"1 Description Title of Invention: PHARMACEUTI CAL COVPCSI TI ONS

Techni cal Field [0001] The present invention relates to pharnmaceuti cal
conpositions useful in the treatnent of diabetes nellitus, diseases
associated with diabetes nellitus, or conplications of diabetes
mellitus. More particularly, the present invention relates to

phar mar ceuti cal conpositions conprising conbinations of SGET2
inhibitors and at | east one nenber of the group consisting of

bi guani des, insulin secretagogues, insuylin sensitizers, insulins,

di pepti dyl peptidase IV inhibitors, a-glucosidase inhibitors, and
GLP-1 m netics. Background Art [OQ%%Lgﬁggﬁggs mellitus is a group of
di seases mainly characterized by chroni ypergl ycem a due to
insufficiency of epsid idk aevbRPicWd HHARMEEPHREINIEGoBvoRBIIOS

nmet abolic abnormalities. The primary treatnent of diabetes nmellitus
consists of exercise and diet therapy; if these nethods are incapable
of adequate glycem c control, drug therapy with oral antidiabetic
agents is Kestndcal. Fifever, depending on the condition of a

di abetic pat] , treatnment wth a si.ngle dr onet i nes _encount ers
i {11 oul ) ToRB3eh eviiit TEaseh Pelmthoner s SR halior el he
devel opment, af,o8h a5 felrdiPi S VEal SrelendhtiGdf 'L AUndErtYs) an
adequat e dose or over an adequate period of time. According to one

| i terature gigpasts @sdnguazidei ol dlapetieednall fats, eprsconplidatjend

di abet es gave only about 25% probability for the 2 possibility of

| owneri ng t o€ dapbetes meljdivad Mermgeahiaulapd ctheopreseny | ess (see
NPL 1). It .is also kn that if a sulfonylurea is. used al one,. side
of feot s sudRVEBtEm TaTbesp R BRSO TEb A T Er g T af e
not the solg.pkAbL Al RIH kRS idiSiAGbeNaRd 44TRIEANNEN O HRGHH-Y 68N a
becones i nadequate 1 n patients whose ability to secrete insulin have
been det er itmeagedud yedrdilsttieg ob£ heigranelibs, widduitihe spopgtaganels,

di abetic condition. It is also known that if an insulin sensitizer is
used al onelinshéir SruAdtd-zens. pFeptldmsof déperisidydapertidrspidht of
such side effects as weight gain, ed heart failure, and.

hepat opat hﬁ.nhfLﬁrF%rsa'l 53] HBﬁgl‘hc‘éﬁ ’ir‘iir{?ﬁgﬁ?h ﬂ“é’a&iﬂga a’fuo'?lece;:,lcisher e
occur the gga bgg@n&ﬁAﬂQypoglycenia and weight gain. It is also known
that if an aglUcosidase inhibitor is used alone, there occurs the

pr obl em of [@002%i ondiaberesopsEnitef igbdogidigd oFy dabeasesd Msindg

effects. In addition, when a GLP-1 mnetic is used alone, nausea and
vonmi ti ng ackakpeberized ker gheerie Yperoensenia dige taotesUuiflqiengown
that patients wth type.2 diapefes, when th are_expose 0.a

hyper ol ycofo SEEHIA FRAPB: =50 p1% ISRBaPBLTT G SP=CPRe SSy T 3 fer a
deterior at i,@QokflaiNG dNCEh@HLindISt dxe8thént RAVRY Shet8PHellitus
anti di abetic agents are incapable 6f adequately suppressing the

det eri or at iconsigts hef feaetioa aid bilea- eRrbtspEyvaE thesbemdtiaed gheacose
| evel s are | owered. As a neans of solving the aforenentioned

probl ens | ARcRpelle ph Recgnate AEkCofichcertrple drugstheranitht i on
therapy is under reviewthat uses .a co irggéon of antiqéabetic

agent s t haP=8tt * By PErEntITRchars SiEduc HoweVer, dependifig on

the condition of a diabetic patient, treatment with a single
drug sometimes encounters difficulty in achieving good
glycemic control, and what is more, the development of side
effects prevents the drug from being used in an adequate dose
or over an adeﬁuate period of time. According to one
literature report, a biguanide solely used on patients with

type 2 diabetes gave only about 25% probability for the



However, few conbi nations are capable of dimnishing the

aforenenti oned problems wth the use of single drugs. For exanple, it
is known that the risk for the devel opnment of hypoglycema, a

recogni zed side effect of sulfonylureas, is further increased if they
are used in conmbination with other antidiabetic agents. In addition,
t he wei ght gain recognized fromsulfonylureas and insulin sensitizers
cannot usually be controlled by using themin conbination with other
anti di abetic agents. Hence, a novel condination of plural
pharmaceutical drugs is in demand that can achieve a good glycemc
control andyod¥ithilMely 68USRRTINgARRECCARN &rSigleceté® Hdnoglobin

[ 0003] @ ucose in the blood is filtered in the glonerull of each

ki dney and {Hddaledbsd? bextl lessnddicat 8oL bl) sddi dm dbpercewn ghatote a
cotransporters (SATs) |ocated at the be inningg gf roxi mal tubul es.

SGLT2 i nhi G468 YEypeei 3 43P 240PRr oS FIqI8HEeE dtihd¥esee PLT 1)
i nhibit the,act.ivi 0 j UcQs fin b hj

gl ucose tradne;%%&roﬁntgéﬁa{’:? t% ?p%&@? §}8§ge§‘ﬁ¥m l%gi%bg%%g %Iltgurc%’g elébgd{sfg?%g
action in \é@fd&%sawer&thamci@ss aaiiaﬁ%@tmob_mﬁgqxg@_tgl%ea&aurI nary
gl ucose. [0004]1t was recently reported that side effects of insulin
sensi ti zer axmmed Beadeguricd iy pebibn s hddeeabhility SCsSERxemki bitors
(see PLT 2) but there has been no re_ggét of a pharmaceuti cal

conposi t i orltRSEc BABE Nt deseriorarpd iy Faldbre oh hef@ncedls with
sensitizer j.n order to i de,an enhanced blood gluco LDg.
2ot on, Thar® BEogrehS) ff Ruabhedt, SRR natoinir i e phlg e
SGLT2 i nhi i GhedAdnasedsHiRRR! hdYhsO@MIARS € th¥ré NbE RO tnkSokldm 3
and 4). However, no report has been nade of pharnaceuti cal

conposi ti onst @fcchabdchyhaicceliopmphat efl dycl lwdder eSfatts rmseweilghtt hat
conpri se conbinations of SGT2 inhibitors with at |east one nmenber of
the group @BHdi-serRB2of e fudAiduse . i FrdINepagerrEinyoduds, alasuFpern

sensitizer insul i.ns i petidyl tidase_lV_inhibitor

a- gl ucosi dzﬁﬁaati r’f%i 6??%%%} %'fnéls Pigﬁgﬁ‘ﬁ 'rneﬁlleérsf,3 O Far6h %OS?EL “BEt 0eff-\t
Literaturey cemia and wekgh®f §4.6h 2l 1iGaze Ll 8o Ofndwit &HARt ieNgh o-
Publ i cation 2006/ 073197 Al PLT 2: Patent Oficial Gazette of EP
1381361 Bl glucosiBh3e 3ini¥ifitoiralis Gaged talcafe,| hheraaicoana tRabpichliiemon
WO 2009/ 022007 Al PLT 4. Oficial Gazette of |nternational

Publ i cat i orP8\@cEes3PR2Y IRy cArPREAt PAf ethdamipal S YRGS side  NpL

1: Tonyobyaoy u (Kiso.1.q .Ri nshou L_abet ol. . (Fu n and
Cinical Apeﬂ%?e]g% "o %)3‘?&%&%49?8%’2,&%#7)3 ﬁfﬁgg?‘{%r%&gﬁ%@ e%aéﬁ?rﬁary
of I nventi gadd2802hANvakitaGly afel REoWH BEL HherB¥EREi® hrichikRsPr OVi de a
novel pharmaceutical conposition conprising a conbination of plural
drugs t hat rhetheuperepritefifs aoyni thar epadritenitg with ricate 2gddabbbee

mel litus, .diseases associated with diabetes nmellitus, or '
conpl i cat i €MLY aBER SERPSEr £0s2 dNPSHglgrepie copdition for a

prolonged period of time, will suffer a deterioration in the

function of beta-cells; however, most antidiabetic agents are
incapable of adeguately suppressing the deterioration in the
Ffunction of beta-cells even if the blood glucose levels are
lowered.

As a means of solving the aforementioned problems
involved in the treatment with single drugs, a combination
therapy is under review that uses a combination of

antidiabetic agents that act by different mechanisms.



causes no appreciable side effects. Anot her object of the
present invention is to provide a nethod of preventing or treating

di abetes nellitus, diseases associated with diabetes nellitus, or
conplications of diabetes nellitus using the pharnaceuti cal
conposition. [0008] The present inventors found that when a 1-thio-D
gl uci tol conpound having an 5G.1E2 inhibiting action or a

phar maceutically acceptable salt thereof or a hydrate of the conpound
or the salt was administered in conbindion with at | east one nenber
of the group consisting of biguanides, insulin secretagogues, insulin
sensi ti zer gowbfsed] i fidy dmpepatiils pRt cdpasbld \bd @Ambhisiitng the

a- gl ucosi dase inhibitors, and GLP-1 mnetics, a marked bl ood gl ucose
| oweri ng aefpoanestinreds pirohlens twidhf Fhpunee off Finrgleadywap- &6K s,
and alleviation_of side effects were caused,

d, th resent inyention
has been a&X8MBl®shEd oh 5PARA pEhats t8e FRFEE $9Md; gfie?ﬁg?@‘ieﬁ\i’ug,fl t he

present in ] Vi de f Malo]s ﬁi@{ eut.cal
conposi ti o%%é%%f?%%g % %8%&%%%%%%? effect (05 Qélf?t i o-lr%%gjl El-%l t ol
conpound r gpresent Bebluadehei denailarbotsbl aid Idonbifat Wb vE tRAckRed
hydrogen atom a Cl1,6 al kyl group, -ORl, or a halogen atom RDis a
hydr ogen atohidiabeidioagenysoup; agidition, REraweiRDtwadth Teppobézefe
sanme or different are each a derogen atom  a hal ogen atom a_Cl-13

al kyl gr oufroBrsulfonydyreas gyt AnNrdiggeRP St bifeTei PP h AGedYabPsm

(iii) a hydr I i 8 .Q0t | |y
substitute °§§¥%;%%fgggﬁgé¥%ﬁg%§?Jfog%%¥#?g%$P &%?,§§£§§ RF is a
Cl. 6 al kyl aH¢ 98Pt 1 ORRehys S Ulsidel, UheHob¥1 acdidliagefort M(giul-adr a
pharmaceutically acceptable salt thereof or a hydrate of the conpound
or the sal phaangceutical( Byugt isdst demendetiml @h ahkigreoup good

consi sting of biguanides, insulin secretagogues, insuljn sensitizers,
i nsulins, GRBEPRTQIVIONTERL aad oMigh NRELPEGFSS Ne GPRERST PG side

i nhibitors fggdtélp- 1 mmetics. [0010](2) The pharnmaceuti cal

conpositi oﬁ aceor di ng to (1), which conprises a conbination of (A)a
1-1hi o- Dg'[ti@bﬁgD CAIRRBE {£PIRSIbed by fhraenelsl thdrgiomartl)

RIBARE ,,... p
of each kidney and then reabsorbed as mediated by
sodium-dependent glucose cotransporters (SGLTs) located at
the beginnings of proximal tubules. SGLT2 inhibitors typified
by a 1-thio-D-glucitol compound {(see PLT 1) inhibit the
activity of SGLT2 having low glucose affinity but high
glucose transport capacity, so they exhibit a blood glucose
reducing action in various animal models by promoting the
excretion of urinary glucose.
[0004] It was recently reported that side effects of
insulin sensitizers could be reduced by combining them with .
SGLT2 inhibitors (see PLT 2) but there has been no report of
a pharmaceutical composition that combines an SGLT2 inhibitox
with an insulin sensitizer in order to provide an enhanced
blood glncose lowering action. There is also literature

teaching the combined use of an SGLT2 inhibitor and a



HX | ) Rc HOifOH OH [where RAis a hydrogen atom a Cl-6 al kyl
group, -ORl, or a halogen atom RD is a hydrogen atom a hydroxyl
group, or -0Qe; 7 RD and RD which may be the sane or different
are each a hydrogen atom a hal ogen atom a Cl-6 al kyl group, or
RDis (1) a hydrogen atom (ii) a halogen atom (iii) a hydroxyl
group, (iv) a C18 al kyl group optionally substituted by a hal ogen
aton(s), (v) -OR, or (vi) -SRF is ad..6 alkyl group
optionally substituted by a hal ogen at?ﬁ(s)] or a pharmaceutically
acceptabl e salt thereof or a hydrate of the congound or_the salt; and

(B) a bi guadinkptidyli Reptidrss dVeahdRitor Jiseen FERsA I #H ddnsPPFSETE-
[0011] (3) "The pharnaceutjcal c osition accor.ding i (2),
wherei n (A% SEHFETLRRA; B2 df_chﬁl%pf)glp% n%%cuengrlrg"ggr ‘ezélg%cgéej}dﬁl%ést ég the
general forpula (L) Reheelpy $nd Glefedd Kiklveditau ehaf dudpeges atom
RD i s a hydrogen atony a hydrioxyl group, or a €l1-6 al koxy group; RD
and RD are gamduratipdEogenseiminRibigoas Gikith altk Lkagt cupm memBéz 6of
al koxy group or a Cl-6 alkylthio group..é0012](4)_The phar maceut i cal
conposi t i ontlae apradingonsiskinoeE dlopanides ( IpSufBr seFralgogues.,
1-thio-D-glucitol conpound is seleited fromthe groug.goqggﬁging of :
(1S) -1, 5- antRFH G SEBSLEL B RO YIRS 7 RF « XIRF SR peptidas
met hyl pheny 1l - 1-t0i Q- Do aLyelidgoce inhibi d GLP-1 mimetics.
(18)-1, 5- anﬁ‘%}éﬁ?"ol}é%?&- %h{;g%é%d(af-ené‘?ﬁi benzyl Yphenyl 1= e res
1-thi o- D gl gk d@lon nist (15)-1, 5-anhydro-1-[4-chloro-3-[4-
(met hyl sul fanyl ) benzyl ] phenyl] - 1-thi o-D-glucitol;

Patent Literature

[0005]

PLT l: Official Gazette of International Publication WO
2006/073197 AL

PLT 2: Patent Official Gazette of EP 1381361 Bl

PLT 3: Official Gazette of International Publication WO
2009/022007 Al

PLT 4: Official Gazette of International Publication WO
2009/022010 Al
Non Patent Literature
[oooa]

NPL 1: Tonyobyougaku (Kiso to Rinshou) [Diabetology
(Fundamentals and Clinical Applications)l], pp.9249-954, 2007,
Nishimura Shoten
summary of Invention
[0007] an object of the present invention is to provide a
novel pharmaceutical composition comprising a combination of
plural drugs that has superior efficacy in preventing ox
treating diabetes mellitus,‘diseases associated with diabetes

mellitus, or complications of diabetes mellitus and which yet



8 (13) -1, 5- anhydr o- 1- (4-chl or 0- 3- (4- et hyl ben2yl ) phely11-1-
t hi o-D-glucitol;

(15)-1, 5- anhydro 1- (5-(4-ethYl benzyl) - 2- et hoxy- 4-

met hyl phenyl11-1-thi o-D-gl-ucitol;

(18) -1, 5-anhYdro-1-[ 4-chl or o- 314- (propan-2-
yI)benzyIIphenyll-l-thio-D—gIucitol;

(1S)-1, 5-anhydro- 1-[ 2- net hoxy- 4- et hy1-5-[ 4- (prOp61- 2-

yl ) benzyl | phenyl ] -1-thio-D glu01t 01; and

(18) -1, 5-anhydro- 1-E4-chl oro-5-(4-e | benzyl) - 2-
nethoxypheﬁ¥4@3§ F%l%ﬂﬂ?ﬁﬁh@?iﬁoﬁld?(ﬁf%SFFﬁ) The phar naceuti cal

conposition acc t ope of 4 wherein_t he
1-t hi o- D-gl uci t 6%%0 ¥ P &e%eng in&éntlon ig to provide a

(18) -1, 5- apfydra- Jfl-:pl?ré\fén%ﬁ.ﬂ?xéﬁp% BEADONQE dellitus, dlseases
nethylphenyll 1-t hi o- D gl ucl [ 00141(6) The pharnmaceuti cal

conposi t i orsaeensthdarith dipbedde 11 thst oot Hamplhieneiong et
bi guanide is nmetform n hydrochloride. 100151(7) The pharmaceuti cal
conpositi(Mﬁi@béé%ﬂim&}lﬁim§ny5én@ ‘gfe PhprmacEByicathepapasttin -nsul in

secretagogue is.qgli Ilbenclanlde i ride. 016 8
e a0 iPapLal T Steehnl TR oghe Sual Rheh S 1 HIAghET) |
secr et ago | | ition
Socor o0 dlubdell Ml naoie () ﬁ%%?éf’%%%%%%ﬁ?ﬁl%ﬁ%?ﬁ zer is
pi ogl i t azopRarhROdBli(cEIN yThecPPBIIRS @ull t CHhe BN @31 i RPAPLODoE BHet O

any one of (1) and (3) to (5), wherein the dipeptidyl peptidase IV
i nhi bitor icomppund|dptihe erlyivah@ddminiaterdd [ig0roppinatigre with at

pLarTRCeut,ca) COTPOal b on BOESL gt SR o o L ANELD) (O
acarbose. QQ20} {]%)e S TaLBGH ! ALMER! LOGs OF: A-RA1 LRGu £l fbet es
dipeptidyl peptidase IV inhibitors, ¢-glucosidase
inhibitors, and GLP-1 mimetics, a marked blood glucose
lowering action, suppression of the failure of pancreatic P-
cells, and alleviation of side effects were caused; the
present invention hag been accomplished on the basis of this
finding.
[0009] Thus, the present invention provides the following:
(1) A pharmaceutical composition comprising a
combination of

{A) a 1-thio-D~glucitol compound represented by the

general formula (I)




mel litus, diseases associated with diabetes nellitus, or
conplications of diabetes nellitus, which conprises admnistering to
a patient in need, either simultaneously or separately: (A a
1-thio-D-glucitol conpound represented by the general formula (1)
[Where O is a hydrogen atom a Cl-6 al kyl group, -ORE, or a hal ogen
atom RE is a hydrogen atom a hydroxyl group, or RC and RE
whi ch may be the sane or different aregeach a hydrogen atom a

hal ogen atom a Cl1-8 al kyl group, or -ORE; REis (1) a

?;‘:{?'ra"gfﬂy?t["fﬁ%up‘ﬁ‘) R PO Hon 147 piotabogy o, (b)s o

-ORE', b¥hbgematom RPis a Cl-6 aIkyI group optionally
substltuted by a halogen aton(s)] or a pharmaceutically acceptable
salt thereof orr%a :hydrhyérangiert rae:omonpolwmrwlt SEOUR} t OF arfiR (B)

at |east one nmenper of the group consistin 10_Dbi gyani des
i nsulin secret a§og#dsk’ Vﬁ%’tﬂ?ﬂ Hagehe the Sou % Pﬁsﬁ?‘ﬁ%re F&ht ?é]f/rll &
peptidase |V_inhibitors u005| e i.nhi GLE=1.or
mmetics. CEERIFELSF ttheant% - 0f prévéh?f‘g£%¥§%. eagpng di a etes
mellitus, di Seageisaii?caat&f&kdgéxba%ﬁbeéﬁﬁ) Bhlalbyén fom, (iii) a

conplications ot diabetes nellitus according to (12), which conprises
admi ni st er hRgrbRyR AIURNTivh ackds aﬂk&ﬁegreumnnntmN@@a@EySubStltUted
separatel y: (A) a 1-thio-D-glucitol compound.represented by the
general f obwuRahélygaRERARE(BOR(Y) ®RYD oF dlf’l[)wh§3e Rh is a hydrogen

Stom & hydroxyl® drodptrisra TR SHaEa A R Ge  as Bt e RO e or
di fferent &% iosgﬁr%fbm(s)] or a pharmaceutlcally acceptable salt
thereof or a hydrate of the compound or the sait; and
(B} at least one member of the group consisting of
biguanides, insulin secretagogues, insulin sensitizers,
insulins, dipeptidyl peptidase IV inhibitors, a-glucosidase
inphibitors, and GLP-1 mimetics.
[0010] (2) The pharmacentical composition according to
(1), which
comprises a combination of
(&) a 1-thio-D-glucitol compound represented by the

general formula (I)

[where R* is a hydrogen atom, a Cis alkyl group, -OR’, oxr a
halogen atom;

R® is a hydrogen atom, a hydroxyl group, or -OR';



hydrogen atom a halogen atom a Cl1_15 al kyl group, or REis (i) a
hydrogen atom (ii) a halogen atom (iii) a hydroxyl group, (iv) a
Cl-6 al kyl group optionally substituted by a hal ogen atonm(s), (V)
-ORP, or (vi) -SR; RPis a Cl-6 al kyl group optionally substituted
by a hal ogen aton{s)] or a pharnaceutically acceptable salt thereof
or a hydrate of the conmpound or the salt; and (B) a biguanide, an
insulin secretagogue, or an insulin sensitizer. 11 [0022](14) The
nmet hod of preventing or treating diabetes nellitus, diseases

iated with_gi |11t | icati f .di abet
ﬁéfffl3seacggrd3ngﬁ$§%?%§¥ﬁg¥h?%gy?qaﬁgggﬁﬁ!%%a%§€§§%W§I%%?5?;%% % ype
2 di abet es.hy[dggaél]l(é@mjgepgggggg EQ%JIKW qventi g%ﬁr QEE’G%E i 59 Habet es

mel litus, di'seaSes associ a Wth abetes mel Ii t Us,

conpl i cations oR® disaljahes npdddddis agemor (ing 4 maasyewnerdf, (232i)te
(14), wherein the conplication of diabetes nellitus is diabetic

r et i nopat hywdgpabet $2omspivpat -5 dilikydt growe mdiianhyly substituted
cerebrovascul ar_dj sorder, ischem c cakdi ac di sease, or peripheral

arterial di*¥e8sB2logRMATEGE8hs EF Y e @55+ ofT I Went P8I [ 0024] The

phar maceut i cal 0si |l on t e i I C i si.hg plural
phar maceuti cal g?l?}g%s%sﬁbﬁle sjﬁlpg%og& gﬁ%%%%&gﬁh%hgg?%%d( %bg val ue
| oweri ng aghaiegeddedm (@M o8| &CosernaReak i bQVEYF It@epehbod e the

i ndi vi dual drugs. In addition, the pharmaceutical conposition of the
present i nkdareoh eorphiysicage pplirdie ghapracd s dile daligs andppr essed
the | owering of(][aJI asma insulin levels that m ght have occurred with

the progress of (Bl #hd@apfd; 1 bR hEE S EIOPHE - pWarFaceut i cal

conpositio e i nvention conprising plural pharmaceuti cal
drugs al | egf‘g{‘%}a‘bt%eg{%?%gggffects of the individual drugs (i.e.,

wei ght gai moand; hypog)y eegi pharkessiitiphl OBoffodithedi ABad sai{iyP 2] [he
"C2-6 al kyl group" refers to straight- or branched-chain al kyl groups
havi ng 1- 6ozafbbn vitegrednafd) nby e dxéhpbiPichdiyod eetguundgr oup, an

et hyl group, an n-propyl 12 group, an isopropyl group, an n-butyl
group, an E@%‘f‘:ﬁ‘?ﬂtpegir %’p?hﬁ IR EPFMYFBURE? a sec-butyl group, an

e 557k Ao T BB P 2 neopent

R® is a hydrogen atom, a hydroxyl group, or a Ci.¢ alkoxy
group; |

R® and R® are each a hydrogen atom;

- R® is a Cj4 alkyl group, a C;.; alkoxy group or a Ci.s

alkylthio group.
(o012} (4) The pharmaceutical composition according to any
one of (1) to (3), wherein the l-thio-D-glucitol compound is
selected from the group consisting of:

(18)-1,5-anhydro-1-[5-(4-ethoxybenzyl)-2-methoxy-4-
methylphenyl]l-1l-thio-D-~glucitol;

(1s)-1,5~anhydro-1-[4~-chloro-3-(4~methylbenzyl)phenyl]-
1-thio~D-glucitol;

(18)~1,5~anhydro-1-J4-chloro-3-[4-~

{methylsulfanyl)benzyl]phenyl]-1-thic-D-glucitol;



[ 00263The "hal ogen atont may be exenplified by a fluorine atom a
chlorine atom a bromne atom and an iodine atom 100273The
"pharmaceutically acceptable salt” may be exenplified by: salts with
i norgani ¢ acids such as sulfuric acid, hydrochloric acid, hydrobromc
aci d, phosphoric acid, and nitric acid; salts with organic acids such
as acetic acid, oxalic acid, lactic acid, tartaric acid, fumaric
acid, maleic acid, citric acid, benzenegsul of nic acid, nethanesul fonic
acid, p-toluenesul fonic acid, benzoic acid, canphorsulfonic acid,

et hanesul foni ¢ Ld, ucohept oni ¢, aGi luG QDI i, e T
acid, glycolic Zglﬁgil%?"‘g‘@%ﬁ? Fafiltbrods % %ﬁ%@%@?@g%@ﬂ
galactariciﬁﬁhgn_gﬂgcfgﬁb;halene-2-su|fonic acid; salts with one or
nore nmetal 1ons such as lithiumion, sodiumion, potassiumion,

cal ciumion, nmagasyruns+ayydront - [ on(4-stdvdloenecrlht3-wiethawd-$al t s

wi th am nes such as ammoni a, arginine, |ysine, piperazine, choline,

di et hyl am methylphenyl tyktBHOPHIMHELCXE.  ani noet hanol , and -

benzat hi ne. [00281The conpounds.of ,t esent, _i BN can exist as
various sol vate 48$ﬁgygFé§ﬁéﬁ%951BL4H%§¥§%E§ ﬁ% gﬁéﬁg%#q?heir
app|icabi'b@*b%izgﬁﬁéﬂgﬁfiﬁifu#higtggglucitol;The conpounds of the

t en

present in Ion onpass all cases including enantioners,

di astereoners, qgilibsamperopadddsne thoaydesedhyl hedd -{prapapni-
desired proportions, 13 and racem c bodies. The net hods of
produci ng tyie benzirildplenyLLit-dhicoRpSUiftitdf: #8Rnula (1) which are

used in the present inventio s well.as the p ingahlLy
accept abl e saltélﬁﬂé}eéfmﬁﬁﬁﬂFﬁg"ﬁ§dW%‘Eg’g?%ﬁhggég%%ou &g or salts

whi ch are I h i ion are disclosed in the
cn 1§ DE- B39 L BYEs | «
of ficial ggggﬁFéﬁgﬂekﬁtirnatfbnalbPubI|cat|on WO 2006/ 073197 Al .

Among the 1pgdux- D- gko¢i tid merpavedsicdl fammpelsatiod  acdurdipg| S AlY
are preferred because they exhibit a superior SGT2 in ibiting .
activity: one off 13)- to5{ahhyterein] the A ditHePoehygisoL SAPPRERY- 45
met hyl phenyl1] - 1-thi o-D-gl ucjt fo I ) e
(15)-1, 5-an '&--P-‘FﬂPXﬂFB? 4 %‘(‘&-’ﬁéﬁﬁ%‘% ’)5hg‘%§%‘i’f"f 4
1-thio-D-gl ygi ol Uh 264 Rp-grubhe 8.
(15)-1, 5- Ak o.PP?f'%??ﬁf‘ﬁ’? 0-3-[ A
(et hyl sul f pgiyd 9 penzyk) phraybiarinddeti Bay| emigosi tibor aegerding to any
(1S)-1, 5-anhydro-1-(4-chloro-3-(4-eth Ibenzyl)phenyl&-l- ,
t hi o- D- gl uobn®|of fldnnitba (B} O)wherein the biguanide is metfoxrmin
(1S)-1, 5-anhydro-1- (5-(4-et hyl benzyl) - 2- met hoxy- 4-
met hyl phenyP¥28eqiio5i8%g1uol tol (fornula (1 E)),

[G0151 (7) The pharmaceutical composition accoxrding to any

one of (L) to (5), wherein the insulin secretagogue is
glipizide, glibenclamide, or glimepiride.

[0016] {8) The pharmaceutical composition according to
(7), wherein the insulin secretagogue is glipizide.

[0017] (9) The pharmaceutical composition accoxding to any
one of {1) to (5), wherein the insulin sensitizer is
pioglitazone.

{oo181] (10) The pharmaceutical composition according to
any one of (1) and (3) to (5). wherein the dipeptidyl

peptidase IV inhibitor is sitagliptin or vildagliptin.



(15)-1, 5-anhydro- 1-[ 4- chl or o- 3- 14- ( pr opan- 2-

y1l) benzyl ] pheny/ 1-1-thio-D-9lucitol (formula (IF)),

(15) -1, 5- anhydr o- 1-[ 2- net hoxy- 4- net hy1- 5-[ 4- ( pr opan- 2-

yl ) benzyl | phenyll-1-thio-D-glucitol (forrmula (1(3)),

(1S)-1, 5-anhydro-1-[ 4-chl or 0- 5- (4- et hyl benzyl) - 2- )

met hoxyphenyl] -1-thio-D-glucitol (formula (IH)). (1H) A nore
preferred conpound is (1S)-1,5-anhydro-gl- (5-(4-

et hoxybenzyl) - 2- net hoxy- 4- et hyl phenyl ]-1-thi o-D-glucitol, which is
preferably a h)édrate. -'lt0029 One node of the lﬁres_ent invention i,s a
phar maceut i @919 onpobtt) e BRBFPRPTHERE FOPRYHL O GEFPRTng d°

conpound of_ for mul a.( iha ti _ her eof
or a hydrat'—:lenympqt%héelfc{)in%)(;.drlflr(litajl (g’? égf dngﬁ%&%%ﬁﬁg‘r}f%%&%ﬁ??&&é

phar maceut i 6@k b8 0FBOSE LY 1iBoRES RigEltb1a sBdhEAMDsRYAl NSt di abet es
mel litus, diseases associated with diabetes nellitus, or

conpl i cati de20f di abe)e mefthotiusf 113080 Anot ¢iertaesddngsdiahmlidsod of
preventing or treating diabetes nellitus, diseases associated with

di abet es mBIELLEEYES . ALSRARRS CAFPERRTRSF dthpeidRe iR MetddtuHiniTh
conprises admpisterin I i t -t hi O- i tol
conpound ofcofngﬁ'ﬁﬁ?glc(r} O(%r %%%ﬁg%ﬁa@eel[}ﬁ%ggr r‘g"%%%?&%é’gg %ggalt t her eof
or a hydratgnqfither GMAHRd paii8at tirARded, Db StttdY damuetbli€fusly or

si mul t aneously or separately. [0031] Bi guani des are drugs havi ng
actions of supppaessyon of hepatic gl uconeogenesis, increase of
insulin sensitivity In the peripheral tissues, inhibition of glucose
absor ption from(®Bhe?ihtidSa-ReI1ERERDY LOPPRPRE FRIESR &Y 0% n and
buf orm n. I\/btforﬁwj%a IS lprgf]:ﬁrred fromthe viewioints of blood glucose
| oweri ng adlS6i> 1 TPATEd Side effects, and the like, with metfornin
hydr ochl ori de being particularly preferred. These bi guani des are
known substances and nmetfQrmnn ﬁgd metform n hydrochloride in
particul ar are di I° A. Werner and Janes Bell, J. Chem
Soc., 121, 19 R3 con’geis y al product having the
trademark may be us [ 0032]°St1 | | anot her node of the
present invepkrorR-Tgf pharmaceuti cal conposition conprising the
1-thi o-D-gl uci tolgcompound of formula (1) or a pharmaceutically
acceptabl e salt thereof or a hydrate of the conpound or salt and an
insulin

[where R* is a hydrogen atom, a C;.¢ alkyl group, -OR’, or a
halogen atom;

R® is a hydrogen atom, a hydroxyl group, ox —-OR%;

R® and R® which may be the same or different are each a
hydrogen atom, a halocgen atom, a C;-s alkyl group, or ~ORF;

RE ig (i) a hydrogen atom, (ii) a halogen atom, (iii) a
hydroxyl group, (iv) a Ci.s alkyl group optionally substituted
by a halogen atom(s), (v) -OR®, or (vi) -SR';

Rf is a Ci.s alkyl group optionally substituted by a
halogen atom(s)] or a pharmaceutically acceptable salt
thereof or a hydrate of the compound or the salt; and

(B) at least one member of the group consisting of



17 secretagogue. This pharnmaceutical conposition is preferably a
medi ci ne agai nst di abetes nellitus, diseases associated with di abetes
mellitus, or conplications of diabetes nellitus. [00331lYet anot her
node is a method of preventing or treating diabetes nellitus,
di seases associated with diabetes nellitus, or conplications of
di abetes nellitus, which conprises adm nistering a patient in need
the 1-thio-Dglucitol conpound of formuig (1) or a pharmaceutically
acceptabl e salt thereof or a hydrate of the conmpound or salt and an
i nsulin secretagogue, either sinul ly.
[0034]Insuﬁlﬁu§gﬁg%ﬁagﬁﬁﬁ§'naﬁgcﬁ?%%gﬁﬁgérnég%%%ﬁgéﬁgggFiz?gsbronDte
insulin seqrelholsf r&mRAIayeabbst @i ITvs inEXe Ay d-giutosidase
secr et agogues are sul fonylureas (glipizide, glibenclam de,
gl i mepi ri deannghiebag) da acet-ahekaettes. t ol but am de, gl ycl opyr ani de,
chl or propam de, and tol azam de) and Iinides_énate | i ni_de ,
mtiglini deoo@id repbk ) mh@eynsath%r@g (RFEYENTERY 9% ' ReatIPEpEhAreifte
and gl imepiride which are sul fonylureas .are L cul arl ef erred
MAAIERE - LAAT0R GPAELLEE T Laet b HipIeBE? B8

fromthe vi ron. ese insulin
secret agogues, at BREES AT AURMBEELAALMY GBS ) PBYhich
typically bcg?“ggégé%fl%ﬁ%é@h anot her lm)de of the present invention
is a phar mgpipdical S@MROSterangcoand imitignthen In¢dr 0-eDtyeuci t of
conmpound of forrmula (I) or a pharmaceutically acceptable salt thereof
or a hydr atsinmefiteheoeshpondeprrgsietlyand an insulin sensitizer. This

phar maceuti cal conposjition is preferably a di.cine i i, abet es
mel litus, di sead®d askodrf&g fito f%]p%gl‘fiege#r%ﬁ i %usd?%%rg 4
conplications of .di | l'itus. [0036] Yet another node is a

met hod of ;ﬁe(ar‘veé:r?t]'i J'n?é:c;;’l?’g‘!rl reating diabetes nellitus, diseases

associated with di ag)et es nellitus, or conplications of diabetes
mel litus, which coftpiisest agithaistering a patient in need the

1-thi o-Dgl ucit | Iaglfi Er a pharmaceutically
a hydrate the conpound or salt and an

s.&lther siniltaneously or separately.
[0037] I nsulinsensitlizers are drugs which inprove insulin sensitivity
in the peripheral™{issues and the liver. Exenplary insulin
sensitizers are pioglitazone and rosiglitazone. Pioglitazone is
preferred fromthe viewpoints of bl ood glucose | owering action,
limted side . .effecks, an Lk it i oghi Zéq_,rgﬁ,,ydbgt g iade
bei ng parti ‘f}?%rrel% pjr“sefaeglﬂtggsgl?heggm?%ns%l(?ﬁ' g%%%:i@tl zerprs1 are {znown
subst ances githgMmarbfatal products may typically be used. [0038]Still
anot her node of the present invention is a pharnmaceutical cpnposition
conpri sing the % héoa Daginegienoptewapd hflreryLog iy @) “GR 4
pharmaceutical ly ,acceptabl e salt thereof or a hydr und
or salt and an-i®saMX THLERARY Hﬁ%etleﬁei E%Fec%‘p%ﬁelggﬁﬁ:i éP%re er :%bl y
a nedi ci ne i nst_ diapet j di ) ogkahpd o tlorF;

di abet es maﬁ? i S:tggbn%f?%%ééﬁsﬁg?'dﬁ%é%ee%éf@‘% ?i tulg . [0039] Yet
anot her node is @ gBt hof Hihyarewent aognor(itineat haoghratedtoss fBLL) tas,
di seases associ ated wth diabetes nellitus, or conplications of

di abet es nehydtaesyl wrouh, cOHPY s &h-adFHL IR §PA I paRT Bhis Pt Eged
the 1-thio-D- 19 glucitol corrpou&nd of: forrIuI_ﬁ g#ﬁp.or a

phar maceut i Bl # yhaladsst abPB{gh ((heP8of Fr ‘T hydPate of the conpound

or salt and angd psulip,  elfar byl bpoesuahy Sivseparalely a

halogen atom{s)] or a pharmaceutically acceptable salt

insulin sensi‘_]id.\

thereéf or a hydrate of the compound or the salt; and
(B) a biguanide, an insulin secretagogue, ox an

insulin sensitizer.



[ 0040] Preferred exenplary insulins are human insulin preparations
(e.g., human insulin injection as solution, biosynthetic human
neutral insulin injection as solution, human i sophane insulin

i njection as aqueous suspensi on, biosynthetic human i sophane insulin
i njection as aqueous suspension, biosynthetic human bi phasic i sophane
insulin injection as aqueous suspension, and human insulin injection
as aqueous suspension) and insulin anag preparations (insulin
lispro, insulin aspart, insulin glulisine, insulin glargine, and

insulin de h S reparations art.icularly
preferred. Eﬁ\ﬁ%%i)ugh ng #ga tnqmcq%ugg @5? %’I‘E‘rﬁ/ﬁes Eﬁ%ﬁl% dtla%e!tes
ul tra-fast magiifgs ! WIeSastaSis ARiABal ¥PES afieRas fel ¥PES, or
intermedi ate types and sustai ned types, these can be sel ect'ed and

adm ni st er edmplagticiotisn @£t didbetgsainednt Bus avaidingnto THiese ornguB ) N
preparations are known substances and commrercial products may
typi cal |y Beergkn dipbeies SrettitarotReryRed diRbekespresent invention

is a phar cal np. Sltl r|S|n the 1-thio-D

compound g? 8'?%% (gﬁr?')? Eﬁ%’é’meﬁfﬂﬁ q“}}’gat?ﬁeﬁ’f?ﬂﬁ %sgﬁf‘{’?#%? eof
or a hydr aﬁxslﬁt@e aﬁgaggggdas%roci%ltteaa@ﬁt@ ABSREL d¥L1PARI, daze |V

i nhi bitor. This pharmaceutical” conposition Is pre ra y a medi cine
agai nst di abeprscatibhst o5, ATHEARSCReATSDEE AcRArBihE €h A/t 0%e of

mel litus, or conplications of diabetes nmellitus. 20 [0042] Yet

anot her noi&2) st (Fd) ho@h@ﬁeim @\h@npbmgliﬁatim@apf ngi@ﬁ%tb?@t aelidtnst us,

di seases asso d with, diabetes nelljtus, Ilcatlons of
di abet es nﬁ?l‘?ﬁ%&ﬁjﬁnfﬁ B se&LaRRT é"teé’fhlrﬁﬁa PatFEEA need

the 1-thiag, SOPRBAMALL o r rdpggyLi cal ly
accept abl e %%II- t&‘ reo or a yg‘%gfqeﬁ%%@r#g cgrgrggﬁlﬁ%@or sa%%J and a

di pepti dyl apapidedase bdripHidull efteeishatissiagul t aneously or
separately. [0043] D peptidyl peptidase |V enzyne inactivates the

incretin hdrmni@gegnachientd iofe Ipgprtder 1 (GP-1) and

glucose-de end nt insulinotr o]l ypeptide (G P). GP-1 and G P
play a key in Fﬁ% Pﬁﬂﬁﬂﬁﬁ%qgﬁg $ %ﬁ#‘éﬁc?%t?Qﬁ1EiﬁﬁeﬂFucose
honeost asi t r

r event | né%ﬁ@vtél?.ﬁohg%# Hpalg $330e) e e f e Aol et
i nsul i n seqfwidiet bm@mw\wembuebﬁncedﬂw) vEn.8é eI vk ige ARt @6y and
di peptidyl peptidase IV inhibitors are sitagliptin, vildagliptin,
saxagliptiniasmaogﬂu9@$ﬁ Llegviedadbivpring agrien greptie 18Kig408al1

carmegli pt] KRP- 104, and SYR- 472, with sltagllg in and V|qugllpt|n

bei ng_par t4igEar £ ﬁ?@ﬁ%dthﬁ*ha&w ayl ©

i nhi bitor n ﬁ?ﬁﬁ% cl qus pically
be used. f 044f§t?$? anot g%& §é ? > g%ﬁﬁ&?nve%%%g§¥F%ga

phar maceutgialree8BROEHE | XWWeRARP! b5 | PlrsSme ﬁmhm@ -I>giecichat wogmound
of formula (1) or a pharmaceutically acceptable salt thereof or a
hydr at e ofhavee OGGH’pmmmid?h &het rapgress af diobetbs ecandgiitBoror. This
pharnaceutl ! 03|t|on |s referably a medi ci ne agai nst diabetes

mel litus, e21 he, phgrraceutirah ct?f“aﬁﬁyé%o?réﬁfl GsPregent
conpl i cat i %%nfe&oﬂ @&@ﬁ%l tlpiaygl aé&%éblﬁﬁ@é@té}%{ sTRY%e ) Pafea

net hod of preventing tre tes ne I seases

assopi at ednd shadi ebedas el lthéuimdﬂhdiﬁlplﬂ:ﬁ@é | % .Of weli ghet &sin
mel litus, which conprises admnistering a patient in need the

1-t hi o- nguﬁimmbogbmwwmmﬂs of formula (1) or a pharmaceutically
acceptable salt thereof or a hydrate of the conmpound or salt and an
a- gl ucosi RESERET BP 1 EW?PFH@?“E?nuItaneously or separately.

[ 0046] a- (;ﬁq§}§ das éﬂuda %?ngrgr dggs ggkgrkérgyxg!éhglgestlve

enzynes s anyl ase, I nase, Sucra to

del ay car hphwdhalecrdisP Rk @Ngf69he tiei5gek L6 | td@sdd ReomET 24&MiRA

be exemplified by a methyl group, an ethyl group, an n-propyl




(0043] Yet another nobde is a nethod of preventing or treating diabetes
mel litus, diseases associated with diabetes nellitus, or
conplications of diabetes nellitus, which conprises adm nistering a
patient in need the 1-thio-D 22 glucitol conmpounds of formula (1)
or a pharmaceutically acceptable salt thereof or a hydrate of the
conpound or salt and a G.?-1 mnetic, either sinultaneously or
separately. [0049] GLP-1 m netics are drugs having insulinotropic
action by activating the human GLP-1 receptor. GP-1 mnetics are
taken to b g&ng b C | Gy REPLL @Sy 1aRE AP N - Mepiddimtyl
conpounds.&ﬁgg¥érre gggg%% ary %—1 ninetics@grepliraglutide,
exenat i de, gtAsPOH Heirlebuty caddnipg| at seesbwiwlh grpvngl 2R i HPSFEVRg
particular?y preferred. These GLP-1 mnetics are known substances,and
comrer ci al gpeupluc Semiyanydi graupy Be3uBebbylbutyl &FeyR. a%d‘[el‘?é’lenﬁ%e

of the present invention s pharmaceuti cal conposition conprising
an Active SRgRdiHEH} 2R BFh%’quhaﬁ’:r%l@éuti cally acceptable salt thereof

or a h_ydra;g %] t he 4 Agk Qi%n Yroi@ hapbe Hkepli¥eed NG eflifniorBaas
shown in TABP2°A TS pharmaceut i cal conposition is preferably a
medi ci ne agahpsts diraketgs &bt taibrodiiaeasten asedcaut tadise Ridrabet es
mel litus, or conplications of diabetes nellitus. Yet anot her
nmode i s a geokdd of TweeVehaimaperticeddyi agoeridideesahtl Py Lo

di seases associated-with diabetes nmellitus. or .compligatio ;
di abet es neREPPLAEiGthvEl EBHET i'Edd &Hﬁi"ﬂ?’%%‘ér?"r%ﬂsggl‘ﬁ%ﬁi %ént@rﬁ{%gd an

Active I ngredi ergqué]\:ocgh gﬁ a%‘JF:@&S_edeﬁgwmgg%t@bkgoggh@ﬂ&qcﬂm or

a hydrate 8F %t he ngreai a an Active Ingredient B as

shown in Tahhenferfd tAA4; Skaut anaol sganic sepai=satsabi. as23cdtist e A
Active Ingredient A Active Ingredient B ConBou_nd of fornul a%_élla?,
metformn Gompoucehlic faoitul dagtin asdler FRRtEHH GG - of MMRTHIREIEr A)
glipizide Conpound of fornula IéA) bqel i bencl| i\é@de g%r_{ﬁgund of formula

(1A glinepriede acid, citric acid, nzenesulornic

methanesulfonic acid, p-toluenesulfonic acid, benzoic acid,
camphorsulfonic acid, ethanesulfonic acid, gluccheptonic
acid, gluconic acid, glutamic acid, glycclic acid, malic
acid, malonic acid, mandelic acid, galactaric acid, and
naphthalene-2-sulfonic acid; salts with one or more metal
ions such as lithium ion, seodium ion, potassinm ion, calcium
ion, magnesium ion, zinc ion, and aluminum ion; and salts
with amines such as ammonia, arginine, lysine, piperazine,
choline, diethylamine, 4-phenylcyclohexylamine, 2-
aminoethanol, and beﬁzathine.
[00281 The cqmpounds.of the present invention can exist as
various solvates. They may also be hydrates in view of their
applicability as pharmaceutical drugs.

The compounds of the present invenition encompass all
cases including enantiomers, diastereomers, equilibrium

compounds, mixtures of these forms in desired proportions,



Compound of formula (1A gliclazide Conpound of fornula (1A

acet ohexam de Conpound of formula (1A) tol butam de Conpound of
formula (1A glycl opyram de Conpound of formula (1A) chlorpropam de
Compound of formula (1 A) tol azam de Conpound of fornula (1A)

nat egl i ni de Conpound of formula (1A mtiglinide Conpound of fornula
(I'A) repaglinide Conmpound of fornula (l1A) pioglitazone Conpound of
formula (1A rosiglitazone Conpound ofigforrmula (1A human insulin
preparations

and racemic bodies.

The methods of producing the 1-thio-D-glucitol compounds
of Fformula {I) which are used in the present invention, as
well as the pharmaceutically acceptable salts thereof and the
hydrates of the compounds or salts which are also used in the
present invention are disclosed in the official gazette of
International Publication WO 2006/073197 Al.

Among the l-thio-D-glucitol compounds of formula (I},
the following are preferred because they exhibit a superior
SGLT2 inhibiting activity:

(18)-1, 5-anhydro-1-[5- (4-ethoxybenzyl)-2-methoxy-4-~

methylphenyl]-1-thio-D-glucitol (formula {(IA)),

(JA)

(1S)—1,5-anhydro—l-[4—chloro~3—(4-methy1benzyl}phenyl]—

1-thio-D-glucitol (formula (IB)).

O
HO N

HOY Y “OH
OH

(18)

{(18)-1,5-anhydro-1-[4-chloro-3-[4-

(methylsulfanyl)benzyl]lphenyl]-1-thio-D-glucitol {formula



Conpound of forrmula (1A) insulin anal og preparations Conpound of
formula (1A sitagliptin Conmpound of fornmula (IA) vildagliptin
Compound of formula (1A saxagliptin Conpound of fornula (IA)

al ogliptin Conmpound of forrmula (IA) linagliptin Conpound of formula
(I'A) teneligliptin Conmpound of formula (1A) voglibose Conmpound of
formula (I1A) mglitol Conpound of formula (I A) acarbose Conpound of
formula (1A liraglutide Conmpound of figrnmula (1A) exenatide

(xc)),
O Cl O SMS
HO S
HOY Y~ “OH
OH

(1C)

(18)-1,5-anhydro-1-[4-chloro-3-( 4-ethylbenzyl)phenyl]-1-

thio-D-glucitol (formula {ID)}),

(15)—1,5-anhydro—1—[5-(4-ethylbenzyl)—2~methoxy-4—

methylphenyl]—1-thio-D—glucitol (formula (IE)),

(15)-1,5—anhydro—1—[4—chlor0-3-[4—(propan-2-

yl)benzyl]phenyl]-1-thio-D~g1ucitol (formula (IF}),



Compound of formula (1 A) al biglutide Conpound of formula (IB)
metform n Conpound of forrmula (IB) buformn 24 Conmpound of formula
(7B) glipizide Conmpound of formula (1S) glibenclam de Conpound of
formula (TB) glinepiride Conmpound of formula (I1B) gliclazide Conpound
of formula (7B) acetohexam de Conpound of fornula (1B) tol butam de
Compound of formula (IS) glyclopyram de Conpound of formula (1S)

chl or propam de 15

(18)~1,5-anhydro~1-[2-methoxy-4-methyl-5-{4-{propan-2-

y¥l)benzyllphenyl]-1-thio-D-glucitol {Fformula (IG)),

(16)

(1S)-1,5-anhydro-1-[4-chloro-5-(4-ethylbenzyl)-2-

methoxyphenyl]-1-thio-D-glucitol (formula (IH)).

(i)

A more preferred compound is (1S5)-1,5-anhydro-1-[5-(4-~
ethoxybenzyl)-2-methoxy-4-methylphenyl]-1-thio-D-glucitol,
which is preferably a hydrate. )

[0029] One mode of the present invention is a

pharmaceutical composition comprising the l-thio-D-glucitol



Conmpound of formula (1S) tolazan de Conpound of fornula (IB)

nat egl i ni de Conpound.of formula (1S) mtiglinide Conpound of formula
(1'S) repaglinide Conmpound of formula (1B) pioglitazone Conpound of
formula (1S) rosiglitazone Conpound of formula (1S) human insulin
preparations Conmpound of formula (IS) insulin anal og preparations
Compound of formula (1S) sitagliptin Conpound of formula (19

vi l dagli ptin Conmpound of formula (IB) Isaxagliptin Conpound of fornula
(I'S) alogliptin

compound of formula (I) or a pharmaceutically acceptable salt
thereof or a hydrate of the compound or salt and a biguanide.
This pharmaceutical composition is preferably a medicine
against diabetes mellitus, diseases associated with diabetes
mellitus, or complications of diabetes mellitus.

[o0301 another mode is a method of preventing or treating
diabetes mellitus, diseases associafed with diabetes
mellitus, or complications of diabetes melliitus, which
comprises administering a patient in need the 1-thio-D-
glucitol compound of formula (I) or a pharmaceutically
acceptable salt thereof or a hydrate of the compound or salt
and a biguanide, either simultaneously or sepaﬁately.

[0031] Biguanides are drugs having actions of suppression
of hepatic gluconeogenesis, increase of insulin sensitivity
in the peripheral tissues, inhibition of glucose absorption
from the intestine. Exemplary biguanides are metformin and
buformin. Metformin is preferred f£rom the viewpoinis of
blood glucose lowering action, limited side effects, and the
like, with metFformin hydrochloride being particularly
preferred. These biguanides are known substances and
metformin and metformin hydrochloride in particular are
disclosed in Fmil A. Werner and James Bell, J. Chem. SocC.,
121, 1922, 1790-1794, and a commercial preduct having the
trademark GLUCOPHAGE may be used.

[00321} g+ill another mode of the present invention is a
pharmaceutical composition comprising the 1l-thio-D-glucitol
compound of formula (I) or a pharmaceutically acceptable salt

thereof or a hydrate of the compound or salt and an insulin



Conpound of forrmula (1S) linagliptin Conpound of formula (IB)
teneligliptin Conmpound of fornmula (IS) voglibose Conpound of formula
(IB) mglitol Conpound of forrmula (1S) acarbose Conpound of formula
(I'S) liraglutide Conmpound of formula (IS) exenatide Conpound of
formula (1S) al biglutide Conmpound of forrmula (I1C netformn Conpound
of formula (1 C buform n Conpound of formula (1C) glipizide Conpound
of formula (1C glibenclam de 17
secretagogue. This pharmaceutical composition is preferably a
medicine against diabetes mellitus, diseases associated with
diabetes mellitus, or complications of diabetes mellitus.
[0033] Yet another mode is a method of preventing oxr
treating diabetes mellitus, diseases associated with diabetes
mellitus, or complications of diabetes mellitus, which
comprises administering a patient in need the 1-thio-D-
glucitol compound of formula (I) or a pharmaceutically
acceptable salt thereof or a hydrate of the compound or salt
and an insulin secretagogue, either simultaneously or
separately.
10034] Insulin secretagogues are drugs having the property
to promote insulin secretion from pancreatic f-cells.
Exemplary insulin secretagogues are sulfonylureas (glipizide,
glibenclamide, glimepiride, gliclazide, acetohexamide,
tolbutamide, glyclopyramide, chlorpropamide, and tolazamide)
and glinides (nateglinide, mitiglinide, and repaglinide).
Among these, glipizide, glibenclamide and glimepiride which
are sulfonylureas are particularly preferred from the
viewpoint of blood glucose lowering action. These insulin
secretagogues are known substances and commercial products
may typically be used.
[0035] Still another mode of the present invention is a
pharmaceutical composition comprising the l-thilo-D-glucitol
compound of formula (I} or a pharmaceutically acceptable salt
thereof or a hydrate of the compound or salt and an insulin
sensitizer. This pharmaceutical composition is preferably a

medicine against diabetes mellitus, diseases associated with



Conmpound of formula (1C) glinepiride Conpound of formula (1C)
gliclazide Compound of formula (1C) acetohexam de 25 Conpound of
fcgrmjl a (109 tol butam de Conpound of fornula (1C) glyclopyram de
to{rgggnqugf Ogorrmlg (1C chlorpropani de Conpound of fornmula (IC)
m de Conpound of fornula (1C nateglinide Conpound of fornula
ggﬂmlmatl(lglcl ni de Conpound of fornula (1C) repaglinide Conpound of
) pioglitazone 18
diabetes mellitus, or complications of diabetes mellitus.
[0036] Yet another mode is a method of preventing or
treating diabetes mellitus, diseases associated with diabetes
mellitus, or complications of diabetes mellitus, which
comprises administering a patient in need the 1-thio-D-
glucitol compound of formula (I) or a pharmaceutically
acceptable salt thereof or a hydrate of the compound'or salt
and an insulin sensgitizer, either similtaneously ox
separately.
[0037] Insulin sengitizers are drugs which improve insulin
sensitivity in the peripheral tissues and the liver.
Exemplary insulin sensitizers are pioglitazone and
rosiglitazone. Pioglitazone is preferred from the viewpoints
of blood glucose lowering action, limited side effects, and
the like, with pioglitazone hydrochloride being particularly
preferred. These insulin sensitizers are known substances
and commercial products may typically be used.
[0038] Still another mode of the present inventiocn is a
pharmaceutical composition comprising the l-thio-D-glucitol
compound of formula (I) or a pharmaceutically acceptable salt
thereof or a hydrate of the compound O salt and an insulin;
This pharmaceutical composition is preferably a medicine
against diabetes mellitus, diseases associated with diabetes
mellitus, or complications of diabetes mellitus.
[0039] vet ancther mode is a wethod of preventing ox
treating diabetes mellitus, diseases associated with diabetes

mellitus, or complications of diabetes mellitus, which

comprises administering a patient in need the 1l-thio-D-



Compound of formula (1C rosiglitazone Conpound of forrmula (1 C human
i nsulin preparations Conpound of formula (1C) insulin anal og
preparati ons Conpound of fornmula (I1C sitagliptin Conpound of formula
(1Q vildagliptin Conpound of formula (1C) saxagliptin Conmpound of
formula (1C) alogliptin Compound of formula (IC) linagliptin Conpound
.of formula (1C) teneligliptin' Conmpound of fornmula (1C) voglibose
Conmpound of formula (1C) mglitol Cbnggund of fornmula (1C) acarbose
glucitol compound of formula (I) or a pharmaceutically
acceptable salt thereof or a hydrate of the compound or salt
and an insulin, either simultaneously or separately.
[0040] Preferred exemplary insulins are human insulin
preparations (e.g., human insulin injection as solution,
biosynthetic human neutral insulin injection as solution,
human isophane insulin ipnjection as aguecus suspension,
biosynthetic human isophane insulin injection as agqueous
suspension, biosynthetic human biphasic isophane insulin
injection as agqueous suspension, and human insulin injection
as aqueous suspension) and insulin analog preparations
(insulin lispro, insulin aspart, insulin glulisine, insulin
glargine, and insulin detemir), with human insulin
preparations being particularly preferred. Although insulins
include various types such as ultra-fast-acting types, fast-
acting types, biphasic types, intermediate itypes and
sustained types, these can be selected and administered
according to the patients’s condition. These insulin
preparations are kKnown substances and commercial products may
typically be used.
[oo41] Still another mode of the present invention is a
pharmaceutical composition comprising the 1-thio-D-glucitol
cormpound of formula (I) or a pharmaceutically acceptable salt
thereof or a hydrate of the compound or salt and a dipeptidyl
peptidase IV inhibitor. This pharmaceutical composition is
preferably a medicine against diabetes mellitus, diseases

associated with diabetes mellitus, or complications of

diabetes mellitus.



Compound of formula (1C liraglutide Conpound of fornmul

exenati de Conpound of fornula (1C) aIbigPutide Cbnpoundao§|§%rnula
(I1D) netform n Conmpound of formula (1D) buformn Conpound of fornula
(ID) glipizide Compound of formula (1D) glibenclam de Conpound of
formula (1D) glimepiride Conpound of forrmula (1D) gliclazide Conpound
of formula (I D) acetohexam de Conpound of fornula (I1D) tol butam de
Compound of formula (1D) glyclopyrani%%

[0042] ¥Yet another mode is a method of preventing-or
treating diabetes mellitus, disedses associated with diabetes
mellitus, or complications of diabetes mellitus, which
comprises administering a patient in need the 1-thio-D-
glucitol compound of formula (X)) or a pha;maceutically
acceptable salt thereof ox a hydrate of the compound or salt
and a dipeptidyl peptidase IV inhibitor, either
simultaneously or separately.

[0043] Dipeptidyl peptidase IV enzyme inactivates the
incretin hormones glucagons like peptide-1 (GLP-1) and
glucose-dependent insulinotropic polypeptide (GIP). GLP-1 and
GIP play a key role in the regulation of insulin secretion
and glucose homeostasis. Dipeptidyl peptidase IV inhibitors
are drugs which prevent inactivation of these peptides and
enhance glucose-dependent insulin secretion from pancreatic
8 cells. Preferred exemplary dipeptidyl peptidase IV
inhibitors are sitagliptin, vildagliptin, saxagliptin,
alogliptin, linagliptin, teneligliptin, SK-0403,
carmegliptin, KRP-104, and SYR-472, with sitagliptin and
vildagliptin being particularly preferred. These dipeptidyl
peptidase IV inhibitors are known substances and commercial
products may typically be used.

f0044] still another mode of the present invention is a
pharmaceutical composition comprising the 1-thio-D-glucitol
compound of formula {I) or a pharmaceutically acceptable salt
thereof or a hydrate of the compound or salt and an o-
glucosidase inhibitor. This pharmaceutical composition is

preferabiy a medicine against diabetes mellitus, diseases



Compound of formula (ID) chlorpropam de Conpound of formula (ID)
t ol azam de Conpound of fornmula (ID) nateglinide 26 Conpound of
formula (ID) mtiglinide Conmpound of formula (1D) repaglinide
Conmpound of formula (1 D) pioglitazone Conpound of fornula (1D)
rosiglitazone Conpound of fornula (I1D) human insulin preparations
Conpound of formula (ID) insulin anal og preparations Conpound of
formula (I D) sitagliptin Conpound of fﬁrrml a (1D vildagliptin
associated with diabetes mellitus, or complications of
diabetes mellitus.
{00451} Yet another mode is a method of preventing or
treating diabetes mellitus, diseases associated with diabetes
mellitus, or complications of diabetes mellitus, which
comprises administering a patient in need the 1l-thio-D-
glucitol compounds of formula (I) or a pharmaceutically
acceptable salt thereof or a hydrate of the compound or salt
and an a-glucosidase inhibitor, either simultaneously or
separately. .
[00461] a~-Glucosidase inhibitors are drugs which inhibit
digestive enzymes such as amylase, maltase, c-dextrinase,
sucrase, etc. to delay carbohydrate absorption from the small
intestine. Preferred exemplary o-glucgosidase inhibitoxrs are
voglibose, miglitol, and acarbose. These a-glucosidase
inhibitors are known substances and commercial products may
typically be used.
[0047] Still another mode of the present invention is a
pharmaceutical composition comprising the 1l-thio-D-glucitol
compound of formula (I) or a pharmaceutically acceptable salt
thereof or a hydrate of the compound or salt and a GLP-1
mimetic. This pharmaceutical composition is preferably a
medicine against diabetes mellitﬁs, diseases associated with
diabetes mellitus, or complications of diabetes mellitus.
[0048] Yet another mode is a method of preventing or
treating diabetes mellitus, diseases associated with diabetes
mellitus, or complications of diabetes mellitus, which

comprises administering a patient in need the 1l-thio-D-



2l ogl i ptin Conpound of formia (|D) 1inagliptin Conpound of f

(ID) teneligliptin Conpound of 1£0r2rul :an?Ing) pf/l)& Fgggguggngguagrg?l :

;ornula (1D miglitol Conpound of fornula (ID) acarbose Conpound of

ormula (ID) liraglutide Conpound of formula (ID) exenatide Conpound
CC):]:) formula (1 D) al biglutide Corrpound of formula (IE) metformn
npound of formula (1 E) buformn 29

glucitol compounds of formula (X) or a pharmaceutically
acceptable salt thereof or a hydrate of the compound ox salt
and a GLP-1 mimetic, either simultaneously or separately.
[0048] GL?-1 mimetics are drugs having insulinotropic
action by activating the human GLP-1 receptor. GLP-1
mimetics are taken to be any compound including peptides and
non-peptide compounds. Preferred exemplary GLP-1 mimetics
are liraglutide, exenatide, taspoglutide, and albiglutide,
with liraglutide being particularly preferred. These GLP-1
mimetics are known substances and commercial products may
typically be used.

Still another mode of the present invention is a
pharmaceutical composition comprising an Active Ingredient A
or a pharmaceutically acceptable salt thereof ox a hydrate of
the ingredient or salt and an Active Ingredient B as shown in
mable A. This pharmaceutical composition is preferably a
medicine against diabetes mellitus, diseases assoclated with
diabetes mellitus, or complications of diabetes mellitus.

Yet another mode is a method of preventing or treating
diabetes mellitus, diseases associated with diabetes
nellitus, or complications of diabetes mellitus, which
comprises administexring a patient in need an Active
Ingredient A OT & pharmaceutically acceptable salt thereof or

a hydrate of the ingredient or salt and an Active Ingredient

B as shown in Table A, either simultaneously or separately.



Compound of formula (1E) glipizide Conmpound of formula (1E)

gl i bencl am de Conpound of formula (1E) glinepiride Conpound of
formula (1E) gliclazide Conpound of formula (I E) acetohexam de
Compound of formula (1E) tol butam de Conpound of formula (IE)

gl ycl opyram de Conpound of formula (IS) chlorpropam de Conmpound of
formula (1S) tolazam de Conpound of fornula (1S) nateglinide Conpound
of formula (IE) mtiglinide Conpound 9% formula (1S) repaglinide

Table A
Active Ingredient A Active Ingredient B

Compound of formula (I3a) metformin
Compound of formula (IA) buformin
Compound of formula (IA) glipizide
Compound of formula {IA) glibenclamide
Compound. of formula (IA) glimepiride
Compound of formula (IA) gliclazide
Compound of Fformula (IA) acetohexamide
Compound of formula (IA) tolbutamide
Compound of formula (IA) glyclopyramide
Compound of formula (IA) chlorpropamide
Compound of formula (I3a) tolazamide
Compound of formula {(IA) nateglinide
Compound of formula (IA) mitigiinide
Compound of formula (IA) repaglinide
Compound of formula (IA) pioglitazone
Compound of formula (IA) rosiglitazone
Compound of formula (IA) hunan insulin preparations
Compound of formula (IA) Cinsulin analog preparations
Compound of formula (IA) sitagliptin
Compound of formula (IA) vildagliptin
Compound of formula (IA) saxagliptin
Compound of formula (IA) alogliptin
Compound of formula (IA) linagliptin
Compound of formula (IA) teneligliptin
Compound of formula (IA) voglibose
Compound of formula (IA) miglitol
Compound of formula {IA) acarbose
Compound of formula (IA) liraglutide
Compound of formula (TA) exenatide
Compound of formula (IXIA) albiglutide
Compound of formula (IB) metformin
Comﬁounﬁ of formula (IB) - buformin




Compound of formula (1E) pioglitazone Conpound of fornula (1E)

rosi glitazone Conpound of formula (I E) human insulin preparations 27
Compound of formula (1E) insulin anal og preparations Conpound of
formula (1E) sitagliptin Conmpound of forrmula (1E) vildagliptin
Compound of formula (IS) saxagliptin Conpound of forrmula (IYS)

al ogliptin Conpound of forrmula (1S) linagliptin Conpound of fornula
(1'S) teneligliptin Conpound of formulg,(1S) voglibose

——
Compound of formula {IB) glipizide
Compound of Fformula {IB) glibenclamide
Compound of formula (IB) glimepiride
Compound of formula (IB) gliclazide
Compound of formula (IB) acetohexamide |
Compound of formula (IB) tolbutamide
Compound of formula (IB) glyclopyramide
Compound of formula (IB) chlorpropamide _
Compound of formula (IB) tolazamide
Compound of £ormula {1IB) nateglinide
Compound of formula (IB) mitiglinide
compound of formula (IB) repaglinide
Compound of formula (IB) pioglitazone
Compound of formula (IB} rosiglitazone
Compound of formula {IB) human insulin preparations
Compound of Fformula (IB) insulin analog preparations
Compound of Fformula (IB) sitagliptin L
Compound of Fformula (IB) vildagliptin
Compound of formula (IB) saxagliptin
Compound of formula (IB) alogliptin
Compound of formula (IB) linagliptin ]
Compound of formula (IB) teneligliptin
Compound of formula (IB) voglibose
Compound of formula {IB) miglitol
Compound of formula (IB}) acarbose
Compound of formula (IB) liraglutide
Compound of formula (iIB) exenatide
Compound of formula (IB) albiglutide
Compound of formula {(IC) metformin
compound of formula {IC) buformin
Compound of formula (IC) glipizide
Compound of Eormula {IC) glibenclamide
Compound of formula (IC) glimepiride
Compound of formula (IC) gliclazide
L_Compound of formula (IC) acetohexamide




Compound of formula (IE) mglitol Conpound of fornmula (1S) acarbose
Compound of formula (IS) liraglutide Conpound of forrmula (IYS)
exenati de Conpound of formula (1S) al biglutide Conmpound of fornula
(I'F) nmetform n Conpound of forrmula (IF) buform n Conpound of fornula
(I'F) glipizide Conmpound of fornmula (IF) glibenclam de Conpound of
formula (1F) glinmepiride Conpound of forrmula (I1F) gliclazide Conpound

of fornmula (IF) acetohexam de 25
Compound of formula (IC) tolbutamide
Compound of formula (IC) glyclopyramide
Compound of formula (IC) chlorpropamide
Compound of Fformula (IC) tolazamide
Compound of formula (IC) nateglinide
Compound of formula (IC) mitiglinide
Compound of formula (IC) repaglinide
Compound of formula {IC) pioglitazone
Compound of formula (IC) rosiglitazone
Compound of formula (IC) human insulin preparations
Compound of formula (IC) insulin analog preparations
Compound of £formula (IC) sitagliptin
Compound of formula (IC) vildagliptin
Compound of formula (IC) saxagliptin
Compound of formula (IC) alogliptin
Compound of formula (IC) linagliptin
Compound of Fformula {IC) teneligliptin
Compound of formula (IC) voglibose
Compound of formula (IC) miglitol
Compound of formula (IC) acarbose
Compound of formula (IC) liraglutide
Compound of formula (IC) exenatide
Compound of formula (IC) albiglutide
Compound of formumla {(ID) metformin
Compound of formula (ID) buformin
Compound of formula (ID) glipizide
Compound of formula (ID). glibenclamide
Compound of formula (ID) glimepiride
Compound of Formula (ID) gliclazide
Compound of formula (ID) acetohexamide
Compound of formula (ID) tolbutamide
Compound of formula (ID) glyclopyramide
Compound of formula (ID) chlorpropamide
Compound of Eormula (ID) tolazamide
Compound of formula (ID) nateglinide




Conmpound of formula (IF) tol butam de Conpound of formula (IF)

gl ycl opyram de Conpound of formula (IF) chlorpropam de Conpound of
formula (I F) tolazam de Conpound of forrmula (IF) nateglinide Conpound
of formula (I1F) mtiglinide Conpound of formula (IF) repaglinide
Conmpound of formula (1F) pioglitazone Conpound of fornula (IF)
rosiglitazone Conpound of formula (IF) human insulin preparations

Conpound of formula (IF) insulin anal oggpreparations Conpound of
formula (IF) sitagliptin

Compound of formula (ID) mitiglinide
Compound of formula (ID) repaglinide
Compound of formula (ID) pioglitazone
Compound of formula (ID) rosiglitazone
Compound of formula (ID) human insulin preparations
Compound of Fformula (ID) insulin analog preparations
Compound of formula {ID) sitagliptin
Compound of formula (ID) vildagliptin
Compound of formula (ID) saxagliptin
Compound of formula (ID) alogliptin
Compound of formula (ID) linagliptin
Compound of formula (ID) teneligliptin
Compound of Fformula (ID) voglibose
Compound of formula (ID} miglitol
Compound of formula (ID) acarbose
Compound of formula (ID) liraglutide
Compound of formula {ID) exenatide
Compound of formula (ID) albiglutide
Compound of formula (IE) metFformin
Compound of formula (IR} buformin
Compound of formula (IE) glipizide
Compound of formula (IE) glibenclamids
Compound of formula {IE) glimepiride
Compound of formula (IE) gliclazide
Compound of formula (IE) acetohexamide
compound of Fformula (IE) tolbutamide
Compound of formula (IE) glyclopyramide
Compound of formula (IE) chlorpropamide
Compound of formula (IE) tolazamide
Compound. of formula (IE) nateglinide
Compound of formula (IE) mitiglinide
Compound of formula {IE) repaglinide
Compound of formula (IE) pioglitazone
Compound of formula {IE) rosiglitazone
Compound of formula {IE) human insulin preparations



Conpound of forrmula (I1F) vildagliptin Conmpound of fornula (IF)

saxagliptin Conmpound of fornmula (IF) alogliptin
Il inagliptin Conpound of fornula (IF) teneligliptin
Compound of formula (IF) voglibose Conmpound of formuta (IF) mglitol

formula (IF)

28 Conpound of

Compound of formula (IF) acarbose Conpound of fornula (IF)

liraglutide Conmpound of forrmula (IF) exenatide Conpound of formula
27

(I'F) albiglutide

Compound of formula (IE) insulin analoy preparations
Compound of formula {IE) sitagliptin
Compound of formula (IE) vildagliptin
Compound of formula (IE) saxagliptin
Compound of formula (IE) alogliptin
Compound of formula (IE) linagliptin
Compound of formula (IE) teneligliptin
Compound of formula (IE) voglibose
Compound of Formumla (IE) miglitol
Compound of formula (IH®) acarbose
Compound of formula (IE) liraglutide
Compound of formula (IE) exenatide
Compound of formula (IE) albiglutide
Compoun@ of formula (IF) metformin
Compound of formula (IF) buformin
Compound of formula {IF) glipizide
Compound of formula (IF) glibenclamide
Compound of formula (IF) glimepiride
Compound of formula (IF) gliclazide
Compound of formula (IF) acetohexamide
Compound of formula (IF) tolbutamide
Compound of formula (IF} glyclopyramide
Compound of formula (IF) chlorpropamide
Compound of formula (IF) tolazamide
Compound of formula {(IF) nateglinide
Compound of formula (IF) mitiglinide
Compound of formula (IF) repaglinide
Compound of formula {IF) pioglitazone
Compound of formula (IF) rogsiglitazone
Conmpound of formula (IF) human insulin preparations
Compound of foxrmula (IF) insulin analog preparations
Compound of formula (IF) sitagliptin
Compound of formula (IF) vildagliptin
Compound of formula (IF) saxagliptin
Compound of formula (IF) alogliptin




Compound of formula (1G netform n Conmpound of formula (1G buformn

Compound of formula (1G glipizide Conmpound of formula (1GQ

gl i bencl am de Conpound of fornmula (1 G glinepiride Conpound of
formula (1G gliclazi-de Conpound of formula (I G acetohexamn de
Compound of formula (1G tol butam de Conpound .of fornula (1GQ

gl ycl opyram de Conpound of formula (1 QG chlorpropam de Conmpound of
formula (1G tolazam de Conpound of fojgrula (1 G nateglinide

Compound of formula (IF) linagliptin
Compound of formula (IF) teneligliptin
Compound of formula (IF) voglibose
Compound of formula (IF) miglitol
Compound of formula (IF) acarbose
Compound of Fformula (IF) liraglutide
Compound of formula (IF} exenatide
Compound of formula (IF) albiglutide
Compound of formula (IG) metformin
Compound of formula (IG) buformin
Compound of formula (IG) glipizide
Compound of formula (IG) glibenclamide
Compound of formula (IG) glimepiride
Compound of formula (1IG) gliclazide
Compound of formula (IG) acetohexamide
Compound of formula (IG) tolbutamide
Compound .of formula (IG) glyclopyramide
Compound of formula (IG) chlorpropamide
Compound of formula (IG) tolazamide
Compound of formula {IG) nateglinide
Compound of formula (IG) mitiglinide
Compound of Fformula (IG) repaglinide
Compound of formula {IG) pioglitazone
Compound of formula (IG) rosiglitazone
compound of formula (IG) human insulin preparations
Compound of formula (IG) insulin analog preparations
Compound of formula {(IG) sitagliptin
Compound of formula (IG) vildagliptin
Compound of formula (IG) sazagliptin
Compound of formula (IG) alogliptin
Compound of formula (IG) linagliptin
Compound of formula (IG) teneligliptin
Compound of Fformula (IG) voglibose
Compound of formula (IG) miglitol
Compound of formula (IG) acarbose




Compound of formula (I1G mtiglinide Conpound of formula (1Q

repagl i ni de Conpound of forrmula (1 G pioglitazone Conpound of formula
rosi glitazone Conmpound of formula (1G human insulin
i nsulin anal og preparations

(1G

preparati ons Conmpound of formula (1GQ

Conpound of forrmula (1GQ sitagliptin Conpound of formula (IS)

vildagliptin Conpound of fornula (1G saxagliptin Conpound of fornula

(G alogliptin Conmpound of fornula (I@ | inagli ptin Conpound of
fornula(l(;Lteneligliptin

Compound of formulia (IG) liraglutide
Compound of formula (IG) exenatide
Compound of formula (IG) albiglutide
Compound of formula (IH) metformin
Compound of formula {(IH) buformin
Compound of formula (IH) glipizide
Compound of Fformula {IH) glibenclamide
Compound of formula (IH) glimepiride
Compound of formula (IH) gliclazide
Compound of formula (IH) acetohexamide
Compound of formula (IH) tolbutamide
Compound of formula (IH) glyclopyramide
Compound of formula (IH) chlorpropamide
Compound of formula (IH) tolazamide
Compound of formula {(IH) nateglinide
Compound of formula (IH) mitiglinide
Compound of £ormula (IH) repaglinide
Compound of formula {(IH) pioglitazone
Compound of formula (IH) rosiglitazone
Compound of formula (IH) human insulin preparations
Compound of formula {(IH) insulin analog preparations
Compound of formula (IH) sitagliptin
Compound of formula (IH) vildagliptin
Compound of formula (IH) saxagliptin
Compound of formula (IH) alogliptin
Compound of formula {IH) linagliptin
Compound of formula {(IH) teneligliptin
Compound of Fformula (IH) voglibose
Compound of formula {(IH) miglitol
Compound of formula (IH) acarbose
Compound of formula (IH) liraglutide
Compound of formula (IH) exenatide
Compound of formula {IH) albiglutide




Compound of formula (1G voglibose Conmpound of formula (I1C) mglitol
Compound of formula (1G acarbose 29 Conpound of fornula (1GQ
l'iraglutide Compound of formula (1C) exenatide Conpound of formla
(1 albiglutide Conmpound of forrmula (TB) netform n Conpound of
formula (I'H) buformn . Conpound of formula (1R) glipizide Conpound
of fornmula (TB) glibenclam de Conpound of forrmula (lii) glinmepiride

30

[0050] “pigbetes mellitus” encompasses type 1 diabetes,
type 2 diabetes, and other types of diabetes mellitus due to
specific causes. The diseases targeted by the pharmaceutical
drugs of the present invention are preferably type 1 diabetes
and type 2 diabetes.

[0051] “Diseases associated with diabetes mellitus”
include obesity, hyperinsulinemia, dysglycemia {glucose
metabolism disorder), hyperlipidemia, hypercholesterolemia,
hypertriglyceridemia, dyslipidemia {(lipid metabolism
disorder), hypertension, congestive heart failure, edema,
hyperuricemia, and gout.

“Complications of diabetes mellitus” are classified into
acute and chronic ones.

“Acute complications” include hyperglycemia {e.g..,
ketoacidosis), hyperglycemic hyperosmolar syndrome, lactic
acidosis, hypoglycemia, and infectious diseases (e.g., skin,
soft tissue, biliary, respiratory, and urinary-tract
infections).

“Chronic complications” include microangiopathy
(diabetic retinopathy, diabetic neuropathy., and diabetic
nephropathy), as well as macroangiopathy {cerebrovascular
disorder, ischemic heart disease, and peripheral arterial
disease).

[00521 “preatment” means administering the pharmaceutical
compositions of the present invention to patients who have
already manifested diseases such as diabetes mellitus,
diseages associated with diabetes mellitus, or complications

of diabetes mellitus. Acts of this treatment cover



Compound of formula (1H) gliclazide Conpound of fornula (IH)

acet ohexam de Conpound of formula (lii) tol butam de Conpound of
formula (1H) gl ycl opyram de Conpound of formula (TB) chl orpropam de
Conmpound of formula (IH) tolazam de Conpound of fornula (IH)

nat egl i ni de Conpound of formula (IH mtiglinide Conpound of formula
(1H) repaglinide Conmpound of fornula (IH) pioglitazone Conpound of
formula (IH) rosiglitazone Conpound of forrmula (IH) human insulin
preparations 31

symptomatic therapy intended to mitigate the symptoms derived
from the above-mentioned diseases. Also included are
treatments for partial or complete recovery from disease, as
Wéll as treatments that stop or retard the progress of
disease.

[0053] “prevention” means a practice by which patients who
have a risk for manifesting diseases such as diabetes
mellitus, diseases associated with diabetes meliitus, or
complications of diabetes mellitus are administered the
pharmaceutical compositions of the present invention before
the discase manifests itself.

[0054] The pharmaceutical composition of the present
invention can be such that the active ingredients described
above are formulated as a single preparation (combination
preparation) or they are separately formulated as two or more
preparations. These preparations may be tablets, granules,
powders, capsules, emulsions, suspensions or syrups or
alternatively they may be injections in such forms as a
sterile solution or a liquid suspension, all being obtained
by commonly employed means. If the active ingredients are
separately formulated as two or moxre preparations, the
respective preparations may be administered either
simultaneously or at given time intervals spaced apart. The
two or more preparations may be administered at different
frequencies in a day. The pharmaceutical composition of the
present invention may be administered either systemically ox
topically by an oral or parenteral route. If the active

ingredients are separately formulated as two or more



Conpound of forrmula (1R) insulin analo '
_ (18 g preparations Conpo
Egaggtﬁd(ggbfngﬁgllFTI? Compound of formula (1H) vildagPi;P?nOf
und a n) saxagliptin Conpound of fornula
?:ggllg;griE?ngrgdcgapgorgul? glkb :inagliptin Conmpound gfkgornu1a
pti und o ormula (IH voglibose Conpo
;grrru:a (IN) mglitol Conpound of fornula (IH acarbose grrgggngfof
roula (IH) liraglutide Conpound of ggrnula (1H) exenatide

preparations, ‘the respective preparations may be administered
by different routes.
{00551 Tf the pharmaceutical composition of the present
invention is formulated as two different preparations, they
are highly likely to be administered either gimultaneously or
at a very short interval, so a document such as a package
insert or a sales brochure that accompanies a commexrcial
product preferably states to the effect that the two
preparations should be administered in COmbination. Anothexr
preferred embodiment is a kit of two preparations, one
comprising the 1-thio-D-glucitol compound and the other
comprising at least one member of the group consisting of
biguanides, insnulin secretagogues, insulin seunsitizers,
insuling, dipeptidyl peptidase TV inhibitors, o-glucosidase
inhibitors, and GLP-1 mimetics.
[0056] The dosage of the pharmaceutical composition of the
present invention varies with the target. method, etc. of
administration., Take, fox example, the case of oral
administration; a patient with diabetes mellitus is
preferably administered the following daily doses:
(1) 0.1-50 mg, preferably 0.5-25 mg, of the 1l-thioc-D-
glucitol compound;
(2) 10-3000 mg of biguanides;
(2z-1) 100-3000 mg, preferably 300-3000 mg, of metformin;
(2-2) 10-500 mg, preferably 30-150 md, of buformin;
(3) 0.5-2000 mg of insulin secretagogues; A
(3-1) 0.5-100 mg, preferably 1-10 mg, of glimepiride;

(3-2) 0.5-100 mg, preferably 1-10 mg, of glibenclamide;



Compound of formula (IH) albiglutide 30 (0050]"Di abetes mellitus”
enconpasses type 1 diabetes, type 2 diabetes, and other types of

di abetes nellitus due to specific causes. The di seases targeted by

t he pharnmaceutical drugs of the present invention are preferably type
1 diabetes and type 2 diabetes. [00517"Di seases associated with

di abetes nellitus" include obesity, hyperinsulinema, dysg/ycem a
(glucose netabolismdisorder), hyperlipidem a, hyperchol esterolem a,
hypertri gl yceridem a, dyslipidema (I ?gi d net abol i sm di sorder),
hypertensi on, congestive heart failure, edema, hyperuricem a, and
gout . (3-3G0APr 2 ea% i%ths PERLarab dPROPPt s off @cekebexdmiat® i nt o

acute and r.Qni.¢.o "Acute c licati ons" jnclude .
hyper gl yce(cr%rle%g_( gg&‘?g?i"e_t“@acPﬁ%@?’éﬁ&%%r‘&ﬁ@%éﬁ% Orfyf'}@fLB‘émJﬁe‘
syndrone, d3;aghi §oashERSis: 89¥£’Qﬂéﬂﬁe@0@-S@Bdmél,nfcﬁcgllguio SERATRS
(e.g., skin, Soft tissug, biliary, respiratory, an rinary-tract
i nfectiongB-6) 10-1640 anf,Cpeod@Prasmit iSeRSH0i NG| Wie chilGEpagARTR Y

(di abetic retinopathy, diabetic neuropathy, and diabetic

nephr opat Hy¥)y7) a8 - ie? 90 hagnapretenftdiyat2ivy0( ner ebf @ldpdalide: di sor der,

i schem c Bgarﬁé ?i s?ﬁ[gse, and geri%ﬁer al arterial disease).

[ 00521" Tr eat Aent 2~ AEHh &% d AT Rt 1R § O REO phdy e &QLPEENposi ti ons
of the prese P AV, i i N e r i fested

di seases Sécﬁsa%adl a eé“bg'si)ir?r%? ﬁlﬁ@; %8;,\,2@82’2 ! aogés g?ggggf%’th di abet es
mel 1itus, (ay coAPdO Gaf icdnNsnohlih aheisasinekljtus. Acts of this
treatnent cover 31 synptomatic therapy intended to mtigate the

synpt ons dérityel-¥¢bma. herabevadie ioi-sheng di sk geeglibhsend:ncl uded are
treat msntz for_partial or conplete recovgégofrom di sease, as well as

tr eat ment $ 3¢ hat = 34U WitFet BF YT LHR LT 07 Jidse o g€ pinsulins;

[ 0053] " Pr nt § ofh ; ]_réﬂc.t e I A en  have a risk
for mani fglé?i n%;oidk?ose sgg gﬁ%) asdyg'l g%é;ﬁé@é%%lﬁ?tﬁhg% 1|:seéa)1'ses

associ at edewt § h1 Boabaiges prEddBas: 20160y ] Gt isaageipdimbet es
mellitus are adm ni stered the pharmaceutical conpositions of the
present i kGedl i brddfegr epréfexhitsioyns -0 hestef viidéhgliftlith4] The

phar maceut | conposition of the present invention can be such that

tical

t he activé!ﬁng‘?Eﬁ]&?@smﬁegﬁr?%&%lﬁ&gésﬁrw%%f ed as a single
prepar ati gn_{ cofbj naf, p i r I ely

f or mul at eg‘?a:gj:t&vv'gi (r)i?]tdrrgl é ]Feée)%%rradytl&gﬁs'.g lf%gl?s% %ﬁgg?gﬁ%%% may be
tabl ets, gramyl e, 100OWEG!, SprEBRTBIHS 108080 S in)S ofSHEFENE 10N Gndr
syrups or alternatively they may be injections in such forns as a
sterile sé6Vud) oGO0 mgqubrenrehdysion;Seo Imdeiofigacitenstad by
commonl y enpl oyed neans. If _the active ingredients are separately

fornul ated as %0 F [BFR B SPCEELons, 2 (ARF1e@SpELth VB NeEE4r at i ons
may be adﬂéﬂﬂr‘ﬁi ad mgk&?&fab?d '&@HEQ{:’&M& Pnelle Qié{v?‘”hg;]! 1&“ erval s
Spaced apart. et or nNDré preparations fay Be aumhi“St'ered at
di fferentgbs@guencies in a day. The pharnaceutical conposition of the
present invention nay be adm nistered either systemcally or
topi cal | y(by ahri®Cahndts parmiecnblyr ott@®? urfitsheofctnsdinggr edi ent s
are separ?tely formul ated as two_or nore

2) 70.001-300 mg of GLP-1 mimetics:

(2-1) 0.1-10 mg, preferably 0.3-3 mg, of liragultide;

(2-2) 0.001-0.1 mg, preferably 0.005-0.05 mg, of exenatide;

and

{(2-3) 0.3-300 mg, preferably 1-100 mg, of albiglutide.

Biguanides are usually administered in two oxr three

divided portions. On the other hand, the l-thio-~D-glucitol



32 preparations, the respective preparations nay be adm ni stered by
different routes. [0055]1f the pharnmaceutical conposition of the
present invention is formulated as two different preparations, they
are highly likely to be adm nistered either sinultaneously or at a
very short interval, so a docunent such as a package insert or a
sal es brochure that acconpanies a commercial product preferably
states to the effect that the two preparations should be adm nistered
i n conbi nation. Another preferred enbodénent is a kit of two

prepar ations, one conprising the 1-thio-D-glucitol conpound and the
ot her conprésigihnd chfabé wsimisreabes efhitid gr suptebmsd SIGLTE of

bi guani des, insulin secretagogues, insulin sensitizers, insulins,

di pepti dyl jpepthiddse bvtioemiinn @Psexhe@%d@ir&éige Hemgai tor dosighy @

G.P-1 mneti.cs. [0056] The dosa th ceutic of
t he present CPPRARGIGR 95‘??%’? %%of‘hg %Qgeg%h”%rrﬁ h%é‘aa]'l"aeta(%mmi‘?L btbfla
adm ni stration &&ERL I diptlekahton; a
patient wi t {° %ﬁé%%égg Iftus |? 8&2§%§§%Qxﬁ§gg?ﬁlg?g?%d t he

foll ow Nng dahddnieseds f,&éf&-ab;@Ouﬁgd o6 ed @itallay 10n S5w2th Mg, babushide

1-thio-D glucitol conmpound; (2) 10-3000 nmg of biguanides; (2-1)
100- 3000 npdesat@ieat abl pemaﬂmorigsuetamq gedensef(2- 2) 10-500 rrg

f bly 30-150 , of buf |
i s 9.
r?ﬁ%%e% '2 56 &%Oé%%%df’]e% 4y, ?Qéoﬂ&ér%n%ﬂm own methed

10 2000 ng acet ohexam de; (3-4) 100-2000
ng, preferapby é&&p&@oobﬂaua&idésobaut Bai ﬂ&lde(x%&):o5632&iﬁhhfl@, of
preferably 100-500 ng, of glyclopyram de; (3-6).10-1000 ny,
preferably 50stftheaiy redbasal by preopaniche; SIQ‘B-—fﬁ)le@SH»HQO@@thﬁji
preferably 2-40 ng,

my, of tol adearebey &ngjg—lllégéé%%eir?&( ?65?4)3?%%) o 8«52)3%%5385%%%@9’ +R3- 500

glicl azi de; 10 of ul 4-4)
preferably T6£E%Fiﬁf i gg‘liog 5§o§§l§?§§ %%g%ﬁﬁ% Sﬁlgg zigiggnggfyA

10- 1000 uni §gg 5@{ |n§55|ﬁ§e af&&uﬁmﬁaﬁsaﬁiméddeﬁptaﬂylpxmﬂﬂnammge |V
inhibitors; (6-1) 1-300 ng, preferably 20-100 ng, of sitagliptin,;
(6-2) 1- 3000331 mmeﬁamatbbysZﬁudnuﬁan}abéétstIﬁﬂﬂﬂqlﬁﬁpnP°W§QS5<) 2- 1000
ng of a-glucosidase inhibitors; (7-1) 0.2-100 g%, %refgrabhy 04310
ny, of vogl PBB%‘éles(J eE‘)”EB"‘i’E)OOWF&’“EFLBFEraﬂ?‘}/ FFLPE00° R oY
mglitol; and g?ﬁ,}ve méggglgggta? rgeesfcf;mg{%y s Y BE mPtedCAiRBSE;

for the casE | ectli i 6Nt W th di abetes mellitus is

preferably %Qﬁhﬂt&&&f&dyt be &@ﬁémm,d&ﬁ_tu slasigsentt) sdel 08 uni t s,
preferably 4-100 units, of insulins;
mannitol and lactose and, after granulation, f£illed into

capsules either directly or after being mixed with other
additives for oral administration, which are specifically
exemplified by excipients (e.g., sugar-based or sugar
alcoﬁolic pxoeipients such as glucose, sucrose, mann%tol,
lactose, xylitol, sorbitol, maltitol, and pullulan;
cellulosic excipients such as microcrystalline cellulose;
starch-based excipients such as corn starch; inorganic
excipients such as anhydrous dibasic calcium phosphate),
binders (e.g.., cellulosic binders such as methylcellulose,

hydroxypropyl cellulose, and hydroxypropyl methylcellulose),



(2) 0.001-300 ng of G.P-1 mnetics; (2-1) 0.1-10 ny, preferably 0.3-3
ng, of liragultide; (2-2) 0.001-0.1 ng, preferably 0.005-0.05 ng, of
exenatide; and (2-3) 0.3-300 ng, preferably 1-100 ng, of albiglutide.
Bi guani des are usually admnistered in two or three divided portions.
On the other hand, the 1-thio-D-glucitol 34 conpound can be rendered
to exhibit a sustained SAT2 inhibiting acti'on for an extended
period. Hence, to design a conbination_preparation of a type that is
to be admi ni stered once a day, the 1-tﬂ$o-D—qucitoI conmpound of the
present invention is preferably used in conbination with "a biguanide
desi gned t(ﬁﬂﬁénéaﬁﬁiﬂég(ﬁe-§ustﬁ?%%%ﬂQ%iqeéééintfﬁﬂﬁ?FFTﬁéchb@%uanide

desi gned tao be abl e .of, sustai ned r.el ease" can he prepared J
accordance ?ﬂrﬁﬁigﬁ%ﬁmc%?ﬁgldsio%?% I%é?nbli“@ a‘?m gpggnc%eiurlose'
rendered QR Ccapaklfe YseSUSEALRE D &aRSR-DYsdtP IS 1hP8grants such
sl owrel easing nethod described in the official gazette of WO

96/ 08243 AlasOpal-htan®y hdatdestsedeskdntht BadotdtisdAmegAget $€amafh JP

2003-520759 A. 100581The preparations descri bed above are preferably
oral prepars@disng. stbhidigerablets, . gmargrpic Hovidbizerscapshlass light
enul si ons, suspensions, .and syrups. Specifically, the active

i ngr edi ent $3ddSeFi Wdfﬂ%\‘?gnéﬁ :g‘éb"?ﬁ‘%é‘%? & ther SeRGEEaARYsI y or
separately it Rsexcini S i 319% act Qs @ﬂg] after
granul at i orTa%%ngﬁ %%ag%%gbsg %sﬁ%f 'I[I%%rg!r%?%'ect yé'o%;lgf tg%r ei ng

m xed W t h selaei1 agldiddacey ; f ot tormltiaduiyNi Shé aft0it1abibs ey e
specifically exenplified by excipients (e.g., sugar-based or sugar

al cohol i c @edilpiémd mfohtablgtsicose, sucrose, mannitol, |actose,

xylitol, sqrbitol, maltitol, and pullulan; cellulasic excipients such
as miorocr QPQP?i ne T¥ PHPBSENI} a?r’ccﬁpbﬁgeﬁh%ﬂcit&lé’ﬁf’ég%‘fﬁﬁt“is corn

starch; in j IR.e . d I i i
hosphat e Copagas 3 eCBESBHE LARAINED & Rletfigk bubAdnyT
met hyl cel | wkesptabyelrsaixptReYdo€ ald ¥ 6g8ratd b heOXyRpOMd or salt
met hyl cel | ul ose), 35 disintegrants (e.g., cellulosic disintegrants
such as carisebbostneghMithnat | brasiulsse rerben 4 dbex gpeeptonsdisitihgse,
and croscarnel ose sodi um, or_starch-based disintegrants such as

partial |y §é& BEEVRTAESst APEW-Hh P L HBRYFRE Ty ) LRSS IR CReRBUT AT S -
fluidizers, I nar L | Wi di.zer C Light sil4.clGs
anhydri de) ,1(1%}19 b i cg%?gh§%i gﬂ.rl%ﬂsa’tzdgg?i Zya%%?bln%ggés?u i‘gc'lfog%rdgtsg,

cal ci um st eah@abetodsll Gnaaade SpahikBtsceatytids RAMRA ehe edtgrdatively,
the granulation may be pelletized into tablets. [00591The proportion
at whi ch t methodhjerdy gEusimrisioridond Bike hEqer esenble nvidvet ceReor a
phar maceuti cal |y acceptable salt thereof or a hydrate of_the conpound
or salt is EofBMHFIAtRIatRE AT EEUhLAbE CHFOSAELGR ot Wnsi sti ng
of bi guani i j r QLS Loasul i Lt iLAsuk i ns,
di pepti dyl ggéﬁ?’%‘ﬂﬁsﬂé}eﬁl‘@i?ﬁhﬁ%‘?or S, §iét- %?u%ijbéslrb ase%jiynllﬁiz%l tsdofr st?ﬁa%d
GLP-1 m methes-yafiRE £olLt BohpRuridigetompBid0dsitdt 0.00£1000 parts by
adm ni stration. Take, for exanple, the case of adm nistering the

phar maceut meaé edrgodeasbnond ndmbepr e§ethe igrnoam consistimchwpfan; if
one part by _ mass of the 1- thio7D-glucitol conpound is conbined with
0. 01- 1000 ééﬁ?@%ﬁﬁ%&&%’rl%tsef%agaﬁéeﬂe Ep seestrinqys-

consi sting, j.guan. Ny In.secre L.asul i iLLzers,
Tnsul i ns, - RpERkRy HsgERE AR S RRRR LY 0B ReaL RS i RS

i nhi bi t or s;nRMe; €34%,1 ain@t» S mirdethiss POSS i 4 ?ots@ig.bé@t@ JbtadRpesi or

bl ood gl ucose |l owering action than is achi eved by adm nistering the

i ndi vi dual sdpexgbor [bloed phwudesullameyripy ederiad thencbabrglceyrd part by
mass of the 1-thio-Dglucitol conpound in conbination with 0.1-100

parts by nad@inbgregingt the disHauRnBErIDf thdsSgPBEh i EbYe St i ng of

bi guani des .. L pSulid 305555 AA0ES ol BSH) LLAPNY Lhae Send N1 T S,

glucitol compound in combination with 0.1-100 parts by mass




inhibitors, and G.P-1 mnetics. This enables satisfactory efficacy to
be obtained by using the respective drugs in smaller anmounts than
when they are adm nistered individually. As a further advantage, the
pharmaceutical conposition of the present invention has fewer side
effects because it does not cause hypoglycem a or weight gain that

m ght result from excessive insulin secretion. [0060] Patients who are
to be treated by the pharnmaceutical casposition of the present
invention are those who are unable to have good glycem c control in

spite of cgptinued 4 ghe ARERNEH $8eageoM 2onREE eI G Cof At des,

subj ected to drug therapy; preferred patients are those who are
unabl e t 0o bhayel QP eRcibyaetiwe <L orinsalinns e ite zefcsbeingulidn ni st er ed
with a single oral antidiabetic drug and who therefore need to take
anot her dr dgpepizidydc pepbidaseli TV dnbabihetharft-SHicpeddasahe

pharmaceutical conposition of the present jnvention can, typi.cally be
produced adRRtRf Stoaflﬂe&f%'lji SR GLES :ass'en(a,b;%%ﬁaa :i'soélnéjclt)‘)%ﬁzabl et

Tabl et's wi ggffcggfﬁg ?%ﬁg%“ﬁg,%"gﬁ?%%ﬁ%% edspBativé ahfds in

cont ai ned: 4- et hoxybenzyl) - 2-met hOxy- 4-

net hyl phenykd1ist himeuRtg! tigat alhephaheynats erdniefieteedd t ndisricapbynd
A5 ng 37 Metformn hydrochloride500 ng Mcrocrystalline
cel | ul ose78sng Fpthhexy pdopytagsel [theo phasnagputdcedx prepesdtiqn e€hthe

sodi unBO ng Magnesi um st ear at GB%F LQOGZ%%%%aéat gon 2% Tobl el .
Tabl et s wi PReSERf 4m¥eBELOF BATnhiahEre SPFe par i -2e REAT 2B €Y s aPRed:
Compound o0 FRBUARLBRRE b YARHOLLE 1t sl cosry st | ne
Low subst i bubd 98y dhaxyPh osdreraldnul oseld ny
{0060] Patients who are to be treated by the
pharmaceutical composition of the present invention are those
who are unable to have good glycemic control in spite of
continued diet and exercise and who therefore need be
subjected to drug therapy; preferred patients are those who
are unable to have good glycemic contrél in spite of being
administered with a single oral antidiabetic drug and who
therefore need to take ancother drug that acts by a different
mechanism,
[0061] The pharmaceutical composition of the present
invention can typically be produced according to the
following formulas.
(Preparation 1) Tablet
Tablets with a diameter of 13 mm were prepared; each
tablet contained:
(18)~-1,5-anhydro-1-{5-(4-ethoxybenzyl)-2-methoxy-4-
methylphenyl]-1-thio~D~glucitol {(hereinafter referred to as

compound A} _ 5 mg



Magnesi um st earatel ng. [0063] (Preparation 3) Tabl et Tabl et s
with a diameter of 7 mmwere prepared; each tabl et contained:
Conmpound A5 ng Ginepirided ng Mcrocrystalline cellul ose6l ng

Lact ose50 ng Hydroxypropyl cellul ose5 ng Low substitution

hydr oxypr opyl cellul osel4 ng Magnesi um stearatel ny.

[ 0064] (Preparation 4) Tabl et Tablets with a dianmeter of 8 mMm
wer e prepared; each tablet contained: 38
Conpound A5 ng Sitagliptin50 mg Mcroct¥ystalline cellul ose45 ng
Manni t ol 69 ng Hydr oxypropyl cellul osel0 ng Low substitution

hydr oxypr opyl c¥etidose@ydgodabmeisieum st eamat el ng. - Exafll ew

[ 0065] On the foll ow ng pages, the present inventionis described in
greater detail BYOFRERSIGLIERAMHEIIORRI ch are by no neans’8 M%nded

tolimt the SCQP&iéﬁyﬂQE%er8§fiﬁlose 25 mg
Carbozymethyl starch sodium 30 mg
Magnesium stearate : 3 my.

[0062] (Preparation 2) Tablet

Pablets with a diameter of 7 mm were prepared; each

tablet contained:

Compound A 5 mg
Pioglitazone hydrochloride 16.53 mg
Microcrystalline cellulose 48 mg
Lactose 50 mg
Hydroxypropyl cellulose 5 mg
Low-substitution hydroxypropyl cellulose 14 mg
Magnesium stearate 1 mg.
[0063]) {(Preparation 3) Tablet

Tablets with a diameter of 7 mm were prepared; each

tablet contained:

Compound A 5 mg
Glimepiride 4 mg
Microcrystalline cellulose 61 mg
Lactose 50 mg
Hydroxypropyl cellulose 5 mg
Low-substitution hydroxypropyl cellulose 14 mg
Magnesium stearate 1 mg.
[0064] (Preparation 4) Tablet

Tablets with a diameter of 8 mm were prepared; each

tablet contained:



invention. Test Exanple 1 <Test itenr Effects of chronic conbination
treatnment of conpound A and netform n hydrochloride in diabetic mce
<Test method> Eight male db/db m ce/group (11-week ol d; CLEA JAPAN,
Inc.) were orally adm nistered with repeated doses of compound A (3
ng/ kg, once daily) and a biguanide, nmetform n hydrochl oride (50 ng/kg
or 150 ng/ kg, tw ce daily; SIGVAALDRI CH JAPAN K K.), either al one or
in conbination, for 27 days. Eight db/yg mce (11-week ol d; CLEA
JAPAN, Inc.) were used as nondi abetic nornmal controls. [0066] Before
and 27th day after thg %t art of repeated adm nistration, blsopd was
taken from the ©HPPUHE&i f of each Mbuse and centrifuged to col I ect
hemat ocyte fracd, : er henolysis of the hematocyte frsactigons,

gl ycat ed henog%lbﬁgﬁilgéiﬁ(el-lb) val ues were neasured by affinity

col um chr onat qglcplyvetahl e asdldmbee gl ycat ed henogl obi4¥ agal yzer
(TOSOH CORPORATION). Starting at the 27th day of repeated

adni ni strati onMamindgodere fasted for 16 hours, thereafter,*bffod was
taken fromthe tail vein of each mouse and centrifuged to gpllect

pl asma. Pl asma HOFesERCPRYL| ShkdPe S feasur ed by the nut ar ot ase~GOD
nethod with a uc . -tlsgﬁ ko, Wakm Rdre
Chem cal Indus'?ﬂfcfwégs,%%f'?%.%@t%{rlt er,ol’&gg%?g?%aér%&?%gﬁ day aftermét he
start of repeat Akl steataesn, bl ood was taken fromthe i agl. vein
of each nouse under non-fasting conditions and centrifuged to coll ect
pl asma. Pl-gsampliasul in | evels were nmeasured by ELISA with an insulin

assay kit (Levis: Muwuse Insulin ELISA KIT (H Type).. .SH BAY, Y
Ltd.) [006%Pee&kult Onthe fO#?n%WJd}’Paﬁ’GEESrn‘gf&? ifﬁ‘%aszeé‘te%‘rﬁéééeg& % t he

mean standard error. in heLGophinatdon abgenthihh are
compound A E§°’ﬁ%9ﬁ<g)ina 51%@%?'0%%% ;/)rlg%hl oride (300 nmg/kg) markedly

decreased the,shangs i1RtEhaba eonpaied thit Scepchvmithg pressnt A t est
by two-way ANOVA showed a significant interaction effect of conpound
A (3 ng/ kglneadtimet.f or mi n hydrochl ori de (300 ng/kg) on the changes in
GHb. [0068] 40 G oup

Test Example 1

Test item>

Effects of chronic combination treatment of compound. A
and metformin hydrochloride in diabetic mice
{Test method>

Eight male db/db mice/group (11i-week old; CLEA JAPAN,
inc.) were orally administered with repeated doses of
compound A (3 mg/kg, once daily) and a biguanide, metformin
hydrochloride (50 mg/kg or 150 mg/kyg, twice daily; SIGMA-
ALDRICH JAPAN K.K.), either alone or in combination, for
27 days. Eight db/m mice (ll-week old: CLEA JAPAN, Imoc.)
were used as nondiabetic normal controls.
[00661] Before and 27th day after the start of repeated
administration, blood was taken f£rom the tail vein of each
mouse and centrifuged to collect hematocyte fractions. After

hemolysis of the hematocyte fractions, glycated hemoglobin



Change in GHb (%9 Normal control -0.05 0.10 Diabetic control 1.20
0.32 Metform n hydrochloride, 100 ng/kg 2.08 0.33 Metformn

hydr ochl ori de, 300 ng/kg-. 1. 70 0.23 Conpound A, 3 ng/kg 0.14 0.39
Compound A (3 ng/kg) + netform n hydrochloride (100 ng/kg) 0.63

0. 27 Conmpound A (3 ng/kg) + nmetform n hydrochloride (300 ng/kg) -0.54
0. 15*

39

(GHb) values were measured by affinity column chromatography
with an automated glycated hemoglobin analyzer (TOSOH
CORPORATION). Starting at the 27th day of repeated
administration, mice were fasted fox 16 hours, thereafter,
blood was taken from the tail vein of each mouse and
centrifuged to collect plasma. Plasma glucose levels were
measuxred by tﬁe‘mutarotase—GOD method with a glucose assay
kit (Glucose C2 Test Wako; Wako Pure Chemical Industries,
Ltd.) Further, before and 27th day after the start of
repeated administration, blood was taken f£rom the tail vein
of each mouse under non-fasting conditions and centrifuged to
collect plasma. Plasma insulin levels were measured by ELISA
with an insulin assay kit (Levis: Mouse Insulin ELISA KIT
(H-Type): SHIBAYAGI Co., Ltd.)
[0067] {Result 1>

The changes in GHb are expressed as the mean * standard
error in Table 1. The combination treatment of compound A
(3 mg/kg) and metformin hydrochloride (300 mg/kg) markedly
decreased the change in GHb, compared with each drug alone. A
test by two-way ANOVA showed a significant interaction effect
of compound A (3 mg/kg) and metformin hydrochloride
(300 mg/kg) on the changes in GHb.

[0068]



Change in Aib (% =dib (% after repeated adm nistration - @ib
(%9 before start of repeated admnistration *: P<0.05 for interaction
effect of conpound A (3 ng/kg) and netform n hydrochl oride (300

ng/ kg) (in two-way ANOVA) [0069]<Result 2> Fasting plasma gl ucose

| evel s are expressed as the nean standard error in Table 2. The
Student's t-test was used to detect the difference between two
groups. The conbi nation treatnent of q@enpound A (3 ng/kg) and
metform n hydrochl oride (300 ng/kg) markedly decreased the fasting

pl asma gl ucaose | evel, conmpared with each drug alone. [0070] 41 Table
2 Goup F —-evel—+grabjNormat—contTol—76. 2 -
2.2 Diabetic control 416. @-0164 4 Metformn hydrocdﬂhmga:ia,GHl@(%}rg/k
378.3 334-Metierm-ahydrochtoritde;—300 ﬂgl RO 254.0 . 1.- 24.7
Conpound A, 3 ng/ kg 2%orfhal 8htibl Conpound A ({3 g/ kg)-0-05 +0.10

Diabetic control 1.20 £0.32
Metformin hydrochloride, 100 mg/kg 2.08 £0.33
Metformin hydrochloride, 300 mg/kg 1.70 = 0.23

Compound A, 3 mg/kg 0.14+£0.39
Compound A (3 mg/kg) +

0.63 = 0.27
metformin hydrochloride (100 mg/kg) :

Cormpound A (3 mg/kg) + -0.54 + 0.15%

metformin hydrochloride (300 mgrkg)

Change in GHb (%) = GHb (%) after repeated administration -
GHb (%) before start of repeated
administration

%: P<0.05 for interaction effect of compound A (3 mg/kg} and

metformin hydrochloride (300 mg/kg) (in two-way ANOVA)

[0069] <Result 2>

Fasting plasma glucose levels are expressed as the mean
+ standard error in Table 2. The gtudent’s t-test was used to
detect the difference between two groups. The combination
treatment of compound A (3 mg/kg) and metformin hydrochloride
(300 mg/kg) markedly decreased .the fasting plasma glucose

level, compared with each drug alone.

[0070]



mef form n hydrochl oride (100 ng/kg) 226.8 18.3 Conpound A (3 ng/kg)
+ metformn hydrochloride (300 ng/kg) 171.6 13.5 if, # : 2<0.01 vs.
nmetform n hydrochl oride (100 ng/kg) group tt: P<0.01 vs. conpound A
(3 ng/kg) group #: P<0.05 vs. netform n hydrochl oride (300 ng/kg)
group. [0071] <Result 3> The changes in non-fasting plasma
insulin (IRI) levels are expressed as the nean :1: standard error in
Tabl e 3. The Student's t-test was use 4t 0 detect the difference

bet ween two groups. The conbi nation tréatnment of conpound A (3 ng/kg)
and netfora;n hydrochl oride (300 ng/kg) markedly inhibited the

decr ease i ?ﬁ%; LRl_levels compared wi each drug al one [OO?ZE
42 Tabl e G oup Change in plasna | Rl | evsl r o]
-1.23 - 0/ 70 Diabetic comp@ -9-15 -..t 1.05 Fl%?‘é%b}‘smg diftos k!
hydr ochl ofi de, 100 ng/ kg (mg/dL}
Normal contro! 76.2+2.2
Diabetic control 416.2+244
Metformin hydrochloride, 100 mg/kg 378.3 334
Metformin hydrochloride, 300 mg/kg 254.0 x24.7
Compound A, 3 mg/kg 275.0 £28.7
Compound A (3 mg/kg) +
] ) 226.8 +18.3 §§
metformin hydrochloride {100 mg/kg)
Compound A (3 ma/kg) +
_ 171.6 £13.5 {1, #
metformin hydrochloride (300 mg/kg)

§§: P<0.01 vs. metformin hydrochloride (100 mg/kg) group
tt: P<0.01 vs. compound A {3 mg/kg) group

#: P<0.05 vs. metformin hydrochloride {300 mg/kg) group.

[0071] <{Result 3>

The changes in non-fasting plasma insulin (IRI) levels
are expressed as the mean * standard error in Table 3. The
Student’s t-test was used to detect the difference between
two groups. The .combination treatment of compound A (3 mg/kg)
and metformin hydrochloride (300 mg/kg) markedly inhibited
the decrease in plasma IRI levels, compared with each drug
alone.

[0072]



-9.81 *0.91 Metform n hydrochloride, 300 ng/kg -7.36 1.29 Conpound A,
3 ng/ kg -5.01 *2.11 Conmpound A (3 ng/kg) + netform n hydrochloride
(100 nmg/ kg) -5.07 1.50 Conmpound A (3 ng/kg) + nmetformn
hydrochl ori de (300 ng/kg) 1.88 -.1.-1 .87 t, ## Change in plasma IRS
| evel (rig/nit) = plasma SRI |evel (ng/nmL) after repeated

adm nistration - plasma IRS | evel (ng/m) before start of repeated
adm ni stration : P<0.05 vs. netform n pydrochloride (100 ng/kg) group
t: P<0.05 vs. compound A (3 ng/kg) group ##: P<0.01 vs. netformn
hydrochlor&%%IQBQO ng/ kg) group. (0073] Test Exanple 2

Change in plasma IR! level
Group
(ng/mL)
i Normal control -1.23 £ 0.70
Diabetic contro! -9.15+1.05
Metformin hydrochloride, 100 mag/kg -9.81 +£0.91
Metformin hydrochloride, 300 mg/kg -7.36 £1.29
Compound A, 3 mg/kg -5.01 £ 2.1
Compound A (3 mg/kg) +
y ¢ malka) 5071508
metformin hydrochloride (100 mg/ka)
Compound A (3 mg/ka) +
P ® mo/ka) 1.88 +£1.87 T, ##
metformin hydrochloride (300 mgfkg)

Change in plasma IRI level (ng/mL) = plasma IRI level (ng/mkL)
| after repeated

administration — plasma
IRI level (ng/mL)
before start of
repeated administration

§: P<0.05 vs. metformin hydrochloride (100 mg/kg) group

t: P<0.05 vs. compound A (3 mg/kg) group

##: P<O.01 vs. metformin hydrochloride (3080 mg/kg) group.

[00731] Test Example 2
{Test item>
Effects of the combination treatment of compound A and
glipizide in diabetic mice -
<{Test method,

After 3 weeks a high-fat diet (D12492 of Research Diets,



<Test itenp Effects of the conbination treatnment of conpound A
and glipizide in diabetic mce <Test nethod> After 3 weeks a high-fat
diet (D12492 of Research Dets, 43 Inc.) feeding, ICR mce
(CHARLES RI VER LABORATORI ES JAPAN, INC.) were intraperitoneally

adm ni stered streptozocin (SI GVA- ALDRI CH JAPAN K. K.; hereinafter
abbrevi ated as STZ) to induce diabetes. Under non-fasting conditions,
the high-fat diet |oaded mce with ST{zi nduced di abetes nellitus
(15-week old) in groups each consisting of 11-12 nmice were oraIIy

adm ni st ered. si [

secr et agoglﬁje 3 %lg%lsz? eej(ﬁ:fgfmﬁ)% nge%g‘i"g% @Wﬁ%ﬁsé‘)ﬂﬂ €i t her
al one or Ianqccqrmleaat 19FrapRlra@dn¥as: ¢ @A nfiEeBTéd & tirdipto¥ 661 Of each
nouse at specified tinme intervals and plasna glucose | evels were
nmeasur ed biSICOB-BLPRICHBIAPANMKL K. a Isetdinbéser nghlytaiededneasifd )ngo
instrunent (Medisafe Mni _GR-102; TERUMO CORPORATI ON, Japan).

<Resul t s> induceTiabetas: Yrder f‘ﬂ’é’fpﬂsé's"#ﬂ gP%‘éﬂo*’s’é’qSevé% ’é%ﬂlve‘-aftor a

period up }.0.8.ho ajter u str se. AUC)
are expr es‘%‘?& %oa#ﬁ% enwtlhh g % G&dr %5 Zrtuc'f Li%
t-test wagjgednt Qr&'@ﬁ&@achh%oﬁbiéﬂr%n%% QQLY‘@%&M&EOHP&J_J he
conbi nation treatnent of conpound A and gli pi zi de markedly decreased

d pl asma gldndosetdbés] cionpler ddsas tdf eaapodndoa af omey/kg00add a4 Tabl e
4 G oup A plasma glucose AUC (ng/dL x hr) Diabetic control 104.7
137. 4 Conp&shdin, chlfﬂj;fqegguslog infpice GLPpheiie, SIGMAghkRR1IGD2. 3

103. 2 CO”%%&EQ é\ﬁjjrngl r alone or in combination. Blood was taken

from the tail vein of each mouse at specified time intervals
and plasma glucose levels were measured by GOD colorimetry
with a self-testing glucose measuring instrument (Medisafe
Mini GR-102; TERUMO CORPORATION, Japan).
<Results>

The areas under the plasma glucose levels curve for a
period up to 8 hours after drug administration (4 plasma
glucose AUC) are expressed as the mean = standard erroxr in
Table 4. The Welch t-test was used to detect the difference
between two groups. The combination treatment of compound A
and glipizide markedly decreased 4 plasma glucose AUC,
compared with each drug alone.

[0074]



glipizide (10 ng/kg) -989.7 232.8 t, Nit t: P<0.05 vs. conmpound A
(1 nmg/kg) group ##: P<0.01 vs. glipizide (10 ng/kg) group. [0075] Test

Exanpl e 3 <Test itenp Effects of the conbination treatnent of
conmpound A and glinmepiride in diabetic mce and normal mce <Test
met hod> Under non-fasting conditions, 10 fenal e. KKAy m ce/ group

(di abetic mce; 4-week old; CLEA Japan, Inc.) and 10 femal e C57BL
m ce/ group (normal mce; 4-week old; gWEA Japan, Inc.) were orally
adm ni stered with single doses of corrpound A (10 ng/kg) and an
insulin seﬁéﬂ@gpgue glinmepiride (0.5 ng/kg; S| GVA-ALDRI CH JAPAN
K KY), eit al one or in-copbinati-er—Bloeg—was—taken—fromthe tat
vein of each nouse at specified tine i nterval S A aphasabucaechde
l evel s were neasured by idugDH el ectrode ngthod with a sel f-testi ngy
gl ucose neasuri ng instrunent (4 utest Neo Syper; SAKMg/

KENKYUSHO€O——tTD)—<Resul ts> 45 ThHe areas unde tﬂle pl asma
gl ucose | evel s curve Digbeficgemtfdd up to 3 hdurs af t 4-f 1(@
adm ni stratron (A plasma g cose AUC) are expressed3 SthFS
standard Error in TGemeown B9%he two- wayl . ANOVA Mig_u@eeﬁ%e—de{—a:t

mai n effefts and int acé!e’ B]'%f kﬁCt of corrpound A aggzglql-[mrl de. |In

KKAy m cel(diahetic | rbi-pateor—tFreatrent—of—conpound A"

and glinmepiride na ¥nd R JA plasnma [gl ucose AUC, conpared
wi th eachjdrug al oﬁéﬁ%g]nthg ‘g‘jrj hand, the conbiosarioesa.sdakfent of

conpound A and gli rregllp’zlate(meng/kgbed A pI as gl ucose AUC equally to
treat nent of —gtimepiride in nornoglycemc C57BL mce (normal mce).
The conbi neéd BOMpEUMWES . Acoinpéung ﬁr‘éél Flgtﬂ’égbx@“rqt@d no nore gl ucose
| owering effect, conpared_wifh pi . These results
suggest t hé: t?\’eotﬂalnﬁsnagi"b?ﬁlr‘%at(@ égg)co*l Le'i’ﬁd A and glinepiride
is expected to reduce the risk of hypoglycem a as a side effect.
[0076] Table 5 Effects of the combination treatment of conpound A and
cTlinmepiriggohg KKAygdgtch&plq:) 3A plasma glucose AUG (nmg/dL x hr)
D abetic control 0.1 .1+; 7.3 Conpound A, 10 ng/kg

{Test item)>

Effects‘of the combination treatment of compound A and
glimepiride in diabetic mice and normal mice
{Test method>

Under non-fasting conditions, 10 female.KKAy mice/group
(diabetic mice; 4-week old; CLEA Japan, Inc.) and 10 female
C57BL mice/group (normal mice; 4-week old: CLEA Japan, Inc.)
were orally administered with single doses of compound A
(10 mg/kg) and an insulin secretagogue, glimepiride
{0.5 mg/kg; SIGMA-ALDRICH JAPAN K.K.), either alone ox in
éombination. Blood was taken from the tail vein of each mouse
at specified time intervals and plasma glucose levels were
measured by the GDH electrode method with a self-testing
élucose measuring instrument (Glutest Neo Super; SANWA KAGAKU
KENKYUSHO CO., LTD.}

{Results>



-83.0 14.6 dinepiride, 0.5 ng/kg -118.6 20.2 Conpound A (10 ny/kg)
glinmepiride (0.5 ng/kg) -151.5 11.6 Main effect of conpound A (10
ng/ kg). P<0.001 Main effect of glinmeptride (0.5 ng/kg): P<0.0001 46
Interaction effect of conpound A (10 ny/kg)and glinepiride (0.5

mg/ kg): No significant difference (in two-way ANOVA). [0077] Table 6
Ef fects of the conbination treatnent of conpound A and 11 e iride in
C57BL mce _ Goup A plasnma glucose ALiC (nmg/clL. x hr). Normal control
16.3 10.8 S

The areas under the plasma glucose levels curve for a
period up to 3 hours after drug administration (4 plasma
glucose AUC) are expressed as the mean =* standard erroxr in
TPable 5 and 6. The two-way ANOVA was used to detect main
effects and interaction effect of compound A and glimepiride.
In KKAy mice (diabetic mice), the combination treatment of
compound A and glimepiride markedly decreased 4 plasma
glucose AUC, compared with each drug alone. On the other
hénd, the combination treatment of compound A and glimepiride
decreased 4 plasma glucose AUC equally to treatment of
glimepiride in normoglycemic C57BL mice (normal mice). The
combined compound A with glimepiride exerted no more giucose
lowering effect, compared with glimepiride alone. These
results suggest that the combination treatment of compound A
and glimepiride is expected to reduce the risk of
hypoglycemia as a side effect.

[0076]
Table 5 Effects of the combination treatment of compound A

and glimepiride in KKAyY mice

4 plaéma glucose AUC
Group
{mg/dL x hr}
Diabetic control 0173
Compaound A, 10 mg/kg -83.0 £ 146
Glimepiride, 0.5 mg/kg -118.6 & 20.2
Compound A {10 mg/kg) +

-151.5 = 11.6

glimepiride (0.5 mg/kg)

Main effect of compound A (10 mg/kg): P<0.001

Main effect of glimepiride (0.5 mg/kg)}: P<0.0001



Compound A, 10 ng/kg -4.2 8.5 Ginepiride, 0.5 ng/kg -104.0 -. 93
Conpound A (10 ng/kg) glimepiride (0.5 ng/kg) -97.1 15.1 Main
ef fect of conmpound A (10 ng/kg) P=0.5516 Main effect of glinepiride
(0.5 ng/kg): 2<0.0001 Interaction effect of compound A (10 ng/ kg) and
glinmepiride (0.5 ng/kg): No significant difference (in two-way

ANOVA) . [0078] Test Exanple 4 <Test itenp Ef fects of chronic
conbi nation treatnent of conpound A arl(g glinmepiride in diabetic mce
<Test met hod> Seven or eight fermal e KKAy mice/ group (4-week

ol d; CLEA JAPAN, Inc.) were orally adm nistered with, repeated,doses
of conpountherartian: effe@d afi CoMPRnE|d; &W%ﬁa’%ﬁ%%&ﬂge

secretagogue, gli irjde (0..5.m/Kkg..onc iy % | JAPAN
K. K), ei tﬁ%rs g‘ﬁﬁf&%rhf’ n° F‘rﬁrgflfk’oﬁfgg%fer%%v\ééﬂs& IRﬁb@ﬂ)f&f ter
4 weeks and 8 weeks, blood was taken fromthe tail vein of each nouse
at one hour after the drug adm nistration under non-fasting
condi ti onsfadtAapma gl ucose | evel s were neasured by the GDH el ectrode
method with a self-testing glucose neasuring instrunment_(d utest Neo
Super; SANVEbXAGAKUELERKYS/SHOtH®, copringtion igertieht HoRPrRergHts
were neasured both bhefore, aqu ﬁe days at 4th and 8th weeks after the
start of %@ﬁjéﬂn i i7 m&ééQllL_t_s_) Theplasra—gtucose
levels at{the 4th and 8th weeks of repeated jadpy Hislshatl HRRcEELAUC
expressed; as the nean stgpggrd error in Tahle 7 and 8. The two-way
ANOVA was| used to detect main effects and interacti dmgéftfebty of
conpound Eand—ghHrmepiTide. Both at~the 4T h WeeK and t he 8th week of
repeat ed hdni ni strat i dwgrmaheordtirbi nati on treat nent d6-TénHdlnd A and
glinepirife markedly decreased the plasma gliucose |evgel, ar ed
with eachqdr ug_al oré?mpoundAs‘i*Hé“QfESLent cha in bt h n
t he val ues before t S ated admijni strati resse
%ﬁmgbﬁﬁé,&ﬁg i L% @LSg QX Pr essel

as the nepan-s- stan bl o9 ard-10-—Fhe—dtrfe

S5 To—rRe—GURM et T S—TE€ST
was used o detectodhealA BloaRgRgPet ween tgﬁ) groups. Both at the 4th
of

week and the 8th wee repeated adm ni stration, tke.1=x15.1
gl i mepiri gde-tr eat edgihmepdrides@diaagli@) i ncrease the body wei ghts conparéd
wi th di abetic—ccontrol . mce. On the other hand, the conpound
A-treated Mate affbathefcenmpeiznd dn{lPeBEETH E&0sPghPfi cantly

d d bod i ghts, ed wt i abet | t ice. Th
asul o AN It SEoRBITRRT A KBabrBRighy §o0-0Boa ™ o6 These

Interaction effect of compound A (10 mg/kg) and glimepiride

(0.5 mg/kg): No significant difference (in two-way ANQVA).
(00781 Test Example 4

{Tegt item>

Effects of chronic combination treatment of compound A
and glimepiride in diabetic mice
{Test method>

Seven or eight female KKAy mice/group {(4-week old; CLEA
JAPAN, Inc.) were orally administered with repeated doses of
compound A (0.03% mixed diet; ad libitum) and an insulin
secretagogue, glimepiride (0.5 mg/kg, once daily: SIGMA~
ALDRICH JAPAN K.K.), either alone or in combination, for

8 weeks.



48 glinmepiride and conpound A nmarkedly | owered the plasma gl ucose

| evel

and

suppressed the body wei ght gain induced by glinepiride,

suggesting the possibility of mtigating a side effect of
glinmepiride. [0079] Aauso / G oup Plasma gl ucose |evel at 4 wk of
adm nistration (ng/dL) Diabetic control 192.1 3.5 M xed di et

contai ni ng conpound A, 0.03% 154.8 5.9 dinepiride,

0.5 ng/ kg 137.6

13.3 M xed diet containing compound Au(0.03% i- glinmepiride (0.5

ng/kg) 115.6 16.1 Data represented the pl asma gl ucose | evel

hour

after

0L AL UGhIBL S o Bl e bl B oL 10

conmpound A (O.
2<0. 001 I npg{ gr?%&* %%aﬁf FnSEée g.—It %ée ok %f{e@ttﬂb”a% AYedr Ay ; on

(0.03% and

i mepiride ( No significant™ difference

two-way NQwfjer non- fasting condltlons Plasma glucose levels were

measured by the GDH electrode method with a self-~testing
glucose measuring instrument (Glutest Nec Super; SANWA KAGAKU
KENKYUSHO CO., LTD.) In addition, body weights were measured
both before and the days at 4th and B8th weeks after the start
of repeated administration.

{Results)>

?he plasma glucose levels at the 4th and 8th weeks of
repeated administration are expressed as the mean x standard
error in Table 7 and 8. The two-way ANOVA was used to detect
main effects and interaction effect of compound A and
glimepiride. Both at the 4th week and the 8th week of
repeated administration, the combination treatment of
compound A and glimepiride markedly decreased the plasma
glucose level, compared with each drug alone.

The percent changes in body weights from the values
before the start of repeated administration are expressed as
the mean * standard error in Table 8 and 10. The dunnett’s
test was used to detect the difference between two groups.
Both at the 4th week and the 8th week of repeated
administration, the glimepiride-treated mice tended to
increase the body welights compared with diabetic control
mice. On the othexr hand, the compound A-treated mice and the
combination-treated mice significantly decreased body
weights, compared with diabetic control mice.

These resulls show that the combination treatment with

at one



[0080] 49 Table 8 Group Plasma glucose | evel at 8 wk of

adm ni stration (ng/dL) D abetic control 206.6 9.8 M xed diet

cont ai ni ng conpound A, 0.03%168.6 2.2 Ginepiride, 0.5 ng/kg 160.4
8.2 M xed diet containing compound A (0.03% + glinepiride (0.5

ng/ kg) 123.6 6.2 Data represented the plasma glucose |evel at one
hour after drug adm nistration. Main effect of m xed diet containing
conmpound A (0.03%: P<0.0001 Main effqgt of glinepiride (0.5 ng/kg):
P<0. 0001 Interaction effect of m xed di et containing conpound A
(0.03% and glinepiride. (0.5 mu/kq): i.gnifi t 1 fdergace (in
t Wo- way AI\E}A%&G?P:L 68§Td1%°6?pé’r%‘%g"oﬂ%meﬁygﬂ°(ﬂbgé& el T i

glucose level and suppressed the body weight gain induced by
glimepiride, suggesting the possibility of mitigating a side

effect of glimepixride.

[0079]
Table 7
Plasma glucose level at 4 wk of
Group administration
{mg/dL)
Diabetic control 192.1 = 3.6
Mixed diet containing compound A, 0.03% 154.8 == 5.9
Glimepiride, 0.5 mafkg 137.6 = 133
Mixed diet containing compound A (0.038% ) + 156 & 164
glimepiride (0.5 mg/kg)

pata represented the plasma glucose level at one hour after
drug administration.

Main effect of mixed dlet containing compound A (0.03%):
P<0.05

Main effect of glimepiride (0.5 mg/kg): P<0.001

Interaction effect of mixed diet containing compound A
(0.03%) and glimepiride (0.5 mg/kg): No significant

difference (in two-way ANOVA}.

[0080]



Wei ght change (% at 4 wk of administration Diabetic control 178:1

4.3 M xed diet containing conpound A, 0.03% 138.0 3.7***
Ginmepiride, 0.5 ng/kg 189.9 -. 4.4 M xed di et containing conpound A
(0.03% + glimepiride (0.5 ng/kg) 144.1 3.7 Weight change (t)
represented the percent change in body 50 weight fromthe val ue
before the start of repeated adm nistration. ***: P<0.001 vs.

di abetic control group [0082] Tattle s® G oup Wight change (% at 8
wk of adm nistration Diabetic control

Table 8
Plasma glucose level at 8 wk of
Group administration
(mg/dL)

Diabetic control 206.6 9.8

Mixed diet containing compound A, 0.03% 168.6 = 2.2
Glimepiride, 0.5 mg/kg 160.4 £ 8.2

Mixed diet containing compound A (0.03%) +

glimepiride (0.5 mg/kg) 128662

Data represented the plasma glucose level at one hour after
drug administration.

Main effect of mixed diet containing compound A (0.03%):
P<0.0001

Main effect of glimepiride (0.5 mg/kg): P<0.0001
Interaction effect of mixed diet containing compound A
(0.03%) and glimepiride (0.5 mg/kg): No significant

difference (in two-way ANOVA).

[o081]
Table 9
Weight change (%) at 4 wk of
Group
administration
Diabetic control 178.1 = 4.3
Mixed diet containing compound A, 0.03% 138.0 £ 3.7%%*
Giimepiride, 0.5 mg/kg 189.9 + 4,4
Mixed diet containing compound A (0.03%) +
144.1 £ 3. 7%

glimepiride (0.5 mg/kg)

Weight change (%) represented the percent change in body




218.9 4.7 M xed diet containing compound A, 0.03% 166.7 6.0***
Ainmepiride, 0.5 nmglkg 232.5 6.3 M xed diet containing conmpound A
(0.03%9 + glimepiride (0.5 ng/kg) 166.7 4.e Wight change (t)
represented the percent change in body weight fromthe value before
the start of repeated adm nistration. ***: P<0.001 vs. diabetic
control group [00831Test Exanple 5 <Test item> Effects of the

conbi nation treatment of conpound A agg glibenclam de in diabetic

m ce <Test net hod> After 3 weeks a high-fat diet (012492 of

Research Diets, Inc.) feedl ( BORATORI ES
JAPAN, | NOroiahdr ETPHt F‘a?)e‘qut (?ﬁg%ea‘ghm n% §§ %%/ s%drb\ept ozoci n
( SI GvA- ALDRI CH JAP [%I herei nafter abbreviated as BMto induce

di abet es. f‘astl ng conditions, the high-fat 51 diet |oaded
mce wth SJ;Z U.%Q is ahet st bbhusol kromeek ol d) in groups each
consisting of  10-12 mice were orally administered with single doses
of conpound A (1 ng/kg) and an insulin secretagogue, glibenclam de
(10 ng/ kg; SI GvA- ALDRI CH JAPAN K. K.), either alone or in conbination.
Bl ood was (a&&hl fromthe tail vein of each nouse at specified tine
intervals and centrifuged to collect pl asma. Pl asma gl ucose | evel s
were neasyfabeytdnit ar. e ghucoSe Weasuring Kit
(G ucose €2 Test Wako; Wako Pure Cheni cal | nidudfeightehaniged?s) ak R nft 4>
The areas|under the pl asr@gogpucose |evels curve fore%v erl ?d up to §
hours afte¢r drug adm nistration (A plasma gllcose nr_essee

as the nmegamt—standard error in lable 11. The tvvo vvagaéé\@/ -as used
to detect |main effect PiabprficiggniPhct i on effec ronnTrgup ﬁanr}

gl i bencl ajidé.” The conbi.nation tr eli uorrpounpbgsq%@ ¥ i
gl i bencl ani dé/ived Q@H?Qﬁ“ﬂ@@ﬂ ﬁ&ﬂ@&fﬂ, reose—ATM—conpared W tH

each drug |al one. [O%ﬁ?epﬂ:ﬁlgl, 8.5]r{]1g{kg 2325 £ 6.3

Mixed diet containing compound A (0.03%) +

166.7 = 4.4%*

glimepiride (0.5 mg/kg)
Weight change (%) represented the percent change in body

weight from the value before the start of repeated

administration.

#x%: P<0.001 vs. diabetic control group

[0083] Test Example 5

{Test item>

Effects of the combination treatment of compound A and
glibenclamide in diabetic mice
<Test method>

After 3 weeks a high-fat diet (D12482 OF Research Diets.

Inc.) feeding, ICR mice (CHARLES RIVER LABORATORIES JAPAN,

INC.) were intraperitoneally administered with streptozocin
(SIGMA-ALDRICH JAPAN K.K.; hereinafter abbreviated as STZ) to

induce diabetes. Under non-fasting conditions, the high-fat



G oup A plasma glucoseAUC (ng/dL x hr) Diabetic control 407.5 67.4
Compound A, 1 ng/kg -130.1 164.9 dibenclam de, 10 ng/ kg 140.3

107. 2 Conmpound A (1 ng/kg) + glibenclamde (10 ng/kg) -550.5 167.4
52 Main effect of conpound A (1 ng/kg): P<0.0001 Main effect of

gl i bencl am de (10 ng/kg): P<0.05 Interaction effect of conmpound A (1
ng/ kg) and glibenclam de (10 ng/kg): No significant difference (in
two-way ANOVA). [0085] Test Exanple 6 <fest items Effects of chronic
conbi nati on treatnment of conpound A

diet loaded mice with STZ-induced diabetes mellitus (l2-week
old) in groups each consgisting of 10-12 mice were orally
administered with single doses of compound & (1 mg/kg) and an
insulin secretagogue} glibenclamide (10 mg/kg: SIGMA-ALDRICH
JAPAN K.K.), either alone or in combination. Blood was taken
from the tail vein of each mouse at specified time intervals
and centrifuged to collect plasma. Plasma glucose levels
were measured by mutarotase-GOD method with a glucose
measuring kit (Glucose C2 Test Wako; Wako Pure Chemical
Industries, Ltd.)
{Results)>

The areas under the plasma glucose levels curve for a
period up to 8 hours after drug administration (4 plasma
glucose AUC) are expressed as the mean *= standard error in
Table 11. The two-way ANOVA was used to detect main effects
and interaction effect of compound A and glibenclamide. The
combination itreatment of compound A and glibenclamide
markedly decreased 4 plasma glucose AUC, compared with each

drug alone.

[o084]
Table 11
4 plasma glucose AUC
Group
(mgfdL x hr)
Diabetic control 407.5 = 67.4
Compound A, 1 mg/kg -130.1 £ 164.9
Glibenclamide, 10 mg/kg 140.3 % 107.2
Compound A (1 mag/kg) +
P ( 9 -650.5 * 167.4
glibenclamide (10 ma/kg)




and pioglitazone in diabetic mce <Test nethod> Ei ght mal e db/db

m ce/ group (7-week ol d; CLEA JAPAN, Inc.) were orally adm nistered
with repeated doses of conmpound A (3 ng/ kg, once daily) and an
insulin sensitizer, pioglitazone (10 ng/ kg, once daily; SIGVA-ALDRI CH
JAPAN K. K. ), either alone or in conbination, for 27 days. Ei ght db/m
mce (7-week old; CLEA JAPAN, Inc.) were used as nondi abetic nor nal
mce. Before and 27th day after the stgrt of repeated adm nistration,
bl ood was taken fromthe tall vein of each nouse and centrifuged to

col l ect hematocyte fraction and plasma_under N: ting conditions.
After henofaii stdecthef \epRRIBYY & ?idﬁ?bﬁ%s‘, ﬂélgyggtaj?éd' henogl obi n

(GHb) val ues. were asured. fLLALt Y16 )Ghpeoud®gr aphy with an
aut omat ed ¥R &HEGC eﬁ%g?oﬁl?gnn%r?g?ggeyl(T% CORPORATI ON) . Pl asima
gl ucose | eyl s B RERUE e oYL Ar L aBe*@0Dandt sisbepclpmade

gl ucose assay kit (d ucose C2 Test Wako; Wako Pure Chenica

I ndust ri es 14ty Jkgfl:asorsiosut ieantedbEEevRRee rféks tFadey AA%8A -vi t h
insulin assay kits (Levis: Muse 53 Insulin ELISA KIT (P1l-type) and
Mouse Insulin ELISA KIT CT-type); SH BAYA@ Co., Ltd.) <Result 1>

The changes in dib ari X r&gse&l as the mean t standard error in
Tabl e 12. TARE:lo- ways N%V%“ & Used to detect main effects and
interacti og SH elcgengf conmpound A and pioglitazone. The conbination
treatnent Of conmpound A and plog/itazone markedly decreased th

change in G ib, pesmar o whirbnbactomiringtaboneredBEgd) oF apPERHS up
Change in GHo (% Diabetic control 4.88 0.22 Conpound A 3 ng/kg
3.15 0.16aEﬁogi¢gkﬁhﬂﬂgnelgnnéikgﬁtic mice

{Test method>

Eight male db/db mice/group (7-week old; CLEA JAPAN,
Inc.) were orally administergd with repeated doses of
compound A (3 mg/kg, once daily) and an insulin sensitizer,
pioglitazone (10 mg/kg, once dally:; STGMA-ALDRICH JARAN
K.X.), either alone or in combination, for 27 days. Eight
db/m mice {7-week old; CLEA JAPAN, Inc.) were used as
nondiabetic normal mice.

Before and 27th day after t+he start of repeated
administration, blood was taken From the tail vein of each
mouse and centrifuged to collect hematocyte £raction and
plasma under non~fasting conditions. After hemolysis of the
hematocyte f£ractions, glycated hemoglobin (GHb) values were
measured by affinity column chromatography with an automated
glycated hemoglobin analyzex {TOS0H CORPORATION). Plasma
glucose levels were measured by the mutarotase-GOD method
with a glucose assay kit (Glucose C2 Test Wako; Wako Pure

Chemical Industries, Ltd.) Plasma insulin lavels were

measured by ELISA with insulin assay kits {(Levis: Mouse



3.04 0.36 Conmpound A (3 ng/kg) + ploglitazone (10 ng/kg) 2.01 O0.14
Change In dib (*) =dib (*) after repeated adm nistration - Gib
(*) before repeated adm nistration Main effect of conpound A (3

ng/ kg) : P<0.0001 Main effect of pioglitazone (10 ng/kg): P<0.0001
Interaction effect of conpound A (3 ng/kg) and pioglitazone (10

ng/ kg): No significant difference (in two-way ANOVA). <Result 2>
Non-fasting plasma glucose |evels are gxpressed as the nean t
standard error in Table 13. The two-way ANOVA was used to detect nmin

ef fects andyjsih e 2t &4 egt Q d A .54 and _piqglitazone.
. y =t ,
The conbinati on treat ment o? co %ﬁn Aﬂgﬁﬁep.‘lrrbsg%ltnafg'hggng“f(edl y
decreased t(lretppa) f axisagaprassy, dliicgse, conpared w th each drug
al one. [0087] Table 13

<Result 1)

The changes in GHb are expressed as the mean = standard
error in Table 12. The two-way ANOVA was used to detect main
effects and interaction effect of compound A and
pioglitazone. The combination treatment of compound A and

piloglitazone markedly decresased the change in GHb, compared

with each drug alone.

[0086]
Table 12
Group Change in GHb (%)
Diabetic control 4.88 1+ 0.22
Compound A, 3 mg/kg 3.15 £ 0.16
Pioglitazone, 10 mg/kg 3.04 = 0.36

Compound A (3 mg/kg) +
o 2.01 £ 0.14
pioglitazone (10 mg/kg)

Change in GHb (%) = GHb (%) after repeated administration —
GHb (%) before repeated administration

Main effect of compound A (3 mg/kg): P<0.0001

Main effect of pioglitazome (10 mg/kg): P<0.0001

Interaction effect of compound A (3 mg/kg) and pioglitazone

(10 mg/kg): No significant difference (in two-way ANOVA).

<Result 2>
Non-fasting plasma glucose levels are expressed as the
mean + standard error in Table 13. The two-way ANOVA was used

to detect main effects and interaction effect of compound A




Non-fasting plasma gl ucose |
Di abetic control 795.112.9 evel (mofdb) eroup

54

and piloglitazone. The combination treatment of compound A and
pioglitazone markedly decreased the non-fasting plasma

glucose, compared with each dzrug alone.

{00871
Table 13
Non-fasting plasma glucose
Group
level (mg/dL)
Diabetic conirol 795.1+£12.9
Compound A, 3 mg/kg 607.9+21.8
Pioglitazone, 10 mgfkg 555.2+56.9
Compound A (3 mg/kg) +
424.9+31.1
pioglitazone (10 mg/ka)

Main effect of compound A (3 mg/kg): P<0.0001
Main effect of pioglitazone (10 mg/kg): P<O,0001
Tnteraction effect of compound A (3 mg/kg) and pioglitazone

{10 mg/kg): No gsignificant difference (in two-way ANOVA) .

¢Regult 3>

The change in non-fasting plasma insulin (IRTI) level are
expressed as the mean = standard error in Table 14, The two-
way ANOVA was used to detect main effects and interaction
effect of compound A and pioglitazone. The combination
treatment of compound A and pioglitazone markedly increased
the change in non-fasting plasma TRT level. A test by two-way
ANOVA showed & significant interaction effect of compound A
and pioglitazone on the changes in non-fasting plgsma IRI
level. These results show that the combined compound A with

pioglitazone improved superior glycemic control, compared




607.9-121
555.256. 9

. 6 Compound A, 3 ng/ kg Pioglitazone, 10 ng/kg
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with each drug alone., and probably contributed to
synergistically suppressing the failure of pancreatic beta-

cells by glucose toxicity.

[0088]
Table 14
Change in plasma IR level
Group
(ng/dL)
Diabetic controt -28.98 + 2.88
Compound A, 3 mg/kg -27.81 = 4.41
Pioglitazone, 10 ma/kg -43.29 * 3.83
Compound A (3 ma/kg) +
_ 1.83 = 10.02
pioglitazone (10 mg/kg)

Main efifect of compound A (3 mg/kg): P=0.2101
Main effect of pioglitazone (10 mg/kg}: P<0.001
Interaction effect of compound A (3 mg/kg) and pioglitazone

(10 mg/kg): P<0.01 (in two-way ANOVA).

{00891 Test Example 7
{Test item>

Effects of the combination. treatment of compound A and
insulin in diabetic rats
{Test method)

SD rats (7-week o0ld; CHARLES RIVER LABORATORIES JAPAN,
INC.) were intraperitoneally administered with streptozocin

{(SIGMA-ALDRICH JAPAN K.K.; hereinafter abbreviated as STZ) to

induce diabetes. The rats with STZ-induced diabetes mellitus

(8-week o0ld) underwent subocutaneous implant of a slow-release

insulin (one pellet of Linplant; LinShin Canada, Inc.) or




Compound A (3 ng/kg) + pioglitazone (10 ngy/kg) 424.931.1

Mai n effect of conmpound A (3 ng/kg): P<0.0001 Main effect of

pi oglitazone (10 ng/kg): P<0.0001 Interaction effect of conpound A (3
ng/ kg) and pioglitazone (10 ng/kg): No significant difference (in

t wo-way ANOVA). <Result 3> The change in non-fasting plasna
insulin (IRI) level are expressed as the nmean J: standard error in
Tabl e 14. The two-way ANOVA was used 56 detect nmain effects and

i nteraction effect of conpound A and pioglitazone. The conbination

t r eat ment Sg{amcgggggggmﬁ aRphePiy08k | 18700 thaykedty owredigased t he
change innon-tasting plasma IRl level. A test by two-wa

y ANOVA
showed a Sigiinfiseanéaiwier actioplefdest off copnperdd Alafg/kg) under

pi oglitazone on the changes in non-fastin | as IR, | eyel.
resul ts show-tHhatinhecerdidiioad - cBHpHMPEA R ﬁ%ﬁi%%ﬁ% Y%—r%?g)\?fed

Bty S P B8 FOSRAESE g P AR b e 010
pancreat | Ccob.l.%:[eac-tc Sllg§mg Y Gcaseqif&bsd tieve1@088)e Tidsarbd by
mutarotase~GOD method with a glucose assay kit (Glucose C2
past Wako:; Wako Pure Chemical Industries, Ltd.)
{Results’> .

The areas under the plasma glucose levels curve for a
period up to 8 hours after drug administration {plasma
glucose AUC) are expressed as the mean * standard error in
Table 15. The two-way ANOVA was used to detect main effects
and interaction effect of compound A and insulin. The

combination treatment of compound A and insulin markedly

decreased the plasma glucose AUC, compared with each drug

alone.
[0090]
Table 15
Plasma glucose AUC (mg/dLx
Group )
Diabetic control 47301 = 127.6
Compound A, 1 mglkg 3983.4 £ 194.5
Slow-release insufin 1532.6 & 334.7
Compound A (1 mg/kg) + 890.8 + 86.7
slow-release insulin

Main effect of compound A (1 mg/kg): P<0.01
Main effect of slow-release insulin: P<0.0001

Interaction effect of compound A (1 mg/kg) and slow-release



G oup Change in plasma (Rl |evel (1-19/dL) Diabetic control -28.98
2.88 Compound A, 3 ng/kg -27.81 4.41 Pioglitazone, 10 ng/ kg -4329
3.83 Conpound A (3 ng/kg) pioglitazone (10 ng/kg) 1.83 10.02 Main
ef fect of conpound A (3 ng/kg): P=0.2101 Main effect of pioglitazone
(10 ng/ kg): P<0.001 Interaction effect of conmpound A (3 ng/kg) and
pi oglitazone (10 ng/kg): P<0.01 (in two-way ANOVA). (0089) Test
Exanpl e 7 <Test itenp Effects of g-he conbination treatnent of
conmpound A and insulin in diabetic rats <Test method> SD rats

0t Fapor L1 OBBaT 1Y ads RO SFLEUh R EPFBITO A0 DSV PRIBR-CH JAPAN
| LK. ; hereinafter abbreviated as STZ) to induce diabetes. The rats
wi th STZ-induced di abetes nellitus (8-week ol d) underwent
subcut aneou§0999l ant TektaEsdmpe & ease i nsulin (one pellet of
Li npl ant; LinShin Canada, Inc.) or
{Test item>

.Effects of the combination treatment of compound A and
sitagliptin in diabetic rats
{Test method)>

Eight male Zucker fatty rats/group (10-week old) were
fasted and orally administered with single doses of compound
A (1 mg/kg) and a DPP-IV inhibitor, sitagliptin (0.3 mg/kg),
either alone or in combination. One hour after the
administration, the rats were orally administered with
glucose solutions (2 g/kg):; blood was taken from the tail
vein of each rat at specified time intervals and centrifugéd
to collect plasma. Plasma glucose levels were measured by
mutarotase-GOD method with a glucose agsay kit (Glucose C2
Test Wako; Wako Pure Chemical Industries, Ltd.)

{Results)

The areas under the plasma glucose levels curve for a
period up to 120 minutes after glucose loading (A plasma
glucose AUC) are expressed as the mean = standard error in
Table 16. The two-way ANOVA was used to detect main effects
and interaction effect of compound A and sitagliptin. The
Zucker fatty rat showed an increase in plasma glucose level
after oral glucose loading, indicating impaired glucose
tolerance. The combination treatment of compound A and

sitagliptin markedly suppressed the increase in plasma

glucose level after glucose lbading, compared with each drug



56 sham operation. One week |later, they were orally adm nistered with
a single dose of conpound A (1 ng/kg) under non-fasting conditions.

Bl ood was taken fromthe tail vein of each rat at specified tine
intervals and centrifuged to collect plasma. Plasma gl ucose |evels
wer e nmeasured by nutarotase-G0OD nmethod with a glucose assay kit

(d ucose C2 Test Wako; Wako Pure Chem cal Industries, Ltd.) <Results>
The areas under the plasma glucose |es&ls curve for a period up to 8
hours after drug admi nistration (plasnma gl ucose AUC) are expressed as
the nean standard error in Table 15. The two-Way ANOVA was used to
det ect maid¥f-ects and interaction effect of compound A and insulin.
The conbi nﬁ]dg treatnent of conpound A and insulin markedly

decr eased eojal asma gl ucose AUC, conpared with each drug al one.
[0090] | augyyreti6 G oup Plasma gl ucose AUG (ng/ di- x—hrr—DrabetiT

control #7361t—127.6 Conpound A, 1 ng/kg 3983&61&91%8‘{#@089AU0
Slowrelease insulin 1532.6 334.7 Conpound A (1 ng/kg) +

sl owrel ease insulin 890.880UP (L. x min)
Diabetic conirol 17168.4 = 1716.7
Compound A, 1 mg/kg 11239.9 = 617.8
* .
Sitagliptin, 0.3 mg/kg 13881.4 % 12029

Compound A (1 mg/kg) + 9385.2 + 854.8

sitagliptin (0.3 mg/kg)

Main effect of compound A (1 mg/kg) s P<0.001
Main effect of sitagliptin (0.3 mg/kg): P<0.05
Tnteraction effect of compound A (1 mg/kg) and gitagliptin

(0.3 mg/kg): No significant difference {in two-way ANOVA).

[0093] Tegst Example 9
{Test item>

Effects of the combination treatment of compound A and
vildagliptin in diabetic rats
¢TPest method>

Eight male Zucker fatty rats (15-week old) were fasted
and orally administered with gingle doses of compound A
(1 mg/kg) and a DPP-~IV inhibitor, vildagliptin (3 mg/kg) .
either alone or in combination. One hour after the
administration, the rats were orally administered with
glucose solutions {2 g/kg); blood was taken from the tail
yein of each rat at specified time intervals and centrifuged

to collect plaswa. Plasma glucose levels weré measured by



86. 7 Mai n effect of compound A (1 ng/kg): P<0,01 Main effect of
sl owrel ease insulin: P<0.0001 Interaction effect of conpound A (1
ng/ kg) and slowrelease 57 insulin: No.significant difference (in

t wo-way ANOVA). [0091] Test Exanple 8 <Test itenp Ef fects of the
conbi nation treatnment of conpound A and sitagliptin in diabetic rats
<Test net hod> Ei ght mal e Zucker fatty rats/group (10-week ol d)

were fasted and orally adm nistered wi $h single doses of conpound A
(1 ng/kg) and a DPP-1V inhibitor, sitagliptin (0.3 ng/kg), either

al one or i Mutenbiase1GOP. menbodowt tinfd lubbse asHEaY KhkatEPReodd1@r at s
were orall ¥, 2 m.nj stered with glucose sol utions d(a’IZ 9/kg); blood was
taken from & Vake: JWakR Brredetenislafindpetifssed Lok i nterval s and
centri fugeq%%%ufg%§ ect plasma. Plasnma glucose | evels were neasured by
mut ar ot ase- net’hod with a glucose assay kit (d ucose C2 Test Wako;

Wako Pure Chemed daddSLRaEs. 1k SRe S> The areas under
the plasma gl ucose | evels curvtgletf %rl)agmgeﬂilbéfsﬁplfageiﬁd:‘fﬁvﬁlfé? aft er

gl ucose | operied (ub roatre Wincese aAYE)y hedERBSS an t
standard error in Table 16. The two-way ANOVA was ﬁlggegﬁt ?%‘g{%ct mai n

ef fects an8l7¢RsH AVEC) opre feesskdcoaptm diednands Badagd Riirbr The

Zucker fat,tl,é{b#at h ﬂgd an _increase in plasma glucose |evel after
oral glucose Toa i'ng, i FE 4 AYOVADYERS stpegt eodetedst aednc efEdtis
combi nat i oand raltBBEi Ot LARRURE ARDd S tagliptin marked| y
suppressed the increase in plasna é\?@%%%“:d ! e\gi‘gii YH9gpligserhe
I O;’igl ;19, P(%grqé%aiceﬂtamy hraaGhothedgan SBacred¥dl BnehiSGla YrusgmROPOL A (1
ng/ kg) . P<U.
after oral glucose loading, indicating impaired glucose
tolerance. The combination treatment of compound A and
vildagliptin markedly suppressed the increase in plasma

glucose level after glucose loading, compared with each drug

alone.
[0094]
Table 17
Group A ptasma glucose AUC
(mg/dL x min)
Diabetic control 19294.4+1788.0
Compound A, 1 mg/kg 11690.1+807.9
Vildagliptin, 3 mg/kg 15384.3+1740.7
Compound A (1 mg/fkg) +
vildagliptin (3 mg/kg) 8617.2:994.6

Main effect of compound 2 (1 mg/kgl): P<0.0001
Main effect of vildagliptin (3 nmg/kg): P<0.05
Interaction effect of compound A (1 mg/kg) and vildagliptin

(3 mg/kg): No significant difference (in two-way ANOVA).




Main effect of sitagliptin (0.3 ng/kg): 9<0.05 Interaction effect of
compound A (1 ng/kg) and sitagliptin (0.3 ng/kg): No significant
difference (in two-way ANOVA). [0093] Test Exanple 9 <Test itenp

Ef fects of the conmbination treatnment of conpound A and vildagliptin
in diabetic rats <Test nethod> Ei ght mal e Zucker fatty rats
(15-week old) were fasted and orally adm nistered wth single doses
of conpound A (1 ng/kg) and a DPP-1V émhibitor, vildagliptin (3

ng/ kg), either alone or in conbination. One hour after the

adm nistration, the_rat ofally adm nistered with glucose

sol utions [@?9§Zkg);T%ﬁatoc%):§\é§g§etia en fromthe tail vein of each rat at
specified<®jn% Egg&;vals and centrifuged to collect plasma. Plasma

gl ucose |l e &°s Were measur ed by 59 nutarotase-CIE%rng@%?gn i i handa

gl ucose assay lhekebEh usDstheCRoMoEnaYEND; LOREEBSRE & G718 'ca?ﬁlI

I ndustries, Ltd.) <Results> The areas under the plasma gl ucose
| evel s curysgifibosa perdiabakit 5280 minutes after gl ucose |oading (A
pl asma gl ucose AUC) are expressed as the nmean standard error in

Tabl e 17. IPrs® WELRAY” ANOVA was used to detect nmmin effects ana 4

i nteraction ef fsa%t 2f e COTRAUNEAtgngays | (ki aldrHens deste a?‘[ly
rat showed an "¢t €ase in pl asma gl ucose |l evel after or u&qkyﬁg§ﬁg}

| oadi ng, ig?éfﬁ; i REhihapebred witc ssogle| &esait O PREPLEHDI‘hat on
treatment of conpound A and vildagliptin e u feed, the

i ncrease | analasrm—g;h:a@@ééaﬁ‘év@h’gﬁté’F'gT’cﬁ%eo %a(tgi Eg{hgcorrpar ed with
each drug alone. [0094] Table 17. -Qup asitel egdbse WUYC (ng/ dL X
mn) Di abeeithedri}me 059254‘?‘2{11%'?%% 'nppgﬁ%ld A 1 mylkg
11690.1807é%mg%£é%¥gﬂﬂgﬂinthg P &KGrere orally administere with

the
goluble starch golutions (2g/kd): blood was taken from

rail vein of each rat at specified time intervals and |

1=
centrifuged to collect plasma. plasma glucose levels wer

measured by muotarotase-GOD method with a glucose assay kit

'(Glucose €2 Test Wako; Wako pure Chemical Industries, Ltd.)

<Results>

The areas under the plasma glucese levels curve for a

period up to 120 minutes afFter glucose loading (A plasma

in
glucose AUC) are expregsed as the mean + standard erroXx

Table 13. The two-way ANOVA was used to detect main effects

and interaction effect of compound A and voglibose. The

7ucker fatty rat showed an increase in plasma glucose level .

aftef oral glucaose loading, indicating impaired glucose

tolerance. The combhination treatment of cowpound A and

voglibose markedly suppressed the increase in plasma glucose

i alone.
level after glucose loading, compared with each drug

[o096]



15384.31740. 7 Conmpound A (1 mg/kg) + vildagliptin (3 ng/kg)
8817.2994.6 WMain effect of compound A (1 ng/kg): P<0.0001 Main
effect of vildagliptin (3 ng/kg): P<0.05 Interaction effect of
conmpound A (1 ng/kg) and vildagliptin (3 ng/kg): No significant
difference (in two-way ANOVA). 60 [0095] Test Exarrpl e 10 <Test itenp
Ef fects of the conbination treatnment of conpound A and voglibose in
di abetic rats <Test nethod> Six nale Z&kker fatty rats (10-week ol d)
were fasted and orally adm nistered with single doses of conpound A
(1 ng/ kg) dedlenld- gl ucosi dase inhibitor, voglibose (0.1 ng/kg),
either algne or in conmbination. One mnuté after the adm ni Stratiom,
the rats yere orally adnmigistered with sol ub) e séglesmagiicosedMiC
(2g1kg); bl ood was taken egrr"Hfhthe tail vein pf each rg} at specified
time intepvals—and-centrifuged to collect pliasna APﬂH Hﬁxdpﬁ Qse

| evel s werfe neasured se- GOD net hod wi t say
kit (G uchse—€>Fest ﬁ?&‘?@%@armc Cherical .m.ﬂc g 48

<Resul t s>) The ar easCumgietund Ag1 pigagyme gl ucose | evellggggr,yggfsgr-,a
period up{to IZ0 mnutes after giucose toadinyg—(A prasta—ghucose
are expregsed as the/ogibeseal.1gangdard error ji n Tahbeod 8s+Fae.dwo- wal
ANOVA was|used to detect pain effects and 1nteraction effect of

compound A and vogtPBReWId Ak melidldr fatty rlat showed an increase |

pl asma gl ucose | eve!EE g{bbgé ;d){ g‘ Egbucose I oaci ng, /B8P ckELAZ7 Bpaire
gl ucose 't of _conmpound A and

vogl i bose M@k eHetcsUBBr €5aRfhnaNg mc‘g%ﬁ%qdl B¢ Bl ﬁéé@ gl ucose | evel

after glucose | oading, corrpared Wi rug al one. EO0096] 61
Main effect of voglibose (0.1 mg/kg): P<0.001

;D

~

| ©® S

Interaction effect of compound A (1 mg/kg) and voglibose

(0.1 mg/kg): No significant difference (in two-way ANOVA),

[0097] Test Example 11
{Test item>

Effects of the combination treatment of compound A and
migiitol in diabetic rats
{Pest method)

Six male Zucker fatty rats (9-week old) were fasted and
orally administered with single doses of compound A
(0.5 mg/kg) and an a-glucosidase inhibitor, miglitol
(3 mg/kg), either alone or in combination. One minute after
the administration, the rats were orally administered with
soluble starch solutions (2 g/kg): blood was taken from the
tail veln of each rat at specified time intervals and
centrifuged to collect plasma. Plasma glucose levels were
measured by mutarotase-GOD method with a glucose assay kit

(Glucose C2 Test Wako; Wako Pure Chemical Industries, Ltd.)




Tabl e 18 G oup A plasma glucose AUC (ng/dL x mn) Diabetic control
17548. 4: 1: 1061. 7 Conpound A, 1 ng/ kg 10940. 4952.7 Vbglibose, 0.1

ng/ kg 12395. 5543. 0 Conpound A (1 ng/kg) + voglibose (0.1 ng/4)
7889.11197.0 Main effect of conpound A C ng/kg): P<0.0001 Min
effect of voglibose (0.1 ng/kg): P<0.001 Interaction effect of
conmpound A (1 ng/kg) and voglibose (0.1 ng/kg) : No significant
difference (in two-way ANOVA). [0097] §&st Exanple 11 <Test itenp

Ef fects of the conbination treatnment of conpound A and miglitol in
di abetic r%e%u.{f. gst nethod> Six mal e Zucker fatty rats (9-week
old) were fasted and orally adm nistered with sj n'?Ie do%% 9%;:: a
conpound A (0. ghayhkeis andlen thegblews HLEOPRMBTE LT U gl i tol -~ (3
ng/ kg), either alone or in conbinatjon. .One_mi s aft 1 B8ma

admi ni st r gpémired upeteat 30 \f%’lﬂf’éltﬁﬁaf‘ifjﬁ/eﬁcﬁ%urﬁog erﬂg ‘%\n hﬂggl ubl e starch

sol utions (2 g/kg).. .blood N, £ ram et ai taedardkreachirat at
speci fi ed ﬂ-‘-ﬁ@‘ﬁen%"gp a?Eea%vkasrc?:as%?rﬁi ?%ged to collect plasma. Plasma

gl ucose | e %fe Vg e ggawg%mmhaﬁmm deteot Wdith e4f§FtRose
assay kit .%{ UCOSE 82 Test 0; Wako Pure Chem cal lnd]t_Jst,I{hi e%mkég')
and interaction effect of compound A and miglitol. The

fatty rat showed an increase in plasma glucosée level after

oral glucose loading, indicating impaired glucose tolexrance.

The combination treatment of compound A and miglitol markedly

suppressed the increase in plasma glucose ievel after glucose

loading, compared with each drug alope.

100981
Table 19
A plasma glucose AUG
Group (mg/dL. x min)
Diabetic control 15763.2+£710.4

11655.9:£2021.8

Compound A, 0.5 mg/kg

Miglitol, 3 mg/kg 8909.411350.0

Compound A (0.5 mg/kg) + 140524818, 1 J
miglitol (3 mg/kg)

Main effect of compound A (0.5 mg/kg): PL0.0G5

Main effect of miglitol (3 mg/kg): P<£0.0001

on effect of compound A (0.5 mg/kg) and miglitel

Interacii
(3 mg/kg}: No significant difference {(in two-way ANOVA}.
[0099] Test Example 12

{Test item>

Effects of the combination treatment of compound A and



62 <Results> The areas under the plasma glucose |evels curve for a
period up to 120 m nutes after glucose |oading (A plasma gl ucose AUC)
are expressed as the nean t standard error in Table 19. The two-way
ANOVA was used to detect main effects and interaction effect of
conmpound A and miglitol. The Zucker fatty rat showed an increase in
pl asma gl ucose | evel after oral glucose | oading, indicating inpaired
gl ucose tol erance. The conbination treghment of conpound A and

mglitol markedly suppressed the increase in plasm gl ucose |evel
[ 00981 Tabl e

after gluco I g, ¢ ed with each drug al one.
19 Goup p tgas;érraﬁggg% R OIS kg | x nin) 15763 2710.4 D abetic
contr ol Coraxun@thoa?. 5 nu/ kg 11655. 91021. 8 8909. 41390.0 Mglitol,

3 ng/ kg Compound A (0.5 ng/kg) + miglitol (3 ng/kg) 7405.2818.1
5ix male Zucker fatty rats (1l-week o0ld) were fasted and

orally administered with single doses of compound A (1 mg/kg}
and an ¢-glucosidase inhibitor, acarbose (1 mg/kg), either
alone or in combination. One minute after the
administration, the rats were orally administered with
soluble starch solutions (2 g/kg); blood was taken from the
ta;l vein of each rat at specified time intervals and
centrifuged to collect plasma. Plasma glucose levels were
measured by mutarotase-GOD method with a glucose assay kit
(Glucose C2 Test Wako; Wako Pure Chemical Industries, Ltd.)
{Results)

The areas under the plaéma glucose levels curve for a
period up to 120 minutes after glucose loading (A plaszma
glucose AUC) are expressed as the mean = standard error in
Table 20. The two-way ANOVA was used to detect main effects
and interaction effect of compound A and acarbose. The Zucker
fatty rat showed an increase in plasma glucose level after
oral glucose loading, indicating impaired glucose tolerance.
The combination treatment of compound A and acarbose markedly
suppressed the increase in plasma glucose level after glucose
loading, compared with each drug alone.

[0100]




Mai n effect of compound A (0.5 ng/kg): P<0.05 Main effect of mglitol
(3 ng/kg): P<0.0001 Interaction effect of conpound A (0.5 ng/kg) and
mglitol (3 ng/kg): No significant difference (in two-\Way ANOVA).

[ 0099] Test Exanple 12 <Test itenr Effects of the conbination
treatment of conpound A and 63 acarbose in diabetic rats <Test

met hod> Six mal e Zucker fatty rats (11-week old) were fasted
and orally adm nistered with single doggs of conpound A (1 ng/kg) and
an a-glucosi dase inhibitor, acarbose (1 ng/kg), either alone or in
conmbi nation. One mnute after the admnnistration, the rats were

oral |y adnifgbdee?®d with soluble starch-seluiiens—2—gikg—btood s
taken fromthe tail vein of each rat at specl|fi ed fladiea gatereAUE and
centrifuged to collect pl %&mb Plasma gl ucose | evel s were measured by
mut ar ot asg- GOD method with a gl ucose assay kit (G udowddlcemist Waka:
Wako Pure eremreat—industTies,—Lrd.7) <Result $> The ,ar eas under
the plasmd gl ucose | evBlabetimicondrof or a peri od|up_t ¢4£588 -7 de%aft er|

gl ucose | qadinmg (A plrasna gl ucose AUC) are express S nt
standard drror in Tdrepgumd AHaNgKE- way ANOVA was ﬁgﬁﬁﬁﬁggl et R

effects and interaction effect of conpound Aland agg{dPseroThes Zucke
fatty rat |showed an j E@"Eﬁ%qi'ﬂglkgnmﬁg!ueo\c !e\/:—:*.sl after—oral

gl ucose | gadi ng, i ndj i i j gl ucose |t ol erance. The

conbi nation treat rrerﬁérﬁ%ﬁ"@%\n%ou%@igand acar hose nurgedBy: BipEr essed
the increase in pl asngeshdseqsendtayjel after gliucose |oading, conpare
w th each ‘ertug—atome—{0100 64 1T0IJIT 4y G oup A plasma gl ucose AUG
(mgy/clL X nidin Risseeti of contposind 34486 Ag/4887 groeBmdtihrdla 1 ngy/ kg

9861.61076. 0 )
Main effect of acarbose (1 mg/kg) group: P<0.01

TTTT1 T

-

Interaction effect of compound A {1 mg/kg) and acarbose

{1 mg/kg): No significant difference (in two-way ANOVA).

Industrial Applicabllity

[o101] The present invention can provide superior
pharmaceutical compositions for preventing or treating
diabetes mellitus that exhibit an effective blood glucose
lowering action in many diabetic patients and which yet cause
Fewer side effects. The-present invention can also provide
pharmaceutical compositions for preventing or treating
various diabetic complications that result from
hyperglycemia, such as diabetic retinopathy, diabetic
nephropathy, diabetic neuropathy, cerebrovasculaf disorder,

ischemic heart disease, and peripheral arterial disease.



Acar bose, 1 ng/kg 10192.8913.6 Conpound A (1 ng/kg) + acarbose (1
nmg/ kg) 7510. 33:776. 6 Mai n effect of compound A (1 ng/kg) group:
P<0.01 Main effect of acarbose (1 ng/kg) group: P<0.01 Interaction

ef fect of conpound A (1 ng/kg) and acarbose (1 ng/kg): No significant
di fference (in two-way ANOVA). |ndustf?al Applicability [0101] The
present invention can provide superior pharmaceutical conpositions
for preventing or treating diabetes nelliérs t hat exhibit an
effective bl ood glucose |owering action i'w'd&dy diabetic patients and
whi ch yet cause fewer side effects. The present invention can al so

provi de phar macguiy L Jol : g orctreating
various di abeti %Li%:ﬂglr:‘r?ﬁciecat I ((g)b?]ﬁs}}o'tsﬁgﬁ Cérg}érﬁﬁ?%ge%/(fedgﬁnqlﬁ%gg%l ycem a, such
as di abetic ret (pat-bhy-anaydedtBd+stonylsparihy-mefaaxet i ¢ neur opat hy,
cer ebr ovasnathyiphetly§ardlierD-glisblesriaphheaictuthBLaseptaild shiBére SR mal
corpr i of gt cmeshRLfRnd ot BRELTTUE) O "0 07

45- ( 4- et hoxyben@Enizsuip sersstgeogue.mret hyl pheny1] - 1-t hi o-D-gl ucitol or a
pharmaceutically acceptable salt thereof or a hydrate of the conpound

th It ; B i | i t . 2. The
phar maceu?t cal | CBHRBET SOt ERBRAIIAG “Fe5Ch Bl H AR WHEFEIHIE s hsul i n

secr et agogemethgoggt isglipizilde, glifentlemaleaod gliejepoidegl | nepi ri de. 3. The
pharmaceutical conposition according to claim2, wherein the insulin
secretagogue is gli izide,o; glinepiride. 4. The pharnmaceuti cal
conposi ti on accOMURREIGEYEGELFIREPSItRR @For¢ing tpeclaipedy Piharein the insulin

secretagogue is glipizide or glimepiride.

4. The pharmaceutical composition according to claim 2, wherein the insulin
secretagogue is glipizide.

5. The pharmaceutical composition according to claim 2, wherein the insulin
secretagogue is glimepiride.

6. A combination of’

(A) (13)-1,5-anhydro-1-[5-(4-ethoxybenzyl)-2-methox y-4-
methylphenyl]-1-thio-D-glucitol or a pharmaceutically acceptable salt thereof or a
hydrate of the compound or the salt; and

(B) an insulin secretagogue,

for use in the prevention or treatment of diabetes mellitus, diseases associated
with diabetes mellitus, or complications of diabetes mellitus, wherein (A) and (B) are
administered to a patient in need either simultaneously or separately.

7. The combination for use according to claim 6, wherein the insulin secretagogue
is glipizide, glibenclamide, and glimepiride.

8. The combination for use according to claim 7, wherein the insulin secretagogue
is glipizide or glimepiride.,



.secretagogue is glipizide. 5. The pharnmaceutical conposition according
to claim2, wherein the insulin secretagogue is glinepiride. 6.A
conbi nati on of: (A (18)-1,5 -anhydro- 1 4544-

et hoxybenzyl) - 2- met hoxy- 4- nethylphené%]-l-thio-D-glucitol or a
pharmaceutically acceptable salt thergof or a hydrate of the conpound
or the salt; and (B) an insulin secretagogue, for use

in the preyenti or treatnent of djabetes | Litus, diseases
associ at ed " wi t hng 3%?%%“%&% YSE gecorgrs E?(fiiﬂ?‘in}g JihersHsthe fspiniseetagogue
mel I'i tus, inglpiside (A) and (B) are adninistered to a patient in need
ei ther simultaneously or separately. 7.The conbination for use
according to claime6, wherein the insulin secretagogue is glipizide,
gl i bencl am‘e, ihﬂccﬁ?l?lﬂﬁ’ﬁi“rf?rd@? ageoteiRg @d’l’?émr‘?af”lhé‘i‘?mftg? ingal@ sgeretagagYsg
to cl ai m s ghvheyrieden t he insulin secretagogue is glipizide or
glinmepiride. 66 9. The conbi nation for use according to claim?7,
wherein the insulin secretagogue is glipizide. 10. The conbi nation
for use addor di Abe eanbinagiomiar uspaccprding tofay preef dlgims 6de &8.adspie i s

gl i mepi ri digabeted tellihitels epaRididticon for use according to any one of
claims 6 to 10, wherein diabetes nellitus is type 2 diabetes. 12.
The conbi nation for use according to any one of clains 6 to 11,
wher ei n t Ha- conphé ealiiatioo flordise hepaingelahy puksofi dains db@1 1,ovherein the
retinopat QMmFﬂéaﬁQﬁ’Bf SRR AR@S DoiatdlidRBhbae HaBRR Y hropathy, diabetic
cerebrovascul ar, di soyder, |s&heglc,%?rd|ac,dlgease, or _periphera
arteri al &F‘é“@ﬁ"ﬁ@» cerebrovascular disorder, ischemic cardiac disease, or peripheral arterial

disease.




