention, the above and other
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 (Salvia
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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mltiorrhiza) extract as an effective ingredient.
Physi ol ogi cal activities of tanshi none derivatives
known hitherto are as 20 follows. Toshiyuki et a
(Planta Med. 2002. 68, 1103-1107) have reported that
tanshi none VI attenuates hypertrophy of cardi ac
myocytes and inhibits synthesis of collagen by
cardiac fibroblasts thereby retarding fibrosis of

car dj fibropla . oi, et al | an e
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confirnmed that tanshinone derivatjv i nhi bi t
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Bi ochem 63(12), 2236-2239, 1999) haveaL orted that

superpiHes o dhereaxhibit anfibastegiahastizite  Kaget GRS Aoy
exhi bit antibacterial activity. Kang et at X

49, B5Avaio BORH)havotepeyed that danshinenegitivatge mfubitRredycipe pt Bl?
t hat tanshi none derivatives inhibit production of

ankLINF2y 30 iramanddyiesy Ko et mir(dvsbyPleasm. Res.e2d, A46(94BcB002) have
Pharm Res. 25, 446-448, 2002) have reported that

repartedthatdmeshitent detivajizes inhibitsneyrestioysrtivity oA RIGAT ¢ yZhsp et al
DGAT. Zhou et al (Biochem cal Pharnmacol ogy, 65,

(BidchBrhijcal FhBimavalogy,r 6hob1-59, 203) haxesiebertadeihat Aanshinone IIA
sul fonate facilitates an electron-transfer reaction in

subfohaie hianifitdtes avaelpciedn-@ansfef Arepétivine i bingpchagduig. &ang et al
Chenot her apy, June, 1836-1841, 2003) have reported
(Arfiaticrdbial Apsii S0CRemethérumt, iJuss §83Hi1BAY, 2003) have reported that
am nogl ycosi de-i nduced free radical formation. Yun et
tanshinone derivatives inhibit aminoglycoside-induced free radical formation. Yun et
al (Korean Patent Publication Laid-open No. 2000-0027306) have asserted that
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 a
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
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al (Korean Patent Publication Laid-open No.

2000- 0027306) have asserted that tanshinone
derivatives are effective as a therapeutic agent for
treatnment of hepatitis B. Sohn et al (Korean Patent
Publ i cati on Lai d-open No. 2004-0084482) disclose a

t herapeutic conposition for hepatic fibrosis or
hepat oci rrhosi s, containing tanshinone | 20 as an
effective ingredient

.. Hoyever, none.of,the . ,
drygbeateEnBich e S IR S R OV Biptrgiey Rpebingne
suggests prevention, and treatnen f obgsity .and ..
SRRl FE PO OB 4310 o U NSRRI G (AR or ond
AVPK, as in the present inventiqn. The tanshi ngn
pherapthyepeidgekativimi cre l?a@{Yuth GoFESIan i aoipats T e present
ingredient in the conposition of the present . .
inventg;@heqr@nﬂsew@ oF MERgrSOmpo strRed ﬁOIBdﬁ% BEEP cqpsifting of the
as crude -10 drug substance, sych as Salvia
abpermensioned gerivativespad Bystres thersebt anoi des. Tanshi none
derivatives are broadlg divided into . d
t et r Rrefernldphiée detrahy digpheganthizhe dER@UNH IS OB H IR FRpRPUNdS
derivatives. Preferably, the conposition in acco danCﬁ
selaited fromethe grovip wonsisting of civpiotanshipemedEermytia lb%ndnta?%m‘me A
conpounds selected fromthe group consisting of the 5
(Fatmmle2)rent i oned derivatives and m xtures thereof.
Preferably, the tetrahydrophenanthrene derivative is
[Fomml®it] nore conpounds sel ected fromthe group
consi sting of.cryptotanshi none (Fornula 1) and
t anshi non
2] Preferah e\phenant hrene derivative is one or
nore cg 5el ected fromthe group consisting of
it il a 3) and 15, 16- D hydr ot anshi none |

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).

fFormula 3]
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15 (Fornmula 4). [Fornula 3] CH3 -11 [Fornula 4] CH3
Tanshi none derivatives contained in Danshen (roots of
Salvia mltiorrhiza) are conposed of 0.29% tanshi none
1A 0.23% cryptotanshi none, 0.11%tanshinone | and 5
0. 054% 15, 16- di hydr ot anshi none |I. As the main

i ngredi ent of Danshen, the tanshinone derivatives are
di t er pene o-qui none conpounds. A bi osynthesis process
of these conpounds is carried out by biosynthesis of
[Rorppledd anshi none from diterpene and ~bi osynt hesis of

t anshi none dsrivg%ives of Danshen such as tanshi none

HA, 15, 16- tanshi none | and tanshi none |

t hr ough 20 vey processes such as 10 denethyl ation
or dehydrog ' of cryptotanshi none. The present

i nve 5 haye found that such tanshi none derivatives
acti wa abol i sm and t hereby pronote netabolism of
gl ucose, proteins and lipid in the body and also

i nhi bi 44 at accunul ation in the body, thus being

capabl e of treating netabolic syndrome, These findi
and Tanshinooa deriviaivestrontained is Pansheri Tpefs 6f 61’2‘1”1“%’” iorrhiza) drc
foll owi ng 15 exanples. Specifically, the Presen

coimpusedtcf 2 teashinens L Ad0-23% arymotanshinene0.1k% ianshigeng.! and

derivatives on activity of metabolic actjvators and
0.854p% ekssisadinphopndimenasl.ands deneeain ningipdisnhaf Elapshen, the
(C2C12), and suppression of cellular differentiation
tamshinone éatiafromsyaredit(iTie-okquinme cpmpomds.c| A bjosyrbesisprgcess of
result, have confirnmed that such conpounds exhi bit
thes @embeuntids ietanidal dut by didsyathéstrof ciptatanshinens em diterrsng And

the effects
biosynthesis of tanshinone derivatives of Danshen such as tanshinone IIA, 15,16-
dihydrotanshinone I and tanshinone I, through oxidative processes such as
demethylation or dehydrogenation of cryptotanshinone.

The present inventors have found that such tanshinone derivatives activaie
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 (C2C12), and 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
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20 of tanshinone derivatives on protein and gene
expressi on, such tanshi none conpounds may exhibit
superior activity on netabolic activation, alone or in
any conbi nation -12 thereof. Sinmultaneously, the
present inventors have confirned that inhibition of
fatty acid synthesis, facilitation of fat acid

oxi dation and expression | evel of mtochondri al

bi ogenesis factors correlate with styuctures_ af...
thercahs Fimalimicasiy, fhe PSS! it REIPS BV RCORTRES Higp GUR e ghof ft
accordance with the present .invention.is C ri.sed.
aci Ry Facifitiont of e RGHG At A st S TpesRaal
the group consisting of cryptotanshi none, tanshinone
biopéntsis faetrshiporoalate with suctwes el tapshipgroteaeiYSone 1. Such

a conposition includes all the cases ag follows: (i) .

ConpBlsireforsn the rmoaipasitien dﬂyiﬁcﬁﬁd%h%n%‘e aEref??gﬁlﬁﬁé#on 15

ingredient; (ii) Conposition containing_tanshinone, £
cotprised 9T bhe omapre tansineds derivativesgrelepted Yrophihp SEHP; GRSISULE ©

contai ning tanshinone | as the main ingredient; (iv)
cryﬁmmshihoﬁeotanddmraiIm,ﬁglsl.liapll@[?dlﬂﬁdﬁd’ﬂlﬁ%w?fﬁ ng t as

the main ingredient; (v) Conposition containing

cr y pSathansimpositien trsludbealkthe eases 28 follefy¥ edi ent, and

optionally, containing one or nore conpounds sel ected

f r on(iy Gemgositinm wotdiisg ¢ryrioenshinoan ehiba eén mgredient;

tanshi none | and 15, 16-di hydr ot anshi none I; 15 (vi)

Conp @iyiGdngosition taitaining tanshisérierlbh es the maisingrédic@lsent i al

ingredient, and optionally, containing one or nore

conpgiindempeditint cedtainingandhénoge beghe vl iggtedigny

crypt ot anshi none, tanshinone | and o .

15, 1GviChygositicanshiatmge] 3, 6-ditydrptaghinos { a4 ba main ingredient;

containing tanshinone | as the essential ingredient,

and (@ptompattion copnniing oiypptasenare asohe esentrd ingtedient, and

selected fromthe group consisting of 20 )
opﬁbﬂﬂ%?&@lﬁﬁﬁin@%&ortr@dﬁ Rbm@oends Isélected from the group consisting of

15, 16- di hydr ot anshi none |I; and

tanshinone IIA, tanshinone I and 15,16-dihydrotanshinone I;

(vi) Composition containing tanshinone IIA as the essential ingtedient, and
optionally, containing one or more compounds selected from the group consisting of
cryptotanshinone, tanshinone I 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 JIA and 15,16-dihydrotanshinone I; and

(vili) 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 ITA and tanshinone I.
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(viii) Conposition containing 15, 16-di hydrot anshi none
| as the essential ingredient, and optionally,
cont ai ni ng one or nore conpounds selected fromthe
group consisting of cryptotanshi none, tanshinone II1A
and tanshinone |I. -13 If desired, the above-nentioned
conpositions may further conprise one or nore

tanshi none derivatives sel ected fronthe

O OO L0l e Y DL ARY 8 RPN Bompise o o
i HNNBY | ACTAHOT, LS. B 1y SR hHERS 8ha P
PR BAYBIORANOREe O AP HERC RS RGN ot FBRHLClo( TP
o souan T SUHLARIE | Aupb a0 NORC, i, 1

significantly increaseggby conbi nati onal use of two or

dikisiretagshinops band taespoan L. * Such a signifi cant
synergistic effect was not totall redicted.and . it 10
nas Mlers ssenrisingedbe MERSCR JBHETERTF dFe i i iy Egpancenient
regardl ess of kinds of those four anshi.no .

et of sUPRShiTAES SRERened o BEHn T I GRydrpigoshinone I
above-nentioned  conpositions, conposjti onsﬂg\% £

ot AMRIG ity is jsigaificapidy inceoasedr iy, cqspiapatiopd] pise B&LiRTR ©

exanpl es of conpositions (v) through (viii), neq}iog di
thamycobponmdse Such 4 signifieant Wf@thpgt‘ect %rﬁgbgqt@y&;e icted and it
conpri sing cryptotanshi none and )
waSalt6 cifiryed thatrmsibl effees was exhibitedryesdardlesnofciingdt pEhege four
crypt ot anshi none and tanshi none |1A; - qugosition )
tansiigrmies deriyativess hi Therefore,| Amangl cDBWbirgtions ¢l rtse AveKT-HsHEoned
I'; - Conposition conprising tanshinone I|A and
cémmpBttiongremippsitions (v) through (viil) are particularly preferred.
As specific examples of compositions (v) through (viii), mention may be made
of the following:
- Composition comprising cryptotanshinone and 15,16-dihydrotanshinone I,
- Composition comprising cryptotanshinone and tanshinone OA;
- Composition comprising tanshinone [IA and 15,16-dihydrotanshinone I;
- Composition comprising tanshinone IIA and tanshinone I;

- Composition comprising 15,16-dihydrotanshinone I and tanshinone I; and

- 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.
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- Conposition conprising 15, 16-di hydr ot anshi none | and
tanshinone |I; and 20 - Conposition conprising
tanshinone | and cryptotanshi none. In the conpositions
as nmentioned above, the ratio between the two
ingredients is preferably in the range of 10:1 to
1:10 (ww), and nore preferably in the range of 5:1

to 1:5. -14 The conposition of tanshinone derivatives

cont %egonaop%s B WeAhdoti BE YeiloRGes ERASAGTin Rl Y Rbling

dlfferen rlbut ons epen ng upon t I ng

%Hl cgff&%ﬁﬂ cﬁgnf) eF}F ?1? IHJ% 'tﬂtgh&k}gs g season or

one synergls necessary

Lp ggxe tbo% JoPEL IR erf0RE Shﬁdv%%@%héﬁ Agh e cffects, it is

Ive exert-e

neces.e LS9 ﬁélqu?e! ﬁﬁmg rgéﬂ al cg)-lqn%{) anslﬁl%% béﬁrggﬁ]{aﬁglﬁn&@\ﬂ@mvauves so as to

I none aerivatl ves

%ﬁ?@?%’cé{?ﬁsf St bt R SRscl ARk bR Allfimed offcots of
e e Gaves oY SRR biéyc@ %4‘19%" Do}l o coapppigrstics
AT i T 21' feﬁ%%%reﬂﬂ%%#’?‘%%%? v eByohoRRlE (RfghhE e
R R R AT B g e
of A efRRIRe B HErin S RBean i i eaRRE S ody preighy, fud
B e P@@so%%‘a%%wa @E{w&ﬁg SR vaant v ene

preferably rlse bof h deriyatives, the preferred
Rombi ARCESHDEhEPeY @51@% ﬁ%"éPPSHH’? Beageprdapge wigh g, present
of 10:1 to_ 1:10 (b wei ght nore preferably in th

inveRfipn eTMDTIsE Qn§ O @oreaemnpqya@& Pt frgmyther &P |°9nﬁ1%ﬁm8 of
the range of 2.5:1 to 1:2.5. Preferably, the
tetrahydsphenaytirena fierivaives oandi whenapiens npesmativese offdajpgeferably

bot h cryptotanshi none and
comprises both derivatives, the preferred combination ratio therebetween may be in the

range of 10:1 to 1:10 (by weight), more preferably in the range of 5:1 to 1:5, and
particularly preferably in the range of 2.5:1 to 1:2.5. Preferably, the
tetrahydrophenanthrene derivative component contains both cryptotanshinone and
tanshinone ITA, 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
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tanshinone Il A and the ratio therebetween is in the
range of 5:1 to 1:5. In addition, the phenanthrene
derivative component contains both

15, 16- di hydr ot anshi none I and 20 tanshinone |, and
the ratio therebetween is in the range of 5:1 to 1:5.
The present inventors have further confirned that

t anshi none derivatives have very superior

obbP grhx‘iﬁ%?:hbcﬁel 8 ghé h:g rap %}dbcrm%g fa? ﬁl‘i)aelocff J%E%iﬁ?cg!aﬂe‘fes, and the

syndr o rou xtensive [ Vivo net ! _
D?%S@‘E“%Eﬁﬁ‘%?glﬁ% ‘°e‘§a%;§8$’ R £y The db/db
B e

o€ Bltinork B ROHRRSL O A PHENSIL B At and ron

I'C Ssyndrone ans

Al MNP S8 B o
I cte

th
"E%ee%a'slg 8t as ot %&fﬂ?%%ﬁ%&% fix Efeny b 8 fishasgy esgpﬁi%f??fwh
seas s _assagi ated w Hpe .C S dro %b 5
BN T ﬂmﬁmaﬁl}evcsmﬂ ob, {67 | RERRR s 4gTe, melabolc
TR ol ORBRG BB e, pRisrl Jenil Cp pRtisey US Gpo v tanshinone
ti,onal m xture thereof as the eff tlve |n redi ent,

STt Lot O 87 AP FOPAER dheTeRl RSt 1 SHEECio rmgzedtent, and can be

syndr onme- pr phyl actjc and therapeutic ent, . )
frnlatidc ft 6n m?taa% éﬁﬁ%{@@ﬁtﬂrwwlayma@eg ﬂ&fﬂpsutw agent, in
carrier, if necessary. 1. Pharmacol ogi cal Properties
cempnctighyih .atph@mapwtla@bbaceme GATHeE, HpecosTaBE ent

invention is useful for 15 prophyl axis and/ or

treatnment of clinical conditions associated with
netabollc syndronme. These clinical conditions

1i ncl uBkarmagelogical Propextiesi t ed t o, common obesity,

abdom nal obesity, hypertension, arteriosclerosis,

hy per Tlies gptnpesition, Imwm@ﬁny@ewﬂa thet present| invention is useful for

=

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 II
diabetes mellitus and dyslipidemia 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,
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di abetes nellitus and dyslipidem a characteristically
appearing with insulin resistance. Dyslipidema, also
known as the atherogenic |ipoprotein profile of
phenotype B, is 20 characterized by significantly

el evated non-esterified fatty acids, elevated very |ow
density lipoproteins (VLDL) triglyceride rich
particles, high values of ApoB the presence of

1, d I d it t ;
o5 R o BB b R v
and | ow val ue of hi ty I | roteins

wschs ) R PRI ORI PR OFUR SR, 4T (el hlgeny, o

conp05|t|on i n accaordance mn h t he rese i hven
hynesriglyseripisghdngp O havie, potr givet SIS %f’?‘ °nﬁ%“‘f‘°‘ge and

suffering from conbin sllpldema or

s@ﬁg@ﬁ%#ﬁ%@ﬁ%%ﬂﬁl&%@%&?ﬁé ‘not ot her si gns of
nmet abol i ¢ syndrone and suff fromvari.ous d re
of d¥hkg qmRAsition lraﬁqcefdan% ﬁlﬁ PF%PS“‘C’S s gHPer to idve
accordance with the present invention.is ect eg d

antfrinflemraairy - PRPFEPFTARG Ao Y m‘frl SHBHOXSCIRE gngt \%EF an
t he cardiovascul ar norbidity é& nDrtall associ at e

mopfality asseciatech séthearigtpssleaqpis 1 Wy SysHipideay a. ﬁﬂﬁe%aé oVasGilar
cardi ovascul ar di sease conditions includ

dismase r oorditiging paelhiie snagto-angiqpathies; pf FAHGHS H&tﬁ%ﬂsogﬁ% chgsine
nmyocardi al infarction, cardiac insufficiency

myveardhal onfasstioharardipe e@wﬂimy,p@rﬁtm@swlarlétS%ﬁS? &of ggetipheral
insufficiency of the ower extremties. Becausge of

artediei insuffisiehdynofs tesowey extremitiest e Beeause 106 teeirminsulin iSeRFitizing
the present invention is also expected to prevent or

effiett ahelcdnymsition of thepsesert itryeption is atho sspactod torprev PRl rgtgrd the
nmet abol i ¢ syndrone and devel opnent of diabetes during

préregneneye Thiisiedesr mellitiseinc mebsli¢ isprirohe tand drvelopment of
invention is also. expected to retard the progress of

digHefed diring preplanct | Thesefars sthe bahpusitisntod thel presiegbinvargion is also
hyperglycaem a in diabetes, for exanple, the

exPectedO t et P eHeh b@gresa i digonie ramplicaions associated with clinical

hyperglycaemia in diabetes, for example, the micro-angiopathies causing renal disease,
retinal damage and peripheral vascular diseases of the lower extremities. Furthermore,
the composition of the present invention may be useful in treatment of various
conditions other than the cardiovascular system, regardless of association w1th insulin
resistance, for example polycystic ovarian syndrome, obesity, cancers, inflammatory
diseases, and neurodegenerative diseases such as Mild Cognitive Impairment (MCD),
Alzheimer’s disease, Parkinson’s disease and muitiple sclerosis.

The composition of the present invention exhibits inhibitory effects against
development of faity 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
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retinal damage and peri pheral vascul ar di seases of the
| ower extremties. Furthernore, the conposition of
the present invention may be useful in treatnment of
various conditions other than the cardi ovascul ar
system regardl ess of association with insulin

resi stance, for exanple polycystic ovarian syndrone,
obesity, cancers, inflammtory 20 di seases, and

neur odegener ati ve di seases such_as . MIld ni.Li ve ..
exqlentofite e rselular) prevenfing ot Fe3tng ity é%{%fe'i‘“dgﬁ%%%f‘ﬁ% 8 to lipid
di sease and nmultiple sclergsis. The conposition of the
dysmetabolitm of glephqlisand Ren-glreholic H¥bi t ory effects agai nst
devel opment of fatty liver (hepatic §1e tosis).in the
| i veFheappmpgsiionaitthe pregent MVSRHRPYATGR 1PKF CHaRASIOR AP §&7OUS
thereby playing a role in | owering, concentration of
tisgues. gl Ty cddisionalt ¢an ey fak confent @nd) tipg ap aﬁ'ge‘f’@}f“efpé?ma
preventing or treating fatty liver and hepatitis due
chcblcstetrbkﬁndmwmeaﬂé@vﬁgm of al coholic and non-al coholic
l'iver. The conposition of the present i nvegti on vaH\Ias.
| i pi @he ovmppasitionoef the peant dnrsntien isshgetive for formafiph AT NY »
can vary fat content and distribution and al so reduce,,
endithaliah cells atdothes isexsiectsd to be uarfyl for yeienting gy Bpaling agdiac
conposi tion of the present invention is effective for,
dideasenptasaarodisddees, hypesienorhatd etectde |dysfungiipnt hig hygertension-
expected to be useful for preventing or treating )
cansiigliismsestineatormay basedd off caliarcngificiernypmyperidiplnfagsiign.
erectile dysfunction. As hypertension- causing
ruptufRA SRScerd Rt abtar Bpsferhahioatiesinanddddntiyagmage.
I nsuf ficiency, nmyocardial infarction, 10 rupture of
the cehebsmpesiol dthepeseatrinvedtionrihe siaeriah dli¢itiogpipmotion of
danage. The conposition of the present invention is a
fafPhSA bRida®dd SidtdnBEy RoMMIpLoN inpdistalf tisstos ead itbrebyi il axricoted to
and energy consunption in distal tissues and thereby
bl 1K RRGEcRng 6r prétentisg bothmbobbésitg ahd algo ar reprovingripéaliged fat
comon obesity and also in renoving |ocalized fat
deposits such as subcutaneous and abdominal 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-
diabetic 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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deposits such as subcut aneous and abdom nal fat.
Accordingly, the conposition of the 15 present
invention is expected to be useful for delivering
drugs in the formof ointnents, patches including
anti-inflamuatory patches, and creanms when desired to
renmove fat fromparticular regions where fat is

| ocal | y deposited, such as renovi ng subcutaneous fat

fro r ot uber ant rts of .the.eye-1ids, .ar hi .
abdoih PP i prostnt yn e e apisRadtas piddibss,

exanple, cellulite. 20 Eurther,,the conposition of .
WGP BG Bt FRe Rt roresy? 0 Lot R i Bt thdtes
agent by lowering the |level of bloqgd glucose. In .
cORURTOR GH, T B Y BT S AL PR pProved

the present invention jnprqves decreased sensjtiVvid V. .
logai{e ERPAFLY £ PrksaL dBPLORTT ROLEGen BBy RE Pictgy piddbdivity,

insulin. -18 The coppositiqn of the present inventi
fafigusrrstavsTynincEesfsndiar BPWE: BYRFeE O led?‘h"eer Si’a’?s {hﬁ%".@gé‘%"?%aec‘

active capacity of mtochondria and.at the sane.ti

a1 0 BOVE GRSV SHERSt SRS (0% SRS rafegisn B peteBie e
tissues, thereby resulting in inproved |ocqnotive

compesitipn i expechsktp bp efective forfigp LAY CFEEY npr oved
energy productivity, 5 fatigue-recovery, incr d .
vi t alAspdivasses thaigmay bereaeyed HYireative exlé&e}/le?gm?% ﬁg‘i@h mention
increased ability to renove reactive_oxygen ﬁpe%1%§

maReeyadaef the fadlopang: aderosclgrogisy diahetes gpellitps devrological diseases,
conposition is expected to be effective for treating ..

kidnevedissasesc benatacirapsisaerthritise Retinopaths of Ragmpfuritys QoW g‘iﬁm&
reactive oxygen species (ngg, mention _ may be made of

senfle cétopetosiineffech disenders Sy irediefherapy. fronshinkdamagp (dpg fsmoking,
neur ol ogi cal di seases, 10 ki dney di seases,

sitie plico disprdesshyscarcinostatictagsnts, Retcbrab pdanay 1estg edema, foot edema,
Prematurity, ocular uveitis, senile cataract, side ,

caeébiraldnfactitiony lbarcdytivyanesiti, ptdgenia gpilepsy,ohlehdinmer’ ¢ divease Ioemn’s
to snoking, side effect disorders by carcinostatic

sypdemies Craharsaliscabe @deontageh disgasedenn, foot edenm,

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 intolerance, type II

diabetes mellitus, dyslipidemia, cardiovascular diseases or hypertension, in particular.
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cerebral infarction, henolytic anem a, progeria,
epi |l epsy, Al zheiner's disease, Down's syndrone,
Crohn's di sease and col | agen di sease. 15 As nenti oned
above, the conposition of the present invention was
shown to provide beneficial effects for all of the
above-nenti oned conditions and di seases, by
nodul ati ng gl ucose and |ipid honeostasis. Therefore,
it can be seen that the conposition of the present
invention is a suitable material for control of
metabolic syndrome. 20 The present invention relates
2. to Rharppcenticd BySPHALOBY preparing a pharnaceuti cal

conposition for therapy, and/or prophylaxis of nmultipl.e
ot SibsicomposeRarionereysing Bat featp beithol sypdiape gmpliside

met abol i ¢ syndronme characteri sticall appearin vvi,%,h.
tanypineae | desiyativies As athe | gftpative, ingredient AR ,revgsﬁgﬁ ;}:,feag prrRpolic
i ntol erance, type ||l diabetes neILiIg%, %ﬁﬂk&pideniab
syndrort (eough wetvatiah of meebolismp gise g ilsis isliey they can be
particular. -19 2. Pharmaceutical Preparations, The .
developprb st Vasious fdovgspifasy 8nvaristy ah dliteases ?Sﬁ@lfﬁ%‘{o Al jrpetabolic
syndronme conprising tanshinone derivatives as the .
synéfciect i The comgpasitioan forcpreventiop cnd tgrding rBakRbole spurpge in
5 syndrone through activation of netabolism, and thuys
accbtdahe Idthi the epreenh tinvetign camptises dbe cibepementongd fagghinone
drugs for a variety of diseases associated with .
derivatiedsohd the sffetiveningredint, aodpuasi be formultatedy insq ethe jmggabolic
and treating nmetabolic syndrome in accordance with_
syrdR@ndPprepeyictic e rthérapeutio mperit siasconfvactidiowh riepharmaasytically
tanshi none derivatives as the effective ingredient,
accapdble amrribe if ecessdrat ed into the netabolic 10
syndr onme- prophyl acti ¢ and therapeutic agent, in ‘
conj Ynsiithisle dekd bf tepplarmmestidal canpositicacafethe givesent invention
carrier, if necessary.

may vary depending upon various factors such as formulation method, administration
fashion, age, weight and sex of patients, pathological conditions, diet, administration
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 tanshinome 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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A suitabl e dose of the pharmaceutical conposition of
the present invention mnmay vary dependi ng upon vari ous
factors such as fornul ati on nethod, adm nistration
fashi on, age, weight and sex of patients, pathol ogica
conditions, diet, admnistration 15 ti ne,

adm nistration route, excretion rate and sensitivity
to response. The pharnmaceutical conposition of

nmet abol i ¢, syndrone- prgphyl actic .and therapeytic agent
fof TR MR 7 RN e PHn PRGH GAGHE and
t anshi none derivatives as the,  effegctive ingredient.
cappidcs: RS hFIROPIEPEER {aPIUBE TEIhiIgES AFHVHIEE Yl QFa0t more
oral or parenteral routes upon clinjcal . .
exgipients, Suchas istsrrDa pRICIERFARPENZIS SHCTPFF, [fStoss and Belting  Lbmgsting
phar maceutical formulations. That is, the conposigion
agents a6l rag amegnesiiimh stearate Fdsialer may sonbs FRedregrogRt for simple
adm ni stered by various oral and parenteral
excipianis. atAsomuid drewlatigns for josal | adeynisiratian, MERHO ey bF mye of
When fornul ating, the fornul ations are prepared usigl%11
suspangions, isolwtipng for Interpal age rrslsiengaad gEpRs. IR ARG to generally
agents, wetting agents, disintegrating agents, _
ustil| simwples diluents asicBuns avaternend luideargfiante abgyg-gentioned
formulations -20 for oral adm nistration include, for |
foemalationes, canadsingtin vagiius| excipisoisd & scxagiplentetEisg #gents, sweetening
capsul es, and are prepared by m xi ng tanshi none =
aghets \eatrnatizs wid hpresevaidvesnp formelgiionsi &t pareripriah agginistration
starch, cal cium carbonate, sucrose, |actose and ,
ingkklatsterilized: agueras isntytionsy ansiquessh salyens.gFusaensians, emulsions,
stearate and talc may al so be used, except for sinple
Iybpkikizédnioantlstiondsind suppositaries. mAsnoneaguedussolyets and suspensions,
adm ni stration, nention may be nade of suspensions, _
et éy Bessell @ropylehe piyadl, prdpgsthydens! ghycoh egatabls il syeh.as phive oil,
addition to generally used sinple diluents such as
infetale e shiloud ethylalarf £ch, Ak beseahmisrialsvfon tsingposidories, Witepsol,
ornmul ati ons can contain various excipients, for
nAXRER, Twest 61, 08cad BetdrslawsyBtict pilyegrol agkgdain mayveaiseds
and preservatives. Fornul ations for parentera
adm nbgdakauhi®may contain one-, two-, three- or four-fold amount of individual

dose, or 1/2, 1/3 or 1/4 fold amount of individual 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 1/2, 1/3 or 1/4 fold-amount
thereof.  Although effective doses of tanshinone 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 adults.
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10 include sterilized aqueous sol utions, non-aqueous
sol vents, suspensions, enulsions, |yophilized
formul ati ons and suppositories. As non-aqueous
sol vents and suspensions, there may be used propyl ene
gl ycol, polyethylene glycol, vegetable oil such as -
olive oil, injectable ester such as ethylolate, etc.
As base materials for suppositories, Wtepsol,
macrogol , Tween 61, cacao buiter, laurin.butter .
'y c OF BRcoRErc iR anoberaPsE oF e Btessr SSBHcH AP foPriiged =
contain one-, two-, three; or. four-fold a nt. of .
hoal{hy; #rdq fuctiopr) s ood, comppasitiony for, preveaing, g0 Jiging getabolic
i ndi vi dual, dose. ,F’refgrabl%a,S an i diyidual.dqse
syadieme: srntaiping igshinons deryativasea el PLCHYP IRPTEHER" i

adm ni stered one tine, and typj.cal corresponds,.t

the tIdedernnimbenlthandiiandions oo d}se‘%ﬁﬂém&lgwf SR?%‘?"“%P% of
or 1/4 fold-amount thereof. Although effectjve do§§§d
thefpresapisiavension 16Ews i piforssinaphick JpRsBIvORG (PRKRLYES are added to
dependent, they are preferably in the range of 0,1
genend fody L ignprate Bingtiemsdheenty danghinoge éWﬂ%ﬂ?%@aﬁéﬁ% a‘f‘\%{) to
be adm nistered 1 to 6 tines a day. Therefore, .
gangra 500ds we mayehd praparedin e forpobenrwes momdars; Fspepsions and
range of 0.1 to 6,000 nyg/day/kg bw, for adults. In |
thaclike. d alntakewiof rsuah ot Hsaltin sind cfumgtionah foprt capatpning tanshinone
invention, there is provided a health and functijonal
dérvativesqupddés bepafidiak effacs\fomtealily and ¢xhibisa pdvegtagey dhatithere
syndrone, containing tanshi none derivatives as an.
afrioesite effectsrgnesdi torproloNiges wse ofidrugs freedush fapdgnaterial is used as
functional food" used throughout the specification of
tHe ri enaparind emlike pareneniionl dmgsrs to a food in which

t anshi none derivatives are added to general foods to

i npr oif & if desiteidan ssd tanshbahe ddEvetivenalithe dresént dnventien ageg food
be added to general foods or may be prepared in the
aflditive, afiess alefuhibas canwdeidded sloagenrsianrts vsed intdesjunetien with
I ntake of such a health and functional food containing
otheh $Hddnen Eoodl ﬁfréﬁﬁéﬂt%e@' PEP\bedesd ppafpriaiell aedfdiding do other
for health, and exhibits advantages in that there 10
cSRnfiéhab irl@h&dst € qliiked st Y difeoliangadediotts ahaydibagsitably
because food material is used as

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 contral, 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

-22-



10

15

20

the raw material, unlike conventional drugs. If it is
desired to use tanshinone derivatives of the present
invention as a food additive, these derivatives can
be added al one, or can be used in conjunction with

ot her food or food ingredients, or nmay be used
appropriately according to other 15 conventiona

nmet hods. M xed anount of effective ingredients may be

sui tably determ ned depending.upon th uy.pos S
depsomyhlint itbipaly CHomRarh P anes B e oyl o
Cenerally, in producing foods or beverages with which

PhapPacsPRGheomBRSIIAPat | ves are ni xed, these derivatives
may be added in an anpunt qf 0.0001 to 10% .b i ght,
oo dhemelsamt arienisn TG dniu o e, hoXERIpgisd ot ' As
relative to the total 2Q vveié%ht of

i al s,.
ARPES OF D00 i Bicb s B EhLIghe SRBVALTeS FEAPSRfefipientin may be

pur pose of health and hygiene or for health control, .
b Of BERAE, HFERTAEET S HhORNTOIRE SRS S HBIEFUIRRY iz
may be adj usted bel ow t he ahove-pentj oned .range.. In
Rexeion, (s, noples et HTBSE Tl CRER Pestsa it ApRin B product
preferably contains tanshi none -22 derivatives faélin
ingludingractisacidchastenipriaanepipd;maiil gnd, i Freamy FEIQUP FOYS, bEVerages,
enpl oyed as a pharmaceutical conposition. Th%ré)e .;ﬂs 1o
tepair drindsy aleolialiei beverpgry 9ad Tt VHERNI, BFREREARY: or@geiiically, as
foods. As exanples of foods to which the tanshinone
extemilescafiheaith frads bentaiingdanshinns derivatyesymenton gy bgfmade of
nmeat s, sausages, bread, chocol ate, candies, snack, ..
hezithffoudsi and apscialfhverie prdnets suchias sauasawhligad, tgaaplly and juice
skimred m |k, dried foods, raw foods, dairy products
niade lofi dinshinbwae tlerivagives ab metreingeediestsme it eddiPRkmERipY Ray be
cream various soups, beverages, teas, drinks,
nakle ohfolk medieines frgedernmchephritisiane ucethritis aptasgetd-at i ons.
Specifically, as exanples of health foods containing
t anshivhemét Hefesivat toves, tamshivtono denrneyivéseoithd epregent mnvention as

cosmetic raw materials, these derivatives can be added by themselves or can be used in
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, packs and color cosmetics.

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

material, or may be synthesized by organochemical methods.
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10 health foods and special favorite products such as
squeezed liquid, tea, jelly and juice nmade of

tanshi none derivatives as main ingredients. In

addi tion, nention nmay be nmade of fol k nmedicines for
edeny, nephritis and urethritis as targets. Wen it is
desired to use tanshinone derivatives of the present
invention as cosnetic raw materials, these

d b dd h
o Koy g Ertihe SRR e o Ratlin BEmpines: o
used

L of
oSSR SRBAEBE P 1 B EPo] B Ml excs,
SR B SRS BB oA BT S P AP BREL B

cosnetics using tanshi none derivatives, these
TeTHBHRE Yb s rray be added in an anount of 0.0001 to
10% by wei g and preferabl e unt of 0.1
5% b §012@<%>ileg fRansheg| 13 extartad, e%*&f' """‘ %°“°?nt‘r"‘%édo and
materials. Cosnetics i Iude ut, are not
theg eopRaiod S Gietipe Raki phitRa mce‘aﬁs# Tohufifn. Orne
cosnetics. Tanshinone derivatives in accordance wt
solufien ip cvaified | g eiGeoPPIRRY Fheomaloaraply iy ol “E‘f’aﬁaéﬁ one
(Salvia mltiorrhiza) as _dried drug, materi.al %r £ ih
degvatiyes. maerprasent Srvenian Bl by dewBbed i misge dctail By WaY of the
organocheni cal nethods. -23 A process for extracting
folewispiexrgresder i vati ves from Danshen conprises: a)
subj ecti ng Danshen to water or organi c sol vent
extraction to obtain crude extracts, b) filtering the
crude extracts fol | oned by (vacuun) concentration,

‘ ION OFcPREIRANINNt . 5 For exanple
Danshen is extracted with net hanol, vacuum

concentrated and then re-extracted with net hyl ene
chloride to obtain a concentrated solution. The

sol utTtherabose pud ioflicedbjects, Saturearsothamadiangses of Hgpprpsent
to obtain pure tanshi none

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 (Safvia 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 GLUTH4, after
treatment of myoblast cell line C2C12 with tanshinone derivatives;

Fig. 3 shows results of Western blotting to determine effects of tanshinone
derivatives on gene expression of ACC 1 and 2, UCP-2, CPT1, PGC-lu and GLUT]I,

after treatment of myoblast cell line C2C12 with tanshinone derivatives;
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derivatives. The present invention will be described
in nore detail by way of the follow ng exanples. 10
DETAI LED DESCRI PTI ON OF THE DRAW NGS The above and
ot her objects, features and ot her advantages of the
present invention will be nore clearly understood
fromthe follow ng detailed description 15 taken in
conjunction with the acconpanying draw ngs, in which:

Fig. 1 is a bar_ graph co ring activity, af AVPK
(ANFEiZC i o @EPDlr SRR EHACS Gibipoan Rz Ra o, extiler
group and control %;oup, after treat qent of fg% bela%itnt of
glueask | uptakien betwzen 1he HEAMCHaFOHR ﬁn% SAPRR Bt F6F 2 a9
extract and tanshi none derivatives; Fig. 2 shows

mypllgsticel ling CAE 2 ayith tnsBineRs FTvefiVest er ni ne effects of

tanshi none 20 derivatives on praqtein _expr.ession of
t ot afigAfiada npcTagrRRl shewARE reaEs @.ﬂ%t?at,s Of famBhinions, gezivRyss o2

of nyoblast cell line C2C 12 with_tanshi e .
adigoyte, adfferonsiatiph ey SREMSTT o5 PEEIRACY e SELLr PP F4# R nith

to determ ne effects of tanshinone derivatives on
tanglenenealepradbiet.on of ACC 1 and 2, UCP-2, CPT1, PGC-la

and GLUT1, after treatnent of myoblast cell |ine

C2C1Pignbtih at gapbhéompasing esshlinbetvieen the dreatmieyt grpupeang control

graph conparing effects of tanshi none derivatives on
graupl inubfliscts gFf umshinonsp detketive onvieedin Fastivita AEsT retseR of

and control group, after treatnent of nyoblast cell
myobhet GAGk2 UG 1R witnehihirone detemtivest i ves; Fig. 5 is a

m crograph showing results of effects of tanshinone |

der i ¥ 7shsworesulls @fdiffects pf erygiotanshinore et dhengesdn bedy weight

treatment of preadi pocyte cell line F442A with )
ovbiafib) dfeR ercaiendny af hv esimal model of abesity, DIO (diet-induced obesity)

mice, with cryptotanshinene,

Figs. 8 and 9 are, respectively, a graph and table showing effects of tanshinone
derivatives on changes in body weight over time, after treatment of an animal model of
obesity, C57BL/6JL 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, afier treatment of an animal model of obesity, C537BL/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 distribution and fat accurnulation in

the livers between the treatment group and control group, by way of staining of livers
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Fig. 6 is a graph conparing results between the
treatnment group and control group in effects of
tanshi none derivative on insulin sensitivity, after
treatment of myoblast cell line C2C 12 with

tanshi none derivatives; 10 Fig. 7 shows results of

ef fects of cryptotanshi none on changes in body wei ght
over time, after treatnment of an aninmal nodel of

obesity, DI O (diet-induced_opesit Lce. W .
tollompe BHAISH GleusRPEO0S OB ARSY el STBIV Bl LeR Phlep obgmice

_&éaph_ and tabl e showi ng effects of tanshinone
wigdmnshizppsdgivaiveshanges i n body wei ght over tinme, after

treatment of an ani mal nodel of, 15 obesity, C57BL/&J
Lep Big/ [Lépisob trhle comppring ehaRess o %‘dd@‘f @ﬁ%ﬁ%‘?n #?‘S?E‘Lf‘)f
10 is a graph conparing changes in adi pO(fyte size
maiesialed Aiveréssueschetwastithe RRalRRRt gTouP ABh EOTEIC! groyppaites fregment
treatnment of an ani mal _nodel of ggﬁfity, C57BL/ 6JL ep
of i/ amalomogslcel obgsity, CAFRHPNORED PELPaPh fice, Wil tanghinone
is a graph conparing fat distribution in terns of
derivatyed;cal val ues for 20 respective organs between the
treatnment group and control group, after treatnent of
an Hig. fdlis aodelp compaingstheyges esbgesd dipid prdhelypose dstvgsn the
m ce, wth tanshinone derivatives; Fig. 12 is a gr a%h_
troatumpagrovy et pogel tgreupu efter teatnpnit oforn apignal gpodel of obesity,
accunmul ation in the livers between the treatnent
CHBivEILdreg obdreprabl mige,ovith tadshingas/desivalitesi ni ng of |ivers
-25 following treatnment of an animal nodel of obesity,,
C57BFig 1k it emiciogtaph coloparingehangeé ithviseeral Hatriigigbution of mice
derivatives; Fig. 13 is a table conparing changes in
bt dha teatmehi groingland contohgiioum tadier treatmenti ofl a5 dningl; megel of
ti ssues between the treatnent group and control group,
olREitys CSVBEGIIEBD obB.epbb micepwithranshineheldediatobssi ty,
C57BL/ 6JL Lep ob/Lep ob mce, with tanshinone
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
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derivatives; Fig. 14 is a table conparing changes in
bl ood |ipid and gl ucose between the treatnent group
and control group, after treatnent of an ani mal node
of obesity, C57BL/6JL Lep ob/Lep ob mice, with
tanshi none derivatives; 10 Fig. 15 is a m crograph
conparing changes in visceral fat distribution of mce
bet ween the treatnment group and control group, after
treatnent of an ani nal del, of . obesit 7BL/ 6JL
S ORI G h oM P RABES P RCY HFiEH: ﬁ%ﬁﬁgfeﬁf@}%%%\w FRogtel of
16 is a table showi ng effects, of tanshi none
obepityi GHBLYEN. lp Ch AT BHYS SYP & 3G o
treatnment of an ani mal nodel of obesity, Lepr db/Lepr
db mce, with 15 tanshinone derivatives; Fig. 17 is a
tabl e conparing activity of conpositions by double
EXAMPIAS i on of tanshinone derivatives in accordance
with the present invention; Fig. 18 is a table show ng
changes in activity wwth respect to changes of
ingredient ratio in conpositions of the pre %%%
i nveowpthe esert ipventivn) willsber destribed Fhpers E a‘i reference to
activity of conpositions by triple conbination of
the follohvingdinamplasi v Zhese exarnplesare pioyised enly; forillupizating dagpresent
invention; and Fig. 20 is a table show ng results of
imedntien aad shouldmbi barenstrueded mismgbe scope and sprit of the present
t etrahydr ophenant hrene derivati ve group and
inpdigioant hr ene 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
Example 1: Isolation of Tanshinone derivatives

5 kg of Danshen (Salvia miltiorrhiza) material was purchased from a Chinese
medicinal hetb 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 activity 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 swelled with
100% n-hexane and then packed into a column (530 em high). S50 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

-27-



10

15

20

Now, the present invention will be described in nore
detail with reference to the foll ow ng Exanpl es.
These exanples are provided only for illustrating the
present invention and should not be construed as
limting the scope and sprit of the present

invention. 10 Exanple 1: Isolation of Tanshi none
derivatives 5 kg of Danshen (Salvia mltiorrhiza)

P e R B
20k oD =g MDD SRR or T 8 53 500
I e i

an equal anount of n-hexane di chl or,onet hane (CH2C12)
actiyp fragiony WerrcRacladang eprsanyatedynderatiiesd RIS quent i al | y

Rl AR e R S R

| ayers thus obtained, the activyi s highest in th
usilzgagiéﬁr:@ b (ieealerd . 1240 dp 468 WSXla&\éeé%( Kiht@é%"’éﬂ %"@6‘,"’“6 by

230 to 460 nesh, Merck) was sufficient swel Led with
swellimo A OR A TeheHEe EHRASKHBNES A TGS, (10, Do i
high). 50 g of the extract obtained fromth .
hexgHO &1 B(1R) VIS AV/38 dyb avas oo @ 2 BevEIARAR Sojyeniy Bygtions
and n-hexane and the resulting sanple was |oaded onto
exhibiting inhilritery autivisy wewsagpied aahepnsentrafediudden ryduczg PEFIES ng
the sanple, the resulting eluate was eluted with Et OA9

gr adNext; Podp-TEGnwas) carged 20tqunderdthacdeveleping ntolvens, EtOAC/K-
eluted with McOH CHC13 gradient of 0/100 (v/v) - 50/50
hexané v) 30/ ot)ai ALCawastviarrsdeutiir ¢aghsiep @éad therdegirgipf separation
measur enent of AMPK activity,
of the respective fractions was observed. As the developing solvent, EtOAc/n-hexane

= 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% H2804, 2.5% acetic acid, 5% anisaldehyde, and 87.5% ethanol).

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

Example 2: Structural analysis of separated active material

NMR analysis was performed to determine structures of cryptotanshinone,
tanshinone I, tanshinone IIA and 15,16-dihydrotanshinone I separated in Example 1,

respectively.

Cryptotanshinone
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active fractions were pool ed and concentrated under
reduced pressure. 5 The material, which exhibited
activity in the first colum, was agai n separated
using silica gel (Kieselgel 60, 230 to 460 nesh,
Merck). This was followed by swelling with 100%
n- hexane and packing into a colum (425 cm high).

Et OAc/ n- hexane = 0/100 (v/v) --" 20/80 (v/v) was used
as a devel opin ol vent. Fractj L &y
KRV 65B60Y 67 AyAarst Pabrch PR R ot oo PhEY (Fadd

reduced pressure. 10 Next,.P =1 S rdred jOuk I
59 s o 0 00, 8% 41 Bprhg - Deirei O BT - RIS 138

(v/v). TLC was carried out in each step and the degree
1.2&fHs8par ati on of the respective fractions was

b d. As the d | opi = h =

13UV BED (S0 1PR0 Ay it G B LG n R e
ti t i al h i

ORI WP VRN B0 ¥ LA NGl oz s (0 S LACO Y

i sal dehyde 15 st ai ni | vent. (5% H2S0 . 59
11SOMEDARE] Eo R ST TG b5 o 74 G A7

this manner, tanshinone derivatives were extracted,

31.8%4at 3 2A8GEH 1 Puri fi ed. Exanple 2: Structural analysis

of separated active material NMR anal ysis was

performed to determ ne structures of cryptotanshi none,
20 tanshinone I, tanshinone Il A and

TaddhiddmedI-Ay dr ot anshi none | separated in Exanple 1,
respectively. Cryptotanshinone -28 1H NWR ( X

1 HNMR(CDEL, ABrOMES. 07.660H, 4. 58 2HzH 7- 34 (104 J %)%533 725@%
(1H, dd, J=9.2 and 6.0 Hz), 3.55 (1H m ng ( 2H,

), Br18EH, t, TG 6HEN BL26(H, s} 148 m), H65@Hem) HBHO6H, 5. 2g

(6H, s) 13C-NMR (CDCL3): 5 9.58 (C-1), 19.00 (C-2)

-2
138 NMER(AISER) 7538MEE) (818%.29,14%6.4% (62.3) ,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 I

1H-NMR(CDCl3, 300.40MHz) & 9.24(1H, d, J=10.6Hz), 8.24(1H, d, J=10.3Hz),
7.69(1H, d, J=10.3Hz), 7.54(1H, dd, J=10.6, 8.4Hz), 7.41(1H, d, J=8.4Hz), 4.95(1H, t,
J=11.3Hz), 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(CDCls, 75.45MHz) & 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, 120.28, 118.32, 114.06, 81.62,

34,68,19.85, 18.81.

Tanshinone 1

20.
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5 132.48 (C-6), 122.43 (C7), 128.30 (C8), 126.19
(CG9), 152.28 (CG10), 184,16 (C11), 175.59 (C12),
118.21 (G 13),170.66 (C 14), 81.38 (C 15), 34.54
(C16), 18.74 (CG17), 31.85 (C18), 31.80 (C19)
Tanshi none 11-A 10 1H NVR(CDC13, 300.40MHz) 8 7.63(I1H,
d, J=8.2Hz), 7.54(1H, d, J=8.2Hz), 7.22(1H; s),
3.18(2H, t, J=6.6Hz), 2.26(3H, s), 1.78(2H, m,
1.65(2H, m, 1.31(6H, s). 13C NWR(CDC13, 75.45MHz) 8
H-NBR(CDCls] 7RMBAMHAH2 538 19(180.BA=1045=148.23AH, 96, J=10.3Hz),
134.13, 128.12, 127.16, 121.81, 120.91 120.57, 38.52,
7.73631, 33 J=-BR3H), 7.30(1Ho dd, 15176, 8.9H467.308 H1 §, J=8.5Hz), 7.26(1H, q,
16- Di hydr ot anshi none | 1H NVR(CDC13, 300.40MHz) 3
J=1.9H248 6831 5), 2:25Q Bz )J=1.388:24( 1H, d, J=10. 3Hz),
7.69(1H, d, J=10.3Hz), 7.54(1H, dd, J=10.6, 8.4Hz),
13CANMR(QBLCLd, 75580123 ,188.395 (1 1555,1 161.03;11423087 ) 1354184 GB 1518,
dd, J=11.3Hz, 7.5Hz), 3.62(1H, m), 2.66(3H, s),
132.30,38¢%59, 130.63,128.51,H2B.31 2241B3CI MR, CDCT3, 1203134 DN\-H9), 18.84,
184.26, 175.67, 170.56, 142.00, 134.95, 134.72,
8.79132. 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 I -29 | H NVMR(CDC13, 300.40MHz) S
9.19(1H, d, J=10.6Hz), 8.23(IH d, J=10.3Hz),
Exaﬁx 134 Ivbtekinindfidh o BARIBK AethGfy111, dd, J=10.6, 8.5Hz),
1H, q, J=1.3Hz), 2.64(3H,

o%fﬁ!;@&*éus dczéle VA dell dedGrdINR(ISAELB coﬁﬁnﬂa@l\nﬂ% béine
183 175.55, 161.13, 142.00, 135.18, 133.58,

calf 3531%1190 Wilzgi'? &P den -esvhed 4 %ande 0% é&suﬁ R591 2A 9%, the culture

123.03, 121.72, 120.43, 118.6
medium was replaced with 1% bovine calf serum medium to induce differentiation of

cells. Enzymatic activity of AMPK was determined as follows, C2C12 cells were
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 uM AMP).
Thereafter, 200 uM SAMS peptide (HMRSAMSGLHLVKRR: the underlined serine
residue is a phosphborylation 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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8.79. Exanple 3: Determnation of AWPK activity
Myobl ast cells, C2Cl12, were cell cultured in DVEM
cont ai ni ng 10% bovine 10 calf serum Wen cell
density reached a range of about 85%to 90% the
culture mnmediumwas replaced with 1% bovine calf serum -.
mediumto induce differentiation of <cells. Enzymatic
activity of AMPK was determ ned as follows. C2Cl2

Ce"%i S Be,stehy Bt e I ieh ot (R EACE ?tsfﬁ
oot U BTELRI B B R Bl BiBiE

of% pH 7.2, 62.5 mM NaCl, 62.5 mM NaF, 125rTM Na

hosphate, 1.25 mM EDTA, 1 nM DTT, 0.1 nmM PNSF,
and 200 M AWP). Thereafter, 200 pM SAMS pepti de
(HI\/RSAI\/BGLHLVKRR the underlined serine residue is a

;EEreto and react ants wer e react ed for 10 20 m nut es

G svvasfollovved by spotting of theresultlng
reac soI [ 81 phosp ocellulose p
p81 Itsfaﬁ Sl b MENcosisHiRg ¢ 6% e
radi oactjvity was neasured For each reaction

calf serumy | Jhheny eellc fensing reapliest G irsrge S abguivBBetet 9076 the rulture
al so conduct ed and baS| c val ues were suptract ed from

mefliym (Wasareplagsd ywith 1%80bowdng: £alf hierya e peditgimtes gduce cellular
when nyobl ast cells, C2Cl2, were treated with Danshen

diffegantigians  ANifforcaniaied pdlsevate tiegtad withs30 uMf tanshisgne degivatives,
I ncreased enzymatic activit of AMPK. 5 Exanple 4:

resprofizelyi nBrgysratisfactyipr efs way aressused by Axang CICEIpells to
i 3- ACC and

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.

Example 5: Effects of tanshinone derivative on_fatty acid metabolism_and

biosynthesis of mitochondria

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

calf serum. When cell density reached a range of about 85% to 90%, the culture
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GLUT 4 enzynmes Myobl ast cells, C2Cl2 were cel
cultured in DVEM cont ai ni ng 10% bovine calf serum
When cell density reached a range of about 85%to 90%
the culture nediumwas replaced with 1% bovi ne calf
serum nediumto induce cellular 10 differentiation.
Differentiated cells were treated with 30 i sM
tanshi none derivatives, respectively. Enzymatic
activity of AWPK was neasured by |ysing C2C12 8e||slf?
medigmaivwes preptassdh wikh r et Bovinied c&lfi jeBiR | Iﬁa‘%b‘t“o?‘éilﬁ uce cellular
extracts to Western Blot analysis so as to  determ ne
differeatiatinou nDierentiated collvprere geadrprith fosMrisrshingng dire“"a“"es=
AMPK) , p-ACC (phosphoryl ated acetyl - CoA carboxyl ase
respestivaly UTRNAg Meso serapted Aiopoeel e andiR THH(R wphperforgealo ghgrve
be seen fromFig. 2, when conparing with the contro{9
effeptoofjrespectivestapshdnnme derivajizes oeene sapreesioncpl ACERh (agptsHoA
i ncreased anount of the phosphoryl ated _AVPK protein,
carborcylased ,0A @AY KIP T f (cahiting pelsitepitpneerate DACEHr 1ot GeFPxiRERe
i ncreased expression |evel of G.UT4 protein, even
prdlifiratghadtivated revapton gammangactivatar H@),t@kﬁ”lfl (glnensa frapgporter 1)
AVPK protein. 20 Exanple 5: Effects of tanshinone
andlBCPVafuheipting patdiy-2pci d net abol i sm and  bi osynt hesi s
of mtochondria Myoblast cells, C2Cl2 were cell
cul t 45 edhni be BbEM foomm t Big.n B novhen Wobpating wighalthe senigeh group,
When cell density reached a range of about 85%to 90%
tardshioudrivagve-Rdated délisnexhitdted émpdreased] ewredsionddetelyofhgenes for
calf serumnediumto induce cellular differentiation.
AR f goem, icpredrgel los U@P-Padd GIAWEH with 30 pM
tanshi none derivatives, respectively. RNAs were

extracted fromcells and RT-PCR was perforned to
observe

Example 6: Analysis of the degree of glucose uptake

Myoblast cells, C2C12, were cell cultured in DMEM containing 10% bovine
calf serum. When cell density reached a range of about 85% to 90%, the culture
medium was replaced with 1% bovine calf serum medium to induce cellular
differentiation. Fully differentiated cells were further cultured in Krebs-Ringer Buffer
(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 pet minute (cpm) using a radiation counter.
In this case, non-specific uptake of glucose was determined with the KRB buffer

containing 10 pM Cytochalasin B and was subtracted from the total value.
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effects of respective tanshinone derivatives on gene
expression of ACC-1 (acetyl-CoA 5 carboxyl ase-1),
ACC-2, CPT1 (carnitine palmtoyltransferase I), PCGC I a
(peroxi sone proliferator-activated receptor gamm
co-activator la), GUTI (glucose transporter 1) and
UCP-2 (uncoupling protein-2). As can be seen from Fig.
3, when conparing with the control group, tanshinone

derivative-treated cells exhihited jncrease .
exprsgiohe Iséﬁii’eﬁm&fFlgeﬂeg’%‘Frb&Cig °Rh§3—“ff,re iﬁ%ﬁc& wikAG PM
PGC-1a, UCP-2 and G.UT|. Exanpl , Lysis t
tanshingre deryaltyrs S P ckE TN SP L FIs By e e of
cell cultured in DVEM containi ng 10% bovi ne calf
gluensepompawsd o BelcpntErd 599y reached a range of about 85%

to 90% the culture 15 nediumwas replaced with 1%
bovi ne calf serum nmedi umto i nduce cell ul ar

diffe tiated Ils e
Y svie di nitiatienci e'lmd;

iy
fradiy

containing 5 nM gl ucose, for an additional rs. ..
Col | Bremipayios o ATLHT ARE 42 oy ol S ya  PYESE peiging
predeterm ned period of tinme, 0.2 G 2- eox%%l UCOSE 1 ut
10%dmving ddd derver SWieencael dansitypd deSPEctSe PERRIPGPTISS Trpppiec abou
After renoving the KRB buffer, cells 20 were wa heﬁ
90%i 8T3-Lé eeBoivdregiapisi ovidyPetmethusense (B and inghlp P epaut 48
were |ysed using 0.5 N NaOH, followed by ,
to 8 theu wanhiwe dfferentintios of edinerytes e Thepripe waltyg medium was
radi ation counter. In this case, non-specific uptake
regiced) ntithos medinm chmtadring frtal oalftspruphanddmeilingvest 2 days.  In the
contai ning 10 M Cytochal asin B and was subtracted from
cadeh® Fud2 Alcels mien celBRnsity afgmeddipospenrepeheehabpy 9040, theafure
C2C12 cells were treated with 30 M tanshinone
medatnh Wak kai@fed nehpentdivel opntairing 10% Setel el ssthne end insulin and
exhibited increased uptake of glucose, conpared to,
thd BEILEO Thédhm OWRUfeplaced every 2 days, so as to induce differentiation of

adipocytes. In order to determine inhibitory effects of adipocyte differentiation, cells
in the early stages of adipocyte differentiation were treated with tanshinone derivatives,
which was extracted from Danshen, in a concentration of 5 to 30 pM, and were
compared with the conirol 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 7: Determ nation of adipocyte
differentiation inhibitory activity Preadi pocytes,
3T3-LI and F442A, were cell cultured in DVEM

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

iRl RS PG R P S04 R O & MR f 20
M assinege e pFOE s e §F SRV iy ¢ BERs Btcets

_reached_ about 90%, the cul ture_. nmediumwas replaced

diffgrentiated irtQipdinoyiradibeisrEe ABVAPEIEF- cal f serum and
insulin and the culture nediumwas replaced every 2
days, so as to induce differentiation of adipocytes.

ne tormine, o SRS LRGSR

adi pocyte differentiation were t[emaniw r}%ne
der | Mapblessells, FAGIR. waes cellcniied dn pe 19 hovine
concentration of 5 to 30 M and were conpar Wi, t h
calf lserugon{Wisn eallo densityireacbedep r7nge] Brabopt Rooetoy 59% o oplprce
cells into adipocytes took about 12 tg 15 days. In
mediuierwaso reffacdg  withi Vet podne cal swperefipg ip  dpgeo geliviar
cells were treated for the sane period of tinme as the
diffeverttiation. grRsupeating dilferentizedobyeblase gellsvith inflin ga¢ Gpehipepe
exam ne efficacy of tanshinone derivative treatnent.
defvagivess séparatelyy @ ingraaptinationlar¢afgthe dlegeseyafeglucose uptake with
differentiation ability between tanshinone _
respedti toatdrions comehiations of the tashinomer dirivegiives pyasyetermined and
respect to induction timng of adipocyte )
thetetyf efeentof @inkldnonel derivitivecasiaswin sehsitiitywere Exagnioed,
differentiation of 80 to 90% of F442A cells into
adi paGyhe be kaaliah Gid. 61iheapsshinthe dedativenwensadoinigered at
-33 tanshi none derivative-treated group, when cells
va¥iBiise doneafueton tih ahe optender adfi dmsudif, 3Bis [Ehibited hfaniitated
derivatives fromthe early stage of differentiation,
coff¥nitatort SepdR¥éndhiptald dfSglucose 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 (D12451, 45% keal 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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differentiated into adi pocytes in the same period of
time. 5 Exanple 8: Effects of tanshinone derivatives
on insulin sensitivity in nmuscle cells Mobl ast
cells, C2Cl12, were cell cultured in DVEM cont ai ni ng
10% bovi ne calf serum When cell density reached a
range of about 85%to 90% the culture nedium was
replaced with 1% bovine calf serum nediumto induce

R S P R e
derivati tely, ' mbi pati on. t her eof .
coriagiesandi Braeaes. dppaiteol DD SELEEE IR 31 132

concentrations of the tanshi nonetsferi vat ives was

g, Wercedivided dnEnBYO EFRNPEL§N% FFRSEMETEY STONRSHid, 8k, cottirol group,
derivatives on insulin sensitivity were exam ned. .As
consigting ef §camimals sashri §. wire Qb °¥%FH¥‘}?P}?E> ﬁ?“&e??‘i?aﬁ%f‘\}%‘é,‘“ed
were adm ni stered at vari ous concent ions in the .
tanghipensriiervasives pls gangentiaipn o LR, fBg/E%Jg“f %@%’Wt %&ae%‘e‘iei“ém‘md

concentrati on-dependent uptake of glucose into nuscl
timsiolns,  WhertsatmaR o bEIHR Wt SIEMISteRFd AR el FRQHEE R dstiled
al one was adm ni stered and the control rougléﬁ Ex%ml)l e
wagr alonsay Wien dhe bpdyy werebpsnefi the experimintal rEoup Rt putrol group
effects in animal nodel of obesity, DI,O nouse 20 As ich
wardhaneapsed eBemBdf| deye sdcadminisieationd & F’&eﬂmeélafiaﬁ%ﬂy’cfé’d whic
obesity (DO, 4- week-old C57BLI6 nmale mce were fed
tarahinbuphderiaativhs evas(@Raigiered 4BbibiteshyigT Aeantipdaws Rady weight, as
Diets, New Brunswi ck, NJ). As a result, fat
compared &i the bontat gronp) astsbeln in Kigd- ani mal body and about 3
nonths after birth, the mce then naintai ned a body
wei ght of nore than 31 to 32 g, which is -34 1.4 tines
that of normal mce. In order to exami ne the effects
Eimila ik T fiwtenf takshinoiiderisatiye alatinistratiombi ohese mice (ob/ob
3-nmonth-old DIO mce (16 aninals), weighing 31 to 32
10-week-old C57BL/6JL. Lep ob/Lep ob male mice having obesity

characteristics were purchased from Daehan Biolink Co., Ltd. (Chungchongbuk-do,
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 Ine., 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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g, were divided into two groups, one experinental
group and one control group, consisting of 8 aninals
each. 8 mce of the experinmental group were
adm ni stered 5 tanshi none derivatives at a
concentration of 100 ng/ kg, for 30 days, at a
predetermned tinme point. Wereas, the control group
was adm ni stered an equal armount of distilled water

_al one. Wen the body weights of .the ex erinentatvgégypf
adipnegites.@inqoss indrlendsnd vple 2fhehapngssdn Hpidapd SRV c'o
~adm nistration, the experinental groyp.to \Ahic({% hi
Figt Anslovmobedyaiehndos caifigisacsaming & SRBeiPh; ¢ gnshinone
significantly I ower body weight, as 10 conpared to
deriveavasont rol group, as shown in Fig. 7. Exanple 10:
Ef fects of tanshinone derivative adm ni,stration orij
obes¥gsi &és o aitmbbyompaningesrogss dn BOEBIY I 9YEp Uk (gpveen
ob mal e mice having obesity characteristics Wer & ini
C5TRE/6Haden obfem dhamitgntoawaich irustigone deryatives were administered
(Chungchongbuk-do, 15 Korea)._ Animals were, raifsed i.n
anda abeoaird] gpupoodsneannbaiserad ram Big: Syadpinisiration s ofytgpshinone
55% hum dity, illumnation of 300 to 500 lux, a
deriviaines-ldat to & yighificarft reduction in hestyr weighinas corappred & the sopiol
10 to 18 tinmes/hr. Animals were fed pellets of Purina
gro@pdent Laboratory Chow 5001 (purchased from Purina
MIlIs Inc., St. Louis, MO USA) and water ad |ibitum
M ceFigei@ ialal graphd coropaxing| adipocptiet izeni@nteEnY of GHmsTHeal dfalues,
the breeding roomfor 20 two weeks and were o
betadeh rC3TBEr€¥d R8P obildpg obf micantohivhishetadshinopgt deragiiyeg, were
26 days. CObservation was made on changes in body
adimiiigiitd abd @osbngblignsp. aAsl cai &t aesn fromakig, 10mthehexperimental
respect to tine points of administration. After
gr&?jl_fﬁ lv@idhaanshinonel dtrbiagvesatére admintsterpl tdbibifed moeduetity of more
(CT) was performed to confirmchanges in fat tissue
thehl 694 intidipoBite si9, a9 Bbrfipdred toahaageasl groug.at di stribution
of tissues In various organs, changes in size of -35

adi peGY1eSs a PraphQRepafing kA Gbtibrsioh i efms afi dumkrcsy eslue for
l'ipid and enzynes. The table of

respective organs between CS57BL/6JL 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 a
significant reduction in fat content of tissues for all organs, and increased brown fat
content compared with the control group, indicating that fat metabolism was
significantly increased.

Fig. 12 is a graph comparing adipose tissue distribution in the liver 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 administration of

-36-



10

15

20

Fig. 9 shows body weight |oss effects according to
adm ni stration of tanshinone derivatives. Figs. 8 is
a graph conparing changes in body wei ght over tine,
between 5 C57BL/6JL Lep ob/Lep ob mce, to which
tanshi none derivatives were adm nistered and a
control group. As can be seen fromFig. 8,

adm ni stration of tanshinone derivatives lead to a

significant reductjon in body weight conpar.ed t
o Re e EEves PRt p gronogaqed oo oF Xy AR gon fh the
adi pocyte size in terrrsl&?f nunerical values, 10

liveseas romipated 1ithes9ntrl grpugist PRSSE BYCSi ce to whi ch
t anshi none derivatjves wer dm ni st er.ed, apd cont.r,ql
gr oﬁﬁlg- A3 ieam tﬂ'&h\llﬁ §|@¥‘W§$ rrﬁﬂﬁﬁi’:iafﬁr. Cg%lséei H%q@i‘gépglr?gﬁ?’gpa%lon

roup to which tanshi none derjivatijves e : .
indiaserperislon By ITEE BoRorRGaRLGT LFP ABLEP obaise dpthich
i n adi pocyte size, as,coqfared to the control rougir
tanghigone]derivatives gvep AdEBiRRIPd fRY # AP0t SFRPLUASSARIDE Pt fram
of nunerical value for 15 respective organs, bet ween, - d
Figos 1331 the Jgrote go owhick papthinene cleriyatiyes cWere oFtoppistsd exhibite

derivatives were adm nistered and a contro{ ﬁu {éﬁ”
signifivatioredussions itotetatifyl. comtentst wiglycesidse chlgsiergl Cg¢ Lﬁgd n
whi ch tanshi none derivatives were adm ni stered
theelier wotnpared withi thmednirebgroup-educti on in fat content of
tissues for all organs, and increased brown fat
cont Fig 14¢ dngpmblectomptuting theangesrin kpid agd glysoss indhchlppdpetween
that fat nmetabolismwas 20 significantly increased.
CHBI/6TL . epDbLegrabphice wrgzich tagshinting dewvativeswere administered and
distribution in the liver by H&E staining and G| -Red
cofitréltgbupi, Nghs chn be sepnfeim Rige &, thenarewp i Wickatagshdsme|denvatives
Lep ob/Lep ob mce to which tanshinone derivatives
wite hémRihired attevied sigificaitavductionskh griglydegide,icholgsterol, GOT and
confirmed through staining of adi pose tissues that
glasdsd i ddda borBpared with the control group.

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 Jack 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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-36 tanshi none derivatives resulted in a pronounced
reduction of fat accunmulation in the liver, as
conpared to the control group of obese mce. Fig. 13
is a table showing results for changes in |ipid and
antioxidation indicator materials in liver tissues
bet ween C57BL/6JL Lep ob/Lep ob mce to which 5

t anshi none derivatives were adnini stered and a contro

group. As can be seen fromFig. 13, e 0 i
resulting i shone3 $eta 400 me/dl OWPJ&@FHSH ﬁ%‘?ﬁ?@&g ig #’)Eﬁﬁ reg b
significant reductions in total fat contents, .
birthr | ghyarderi the cxamisiecptopictic a5 HisrapeiE eHect (of fliabgtes by
conpared with the control group, Fjg. .14 is.a tab
tangtonqrerderiyatiiesrasiul Tapr dbberr dhaaly ‘B@gé’@ Rlopd ghyspesoigvel of
between 10 C57BL/6JL Lep ob/Lep ob mice.to WhiCh
abaub ASMiorfifemerdl poeetdivided koY Y0 IPRRY FecrREFimapRal RIgR 311 one
group. As can be seen fromFig., 14, the group to which
conteah giiapouwesisirg 9640 animals giche Himios ot eReRRRpE| TErp vore
significant reductions in triglyceride, cholesterql,
adiE@isteredt tanghinomss detivativesodda ce@fﬁg%wa o 390 ek ot 3é| days.
group. Fig. 15 shows analyzed results of conputed. . .
Wheosmsgtapine ¢fahy cotraterap/ epadminstereg agtsana prnhpE distillpd
whi ch tanshi none derivatives were adm ni stered. can,
watee alopecinstbadoof finghinahs, detivatives p&is- heris a/takle shRyVipg chpnges o
tanshi none derivatives were adm nistered exhibited a
bleidghichiecwith respetu ¢e administratidngeeipd pf faghinang desiFivEHFRd it can
conpared with the control group. 20 Exanple 11: Assay
beaéendhathietre sreprtdpdt/dlamise-tveridg effestshyetanshinoas feryadivesn
ani mal nodel of diabetes, Lepr db/Lepr db nouse Lepr
db/ Lepr db nmale mce lack leptin receptors and thus
continuously and excessively consune feed due to =
Edahfilé 13N Sonéreniticadieenpeft AMPK Astivity @dthl respeett toj epmhbination

ratio between tanshinone derivatives

Using muscle cells, this example was carried out to confirm synergistic effects
of AMPK activity with respect to the combination ratio between derivatives, which
contained tanshinone I, tanshinone IIA, cryptotanshinone and 15,16-dihydrotanshinone
I, as main ingredients. That is, we have attempted to confirm inter-complementary
functions between derivatives according to gene expression as shown in EBxample 5 and
theteby synergistic effects by any combination of tanshinone derivatives through
AMPK activity.

The respective ingredients of tanshinone I, tanshinone IIA, 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

-38-



10

15

20

excessi vely accunul ated in the ani mal body and bl ood
gl ucose level is elevated, -37 resulting in about 350
to 400 ng/dl of blood glucose | evel about 10 to 11
weeks after birth. In order to exam ne prophylactic
and therapeutic effects of diabetes by tanshinone
derivatives, adult Lepr db/Lepr db male mce with
bl ood gl ucose | evel of about 350 to 400 ng/dl were
di vided into_two groups, one experinental grQup an .
syrsraist®s eifsRter oln addiion. wohriestEmgedio £8 (‘?&f‘gﬁeae?gﬁl% Yéh
m ce of the experimental group wer ad 'nistereddi s ]
respesh &hrlimogrs indhq combmatipnatioby pRERs (e IPQ Regiecn fgredionts I
ng/ kg, for 12 days, Whereas, 10 nice.of the coni.rol
thegeauupesiiiges, Aaeitno5tesy smergistis Glfkets SRS B% F?‘P%"E?fm of
wat er al one, instead of tanshinone derivatives. Fig.
tangliinpre dgrivathie® showi ng changes in bl ood gl ucose with
respect to adm nistration period of tanshjnone . .
der | Gigt 1718 abld compsitng activibHes comeRsiansoyuPIS oppipation of
bl ood gl ucose-lowering effects by tanshinone .
tardbinpncadérivetivesER BB ds a2ablsyhaying shangess iy ativity gyithaiopnect to
activity with respect to conbination_ ratio between |
chereges of il riticaini dayble gombinatioess pad Eig. (1§ is @ripkle comparing
exanple was carried out to confirmsynergistic effects
ANIBK okotivityRi€ camipbsitions by ttiple cespiaationtad tansineradsrivatyesn
rati o between derivatives, which contained tanshinone
|, t&irsthancanebe dedn fromyFigotldreatil8oemmpagidions containing a two- or
15, 16-di hydrot anshinone |, as main ingredients. That
thieS~coiPorivay eorabinatig efitanshinmefderivativas exhibitadpsigmidinandlyylarger
functions between derivatives according to gene _
ARIPRET £59itP thad Shab @fthel resiextivenihgredientncht thehswrepgpncentration. It
synergistic effects by any conbi nati on of tanshinone_
cClRT bevsakr thessukh kRiegistic2fedvRie muombirtaionsTifalerivatpredngrodients
i ngredi ents of tanshinone I, tanshinone IIlA, _
ar6 ' V¥ OfudfEh iphémtenena NBavidy bo- eilatiodstap awithi kiode df wegreglients.
doubly or triply conbined to prepare different
Whereas, as can be seen from Fig. 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 between tanshinone derivatives

10-week-old CSTBL/6JL Lep ob/Lep ob male mice having obesity
characteristics were purchased from Dachan 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 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
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conpositions. AWK activity of the prepared
conpositions and the AMPK activity of respective

i ngredients included in those conpositions were
conpared to confirm-38 synergistic effects. In
addition, we have attenpted to confirm AMPK activity
wWth respect to changes in the conbination ratio by
varying the ratio between ingredients in the

conpgsitions, and to,obtain synergisti f f
Chane T00F (GuaBhpsh o R ML 5 St R §igh U SAY End bater ad
derivatives. 5 Fig. 17 is a table co [ act. vit
tbigm.c MissSTes Blisvesyo aesliBiet: £ SREIMArTE by Lt BREHTR Siokm for
derivatives, Fig. 18 js g .table show ng changes iLn. ..
tweyaverks end ierd, adrainjsisasd fﬂagﬂ%‘ﬂlﬁn pyarges; ng‘rc"‘é‘g*i“g © getprpives
i n doubl e combi nati ons, ang,Fi . 19 1is et bl.e threne
congeinesbini pshaRPYEaRiE Y {iy 58 1050 Fiso EToLPE Ao W fEppnen
conbi nation of tanshinone derivatives. First, as cap
detiyeative gipup ( binatiog cryptotashings and JRRsBeRg ﬁ; E‘B@ﬁtpif“'h‘ﬁ” gone
a two- or 10 three-conponent. confi nati on, of .
derivatizh roon 62:4 estioafttanshimonsdhand; lééé[@#%‘? sBispe D: g g patio
AMPK acpivi&y’than those of the respective d
befwegn tadslenens derivativie wanprtiogalftadistesy | I this pannep jyqatisapte
seen that such synergistic effects due fo cophinatio
to exandfor effeats vBchanggsciilagredientatio g» bydy, e Eﬂ%ﬂ;&ﬁﬁ%ﬁ%‘%ﬂ
having no rel ationship wth kinds of Lngrediengs.
effoter @ds intescoraplementare ractiprsm Fi Gombgation ¢ ralioonbeiwepn, the
conbi nation ratio between the 15 respective .
tetiahgdrophcarnthrenn derivative group end phsnenthisae deriative group was varied
specifically different AMPK activity dependi ng upon
frdnm 64 tof 1:10hgnd ddreinisered-scampinels 282 dopn Of éB%tm&(kéffqr&ft days.
of reduction in body weight with respect to
Changdsi in oidp rweight iwitth edniimistraticnethdariyatived evire meagused agd body
10- week-ol d C57BL/ 6JL Lep ob/Lep ob male mce having
weiet Sbdugtion Bfigonc tvith irespeat So wimgespinr b sngeadlicing eatioDalerA ghown in
Biolink Co., Ltd. (Chungchongbuk-do,
Fig. 20. As can be seen from Fig. 20, changes in the combination ratio between the

tetrahydrophenanthrene derivative and phenanthrene derivative 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 to 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 23+2 g and Sprague-Dawley rats, weighing 250+7 g

(Jung-Ang Lab Animal Inc., Seoul, Korea) were divided into 4 groups, consisting of 10

~40-



10

15

20

Korea). Animals were raised in a breeding room
mai ntai ned at a tenperature of 23, 55% humdity,
illumnation of 300 to 500 lux, a light-dark cycle of
12 : 12 hours, and ventilation of 10 to 18 tines/hr.
Animal s were fed pellets of Purina Rodent Laboratory
-39 Chow 5001 (purchased fromPurina MIls Inc., St
Louis, MO USA) and water ad Ilibitum Mce were
allowed to acclimate to new environnment, of .t he .

anitgale eakibn gnd sisrR eroHy admipisiaek@nsiRPoRSFEVARS M agcariapee with
tanshi none derivatives. Tanshinone derivatiye cal

the peaseniimvegttipm aDdossh eh 100,508 @pd 1 RAP aneds reDECRD A5t ©
groups: a tetrahydrophenanthrene 5 derivatjye roup

adnifistraticat ipenogbservingtiot 2 neeks wdqs@eamme*aﬁ%eﬁ%%&eﬂ?ﬂs? 19G°
a phenanthrene derivative group (2:1 ratio of

of thermirnalsrdied imall foBr aEUPY Wg poramely fbrevabe sERBTevere
rati o between tanshi none derivatives was optionally

notiweld cabpaded torthe eintrohgravitexcapbloss efaNgigs): t o exami ne
ef fects of changes in ingredient ratio on body weight
and thus to confirm effects of inter-conplenentary
actions. Conbination ratio between the 10

2. t et rRdrjtdney) adndmistratiore deri vati ve group and
phenant hrene derivative group was varied from10:1 to
1: 10ICR) ehiea] iveighing 2543 t aacth Spregue-Bawley grtie veighing 25536 g
ng/ kg for 26 days. Changes in body weight with

(JuagringiIsbratinehinof Sekei,iKeaed)wese divided inded preups savasigtingof 10
wei ght reduction effects with respect to changes in

anirha®s dadigradivent pedtbhallpedainteyehtanshindeie gleriggivenin wgprdpece
seen fromFig. 20, changes in the conbination ratio

withethuagasehh grvéatidnehtr addysl bO D fdmhd ri6A emglle, weapdctivelpndAfter
phenant hrene derivative lead to changes in reduction

pefifhead hdrAREiiratEn, @b observitgy foi Z wieelss, whetiee kdxiaity was exhibited or
synergistic effects were confirned, when the

o€ ABHE BAdHe GRirhab dRd (h @Nl et yds e aed an tvivuelie obkeriablet sywptoms
phenant hrene derivative) was in the range of 5:1 to

we%é lgot%e&ic&ﬁﬁﬁe@foqﬁ@es@l%ygmw(ekt@t Iosedeeights)2. 5: 1 to

Tt 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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20 Exanple 14: Acute Toxicity Test 1. Oral
admnistration ICR mce, weighing 232 g and
Sprague-Dawl ey rats, weighing 2507 g (Jung-Ang Lab
Animal Inc., Seoul, Korea) were divided into 4 groups,
consi sting of 10 -40 aninmals each, and were orally
adm ni stered tanshi none derivatives in accordance wth
the present invention at doses of 100, 500 and 1, 000
ng/ kg, respectively. After oral admnistration, upon
obse?@kﬁ@mﬂbﬂo@“ﬂf\eeks WheT Her T 5%T G t3;|4§/§s exhi bi t ed
or not, none of the animals died inmgtl four groups
and BosElingsellylogservabt-e—syrprons Werd 8 5 noti ced
conpared to the control group (except |gss of
wei gMaghesivm stegeptet-orreat—admi-ni-STTat 170N 1?)@? m ce,
wei ghi ng 253 g and Sprague-Dawl ey rats,_ wei ghing 2556
g ( Bydegxpprgpylatsthxtreluloss o sSsourRol%8) wer e
divided into 4 groups, consisting of 10 10 aninmals
each, and were peritoneally adm nistered tanshi none
derivatives in accordance with the present invention

Exmplot® $reparntion 9§ Paydered formglladpn r espectivel y. After
peritoneal adm nistration, upon observing for 2 weeks
whet Aenshinoni dériyatiness~exhi-bit-ed-or-— H8, none of the
animals died in all four groups and no visually
obs e SopitEae poyeipt-one——nete-not-t-ced-ctohared to the
control group (except |loss of weights). 15 It was
conf iQartedyéeallolose he--above-—-rrent+omed PdEsul t s t hat
tanshi none derivatives in accordance with the present
i nveffiotad A--Rad--ne--asut-e-t-exi-ei-t-y~—+Habkgnaf t er
Preparati on Exanples of the pharmaceutical conposition
in accordance with the present invention will be
descri bed. These exanples are provided

Example 17: Application of tanshinone derivatives to milk

Milk 99.9%

Tanshinone derivatives 0.1%

Example 18: Application of tanshinone derivatives to orange juice

Liquid fructose 5%
Polydextrose 1%
Citric acid 5%
Vitamin C 0.02%
Tanshinone derivatives 0.1%
Concentrates of orange fruit juice =-=em--------- 25%
Sucrose fatty acid ester 0.2%
Water 63%
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20 only for illustrating the present
shoul d not be construed as limting the

serum protein ---------

i nventi on and

scope and
sprit of the present invention Exanple 15: Preparation
of Tabl et Tanshi none derivatives

640 g Crystalline cellul ose

Sstearate --------------
Hydroxy?’ropyl met hyl cel | ul ose

Example 19: Preparation of heverage_ . 1 g 5 Exanpl e 16:
Preparati on of Powdered formnul ati oD, Tanshi none
der i Galeiugelgetate re-=-srrr sz s sz 20 "&. 10 g Soybean
protein ---------------oeaaa oo 50 g
Car b6itjieadif orrose-—=-s=rrerssr T 2W 40
g 10 Total
= - - - Nicotinic.amide wrsswz=zmzmr=rorzz-rzmzezmzers | 10 mg _______. 100 g
Exanpl e 17: Application of tanshinone derivatives to
mi | k Ribigiflegin sodium hydrochlotide ---------sc==mmn 3 mg
s soooo-oooo-oo------- 99. 9%
Tans Ryridonine bydroettlprides——s-r-r-r=zr=zr=s- Mg 0.1%

15 Exanple 18: Application of tanshinone derivatives

t 0 oragiginej-vi-ce---ti-gti-er-fructose— 10 18
------------- 5% Pol ydextrose

----------- 10 me_19% Gitric acid
----------------------------------------- 5%

Tanshinone derivatives

Water

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 ------vn----- 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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20 Vitamn C ------mmmm e e e
0. 02% Tanshi none deri vatives
--------------------------- 0.1% Concentrates of

orange fruit juice -------------- 25% Sucrose fatty

acid ester ------c-c-cccccmacnnnanaanas 0.2% Water

----------------------------------------------- 63%

-42 Exanple 19: Preparation of beverage Cal ci um

lactate ------------cmoeei e e 50

Gi t r flycer] goarate 0.5% D

-------------------------------------------- Sng 5

Ni cofpfbpReRTi-tg—=rrrrr T = OS% T 10

mg Ri boflavin sodi um hydrochloride ~--------------- 3

ng Pysthenslamiee hydrocht-ortoae ==Y %o 2
Ar gi ni ne

[n:; - Imj%azoli.dhlyl ULEB =-z-r-rwwrzzmzmms s 02% ... 10 ny

Sucrose fatty acid ester --------- PR - ---
5 10 MyamsbinpanderivabyRs—dertvati-ves 1%

r
- - - - Purified water ~r-rmr=—z-zzzmsmsmrsmarmmzena 71.8% . ___. 200 nk

Exanpl e 20: Application of tanshinone derivatives to
cosnetic lotion 1, 3-butylene glycol

---------------------------- 5% 15 dycerine
Example 21:-Application of tanshinone-derivatives fo cosmetic skigogare

EDTA-2Na - ---- - m s s e e e e e e e e e e e e - 0.02%
Tr i me3hydtgjbyecglpel 40% - - - - 2. 0%
Cet anol == - - mm e o e e eeeaaaoo-
10 1. 0%Digbyyletie/glycod rostearat-e-emt $0%ier -------------
1. 0%
EDTA-2Na 0.02%
Octyldodeceth-16 0.3%
PEGG60 hydrogenated castor oil---=====n=--- 0.2%
Tanshinone derivatives 0.1%
15 Purified water 90%
INDUSTRIAL APPLICABILITY

As described above, a composition in accordance with the present invention

20 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

A4~




20 Pol ysorbate 60 ----------------“--“-“-“---------
1.2% Sorbitan sesqui ol eate

2-et hyl - hexanoate ------------------------ 4. 0%
Squal ane -------ccmcmm e e
5.0% Dimethicone -------------mmmmmmmm o
0.3%-43 G yceryl stearate
------------------------------- 0,.5% ., Car bomer
be useful in developing foods, cosmetics_and_medicinal chmpositions capable of
Trieth lamine ----------------- Ct s R 0. 5%
prey%tiglgzq?‘{]t?@g%ng, Rgﬂ?tgadiseﬁse_s _associated with metabolic syndrome fﬁ?“%h??ﬁ
5 Tanshinone derivatives------------------------- 1%
from dysfupglipn pfifatand glucose metabolism. _ _ _ __ _____________.

71. 8% Exanpl e 21; Application of tanshinope
deri ﬁiihm\g@sthteopr@f?@ﬁét qrebodpents, F dhe progeqf inypukine vy byen

--------------------- .4.0% 10 Di propyl ene gl ycol
disclosed for illustrative purposes, those skillgd en/ghemﬂﬁgf\&x:cczate tlgat arious

PEG0 hydrogenated castor oi|----------- -- 0,2%
scopgrast spicihef ‘gie inveatipnasslisclased in the sccompanying claimgy 104 15
Purified water -----------------c-mo 90%

| NDUSTRI AL APPLI CABI LI TY As descri bed above, a
conposition in accordance with the present invention
20 effectively reduces body wei ght through netabolic
activation, prevents fat accunul ati on
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in the body, |owers blood glucose |evel, and
effectively decreases anounts of chol esterol and
triglyceride, and thus is useful for preventing and
treating netabolic syndrone. In addition, the
conposition prevents fat accunulation in the body, as
well as enhances insulin sensitivity, thus
controlling blood glucose |level, and therefore nay -44
be useful in devel opi ng foods, cosnetics and nedi ci ha
i able of preventing or treating
vari ous di seases associated with netabolic syndrone
resulting fromdysfunction of fat and gl ucose
met abol i sm Al t hough the preferregggnbodinents of the
1. pr es&ncomiposisioni fon Mexgating: eh treafing; Aoy @gd fragtabolic syndrome
illustrative purposes, those skil|led [n the art wl]l
disapros.ceinprisingh at therapeudigally aHor P@abylaﬂ@?ﬂao%feﬂ%émawa of
substitutions are possible, wthout departing fromthe
DeswhepdSalvid nsiffiorthizay pxtrastas aneRetivingiedieitscl osed in the
acconpanying clains. WHAT IS CLAIMED IS: 1. A
conmposition for preventing or treating obesity and
met abol i ¢ syndrone di seases, conprising a
2.t her Ape utoirpakitipn aasd s&ir fagthoish ylaime t §, cerhergine flfee Lapghen extract
anmount of 5 Danshen (Salvia mltiorrhiza) extract as.
comprisdsf @et orvmoren gorepkiveds selgctedrfromcistrplsiraphepanihyergederivative
forth in claiml1, wherein the Danshen extract
and phgrabthesme degvapivenor e conpounds sel ected from
t et rahydr ophenant hrene derivative and phenant hrene
derivative. 10 3. The conposition as set forth in
claim 2, wherein the tetrahydrophenant hrene
3.der i Thticempositipn bs e fortle imelaimo? ewharipabe tirabydrepheagnthrene
fromthe group consisting of cryptotanshi none and
detiaNsl dv@eistd dne or more compounds selected from the group consisting of

cryptotanshinone and tanshinone IA.

4. The composition as set forth in claim 2, wherein the phenanthrene derivative
comprises one or more compounds selected from the group consisting of tanshinone I
and 15,16-dihydrotanshinone I.

5. The composition as set forth in claim 2, wherein the Danshen extract
comprises one or more compounds selected from the group consisting of

cryptotanshinone, tanshinone IIA, 15,16-dihydrotanshinone I and tanshinone 1.

6. The composition as set forth in claim 5, further comprising:
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15 4. The conposition as set forth in claim2, wherein
t he phenant hrene derivative conprises one or nore
conmpounds sel ected fromthe group consisting of
tanshinone I and 15, 16-di hydrot anshinone I. 5. The
conposition as set forth in claim2, wherein the
Danshen extract 20 conprises one or nore conpounds
sel ected fromthe group consisting of
crypt ot anshi none, tanshi none , . i
15, 1@nediohy thont caeumowsise stlecisty Homstiengraup, copsistipgeof 18
conposition as set forth in claimb5, further .
hydroxysrypotmghinons chexasrympBEeRsoURtbel| &b dgnshingh, I8

the group consisting of 10- hydroxycryptotanshi.none, )
préwaguuangpt At adityilredietanshiegishi oﬁm§¥m9 sﬁ#ﬁoﬁu$?¥§e’ 1.2
pr zewaqui none A, di hydroi sotanshinone |, tanshinone

ditlytivstanshibenedtasd tanslinoati Bk dr ot anshi none | and tanshi none

VI. 5 7. The conposition as set forth in any one of
claims 2 through 6, wherein the ratio of

t et rahydr ophenant hrene derivative: phenant hren .
7. der i Tht corepositiomast $vé fordhniyeanyfone1qd: cjaipg 21‘&‘“.[‘6185\/96’ wyherefy the

8. The conposition as set forth in claim7, wherein
ratichef teabhysraphenangitrenehgativeiptre pheneptbease dgeivatiy&is y the range of

phenant hrene derivative is in the range of 5:1 to 1:5.
109 toThi (w@wposi tion as set forth in claim8, wherein

the ratio of tetrahydrophenanthrene derivative:

phenant hrene derivative is in the range of 2.5:1 to

15 1:2.5. 10. The conposition as set forth in claim 2,
g.wher gihg tcbRpbetiorahydr ephortintinr etem dbr iwherdiye the ratio of

i ncl udes cryptotanshi none and tanshinone |1 A and the
tefr@ylRphfanekek deevative: phenanthrene derivative is in the range of 5:1to 1:5.

9. The composition as set forth in claim 8, wherein the ratio of
tetrahydrophenanthrene derivative: phenanthrene derivative is in the range of 2.5:1 o

1:2.5.

10. The composition as set forth in claim 2, wherein the tetrahydrophenanthrene
derivative includes cryptotanshinone and tanshinone ITA, and the ratio therebetween is

in the range of 1:5 to 5:1 (w/w).
11. The composition as set forth in claim 2, wherein the phenanthrene derivative

includes 15,16-dihydrotanshinone I and tanshinone I, and the ratio therebetween is in

the range of 1:5 to 5:1 (w/w).
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in the range of 1:5 to 5:1 (ww). 20 11. The
conposition as set forth in claim2, wherein the
phenant hrene derivative includes

15, 16- di hydr ot anshi none | and tanshinone |, and the
rati o therebetween is in the range of 1:5 to 5:1
(Ww. -47 12. The conposition as set forth in claim
5, wherein the conposition conprises cryptotanshinone

as the main ingredient, 13 . The conposition as s .
12.f or tFhej gpmanositionss seifort im ol r%c SO0 e SRTPHArT géé‘élpnfs
15, 16-di hydr ot anshi nopne | as the main ingredient. 14.

cryfMetangtingns s theopaipinggsdienf-orth in claim5, wherein the
conposition conprises tanshinone I A as the main
ingredient. 10 15. The conposition as set forth in
claimb5, wherein the conposition conprises tanshi none

13.1  asTheheorapasitionrsgseifostatn clagm Strde SORIPGRILGR cRigprises
forth in claim5, wherein the conposition conprises

15,4 6-giphydrotanshinpieslees e majp inggedinli al i ngredi ent, and
optionally, conprises one or nore 15 conpounds
selected fromthe group consisting of tanshinone IIA,
15, 16- di hydrotanshi none | and tanshinone |. 17. The .

14conpBlé témpositionsastset frthrinjclpim Hivherein {icefodRosiig comprises
conposition conprises tanshinone Il A as the essentia

tanshigorediA as theamen tygtedienkl | y, conprises one or nore 20
conmpounds sel ected fromthe group consisting of
crypt ot anshi none, 15, 16- di hydrotanshi none I and
tanshinone |. 18. The conposition as set forth in .

15c! ai Fh& compesitiamast see farthnipodiinm Brvheseip theseagnposition comprises

tanshinone I as the main ingredient.

16. The composition as set forth in claim 5, wherein the composition comprises
cryptotanshinone as the essential ingredient, and optionally, comprises one or more
compounds selected from the group consisting of tanshinone A, 15,16-

dihydrotanshinone I and tanshinone L.

17, The composition as set forth in claim 5, wherein the composition comprises
tanshinone IIA as the essential ingredient, and optionally, comprises one or more
compounds selected from the group consisting of cryptotanshinone, 15,16~

dihydrotanshinone I and tanshinone L

18. The composition as set forth in claim 5, wherein the composition comprises

15,16-dihydrotanshinone I as the essential ingredient, and optionally, comprises one or
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15, 16-di hydr ot anshi none | as the essential ingredient,
and optionally, conprises one or -48 nore conpounds
sel ected fromthe group consisting of
crypt ot anshi none, tanshinone Il A and tanshinone |. 19. ,
The conposition as set forth in claim5, wherein the =
conposition conprises 5 tanshinone | as the essentia
i ngredi ent, and optionally, conprises one or nore

C n I fromth I, nsi.sti f .
o S HoE e B PSRl anstinore
15, 16-dj hydr ot anshi none |. 20. The conposition as set
OAfapdtianshigozg ki m 16 or 18, wherein the conposition 10
conpri ses both cryptotanshi none and

15, 16-di hydr ot anshi none |I. 21. The conposition as set
forth in claim16 or 17,

. Wherej n_the gonposition .
196 ompFhes ampRsttioncas,S8t HER KIAIB % WIREFTE B HPRONILOR CRmPHSeS
22. The conposition as set forth in claim17 or 18r -
tanghioonsi b ash ihec SRR LIAGIRGICRo MRH | ARSI (FORPRSR ABH &t | T

and 15, 16-di hydrotanshi none 1. _ 23. The, conposition_as
compourilp selertechfremthegroup eensiing MY@PW%?F@HE&F}%&"PF 6@ and

conpri ses both tanshi none HA and tanshinone |I. 20 24.
15 Thelilydnashinoonl.as set forth in claim 18 or 19,
wherein the conposition conprises both
15, 16- di hydr ot anshi none | and tanshinone |I. 25. The
conposition as set forth in claim116 or 19, wherein _.
20t he Theposipbsition as sapfirthein daitth 16 pask, Ydiseein the gomposition
cryptotanshi none. 26. The conposition as set forth in
coftyis@totiofry plotinslin @@ and i HlgHibgdrotanshdpasied. t he 5 mi xi ng
rati o between both ingredients is in the range of 10:1
to 1: 10 (W w).

21, The composition as set forth in claim 16 or 17, wherein the composition

comprises both cryptotanshinone and tanshinone IIA.

22. The composition as set forth in claim 17 or 18, wherein the composition

comprises both tanshinone ITA and 15,16-dihydrotanshinone 1.

23. The composition as set forth in claim 17 or 19, wherein the composition

comprises both tanshinone ITA and tanshinone I.

24. The composition as set forth in claim 18 or 19, wherein the composition

comprises both 15,16-dihydrotanshinone I and tanshinone I.
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27. The conposition as set forth in claim26, wherein
the mxing ratio is in the range of 5:1 to 1:5. 10 28.
The conposition as set forth in claiml1, wherein the
net abol i ¢ syndrone disease is at |east one sel ected
fromthe group consisting of obesity, diabetes,
arteriosclerosis, hypertension, hyperlipidem a,
hepati c di seases, cerebral apoplexy, nyocardia

infarction, ischem c diseases cafdi ovascul ar s
25.di seHifegoMpTsitg. asTpRl feﬁhﬁwfa&‘?“girysfs T8RS fhe Compogition

1, wherein the conposition jncreases activity of 5
commisca bethanshinons Iandi cryoiotaisEiBo®AVPK) 30, The

conposition as set forth in claim?29, wherein the

conposition increases activity of AMPK to pronote

cel lul ar bl ood gl ucose uptake, th

by .1 [ | ood
2630 qiwoomepisbiosiss SSTORFHLATOTSASCAER ShURRES 70 PR Thbe

claim 29, wherein the conposition increases  activity
mising Mferbetweca biaftingredisnts is i theAnasiof 653 tsifl?’\ﬁ?"{‘?): - 50
32. The conposition as set forth in claim?29, wherein
the conposition increases activity of AMPK to exhibit
bl ood lipid-lowering activity. 33. The conposition, as
27set Tbe compositiirapssct Jortwimetlain 24, FEhes@RRs EH’PB% ratio is in the
increases 5 activity of AMPK to exhibit activity of
rangelof Biltto Ag. hepat ocyti ¢ damage and formation of fatty
liver. 34. The conposition as set forth in claim 29,
wherein the conposition increases activity of AMPK to
exhi bit therapeutic activity on arteriosclerosis,
28hy pefMhe simpnsition @s et fisthain clgion | ewhereinsthsemetabelics grademe
and cardi ovascul ar di seases. 35. A pharnmaceutical
difeaseiy at ilest fons geicetednfiomgthengrovp consigting Hf oPhesity, ydighstes.

arteriosclerosis, hypertension, hyperlipidemia, hepatic diseases, cerebral apoplexy,

myocardial infarction, jschemic diseases and cardiovascular discases.

29. The composition as set forth in claim 1, wherein the composition increases

activity of 5' AMP-activated protein kinase (AMPK)
30. The composition as set forth in claim 29, wherein the composition increases
activity of AMPK to promote cellular blood glucose uptake, thereby lowering blood

glucose level.

3L The composition as set forth in ¢laim 29, wherein the composition increases

activity of AMPK to exhibit obesity-inhibitory activity.
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met abol i ¢ syndrone di seases, conprising the
conposition of claim1l as the active ingredient and
one or nore pharnaceutically acceptable carriers or
exci pients. 15 36. The fornulation as set forth in
claim 35, wherein the content of the active
ingredient is in the range of 0.0001 to 10% by melght
37. The fornulation as set forth in cIa|n135 mhereln

the forrmulation is uni t - dosa
37~or aI TEFr ccﬁa]?@mograg|sefaﬁ>gﬁﬂp§{aﬂ13&9 Whe‘ief?cﬁhu FrOT oiug%? “%cmases
hard or sof% capsul es, ensi ons,
acﬁﬂﬁfyaftﬁ%% oy Pl Blopd Haid ?l‘ﬂew‘%ﬂ ns. 38. The
formul ation as set forth in claim35, mherein t he
active ingredient in the fornmulation is adm nistered

in the range of 1to 6,0 /d bw, for..adults.

33.51 3be cqm@osnl’feﬂqm %t fosth ae ?%@r%F 8-%? fhe Sompoyigen incredses
wherein the fornul ation co rlses a WE r maceu |calhg £

actictigh AVP teseHblantviS R RERE Fpesr Eite il Gmaion o
the formof beverages, foods or cosnetics. 5 40. A

fathy eeess for preparing a Danshen extract, conprising:
subj ecti ng Danshen (Salvia mltiorrhiza) to water or
organi c solvent extraction to obtain crude extracts;
filtering the crude extracts, followed by (vacuum,

34c onc die campositiomeamiset fathois dlgmatd, yyheredpriiF GRIROSILiPR fpcreases

41. The formul ation as set forth in claim40, wherein

actimiéy BANSM@K tcs eshibiiti theraphutio asiividt oal artsFLoFClRP TS, ulgypertension,
mat eri al .

cerebral apoplexy, ischemic diseases and cardiovascular discases.

35. A pharmaceutical formulation for preventing and/or treating obesity and
metabolic syndrome diseases, comprising the composition of claim 1 as the active

ingredient and one or more pharmaceutically acceptable carriers or excipients.

36. The formulation as set forth in claim 35, wherein the content of the active

ingredient is in the range of 0.0001 to 10% by weight.

37. The formulation as set forth in claim 35, 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.

38. The formulation as set forth in claim 35, wherein the active ingredient in the

formulation is administered in the range of 0.1 to 6,000 mg/day/kg bw, for adults.
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39. The formulation as set forth in claim 35, wherein the formulation comprises a
pharmaceutically acceptable excipient such that it can be prepared in the form of

beverages, foods or cosmetics.

40, A process for preparing a Danshen extract, comprising:

subjecting Danshen (Salvia miltiorrhiza) to water or organic solvent extraction
to obtain crude extracts;

filtering the crude extracts, followed by (vacuum) concentration; and

optionally, removing solvent.

41. The formulation as set forth in claim 40, wherein the Danshen is a dried drug

material or raw drug material.
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