1 Description Title of Invention: PHARMACEUTI CAL COVPCOSI TlI 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, ins&lin sensitizers, insulins,
di pepti dyl peptidase IV inhibitors, a-glucosidase inhibitors, and
GLP-1 mnetics. Background Art [O0RZlcbipbedées nellitus is a group of
di seases nuinly characterized by chronic hyperglyceni a due to
i nsufficiency of TH&k# ioF Aeverkienrd HHSRMBCH IS Le GOBPOSEFTAsS
met abol i c abnornmalities. The primary treatnment of diabetes nellitus
consists of exercise and diet therapy; if these nethods are incapable
of adequat%eghxgggiqrgﬁgyroI, drug therapy with oral antidiabetic
agents i s conduct ed. wever, depending on the condition of a
di abetic pglooenty, tres pRekert linvRentiogl felktty IAnphaflscaiideunt ers
difficulty in achieving good glycemc control, and what is nore, the
devel opnentcompositieonst usefyl pievim drepbueniyed diabdbenduaidddubn an

adequat e dose or over an adequate period of tinme. Accordi to.one
i terat ur e REPBFES SPIRIAARLE S hepelse Me FRE, oFE SRR BT AR5
di abet es gawe 0 r!ﬁ;}qa_b' i e Qi lity of
| oweri ng t?eé sg%éét%%géﬁ%g{&eg emS%%E?[%‘;%k{]cfhtgoB’%féﬁ | ess (see
NFL 1). It ingedtssnh kieQeebhtd pHarmasdbioiyd Uicdmpbsitsets alonpeisshgle
effects such as the devel opnent of hypoglycem a and wei ght gain are
not the solcempinttioms lbdt SEWER indeibitororensd atnpeavt nepaypabgikyeeni a
becones inadequate in patients ose tlity to_secrete .insulin have

At | € ab Y,
been det er iBPafER R FORIAFELRI FHE RAPEIPE HREH RS PO usT -
di abetic c i, i s o L SQ th | fy s i i engitizer is
used al one?ggh%%rg%c?&:st%??ﬁ%' glr 0 %Séf&i&écagg?lgﬁaPé%%e %p%?nt of
such side ghhesitors Weiglhitogtidhe adBNBitdISAl anBaches £ miakd ics.
hepat opathy. It is also known that if insulin is used al one, there
occur the probyrrmndfrfiypogl ycemi a and weight gain. It is also known
that if an agl ucosi dase i nhibitaor is_used al one, there occurs_the

probl em of [8BRELi ondF-2REVES IHHETSt *ap)cHWR OSypETtfiehdadriE
effects. | i n P ' b Cord deal ongy and
vom ting a? g%ﬁ%%%ﬁgg d\tNEgr %‘g’é%% 1’3?‘8%%%%“{" u‘rdtﬁﬁe??mr e, fif'?-%:igﬁ hown
t hat pati eBESinédiind ¥peidn dimbetse accvhipinidie pyakac-espd Ietaboelic
hypergl ycem ¢ condition for a prolonged period of tinme, wll suffer a
det eri or at rRbpeFmRYHd ebuncThorpximayyt dreztnent hnwdiabetep selliitus

anti di abetic agents are i ncapabl e of adequately suppressi t he
det er i or at FBASTRS RF Fﬁﬁﬁﬁ%‘g T Faeh- & %@Yévéﬁ Fl?gf?\é“ed:l%g’gﬁ 8F%cose

| evel s are; [WeTe] RN L oped
probl ens irjié§%% Il’?ft ﬁge@%%t %%&%Q%héﬁeﬁg e E?Sgah% n%ﬁ' il

ugs, a conbi nation

t her apy i SodadeiniiRMabvtibaigataes ia condidtid. ONHONevdlt) depalitg on
agents that act by different mechanisnms. 3. However, few conbinations
are capabl shef celidfitrionhpfiga t Habefidcepehienine drpatherhoriii B shedlse
of single drugs. For exanple, it is known that the risk for _the

devel opnenfi®Bf $RASTIMGE epeountems. fiRF tSH Y 48 BFRLYYing good

sul fonyl ur 1S, f i ne d.f ey .are ' onhi | on
w th ot her Sgﬁ??'}éfcaﬁégl itt%gié'ge%}ig&l%% 5'Li§dl|Il %J—iheo’n ,tite hgg‘\?\g'?ogé]r%ngtai%% b2bd
recogni zedekreots Wbyt yar eas @id iEpem! bdinze RSkl 267Sn GRRGALLYSUHL ¥
be controlled by using themin conbination with other antidiabetic
agent s. Henceover rmavebeguats meeriod of pilmg.alhcphadbwsgetst iov@l drugs is

in demand that can achieve a %ood gl.ycem c contrgl and which yet
literature report, a blguanide solely used on patients with

type 2 diabetes gave only about 25% probability for the



10003] G ucose in the blood is filtered in the gloneruli of each

ki dney and then reabsorbed as nedi ated by sodi um dependent gl ucose
cotransporters (SGA.Ts) |ocated at the begi nnings of proximl tubules.
SA.T2 inhibitors typified by a 1-thio-Dglucitol conpound (see PLT 1)
inhibit the activity of SAT2 having | ow glucose affinity but high

gl ucose transport capacity, so they exhibit a bl ood gl ucose reducing
action in various ani mal nodel s by progpting the excretion of urinary
gl ucose. 10004)It was recently reported that side effects of insulin
sensitizers could be reduced by conmbining themw th SE T2 jnhibitors
(see PLT 2possibiheEe fadoneshis othe pilieo Pt a9 bvratedc gmpahebin

conpositio t.c ies an T2 i.nhiQito i an | i .
sensitizerqfﬁg%Faegngpﬁ?bvﬁag %G%Aﬂgﬁggd %Fg%%Qaﬁ%b§§§%+o€E3Erﬁf &
action. TherAebiy@hsos lid @kalULfolEaATNIR] eEREEPHRUMELsUSRe Of an
SA.T2 inhibitor and a 4 dipeptidyl peptidase IV inhibitor (see PLT 3
and 4). Howawelppnent e hyphglivbéasia rade wefighh agaioc ekl nak the sole
conpositions of the type contenplated by the present invention that
conpri se c@nobAgmpobiat dhasGire 2okt 16 SURFeTinG HVessglygemienber of

Sensit | zor B0PREn PR aAEy Fh, P pLpt FuABe AT T By gy goceets "
a- gl ucosi d?.?%al'l&ﬂ' Bt seen?Bdt 4o a tl I €531dsd Ye %@tk'—éélf@tvﬁ@h

Literature 051 PLT 1: Oficia zette of Internationa
Publ i cat i orh80p2096é 4y B0 didbePid dbndiatient COf ficiallsoCGanewh etlnit BE
1381361 B1 PLT 3: Oficial Gazette of International Publication

WD 2009/ 022001nanlin senspitizer IF fysgdialonget trensf ocRUEEnERe girgblen
Publ i cati on WO 2009/ 022010 Non Patent _Literature, [0006 NPL
1: Tonyoby8§g§ﬁﬁafﬁ?’§%l tdtl?vﬁilﬁglﬂ%%s FOiSH5EB: 8?§§f%ﬁﬁ%aﬁ§n%%+%h%nd

d i ni cal :l.caL} : 4, S 4. a 1B 9L ear S IRk
of I nvent ﬁ%ﬁllh')o%él%) éri)ejag(@:t g%?h'?éhee' ﬁl%géﬁg%%% orll i sgt ols[??ovi de a
novel phar mageULECRBAs\CIARPAS hsed £y, Thege aocambithat ppobDémgplaf al

drugs that has superior efficacy in preventing or treating diabetes
mel litus, &#vpegdwgenisFaidavedot t9eit-alddt 8 ¢ ipgyn ghat if an a-

conpl i cati %g.%cgfsi ;gg ej:[n?nibg.%l)l:i :Esu Suse}arHj a%in%t] yr?etre. 5occurs the problem
of occasional development of abdominal symptoms as side
effects. In addition, when a GLP-1 mimetic is used alone,
nausea and vomiting are known as therapeutic problems.
Furthermore, it is known that patients with type 2 diabetes,
when they are exposed to a hyperglycemic condition for a
prolonged period of time, will suffer a deterioration in the
function of beta-cells; however, most antidiabetic agents are
incapable of adegquately suppressing the deterioration in the
function of beta-cells even 1f 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 ucitol conpound having an PAT2 inhibiting action or a

phar maceutically acceptable salt thereof or a hydrate of the conpound
or the salt was administered in conbindtion with at |east one nenber
of the group consisting of biguanides, insulin secretagogues, insulin
sensiti zer gowk@st) i#tw cdmpepitihils pept capsild b abmbiigiihg the

a- gl ucosi dase inhibitors, and GLP-1 mnetics, a marked bl ood gl ucose
| oweri ng aefpvenmestigmeds promlafs whidhf heé wmse off pangledyduygsp- Eetl s,
and alleviation of side effects were caused; the present invention

has been aE¥XBWRI®sHdd En pAEn HAGEs tBE THPS 9 dPRGISTOIREERRRUST the
P esent | TKFBbLAR ALY de5difsba! QWhlterect oz blud-pAdERCoNL oo/

conposition 15 ng naton -thio-D-gltlcito

conpound r epreseRtatlRnsthel faiRyabrb ksl A kbhnbifafiheka tR Aot Bed
hydrogen atom a Cl-6 al kyl group, -OR', or a halogen atom RE is a

hydr ogen atotidiabetdrorgents oupy additiORi,; the welfEt agairREewbguhzedy
be the sane or different are each a_hydrogen atom a hal ogen atom a

Cl- 6 al kyl TgpBuprlinnylareagmpnd ingpldd SRFGGEFeRE ofRAPNAS PSHahly difen
t h | ven(LV): - Kyl i onal |
200t o B PN M ARG ol o Safhlion gt Bl vl 1Y

is a Cl-6 ghkydidfHdR agbhedaldenceybsthdsdedohpiabtdd@ENpatieg]s)] or
a pharmaceutically acceptable salt thereof or a hydrate o? t he
conpound ophatmacaliticadndrugs is (B) demaddddtatonen nestbeveok ghed gr oup
consi sting of biguanides, insulin secretagogues, insulin _sensitizers,
insul i ns, BLPEMIG\ACNSERL| Ak &Mighi BeF FAEeS ng. gPRESSEIARIEes1de

i nhibitors Jle §1FL1 m nmetics. [0010)(2) The pharnaceuti cal
conposition according to (1), which conprises a conbination of (A)a
1-thio-D-gigesip! ceaneyss HERHRS8NLEE by diheecpeaeialtHeogibhériii

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 .
SGELT2 inhibitors (see PLT 2) but there has been no report of
a pharmaceutical composition that combines an SGLT2 inhibitor
with an insulin sensitizer in order to provide an enhanced
blood glucose lowering action. There is also literature

teaching the combined use of an SGLT2 inhibitor and a



[where RA 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 -OR'; 7 R2 and RD
whi ch may be the sane or different are each a hydrogen atom a

hal ogen atom a Cl1.8 al kyl group, or -0117; RE is (1) a hydrogen
atom (ii) a halogen atom (111) a hydroxyl group, (1v) a Cil.4: alkyl
group optionally substituted by a hal ogen aton(s), (v) -0le, or (v1l)
- SRT; R7 is a d_6 alkyl group optjonally substituted by a

hal ogen aton{s)] or a pharmaceutically acceptable salt thereof or

hydrate of the conmpound or the_salt; and I( % a big h‘g“’
i nsulin secH@eagsgub, pertigasenll 11PdTem (s8¢ FrHd #PE3 Svever,

phar maceuti_cal siti.on agco rd| ) 1S,
the 1-thi o 1% IQB(Q,:?F aeéénr?ﬁguﬁ“ repr &F%%EBQE?%E comﬁ@%?i?né% a ()
where RA i Syhe coﬁt@l{lﬂ(ﬂa{teﬁ YP+RE ﬁré@rﬂgﬁﬁvaﬁ@iﬁn that BBhpbide
hydrogen atom a hydroxyl group, or a Cl-6 al koxy group; R2 and RD
are each a dymEingepoms oy SRETRsiahTitirrad kjkthgabulgast €8e. mGnkdk »fy

group or a Cl-6 al kylthio group. %*012](4) The phar maceuti cal
conposi ti ortlmzm‘pap neensst JoRE Bioyanides .(BysulifesgrRetpgogues.

1-t hi o-D-gl d t d f t t f:
oD gl compound L SELeESd LLam LG SR AgRSLR 1 10 ©

”EthylphenxﬂQﬁilegfg,Eﬁ£&ﬂﬂ30@@h&se 1nh1bitors, and GLP-1 mimetics.
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Summary of Invention
[06007] 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



(18) -1, 5- anhydr o- 1- (4-chl or o- 3- (4- et hyl benzyl ) pheny1] -
1-thio-D-glucitol; (18) -1, 5-anhydro-1-[ 4-chl or o- 3- [ 4-
(met hyl sul fanyl ) benzyl | phenyl]-1-thio-D-glucitol; 8

(18) -1, 5-anhydro- 1-[ 4- cht or o- 3- (4- et hylben2yl ) phenyl1- 1-
thio-D-glucitol;

(13) -1, 5-anhydro-1- (5- (4- et hylbenzyl) - 2- met hOxy- 4-

met hyl pheny11- 1-thi o- D-gl uci tol ; 5

(18) -1, 5-anhydro- 1-[ 4-chl or o- 3- [ 4- ( pr Opan- 2-

yl ) benzyl | ]=1-1hiq- iital ; :

(18)-1, 5- a%%@%‘%%’i&ég%ﬁ%wfélﬁ% ﬁ;?ﬁ%ﬁ 4- (prOpan- 2-

yl') benzyl | phenyddotherhio81&: 8| df€ ith@l pra86ht invention is to provide a
(15)-1, 5-anhydro- 1- (4- chf‘or 0- 5- (4- et hyl benzyl) - 2-

met hoxyphemgihed -dihipsePegtiimg tat trp80i3y (&)abEitesphalhineut dtatases
conposi tion according to any one of 5__1 to (':4) , Wherein the
1-thi(}-D-gPﬁé??%ﬂtngﬁﬁﬁanal?gﬁtes mellitus, or complications of

(19)-1, 5-anhydro-1-]5-(4-et hoxybenzyl) - 2- 5 4- -

et hyi phengiFeaten st SpE e e TP ks aoommasiitiony

conposi ti opogesPr di RGe! 9rafdn ONGVEELEAd FAuDkna¥h@isd i hbenbb asani de
is metformn hydrochloride. 100151(7) The pharnmaceutical conposition
accordi ng phuaplorempbufd)hdwingbpn 9EkETZ2iimhiibéting Hdtrioseores agogue
is glipizide, glibenclamde, or glinmeplride. [0016](8) The .

phar naceut Péﬂm%ﬁﬁ%§ﬁﬁ-%na%&ﬁ%ﬁag?~ﬁgsﬁ%t (tPereRfieP®i & MEatasef i the

secretagogue is i pi zide. 00171§EL . Th har naceut.i cal. .composi ti.on
accordi ng F8m%%‘§}%or?% é e(ﬁﬂf 6"‘155 &%%Sreteﬁ%ﬁ%t fe |?1IE?J I}ar?lggﬁf 1At s

pi ogl | t azORgasi YHEBhehBer The ﬂi@ﬁ%ﬁg%éﬁaﬂsﬁamaﬁiﬁimﬁaggr ding to
any one of (1) and (3) to (5), erein the di peptidyl peptidase IV
i nhi bitor kLisssiimgecpbtagoyuad,l daghlipt isensitizers, insulins,
dipeptidyl peptidase IV inhibitors, o-glucosidase
inhibitors, and GLP-1 mimetics, a marked blood glucose
lowering action, suppression of the failure of pancreatic f-
cells, and alleviation of side effects were caused; the
present invention has been accomplished on the basis of this
finding.
[0009] Thus, the present invention provides the following:
{1) A pharmaceutical composition comprising a
combination of

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

general formula (I)




9 [0019] (11) The pharmaceutical conposition according to any one of
(1) and (3) to (5), wherein the g-glucosidase inhibitor is

vogl I i bose, mglitol, or acarbose. [0020](12) A nethod of preventing
or treating diabetes nellitus, diseases associated with diabetes

mel litus, or conplications of diabetes nmellitus, which conprises
admnistering to a patient in need, either sinultaneously or

separatel y: (A) a 1-thio-Dglucitol conpound represented by the
general formula (I) OH [where RAis a hydrogen atom a Cl-6 al kyl
group, - OR[wiesrea Rhal®ge mydtrogpnRELoS, @ Wydr aljeyil awsmp a -AR0r oxyR
group, or -ORF; RD and RD which may be the sane or different are
each a hydhraebegemgéa: a hal ogen atom a CL-g al kyl group, or RE

is (1) a hydroggn. ato i i) _a_hal oge t 0 (LLl).a hydroxyl group,
(iv) a C1-8 al %_/I Frd d((fﬁtg)le%}ngp_?' suglgtl P%%Jédg%%/apa' ﬁla}?/og_gﬁ' aton(s),
(v) -ORF, or (o) ﬁ?%"; which My Itk dnelsbudl by lai@FedBnepPitOaichy a
substituted by a ﬁa ogen aton(s)] or a pharmaceutically acceptable
salt ther epfassgen Bydnate wiidden esopound.oy alkglsgheyp amd ~OR™: (B)

at | east one nmenber of the group consisting of 10 biguanides,
i nsulin secret &oysmeti) imdudragsenatan zdid) enaegRn afePeptitih 2

pept] dase |l ANDLLOrS, Ful el Iasey] ! 860 oR0E by oo
(r:]glrr{): ;[g:.t i gkggg%%gﬁggzggbsﬂne [ mg Pgﬁﬁg%??igﬂ?lol%%né)s \%irwi ch conpri ses
adm ni stering tg @spatd.eHlaikyingedup oitienallpustissicidudled by a
separatel y: (A) a 1-thio-D-glucitol compound represented by the
general fohaldgey latom|ahbrer RA Dhargangakistpdd vaeEAPP B @aé-ftkyl
group. _Celchgxr*eoa:lf gg_l g.gggdfag.toemof the compound or the salt:; and
(B) at least one member of the group consisting of

biguanides, insulin secretagogues, insulin sensitizers,

insulins, dipeptidyl peptildase IV inhibitors, g-glucesidase

inhibitors, and GLP-1 mimetics.

[0010] (2) The pharmaceutical composition according to

(1), which

comprises a combination of

(A} a 1-thio~D-glucitol compound represented by the

general formula (1)

[where R* is a hydrogen atom, a Ci¢ alkyl group, -OR®, or a
halogen atom;

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



RB is a hydrogen atom a hydroxyl group, or Re and RB whi ch may
be the sane or different are each a hydrogen atom a hal ogen atom a

Cl.8 al kyl group, or RE is (i) a hydrogen atom (ii) a hal ogen
atom (iii) a hydroxyl group, (iv) a Cl.-8 alkyl group optionally
substituted by a hal ogen aton(s), (v) -ORE, or (vl) -SR; RPis a

Cl-6 al kyl group optionally substituted by a hal ogen aton(s)] or a
phar maceutical |y acceptable salt thereﬂf or a hydrate of the conpound
or the salt; and (B) a biguanide, an insulin secretagogue, or an
insulin sensitizer. 1% 0022] (14) The net hod of preventing or
treating di abet®s arfeR[ ihich BREReddhen$3Bei aF cH-Aferrndi avrtaasch a

I '1itus, | i cati di abet lit di t 2
(13).  wher SV BT it PRREST ¢ Fpct 210 AU GO 0D SE( T8 The
method of prevegr isRd (9) &IeAddandhalif! 66 iTBL! hhtSyed :38ASCEiiL) a

associ ated wth di abetes rre{ I'i Cus, - or conplications of diabetes

mel |itus aegardiyny drvupny (0E HfC(12YkyD ¢dop ophtoLaIly Rebstituted
conplication of diabetes nellitus is Fdi abetic ret iFnopat hy, diabetic
nephr opat hPPy @idkagen e&ambphi W) cORebrasvd¥ddl a$R'di sorder, ischenic

cardi ac di sease,; Qr. peripheral arterial_ disease. Advantageous Effects
of Invention [O%FZ&]ET eé’phaﬁejrﬁ edfPERI° tdﬁﬁ’t‘?g'&?i 5‘?‘?’%?1tﬂlﬁégp‘?%s%nt
invention g@npLd.siNgRl ph r{% LEALa 13 Ugs rior

gl ycat ed hermgtir!obi n (r%?lg;]a%’/ral ugI ov\gg%ng aef:]?i%n an p as%ﬁ)’gl ucose

| evel | owethagedfidom hyaratdes RtleVboipbunl W3S thénsACE tainan, the
phar maceuti cal conposition of the present invention conprising plural
phar maceut i cal Flugs bigppridsedn Hastbirrsenredhopdasmed @eul in | evel s

t hat m ght _have, occur ﬁ%g with the progress of diabetic condition.
Fur t her nor 8¢ nd® SiTA°macétti cal conposition of the present invention

conpri si ng | phar i I j.at j ffec of
the 1 ndi v duor e uga 1 T PR acP L o P TR chapinE LD
Descri pti osxof 2 Erivmdivarat ¢aj G2 ¥hEhe- tkilo & -aj1avl ter atmponigfers to
straight- or branched-chain al kyl groups having 1-6 carbon atons and
may be exehpbrésantey by bie rganegrduformlaet() group, an n-propyl 12

Port - butyl MBPRtge 2 S b eliel: gt aF A Berfomm Go o tert . any
g{gﬂgi a 3-met sl bty nglQ4Rn BeBFOREHy¥o@h? U0l d 08Ma e N XMk oxy
group;
R® and R® are each a hydrogen atom;
- R¥ is a C;¢ alkyl group, a C;.s alkoxy group or a Ci.g
alkylthio group.
[001z2] (4) The pharmaceutical composition according to any
one of (1) to (3), whexein the l-thio-D-glucitol compound is
selected from the group consisting of:
{185} -1,5~anhydro-1-[5-(4-ethoxybenzyl)-2-methoxy-4-
methylphenyl]-~1-thio-D-~glucitol;
{15)-1,5~anhydro-1-[4-chloro-3-(4-methylbenzyl)phenyl]-
l-thio~D-glucitol:
(18)-1,5~anhydre-1-f4-chloro-3-[4-

(methylsulfanyl)benzyliphenyl]-1-thic-D-glucitol;



[ 0026] The "hal ogen atoni may be exenplified by a fluorine atom a
chlorine atom a bromne atom and an iodine atom [0027] The
"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, benzengsul of nic acid, nethanesulfonic
acid, p-toluenesul fonic acid, benzoic acid, canphorsulfonic acid,

et hanesul fonic acid, glucoheptonic acid, gluconi id tam.G . _
acid, glycolic &&Y-1mranbydeeal- HABAPECART ,"‘rﬁ’ﬁﬁg’FP%Ygic‘#be?‘Yﬁ 1
gal actaric QidD ggd qgﬂpthalene-z-sulfonic acid; salts with one or
more met al TPERELSHF ATV t hi um i on, sodiumion, potassiumion,

cal ciumion, nagyesiing.ifhyazbls- | §UT4-a8HyahemiyIIMz-a8Lhand-sal ts

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

di et hyl am pechéipheanyl Cichkbiexplgmaidol2- am noet hanol, and
benzat hi ne. [00283The compounds of the present |nventign can exist as

vari ous sol vat e§15THesp RBRRYAreol bkt 1ipdPraPed - [ o~ (BRRRGT “T hei r
applicability as pharmaceuti.cal . dr - _The conpounds of the
present in@@ﬁ??ﬁﬁg%ﬁkﬂﬁﬂ?' §1é?#1%3§%§ﬂFﬁgP&ding enanti omers,

i aster comer S, g 11 1 4R00EDOU Ay Uh ey 355 pEoperi-2-

desired proportions, " 13 and racem c bodi es. e met hods of
produci ng th9bdnkii PoH&gl G- ohicamyimedsodt amdnula (1) which are
used in the present invention, as well as the pharmaceutjcally
accept abl e salt£1$he¢fﬁﬁanhmﬁrphé‘h?dﬁéfﬁﬁ"éf(Ph%¢Q§%HﬁBﬁﬁﬂi"%ﬁ salts

which are also used in i he present.invention are disclosed in the
of ficial gé‘fé’PPﬁyB}Ferl'HL’r ég’ﬁ '§r93#h%’1‘%°§ati on WO 2006/ 073197 Al .

Anmong the 1-{hix@- D- g} gici sags: fl Eenpubdti{dn ackbeaind [toMang
are preferﬁggﬁggcausgyfﬁgglgﬁﬁgg?t a superio?yBCLTZ thibiting

activity: one ofl8))1t&- @ahy dherdif Shedletthdrybegbitjtod- gerpeid 4-5
met hyl phenyl1]-1-thio-D-glucitol (formula (I1A)),
(1S)- 1, 5- arlipdraé. 3= fdaydnerio-L3-( -mwh&@ﬁiﬁ T PHRGHSACRY ~4-
%i%?[g:g:ghﬁ%@%ggﬁé%ﬁig%g%Fg¥§¥%a}%ﬁﬁwﬁ%enzyl)phenyll-l-
thio-D-gl uoliot09.|4]( for f@i’i arr(@%armaceutical composition according to any
one of (1) to (5), wherein the biguanide is metformin
hydrochloride.
[00l51] (7) The pharmaceutical composition accoxrding to any
one of (L) to (5), wherein the insulin secretagogue is
glipizide, glibenclamide, or glimepiride.
[001l6] (8) The pharmaceutical composition according to
(7), wherein the insulin secretagogue is glipizide.
[0017] (9) The pharmaceutical composition accoxrding to any
one of (1) to (5), wherein the insulin sensitizer is
pioglitazone.
foo181] (10) The pharmaceutical composition according to
any one of (1) and (3) to (5}, wherein the dipeptidyl

peptidase IV inhibitor is sitagliptin or wvildagliptin.



(1S) - 1, 5- anhydr o- 1- 45- (4- et 11ylbenzy1) - 2- net hOxy- 4-

met hyl phenyl ]-1-thio-D-glucitol (formula (IE)),

(1S)-1, 5-anhydro-1-[ 4-chl or0-3-(4-(prOpal-2-

y1l) benzyl] phenyl1l-1-th10-D-91u0itOl (formula (IF)), HO HO''OH CH

(1F) (1S)-1,5-anhydro-1-[2-nmet hoxy- 4- net hyl - 5- (4- ( pr opan- 2-
y1l) benzyl ] phenyl | -1 -thio-D-glucitol (formula (1GQ),

(15) -1, 5-anhydro- | - E4-chl or o- 5- (4- et hyhbenzyl ) - 2-

met hoxyphenyl ]-1-thio-D-glucitol (formula (I1H)). A nore

preferred ound i (1&%—1 5- anh dro-l-(gﬁ&ﬂ-. . .

bt hoxybenzy B9 18! et HOY- FaRcPRGARERTTE5t SIS SBEAPRCITHT= 481 &R i s

preferably 3,hyQL ale.(1)0Q2d] EBF BY8)0f uhdie Rt @2eNk- LIVENidBel S 2

pharnaceutlcgl conposi tion conprising the |-thio-D'glucitol
inhibitor is vogllibose, miglitol, or acarbose.
[0020] (12} A method of preventing or treating diabetes
mellitus, diseases associated with diabetes mellitus, or
complications of diabetes mellitus, which comprises
administering to a patient in need, either simultaneously or
separately:

(A} a l-thio-D-glucitol compound represented by the

general formula (I)

[where R® is a hydrogen atom, a C;s alkyl group, -ORY, or a
halogen atom;

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

R® and R® which may be the same or different are each a
hydrogen atom, a halogen atom, a Ci.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) -ORY, or (vi) -SR';

R¥ 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



16 conmpound of fornmula (1) or a pharmaceutically acceptable salt
thereof or a hydrate of the conpound or salt and a biguanide. This
phar maceuti cal conposition is preferably a nedici ne agai nst di abetes
mel litus, diseases associated with diabetes nellitus, or
conplications of diabetes nellitus. [0030] Anot her node is a nethod of
preventing or treating diabetes nellitus, diseases associated with
di abetes nellitus, or conplications ofigdi abetes nellitus, which
conprises adm nistering a patient in need the 1-thio-Dgl ucitol
conpound of . formu a (L) . or. icald e t thereof
or a hydra ?eg"bafnn}tgr‘? ‘¢S nﬁ%%%lrg sge% a gg%%;,a lbl%éélggﬁl géé?ﬁeﬁzﬁ?f
si nul t aneoyslys Ofs S@RaEatehyr dRR3IEhEE guaninEasiates drageltasingse
actions of suppression of hepatic gluconeogenesis, increase of
i nsul i n senshibididns,i antheLpet indvertabsti ssues, inhibition of glucose
absorption fromthe intestine. Exenplary biquanides are netfornn_ and
buf ormi n. Kee2B} mi n (i18)pFae spetdies PSn?’E%‘éeqﬁ%é\ﬂp(?Fn?Eeﬁuﬁ g&a{)gll'%%ose
| owering actjon, lim.ted side eff.e , | ike i ormn
hydr ochl or Re&tbE1Frg PEPEFEDI A oyclﬁr%tg?eV?Eeig.é %glstlggb?l%]%%%ﬁh e'stogrre
knowun Subs g e AbnEe bk Oh Ml @ el Leds dudirdnaghter {1t | mhich

[

particul ar "ar sclosed in Em| A Wrner and Janes Bell, J. Chem
Soc., 121, cdQprisck’ Haminf4tenindy aocanpetient ir ogedt ¢lhewy the
trademar k GLBCOPHAGE nay be used. [0032] Still another node of the

present i neémelandonsadyphar RERTIALTA conposition conprising the
1-thio-D-glucitgl, co nd of for.nula tyd y
accept abl e sal tP%)né"r g'g%ﬂfif"[g"%{yucﬁlao% 8&“}%%,%{%%%%%%%&%%&'8%5{7?&%“ an
insulin 1 tAQQRS. i s pharnmaceutical conposition is

pr ef er abl yzrgﬁgr%%?m ne agai(%—gt di abetes nellitus, diseases associ ated
wi th diabetes nellitus, qr conmpld cations of diabetes nellitus.

[ 0033] Yet anot her ; od of preventing or treating di abetes
mel litus, disgases *h diNﬁtie es mellitus, or
conplicatidi¥s o abétes nmel Lt us, i'ch conprises adm nistering a
patient in nggd ok t hi 0-Dgl'uci t ol conpound of formula (1) or a
pharmaceuti cal |l ysacceptabl e salt thereof or a hydrate of the conpound
or salt and an insulin secretagogue, either sinultaneously or
separately. [0034] I nsulin secretagogues are drugs having the property
to pronote insulin secretion frompancreatic 13-cells. Exenplary
nsulin seqrebagagues argysildanduineas ¢.d idigidezoed) baw| ant de,
glimepiride, gliclazide, acetohexam de, to/butam de, glyclopyram de,
chl or pr opamadegeargkdmy azani de) and glini des (nateg/inide,
mtiglinide, and repaglinide). Anong these, glipizide, glikenclamn de
and gl i mepiri deRidiscls BYEregsd GHyMur 8aBY X & Ya S PBBr BTy Préferred

fromthe viewoint of bl qod.glucose l.owering. ackl i i
secr et agogues 'an RFoin "gtﬁ‘bcﬁgg‘ﬁgeéeaﬁge csdalr”rr%ef’%i a %roeyt}g?gerrg%ﬂ a
typically boquseds L0A35LShhboaGdit, HodeOktye droegents i FarRdt i on
is a pharmaceutical conposition conprising the 1-thio-D-glucitol
conpound of forghlias (i) arhpdpdgemadent i til] e dedegeabionq| (Lithefeof
or a hydrate of the conpound or salt and an insulin s gsiti%er, hi.s
phar maceut ibysirogphpaeud orf iV Br ef-erHBHy- grﬁ’éﬂi%l?‘?fr?“ﬁg 7 PP s

nmel | itus, di seases associ at.e i, L diab S n@ek|litus, or

conpl i cati &¥¥s aof‘%'f’%%‘ét%%"“ﬁ@ﬁl‘”‘ﬁ&"(6%03%€ﬁﬂanot er node is a

met hod of pre e”idé e Eiﬁf‘iié}ﬂadﬁ 3peLssaB} |gdvesitdiseasen

associ ated w t I abetes nellitus, or conplications of diabetes

mel litus, wiiehkeaoapshees adnranpsaemaceptdcpaly emecéntabdedsehe

1-t hi o-Dgl ucitol. compound of fornmula (I) or a pharmaceutically
accept abl e Swreofher cdfhusiratenpdr fhe GFRONEdcBhpRMFDT s8FF and an

nsulin sensi tiger., eLUNSTacST IH! LANSPHP! KRk EORIE! Y an

insulin sensitizer.

1




[0037] I nsulin sensitizers are drugs which inprove insulin sensitivity
in the peripheral tissues and the liver. Exenplary insulin
sensitizers are ploglitazone and rosiglitazone. Pioglitazone is
preferred fromthe viewoints of blood glucose | owering action,
limted side effects, and the like, with pioglitazone hydrochl oride
being particularly preferred. These insulin sensitizers are known
substances and commercial products mayqtypically be used. [0038]Stil
anot her node of the present invention Is a pharnaceutical conposition

conpri sing -t hi,Q- uci t.ol .conpound qf fornmuja (I) or,

phar naceut gégﬁt acégﬁg?g%‘% “%eéﬁ(?’to‘jt ﬁ'glr) B’é?ve&l?u&gh?ﬁrg?eéégngt ﬁéggﬁﬁ%%und
or salt angepfy i isulgi8eaddi SadiiaREq W GRla168EPES | hd O s  PEET erably
a nedi ci ne agai nst diabetes nellitus, diseases associated with

di abet es nebhpiimmtionscofipdidiriteanmediitisabetkesdird | td Us2)[ 6930RMet
anot her node is a nethod of preventing or treating diabetes nellitus,
di seases a¥Beesim ddahptes drelddit®s Al tyra dopbebemi i cati ons of

di abet es jfus, i conpr.i ses adm ni stering a pati.ent _.i n need
The T tni oLt23HS o 0RT ot T aR G MismraRE OF) b gns aifbdtes
phar mece Ut bpldouACHERLAL L iloba bBEA G0k BnBYLE ld1 10k uLhe compound
or salt and an insulin, either sinultaneously or separately

[ 0040] Pr ef ednipidi cavt &5 ady dilibiéltieBSmEL i fusTaBcbAGLhd d) bRabAs | &MS
(e.g., human insulin injection as solution, biosynthetic human
neutral in6kRAX ko djléet i drenesins dhet complivakinni ebphiaretessneihitus

i njection as e%us sus ensig%, g%os nt heti ¢ human i sgphape insulin
i njection & '%%3’8 0§ % SR, BB BEPRE PR bi%RREFEC | sophane
Insulin i &LHARNYS AGHAANYARURREDSI b, @Rd DURL, NSRS ) ecti on
as aqueous suspension) and insulin anal og preparations (1nsulin

| i spro, i nsiddazegsparderigptailnagtetisl msebssyl in gl argine, and
insulin detemir), with human insulin preparations being particularly
pr ef er r ed. Adxaniggghus ngfifdats efAcEuvdentiam ous types such as

ultra-fast-ggti.ng types, fast-acting types,. biphasic¢ types,

i nt er medi a[toiczﬁ)pes %’E%l I&?ﬁ“&“ﬁ&ﬁlﬁgﬁmﬁé%ﬁﬁ Egies\égﬁﬁflé?j and
admi ni st _eraﬁ-@e"i’ﬁg_gﬁdéaﬂpﬁ%ﬁ)pepﬂ%éfrﬁdkgﬁlaﬁgagié%]pr&ru Reshokdpul i n
preparations are known substances and conmercial products may

typi cal |y dupensed. gl PidShiehbgaeeihercamdeanie tireRtageattidty @@ on

is a pharmaceutical conposition conprising the 1-thio-D-glucitol
conpound cflaEgantlacgse leved phderine matdan| gver déyst abfldvidual t her eof
or a hydrate of the compound,or salt and a dj peptidyl peptidase IV

i nhi bi t or ?é”FﬁiSs %ﬂa?%‘ﬁc%f‘i’cﬁ?e EREHCRS %FF‘W@%&BB? o&f d"&tﬁ ci ne
agai nst diahetRs Mrddilids: cBhpe hated Labe
nellitus,E%? conplicatfbnscg?ﬁd?ibe 3§§%%Iﬁ%tus.CE%69Fgg42 Bt

anot her ned@piresgedreifiodoabrpngventplignar ihéenin NQvelabehes mmibhi t us,

di seases associated with diabetes nellitus, or conplications of

di abet es MEVE| PESUTRGS ot thokbe | Reeonehd il sétaliaidcacpaditieri n need
the 1-thiq: uci t ol nmpound of formyla (1) or. a pharpaceutically
acoept abl SUTIREERTR o Fho PHATRY T S AT COMRSEATRuRA he B SRRd 4
di pept i dyl; Rt s §aSErp¥slsBNLPL 1Ok 1 GHARRL S LA | -
separatel;PBF0043]E?béb%%gyFb%epf?dgge n%Féﬁé%ﬁﬁg ?%g?%i%%§%§§%;eg
incretin haemsnes @ifsagoss th&eimepticdal latdsP-(1). eaNdweight gain
gl ucose-dependent insulinotropic polypeptide (GP). GP-1 and G P
pl ay a kegrnfoheregindemipdgul ati on of insulin secretion and gl ucose

honeost asi_s. Eige tidyl Eegéidase IV inhibitors are drugs which
prevent | REEEFIRETYh %Gt ERREL™ YR i des and enhance gl ucose- dependent

! ¥ f . i | .
LR 0 AT ETICEER g vl SEss piE )

saxagl i pt brangh&@! drfinn alkiyDaghdutld Maviggelldldapbbl, afmd 4R may

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




pharmaceutical conposition conprising the 1-thio-Dglucitol conpound
of formula (I) or a pharmaceutically acceptable salt thereof or a
hydrate of the conmpound or salt and an agl ucosidase inhibitor. This
pharmaceutical conposition is preferably a nedicine agai nst di abetes
mel litus, diseases 21-associated with diabetes nellitus, or
conplications of diabetes nellitus. (0045]Yet another node is a

nmet hod of preventing or treating diabetes nellitus, diseases
associated with diabetes nellitus, or conplications of diabetes

mel litus, which ' dgi-fisst & RO natPat dx@itp,| Bnneedhiia

1- t hi o- DgI%CIt 6l g@?ﬁ%ﬁ?&’io%%ﬁrhﬁiﬁ( Ib) gr % phar maceutical l y
accept abl ?I%@bt, bheseefouak1laghyds At sefc-bhéyt appowndanr Rsegnrtynd an
a- gl ucosi dase inhibitor, either sinul taneouslglyor segar at eI%Eé 1
(0046] a- Ggrousi, das teitnintyilt oreuns ¢ drmgdhrAberr: o8Py B BRI
enzymes such as angl-ase, mal t ase, a-dextrinase, sucrase, etc. to
del ay car ISB9Y@r aPBLBR Y HEREH FrRthe smal| intestine. Preferred
exenpl ary a-gl.ycosi &dAhi it Aar | | i8%eal btoh, fhskine
acar bose. [%W%s? a-g u%ogagggghi%%%i tn{(;ary\sf%gr gﬁﬁfﬁ%\/\n subs?ances and
comer Ci al ;P dUC LR 1HBYnd ¥Rbma! & Ybigniiee ditoh00ev] S Lodanet aieemnnde
of the present invention is a pharnmaceutical conposition conprising
the 1-thi ordd2gliuci t The Clohesmadeot itk lagceprable $adikar RE¥eRti cal | y
acceptabl e salt thereof or _a hydrate of the

C conpound.or. s 20d. a
GLP-1 ni neademplified phny Feddst FEEF TUMAETE; Sﬁi?% Drer &F a%{dyf a

nmedi ci ne agains ia e | Lt 'ﬁ% 0G4 ok Ehagid@pet es
mel |itus, %;dg’o%’ﬁgf:eg |%1§Lé,ahr‘§10£gf au%%(%gds el I%lstaﬁjgé ?0043] Yet anot her
mode is a i had9t REfYEYAIRe Withlejdig deabeteshrelsl Rtetic

di seases associated with diabetes nellitus, or conplications of,

di abet es reddd t wxalnbi eticotpoitiosactiti Manteria e bafivBRrif n2ottd
the 1-thio-D- 22 glucitol conpounds of forngla (Ig. ra

phar maceut®&kicy agdfepeEtiie S5rE .t RRPEFICHOA* R fEIY of the conpound
or salt and GP-1 _mpet]e.-.elt i u Ohesidabahely,

[ 0049] G_P_x&ei%%eﬁuglsf?g% 4 r l?dsbhgg??\%ﬁ%ltﬁ;ﬁ%gt ?%%cll c action by

acti vat i NG 4k JH R oSLE- doildC eRbenesEl Fortiarianed i cplunahendRBACT 0 be
any conpound 1 ncl udi ng pepti des and non-peptide conpounds. Preferred
exenpl ary &1 giiveehicsacikd Igln&gm&@i%‘éfdeﬁéﬁﬁﬂi%%,aqlgsw‘(j‘ﬂ'ﬁ?i de,
and al biglutide, with liraglutide_being, parfi.cu | of e d. These
GLP-1 mi medekd. d‘?@%ﬁ&vﬁ“’s%bﬁa&‘ﬁ?&%caﬁ'gugbrﬁ’?élra&;:%l%r%g ﬁéc't s[‘f‘h%ay
tyPically be used ;. o sotsdd: ARQLAST s HDES ! BRePsLSRIAe mavant i on
is a phar MRt Ea conposition conprising an Active Ingredient A or
a phar maceypisaldoh agceptiabie isalt sbheweoforor pathgsiwe ey, chacium
ingredient or salt and an Active Ingredient. B as shown i T%IRI e A

Thi s phar maceutrnagiesconpdel ¢ i23md §-0Br e DI R Fed?R] rPé“ndaS FhiSt

di abetes nellitus, diseases associ.ated with di ' or
conpl i cat | BHER AMHREHEBER FBIFPIEED XNV g%%%ﬁ%'r dégt ailiz'ng ’

met hod of [ Erﬁfx?. ng ¢t Telddvtibfaingl] sSeases

associ at edg\f/’mg¥:§£|%’| ar%gt%ejgirrel %t &s?’hg?ﬁég?rr%l i Cf:{!tyit ons of di abetes

mel | itus, whicheAyl, Sandashittatieeing a patient in need an Active

I ngredient A or a pharmaceutically acceptable salt thereof or .a
hydrate of [pbesingr aliccnpmpunts ©Ofafheanraeent d WRGFLR AR ¥ EsABwn

'n Table Al\ragii.égse rsS]iv@QeL?“%l?@? ln}/ayoral%gpgtraaﬁg?&ﬁ’ateszgnt@fév? d% their
applicability as pharmaceutical drugs.
The compounds of the present invention encompass all
cases including enantiomers, diastereomers, equilibriuam

compounds, mixtures of these Forms in desired proportions,



Active Ingredient A Active Ingredient B Conpound of formula (IA)
metform n Conpound of forrmula (1A) buform n Conpound of formula (IA)
glipi zi de Conpound of formula (1A) glibenclam de Conpound of formula
(I'A) glinmepiride Conmpound of formula (1A) gliclazide Conmpound of
formula (1A acetohexam de Conmpound of forrmula (IA) tol butam de
Compound of formula (1A) glyclopyram de Conpound of formula (IA)

chl or propam de 13

and racemic bodies.

The methods of producing the 1-thio-D-glucitol compounds
of formula {(I) which are uged 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 1l-thio-D-glucitol compounds of formula (1),
the following are preferred because they exhibit a superior
SGLT2 inhibiting activity:

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

methylphenyl]-i-thio-D-glucitol (formula (IA)),

(18)-1,5-anhydro-1-[4-chloro~3-(4-methylbenzyl)}phenyl]-

1-thio-D-glucitol {formula (IB)),

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

(methylsulfanyl)benzyl]phenyl]-1-thio-D-glucitol (formula



Compound of formula (1A to/azam de Conpound of fornula (1A

nat egl i ni de Conpound of formula (1A mtiglinide Conpound of fornula
(I'A) repaglinide Conpound of forrmula (IA) pioglitazone Conpound of
formula (1A rosiglitazone Conpound of forrmula (1A human insulin
preparations Conmpound of forrmula (IA) .insulin anal og preparations
Compound of formula (I A) sitagliptin Conpound of forrmula (IA)

vil dagliptin Conpound of fornmula (IA) isaxagliptin

(IC)).

HO S

HO" Y "OH
OH

(1¢)

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

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

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

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

(1E)

(1S)-1,5-anhydro—1~[4—chloro—3-[4—(propan-2-

yl)benzyl]phenyl]~l-thio-D~glucitol (formula (IF)),



Compound of formula (1 A) alogliptin Conpound of fornula (1A

linagliptin Conpound of formula (I1A) teneligliptin Conpound of

formula (1A voglibose Conmpound of fornmula (IA) mglitol Conpound of

formula (1 A) acarbose Conpound of formula (1A) liraglutide Conpound

of formula (I A) exenatide Conpound of fornmula (1A) albiglutide

Conpound of forrmula (1B) netform n Conpound of formula (I1B) buformn
15

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

yl)benzyl]phenyl]-1-thio-D~glucitol (formula (IG)),

(16

(18)-1,5-anhydro-1-[4-chloro-5-(4-ethylbenzyl)-2-

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

A more preferred compound is (18)-1,5-anhydro-1-[5-(4~
ethoxybenzyl)-2-methoxy-4-methylphenyli-1l-thio-D-glucitol,
which is preferably a hydrate.

{o029] One mode of the present invention is a

pharmaceutical composition comprising the 1-thio-D-glucitol



24 Conpound of fornula (IB) glipizide Conpound of fornula (IB)
gl i bencl am de Conpound of formula (1B) glinepiride Conpound of
formula (re) gliclazide Conpound of formula (IB) acetohexam de
Conmpound of formula (TB) tol butam de Conpound of formula (IB)
gl yol opyram de Conpound of formula (I1S) chlorpropam de Conmpound of
formula (1S) tolazam de Conpound of fornula (TB) nateglinide

16

compound of formula (TI) 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.

[0030] Another mode is a method of preventing or treating
diabetes mellitus, diseases associafed with diabetes
mellitus, or complications of diabetes mellitus, which
comprises administering a patient in need 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 biguanide, either simultaneously or separately.

[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 £rom the viewpoints of
blood glucose lowering action, limited side effects, and the
like, with metformin hydrochloride being particularly
preferred. These biguanides are known substances and
metformin and metformin hydrochloride in particular are
disclosed in Emil A. Werner and James Bell, J. Chem. Soc.,
121, 1922, 1790-1794, and a commercial product having the
trademark GLUCOPHAGE may be used.

[0032] g9+ill another mode of the present invention 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 oxr salt and an insulin



Compound of formula (I'S) mtiglinide Conpound of forrmula (IB)
repagl i ni de Conpound of forrmula (TB) pioglitazone Conpound of formula
(I'S) rosiglitazone Conpound of fornula (TB) human insulin
preparations Conmpound of forrmula (TB) insulin anal og preparations
Compound of formula (IS) sitagliptin Conpound of forrmula (IYS)
vildagliptin Conpound of fornmula (1S) saxagliptin Conpound of fornula
(1'S) alogliptin Conpound of fornula (78) linagliptin
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 assocliated 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 & pharmaceutically
acceptable salt thereof or a hydrate of the compound or salt
and an insulin secretagogue, either simultaneously or
gseparately,
[0034] Insulin secretagogues are drugs having the property
to promote insulin secretion from pancreatic f-cells.
Exemplary insulin secretagogues are sulfonylureas (glipizide,
glibenclamide, glimepiride, gliclazide, acetochexamide,
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 lowerimg 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-thio-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
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vogl i bose Conpound of formula (1B) maglitol Conpound of formula (TB)
acarbose Compound of formula (1S) liraglutide Conpound of formla
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diabetes mellitus, or complications of diabetes mellitus.
[0036] Yot 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 L-thio-D-
glucitol compound of formula (I) or a pharmaceutically
acceptable salt thereof or a hydrate of the compound or salt
and an insulin sensitizer, either simultaneously or
separately.

[0037] Insulin sensitizers are drugs which improve insulin
sensitivity in the peripheral tissues and the 1liver.
Exemplary insulin sensitizers are pioglitazone and
rosiglitazone. Pioglitazone is preferred from the viewpoints
of blood glucose lowering action, iimited side effects, and
the like, with pioglitazone hydrochloride being particularly
preferred. These insulin sensitizers are known substances
and commercial products may typically be used.

[00381 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 an insulin;
This pharmaceutical composition is preferably a medicine
against diabetes mellitus, diseases associated with diabetes
mellitus, or complications of diabetes mellitus.

[0039] vet 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 l-thio-D-
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formula (1C tol butam de Conpound of formula (1C glyclopyram de
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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 injection as agueous suspension,
biosynthetic human isophane insulin injection as aqueous
suspension, biosynthetic human biphasic isophane insulin
injection as aqueous suspension, and human insulin injection
as aqueous suspension) and insulin analog preparations
(insulin lispre, 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 types and
sustained types., these can be selected and administered
according to the patients’s condition. Thesgse insulin
preparations are known substances and commercial products may
typically be used.
[0041] Still another mode of the present invention is a
pharmaceutical composition comprising the l1-thio-D-glucitol
compound of formula (I) or a pharmaceutically acceptable salt
thereof or a hydrate of the compound or salt and a dipeptidyl
peptidase IV inhibitoxr. This pharmaceutical composition is
Preferably a medicine against diabetes mellitus, diseases

associated with diabetes mellitus, or complications of

diabetes mellitus.
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[oc42] 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 l-thio-D-
glucitol compound of formula {I) or a pha;maceutically
acceptable salt thereof or a hydrate of the compound or salt
and a dipeptidyl pepltidase IV inhibitor, elither
simultaneously or separately.

[0043] pipeptidyl 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 Vv
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.

[0044] Still another mode of the present invention 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 or salt and an o-
glucosidase inhibitor. This pharmaceutical composition is

preferabiy a medicine against diabetes mellitus, diseases
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associated with diabetes mellitus, or complications of
diabetes mellitus.
{0045] Yet another mode is a method of preventing or
treating diabetes mellitus, diseases assogiated with diabetes
meliitus, 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. |
[0046] a-Glucosidase inhibitors are drugs which inhibit
digestive enzymes such as amylase, maltase, a-dextrinase,
sucrase, etc. to delay carbohydrate absorption from the small
intestine. Preferred exemplary a-glucosidase inhibitoxs 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 1-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 mellitus, 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 l-thio-D-
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22

glucitol compounds of formula (I) oxr a pharmaceutically
acceptable salt thereof or a hydrate of the compound ox salt
and a GLP-1 mimetic, either simultaneously or separately.
[0049] CLP-1 mimetics are drugs having insulinotropic
action by activating the human GLP-1 receptor. GLFP-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 or a hydrate of
the ingredient or salt and an Active Ingredient B as shown in
mable A. This pharmaceutical composition is prefexably a
medicine against diabetes mellitus, diseases associated with
diabetes mellitus, or complications of d@iabetes mellitus.

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 an Active
Ingredient A or 2 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 (I D) human insulin preparations Conpound of
formula (1 D) insulin anal og preparations Conpound of fornula (1D)
sitagliptin Conpound of forrmula (I1D) vildagliptin Conpound of fornula
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Table A
Active Ingredient A Active Ingredient B
Compound of formula ({IA) 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 formula (IA) acetohexamide
Compound of formula (IA) tolbutamide
Compound of formula (IA) glyclopyramide
Compound of formula {(IA) chlorpropamide
Compound of formula (Ta) tolazamide
Compound of formula (IA) nateglinide
Compound of formula (IA) mitiglinide
Compound of formula (TIA) repaglinide
Compound of formula (IA) piloglitazone
Compound of formula (IA) rosiglitazone
Compound of formula (IA) human insulin preparations
Compound of formula (IA) _insulin analog preparations
Compound of formula (IA) sitagliptin
Compound of formula (IA) vildagliptin
Compound ¢f 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) liragiutide
Compound of formula (IA) exenatide
Compound of formula (IA4) albiglutide
Compound of formula (IB) metformin
Comﬁound of formula (IB) : buformin




Conmpound of formula (1D) liraglutide Conpound of formula (1D

exenati de Conpound of fornula (ID) albiglutide Conpound of fornula
(I1E) netform n Conmpound of formula (1E) buformn Conpound of fornula
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Compound of formula (IB) glipizide
Compound of formula {IB) glibenclamide
Compound of formula (IB) glimepiride
Cbmpound 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 (IB) 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 formula (IB) insulin analog preparations
Compound of formula (IB) ' sitagliiptin
Compound of formula (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 (1B) liraglutide
Compound of formula (IB) exenatide
Compound of formula (IB) albiglutide
Compound of formula (IC) metformin
Compound of formula {IC} buformin
Compound of formula {IC} glipizide
Compound of formula (IC) glibenclamide
Compound of formula (IC) glimepiride
Compound of formula (IC) gliclazide
[:Compound of formula {(IC) acetohexamide




Compound of formula (IS) glyclopyram de Conpound of formula (1S)
chl or propam de Conpound of formula (IE) tolazam de Conpound of
formula (1'S) nateglinide Conmpound of formula (1S) mtiglinide
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formula (1S) human insulin preparations 27 Conpound of formula (IE)

I nsul i n anal og preparations 25
Compound of formula (IC) tolbutamide
Compound of formula (IC) glyclopyramide
Compound of Formula {IC) chlorpropamide
Compound of formula (IC) tolazamide
Compound of formula (IC) nateglinide
Compound of formula {(IC) mitiglinide
Compound of formula (IC) repaglinide
Compound of formula (IC) ploglitazone
Compound of formula (IC) rosiglitazone
Compound of Eormula (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 formula (IC) teneligliptin
Compound of formmla (XC) 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 formula (ID) metformin
Compound of formula (ID) buformin
Conpound of formula (ID) glipizide
Compound of formula (ID) glibenclamide
Compound of formula (ID) glimepiride
Compound of formula (ID) gliclazide
Compound of formula (ID) acetohexamide
Conmpound of formula (ID) tolbutamide
Compound of formula (ID) glyclopyramide
Compound of formula (ID) chlorpropamide
Compound of formuia (ID) tolazamide
Compound of formula (ID) nateglinide




Conmpound of formula (1E) sitag/iptin Conpound of formula (IE)
vildagliptin Conpound of fornula (1E) saxagliptin Conpound of fornula
(IE) alogliptin Conmpound of fornmula (1E) linagliptin Conpound of
formula (1E) teneligliptin Conpound of fornmula (1E) voglibose
Compound of formula (IE) mglitol Conpound of fornula (1E) acarbose
Compound of formula (IE) liraglutide Conpound of formula (1E)
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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 formula (ID) insulin analog preparations
Compound of formula (ID) sitagliptin
Compound of formula (ID) vildagliptin
Compound of Fformula (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) metformin
Compound of formula (IE} 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 formula (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




Compound of formula (IE) al biglutide Conpound of formula (IF)
metform n Conpound of forrmula (IF) buform n Conpound of formula (IF)
glipi zi de Conpound of formula (I1F) glibenclam de Conpound of formula
(I'F) glinmepiride Conpound of fornmula (IF) gliclazide Conpound of
formula (1 F) acetohexam de Conmpound of forrmula (IF) tol butam de
Compound of formula (IF) glyclopyran1de Compound of formula (IF)

ahl or propam de

Compound of formula (IE) insuelin analog 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 Fformula {(IE) miglitol
Compound of formula (IE) acarbose
Compound of formula (IE) liraglutide
Compound of formula (IE) exenatide
Compound of formula (IE) albiglutide
Compound 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 (I1IF) 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) piocglitazone
Compound of formula {(IF) rosiglitazone
Compound 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 £ormula {IF) alogliptin




Compound of formula (IF) tol azam de Conpound of fornula (IF)

nat egl i ni de Conpound of formula (IF) mtiglinide Conpound of fornula
repagl i ni de Conpound of fornula (IF) pioglitazone Conpound of
rosi glitazone Conpound of formula (IF) human insulin
i nsulin anal og preparations

(I'F)

formula (IF)

preparati ons Conmpound of formula (IF)

Compound of formula (IF) sitagliptin Conpound of forrmula (IF)
vi l dagli ptin Conmpound of formula (IF) 28axagliptin

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 formula (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 (IG) gliclazide
Compound of formula (IG) acetohexamide
Compound of formula (IG) tolbutamide
Compound .0f 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 formula (IG) repaglinide
Compound of formula (IG) pioglitazone
Compound of formula (IG) raosiglitazone
Compound of formula (IG) human insulin preparations
Compound of formula (IG) insulin analog preparations
compound of Formula (IG) sitagliptin
Compound of formula (IG) vildagliptin
Ccompound of formula {IG) saxagliptin
Compound of formula (IG) alogliptin
Compound of formula (IG) linagliptin
Compound of formula (IG) teneligliptin
Compound of formula (IG) voglibose
L_Compound of formula (IG) miglitol
Compound of formula (IG) acarhose




Compound of formula (IF) alogliptin 28 Conpound of formula (IF)
linagliptin Conmpound of formula (IF) teneligliptin Conpound of
formula (I F) voglibose Conmpound of fornmula (IF) mglitol Conpound of
formula (I F) acarbose. Compound of formula (IF) liraglutide Conpound
of formula (I F) exenatide Conpound of fornmula (I1F) albiglutide
Conpound of forrmula (1GQG netformn
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Compound cof formula (IG) liraglutide
Compound of formula (IG) exenatide
Compound of formula (IG) albiglutide
Compound of formula (IH) metformin
Compound of formula (IH) buformin
Compound of Fformula {IH) glipizide
Compound of formula (IH) glivenclamide
Compound of formula (IH) glimepiride
Compound of formula (IH) gliclazide
Compound of formula (IH) acetohexamide
Compound of Fformula (IH) tolbutamide
Compound of formula (IH) glyclopyramide
Compound of formula (IH) chlorpropamide
Compound of Fformula (IH) tolazamide
Compound of formula (IH) nateglinide
Compound of formula (IH) mitiglinide
Compound of formuala (IH) repaglinide
Compound of Ffoxrmula {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) sitagliiptin
Compound of formula (IH) vildagliptin
Compound of formula {(IH) saxagliptin
Compound of Fformula (IH) alogliptin
Compound of formula {IH) linagliptin
Compound of formula {IH) teneligliptin
Compound of formula (IH) voglibose
Compound of formula (IH) miglitol
Compound of formula [IH) acarbose
Compound of formula (IH) liraglutide
Compound of Fformula (IH) exenatide
Compound of Fformula (IH) albiglutide




Compound of formula (1G buform n Conpound of fornula (1G glipizide
Compound of formula (1G glibenclam de Conmpound of formula (1G
glinmepiride Conpound of forrmula (1G gliclazide Conpound of fornula
(16 acetohexam de Conpound of forrmula (1 G tol butam de Conpound of
formula (1G glyclopyram de Conpound of formula (1G chlorpropam de
Conmpound of formula (1G tolazam de Conpound of fornula (10Q
nat egl i ni de 30
[0050] “Diabetes 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.

“Apute complications” include hyperglyceﬁia (e.g..,
ketoacidosis), hyperglycemic hyperosmolar syandrome, 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).
fo052] “preatment” means administexring the pharmaceutical
compositions of the present invention to patients who have
already manifested diseases such as diabetes mgllitus,

diseases associated with diabetes mellitus, or complications

of diabetes mellitus. Acts of this treatment cover



Conmpound of formula (1G mtiglinide Conpound of formula (1Q
repagl i ni de Conpound of formula (1G pioglitazone Conpound of formla
(1G rosiglitazone Conpound of formula (1G human insulin
preparations Conmpound of forrmula (I1G insulin anal og preparations
Conmpound of formula (1G sitagliptin Conpound of formula (1Q
vildagliptin Conpound of formula (1G saxagliptin Conpound of formula
(1G alogliptin Conpound of fornula (k{5 linagliptin
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
well 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 assoociated with diabetes mellitus, or
complications of diabetes mellitus are administered the
pharmaceutical compositions of the present invention before
the disease manifests itself.
[06054] 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 oxr 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 moxe preparations, the
respective preparations may be administered either
simultaneously or at given time intexrvals 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 oxr

topically by an oral or parenteral route. If the active

ingredients are separately formulated as two or more
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preparations, the respective preparations may be administered
by different routes.
[0055] If 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 intexval, so a document such as a package
insert or a sales brochure that accompanies a commercial
product preferably states to the effect that the two
preparations should be administered in combination. Anothex
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, insulin secretagogues, insulin sensitizers,
insuling, dipeptidyl peptidase IV inhibitors, ¢-glucosidase
jphibitors, and GLP-1 mimetics.
[0056] The dosage of the pharmaceutical composition of the
present invention varies with the target, method, etc. of
administration. Take, for example, the case of oral
administration; a patient with diabetes mellitus is
preferably administered the following daily doses:
{1} 0.1-5C mg, preferably 0.5-25 mg, of the 1l-thio-D-

glucitol compound;
(2) 10-3000 mg of biguanides;
(2-1) 100-3000 mg, preferably 300-3000 mg, of metformin;
(2-2) 10-500 mg, preferably 30-150 mg, of buformin;
(3) 0.5-2000 mg of insulin secretagogues; ‘
(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 (IN) glibenclam de Conpound of forrmula (IN)

gl i mepiride Conpound of formula (IN) gliclazide Conpound of formula

(I'11) acet ohexam de Conpound of forrmula (IN) tol butam de Conpound of
formula (IN) glyclopyram de Conpound of formula (IH) chlorpropam de

Conpound of forrmula (IN) tolazam de Conmpound of fornula (TEL)

nat egl i ni de Conpound of formula (IN) mtiglinide Conpound of fornula

(I'N) repaglinide 33
(3-3) 10-2000 mg, preferably 100-1000 mg, of acetohexamide;
(3-4) 100-2000 mg, prefexably 300-2000 mg, of tolbutamide;
(3~5) 50-2000 mg, preferably 100-500 mg, of glyclopyramide;
(3-6) 10-1000 mg, preferably 50-500 mg, of chlorpropamide;
(3~7) 0.5-2000 mg, preferably 2-40 mg, of glipizide;
(3-8) 10~2000 mg, preferably 50-500 mg, of tolazamide;
(3-9) 10-500 mg, preferably 30-200 mg, of gliclazide;
(4) 1-100 mg of insulin sensitizeré:
(4-1) 1-100 my, preferably 10-50 mg, of pioglitazone;
{5} 1-3000 units, preferably 10-1000 uaits, of insulins;
(6) 1-300 mg of dipeptidyl peptidase IV inhibitors;
(6-1) 1-300 mg, preferably 20-100 mg, of sitagliptin;
(6-2) 1-300 mg, preferably 20-100 mg, of vildagliptin;:
{(7) 0.2-1000 nmg of a-glucosidase inhibitors;
{7-1) 0.2-100 mg, preferably 0.5-10 mg, of voglibose;
{7-2) 10-1000 mg, preferably 100-500 mg, of miglitol; and
{7-3) 10-1000 mg, preferably 100-500 mg, of acarbose;
for the case of injection; a patient with diabetes
mellitus is preferably administered the following daily
doses:
(1) 1-100 units, preferably 4-100 units, of insulins;
(2) 0.001-300 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 or three

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



Conmpound of formula (IN) pioglitazone Conpound of fornula (IN)

rosi glitazone Conpound of formula (IN) human insulin preparations
Compound of formula (IN) insulin anal og preparations Conpound of
formula (IN) sitagliptin Conmpound of forrmula (IN) vildagliptin
Conmpound of formula (IN) saxagliptin Conpound of formula (IN)

al ogliptin Conpound of forrmula (IH) linagliptin Conpound of fornula
(IN) teneligliptin Conmpound of fornulaaglkb vogl i bose

compound can be rendered to exhibit a sustained SGLT2
inhibiting action for an extended period. Hence, to design a
combination preparation of a type that is to be administered
once a day, the 1l-thio-D-glucitol compound of the present
invention is preferably used in combination with “a biguanide
designed to be capable of sustained release.”

[0057] The “biguanide designed to be capable of sustained
release” can be prepared in accordance with known methods.
For example, biguanides can be rendered to be capable of
sustained release by using the slow-releasing method
described in the official gazette of WO 96/08243 Al or the
method described in the official gazette of JP 2003-520759 A.
[0058] The preparations described above are preferably
oral preparations such as tablets, granules, powders,
capsules, emulsions, suspensions, and SYrups. Specifically,
the active ingredients described above may be mixed, either
simultanecusly or separately, with excipients such as
mannitol and lactose and, after granulation, filled 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 excipients such as glucose, sucrose, mannitol,
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 hinders such as methylcellulose,

hydroxypropyl cellulose, and hydroxypropyl methylcellulose),



Compound of formula (IH mglitol Conpound of fornmula (IN) acarbose
Compound of formula (IH liraglutide Conpound of forrmula (IN)
exenati de Conpound of fornmula (IN) nlbiglutide 30 [0050]"D abetes
mel litus" enconpasses type 1 diabetes, type 2 di abetes, and ot her
types of diabetes nellitus due to specific causes. The diseases
targeted by the pharnmaceutical drugs of the present invention are
preferably type | diabetes and type 2 @i abetes. [0051]"Di seases
associated with diabetes nellitus" include obesity,

hyperi nsul i nem d | ycem a (gl.ucose nefabol i sm disorder),

hyper | i pi d&ﬁ?é??‘?gF&é‘rsc%hXFé%_tErécﬁqéh‘rq'ﬁ,swg’pselr”tocﬁ%?‘;‘g?er? Bk |
dysl i pi demearfbi b BRLADGH ! Stiﬂ's%%@fE&tidw@x%ﬁksﬁﬂfa&ylcgegﬁﬂdé@,
heart failure, edema, hyperuricem a, and gout. "Conplications of
di abet es mahbi étiGscaamelokassodive] bt etamti-dazed &¢henrtiegranes. such
"Acute conplications” include hyperglycem a (e.g., ketoacidosis),
hyper gl yce#ﬁcphy’iﬁ@rldé?nﬁﬁéatwmﬁfgﬁé?rﬂaﬂq% caePasErethy 56§Fgeenm a,
and i nfectious djseases.(e.qg., skin, soft tissue,. biliar .
respi r at or FOEHY %'Héﬁﬂzg??%cqe ‘%t e CPPOIETC fiul&‘ﬁﬁsorﬁ"%’h as light
conplicatiQng;: ] LSy 00l fdi@betic LNORALKY.

di abetic nggfi%)%%(fnrc# (}gﬁgh%jlr 'agdg:tgilgaggég# o%a‘%ﬁ% , gégv%# as Y

macr oangi opaghys (16 -2Ra0NES C WallcidnSsteteratd,S&hRt] Cadeaiciidhsease,
and peripheral arterial disease). (0052]"Treatnent” neans

admi ni st er shgate fumarabe butdldsrngdipoty 1 ithes gofrvlatinne ganpt be

I nvention to_patients V\hoB{Lave al ready mani fested di seases such as

di abet es _rrBFf‘ ?Ffsz,e_ddii%as ]6?§§oci ated with diabetes nellitus, or
conplicati pggs9f di #BE! FRoPBldilchlst @eich Hnel HLEni S GRIGTRBLELELVET

compound of the present invention or a pharmaceutically
acceptable salt thereof or a hydrate of the compound or salt
is combined with at least one member of the group consisting
of biguanides, insulin secretagogues, insulin sensitizers,
insulins, dipeptidyl peptidase IV inhibitors, a-glucosidage
inhibitors, and GLP-1 mimetics wvaries with the target,

! method, etc. of administration. Take, for example, the case
of administering the pharmaceutical composition of the
present invention to a human; if one part by mass of the 1-
thio-D-glucitol compound is combined with 0.01-1000 parts by
mass of at least one member of the group consisting of
biguanides, insulin secretagogues, lnsulin sensitizers,
insulins, dipeptidyl peptidase IV inhibitors, o-glucosidase
inhibitors, and GLP~-1 mimetics, it is possible to obtain a
superior blood glucose lowering action than is achieved by
administering the indiwvidual drugs. It is particularly
preferred to combine one part by mass of the l-thio-D-

glucitol compound in combination with 0.1-100 parts by mass



31 synptomatic therapy intended to mtigate the synptons derived
fromthe above-nentioned di seases. Al so included are treatnents for
partial or conplete recovery fromdisease, as well as treatnents that
stop or retard the progress of disease. [0053]"Prevention" neans a
practice by which patients who have a risk for manifesting di seases
such as di abetes nellitus, diseases associated with diabetes
mellitus, or conplications of diabetedbnellitus are administered the
pharmaceutical conpositions of the present invention before the

di sease nuot fagstigabt seid mebes4di hiche pnowpceoh $ T3t ingo wfobignamiasfs .t he
present invention can be such that the active ingredi ents descri bed
above are #RﬁQ%&Paﬁé@n%E?QQH§PﬁgIén§¥%ﬁhF&Pﬁbﬁlf?ﬁﬁﬂmﬁﬂépﬁéﬁs'

preparati o y_are sepatat el | at e nor e
pr epar at i o‘#)sp Frégg AR agg éﬁ 'f%%/b]b mtéab{x gl‘?&gst'r \é%tflees powder s,
capsul es, £ukSkeRs, mm@’suommgﬁiéyr 4B sObnab 1y nakivebyrdhey may

be injections in such forms as a sterile solution or a liquid

suspensi onefFEldachetgheo kitaiaieddbyy conmmnltieenpépymoiveednsgs | In t he
active ingredients are separately formulated as two or nore

pr epar at i malleffeavewpettingd phepatley e AESLBES tRFfch L3fEYEdither

Si mJItaneoust or given tinme terval s spaced a art

nore prepdt 5H§tﬁ§’§/ Yo RdRO R SJF[g RPERgPE ﬁ?’é?adjh ueﬁ%zllec\éplt%ea
day. The P;t}}fgéi e_ldmr&;?x!loqpmessfé&&ﬂ Had Q%f@&@é%&cdd&\éeﬁﬁ:l 8bedmbtbe
adm ni stered elther systemcally or topically by an oral or

par ent er al cau¥él Bypbilfdaniac birveei digt eftiiantbaarneigeparesbdkyffor nul at ed
as two or nore 32 preparations, the respective preparations my be
admi ni st erestbepgigef #—N@rﬁn ISGGFé‘éiOI[lOOSS] | f the pharnaceuti cal

conposition of the prese vention i.s formul ated S, two di fferent
preparat i orR0601hey BFE-HH g‘°| Fﬁ%l€° {5 558% M5tEed eit her

si mul t ane%&grﬁa@éu@ic 03005 bn | §¥ §MeAhreSon A AREHFRBL 81HE Nt

package i t or a sa rochure that acconpani es a conmerci al
product pry{ceraael ynabps &So havehgoed f ggtceiat colmers WA npisppie agd ons
shoul d be adm ni stered in conbination. Another preferred enbodi nent
is akit o?ortumusﬂeémhtqr@ngx%ﬁés%oﬁﬁﬁ “%‘Pn‘g’hﬂ%f%ec I’FieﬁﬂDb@I uci t ol

conmpound and th t her_co ISI £ast .one fofh up
cons: sti ng;ﬁ? raﬁg F?a%?’g ) ?ﬁf‘f’g s%%'? itri; gﬁatl:i nsu i%g ée%sg{?)zers
i nsulins he€rof- Hedageh

i nhi bitors, é)%ﬁ E_%E&%%r}}eet %?gd ?0%56 The don:%ge o;'gi{lhe sieg

phar rraceutadzﬁlnletngpeslwim a0bihpke poesicphntinvane tion drag esdwhd the
target, nethod, etc. of adm nistration. Take, for exanple, the case
of oral adeneforatperl W@ FakPeRROWYhH HFUgbEPRE 3] D¥g fifferent
preferably aq_%l nistered the follow ng daily doses: (1) 0.1-50 ny,
pr ef er abl Y% "y, of the 1-thio-Dglucitol conpound; (2) 10-3000

ng of bi gnpcnj ? (2nd)prEn3809: 881 wn?o%&abbu OG0 PR erBnt Of
met f orm n; ) 10- SOOP preferably 30-150 ng, of buformn; (3)

0. 5-2000 m;nca‘nmbaubam B,gurcaﬂ.agogeuemoqﬁbeﬁ) a@eérd0® rhy, theef erably
1-10.ng, of glinmepiride; (3-2) 0.5-100 ng, preferably 1-10 ng, of
g|ibenc|aﬂﬁ :0wWing Formulas.
{Preparation 1) Tablet
Tablets with a diameter of 13 mm were prepared; each
tablet contained:
{(15)-1,5-anhydro-1-[5-(4~-ethoxybenzyl)~2-methoxy-4-
methylphenyl]-1-thio-D-glucitel (hereinafter referred to as

compound A) 5 mg



33 (3-3) 10-2000 ng, preferably 100-1000 ny, of acetohexam de; (3-4)
100- 2000 ny, preferably 300-2000 ng, of tol butam de; (3-5) 50-2000
ng, preferably 100-500 ng, of glyclopyramde; (3-6) _10-1000 ng,
preferably 50-500 ng, of chlorpropamde; (3-7) 0.5-2000 ny,
preferably 2-40 ng, of glipizide; (3-8) 10-2000 ng, preferably 50-500
ng, of tolazam de; (3-9) 10-500 ng, preferably 30-200 ng, of
gliclazide; (4) 1-100 ng of insulin %%nsitizers; (4-1) 1-100 ng,
preferably 10-50 ng, of pioglitazone; °(5) 1-3000 units, preferably
10-1000 units, of insulins, 6) 1-300 ng of dipeptidyl peptidase |V
i nhi bitors; (6-M9tfrxpds hEpdredoaigsl y 20- 100 ng, of sita’tQBi BEin;
(6-2) 1-300 ny,,preferahly. 20-10 of vildagliptin;, ( 2- 1000
ng of a-glucosi%ééﬁ?qrﬁﬁ?%¥%%ﬁ%xce?}gg?5%.2-100 ny, preferaébyg%.S-lo
my, of voglibos%§dﬁ5§¥§}0%glJégylqusepreferably 100- 500 nyp50fig
mglitol; and (7-3) -1000 ng, preferably 100-500 ng, of acarbose,;
for the case ofcamjoaginkonyl asipaichenbdivd h di abetes nellit@s mg
preferably adm nistered the followng daily doses: (1) 1-100 units,
preferably 4-10trdnsisiym stearihd i ns; (2) 0.001-300 ng of GBPIY-

m nmetics; - 0.1-10 referaply. 0. 3-3 , of liragultide; (2-2
0.001-0.1 9é%¥efeﬁéﬁﬁgg%? -%)o aﬁéﬁ?of e;gnatiQe; agd (2-3) (2-2)
0.3-300 ng, pr efﬂl%glsywie&@ dBBime?br 3bPI Ot ke BidtaRdesadl e

usual ly adm nistered in two or three divided portions. On the other
hand, the tabhdi0-dongktiaedp2. 34 conpound can be rendered to exhibit
a sustained SGT2 inhibiting action for an extended period. Hence, to
desi gn a conbi rianpenngr&paration of a type that is to be alr%istered

once a day, the 1-thio-Dglucjtol_ coppound of the present _jnvention
is preferably §§§thﬁaﬁgwgﬁﬁﬁkp8 lﬁfﬁ%%"a.biguanide degggﬁ d'Yo be
capabl e of sustﬂﬁdy%grgg#gggyhé'cgg@g}gggua"biguanide desi gpgdyg 0 be

capabl e of sustained release”" can be prepared in accordance with
known net hods. rastogsanpl e, bi guani des can be rendered tosbemgapabl e
of sustained release by using the slowrel easing nmethod described in
the official gdb@roeypromd F&A382493¢Al or the method descrP B in the

official gazette of JP 2003-52073%9 A. 10058] T reparati gpns
Gescri bed abovdou S BFEF BT SioR, SR AP AP ORI n a5 TAM%t s,
granul es, powdgfSmesium stearate 1 mg.
[0D63]) {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 myg
Magnesium stearate 1 mg.
[0064] (Preparation 4) Tablet

Tablets with a diameter of 8 mm were prepared; each

tablet contained:



capsul es, enul sions, suspensions, and syrups. Specifically, the
active ingredients described above may be m xed, either

sinul taneously or separately, with excipients such as mannitol and

| act ose and, after granulation, filled into capsules either directly
or after being mxed with other additives for oral admnistration,
which are specifically exenplified by excipients (e.g., sugar-based
or sugar al coholic excipients such as3§l ucose, sucrose, nmarnmte',

| actose, xylitol, sorbitol, maltitol, and pullulan; cellulosic
exci pi ents suckas.ghgrocrystalline cellulose; starch-bases mg

exci pients such as corn starch; inorganic excipients such as

anhydr ous di bagiieagaigtimn phosphate), binders (e.g., cel | BPd&Fc

bi nders such as nethyl cel | ul ose, hydroxypropyl cellul ose,  and

hydr oxypropyl Michorrestadldd®) cellnlofgesi ntegrants (e.g., 3§I’f‘%| osi ¢
di sintegrants such_as.carnel |l ose cal cium |ow substitutiogg p

hydr oxypropyl ¥8PP&FBe, and croscarnel ose sodium or starch-based
di sintegrants i tinized starch and carbaxynet hyl
starch sodiun)%§§F8?g?éégi}E%gﬁgFgg%%organic fluidizers such JZ | i ght
silicic anhydr ir@d@) substitbricahyaréeymrapyst eeitiivloss d, maghess um
stearate, calciumstearate, talc, and sodium stearyl funarat e&),;

al ternativel y, Megeegiunustgaxitenay be pelletized into t abl &t8Y-

[ 00591The proportion at which the 1-thio-D-glucitol conpound of the
pr esent iré%ﬂ#ﬁ%ﬁ? or a pharmaceutically acceptable salt thereof or a
hydrate of ¢ he conpgyng, ore Spldyihg 59508 Nashanbibsaht | mAshtase tenber
of the grobp consi sting of biguanides, insulin secretagogues, insulin
Ssensi ti zer §esdAveld A8, gbpepd iabthipepy inksses b¥Y prhnplesor yhich are
a-glucosidase inhibitors, and GLP-1 mnetics varies with the target,
met hod, ety rof medmsnistendedrio tarbt e SCERRPPE, LR PTEFERT of

adm ni stering the pharmaceutical conposition of the present invention
to a humani2{§°R8 part by mass of the 1- thio7D-glucitol conpound is
conbi ned w%é{k(%ﬁg%-igog parts by mass of at |east one nenber of the
group consi Sting OP bi guani des, insulin secretagogues, insulin

sensi ti zer gpediStderds, di peptidyl peptidase IV inhibitors,

a- gl ucosi dase inhibitors, and G.P-1 mnetics, it is possible t

obtain a super iRfifelsitsodE grlreensie ICOMREPREL A (T 6ARARK ?g;ﬁﬂ?ﬁPgﬁgdAby

adm nistering the indivjdual drugs. LI Ls tJ rly preferred to
combi ne on@® eﬂqtﬁﬁfmﬁﬁsbygFo?éh?%%th%%-éiﬁqﬁg%?gﬁgggnpound in
conbi nat i oY B Qnbgl00 parts by mass 36 of at |east one nember of
the group consisting of biguanides, insulin secretagogues, insulin
sensitizers, irnsigiinmaldi aepdh dyicepgpbinlabklweeknpilg; t GrEh JAPAN,
a-gl ucosidase inhibitors, and GLP-1 mi_netics. Thispegables

e

sati sf act ofgc el fwegec predlyeadptuistegedyvhis? feReEcPedp¥ed i¥e drugs in
smal | er anmount S@?ﬂ'ﬁy%ﬁg%hegm re d%gg%gléﬁgraeq)ilggghyag’uq,{gt\forﬁna

further adfSAPd : eutl ca nposition of the present

| nventi on Ras-d el s6lhgpts d2008USRg kg ol cROUARISSICNA-
hypogl ycema or weight gain that mght result fromexcessive insulin
secreti on. ALOR6EH RetrasnKsKuwhhp @i hetro abene r e tiad dopbinatinfar #8€eut i cal

conposition of the present invention are those mq% a5§§égaq4e go have
good gl yce@icdeysi r dight dpymeanige (dArFREE Pt et Ehd ci$€ and who
t heref ore need be subj ect 0. dr r Dreferred patients are

t hose who gPEeulﬁ%%cfea% 5‘%%3%%%%%r@%gmgggg%ﬁfsﬁol in spite of being
adm ni ster 360%5 h a ®ifgkeaffiab7antdadi abett ctih ugaatdonheegdatedf or e
need to takKe another drug that acts by a different mechani sm

[0061] The phainpsetitional, bAnpasidd dakeh €hem prlesdfili HeEhtIDHPAEHN
typically be produced according to the foll ow ng fornul

(Prepar at | owugy Fublesntrifuggdptetcoderh BeRR TSy fEFC‘?%deﬁh weF &

hemolysis of the hematocyte fractions, glycated hemoglobin



Met f orm n hydrochl ori de500 ng M crocrystalline cellul ose70 ny

Hydr oxypropyl cellul ose25 ng Carboxynet hyl starch sodi unB0 ng
Magnesi um st earate3 ng. {-0062] (Preparation 2) Tabl et Tabl et s
with a diameter of 7 mmwere prepared; each tablet contained:
Compound A5 ng Pioglitazone hydrochl oridel6.53 ng Mcrocrystalline
cel l ul ose48 ng Lact ose50 ng Hydroxypropyl cellul ose5 ng

Low substitution hydroxypropyl cellul eseld4 ng Magnesi um stearatel ng.
[ 0063] (Preparation 3) Tabl et Tablets with a diameter of 7 rum

wer e prepa{%ﬁ,‘) 6a%Q % & reRLRLASY AFRIROHP bl hL-bBRidd08¢ MU

M crocrystalli'ne cellul osebl ng Lact'ose50 ng Hydr oxypropyl cell'ulose5

My Low subgiin whi aGtbysliedX yoepybd GandatieBed damalyzer (TOSOH
CORPORATION). Starting at the 27th day of repeated
administration, mice were fasted for 16 hours, thereafter,
blood was taken from the tail vein of each mouse and
centrifuged to collect plasma. Plasma glucose levels were
measured 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 from 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. &
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.

{00681



Magnesi um st earatel ng. [0064] (Preparation 4) Tabl et Tabl et s
with a diameter of 8 mmwere prepared; each tablet contained: 38
Conmpound A5 ng Sitagliptin50 ng Mcrocrystalline cellul ose45 ny
Manni t ol 69 ng Hydr oxypropyl cell'ul osel0 ng Low substitution

hydr oxypr opyl cell ul ose20 nyg Magnesi um st earatel ng. . Exanpl es
[ 0065]On the foll owi ng pages, the present invention is described in
greater detail by neans of exanples, #&hich are by no neans intended
tolimt the scope of the present invention. Test Exanple 1 <Test
itenmr al%f feegts of chronic conbination treatnment of conpound A and
met f orm ' ' ' ' ' et hod> El ght

mal e db/db nice/ group (1&Growek ol d; CLEA JAPAN, IGhenyeie@sbdpal] | v
adm ni st gred—wth—repeated doses oif conpound A (3 n%gg once daily
and a bi duani de, et f dlonnal aepitpbchl ori de (50 _ng/ kg a9 E W/ kg,

twice dai{y; STGVRALDRICH JAPAN K K.), either alone. a5 ifa
conbi natijn, for 27 dRipPetECHEN b/ m nice ¢ LM%HLLQLM =

N

Inc.) werje usegd as nondi I ontrgls. [ 006% éagb%e and 27t h
day after|the g’tﬁﬁ?l&m'ﬂm’ﬁ’%?@éb%%q%%/ k§ 9
Metformin hydrochloride, 300 mg/kg 170 +0.23
Compound A, 3 mg/kg 0.14+0.39
Compound A (3 mg/kg) + 0.63 5027

metformin hydrochloride (100 mg/kg)

Compound A (3 mg/kg) + -0.54 = 0.15*

metformin hydrochloride (300 mgrkg)

|
Change in GHb (%) = GHD (%) after repeated administration -

GHb (%) before start of repeated
administration
*: P<0.05 for interaction effect of compound & (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 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 decreased .the fasting plasma glucose

level, compared with each drug alone.

[0070]



adm ni stration, blood was taken fromthe tail vein of each nouse and
centrifuged to collect hematocyte fractions. After henolysis of the
hemat ocyte fractions, glycated henoglobin 39 (dib) values were
measured by affinity colum chromatography with an autonmated gl ycated
henogl obi n anal yzer (TOSOH CORPORATION). Starting at the 27th day of
repeated adm nistration, mce were fasted for 16 hours, thereafter,

bl ood was taken fromthe tail vein ofggach nouse and centrifuged to
coI | ect plasma. Plasma gl ucose | evels were neasured by the

" mut ar ot asr%‘;;@gj method with a gI ucose assay kit (d ucose C2 Test

\Mko \Mk Chaom-eal el LoG L+ A\ et har hof-Aaro-—.and- 27+
y rorc urcrmmr ol |IICFUDLIFCJ, f(u7_ L9 I A VAV RAV ] EL I i AV By gy | |

day after] the start of repeated adm nistrat onasthgmny@glug@ggqgvélrdam
the tall Jvein of each no@Gsmipunder non-fastipg conditions and

centrifuded to collect plasma. Plasnma insul|n | evel s(wgidé) neasur ed|by
ELI SA wi tth an 1 nsulin assay kit (Levis: Muge Insulin ELISA KT
(H Type) :|_SH BAYAG _dyermalicantoll 0o67] <Resul § 1> 76%hE2changes i n

Gib arelexpressed a ne standard erfor in T, The
conbi natilon_treat n‘pnfSDlﬁBequ H'lnri A (’2 rle( L and i‘r’éﬁ'

hydr ochl qri de e n@{“gr easefl the c Adib,
conpar ed pa-th l\gg@&n_ﬁ%%ﬂ%qﬂm{dé ibd P —Wary- ,-\!%2"?’/-\ "?rg'\ged—'&—‘—'

significant i nyefeain Wl:lr@tf?ﬂtﬁ'ﬁie abo ﬁwund A (3 ng/ﬁsg)o aad7matfor mn
hydr ochl gride (300 ng/ kg) on the changes 1 nf G b, {0068 40 Goup

Changei n® Ho( 96) NSiomylouod A Bang/k@. 05- 0. 10 Di abet | @76dht R8I
1.20-10. 32 Metform nh %rgc cri Erg) +100rrg/kg 2.080. 33
Met f or m nhydr ochl 3 ’ﬁ%{ 1t 700. 23 Gonpoungée_%r’g;[‘gg 5§

metformin hydrochloride (100 mg/kg)

Compound A (3 mg/kg) +
171.6 135 1, #

metformin hydrochloride (300 mg/kg)

§§: P<0.01 vs. metformin hydrochloride (100 mg/kg)} group
t1: P<0.01 vs. compound A (3 mg/kg) group

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

[0072] {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 ma/kg) markedly inhibited
the decrease in plasma IRI levels, compared with each drug
alone.

[0072]



0. 140. 39 Cor npoundA( 3ng/ kg) + net f or m nhydr ochl ori de(100ng/ kg)
0. 630. 27 (30nnpundi k(3n10) + met f or m nhydr ochl ori de(300ng/ kg)
-0.540.15* Change in Aib (%9 = Gib (% after repeated

adm nistration - Aib (% before start of repeated adm nistration *:
P<0.05 for interaction effect of conpound A (3 ng/kg) and netformn
hydr ochl ori de (300 ng/kg) (in tw-way ANOVA) [0069] <Result 2> Fasting
pl asma gl ucose | evel s are expressed assd he nean standard error in
Table 2. The Student's t-test was used to detect the difference

bet ween twqagg_gu:ps The conbl nation treat ment of corrpound A (3 nmy/ kg)
and net f orm-A—hydrocht-orite—~(306—gtkg—markedtydecreasedthe
fasting pllasnma gl ucose | evel, conpared w th padhahgedn plesme.lR] 20810]
41 Table 2 G oup Fasting @to@sma gl ucose | eve] (ng/dL) Norn)al cont rol

76.2 2.2|Diabetic control (ng/mi.
L Normal control -1.23 £ 0.70
Diabetic control -9.15 + 1.05
Metformin hydrochloride, 100 mg/kg -9.81 £ 0.91
Metformin hydrochloride, 300 mg/kg -7.36 :1.29
Compound A, 3 mg/kg -5.01 £ 2.11
Compound A (3 mg/kg) + 50751508

metformin hydrochloride {100 mg/ka}

Compound A (8 mg/kg) +
P 9 1.88 £ 1.87 T, ##

metformin hydrochloride (300 mg/ka)

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

administration — plasma
IRTI level (ng/mh)
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<0.01 vs. metformin hydrochloride {300 mg/kg) group.

[6073] Tegt Example 2
{Test item>
Effects of the combination treatment of compound A and
glipizide din diabetic mice ‘
{Test method>

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



416.2 24.4 Metform n hydrochloride, 100 ng/kg 378.3 33.4 Metformn
hydrochl ori de, 300 ng/ kg 254.0 24.7 Conpound A, 3 ng/kg 275.0 28.7
Compound A (3 ng/kg) + netform n hydrochl oride (100 ng/kg) 226.8
18.3 Conpound A (3 ng/kg) + nmetform n hydrochloride (300 ng/kg)
171.6 13.5if, # : 2<0.01 vs. netform n hydrochloride (100 ng/kg)
group tt: P<0.01 vs. conpound A (3 ng/kg) group #: P<O0.05 vs.

nmetf orm n hydrochl ori de (300 ng/kg) ogt®up. [0071] <Result 3> The
changes in non-fasting plasnma insulin (IRl) levels are expressed as

the mean tingt dndesdh:@y,r atri Aidab|@adrrihervin daRbraToR 1S 7a0AR , Used
to detect the difference between two groups. The conbination

treat nent ISC. ¢ ongorlnthtAapBriybkenl 1gndanbt forenad kydeptdrdarinde (300
ng/ kg) markedly inhibited the decrease in plasma IRl |evels, co ared
with each (GEGYAAPRICH ga72N K45 TABrainafter abbreviated as 5T7)

induce diabetes. Under non-fasting conditions, the high-fat
diet loaded mice with STZ-induced diabetes mellitus (15-week
old) in groups each consisting of 11-12 mice were orally
administered single doses of compound A (1 mg/kg) and an
insulin secretagogue, glipizide {10 mg/kg; SIGMA-ALDRICH
JAPAN ¥X.XK.), either 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 x standard error 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]



G oup Change in plasnma 1131 |evel (ng/nL) Normal control -1.23 0.70
Di abetic control -9.15 1:1.05 Metform n hydrochloride, 100 ng/kg
-9.81 0.91 Metform n hydrochloride, 300 ng/kg -7.36 .1 .29 Conpound

A, 3 ng/kg -5.01 2.11 Conpound A (3 | k + metformn hvd hi or i
(100 ng/kg) -5.07 1.50 mg/ kg) ydrochl ori de

44
Table 4
A4 plasma glucose AUC
Group
(mg/dL x hr}
Diabetic control 104.7 £ 137.4
Gompound A, 1 mg/kg -310.3 £ 167.2
Glipizide, 10 mg/kg -222.3 +103.2
Compound A (1 mg/kg) +
P 9 -989.7 + 232.8 T, ##
glipizide (10 mg/kg)

+: P<0.05 vs. compound A (1 mg/kg} group

##: P<0.0l vs. glipizide (10 mg/kg) group.

fo075] Test Example 3
{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
C¢57BL 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 X.K.}, either alone or 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
Qlucosa measuring instrument (Glutest Neo Super; SANWA KAGAKU
KENKYUSHO CO., LID.)

{Results>



Compound A (3 ng/kg) + netform n hydrochloride (300 ng/kg)
1.881.87t,## Change in plasma IRl level (ng/nm) plasma IRl |evel
(ng/m.) after repeated adm nistration - plasma IRl |evel (ng/nlL)
before start of repeated adm nistration 2<0.05 vs. netformn
hydr ochl ori de (100 nmg/ kg) group t: 2<0.05 vs. conpound A (3 ng/kg)
group 2<0.01 vs. netform n hydrochl oride (300 ng/kg) group.

[0073) Test Exanple 2 <Test itenp Effects of the conbination
treatment of conpound A and glipizide Tn diabetic mce <Test nethod>
After 3 weeks a high-fat diet (D12492 of Research&lg ets 4f3 Inc.)
feeding, |CR nitée repRipder Vi FASTRATERFRE® JASRYS PREVS W& &

i ntraperitoneally admni e i J_qduiﬁ- L AN

K K ; here‘ieﬁé‘rotdeﬁpag r%\ﬁ)&? édgfagézts%u%tzgﬁjl“%%e |1§§e'??s. Jﬁﬁﬁfgr

non-f ast i ng £RAG ki€Nard Bephigbed als dhet mbogdedtanaarai éfror in

STZ-i nduced di abetes nellitus (15-week old) in groups each consisting
of 11-12 mizpaensr andral ITheatiwo st eMe¥Asvagl esetbdos detecomppdind A (1
nmg/ kg) and an insulin secretagogue, glipizide (10 _ny/ kg; .. .

SI GVA- AL DRIFBRCFAPARE KL SFacki ph e?ffeﬁ*‘gh é’foFmP?P‘HtﬂT@in%ﬁ[li SHrR 554 nas
taken fromthe tail vej f .each, nouse.at specifi. ' i rwal s
and pl as I‘gllﬁ?{@gsgl?%vae‘ﬁs?%e e et erg eb)‘f§ e %:%I%gr Itrkregﬁ@é}}vm@f)\ﬁ a

sel f -t est i g, Gh UG0S, (B AUk PIrl &S iRl y ( dbsisalea M iideial02;
TERUMO CORPORATI ON, Japan). <Results> The areas under the plasm
gl ucose | eyric»seunve, faomparpdrwbth gadbo dgupoaiteneaf Oar the ugther '

adm ni stration (d plasna %I_ucose AUC) are expressed as_the nean.th
standard éranst. ithe Teeminetivhetygafatent. O&sPofRAS &0 2Pg HbtWR-~THE

di fference, bet ween two.groups. The i nat.J r f, econmpound
A and gl i fIEAT8Es rﬁ]e@l%s'a%cgsleuéjsoés Eﬁgg?ggérriaﬁglttﬁcgg% ,toggrrpar ed

wi th each é&fﬁ%pﬂk@&@-iﬂ(ngﬁbglycemic C57BL mice (normal mice). The

combined compound A with glimepiride exerted no more glucose

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 KKAy mice

4 plasma glucose AUGC
Group (mg/dL x hr)
Diabetic control 0173
Compound A, 10 mg/kg -83.0 = 14.6
Glimepiride, 0.5 mg/kg -118.6 & 20.2
Compound A {10 mg/kg) + 4515 4 116
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



44 Table 4 G oup d plasma gl ucose AUG (ng/dL x hr) Diabetic control
104.7 137.4 Conpound A, 1 ng/kg -310.3 157.2 Gipizide, 10 ng/kg
-222.3 103.2 Conpound A (1 ng/kg) + glipizide (10 ng/kg) -989.7
232.8 t, NO t: P<0.05 vs. conpound A (1 ng/kg) group ##: P<0.01 vs.
glipizide (10 ng/kg) group. [0075] Test Exanple 3 <Test itenp

Ef fects of the conbination treatnment of conpound A and glinepiride in
di abetic mce and nornal m ce <Test neghod> Under non-fasting
conditions, 10 female .KKAy mice/group (diabetic nice; 4-week ol d;

O e i B0 AR TR il CI0CEGHR LY TaknfhSRiad vk

compound Ag . 5 mg/kg): No significant difference (in two-way ANOVA).

[0077]
Table 6 Effects of the combination treatment of compound A

and glimepiride in C57BL mice

4 plasma glucose AUC
Group
(mg/dL. x hr)

Normal control 16.3 = 10.8
Compound A, 10 mglkg -4.2 = 85
Glimepiride, 0.5 mgfkg -104.0 £ 9.3

Compound A (10 mg/kg) +
P ( og) -97.1 &= 15.1
glimepiride (0.5 mg/kg)

Main effect of compound A (10 mg/kg): P=0.5516
Main effect of glimepiride (0.5 mg/kg}: P<0.0001
Interaction effect of compound A (10 mg/kg) and glimepiride
(0.5 mg/kg): No significant difference (in two-way ANQVA).
[0078] Test Example 4
{Test 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 XK.K.), either alone or in combination, for

8 weeks.



(10 nmg/ kg) and an insulin secretagogue, glinepiride (0.5 ng/kg;

S| GVA- ALDRI CH JAPAN | LK. ), either alone or in conbination. Blood was
taken fromthe tail vein of each nouse at specified tinme intervals
and plasma gl ucose | evels were neasured by the GDH el ectrode net hod
with a self-testing glucose neasuring instrunment (d utest Neo Super;
SANVA KAGAKU KENKYUSHO CO., LTD.) <Results> 45 The areas under
the plasma gl ucose |evels curve for agperiod up to 3 hours after drug
adm ni stration (A pl asma gl ucose AUC) are expressed as the nean

standard error .o Topl.e. 5.andsy TS, LvR1EY ANOVAUBSAAFCLO gt eot

mai n-effects aﬁglnterac ifon e oun glinmeprri

KKAy m ce dihapet é&cﬂnnﬁ'ﬁa)se hbeowrﬂau&ahfeartfmtamat a@hiHRARAENA
and glinmepiride nmarkedly decreased A plasm gl ucose AUC, conpared

with each uikieg abpngastOndg bendt tizmshanflasihe g;hrdmsaalemﬂ.st weaenent of
conpound A and glinmepiride decreased A Iasma | ucose AUC equal ly to

t r eat nent "SRSYEPAERY ritfe GPH ﬂh?‘?ﬁﬁdﬁ’c@ ﬁ'i éélfh‘éﬁsﬁ’d-Flgm ce).

The conbi ned corrpound A w e, exer u

| ower i ng @ﬁfl £ PIHTEEY 3‘)‘? D%EFS%“’EPE%SEI o‘??e S“""?ﬁESe resu%gé'EKU
suggest t hakuhens WD) Nakrh0 & %a&m% of p CAPRAUARE A b HaBBRE4T de
is expected to reduce the risk of ypogfycema as a side effect.
[0076] TahloghSvEfdestamdfthbh@agordy rahi andtFantusent aftaorpeustart and
cilimepiride in KICAy mce Goup A plasma glucose AUG (ng/dL x hr)

Di abeti c ®ntepeated adminieshpoiag A, 10 ny/ kg -83.0 IL- 14.6
Ainepiride, O ng/ kg -118.6 20.2 Conpound A (10 ny/kg) +

gl i nepiri §&e Blg Sty/kg) -151.5 11.6

?he plasma glucose levels at the 4th and 8th weeks of
repeated administration are expressed as the mean z standard
error in Table 7 and 8. The two-way ANOVA was used to detect
main effects and interaction effect of compound A and
glimepixride. 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 frem the values
before the start of repeated administration are expressed as
the mean = standard error in Table 9 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 weicghts compared with diabetic control
mice. On the other hand, the compound A-treated mice and the
combination-treated mice significantly decreased body
weights, compared with diabetic conitrol mice.

These results show that the combination treatment with



Mai n effect of compound A (10 ng/ kg) P<0.001 Main effect of
glinmepiride (0.5 ng/kg): P<0.0001 46 Interaction effect of conpound
A (10 ng/kg)and glinepiride (0.5 ng/kg): No significant difference
(in two-way ANOVA). [0077] Table 6 Effects of the conbination
treatment of conpound A and qglixuepiride in C5781, mce Goup 4

pl asma gl ucose AUC (ng/dL x hr) Normal control 16.3 10.8 Conpound A,
10 ng/ kg -4.2 8.5 d@inepiride, 0.5 ngdkg -104.0 9.3 Conpound A (10
ng/ kg) + glinepiride (0.5 ng/kg) -97.1 15.1 Miin effect of conpound

A (10 ng/k&&i&éﬂ%r?ﬁ%Gand compound A markedly lowered the plasma
glucose level and suppressed the body weight gain induced by
glimepiride, suggesting the possibility of mitigating a side

effect of glimepirvide.

[0079]
Table 7 -
Plasma glucose level at 4 wk of
Group administration
(mg/dL)
Diabetic control 192.1 £ 3.5
Mixed diet containing compound A, 0.03% 154.8 £ 5.9
Glimepiride, 0.5 mg/kg 1376 = 133
Mixed diet containing compound A (0.03% } + 15,6 £ 161
glimepiride (0.5 ma/kg)

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

Main effect of mixed diet 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]



Main effect of glinepiride (0.5 ng/kg): P<0.0001 Interaction effect
of conmpound A (10 ng/kg) and glinepiride (0.5 ng/kg): No significant
difference (in two-way ANOVA). [0078] Test Exanple 4 <Test itenp
Ef fects of chronic conbination treatnment of conpound A and
glinmepiride in diabetic mce <Test nethod> Seven or eight fenale
KKAy m ce/ group (4-week old; CLEA JAPAN, Inc.) were orally
adm nistered wth repeated doses of cegmpound A (0.03% m xed diet; ad
libitum) and an insulin secretagogue, glinmepiride (0.5 ng/kg, once
dai ly; S| @a#AeDRI CH JAPAN K. K.), either alone or in conbination, for
8 weeks. 47 After4—weeks—and—8—weekg—btood—was—taken—From
the tail [vein of each nouse at one hour aftgePlasha ghidoge sl ai Sivk at | on
under norj-fasting conditions. Plasma glucosle | evel s were nmeasured by
the GDH dl ectrode net hod@W@UPh a sel f-testing gl ucodémbisiretion ng
instrument (d utest Neo Super; SANNA. KAGAKU KENKYUSHO CO ) IR
2. 2.0 ale -

addi ti on,|-bhod el ghts were. npast h 0 an itsmeio o 3 [ h

and 8th veeks after t of repeated adm ni st raki-0n. 4 sRESU >
, . ohtrol 6 t9

The pl asrre—gtucose—tevets—at—the—4th—and—S8th—weeks—e+—repeated

adni ni st njat iMiredhdiot €oredifing eImpsuidIR, 088% St andar d 1eleos 39 Table |
and 8. The Two-way ANOVA Was usedto detecti marnmeffects—and

i nteractilon eff ect Ghfnepiodpdubdngfkaand gl i mepiri de. B60M #&t8.2he 4th

week andithe 8th week of repeated adm nistrfation, the conblination
treat meny MXGABEEANAINING SAMGPUREAi(P-08%) Hariked! v d%%&[r‘%ﬁ?ﬁg?the pl asma
| ucose llevel, co . drug al one. cent
ghanges ir—body g@%ﬁ\{pid@r@%—&aﬁéallal ugs beflore the start of repeated

admi ni str ahtQNrHiR LRREESERY ASidlle giBaske SedRdaLf Sid QfouEnaEE%{t-e 9

and 10. The dunnett's test was used to detect the difference ween
t wo gr oupgruPadmiaiisthetiiém. week and the 8th week of repeated

adm ni stration, the glinepiride-treated mce tended to increase the
body wei gHesn @ffigsite @S wWhiredidiedt containring compperd 201 0t-88%dt her
hand, thePg{? nd A-treated mce and the conbination-treated mce
significantly decreased body wei ghts, conpared with diabetic control
mce. Theggiy estfdot SBOYH idta)s g ?@U?'ﬂbaﬁﬂg@@ brgaggmnt with 48

gl i mepiride and conpound A markedly [owered the plasnma gl ucose |evel
and suppr essechdtienbefijesieigfhimigaiindi e ueedabyigd | depionnden

suggesti ng the possibility of mtigating a side effect of

gl i nepiri §@:930029f glimepirideodp - Pl Befw)gl Neosbanidisanst 4wk of

admi ni strarlon ., ce (in two-way ANOVA).

l*2)

[0081]
Table 9
Welght change (%) at 4 wk of
Group
administration
Diabetic control 178.1 £ 4.3
Mixed diet containing compound A, 0.03% 138.0 & 3.7%*
Glimepiride, 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



(nr10/dL) Diabetic control 192.1 3.5 M xed di et containing conpound
A 0.03%154.8 5.9 dinepiride, 0.5 ng/kg 137.6 13.3 M xed di et
cont ai ni ng conpound A (0.03% + glinepiride (0.51ng/kg) 115.6 16.1
Data represented the plasma glucose | evel at one hour after drug
adm ni stration. Main effect of m xed diet containing conpound A
(0.03%: P<0.05 Main effect of glinepiride (0.5 ng/kg): P<0.001
Interaction effect of m xed diet contaoning conpound A (0.03% and
glinmepiride (0.5 ng/kg): No significant difference (in two-way
ANOVA) . (céggght f£rom the value before the start of repeated

administration.

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

[0082]
Table 10
Weight change (%) at 8 wk of
Group administration
Diabetic control 2189 £ 4.7
Mixed diet containing compound A, 0.03% 166.7 £ 6.0%*
Glimepiride, 0.5 mg/kg 2325 £ 6.3
Mixed diet containing cqmpound A (0.03%) + {667 & 4,47
glimepiride (0.5 mag/kg}

Weight change (%) represented the percent change in body
weight from the value before the start of repeated
administration.

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

{00831} 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 {D12492 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



49 Table 8 G oup Plasma glucose |evel at 8 wk of adm nistration

(mg/ dL) Diabetic control 206.6 9.8 M xed diet containing conpound A,
0.03% 168.6 2.2 Ainepiride, 0.5 ng/kg 160.4 8.2 M xed di et

cont ai ni ng conmpound A (0.03% + glinepiride (0.5 ng/kg) 123.6 6.2
Data represented the plasma glucose |evel at one hour after drug

adm ni stration. Main effect of m xed diet containing conpound A
(0.03t): P<0.0001 Main effect of glinmgpiride (0.5 nog/kg): P<0.0001
Interaction effect of m xed diet containing conpound A (0.03% and

g1 eDi 1 g, (0.5, DA ) o N3 o8] 90T LEARSecH o LBEBDE Gk b0 Y5 heei
old) in groups each consisting of 10-12 mice were orally
administered with single doses of compound A (1 mg/kg) and an
insulin secretagogue} glibenclamide (10 mg/kg; SIGMA-ALDRICH
JAPAN K.X.), 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 (£ 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 treatment of compound A and glibenclamide

markedly decreased 4 plasma glucose AUC, compared with each

drug alone.
[o084]
Table 11
4 plasma glucose AUC
Group
(mg/dL. x hr)
Diabetic control 4075 = 674
Compound A, 1 mg/kg -130.1 & 164.2
Glibenclamide, 10 mg/kg 140.3 + 107.2
Compound A (1 mg/kg) +
P (1 mgikg) -550.5 *+ 167.4
glibenclamide (10 mg/kg)




G oup Weight change (% at 4 wk of administration Diabetic control
178.1 4.3 Mxed diet containing conpound A 0.03%138.0 3.7***
d |neE|r|de, 0.5 ng/kg 189.9 4.4 M xed diet containing conpound A
(0.03% + gllmepiride (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 admnistration. ***: P<0.001 vs
di abetic control group [0082] --- G osp '

Main effect of compound A (1 mg/kg)}: P<0.0001

Main effect of glibenclamide (10 mg/kg): P<0.05

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

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

[0085] Test Example 6
{Test item>

Effects of chronic combination treatment of compound A
and pioglitazone in diabetic 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; SIGMA-ALDRICH JAPAN
K.K.), 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 the start of repeated
administration, blood was taken from the tail vein of each
mouse and centrifuged to collect hematocyte fraction and
plasma under non~fasting conditions. After hemolysis of the
hematocyte fractions, glycated hemoglobin {GHb) values were
measured by affinity column chromatography with an antomated
giycated hemoglobin analyzer {(TOSOH CORPORATION). Plasma
glucose levels were measured by the mutarotase-GOD method
with a glucose assay kit (Glucose Cc2 Test Weko; Wako Pure
Chemical Industries, Ltd.) Plasma insul;n levels were

measured by ELISA with insulin assay kits (Levis: Mouse



Wei ght change (% at 8 wk of administration Diabetic control 218.9
4.7 M xed di et containing conpound A, 0.03% 166.7 -1 6.0***
Ginmepiride, 0.5 ng/kg 232.5 6.3 Mxed diet containing conpound A
(0.03% + glimepiride (0.5 ng/kg) 166/ 4.4 \Wight change (t)
represented the percent change in body weight fromthe value before
the start of repeated admnistration. ***: P<0.001 vs. diabetic
control group [00831Test Exanple 5 <Test itene Ef fects of the
conbi nati on treatnment of conpound A and glibenclanm de in diabetic

m ce <Test d At e ikgh ol 1 2 of
Resear ch E%I{e%%tslpgl E](::'I Af%lé%i(ﬁ{:],t %r)% érsr‘?%:gm 2 IR{‘_%SSJ' l%!l %IIQQ%A%%%ATCRI ES
JAPAN, | NGv-149keg ;| shIemeidt eseal Lygadm ni stered with streptozocin
(SI GVA- ALDRI CH JAPAN K. R.: hereinafter abbreviated as STZ) to induce
di abet es. Gewdtndh-fasting conditions, the high-fat 51 diet |oaded
mce with STZ-induced diabetes nellitus (12-week old) in groups each

consi sting of TBe19hRYes (& EEBr &F¢ \oXRARTAPSt 2F dPOBAT ST mfidd 95 ees

of conpoun ( d Losuld , +al ] i.de
(10" mg! Kg: CEORAE AT BT ST ABAR IR YA aRBRAhAPIRR ] OERE RS
Bl ood was dseRrsl 8080 ihedadich oMeb e it @&ChRoPase al agpeci fied time
intervals and centrifuged to collect plasma. Plasnma glucose |evels
wer e neaswiedilbipanuter dihes eoBbbnatidrodrentihest g cosgomedsiuramiy kit

(G ucose C2 Test Wako; Wako Pure Chem cal |ndustries, Ltd.g
picglitazone markedly decreased the change in GHb, compared

with each drug alone.

[0086]
Table 12
Group Change in GHb (%)
Diabetic contro! 4.88 + 0.22
Compound A, 3 mg/kg 3.15 £ 0.16
Pioglitazone, 10 mg/kg 3.04 = 0.36
Compound A (3 mg/kg) + 201 4 044
pioglitazone (10 mg/kg)

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

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

Main effect of piloglitazone (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 x standaxrd errer in Table 13. The two-way ANOVA was used

to detect main effects apnd interaction effect of compound A



<Resul t s> The areas under the plasma glucose |evels curve for a
period up to 8 hours after drug adm nistration (Z1 plasma gl ucose
AUC) are expressed as the nean t standard error in Table 11. The
t wo-way ANOVA was used to detect main effects and interaction effect
of compound A and gli bencl am de. The conbi nation treatnent of
conpound A and gl i bencl am de markedly decreased A plasma gl ucose AUC,
conpared with each drug al one. [0084]54able 11 G oup A plasm gl ucose
AUC (nmg/dL x hr) Diabetic control 407.5 67.4 Conpound A, 1 ng/kg
-130.1 164, Lpepdaiede rnd Oc o ki thed. Bredfiferd GSmpoupdunki (1 and
ng/ kg) + %ﬁaﬁg%?gm de (eclio mg/ kg) -550.5 167.4 52

piocglitazone markedly decreased the non-fasting plasma

glucose, compared with each drug 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+21.6
Pioglitazone, 10 mg/kg 555.2+56.9
Compound A (3 ma/kg) + 44,6431 1
pioglitazone (10 mg/kg)

Main effect of compound A (3 mg/kg): P<0.000L
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 3>

The change in non-fasting plasma insulin (IRI) level are
expressed as the mean = standard error in Table l4. The two-
way ANOVA was used to detect main effects and interaction
effect of compound A and pioglitazone. The combinatibn
treatment of compound A and pioglitazome markedly increased
the change in non-fasting plasma IRI level. A test by ftwo-vay
ANOVA showed a significant interaction effect of compound A
and piocglitazone on the changes in non-fasting plasma IRI
level. These results show that the combined compound A with

pioglitazone improved superior glycemilc control, compared



Main effect Main effect Interaction (10 ng/kg): of conmpound A (1
ng/ kg) : P<0.0001 of glibenclam de (10 ng/kg): P<0.05 effect of
conpound A (1 ng/kg) and glibenclam de No significant difference (in

t wo-way ANOVA). [0085] Test Exanple 6 <Test itenp Ef fects of
chroni c conbi nation treatnment of conmpound A and pioglitazone in
di abetic m ce <Test nethod> Ei ght nmal e db/db m ce/group (7-week

ol d; CLEA JAPAN, Inc.) were orally adsgsnistered wth repeated doses
of conpound A (3 ng/ kg, once daily) and an insulin sensitizer,
pioglitaz (L d I PAN K. K.), either
al one or Sﬁ%glongfﬁgé%g% afi;aﬁ‘é Z%H%I réag}%ht /%#?e&? week ol d;
CLEF& JAP@&nelz?Qs):w@IJa_; l:b&@ﬂr%smdﬂﬁbﬂfhh.muﬁ@rdmlpaﬁbreatlc betBef or e
and 27th day after the start of repeated adm nistration, blood was

t aken fromeiie bzi fluwesse dbxdattvouse and centrifuged to coll ect
hemat ocyte fraction and plasma under non-fasting conditions. After
henol ysi s 19088de hemat ocyte fractions, glycated henogl obin (GHb)

val ues vere mea igred by affinity colum chromatography with an

aut onat ed d hnn‘nnl obin—ahal Y2t \T\.}oan CORPERATH G\I} Plastra

gl ucose llevel s were measur ed by the nutar ot aseckidgerr plemaviil fevel
gl ucose gssay kit (Qd ucogeup2 Test Wako; Wako Pure Cheni cal
Industrigs, Ltd.) Plasma insulin |evels were neasuredn@YLELI SA with
insulin gssay kits (Levis: Muse 53 Insulin ELI SA KI 1 %F%éépe) and
Mbuse | ndulin ELISA KPiRbelic §ange) . SH BAYAG

The chandes in GHb .are ex .sed, as the neah stan in Tahl e
12. The fmn-mny AI\@EP%@ §’A“Q/E9ﬂg ect_maln nffn%& Q-ULQ

ef fect of] conpound P%@fg}opéq@lmgﬁgone The ,orrbl nat430;§g tH@ggrrent of

conpound | Hy—decreaged—the—change T GHb;

conpared (w t h eachcagmpandl 20 6] Tabl e| 12 G oup
P amghgpe 1.83 £ 10.02

Ad—Ateraetdon

pioglitazone (10 mg/fkg)

Main effect of compound 2 (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

(16 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 old; CHARLES RIVER LABORATORIES JAPAN,
INC.) were intraperitoneally administered with streptozocin
(SIGMA-ALDRICH JAPAN K.XK.; hereinafter abbreviated as STZ) to
induce diabetes. The rats with S§TZ-induced diabetes mellitus
(8-week o0ld) underwent subcutaneous implant of a slow-release

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



Change in @ib (% D abetic control 4.88 0.22 Conpound A, 3 ng/kg
3.15 0.16 Pioglitazone, 10 ng/kg 3.04 0.36 Conpound A (3 ng/kg) +
pi oglitazone (10 ng/kg) 2.01 0.14 Change in Gib (t) = G (% after
repeated adm nistration - Gib (t) before repeated adm nistration

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): NB6 si gnificant difference (in

t wo-way ANOVA). <Result 2> Non-fasting plasma gl ucose |evels
are expresseth aperheiorean Oneswaeklatatesr.r ghey nwaed|araltdy The 't wo- way

ANOVA was used to detect nain effects and interaction_.effect. of
conpound ARBYNEFHEEPSGrF iha o 8ENIFR AN SPFBAG &Rr}e ?]65?) B8 und

o P10 AR fPL S RS 2584 Jall° cBR0AT A NP BRIl BR0C,
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 plasma glucose levels cuxrve for a
period up to 8 hours after drug administration {plasma
glucose AUC) are expressed as the mean = standard erxror 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 (mgfdL X
Group
hr)
Diabetic control 4730.1 = 1 27.6_
GCompound A, 1 mg/kg 3983.4 £ 194.5
Slow-release insulin 1532.6 + 334.7
Compound A (1 mg/kg) +
P (1 mofka) B20.8 X 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



[ 0087] G oup Non-fasting plasma glucose |evel (ng/dL) D abetic
control 795.112.9 Conpound A, 3 ng/kg 607.9-121.6 Pioglitazone, 10
ng/ kg 555.256.9 Conpound A (3 ng/kg) pioglitazone (10 ng/kQ)
424.931.1 Main effect of conpound A (3 ng/kg): 2<0.0001 Main effect
of pioglitazone (10 ng/kg): P<0.0001 Interaction effect of conmpound A
(3 ng/kg) and pioglitazone (10 ng/kg): No significant difference (in
two-way ANOVA). <Result 3> The chﬁgge I n non-fasting plasma
insulin (IRI) level are expressed as the nmean standard error in

Tabl e 14. The two- ANOVA was used to detect main effects and
interactionlﬂﬁq%&gfmg¥ SHHPOTTERA SHFsHeagei (33 obe -WhAve A¥EWd) nat i on

treatment of conpound A and pioglitazone nmarkedly increased the
change in non-fasting plasma IRl level. A test by two-way ANOVA

showed a sippudiijcant Tet epapiensgef fect of conpound A and
pi oglitazone on the changes in non-fasting plasma IRl |evel. These

resul ts sho¥easfadteme conbi ned conpound A with pioglitazone inproved

superi or glycen%c control, congared 55 with each drug al one, and
probabl y contri BGE8EtT Pk yher gPEbinadicy Suppinent of chupswnd dr endf

pancreati ¢ HeLg1egLls Y HLHERRE Sy ol ty. [0088]

{Test method>

Eight male Zucker fatty rats/group (10-week old] wexe
fasted and orally administered with single doses of compound
A {1 mg/kg) and a DPP-IV inhibitor, sitagliptin (0.3 mg/kg),
either aione or in combination. One hour aftexr the
administration, the rats were orally administered with
glucose solutions (2 g/kg); blood was taken Ffrom the tail
vein of each rat at specified time intexrvals and centrifuged
to collect plasma. Plasma glucose levels were measured by
mutarotase-GOD method with a glucose assay kit (Glucose 2
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 loading, compared with each drug




:I'ggl 88142(3%8upCOChange in plasma (R |evel (ng/dL) Diabetic control
$28.98 2.88 Cogggﬂgg ﬁ (g %; tg) - 27. 81I 4.41 Pioglitazone, 10 ng/kg
10.02 WMain effect of conpound A (SIOI o P S D) o

_ ng/ kg) : P=0. 2101 Mai
pl oglitazone (10 ng/kg): P<0.001 Interaction effect of Icgme)];Lﬁglt AO]EB

ng/ kg) and pioglitazone (10 ny/kg): -
[ 0089] Test Exanple 7 <Tegt i'[rgm>g). P<0.01 (in two-way ANOVA).

58
alone.
[0092]
Table 16
A plasma glucose AUG
Group .
(mg/dL X min)
Diabetic control 17168.4 = 1716.7
Compound A, 1 mg/kg 11239.9 £ 617.8
Sitagliptin, 0.3 mg/kg 13881.4 X 1292.9
Compound A {1 mg/ka) +
’ (1 mgfka) 0385.2 * 854.8
sitagliptin (0.3 mg/kg)

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

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

[0093] Tegt Example 9
Test item>

Effects of the combination treatment of compound A and
vildagliptin in diabetic rats
<Test method>

Eight male Zucker fatty rats (l5-week old) were fasted
and orally administered with single doses of compound A
(1 mg/kg) and a DPP-IV inhibitox, vildagliptin (3 mg/kg).,
either alone ox 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 centrifuged

to collect plasma. Plasma glucose levels were measured by



Ef fects of the conbination treatnent of conpound A and insulin in

di abetic rats <Test nethod> SD rats (7-week old; CHARLES RI VER
LABORATORI ES JAPAN, INC.) were intraperitoneally adm nistered with
streptozocin (SI GVA- ALDRI CH JAPAN K. K.; hereinafter abbreviated as
STE) to induce diabetes. The rats with STZ-induced di abetes nellitus
(8-week ol d) underwent subcutaneous inplant of a slowrelease insulin
(one pellet of Linplant; LinShin Cana88, Inc.) or 56 sham operation.
One week later, they were orally admnistered with a single dose of
conpound Anftannijeleg) GO derthodnwiasta nglucosdi 46ems kil ¢atlupese tapken
fromthe tail vein of each rat at specified tine intervals and

cent ri f ugetPTto "eEPF kD | PAEea Chpieah IRdussstes evidid Jner e neasur ed by
mut ar ot ase@ hod with a glucose assay kit (3 ucose C2 Test \Wko;
Wako Pure emcal Industries, Ltd.) <Results> The areas under
the plasm gl uagseatays!undeul Yhe  BladhadGlikofsd P18 BOtEe A gr drug
adm ni stration (plasm glucose ABC) are expressed as the nean t
standar d evewiod np Tab| k20l hinthes tawkanny ADEMA MARingedAt gLLaiect nmain
effects and interaction effect of conpound A and insulin. The

conbi nat i FHUPESt ARt e esppestrl Asatie] near i:n skarkeud yextwar éased

Group Pl ASHES GLosH N BT dhorA, MReCRaRSL T4 AsRET ohatey SETECtE27. 6

Compound  Angl 188bKELEB3 etredf4hf hBbuhs! £336 VITHAENIO3R §re334- 7
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
vildagliptin markedly suppressed the increase in Dlasma

glucose level after glucose loading, compared with each drug

alone.
[0094]
Table 17
A plasma glucose AUC
Group
(mg/dL x min)
Diabetic centrol 19294.4+1788.0
Compound A, 1 mg/kg 11690.1+807.8
Vildagliptin, 8 mg/kg 15384.3+1740,7
Compound A (1 mg/kg) +
] o 8817.21894.6
vildagliptin (3 mg/kg)

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

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



Compound A (1 ng/kg) + slowrelease insulin 890.8 86.7 Main effect
of conmpound A (1 ng/kg): P<0.01 Main effect of slowrelease insulin:
P<0. 0001 Interaction effect of conpound A 1 ng/kg) and sl owrel ease
57 insulin: No significant difference (in tw-way ANOVA). [0091] Test
Exanpl e 8 <Test itenp Ef fects of the conbination treatnent of
conpound A and sitagliptin in diabetic rats <Test nethod> Ei ght
mal e Zucker fatty rats/group (10-weeké®dl d) were fasted and orally
adm ni stered with single doses of conpound A (1 ng/kg) and a DPP-1V

i nhibitor,. sitaglippld ({ahpt8/ k@), either alone or in conbination.
One hour a[fut%egiseit he adérlnt nistration, the rats were orally adm ni stered

W t h gl ucasgtohibin®ns (2 g/ k 9); blood was taken fromthe tail vein
of each rat at specified time intervals and centri cpl l.get
pl asma. Pl asma Egitectsecf ahd §%F%a%$rgﬁt8§n‘%ru?§a;£%ﬁ gg;el{-q%aj net hod
with a glucose assay kit éqi%cg%gSCZ Test Wako: Wako Pure Chem cal
| ndust ri esvogidPoFe<RBsOHHES The areas under the plasma gl ucose

| evel s cur%]gesfto BﬁSi od up to 120 m nutes after glucose |oading (A
pl asma gl utose kﬁ%}-‘ are expressed as the nean standard error (n

Tabl e 16. The tase waYeAbdiemeamatiyerats Cdt-esknald) sfsmecfeshng »d

interaction effect of conpound A and si tagslgi\fpt Ln. r-rll_hoeun%]?.k FL 5@}*@’3

rat showedosalliynadedséstered sl §LEELe AT PP 01 S Ucose

| oadi ng, indicating_inpaired dal ucos LO'\%Q"%%S)%W@ cardiaati on

t r eat ment emdmmcasa%s%i&f‘g‘d%ﬁg?. h narkedly suppressed the

| ncrease ig.gggﬁsrgaloglleuggs | £M8)inaki8f . 9l oD SAnh@adafigyr ddvepared with

each drug ®58 %l one. [ 009 .
administration, the rats were orally administered with
soluble starch solutions (2g/kg): blood was taken fxom the
tail 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 plasma glucose levels curve for a

period up to 120 miputes after glucose loading {A plasma
glucose AUC) are expressed as the mean = standard error in
Table 18. The two-way ANOVA was used to detect main effects
and interaction effect of compound A and voglibose. The
gucker fatty rat showed an increase in plasma glucose level .
aftef oral glucose loading, indicating impaired glucosée
tolerance. The combination treatment of compound A and
voglibose markedly suppressed the increase in plasma glucose

level after glucose loading, compared with each drug alone.

[0096]



Tabl e 16 G oup A plasma glucose AUG (ng/d!.. x mn) 17168.4 1716.7
Di abetic control Compound A, 1 ng/kg 11239.9 13881.4 9385. 2
P<0.001 617.8 1292.9 854.8 Sitagliptin, 0.3 ng/kg Compound A (1
ng/ kg) + sitagliptin (0.3 ng/kg)

61
Table 18
- A plasma glucose AUC
Group
(mg/dlL x min)

Diabetic control 17548.4+1061.7
Compound A, 1 mg/kg 10940.4£952.7
Voglibose, 0.1 mg/kg 12395.5+543.0

Compound A (1 mg/kg) +
7889.1+1187.0

voglibose (0.1 mg/kg)

Main effect of compound A (1 mg/kg): P<0.0001
Main effect of voglibose (0.1 mg/kg): P<0.001
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
miglitol in diabetic rats
<Test method>

Six male Zucker fatty rats (9-week old) were Ffasted 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 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 Industxies, Ltd.)




Mai n effect of conmpound A (1 ng/kg): Main effect of sitagliptin
(0.3 ng/kg): P<0.05 Interaction effect of conmpound A (1 ng/kg) and
sitagliptin (0.3 ng/kg): No significant difference (in two-way
ANOVA). [0093] Test EXaMpl 8 9 <Test itenm> Effects of the conbi nation
treatment of conpound A and vildagliptin in diabetic rats <Test

met hod> Ei ght mal e Zucker fatty rats (15-week ol d)- were fasted
and orally adm nistered with single digdses of conpound A (1 ny/kg) and
a DPP-1V inhibitor, vildagliptin (3 ng/kg), either alone or in

conbi nati on. %E pour after the admnistration, the rats were orally
adni ni st erEGSHEER” gl ucose solutions (2 g/kg); blood was taken from
the tail vein gfeeatdnd aindel spemidsed glreosetlavpdrsCERe dett A f uged

to collect plasma. Plasma gl ucose | evels were {Easur egAb%]za#ga

mut ar ot as ge@@Bdmep hod A0 miauges e TagddfoRe 1 1dose est Wako:
Wako Pure Chemical |ndustries, Ltd. S >, standarf8Ce@F@asirinder
the pl asmslyicosesbUE b\ e&‘BF?ﬁs?‘gre)Sa%ggr #ﬁééﬁup 367920 mnutes after

gl ucose | oadi.ng. (A pl as c aeqexpr@scad asihheffeclhs
standard &/ad# ilé‘T'g{B e%g#hgﬁ‘tgvmﬁwv\;y ENO\/A was used to detect main
ef fects ang { NLeeaghi fon effmel 6f canpumwddAarAdniglidagi Boe niusifEF

Zucker fatty rat showed an increase in plasm gl ucose Ie\égl agﬁ%@r
oral gl ucosa:dypaditnghowedi wntinggerrp it ad-2§PacSLECIH &fXRte e

conbi nation treatnment of conpouynd. A and vil ki PLAfdERr Igggjayance,
suppr essedoxdle divePERs O a s lﬁ?ﬁ’c e %\%gls‘ha#ter gl ucose

| oadi ng, conpared wi %?gﬁﬁ%%%t%fn@omﬂ&ﬂ%h 288! eighs tGlonpritedly

pl asma glu &9

suppressed the increase in plasma glucose level after glucose

loading, compared with each drug aloye.

- [00981
Table 19
A plasma glucose AUG
Group (mg/dL X min)

Diabetic control 15763.2+£710.4

Compound A, 0.5 mg/kg 11655.9+1021.8
Miglitol, 3 mgrkg 8909.4+1390.0

Compound A (0.5 mg/kg) + 7405. 248181

miglitol (3 mg/kg) |

Main effect of compound A {0.5 mg/kg): P<0.05
Main effect of miglitol (3 mg/kg): P<0.0001
Interaction effect of compound A (0.5 mg/kg} and miglitol

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

[00991] Test Example 12

<Tegt item>

Effects of the combination treatment of compound A and



Di abetic control 19294.41788.0 Conpound A, 1 ng/kg 11690.1807.9
Vildagliptin, 3 ng/kg 15384.31740.7 Conpound A (1 ng/kg) +
vildagliptin (3 ng/kg) 8817.2994.6 Miin effect of conpound A (1

ng/ kg) : 2<0.0001 Main effect of vildagliptin (3 ng/kg): 2<0.05
Interaction effect of conpound A O ng/kg) and vildagliptin (3

ng/ kg): No significant difference (in two-way ANOVA). 60 [0095] Test
Exanpl e 10 <Test item> Effects of the gonbination treatnent of
conmpound A and voglibose in diabetic rats <Test nethod> Six nale

Zucker fatty rats (.10- k.old) _were fasted and orally adm nistered
with singl 5%8'558580# %%E’&Eﬁﬁ %atisl ng/ kg) and an a- gl ucosi dase

i nhi bitor, (aghkihesged0. 1 ny/kg), either alone or in conbination. One
mnute after the admnistration, the rats were orally adm nistered

with sol ubl e staighusid Euchas £20/4KGhitsbl 000aS ol dk eetd GAsERE had |
vein of each rat at specified tine intervals and centrifuged to
col | ect pl a5adly Prdmid-seyedsel trevdngleedeser afu cotipdyndnit ditomggkg GOD

net hod with Iucosle assay kit (d.ucose C2 Test Wako; Wako Pure
Cheni cal Iﬁﬂas%?i%"s? "L‘%"&.l? sé 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 plasma
glucose AUC) are expressed as the mean i standard errox 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]



<Resul ts> The areas under the plasma glucose |evels curve for a
period up to 120 m nutes after glucose |oading (A plasma gl ucose ACC)
are expressed as the nean standard error in Table 18. The two-way
ANOVA was used to detect main effects and interaction effect of
conpound A and vogli bose. The Zucker fatty rat showed an increase in
pl asma gl ucose | evel after oral glucose | oading, indicating inpaired
gl ucose tol erance. The conbi nation treganent of conpound A and

vogl i bose narkedly suppressed the increase in plasm glucose |evel
after gl ucqis%&l oagl ng, conpared with each drug aI one. [0096] 61
Tabl e 18 G=oip CA plasra—glhueese—Ade—~H g a—xTmn)y—DbBrabetic—contTol
17548. 42E1061. 7 Corrpound A, 1 mg/ kg 10940. 42E952A pladhsl gloosse AVCL
mg/ kg 12395. 5543. 0 Conpousebup (1 no/ kg) 4. voglibose (0.1 ng/ 14
7889. 12E1197.0 Main effect of conpound A (1 ny/ knggWWﬂl Mai n
ef fect of [vogribose (0.1 ng/kg): P<0.001 Int <=ract|on ef fj%ct of

conpound A (1 nu/kg) aﬂ@b%ﬂ%ﬁqr@@ke (0.1 ny/ k@) : NEA&FGn] FiltR8Ar 2
differencg (in two- V@&'mpo%@,‘l mg/kg 9861.6:‘:1076.0
Acarbose, 1 mg/kg 10192.8:+913.6

Compound A {1 mg/kg) +
P ( g/g} 7510.3+776.6

acarbose (1 ma/ka)

Main effect of compound A (1 mg/kg) group: P<0.01
Main effect of acarbose {1 mg/kg) group: P<0.01
Interaction effect of compound A (1 mg/kg) and acarbose

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

Industrial Applicability

[cli01] The present invention can provide superior
pharmaceutical compositions for preventing or treating
diabetes mellitus that exhibit an effective blood glucose
lowering action in many diasbetic patients and which yvet cause
Fewer side effects. The-present invention can also provide
pharmacentical compositions for preventing or treating
various diabetic complications that result Irom
hyperglycemia, such as diabetic retinopathy, diabetic
nephropathy, diabetic neuropathy, cerebrovasculaf disorder,

ischemic heart disease, and peripheral arterial disease.



[ 0097] Test Exanple 11 <Test itenp Ef fects of the conbi nation
treatnment of conpound A and mglitol in diabetic rats <Test nethod>
Six male Zucker fatty rats (9-week old) were fasted and orally

adm ni stered with single doses of conpound A (0.5 ng/kg) and an

a-gl ucosidase inhibitor, miglitol (3 ng/kg), either alone or in

conbi nation. One mnute after the admnistration, the rats were

oral |y admi ni sCdabmswi t h sol ubl e starch solutions (2 g/k g); blood
was taken fromthe tail vein of each rat at specified tinme intervals
and centrifuged to collect plasma. Plasma gl ucose | evels were
measured by mut,a - . h with a glucose agssay kit _ (d ucose
C2 Test 0; \%&%% u%g%énglgéaf%gﬁnﬁaﬁéﬁ?’gS?OHE’[’H'.S):L“%? QR@?S}IW%%OH of
The areas undergath L _gl Vv eri od to
120 i mutes afta ol Soaneo Badiage A b Aty kel RniRh, By the
expressed ganetthe @BaMubastamdard error in Table 19. The two-way ANOVA
was used to detect main effects and interaction effect of conpound A
and mglitol. The Zucker fatty rat showed an increase in plasm
glucose level aftgs oral -4l UCOS&: | oadi ng, indicating inpaired glucose
tol erance. The conDj ] onfFtr gat ment of conpound A and miglitol

mar kedl y %' ‘ & per 8as® in pka nE gl ucose | evel after

gl ucose | ceach d UE | one. [00981 Table 19 G oup
6. plasnma glpcose mn) Diabetic control 15763.2710.4
Compound A, 0.55p0/ kg 11655.91021.8 Mglitol, 3 ng/kg 8909.41390.0

[where R is a hydrogen atom, a C;_¢ alkyl group, -ORF, or a
haiogen atom;

RE is a hydrogen atom, a hydroxyl groﬁp, or -OR¥;

R® and R® which may be the same or different are each a
hydrogen atom, a halogen atom, a C;.; alkyl group, or -OR':

R® is (i) a hydrogen atom, (ii) a halogen atom, (iii) a
hydroxyl group, (iv) a C;.z alkyl group optionally substituted
by a halogen atom({s), (v) -OR', or (vi) -SR%;

Rf is a C;.¢ 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) adipeptidyl peptidase IV inhibitor.



Compoundfl o(Ol'img/ kg)-1- mglitol (3 ng/kg) 7405.2818.1 Main effect
Main effect Interaction of conpound A (0.5 ng/kg): P<0.05 of miglitol
(3 nmg/ kg): P<0.0001 effect of compound A (0.5 ng/kg) and maglitol (3
ng/ kg): No significant difference (in twy-way ANOVA). [0099] Test
Exanple 12 63 acarbose in diabetic ratS”<Test nethod> Six mal e
Zucker fatty rats (11-week old) were fasted and orally adm nistered
with single doses of conmpound A (1 ng/kg) and an a-gl ucosi dase

i nhi bitor, acarbose (1 ng/kg), either alone or in conbination. One
mnute after the admnistration, the rats were orally adm nistered
with soluble starch solutions (2 g/kg); blood was taken fromthe tai
vein of each rat at specified tine intervals and centrifuged to

coll ect plasnma. Plasma gl ucose | evels were neasured by mutarotase- GOD
met hod with a glucose assay kit (d ucose C2 Test Wako; Wako Pure

Chem cal Industries, Ltd.) <Results> The areas under the plasm
gl ucose levels curve for a period up to 120 m nutes after gl ucose

| oadi ng (A plasnma gl ucose AUC) are expressed as the nmean t standard
error in Table 20. The two-way ANOVA was used to detect nmain effects
and interaction effect of conpound A and acarbose. The Zucker fatty
rat showed an increase in plasma glucose |evel after oral glucose

| oadi ng, indicating inpaired glucose tol erance. The conbi nation
treatment of conpound A and acarbose markedly suppressed the increase
in plasma glucose | evel after glucose |oading, conpared with each
drug al one. [0100] 64 20

2. The pharmaceutical composition according to claim 1
. wherein (A} is the l-thio-D-glucitol compound represented

by the general formula (I)
where R* is a Ci. alkyl group or a halogen atom:

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

group;



G oup A plasma glucose ADC (ng/clLx m n) Diabetic control
14464. 71667.9 Conpound A, 1 ng/kg 9561.61076.0 Acarbose, 1 ng/kg
10192. 8313. 6 Conpound. A (1 ng/kg) + acarbose (1 ng/kg) 7510.3776.6

Mai n effect of conmpound A (1 ng/kg) grog?: P<0.01 Main effect of
acarbose (1 ng/kg) group: P<0.01 Interaction effect of conpound A (1

ng/ kg) and acarbgse (1 nmg/kg): No significant difference (in two-way
ANOVA) . | ndust rRalangpdt| eabi keeh fC1PATdden prewent i nvention can

provi de superi or, phar maceutical conpositions for preventing or
treating di abet®s ifeld iGts KA EXARBI t 2afi-of REEIIW erdsiumD Py lau Cosie

| ower i ng“a%-ﬁéf-cl?%f man% d_i abetic patients and which yet cause fewer
side effects. °p lf‘ﬁ invention can al so provide pharnaceutical
compl  cat fons tit BB A SARE: LR0R "HEetRENE faper i o
retinopat hy; a4 abetd;o nephigRathy, diabetic neuropathy,
cerebrovascul ar disorder, ischemc heart disease, and peripheral
22%;::2!ngM§§2E$ﬁzﬁﬁ§%fg$%§?$ol-éoﬂﬁéﬁﬁﬁcﬁHté@f@cﬂéﬁn¥¥ﬂﬂ'ﬂﬂ% group
consisting of:
(18)-1,5-anhydro-1-[5-(4-ethoxybenzyl)-2-methoxy-4-
methylphenyl]-1-thio~D-glucitol;
(lS)~1,5—anhydro—1—{4—chloro-3—(4—methylbenzyl)phenyl]-
1-thio-D-glucitol;
(18)-1,5-anhydro-1-~[4-chloro-3-[4-
(methylsulfanyl)benzyl]phenyl]-1-thio-D-glucitol;
(IS)-1,5—anhydro—1-[4—chloro—3-(4—ethylbenzyl)phenyl]—l—
thio-b-glucitol;
(18)-1,5~anhydro-1-[5-(4-ethylbenzyl)-2-methoxy-4-
methylphenyl]-1-~thio-D-glucitol;
(i8)-1,5-anhydro-1-[4-chloro-3-{4-(propan-2-
yl)benzyl]phenyl]-1-thio-D-glucitol;
(ls)—l,5—anhydro—1—[2-methoxy—4~methyl-5—[4—(propan-2~
yl)benzyllphenyl]-1-thio-D-glucitol; and
(18)-1,5-anhydro-1-[4-chloro-5-(4-ethylbenzyl)-2-
methoxyphenyl]-1-thio-D-glucitol.
4, The pharmaceutical composition according to any one of
claims 1 to 3, wherein the l-thio-D-glucitol compound is

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

methylphenyl]-1-~thio-D-glucitol.



(A) a 1-thio-D-glucitol conmpound represented by the general formula
(1) [where RAis a hydrogen atom a Cl_6 al kyl group, -OR, or a
hal ogen atom RE is a hydrogen atom a hydroxyl group, or Rc
and RD which may be the sanme or different are each a hydrogen atom a
hal ogen atom a Cl_13 alkyl group, or %8 REis (i) a hydrogen
atom (ii) a halogen atom (iii) a hydroxyl group, (iv) a Cl1-8 alkyl
group optionally substituted by a hal ogen aton(s), (v) -OR, or (vi)
- SRF; RF is a ClL 6 alkyl group optionally substituted by a

hal ogen aton{(s)) or a pharnmaceutically acceptable salt thereof or a
hydrate of the compound or the salt; and (B) a dipeptidyl peptidase
IV inhibitor. 66 2. The pharnmaceutical conposition according to
claim1l wherein (A) is the 1-thio-Dglucitol conpound represented
by the general fornula (1) where RAis a C1 6 alkyl group or a

hal ogen at om RB is a hydrogen atom a hydroxyl group, or a
Cl-6 al koxy group; 67 Rc and RD are each a hydrogen atom RE
is a Cl..6 alkyl group, a Cl.6 al koxy group or a r al kylthio group.

3. The pharnmaceutical conposition according to

5.

The pharmaceutical composition according to any one of
claims 1 . to 4, wherein the dipeptidyl peptidase IV

inhibitor is sitagliptin or vildagliptin.



claiml1 or2 , wherein the 1-thio-D-glucitol conmpound is sel ected
the group consisting of:
(1S)-1, 5-anhydro-1-[ 5- (4- et hoxybenzyl) - 2- net hoxy- 4-
met hyl phenyl ]-1-thi o-D-glucitol; 69
(18) -1, 5- anhydr o- 1- [ 4- chl or o- 3- (4- et hyl benzyl ) pheny1] -
1-thio-D-glucitol; (15)-1, 5-anhydro-1-[4-chloro-3-[4-
(met hyl sul f anyl ) benzyl ] phenyl | - 1-t hi o-D-gl ucitol;
(18) -1, 5-anhydro- 1- [ 4-chl or o- 3- (4- et hyl benzyl ) pheny1] - 1-
thi o-D-glucgtol ;a combination of
(18) - 1, 5- anhydr o- 1- [ 5- ( 4- ethylbenzyl) 2- met hoxy- 4-
nethylphenyl] 1- t(h) oaDLigthiiDelglucitol compound represented by the
(15)-1, 5-anhydro- 1-[ 4- chl or o- 3- [ 4- ( pr opan- 2-
yI)benzyI]gﬁéﬁV@i formpba Ol uci t ol ;
(1S)-1, 5-anhydr o- 1- [ 2- met hoxy- 4- nethy1-5-[4-(propan-2-
-yl)benzyl]phenyl]-l-thio-D-gIucitol; and

14 ~5-R%- et hyl benzyl) - 2-
nethoxyphenyl]-].éru okt ' 4.The pharnaceutical conposit
accordi ng tipany “oné s 1 to 3( Mherein the 1-thio-D gl uci
conpound is 1S -1)5- anhydro B[ 5- (4- et hoxybenzy1) - 2- net hoxy- 4-
nethylphenyl cP%)qu0|toI 68 5. The pharnmaceutica
conposition accoﬁﬁﬁng to any one of clains 1lto 4, wherein the
di peptidyl peptidase IV inhibitor is sitagliptin or vildagliptin.

6. A conbi nati on of: (A) a 1-thio-Dglucitol conpound
represent ed by th%'general formula (1)
[where 1s a hydrogen atom, a C;-¢ alkyl group, -ORF, or a

halogen atom;
R® is a hydrogen atom, a hydroxyl group, or -ORF;
Rc’and R” which may be the same or different are each a
hydrogen atom, a halogen atom, a Cj;-g alkyl group, or -ORF;

R® is (i) a hydrogen atom, (ii) a halogen atom, (iii) a

from

i on
t ol

69

hydroxyl group, {iv) a Ci-g alkyl group optionally substituted

by a halogen atom(s), (v) -ORF¥, or (vi} -SR%;
R¥ is a Ci-¢ 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) a dipeptidyl peptidase IV inhibitor,

for use in the
prevention or treatment of diabetes mellitus, diseases

associated with diabetes mellitus, or complications of



[where RA is a hydrogeh atom a Cl-6 al kyl group, -ORE, or a hal ogen

atom -ORF; RE is a hydrogen atom a hydroxyl group, or . Rc and
RD which nmay be the sane or different are each a hydrogen atom a
hal ogen atom a O1.43 al kyl group, or 700R ; R8 is (i) a

hydrogen atom (ii) a halogen atom (iii) a hydroxyl group, (iv) a
Cl1-8 al kyl group optiaqnally supstituted by a hal ogen atom(s), (V)
-ORP, or (vg)’“ab%F&g;mecirlltusREwF%re&“Ciaé aky(BlgREEp28ptiicitarey to a
substituted . | 0 a ]..0r har maceuti cal | cceptabl e
salt ther eopg%%g%pﬂlfdrg%{ég %?%%}e S@g‘%gﬁlﬁe Bt 78 §3P?T;E}/taﬁ?h¥‘(8) a

di pepti dyl peptidase IV inhibitor, for use inthe prevention or
treatnment of diabetes nellitus, diseases associated with diabetes

mel litus, or7corfid catbanstddn adordinpeiesimehl iGt us, whepei psd Ay and
(Et) are admnistered to a patient in need either sinmultaneously or
separately. 7 The conbi nati on accordi ng t dhel gravéittroruse tnedtrent

prevention or treatnent of diabetes nellitus, diseases associated
with di abet-‘éé CEAs™e bt Lidbhpldi aR s HhassPrcdp ap@ s i pbetrs |
wher ei n di t L1t S t di ahetes. 8. .The conbi nation
accor di ng targ%lg"ftﬁggr%fg?m%%é: a}éﬁ? H% ?)fr eﬁ'@%??%ﬁ %?ljtjr%élgt nment of

di abetes nel litus, diseasema23AChaliRg M LB1dl t,es t?‘ﬁé'ﬂd&%ﬂoegés
conplications of diabetes nellitus , wherein the conpffcation o )
di abetes nellitus is diabetic retinopathy, diabetic nephropathy,

di abeti c neuropathy, cerebrovascul ar disorder, ischem c cardiac

di sease, or Per FRheTARRAtdPParceh wEageto claim 6or7

for use in the prevention
or treatment of diabetes mellitus, diseases associatea with
diabetes mellitus, or complications of diabetes mellitus

. wherein the
complication of diabetes mellitus is diabetic retinopathy,
diabetic nephropathy, diabetic neuropathy, cerebrovascular
disoxder, ischemic cardiac disease, or peripheral arterial

disecase.



