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GPR41 AND MODULATORS THEREOF FOR THE TREATMENT OF
INSULIN-RELATED DISORDERS FIELD OF THE INVENTION 5 The
present invention relates to methods for identifying a glycemic stabilizing
compound, for example, a compound that controls insulin secretion, by

determining , w ional

Accordi%g y?%éﬁrﬁgogéf(?ggﬁy %ﬁrﬁe@%\%ﬁﬁ?ﬁﬁa@sﬁ% the NT OF
prophylaxis or treatmeniSSIBINRIEAdE B ETRDEBSN as

hypoglycemia, an insulin-secreting or insulin-dependent tumor, aging,
insulin 10 resistance, impaired glucose tolerance, or diabetes.
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messenger, sending a signal to insulin responsive organs such as the
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increase in.insulin secretion from B 20 cells. It is the rise in insulin that

acts to return blood glucose levels to normal. In healthy individuals blood
glucose levels are kept faBCBEARATI NN . dRagLNIBHDM, called

normoglygemig.(Ralmal 4lkaose deyel sHally sanusied BY NGHIB I down

diseases such as diabetes this tight regulation of blood %Lajgose level is
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secretion from the B-cells and impaired insulin sensitivity by the major
ins Pt S PIOAL BRI S TRRSSE R pai e TS IRCSERs VR B Sereremom B-
as ipgulin iegisianceitieeanscheioOrganHRiR] FRSISIIRYED: Iba®@HeC:faithy
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problem leading first to impaired glucose tolerance and; I'eventua Ig{

lly,
compeRs fadeednqrrasithbierd elnsasa e thsarrdinitiebriRe pa s to
keepyp@rgiétinih enaarmibsie RS Potle sa e o £ RS ihihfficient production of insulin by

the pancreatic 8-cells and/or through madequate uptake of glucose by target organs such as
muscle, Hver and fat. The end result is an increase in bicod glucose level. Thus, diabetes
can be thought of as the result of two types of impairment: impaired insulin secretion from
the B-cells and impaired insulin sensitivity by the major insulin responsive organs. This
impaired msulin sensitivity, also known as insulin resistance (because the organs are
resistant to the effects of insulin), means that more insulin is required in order for the target -
organs to increase their glucose uptake. Insulin resistance leads to increased pressure on the
B-cells because the f-cells need to increase their insuiin secretion to compensate for insulin

resistance. This is an escalating problem leading first o impaired glucose tolerance and;
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Diabetes is a diagnostic term for a group of disorders characterized by
abnormal glucose homeostasis resulting in elevated blood glucose. There
are many types of diabetes, 5 but the two most common are Type I, also
referred to as insulin-dependent diabetes mellitus or IDDM, and Type II,

also retgqr d to as:non-insulin-dependent diabetes g}t aor_NIDDM.
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the result of an imbalance between caloric intake and energy
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over time, O cell function deteriorates and non-insulin-dependent diabetes
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159:957-963 (1999 ' its high prevalence in modem societies,

obest RAS B LIS Ve e 4 CLFaaF for NIDDM (il 3. O.

al., Scienc@besity, which is the result of an imbalanice between caloric intake and energy

expenditure, is highly correlated with insulin resistance and diabetes in experimental

antmals and humans. However, the molecular mechantisms that are mvolved in obesity-
30  diabetes syndromes still under investigation. During early development of obesity,

increased insulin secretion balances insulin resistance and protects patients from

hypergiyeernia (Le Stunff, et al., Diabetes 43:696-702 (1989)). However, over time,  cell

function deteriorates and non-msulin-dependent diabetes develops in about 20% of obese
mdividuals (Pederson, P., Diab. Metab, Rev. 5:505-509 (1989), and Brancati, F. L., et al.,
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280:1371-1374 (1998)). However, the factors which predispose some
patients to alteration of insulin secretion in response to fat accumulation
remain unknown. Unfortunately, 5 effective long-term therapies to treat
obesity are still not available. Diabetes afflicts several million people
worldwide. In the United States alone, there _are more than 18 million.. ..
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modulate GPRA41 function and have found that these . .
favorable impact on Jongsvity. Thus, a reduction in insuhm secretion can be beneficial to

treat aging. In a1l these cases, a reduction in insuiin levels can be beneficial.
Thus, there exists a need for the identification of an agent which safely and
effectively modulates insulin secretion and/or blood glucose levels for the treatment of
30 insulin-related disorders such as hypoglycemia, an insulin-secreting or insulin-dependent
tamor, aging, insulin resistance, impaired glucose tolerance, or diabetes. The present

invention satisfies this need and provides related advantages as well.



5 compounds decrease insulin secretion. Further, Applicants disclose
inverse agonists or antagonists of GPR41 that can be used to increase
insulin secretion for the treatment of insulin-related disorders such as

insulin resistance, impaired glucose tolerance and diabetes. In a first
aspect, the invention features a method for identifyi glycemic 10
stabilizing compound, WWG@%M idate compound
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3-carboxylic acid o-tolylamide; or a pharmaceutically acceptable salt thereof.
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5 quinoline-3-carboxylic acid o-tolylamide, cyclopropanecarboxylic acid 4-
[1,2,3]thiadiazol-4-yl-phenyl ester, cyclopropanecarboxylic acid;
4-Furan-3-yl-2-methyl- 5-ox0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic
acid o-tolylamide, 4-Furan-3-yl-2-
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er a n Sald carhér’ Wherel A compound
is |da.rhnﬁ1éi@b byxéqﬁemwiéqi thé/ﬂ#hyiés@ec#%(ﬂataﬂmmmwl) ~furan-2-
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essentia Iy of, or consisting of a com ound of the second aspect. flft
PR AR BT AN BB SORF ol Aot BPadenERg e >
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admlnlste.rl ald | gnwdual an e%mtlve a uﬁof a comgound of the

fourth aspect i SO 0 Fr%%n SUSad ndutin-re By discradragsition

hypdgiicesmiptises 1mmmmrsmmmﬁmn sigiirgng said
mseaﬂéﬁsmta%ea PRAITGHAUCOSE JOIIBNLEIQheMIRRERS, INARTES the first

embodiments, a method of the fifth aspect further comprises
adr?ﬁﬂ?&erlng to said individual an effective amount of an agent used for

30 the treatmeat/bireh aspect, the invention features a pharmaceutical composition

comprising, consisting essentially of, or consisting of a compound of the second aspect.
In a fifth aspect, the invention features a method for treating or preventing an
insulin-related disorder in an individual in need thereof, comprising administering to said

individual an effective amount of a compound of the fourth aspect. In some
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5 diabetes, blood lipid disorders, or obesity in combination with an

effective amount of a compound of the fourth aspect. In some
embodiments, the individual is a mammal and in some embodiments the
individual is a human. In a sixth aspect, the invention features a method

for the manufacture of a medicament comprising a compound of the
fourihpdiputt, foid isentis-lglyé dimede0is RYBIEIGE BB Md RIS fod
fop,theMmapuiaciuieof 3 Medicalne PlCome siitReCaiMoR LAk Cor
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ey T et (e,
acid;mm@qmm’z.kﬂp@m@;gpghylsulfanybphmyl}-5-0};0—1,4,5,6,7,8—hexahydxo~
metvlBraxe-k A Syhiihexabydienasinalineneaibopytieragitenyl)-5-oxo-
(2,5-dich|oro:§heny - amide, L Liamide. or apharmaceuticall
4-Firkn-2 43 Ot b g et TR & N My T e Tt Mo ez ool

acCichcceptable salt thereof.

In an eight aspect, the invention feanures a glycemic stabilizing compoind

identified according to a method of the seventh aspect. In some embodiments, said
glycemic stabilizing compound is a GPRA1 agonist, for example, a compound selected
from the group consisting of: 2-methyl-4-(4-nitro-phenyl)-5-ox0-1,4,5,6,7,8-hexahydro-

quinoline-3-carboxylic acid o-tolylamide, cyclopropanecarboxylc acid 4-

6



5 o-tolylamide,

4-Furan-3-yl-2-methyl-5-ox0-1,4,5,6,7,8-hexahydro-quinoline-3 carboxylic
acid (4-chloro-phenyl)-amide, 2-Methyl-4-(4-methylsulfanyl-phenyl)-5-oxo-
1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide, and
2-Methyl-4-(3- o
nitrid-pRdbiAYigzekE- NSl P8R SXEIRYERARRTHBANEIS K XY At -2 -methyl-
O-talyladnides OF, S RRakpIACqLcaly-aceeRiRPIR sall bh@rgefma@ It yl-2-

aspect, the invention fe re metho arin
g LA TRG ol ERC o e: ET ol —
ad raididyg mndaﬁanypeumhﬂmacarﬁérﬁwm@emmuqemﬂuuﬁdwboxyhc acid

s entgn g melled ol the. sevealb AsPes.dn aleni ARRRSk ARG -

inventi atlres a pharmaceutical composition 15 comprising, consisting
essurbiio ot @o‘ﬁ-&@gﬁﬁ’@@ﬁ@ amiipouhirbpint Gimthvisenyl-pheam-S-oxo-
e|eYﬁB%ﬁ?@ﬁQﬁaﬁ@@r@&ﬁﬂM@@M@ﬁyﬁd@@f@@M@[a&ﬁ@él%M-M&H?PHF{Q-
an insulin-related disorder. in an indiv. dual in nee%thereof com rrsr g

SR ke g e I A e
tenﬂ‘pﬁﬁﬁmﬁedncsbmec@mbhmménmpmrd insulin-related disorder is

ohypog'vceﬂwaﬂgr'nsu"mﬁsurr %rgsfg!r@e&srr dgﬁsg YVedhposition

aging. In some em |ments t e |n IVI IS a mamm In some

emBGdmerTepes idemiting @hrmwraﬁahﬁiwewpeeﬁe@d theniprrainieg sa
featugs Aaeihnd fonibesmaniasiie An RJIARTRALSO NSNS Bthe
compound of the eighth aspect for use as a glycemic stabilizing
confFETARFS method for the manufacture of a medicament comprising

a 25 comaunerof theeaightlinaspéet fertuse dptietseatimanafpanition
msulrn related drso er Inat h IV r

met% (%p]% i aent egﬂa.m}; %? Q:tt ?ﬁﬁ&%v f:3 Qorg 4{81@1 B%%lé 51 aspect.

|ng a g ycenic stabilizing c"ompoun comprising: a
contactingia &efienersicaserripdenavmtocipayes amth?ﬁder@rﬁrﬁﬁﬁq@r preventing

whethet:GREB44:funclisnalityisidecieased nwélaetrereo@ §% HERR4Ang to

functionality is indicative, of the candidate com o ndb ycemic
ST TR G PO Exh G B BT TR, 1
somergnihadimnenid mﬁh%ﬁm&rﬁsm@m@ﬁppsﬁsmmcm@mﬁsswg@ug or
20255 SRME & %95)'}‘%”5 c@"iu%%%%é&ﬁgéﬁ%é”@e%ﬁ}&‘aﬂﬁqs a mammal
comprises ax compound Selected from t roup consisting of

Metlayd i [Rogz-pitbodimertis Sro matHJra s n-2-yl]-5-oxo-1,4,5,6,7,8-

hexahyd r%%ﬂ%ﬁzﬁﬁrﬁﬁﬂu&ﬁﬁigf@&@é@%%od for the manufacture of a
4-(5-Biphenyl-2-yl-furan-2 2 meth

0X0- T?ﬂ?g?&?écﬂ@ﬁﬁﬁé %t-l&%?%%ﬁépﬁ%ﬁ deEYi e igE™ie
2- Meﬁmhﬁz[gf(cﬁnpound and 2 method for the manufacture of a medicament comprising a

s”'”o fé*{ %” %isﬁiéﬁ “for 19 B et REXAINARFBUINAIAG FrA RO

C acr OI‘O pne

2- Methyl ﬂ@ﬁé@i@"ﬁhém@lbﬁm@m,@?&%% mesthed frpidentifying a glycemic

quingliparArcarhaxmliciacithptahsaleRiacting a candidate compound with GPR41, and
2 Methgg g)rn%)é?ng \%r%e 2 IIL’JRO&? E:Ql%é%hty is decreased, wherein a decrease in GPR41

functionality is indicative of the candidate compound being a glycemic stabilizing

30  compound. Insome embodiments, said GPR41 ishuman. In some embodiments, said
determining comprises a second messenger assay. In some embodiments, said glycemic
stabilizing compound cormprises a compound selected from the group consisting oft 2-
Methyl-4-] 5-(2-nitro-4-trifluoromethyl-phenyl}-furan-2-yl}-5-0x0-1,4,5,6,7,8-hexahydro-
guinoline-3-carboxylic acid o-tolylamide, 4-(5-Biphenyl-2-yl-furan-2-yl}-2-methyl-5-

7



5 phenyl)-furan-2-yl]-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid
o-tolylamide, and
4-[5-(2,5-Dichloro-phenyl)-furan-2-yl]-2-methyl-5-oxo0-1,4,5,6,7,8-hexahydr
o-quinoline- 3-carboxylic acid o-tolylamide; or a pharmaceutically
acceptable salt thereof. In a fourteenth aspect, the invention features a
glysemis S@hiizingicamppundindantitien o ardingdylamidsfoNehie-[5-(2-
thirteenth aspect. In spme i t i HiZinGeia (-
% ~ th?ﬂrsegug&%?ﬁ%—ogmﬂgg,g}ﬁg-ﬁmﬁ Q}Q&y&@ﬁ.@ é.&%%&gﬁi%md (2

compobin nverse agonist or antagonist. In some

envhlodirpbens]) saidtigl feldeiiy s EapmArG-ebrps RS bceS BBmHbHser
S€ &&h@ﬁ%@r—@aﬁy@(ﬁﬁg YR £ RRSIPHNGaef 2 -Methyl-5-0x0-4-[5-(2-trifluoromethoxy-
2-Methyl-4-[5-(2-nitro-4-triflugromethyl-phenyl)- ra%-z- ﬂﬂCS 4 o-tolvlamide. and

5 oxBhenylh o ﬁ&bﬁyﬁ?&ﬁiﬂ%@%{% VIic Aci Xg- ORTamide; —ohae
4-(B{Bighemytidoro-phenyl)-furan-2-yl}-2-methyl-5-0x0-1,4,5,6,7,8-hexahydro-quinoline-
yl-furan-2-yl)-2-methyl-5-0x0- -hes =quinoli = oxylic
3 Cld-c@r%gx%%} I%cr{r% 8étfﬁy15m>§lg, 5k &%ﬁ’a&h@?&%ﬂéf QE9%$9 HQ@ tﬁe&%‘ib
2-Methyl 18- §5a@merd: phrasy/for irensioniesiaye-a gysair, §a0iing armpoumnd
q“%@ﬂﬁﬁééa%@sﬁﬂﬁ%% 26id2achierohenyl) apide in some embodiments, said
2-Methyl-5-0x0-4-(4-phenoxy-, . . tagonist. Tn.some

10 ph GRATEH St 7B ORISR St HE S EAFISRITE Bt BB Tamicie.
Z'Mﬁﬂb'bdiﬁent_s, said glycemic stabilizing compound comprises a compound seiected_ﬁom
O3 (2 Wlarometboncpen Bagc2 i i - DRABIVRDI 5
nolme32 Carboxylic acid o-tolylamide; and S , i
4[58 DichbRRprbNgpfaraalpe okt sidertolylamide, 4-(5-Biphenyl-2-
P o oiaot. I A oth aspea T e
pharmaceutically acceptable salt thereof, In a fifteen ,

15 1y SRR REAIE ~£ﬁz§&~%?°g?&5@ﬁ%&l&%ﬁ§§§%ﬁ. e %%hrﬁxpa%% &5
identifiing euglytemitistatiliZivig copipnyldmandt B evieddinixirg-deittphenoxy-
compound.wi rier, wherein said -QIMRANA is; identified v 3 Rehods.
of tﬁ’eeﬁéa)tﬁfrﬁigéﬁﬁgagg%h% n %%]iﬂl??%grﬁr? as ect? ﬂ]igle&?f\%gtion fe’gulmrgs, gps
phasroatésiiz i Boprprosiion Hemptisimg: Tobkisfing SsBRtIgrapRotne-3-

congjsing@f &eampoundef the iqurtesnthiciasnestely R REsEDEROtmethyl-5-

aspect, the invention features a method, for r.eati%go_ r E}{aeI\rﬁecf%ﬂnga 30 an

20insUtirefatet didrEy oA RO R TR K Ee G RS B BTSN
administedagitallsaiddpdhiickadl taereffective amount of a compound of the

sixteenth ﬁ%ﬁeéﬁrﬁ%@% eﬁ@&%ﬂﬁﬂf?eﬁﬁlgs DSt iRt HiSREdebiSposition
insulin resistafice, iImpa reél’g ucose tolerance, or diabetes. In some_ . )
embullithepteprisenistrsdins helyevainsehliringramRoriien L BisiaLping said
admipisieringvasaidindivdiualias.efteetiveamesnthafianiagantbisedifdie
the 8 treatment of diabetes, blood lipid disorders, or obesity in

25comibiREERHR HRFFan effective amount of a compound of the sixteenth
aspect. In somecembbdimentéethedribivitaalis a phaarmotatiaddompenien

embodiments the indivi ' -0 athe, th
e S b T
aspect.

Tn a seventeenth aspect, the invention features a method for treating or preventing
30  an insulin-related disorder in an individual in need thereof, comprising administering to
said individual an effective amount of a compound of the sixteenth aspect. In some
embodiments, said insulin-related disorder is insulin resistance, impaired glucose
tolerance, or diabetes. In some embodiments, a method of the seventeenth aspect firther

comprises administering to said individual an effective amount of an agent used for the

8
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i5

20

25

30 adpipisteling:£9:294nd W'E’é’ﬁi&éﬂc&?%ﬂé&ﬁf%{ %‘ £ifect

5 medicament comprising a compound of the sixteenth aspect for use as
a glycemic stabilizing compound and a method for the manufacture of a
medicament comprising a compound of the sixteenth aspect for use in
the treatment of an insulin-related disorder. In a nineteenth aspect, the
invention features a methad for. increasing GPR41 function comprisin

CoRTABHTT B RAEWRIP h BHEHOR i SLTRES1 18 PYRb AT g affective
somm&dﬁ@dﬂmntmmmagﬁmsﬁthmms&s soterepbudic el aehBoual is 2

the ro nS|st|n
%ﬁﬁnﬁf‘% AItTO- %P]%Ige%t%hi'ﬂdévéd% %ex%ﬁaaro -quinoline-3-
carboxylié aemfm:;rleammé ﬂ@y@lwwpafw@mb@mmcabfdr&b{e manufacture of

1. 2n3kbiadiazglgy. 410%%5&@& YR RIRRARGCA DAY IC AT b1 comic

4-Furan-3-yl-2-methyl-5-oxo-1,4,5,6,7,8- hexahydro-quinoline-3- carboxyllc
ac?&@%&ﬂ&ﬁﬁ?@@“ﬁdlﬁﬁ%@%‘% P & rasdgefurs of a medicament comprising a

1 %oﬁ%hﬁdé@nﬂiﬂp&ﬂ%@oﬁu@&fﬁ@%ﬁa@ﬁ@t of an insulin-related disorder.
(2,5-dic o

Furan-2-y e)%t}é o}f(ec Tﬂ?é?gfcﬁ%)ﬁgefa AR s ear g AR AL

aCf@I@uQB Ma‘;pﬂxgg:g contacting GPR41 with an effective amount of a GPR41 agonist. In

4- Fm%x&&&n&%&ga@s%épﬁs&% bexpByS Qepine ing: Srcarpaxvlic

acid (4-chioro-phenyl)-amid

2- mw ?E [eg }cdu'ﬁféﬁW%EW)'%SOQWTM%?é 7 §-hexahydro-quinoline-3-
hexabydritr quiih olioBianaatoxitisragid-catolylgnuisad aqd 2 3 thiadiazol-4-yl-

t h
oL B S GRS A 8% s Ao 462
phhﬁmhﬁ&gﬁm@haeéemmmmmﬂmmwmmmpms—oxo-

RO AU SO (0s deuissnina GPRA IR AT

contactlng GPR41 with an effective amount of a GPR41 i

or B b R E béé.ﬁéﬁt%ﬂ%%ﬁfﬁ@@@%@ﬁ%@hﬁ@%t
2516taRiEReS-Pueapolnehselgcieddrom 18ey FauERRSIGHRR 10fe-3-carboxylic

R PR e M A B B -Gt
Cd:@@hyﬁmnq;g@bnmwmw@hc acid o-tolylamide, and 2-Methyl-4-(3-nitro-phenyl)-3-
4-(9:B0he Ry 2w A RaublicREIYRXQ L Dol yBamide, or 2

hexahydro qumollne -3-carboxylic acid o-tolylamide,
mcﬁ%@yrﬁ{ffﬁ%%ﬁ %t thereof.
furan 2-yijr 5 ienriat, Bsfod:, Shbenahydrorquing| naothearbprmicaBid GPR41
phenyl). 30 amld
o i e GRRAL I Feler s ey b R v

Camxyﬁgm@mtﬂ&m@ge embodnnents said inverse agonist or antagonist

2-NMethses B R e one thesiah QQMQSMQHfZZvMethyi-&[5—(2~mtro—4

yl]-1,4,5,6,7,8- hexahydro quinoline-3-carboxylic acid o-tolylamide, and
4. [W@omethyi—phenyl}- furan-2-yl}-5-0x0-1,4,5,6,7.8- hexahyér&qumo}me 3-carboxylic

D|d&ﬁﬁr@{m?mﬁ)dﬁctumﬂﬂxpﬂb@*mejhﬁkﬁn@(%ﬂﬂm&&ﬁﬁ -hexalyssorguinoli

ne-3- xylic d -tolyla |de r har C ta I alt
thel?gngg wen yacf)lcr:s L}/ e ?ﬁpe r:)&r?’fgg\fqu regf;g ?g enyl)
treé‘@iﬁg’éﬂ’%@énﬂn@S ésﬂ;ﬁéuﬁnhw@atawmw@lbp@dmupmmg (2- chloro-phenyl}-

e IS

GPR41 modulator. In some embodiments, 3aid insulin- ﬁx‘?éted disorder is
hy SER RN ey IR rdfiEy b 1Rl 6 BHER R ThOEy BhaRfHfuran-2-
angl}-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide, and 4-[5-(2,5-

Dichloro-phenyl}-furan-2-yi]-2-methyl-5-oxo0-1,4,5,6,7,8-hexahydro-quinoline-3-

carboxylic acid o-tolylamide; or a pharmaceutically acceptable salt thereof.
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15

5 said modulator is an agonist, for example, a compound selected from

the group consisting of.
2-methyl-4-(4-nitro-phenyl)-5-oxo-1,4,5,6,7,8-hexahydro-quinoline-3-
carboxylic acid o-tolylamide, cyclopropanecarboxylic acid
“4-[1,2,3]thiadiazol-4-yl- phenyl ester, cyclopropanecarboxylic acid,;
4A-Furan-Baylemetinst- Bspocn-the iBv6r78: hexadsyrethoirfofimeaSngarbmeykating
acig o-1oivlamide, AsEHIAN 3K e BEIMERQNBD an individual in need th
1,4,5,6,7,8ﬂ<§1y3r6-qGin%lli}é]eg-l?lii-gcarboxylic agc]i[d a?m " u_ Tnne.e ereof &
(2, staRiRFEWEE Al G Ritemedulator. In some embodiments, said insulin-related
Fu%aga;%a;Iﬂ@n@ﬁ&%éﬁ@%@:hﬁﬁ@sz&eﬂ@gahuﬁm&@ﬁa{wt%ﬁﬁﬁbeﬂg&g and
acid o- tolylamide, :

+- PRI GRBIS5  FER1%, & BB S ST S By
acicoféisthig rd- Pheai)iahiieitro-phenyl}-5-0x0-1,4,5,6,7,8-hexahydro-quinoline-3-
2 Me ARl RRSIMRe0ROsk A0 B By 2 S1thiadiazol-4-yi-
hexahy ?ofqaﬁﬁoline%-ca%o%ﬁgag %-tog?/%gm%e{ ang’ -3 ibiadiazol 4_y1
2-m§my}.gpt§3_wﬁ@pmﬁ§ﬁp§qgﬁc acid; 4-Furan-3-yl-2-methyl-5-oxo-1,4,5,6,7,8-
OXQrehigh IR -uinb BXQBYAFBoR IRl 03051912116 REHER03 1O1VIAMIES1-9lRo-

e e L e

or diaeidyidhohshyi Froadlat s, 6/, hdnaeite -aganisiec-antagehiisiciibo-

ex I c I f isti f . .

2&@%?&%@%?%2-,1it%%%%}E%%%%%%éﬁgﬁ%ﬁ?‘i%?f§?r%%ﬁ%?&%%3'W"OW

1,4%516 (#; Ryafd-uifo Midasdnbéhriabilbrshpesaies-oxo-1,4,5,6,7,8-

4- (SR ipHeRYdnYlme-3-carboxylic acid o-tolylamide, and 2~Memy1—4-(3~mto-Fheny1)-5—
p

furan-2-y|)-2-methyl-5-oxo-1.4,5,6,7,8-hexahydro-quinojine-3- i
o 20D PEINLS 0L 150 L oA qungIne 3 catboo

2-MptimpladefBotnitiéepiahieryl)-funant2 I pGrexmbodifGiz, Sahbxatiyelated

quingline:3: ic.acid (2-chloro- de. .. ‘ r
Z_M'agé%%ré_ c?%%—%ﬁ%r%’x %SQJI%&RQ%EB’ Q’i@ﬂi}{gee, or diabetes and said modulato

phef§h) AVars: eepmstnaaiaamish i shaaEcca oG erro b ftaniigegrow
2-Metyasr: 2-Methyl-4-[ 5-(2-nitro-4-triftuoromethyl-phenyl)-furan-2-yl]-5-0x0-

0x0:4-[5-(2-triflugromethoxy-phenyl)-furan-2-y13-1,4,5,6,7,8-hexahydro-qu
20 ol AT St SR A e o o e RIS

4-[Sa{@ D lenciphdnylpilirah &7 @aainthyhdinoline-3-carboxylic acid o-

OXOgdsfanefde’ ﬁk@&ﬁﬁﬂ?ﬁ%hﬁ&QQ@%ﬁ%ﬁ%ﬂ%ﬂiﬁ]%‘2&&'1‘%'%[%!’?i§'-§é:9£h§dro-

pharmaceutically acceptable salt thereof. In some embodiménts,
metFEBoE Rt HecRRRORTCREE 43rsbiarfupley Bormmitts & Matinistsenig dorbengxy-
indiyigyahan stieriveamatnipians0agen:yseddarths,reatmentofiy.s-

S L e

aspeshahdicraeeition fleatidrestal FEIHRG-Oictivadinbeoy pfieweatiyig rmethyl-5-
disqide; HS?G‘,%E%'%%H%@E@M&%ME&W@&QE Rty HReHon, 5

comprising ‘administering to an individual in need theréof an éffective

amAUATRFEUEGHp BtRa D b Eastpdfo s feBg Aoty dBsaiatmehod of the twenty
2-mptiiydsdetdrntio-phemytbba@xanbididid Bid individual an effective amount of an

e T TR SRy ————

cyclophosaattectvb emylicizmid GRRdanvarsd @ansthyylantagonist.
5-0x0-1,4,8,0 Sl s AP MRl ngatar baxyilc A6t ol amigle: or

4-Furan-3-y1-2
preventing a disorder treatable or preventable by increasing GPR41 function, comprising

administering to an individnal in need thereof an effective amount of a compound

10



5 methyl-5-ox0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid
(2,5-dichloro-phenyl)- amide,
4-Furan-2-yl-2-methyl-5-ox0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic
acid o-tolylamide,
4-Furan-3-yl-2-methyl-5-oxo0-1,4,5,6,7,8-hexahydro-quinoline-3- carboxylic
acierlerief I5e6: eyt apRaEIE Mo thyhafbd-HidtBiTsurPsRyi ey .4 So%d.8-
1,%éxéh?&dlgﬁﬁmm@:%sz&ms&1&@@&%&@@@@@%&%@% acid 4-
2-Methyl-4-(3 10 o
1 BGRY S0 B P XSRS E S S 2 et
o-telyreviicies 67, Siphaipiacquiticdity-dcespialiie salt sheldahitiz, SoFean-3-yl-2-
embodiments, sajd disqrder.is an. insulin-relat isorder, le

5 R T TR ey

In auvidmtyTaird-2epdonathelifniantiba. febiidsahrdmadiolnechang orviis acid
preyeaing.adisqrdar Hepaklemi e abie ,b%%%ﬁﬁ@ilﬁ%ﬁéb-
function, comp,r|5|n%&ladmlnlstenng_to an individual in need thereof an

e SRR G G BTt Sl ectad Ho e rateoHsRRgrgh ->-oxe-
2-M@il;fyﬁ—ﬂ;@%é&ﬂﬁwﬁﬁﬁﬂﬂm@mﬁﬁm@&ﬂ)p—tolylamide, and 2-Methyl-4-(3-

1o IR M eck 408 55 DR e QNSRS SERROUS A6 Brstamice, o
Biphohyinzesdutinay-zosapiabin eatiyiberenio I pBecmisdiasary drist §isvrginisan
3-carhanylia A0 acid R:oblamidsre. hypoglycemia, an insulin-secreting or insulin-

2-Methyl-4-[5-(2-nitro-phenyl)-furan-2-yl]-5-oxo-1,4,5,6,7,8-

hex‘éﬁ?&?@?gmﬁﬂﬁﬁ&-aﬂeﬁrboxylic acid (2-chloro-phenyl)-amide,
2-Methy|-3naXardefehird aspect, the invention features a method for treating or

15 gf‘&%%%’nﬁ%ﬁ‘ege ”)ﬁ%&%&é‘f%*gztziiﬁé%%?@’e%%%ﬁ%?‘%ﬂé@%&%’iﬁga £y {i%nalccé%n, comprising

Me thiphiBisirong foandiidrd inarprsdpp bl pfispincame it of 8 @yrsteka
hydéa'e&gmgﬁ%g'ﬁ@ﬁp%ﬁgﬁtﬁfé%f?iqwmidteﬁSa@%itro-4~ﬁ'iﬂaoromethyl~pheny1}—
4-[5-(2,5-Dichloro-phenyl)-furan-2-yl]-2 25 | L .
metfiJRSXE-TES 617 8: A TS iArBRHBE S CARBRG A ig Totylamide, 4-(-
o-tobiistimige? of-Arphauyhebedicaly-acea prat e sdltthiey@ofgimstimes-carboxylic
embodiments, said di rj insulin-rel disorder, for )59%01298

201 |r11dr8-s(%f£i Zar%zde 1%@%&%@%%%@%@ ?cr)?ép%er? ﬁggf%ﬁggﬁégﬁcﬁ%o’rﬁe’ a
embwdrahesssaditasSumheiEishd s Gratiors Phepell-aribatedaidonego-4-(4-
emhadimenth.aymetnog ofthe.luonty. third danectitbal.cRMRUSSamide, 2-
administering 30 to said individual an effective amount of an a7gent used
for tHEEBEtRE Rt o R BB OB T BB ORRs 2 O obify fny-hexanydro-
comhiialias-sviditanytifeciive aiptmtafadGR R4 S Dutiseratenidt-Hiran-2-y1}-2-
antagonist..In a rth aspect, the.invention features a or.

23 TR o AR I A PRI & AR lob: o
compHsepradisiiisadpghls sal therredivia seing srelrdemgaty selifisedgr is an
GPRAL @AMl Iiaamplex e RRUREsaleaed imIN et Rolerance, or
consi_sting of; 2-methyl-4-(4-nitro-phenyl&@:oxo-l 4,5,6,7_,8-hexah§igr9-
quinRES: o 555 AR ot iR ereta s et bRAR dRAcs-
[1,2 Siihsachbzdibayt; phesibé sttheayaaynbpdnepatifortibccatipises administering

304_Fuc|6asnaji%_%lc312\fi MG frective amount of an agent used for the freatment of diabetes,

blood lipid disorders, or obesity in combination with an effective amount of a GPR41
inverse agonist or antagonist.

In a twenty fourth aspect, the invention features a method for increasing blood

glucose levels in an individual in need thereof, comprising administering to the

11



5 5-oxo0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide,
4-Furan-3-yl-2- methyl-5-ox0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic
acid (2,5-dichloro-phenyl)- amide,
4-Furan-2-yl-2-methyl-5-ox0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic
acid o-tolylamide, 4-Furan-3-yl-2-methyl-5-o0xo0-1,4,5, 6,7,
8- hiexahiyaicxgeifzotineaRearteba/ 5 Re idaght bl dioy-plaepit) saenieyund selected
2-Methyl-4-(4-methyisulfany -5 - 1 o R )
A T A bt K R K e
2-Misthyfig-fgearboxylic acid o-tolylamide, cyclopropanecarboxylic acid 4-
nitrpy phamyikiazoXe-. frerli &deh RXaly P IRBHRGHS EATRORWISM 2L 2 -methyl-
o-tolylamjde, ar_a pharmaceutically acce tabge salt thereof. In a twenty

5 it R e H A T ARRE BRI YSr HeC SR bioo etcss->
levedsilyaironcivjidasl T8 heethiiareninchmisirgadiv mist&ifdithithe-Alenyl)-

individual an effect; ' i tagonist, .
o amad AfFey 'Y-%-"f‘ne(ﬁ?ﬂf »%Léﬁﬁiégﬁ%%%%%%ﬁ%%3%5;—_%9195}@51c acid

for example, a compound selecte
, 2_Wtﬁly]lam{ée(%ﬁw—@:yl&—methyl—&oxo-1,4,5,6,7,8-hexa§:1ydro-quin01§ne~3~

triflygrompatbykphenyid Randr i inma@X0-15diRif4 - methylsulfanyl-phenyl)-5-oxo-
8-hexah%dro-quinoIine-3-_car,boxyIic acid o-tolylamide, .

10 4 (S-BipRer RS A TR R athYFE LR _?At,‘é?’é‘i‘?",’g?’ and 2-Methyl-4-(3-
hexailvyeibenlinbbre-B4ca600ske Msitte dokybdmidesarbox ylic acid o-tolylamide, or
2-Methyl-4-[5-(2-mitro-phenyl)
furanc %ﬂ%%&%%?ﬁ%%@%@&ﬁéggﬁagquinoline-3-carboxylic acid
(2-chioro-pheayduafiftespect, the invention features a method for decreasing biood

2-Metoras i d-phesey RRRRY bidnédhd SriddihisXalvaienguipaling: 3-
carboxylic acid o-tolylamide, . . .

15 5 MBYAdE20 R A8 1YS AmUB St G - FERN 50T 3 antagonist, for example, 2
yl]- ks EidiSdreiahfooda inalineBsstnh oxy ety loHsyamited-and |
4-[5-(2,5- henvDhfuran vl S0 . .
Dicfﬁ%r%qfociﬁ%er%h % L}}Faﬁ}zflﬁﬁ%rﬁ’gtﬁy(ﬁg-éfé16,’1,’%,%?%%Yﬁreoxgﬁ%lﬁg?qguicnacr)‘ﬁoxyhc
ne-326 talytyide. deié-Brediyrdrinte fsea phibriactuiicamedet e salt
gherﬁgiﬂm@%ﬁﬁsmmm Il@_ﬂgfl‘{%@ﬁi@ﬁlcf@,mﬁ}?{-m?tlg%‘f@é-pheny})~

ecreasing insulin secretion.In an indiviqual, in need thereof, com riIsing

20, R e i A BN AU BT (e Caphensl-
f20r esxaiyp R Mebehipaundt datbetedyvidrantie It duH 7 Sdrsidtidepefeinoline-3-

-m 4-(4-nifro- 5 -1.4,5,6.7,8- yaro-quinoli
L L
4-[1, 21 BdiddidFohersiy Rerirdites egkiopopatie edmvsiecannd; 4-15-(2,5-
4-delsﬂwpgzm@ﬁ?%aﬁmg:hlénzétﬁyiﬂﬁ%@mm@,m&mmﬁqﬁm%yﬂc
aclid o-tolylamide, 4-Furan- -yl-2- et YI-9-0X0-

bR GBI BAEETBS ShceLe poepiable selt hreof

(2,5-dichloio gohenyl riarhighpgat; the invention features a n_lethfad for decreasing insulin

Furgfy; a&%m%&%&w&%&%&%@8&@9}{2&5&-%&%&%&9@@%&%@ an

acid o 12 tolylamide, '

A-FUrBpetvyrmgpepl i SI0X0- temsst forerEnaltyarsrapmmed secstubiogx i sroup

acid dshgbiREcsp hemdhamide itro-phenyl}-5-0x0-1,4,5,6,7,8-hexahydro-quinoline-3-

2-Methyl-4-(4-methylsylfanyl-phenyl)-5-ox0-1,4,5,6,7, 8- o
3 T TR o T BB M A 123 Mol 4-yi-
- 2-Meplieplyl o681 i;tpolqs;hepmiée&r-‘t?oxyﬁc acid; 4~Furan.—3-y1~'2~methyl-5 —030—1,4,5,6,7,8-
0x0-§.4,2:3 L SHSXAIMIAUNRING 3 CRIAMYHE 26iH 8 10HaMIdR. D53y

1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid (2,5-dichloro-phenyl}-amide, 4-
Furan-2-yl-2-methyl-5-0x0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-
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5 pharmaceutically acceptable salt thereof. In a twenty seventh aspect,
the invention features a method for increasing insulin secretion in an
individual in need thereof, comprising administering to the individual an
effective amount of a GPR41 inverse agonist or antagonist, for example, a
compound selected from the group consisting
ontMéakI;iM4@%&@1&%&@%%&3“(!%%)h]e@ahydrouqui_noline_—S~carboxy1ic
o DR ao by e, SRR AR RS BRI £615 1 0.5.67.5-
Biphaayidoyfiaineling 3arnensin w8 oxolvl s, nd-hdethyidtd ninotivhenyl)-5-
3'C@ﬁ@@,@,ﬁ%,@,@@&i@ﬁl@%ﬂ@oﬁm&-cmboxﬂic acid o-tolylamide, or a
52-M thyl-4-[5-(2-nitro-phenyl)-furan-2-yl]-5-oxo-1,4,5,6,7,8-
he PEIROTAR R RRILEH IeSed (2-chloro-phenyl)-amide,
2-Methy|-brexeefiideventh aspect, the inventiop features a method for increasing insulin
P R W shhif o R RN SRS SRR S B hivichn an
MegaipcBye geas qa B i orvetiroagppiscendnfacms fof ek ubl6 7 fSthpoend
hydsgeuinRlinerd warh euylicAcido-tolMiamide. NG .4 ift thyl-phenyl)-
104-[5- 2,5-Diihloro-phegél -furan%-Z- []-2- ? .d{g( ° _ ?Omme > p eryl)
meths2oRG194%5 617 8+ és%ﬁﬁw%%wﬁﬁ@é:egmym@mtolylanude, 4e(5-
O-tahybhmnid @—ﬂ#ﬁmh%usﬂ}a@ﬂdﬁg&lwmﬂp&bw,&h&ﬁﬂ@@@g‘?ﬁwl car?oxy‘iic
DESGRIPHON.OF,T AWINGS Figure.1 shows dot blot analysis, o
human Glé%%imé%b%elgs%g%iar@%@gr? a gﬁni?dﬁ'%%?ﬁ s 'é'é’é.oﬁfg“lt?rg’%’sg'

shoWwsarpaRnahgeTaepvhem s anidslvbieRandlysis df Mblstiey CPRG14-(4-

expyRSRIgNIn.solRelad ,@%&ﬁ%@%ﬁ%ﬁ%&%&%ﬁ&&é SO G Rde, 2-

shows RNase protection assay analysis of mouse GPR41 expression in
15 mott & Rifed bt tredneomsgors - ahensWwE e bty ot b Rersiydro-
G-priteitinG 3atpttastyifi gt GoyiamEonplings ab G PRALISHBIOLSiRan-2-y1]-2-

G- /13. Figulr hows efficacy.of GPR41 agonists in GO/Gi
co-tran%é%t%%g%yéégﬁ%%fﬁxvﬂé%r@%%\?v%g Bﬁ%i %céq?ﬁtscilq!#fﬁ]é gora
insifarreleasis 4R MING e irbivaeafells. Figure 8 shows that a GPR41
agonist, Compound 4, reverses the beneficial effect of an oral glucose
tolerance test (0GTT) lowering compound, B 111. 13 DETAILED
DESCRIPTION Ap %ﬁ%%ﬁ%@%%ﬁ%ﬁ%ﬁ%mm is
expresseFigadantinantiy: bivthepeneraasReEIRgURHanE QNS adult and
GP@%@Sggépressed in the pancreas and pancreatic islet cell lines (see
Figures 2 and 3). The pancreas is divided into lobules by 5 connective

tissue septiare d5hs RrieRiaR v Sed Vmg et e RORerdistefsnofise GPR41
exoginesells Galled AeinicyRictheaciaisdigaste enzymes. Embedded

within the _, : .
25 Figure 3 shows RNase protection assay analysis of mouse GPR41 expression in

20

mouse cell types and tissues.
Figure 4 shows coupling of GPR41 to G-protein G-alpha i.
Figure 5 shows coupling of GPR41 to G-protein G-alpha 12/13.
Figure 6 shows efficacy of GPR41 agonists in Gg/Gi co-transfected 293 cells.
30 Figure 7 shows a GPR41 agonist inhibits insulin reieasé in MING insulinoma
cells.
Figure 8 shows that a GPR41 agonist, Compound 4, reverses the beneficial effect

of an oral glucose tolerance test (0GTT) lowering compound, B111,

13



pancreatic exocrine tissue are Islets of Langerhans, the endocrine
component of the pancreas. Islets make up only 1% of the pancreas.
Islets contain several cell types and are richly vascularized. The islet cell
types include: alpha, beta, delta, A, B, C, D, and E. 10 It is the beta islet
cells that secrete insulin. Applicants also disclose herein that mouse
GPR41 is up- regulated in phAEdIREDIDESCRENFIINb/db diabetic mice

Compafeggﬁhégg{ %s%%fﬁﬂ%@%&?@ﬁﬁ@y@e% EMIREdominanily
Applicants ave ose erein the G-protein coupling of GPCR GPR41

to @-ﬁamqraﬁo[&eea‘lméﬁ 12 ppd megeril itlsia REFBRY 1 Rfhgarces and
App&%éﬁﬁﬁﬁéﬁl@&k}ﬁfe@@ee%m CRR4I. agwpsiﬁmliceuheai ij@i’lﬁlﬂmgas by
in cells cqtransfected with Gg/Gi (see Fi % Mlll\lee(S n’is I|no

5 celfOTASSHIR AU SRR didR eaﬁecr%ﬁ?og%t? TER gonlst m% Bits
insetisesectefiomfeianiai7aih m&esegeﬂuedoeneﬁml Fathedtied wrilonghe
dluggse.falPIsRISELAGT Wilanerag.campotadkiaie S-plitausi e

receptor sses exist |n umans the most abundant and 20
curpeRayesh drtasoTka Ny Folo kT eidiepradERte IS (RS BTHIBIEM SoUpRe =nd

receRtRniRRER)SRES Thissesiamipddhatiberaiee a0, 808:40) D0fhd E.
genes within the human genome g}gg of these, approximately 2% are

10 oot the A ACSiEe 51 represent an important area for
the developpizatefjtoatisire itcah fraductse BORY laisproximdtelliRpapereatic

the. r 0 P .
phal‘r%}%%gkgutlcrﬁfs haveért’)aggcr% dgg\%%1 %}%}(@a@g é&c%iigsﬁgﬁri%ﬂ cm@pe mios (see

strudiEwan St thevinppYe T eg GRS R o P e AP Lng of GPCR
hyd@i’iﬁ@@!ﬁ@ﬂﬂ%ﬁ@ ?@d@tlar?h&)rmsw@m@mi&s& mzawympbumams
spanst e _memapran cNn span | numoe

15 TR UL, CaRE e 2 PRI Sy piguteted it
tranG@hixsfigue ige Ssing mwmylmmmf 30piivints Auibier disshase herein
trangembraNe; 2, AR HANR MG Qe33R SIET B84 30 %he beneficial

transmemErane%G and transmembrane-6 and transmembrane-7 on the

exterfise! 6F ancralalBnRia o lRCORTHO Cal HRNERE ROTPRIEY Srigvsiéired
to as eXtrﬁﬁﬁUﬂ@"a ﬁ@ﬁl@&%ﬁlﬁ&@ﬂ&ﬁs@é&ﬂﬁﬁ@hﬁzﬁm Ei(é-ﬂ)gst abundant and

respectlve 1?{P%he tra bratne hegcs% Lﬁ Jé)rlo g}% kg %ngcse
20, mi RS SEs gﬁ% V@%%ra ARG ranemembrane-2, 14 bt
trangERERpeane- X &ndtiraasdtbah han em;*:fmm&@é}ﬁ)@ﬂ‘}@ﬁﬂﬂaﬁ@mﬁhﬁl the human

”arr‘g SIbLANe 8,00, t*a‘;‘?pwk%{g{d%%r&f@@ﬁ%%d fidgaotdhemels. Gpcrs

rane (these are referred to as "intracellular” regions 1, 2 and 3

(1C- ToPRESSH R D ST 5 KR B VAP IERHS PSSR R e

rece@i@bﬂeﬁteam seeaeeiulRicRAGRATithipihedcelt-Brad Yhefal praingption
erminus.of the r the extracellular space outside of the

e% tcg{e in
ceII P I S % RES with the receptor (often referred to as
"activationGPCRs share a common structural motif, having seven sequences of between 22

to 24 hydrophobic amino acids that form seven alpha helices, each of which spans the
membrane (each span is identified by number, i.¢., fransmembrane-1 (TM-1),
transmembrane-2 (TM-2), etc.). The transmembrane helices are joined by strands of

30 amino acids between transmembrane-2 and transmembrane-3, transmembrane-4 and
transmembrane-5, and transmembrane-6 and transmembrane-7 on the exterior, or
“extracellular” side, of the cell membrane (these are referred to as “exiracellnlar” regions
1, 2 and 3 (EC-1, EC-2 and EC-3), respectively). The transmembrane helices are also

joined by strands of amino acids between transmembrane-1 and transmembrane-2,
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of the receptor); there is a change in the conformation of the receptor that
facilitates coupling between the intracellular region and an intracellular
"G-protein." It has been reported that GPCRs are "promiscuous” with
respect to G proteins, i.e., that a GPCR can 10 interact with more than

one G protein. See, Kenakln T., 43 Life Sciences 1095 (1988) Although
otHEm@nprteits3exis oy aIGd, G, EHsBamiene?d Eib TansRsEhtanc-6 on

that, havp besnddentified. Hgand-actval e GRER @ap umrw&hem 3
G-protein initiates a S|gnaI|n cascade process (referred t
iy BTt

transgaetiBiAs” 198iges ho?rﬁ?é d&ridittoris 28 ir SRRaERY
resgts)ipeatulodractivaioron et diaridibadolmit @pncetmmgm@mnmum@
to be houn theory, iti ho at the,IC-3 log
carb Emn‘?usxg’flpt{ﬁe r%cgfiep?or mtrerac?lethl% €ﬁlé prote I‘%El%%t%gﬁa?é the C%K'
also pro nﬁscmlis @herotdipandiich witip e cocptrutRited BEGERd Ite Risgsl vation”
?F 3K tH?F fAbRSE q%lﬁ?)lé% SifRALBNY R SUE AR GRS O B Gacilitates
|

ermanns & ’Simon, | hem 270:15175-80 (1995)), or chimeric

oroReHRLRS s U B 2B B SN S e T e
Sa%@%@wmmm@swmu@@ec&o@mxmm@ that a GPCR can
Pharmaceu cal Sc nces 1999)). Gi- o r
mtrggg"l‘ﬁ é’? ve S. e%gg ai‘?’t%p’?%r% éﬁﬁo gy%e%%%éa 5 (1988).
usemtﬁmrgidehhfﬁrgmed:@mﬁﬁzﬁan@%l@e for andelpi BTG Pmtﬂms that
modulators el SRl G- CoURles RRERSPER &Bﬁﬁﬁ%@%&'@l@@i&ﬁbﬁ%ﬂ&ﬁ@ﬁ[&a

GPCRs exist in the cell membrane in equmbrlum etween two different

conTTAREATEca PRRSETR/GoTemal i At Sivna CTARSEUTten a YRAZABFIH an
Ina%&ielﬁéaéesagmm abledetiok ﬁde@HMHUMeﬂ@mmﬁueﬁm

to initigte signal tr. on leadin toab |ca n
SO e OB LS TR s T M St AT R toop
the sramgtiesctio napathyvayirias 30 M@mmﬁy&h@ﬁ@m@w&ﬁﬁologlcm
response ﬁe&%%@ﬂo%@nﬁl@cﬁ%@ tﬁh@'%@ﬂlﬁ %J?éﬁt%%@) 1l0BReBFBclasses
nc

compound such as a drug. Recent discoveries, | din r(f é?
ex m%ﬁi?é?wﬁ%@é@%ﬂfﬁé&%@ﬁé@ﬁx&“&mﬁ&a&&%{%}é O B &

receptesy grawdenaearRatienstban bgsnds M@gﬂ&@rm dteignd to couple a
sta ilize the rec E int v ate conf mation. The -
effe %Wmtaebl he rgcgep or :t?l%aln BT %’bygsﬁnaf tln E% Ihgan&
michronthecrdioainois %%kb&léﬁ By¥en

'ﬁ]and '”dQﬁ%% %& F@}gﬁag 1@@@%5%@%%@6?%@@% Activatione
€ sequence o was Tirst publishedad In the Ieraﬁ%@gdégﬁ
fun.

Sawselerjei(sre BADE RGeS R BlghHy:
239 ﬁé&éﬂg&&&ﬂhoﬁ@wﬁd@@@c@paﬂ apgrified human genomic DNA

25u sing PCF%‘"’Her gh%?oqgéiactﬁ Qon 1{%ng exist in the cell membrane in equilibrium

between two different conformations: an “inactive” state and an “active” state. A

receptor in an inactive state is unable to link to the intracellular signaling transduction
pathway to initiate signal transduction leading to a biological response. Changing the
recepior conformation to the active state allows linkage to the transduction pathway (via
30  the G-protein) and produces a biological response.
A receptor can be stabilized in an active state by a Hgand or a compound such as
a drug. Recent discoveries, including but not exclusively limited to modifications to the
amino acid sequence of the receptor, provide means other than ligands or drugs to

promote and stabilize the receptor in the active state conformation. These means
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30

conserved sequences within the human and rat galanin receptor 1
(GALR1) and rat GALR2. One product contained a segment showing
100% homology to a portion of the 3-prime region of the human CD22
gene. Sawzdargo searched for open reading frames 10 in this region and
identified the GPR40.and GPR41 genes. The GPR41 gene has no
inteiesti GRYRELrcbd escepisradisten B4 S ammosasit R GR dintaihindgzand
trapsmg 9@9%&@5@%&9&&8&%@ﬁ&%ﬁ&&ahﬁ%ﬁ%ﬁ@ﬂ%{%ﬁe,

2 PKA/PKC phosphorylation sites, and 1 palmitoylation site, which is
locHEFFHIHE CtBIPhAAVEBHain. The GPR41 protein shares 98% amino

acid identifi vejhebeRRAZPRYL Mtle SMiniabibhedth GALRSILD ISesuRdargeoet al.

l. h hat the GPR41 is | ] 22
R e SR E B SRR G
orphah zepiptdrivrmanmenpitia CHoA inemgHER Wide degeremifiediferrsfresed on
receplarRecaiit-Branh al-ak-Nay e eppuad inatLERR4 %@A%i%h\éaﬁg&* rdY

prg&ionate and other short chain carboxyliC acid anions (Brown et'al., J.
Bio¥’

81Rdm Opo TrodushiepPiained 2 oo Fow B8 ARIGH RERSIREE & PRIERAEE the
thag rit4dcaetivotestiieaGio neily. Preteins and LR B4 dri sy Rabilys frames

expressed in adipose tissue. | ras disclosure in that
ORI B e oy R A R e pes e
(filingrese (Rt emyoles 20GHichd ttesimpeGPERIR| songstingddimmsmembrane
adipQRe S Uy dnspdAIHoG VY @3 G 3nRindiEaica b ELBAE GAN NG rviation

used 25 as a screening target for compounds that inhibit lipolysis. Since

GPHa etbapiaa sitneihpdaridin it bE B sesit PRa FER41
Agrisit ke Bt anemalsad hypathesiaashbRndd G.0046d ablatbeseial ks,
for example in the.manufacture of icament far the freatment of
AR A LB RS ot B i o TR S RATGRR o D2
heavhitisevaserevibesiysohemssis; 19admbosis or obesity, angina, 30 chronic

renal failuspppeiRRTRlYASCINah ASRAS fecs HRKEN HRE I UARSIES R had been

metabolic syndrome. This is in contrast to the disclosure herein that an
invatea gl s tisesritiago st o e BROFT Rt daye 1reerist st SEpls, apfivated
theympruiastiy endfdheretieasnsntcdoniaptireniobanisuwirerelatediol. Chem.
disqrde i s..16 DEFINITION he_ scientific literature that
e A oL RAC R B & A o T g e
ligafitle Fravingretasmefditdlon pauepiyrerreselaniadane: csasistency,

the following, dafiitions wilkRewsschihralohouwhis HalentdacHIsat &iis of
AGONIST shall mean material, for example, a ligand or candidate

contFoRAE Aiat’ Sthalds i imedembirare¥ donddo et sephibe tghke! is
recegipictiindntipost dkstsespaddidocall Dol for ¥rdndpeee tlangbRAesdObe used

GTE Rinding.to membranes on modulation oL Iovek: e GPRrA1 is coupled to Gi,
such compounds would be agonists of GPR41. Agonists of GPR41 are also
hypothesized in WO 01/61359 to be useful, for example in the manufacture of &

medicament for the treatment of dyslipidaemia and conditions associated with
dyslipidemia, coronary heart disease, atheroscierosis, thrombosis or obesity, angina,
chronic renal faiture, peripheral vascular dissase, stroke, type IT diabetes or metabolic
syndrome. This is in contrast to the disclosure herein that an inverse agonist or
antagonist of GPR41 would be useful, for example, in the manufacture of a medicament

for treatment of an Insulin-relaied disorder such as diabetes.
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of a second messenger such as cAMP or IP3. In some embodiments, an
AGONIST is material not previously known to activate the intracellular
response when it binds to the 10 receptor (for example, to enhance
GTP1S binding to membranes or to lower intracellular cAMP level). In
some embodiments, an AGONIST is material not previously known to
deEFABETIGDE glucose level when it binds to the receptor. The term

AGONISH, alan qingludes PART AL LU RTR watphhRe:matptdls ni@hber of
example, ligands or candidate compounds, which a tivaéte.{?e igltro%%esltlulgr
o §FBR ETFHFIGR REBYIbIETRS THHOHE TR O PAoTE SaT B b BRI
tha: gibaiagrAistnANTASHN Sbsirlimiaparmmdkandr example,
ligands o idat mpounds. that it i

O} GRS PmRougs, AL COmREL MR LRI SRR

the sam as an-agoni tw . not activate an intracellular
respoveses arioteesdtfrrsinpishivieat itdsde fpapoiponsaemstdnianipiperse

agg&y’ %E,’ﬁ!? AN, ; QRYRIAResr Mﬂﬂ%ﬁ&%ﬁ&%ﬁg@& RAoHBHT the level
response In 20 the"absence of an agonist. In som e{gﬁ?odiment %J{ST'
AT AN ST &

ANFAESEIRISESEREa 8H R 3 GO et Sty FRTRG SECRL
aganistiteiphikitisueslikiawhasponas: Whentidsinds tesptserebepioriffiro the

. g)r(?%'%%ﬁ hereinpq'netcell lar r&%@ﬁ%ﬁn\%%%%ﬁ%%m {leﬁgﬁﬁﬂm

10

SHgror IRtracetlar ¢ BODY Is intended
hereivilentoiass mdmnoiontl andiSeohEs Brvrms-pdlyel sraienstivanes ©
Thg.e@égge%ma%ﬁa&!ei@éw%iﬁtﬁﬂ&qg i aREAMPATE 196 ACONGT. 465
and IgM. Antibodies include whole antibodies, includin |nr$é%g1am idate
whigugmtibRIEA AG SIS B’mmef%‘?ﬂaﬁé‘?ﬁéﬁé%@?i g g
Falornta@ie andd @) 2e hetibeckips caesimieornanienatotad Gresyrrptetio 2
origin, for example, from h murine, rabbit, goat, guinea pig,

ﬁ?ﬁgﬁc{%%ﬁ?gp ea%%&%%%ns Oggéﬁg %nr%{es'or chicken. Antibodies can 30 have
binding afiNTASANIST dledookatiomisons fanermmle:igwss fcendifs sorpounds

lesg,th @&?M&W@% ¥ MidOs A4, %152-BMe b8t SXD-80ds not
10-9M, 5x10-10M 10- 10M, 5xIO-11M, 10-11M,.5x10-12M

: 10-12M, .
5 13N GO T AL SR oGP PO IGHR BB RE R AR RS et
of tiae ERSERILINVEIKINT £GUNESIépared diynatish taibabineiethcdlidaoresponse in
in the an. 17 CANDIDATE COMPQUND shall ﬁﬁﬁ“i :
exa??]epaﬁ‘gfegc(?ﬁ r%ﬁggfné%'rﬁ% S%Iﬁ%:r%g?% ?n%’ena% ie t%”%gl@screeni%?éfa%nal_mic
techmigioes!¥ heotents camplitiatatic shagoiado ipbifie sl ersepEscapfen it binds to

CO”@Q&Q&L@?%@Q&% W R-e diate PR bnlekLXaMBP BindinkOWBmbranes or
agonist of GPR41. 5 COMPOSITION shall mean a material comprising at

Iea@%l%ﬁ?ﬁﬁéﬂﬁ@g%’?% %%WSHIS; for example, a "pharmaceutical
compositiQQY IS ROD TR Gsitices Ke@ivie @lddipEHRISADYabiadbadzaand

e e 2 . 2Ol O R ANTIRODY is fuarther intended to encommpass 1gG, TgA,
IgD, IgE, and IgM. Antibodies include whole antibodies, including single-chain whotle
antibodies, and antigen binding fragments thereof, including Fab, Fab’, F(ab)2 and F(ab’)2.
Antibodies can be from any natural or synthetic origin, for example, from buman, murine,
rabbit, goat, guinea pig, hamster, camel, donkey, sheep, horse or chicken. Antibodies can

30  have binding affinities with a dissociation constant or Kd vatue, for example, iess than

5%10-6M, 10-6M, 5x10-7M, 10-7M, 5x10-8M, 10-8M, 5x10-9M, 10-9M, 5x10-10M 10-
10M, 5x10-11M, 10-11M, 5x10-12M, 10-12M, 5x10-13M, 10-13M, 5x10-14M 10-14M,
5%10-15M and 10-15M. Antibodies of the present invention can be prepared by any
suitable method known in the art.
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compound to inhibit or stimulate receptor functionality, as opposed to
receptor binding affinity. CONSTITUTIVELY ACTIVATED RECEPTOR
shall mean a receptor 10 subject to constitutive receptor activation.
CONSTITUTIVE RECEPTOR ACTIVATION shall mean stabilization of a
receptor in the active state by means other than binding of the receptor
with its €XNDERATE (MBI Hethivedneriviatalit fhepseRrEONTARER!
or CONTAGTING. shall miean prngioe. higas! o @Rlelie a0aiinbudb

Wﬁ%%ﬁglrnlln an in vitro system or an in vivo system. DIABETES as used

heretifieslierriisssens sepmiyad strd u SRR R gPRISIEE AT bl L SHAmle
fremanydnathacapgiiding, for example, the following list: symptoms of

diabetes_(e.q., polyuria, polydipsia, polyphagia) plus casual bl 05€wo
evels oA B SR e s o B R
olusesenstefinethainic inishafthe gl regmelision 28 pfavpciitig of meal
or drink eoy ' ﬁ@&%{%@ﬁﬁ%&ﬂqﬂ&uﬁm@%m@r@@er

gldl; or

COMPOUN]
than or equal to ood glucose levels of greater than or

ecreaioR2O® GBS TR NG HPRE Ha A ROR SO P8 g Dmding
anhydrous glugesgdissaluedin waterrnagdiRnCEETOR dithetes aseptor

used hérein also includes the "pre-diabetic” state as defined by the

ArSEec P SRAHEIE AESHFE AT IBBe a fasting blood glucose level of 100
25 125 niNSTITToMURBEE RRER A€ TIVAIDWN gidl sestheeiidisalienaig

oral agminislialion o AgaRe.Disheins eahe Arechlaled bisR@i@genon
or

conditions inc L?ccilng, xample, autoinunune destruction of beta islet

celigatvben xdirmiseprasielen fiEgtlancy (gestational diabetes).

ENDOGENRZ 2 chall meansonptetighibabarsanmabrieisatyoaducegsther,
30 ENDOGENOUS in reference to, for example and not limitation, the

15 terihorBerdn By SHEN SHETTRRC AR S Faturally produced by a mammal

20

23

(for exampia AR s liseitatio i tienveih encowvipass. the owhdagnees adgigbetes
NON.ENPO %lE NOVZ &ﬂﬂﬁg%@%&ﬁ%! leeafwhat Whiehhishal of diabetes

naturally produced by a mammal (for example, and not limitatiop, a

huréses)robariArneb RoFieeapRe A R IAIRIBH SRTRELPITR KIIFEA'TS gt
constitlsily ey AB/acthve i iaeanneenaustoisddiueiinnimat el digdegardless

becomes constitutively active, is most preferably referred.to he g'inv% 8¢
"nofi- BTGB SURHSH i@&%@%\?ﬁigﬁ%r%%gp%ﬁn aIRe f%‘rli}ﬁ)é can %e

utilizeaéorsieserdseabth?immgidh bebidodreiviteet loyskerd sramisr By ahindE00
nota ) it@cgi Bgur%nfcﬁlg&rﬁg @Q%@M&%%%n%? BARERRHS Rkose dissolved in

non-endogenous receptor can 5 be in reference to an in vitro screening

systesier H BEEPRY oMo T eHEHIESTER SR STILER e CBIRBBERL of 2 2

phageraceplieal ampasiianihat shcisdhe desifedihitiogicdharseredionfant-

TR s/l O hioat 21086 1eVefd of 140-199 me/di two hours following oral
adminisiration of gucose. Diabetes can be precipitated by several conditions including, for
example, autoimmune destruction of beta islet cells, beta celi apoptosis, or pregnancy
(gestational diabetes).

ENDOGENOUS shall mean a material that 2 mammal naturally produces.

30 ENDOGENOUS in reference to, for example and not limitation, the term “receptor” shall

mean that which is naturally produced by a mammal (for exampie, and pot limitation, 2
human) or a virus. In contrast, the term NON-ENDOGENOUS in this context shall mean
that which is not naturally produced by a marmmal (for example, and not limitation, 2

human) or 2 virus. For example, and not limitation, a receptor which is not consfitutively
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individual that is being sought by the researcher or medical doctor or other
clinician. For example, an effective dose can be an amount that can treat

an insulin-related disorder. Also, 10 for example, an effective dose can be
an amount that can prevent an insulin-related disorder. GLYCEMIC
STABILIZING COMP?UN is intended to m gm a com?gound_ grwat .
SUATHTS S5 T B ERANS ST Bt RS BATRTBITOPBIBBE GRICHRE ERPHE tite st
orpreidinbbtréfaredxanpie, a givoaridsgiabily inmatuipayadicandstabiize” Both
bl 1. ' individual with di es. by increasing insulin
se%%%t%%ﬁ? %%%ﬁfd%éﬁ%(rg&rﬁglg g\éciyéaéﬁm iﬁgt%t%ilﬁegmgbfn%oun c?ér%] d
StaRS IFABIBE. dhitsEsTBgARMRarh, TrtiogenRRTIRPBGHRASEMIE Ispeptor can
degsaaRiRinswim Secrelipedibigheqtar example, a glycemic-stabilizing
compound can stabilize blood glucose levels by increasing glucose .
sensitvit AT gt S R AR G U R T R ARpesautce
(IGdhpeitise thitetein thddteindited do gicdicate-thatd ondiicninsskaiategkiaitnor
insulin-resistance that is_intermediate hetween fr e 2.diabetes a
o s s Y RS S Ao S U IER e
wissretnlaaaifieted jrersen e go sipeandiut gludout avispdnseiked dierrdmedse,
to ReAARINA 488556584 2R ROsIRaRdR BlesmAGiHGoRed

levels. In this test, a measured amount of 25 glucose is given to the
pa%?FFﬁrnd blood glucose levels are measured at regular intervals,

usually eG&YTEHI0OT B IhEZAMNGI OO MM E BN civendbdtr theteadteiptand
a "normal-or non-IGT individual ose levels rise during the first two
ot e P LI R R

indiddel, Thessrsaticghduestievimbdiringiehepand cancidvdpodedalusase

a 3lwenl at8ndRiaNRERIERREMENHONQRTREATMENL@a dsed:
herein refers to a judgment made by a carg%ver (g.g.gphysmlan, nurse,
NUFEE Bl SOMET ST H RS CITR Bl e SRS BIIRA S e b0
anindidsusickatihgpoginehnindy dsamiaiShthit ascrindividusher, anisraiple, a
requires or will-benefit fro t is judgment.is made based on a
S A R e
inClERFEIAE $ORRSEERERIgEMRat the individual or animal is ill, or will be ill, as
the resuligefra erpgitarubakisiitnatablaby. 16 LRNRAERES;R IiRended to

invention. INDIVIDUAL as used_ herein refers to any animal, including
maRTAR Bt SIBRLIS, TR CE e R SERAHECT b i pg et plg e elap drank:
catyjes Shiedpichansesiml prinatas]caandq ISt MG ey dblynbsshaynspiddddite

or INMITING, lationshi he term "response” shall me hat
e P T (RIS ELIRSR B Bnorma s
opgﬁg@s{ﬁ@yﬁﬂ@r postprandial plasma glucose levels. In this test, a measured amount of

glucose is given to the patient and blood glucose levels are measured at regular intervals,
usually every half hour for the first two hours and every hour thereafter. In a “normal” or
non-IGT individual, glucose levels nise during the first two hours to a level less than 140
mg/d] and then drop rapidly. In an IGT individual, the blood giucose levels are higher and
the drop-offievel is at a slower raie.
IN NEED OF PREVENTION OR TREATMENT as used herein refers to a

judgment made by a caregiver (e.g. physician, murse, nurse practitioner, etc. in the case of
humeans; veterinarian in the case of animals, including non-human mammals) that an
individual or animal requires or will benefit from treatment. This judgment is made based
on a variety of factors that are in the reatm of a cavegiver’s expertise, but that include the
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absence of the compound. INSULIN-RELATED DISORDER means a
disorder related to the level of 10 insulin in the blood or at an organ or
tissue. As used herein, an insulin-related disorder can be the result of, for
example, too little insulin secretion, too much insulin secretion, or even

nqQrmal insulin secregion coupled with resistance of an organ to_insulin, An
PR S IR AR T GOt G e SR G et
wntddtebietit tieomnpelmdsedsieinasidin secretion, for example,

hypogly [ ' .tumor 15 where insulin js a_ growth factar
or aging. In m#;g%%ﬁfﬁ%r% 2%%13 ggi%gﬁg}’ fﬁﬁlfe%dén (%I?r%allﬁb%r,e?(e)frably
exaitmplatsactigorelistih mhesutiesin cateveatad, siidt SkrpobersandT wnites, and
benefit,fosrap igigase in insulin secretion. Such disorders include, for
example, insulin resistance, impaired glucose tolerance or diapetes such

as Type THHBL e SR RECIN (A stltORIN 0, S G P BIRSE it Rean that 2
thestpomsd isddineredd@pizateehchirineiicec? @ dispasas M aiparednol aiegk

to an e_gé%\@&%gcglo m%.ucose level, for example, atherosclerosis, heart
disease, stroke & pertension, Syndrome X, obesity, and peripheral

vascu Iarmmﬂﬂ%m@ REXIEDERCEaS udsdriertsiatis fotthededtof
encoMRas il d6aUR xIRgNRSISAfsuliy LRsistRAGE WAL, Y. AVl Border

number%metho%s including but not 25 restricted to: the intravenous

oIBR8 TAEPEHERTd% iSSP PR SSRIEHRTY IPR TR It in SecteEne.
knavemcthatthelrmisla ganeicnualalidwhhtsaennhaheightof ihafastingn

i”%ﬂé’kﬁ&&g&&%&.‘%&& dg .”et%nl%g&%uzﬂaéﬁai%a@%e- Jperefore, ope could yse -,
V e Marker ¥

elevated asting Insulin levels as a surroga or Insulin resistance

forfipie paepisaes &t igaRBryRITPRhIEN Pommt.ditkesizcroksacasNGT)2, a tumor

incligictt s rave 4R e sisiaRCef HAUReRISO L3R BHIBIIRIISIONEE: is
can also be made using the euglycemic glucose clamp test. INVERSE
GRS FBE G T SHAT S BASHEFE (R GARE & CarRrddeot Sipe 8
thatdulddseifhdrola shérerdegeriondifosraiolo helkastisivelindelivatedmple,
for. . ! sior the baseline intracellular response o
e L e R
redpéigBelan Wéhso iesearR SrEbedBaIE 81y BrROSTHR-Hlathid gisorder can include

MeRbiakestiinedwatioielithade el of @é@@ﬁ@ﬁ?%ﬁ&?{é%@ﬁ&lmsﬁ&
cAMP or. IP3. In some embodiments, an INVERSE AGONIST is material

noPFFEHEERR SRR ARSTERTICR tHE B s e RTINS AT REFah e Biahe

recegtmeobserved in the absence of an agonist. 5 LIGAND shall mean an

endogenggriivialesanERa.alesle snsellicor a0, endodsaous,
naturally occurring receptor. As Used erein, the terms MODY or
MO ROOAT PSS LIRS Baee fgadsray any of a number of methods, including but not

restricted to: the infravenous glucose tolerance test or measurement of the fasting insufin

level. It is well known that there 1s 2 good correlation between the height of the fasting
insulin level and the degree of insulin resistanice. Therefore, one could use elevated fasting
insuhn levels as a surrogate marker for insulin resistance for the purpose of identifying
which normal glucose tolerance (NGT) individuals have insulin resigtance. A diagnosis of
insulin resistance can also be made using the euglycemic glucose clamp test,

INVERSE AGONIST means material, for example, a Hgand or candidate
compound that binds either to the endogenous form or to the constitutively activated form
of the receptor so-as to reduce the baseline mtraceliular response of the receptor observed in

the absence of an agonist. An intraceltular response can be, for example, modulation of

20



to an increase or decrease in the amount, quality, response or effect of a
particular activity, function or molecule. A GPR41 MODULATOR is an
agent that modulates the 10 GPR41 receptor. PHARMACEUTICAL
COMPOSITION shall mean a composition comprising at least one

_ com%(%)u,nd_and a pharmaceutically acceptable carrier. For example, a
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phErRAERtRE & BomprathsTreahietmsfiSe MV adtarmouthves e eidhes
whetebydies3campar ipndaamenabit Ve RVEAIGE NS fos aaBeaifiethreviousty
efficacious outcome.in an animal 15 (for example, a mamrggl such

RSP RSP RS ARS ST ARG TSR Ch et S b ghsemce

theofechgimises appropriate for determining whether an active ingredient

has a de ig‘gjgfﬂ | C isan.
RECEPTASEY N%giﬁ%%a/xg@érv S g?%%ﬁ%%ﬂigfgﬁ% %b%g?%‘]’t?%%g%%%% for an

re COBRSENRITERAls AGHItNgdSsPIoModerate an effect in the cell,
?nﬁ|Udin9#|]§|b&Ts&%&éFélﬁ,eﬂ}f%ﬁﬁ)s mﬁ%?gmaemm%xmﬁga&%qﬁe&%%m
Influx or,. efflux of 1ons, effecting a cata ytIC reaction, and/or modulatin

OO B LTS E A bt ST B ERETe
binatitigi @, Gepriddeior sudhcals. Gi GPRIZ/ MOHIHNaATP B iongh-enstaontdulates the

megsanger p as CAMP or 1P3 (when using a chimeric G-protein),

speci |cal?ycb%i§|hg to a GPR41- specific antibody, specifically binding to a
compountES4BVERGEE PiRAL. £ SSHBOSE TRTEYsb2D gresgsriinmediinn atngrising
inspiRse6he iepeumpidatina-Rioesaingase dpwels Mo refeANR, -
MESSENGER shall mean an intracellular response produced as a result

of r@é’gﬁﬁ‘i SRTBRO L B FATRE S BT o At L TP hpTey the

inositabtsionsphataaflPs itsityitivdor ol {DAGY, efftcidd BufcAMB) an animal

cy {gr%b%ﬁp@,%%ﬁhﬁﬁgu%% 2 ﬁ'ﬁ%&(‘%ﬁ%@éé‘?@%ﬁ%@% £an O

measured Tor‘a determination of receptor activation. addition,

sedBHErTiTed seh gEr SIS Ihs e BIbE FBRBARING detraminasrEethafntivive
of ERRCIKAIR-CAMRAUN S RN IRT: LN RIRH BSISRATIRsiSRartial

R e L T
candictate’e e rupoinmchwi oG, cdiect [b) tilcelb texintiipgbhwhettieniGPi’ 4 1
A TS R AR CE0 sl
corfiFetfT ATHer Serddnig HmOtreREhSERTSEdN o fEREY freshapdiiyigan be, for
whighh e bendBi; Sxagilen @ﬁw@ai&c@m@@@mﬁhﬂa@gﬁ@ BERIsleREnger
PSRN S50 SEE B SHOTA SR by B ORn S
orthpleifiohthilndpauententiyaimdtaisa substantiallght e {GARAD Rgohidt or nverse
po '%8&8&9&3&'&&1595 M%&?égoﬁ%g %ﬁﬁﬁﬂ?grﬁg%@giﬁ?&é Nevels in vivo.

SECOND MESSENGER shall mean an intracellular response produced as aresult
of receptor activation. A second messenger can include, for example, inositol triphosphate
(IP3}, diacylglycerol (DAG), cyclic AMP (cAMP), cyclic GMP (cGMP), and Ca2+.

* Second messenger response can be measured for a determination of receptor activation. In
addition, second messenger response can be measured for the direct identification of
candidate compounds, including for example, inverse agonists, partial agonists, agonists,
and antagonists.

The invention relates to a method for identifying a glycemic stabilizing

corapound, comprising: a) contacting a candidate compound with GPR41, and b)
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SEQ ID NO:2. Itis understood that limited variations or modifications to
GPRA41 can be made 10 without destroying its function. For example,
GPRA41 is intended to include other GPRA41 polypeptides, for example,
mammalian species orthologs of the human GPR41 polypeptide. The
sequences of species orthologs of human GPR41 are present in the

ddttasaeingor etanpRR 4l ribcsenalithistoacerBPR A eaR bereduistdn in GPR41

CenBankiad iAseessian e XMat4e 7R Mt asahobelamef GRRALLan
be found in GenBank at 15 Accession No. Xg 344880. In addition,
|

GPRRTITIESTEFRASSHOT 58 St a AT dhRmErOUP Y degn be, for
cerseplative gininohaeittsubsiit) panisaianis ofr GiRigddist BOGERAMple,
GPRA41 includes vari retain s antjal f n%ign of wild-
type G 4Lfep{f)$§1beé%ti e§ Ié%?:%rgse’r %n([)? %Eéf%ppﬁ%%%éﬁ g%l n?y to s?gar?g %ﬁ%‘ﬁ%ﬁ‘? &
Gshsirain SEQGRANNAR 1972 32550t abilithaly s pé Siffcentpwierdhet setains
GCRBdhsREFHC Antinady: herphilita 20119 srecificalyidloch o cOPRANG: in
such as a known ligand or agonist, the ability to specifically bind to

ag?‘}@ IWerse agonist compounds disclosed herein, or the ability to
regulateliisufifeseere tion nidoedgliwnse svéiScA GOR EPRATIesnt rerdde
nat function._to.the same.level as the wilds GRR41, and.need nat
o A R SRR N

ndrbBdhpetveaprdsnicxoileamyaslign preagidiindesorisie bumantinB 41
aGidigrauen C?tfé%@&&%@%@@ﬁ@& dOARSIIEHERBRMAUEIES URing-AuAIlakIe

algorithms and programs such as the Basic Local Alignment Search Tool

( BERS e SR ARMBERATEL 18, B §H G RANPAR IR BIGE Nat
AcketSeibb/Se K19D)5 BT 226618 AMistiuib LGRRA! Mol BifhABR )enBank at

215:403-41.0:; .. N re3 eti 1993) 3:266-72;
A A M MRS ARSI SR T R0,
thaeanagiisaveriaERAd (pReNaEE iR et srhsis iy Metons of dhR41.
entbe-RAMRERISRAIS IngHade ik iheide il Bule-@XAMRleu A8 iNg the wild-

-~ generating domain of GPR41 or a compound hinding domain of GPR41
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cali5eEEd MONBEPS o R AirS BRBRSE AN H Mo Peush Cippha i or
coGtaiphh efe1B) dgmisise quencsr diichiaksian GERepitppeiiagntbathahdubddty
polypeptide,.Further, GPR41 can contaip a label, far example,. a. . ..

i LA R A R e ro
métsedisdrthiadiveanont oampEsa ppved geiRpeEnolAsESHé Beeom pridingbility

990138 BRUIinWRH1PA % B o BRYR: R dRYNSEARANGR iSRRG Qunction
SEQ ID NO:2, where th is not GPR42. In. some

o B Vs B P LA L P Bt R TS S RRE e

actikteshaRRAL of GPR41. In one embodiment, said GPR41 is derived

from a m@g@,@%ﬁjaﬁve and non-conservative amino acid changes, gaps, and insertions to
an aminq acid sequence can be compared to a reference sequence using available
algorithms and programs such as the Basic Local Alignment Search Tool (“BLAST™)
using default settings [See, e.g., Karlin and Altschul, Proc Natl Acad Sci USA (1990)
87:2264-8; Altschul et al., J Mol Biol (1990) 215:403-410; Altschul et al., Nature
Genetics (1993) 3:266-72; and Altschul st al., Nucleic Acids Res (1997) 25:3389-3402].

It is understood that a fragment of GPR41 which retains substantially a fimetion

of the entire polypeptide is included in the definition. For example, a signal generating
domain of GPR41 or a compound binding domain of GPR41 can be used in Hen of the

entire polypeptide. In addition, GPR41 can contain heterologous sequences such as an
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In another embodiment, said GPR41 is human. In certain embodiments,

said GPRA41 is recombinant. In certain embodiments, said 10 contacting
comprises contacting with a host cell or with membrane of a host cell that
expresses the GPCR, wherein the host cell comprises an expression

vector comprising a polynucleotide encoding the receptor. In some
emhegdimanisoseidigeniadiipeisicariei«o FHR4heapreserive bbel oowrample,
agonist of the GPCR agonist as disclosed herein. In certain
erﬁﬁ%%‘?ﬁ%%‘?pti{“ggﬁfen%g%%]cjoﬁ?%w g%?ﬁ%%leées the step of comparing the

15 modulationesbtidereteitomethods oy eivaicrndcumpuliirtora

sec&%?ﬁgg% 9!%19_% db8, regaptar £aused iy, CRNasting sheskeeeptancyith

a Know odulator of the recigtor. In certain ergg%q'ments, said known
méstinftoliSEN RgSRIS: ThEs e RANBERIATR RO SE Hatermining

comprisqs @,:86canddnesssngR asaay-faPRAAN pleyrdetéogrning (nstitutively
through the measur t of GTP-yS binding.t rane A £ompris|
saﬂﬁt@g@ﬁqwgﬁﬁg%b% |Fr?eer%?salgng‘gf§%§ is I;?ﬁ%leégv’%th %]‘gs _in
celainotimbmdindénts;, said GBRthinimgis-through the measurement of the

level of aﬁg%ﬂade ssaengesselesied (omJRSISEaURGRRSISURD RReYEHC said
AMP (cA 6) cyclic GMP (cGMP), inositol triphosphate (V\éS ot cell that

dicRsylENEE RITIIATS FORSPORNALE BeTAARY o8 RE B A
e%@mmgmimmmo?ﬁM%mﬁmm@m@ma
said 25 measurement of cCAMP. is carried out usin - .

o ERRBEISOR ORI SRR R b 1018 Bl BSR Whried o
cansigik priswithcEimbrarggoshpf ibrghRsAdr aPaRiThre &elrsed herem.
embodimgnts, said delermining isbroueimeasmipmenlaldpiacalivlang te

IP3. In certain embodiments, said determining further includes the yse of

a CHRARMBOOT SRS fERTRSDI S RO BISPRAAE 2 IR BBr Foiiieon o
saligh SREORE: MIeSIERORRhisMAR3S:iipas e/ Ect kilywinmseivietembidiments:. n
said determining is thrOéJgg]PCRE-rcﬁﬁ)é%rtrelg asga%ﬁslp certain embodiments,
sai EEFER OB e PRSI SoTe embodiments: said reporter is c3-
galactosidasendrrobotiincatn badidemunsaieD BT FTgRsrBeseenger assay, for

Com%%ir.ﬁg, h%tatlﬁ%gg 1 JREASUI QERLAkinkaceHtlan G situiR B hRabane

em ents, said determining is through measurement of gluco
ptEREP BT BTSSR FEPRCEHTEM A I S0 A BRSOt hers, ™
said date uniineisttREughemaasdre mentn gl uease-paie by skelefal second
muscle cells optained from a mammal. In certain i t i
CetGHTARG RS Sas i oo ARt ee
emige@imeritesisaivipiyssmicEabiliznigbcmpldiMdodrkiikigsy activity, and Ca™.
co t%&?%x legiad- . IBe QLA MEQRSISIRG ALIP. In certain embodiments, said

y =41 -

2-me

4-nitro-phenyl)-5-oxo- X
251,4,&@%%&@%8@%&%&%@@-@%&&%%%6&8%&%%& assay. In certam

cycClgproganacasRewiBurement of cAMP is carried out with membrane comprising said
GPCR. In certain embodiments, said determining is through measurement of intraceliular
1P3. In certain embodiments, said determining further includes the use of a chimeric G-
protein such as a Gg/Gi chimera. In certain embodiments, said second messenger is MAP

30  kinase activity. In some embodiments, said determining is through CRE-reporter assay. In

certain embodiments, said reporter is luciferase. In some embodiments, said reporter is §-
galactosidase. In certain embodiments, said determining or said comparing is through

. 2+
measurement of imtraceliutar Ca™",
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acid 4-[1,2,3]thiadiazol-4-yl-phenyl ester, cyclopropanecarboxylic acid,;
4-Furan-3-yl-2 10
methyl-5-oxo-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid
o-tolylamide, 4-Furan-
3-yl-2-methyl-5-o0x0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid
(2,5-dicBtommnptemdirsnisdenid determining is through measurement of glhcose uptake
AT AR S I G0 Resbnth 2 Ord Srhexabueheaaslinaliaemdmeanaaxylic
acid o-tolylamide, 4-Furan-3-yl-2-methyl-5-ox0-1,4,5 ,7,68-heé(%hxjdro- A
RIS AERIRSE FE SRRISCIURRIG BYSKE I el obtained fom & mammal.
2-Methykdcéd-metidsutiany s determining is through the use of a meianophore
phenyl)-5-oxo-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid

> o-Bftamide, 2- _
Methy!-4kf3enitreaplodmydiis-estd glyaei8, vidiHeaparer i fORMEIScarboxy

“Cc ﬂgoﬁlh& éﬁ@f@rjﬂ@om the group consisting of: 2-methyl-4-(4-nitro-phenyl)-5-oxo-
2-Methyl-4- 5-(2-n|tro-4-tr|fﬁ§oromethyl-pher_1 )-furau-2-yl]-5-

yI- -Aritl X0- ,
1,4.5.557¢ TBRRERrscat Al gépay&%gﬁaﬁ?ggmpaneearboxyhc
4-RiBiphenylBrdzol-4-yl-pheny! ester, cyclopropanecaﬂ_aoxyﬁc acid; 4~Furag«3~y1-2—

10 A T P80 e RS AT GRS R GRRRY o
2- etk 1(2-mitrd -HhdnTH-herahvaryisnelise 3 A BHoxy BeeikiRyifirhloro-

qu Iglh%%}?: G ,bﬁﬁmﬁﬁ-ﬁ%ﬁ%%% -RRENYA) s8N deh exahydro-quinoline-3-
2-Methyl-

~0X0-4-(4-ph N
pheﬁwxﬂ?@%ﬁ&;—gﬁ Ao oo SRR héie G-

2-Mgtkyilne=3-carboxylic acid (4-chloro-phenyly-amide, 2-Methyl-4-(4-metbylsulifanyl-

0X0-4-[5:(2-triflyo t -phenyl)-furan-2-yl]-1.4.5.6, 7. 8-h -glui
5 oo SRR g s S A SA S ete
4-[M@M&M-ﬁ@%f%@&@?m&@m@ﬁm‘3"Cafboxyhg acid o-
oxQ: il L& RExAVEre-quinoling RscRmaxyliereif crialylaride .qsa
pharmaceutically acceptable salt thereof. The invention also gﬁg&s t%il_ .
metibe&T RIBFIAE AT S TEAPBLATLS QY ot oF PG 2
se?Qﬂ%a,ﬁpm@my@aa}@omg@gmﬁemmaamﬁmawmﬁm,
an etermi unctionaljt Agh o-
20 50 TR e T R L e e
compooiiveeinperinpaufaidcbibnaimdreraien-Msiskanipret44-phenoxy-
- compaundthat deereases GPRAL NN SUsh A& 1ERBA - Methyl-5-

antagonist or'inverse agonist, can result in an incre in_insulin ..
SRR A RS TR SA T ik b oD re TP S RAa R >
indivightaisiwithdrsulivisesisfanca-s5ch abdiabettsnil panpeliy-thaethyl-5-
increases GP 24 functionality, such.as.a. 0Rist..Gan result in
25 2 d8&fs ’g?—? ﬁi??%%ﬁ{nah Q’é%?é%lﬁ?l%b" é%"}fé"‘é’% E%%%#ﬁsgecreti%n%n be
deshsdrferaiaihpesdptshifividiubmaith hypoglycemia. The invention also

relates to gynethod afide Nifvioea cRAMNICOMPOLNEAS AIRORUINAT as 2
of blood glucose concentration, comprising aécc,ontactir(%a candidat
HRRSAEY

co RO IR Sy R AR OR PP RRE HhRHT Brspppomd with
funatippalify-is inadktateds wheteirGRRA0 duletionlity G BRAGAedctibemsiity is
indicatiye oL the candidate. componnckhsing & dDadkdainr ofbioack dicpse

3Ocon(Tf[éDn r . The invention also relates to a method of identifying a
candiddtéziooni poulnisas siono datsemsisns emussaddhal feeBasetiSinta)

fimctionality, such as a GPR41 antagonist or inverse agonist, can result in an increase m
insulin secretion. An increase in insulin secretion can be desired, for example, in

individuals with insulin resistance such as diabetics. A compound that increases GPRAL

24



contacting a candidate compound with GPR41, and b) determining

whether GPR41 10 functionality is modulated, wherein a modulation in

GPRA41 functionality is indicative of the candidate compound being a

modulator of insulin secretion. For example, a compound that decreases

GPRA41 functionality, such as a GPR41 inverse agonist or antagonist, can

re Slﬂﬂci;ﬁbnaﬁt’j@ agaamiqmsm ligeseer ediorsandno: degresse instiocecriticnsa
oncentration. crease in bI od e.qan f

in ifGNiaUats wi fﬁ%é:g ycem|§ suc E’)r a%é%c%ﬁﬁgﬁc%lrsn%ﬁg%n%g%?wm&

increaseTBRR4Rfometiondkitss i‘sxmfahoé o PratEvigonsandilste espmpias

degreassdn JPsiiA SEEsENonRRL-ABINGEASSHR QR alHERSadidate compound
concentration. An_increase in blood glucose can be deS|redg¥gaE%ﬁaénple

S i iFeHyAERI i D e SRR cther SHATH. SRS BRmTEHR™S g e
recgmj%’maﬁéﬁ ﬂm@mammmﬁmgmﬁcsaﬁdommﬁn@te@mmmé being a

Rt Rt e bans ol 30880 SRl Aemod of
ex 8 liﬁ erein OSt ce comprlses an expression
veottarmm@amglzéatp clebaiclensisbging fineuacepeionrepmeing a)

embadims Cg;&" MQ%%E&%IW&@@@%a%}ﬁa&ﬁsﬁﬁ@%eéﬂmlst

of the GP In the methods of the invention, control reactions can be

10 perfaprierAivaR BNTSRELIE ST HHRPuEHon e GRS LRmsHsRALY 15 Indicative ofthe
moe&mf&ﬁ@d@aﬁﬁﬁga Redcnmpareiin 2aGRRHotransisleiadaatisual that

sho ??tgl ?{ respor se t the %gﬁélll ﬁgge for.ln ghgn rgtxrﬁ‘é’tdéa?lreszﬁtm

the am em (SJPments said can ecompou Is’not an
antlduuaiyrmsammmmrdm@m@mm@mbbqﬁ @é@ﬁéﬁﬁ@?ﬁﬂ?@@#ﬁ%n&dﬁﬁ ease

said,, sARdIgRAIL LURRRURd:L et acgfspﬂdﬁ HRGRRANRMBQUmonS: Saish as

candidate Compound is _not a polypept de. 30 As stated above receptor,
15 funcidhesifity feterih s G %ﬁuafawafpfsf 5 PSR aeomist can
stimuius Aandirederateaiteffectim thel esthdrebsdingodiginatstimiteehtation. An

regulatl etanscrl tlo ing the in qu or ff f|
effe&?ﬁﬁgg%‘{f]lolg’/ S CEB) 1on, ar%foa(rfr%%gx ?Hﬁjng ac]“{ld‘le a%gugﬁnﬁypoglycma
G- proteln@Ae@ﬁRaﬂ:ﬂamI@haw}'@ﬁﬁ%es W@h@ﬁ@bléﬁ B?ﬁémgﬂ@omeﬂts said
G- pl;eﬁ%ﬁ%%&éa&g 5B IR ARG HNERUGR }SEEARE INEESR AP

such as cAMP or IP3 (when usmg a chimeric G-protein), specifically .

20nindifF s s BERUR SPsE-IHHRO 6 STREHEaRy W&?ﬁ‘@%‘"’&"&%‘fﬂ%ﬁﬂﬂg a
such@smadshiiRé troganishordryersdnaganishmiiniajsgdrsnlinteedsetiored out
or mo ulatln%nblo Iucos,ce0 @/e&@ﬂlvo In the methods of the

S PIosFace o
invention; deteFmining tan comprise a second messenger 5 assay. The

initiation oﬁraﬁlmu@mm&hgpgﬁmmﬂgé@btﬁpﬁﬁi@@aﬁ&e@%"ﬁ%@ tth¥erIgh

the AR E?ésﬂ%ﬁs@%r%&ﬁ:ﬁﬁ&%ﬁﬂ%ﬁ%%%@ﬂ&h@ﬁe% isaAAVIB
cycllc GMP (cGMP), inositol triphosphate éP:’a) dla%g%ﬁerol

ZS(DA@’ IR Ees s oalls BRI SP &ER R R S EEDSRSF SRS (RS 198 art

for measuripghthestcsecOtd invention, in certain embodiments, said candidate compound
is not an antibody or antigen-binding derivative thereof. In certain embodiments, said
candidate compound is not a peptide. In certain embodiments, said candidate compound is
not a polypeptide.

30 Ag stated above, receptor functionalify refers to the normal operation of & receptor
to receive a stimulus and moderate an effect in the cell, including, but not limited to
regulating gene transcription, regulating the influx or efflux of ions, effecting a catalytic
reaction, and/or modulating activity through G-proteins. A GPR41 functionality can be, for
example, binding a G-protein such as Gi or G12/13, signaling through 2 second messenger
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messengers, for example, CAMP assays, IN assays, the FLIPR assay, the
melanophore 10 assay, or CRE-reporter assay. In addition, examples of
second messenger assays are disclosed herein in Examples 12-17. In
certain embodiments, said second messenger is CAMP. In other
embaodiments, said second messenger is IP3. In further embodiments

satiLAS SOV Th 05 L TS SR AR BriS SRRSO APRSHIc Ll Terns i i ABRAL-
IS ¥peoifghuif B@%Q&ﬁémsﬁﬁﬁfﬁﬁgﬁgﬁ$oﬁ&i?ddﬁﬁﬂes@%§?®nﬁt or inverse
comprising sai . .ouCh assays are we nown in e anag

R B e e A s
GTPyS idnitibetsthodtte] 853} vaieindentivinials canstatasite asghpodmiessenger
Staﬁﬂ%’.”%ﬂﬂ%@o%ﬂﬂmﬁlﬁc Qi%%%é*&@téﬂﬁ%ﬂé&? f‘ape%nugle, through

contacting a candidate compound with GPR41, and b)-20 determihing

whSHEE S BRReRt G Bifda¥akof & sroad mesernmensin 3 FreifddB{GAMP), cyclic
GRR? (éanetinnadisidsundicptive abthairaphifateocamaoyndipaingd or

glycemic stabilizing compound. For example, the invention provides a
o S S SSh oA VBB P L AN e RRAETEY 2

comtagsenges.can didaigia; 0@@ e P R, ,Wmﬁsehg,t,e_:hm'rpéﬁtgmphore
Whﬂl‘i!&@ﬁé&éﬁﬁ]’?&%@a .yﬁaﬁ'ﬁfc?)%ﬂ,aéﬁgmﬁi%?ﬁ?'ﬁ%ﬁﬁ%ﬂ P Wsavs are

GPR4 functiqnalit% IS indicative e candidate compound being a _
glyEispinecdaBmziyE s oS dRd Intb AereinsBpiERtSarid Rreapdimessenger is

stabilivingie @mpOABbiG RS Rl sa@eRistedson - &%a Mol eTrSARgHHINESB G ments

staéjgljglsggjg‘?r%_%gnd comprises a compound selected from the 30 group

consisting of. 2-me Ei/rl-ﬁg -%ﬁlr‘o-phenyl)-5-oxo-1,4,5,6,7,8-hexahydro
quinolineI8-garbmiytitresidsaid dstamideg ¢y tieprdphn ecasnesytic: at GPyS
[1%&&@@.@ ol-4-yl-phenyl ester. %@r anecarboxylic acid; .
4-Furan- -y%—mé%éfll-gg%ﬁ%ﬁé %ugcg% -h?%%%?/stjsﬁ anﬁ%‘l%ﬁﬁl?é{‘g%%%@ﬁ% and
aciekempliffadigeeiniFGramrdey2and 14. In certain embodiments, said GTPyS is
m%@-m—ﬁb;@,ﬁ;,6,7,8-hexahydro-quinoline-3-carboxy|ic acid
(2,5-dichloro-phenyl) 26 amide, ) L o
4-Furan- 257 PYREIAYIEELREIE 495 61 7o8He b irB e imaRied ddeaibaRiic
acidcoorthyd adrtitemethod of: a) contacting a candidate compound with GPR41, and b)
4-Furan-3-yl-2-methyl-3-0x0:1,4,5 %1 8-hexahydro-quinoline-3: carboxyli
o R b O IS P R bR
1,4TBnetiplimsaindireiveid ineuBidarhoxytiowd dantohytiyrhois sirglizing
2-Mghiybutd3 5 o o
nitro-phenyl)-5-oxo-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid
o-tolylam S, BEPh riReEatoe 8 SptalErsar thidrdes cringerd identified
embadidiants, haiddfiycemni) ssabizing campatdisaeRRAlEaNiSnd B)
some embadiments, said glycemic stahilizin pound.is a GPR4l .
aggﬁr%g{%ﬂﬁ%ﬁg%ﬁ %ﬁlﬂﬁ ¥unct10n L% 18 mogu?zgég, wherein a mocﬁlﬁnon in GPR41
functionality is indicative of the candidate compound being 2 glycemic stabilizing
compound. _

In one embodiment, said glycemic stabilizing compound is a GPR41 agonist, For
example, said glycemic stabilizing compound comprises a compound selected from the
group consisting of: 2-methyl-4-(4-nitro-pheny!)-5-0x0-1,4,5,6,7,8-hexahydro-
quinoline-3-carboxylic acid o-tolylamide, cyclopropanecarboxyiic acid 4-
[1,2,3]thiadiazol-4-yl-pheny! ester, cyclopropanecarboxylic acid; 4-Furan-3-yl-2-methyl-
5-0x0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide, 4-Furan-3-yl-2-
methyl-5-0x0-1,4,5 ,6,7,8-hexahydro-quinoline-3-carboxylic acid (2,5-dichloro-phenyl)-
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EC50 of less than 10 M, of less than 1 M, of less than 100 nM, or of less
than 10 nM. 10 In some embodiments, said glycemic stabilizing
compound is an agonist with an EC50 of a value selected from the
interval of 1 nM to 10 M. In some embodiments, said glycemic stabilizing
compound is an agonist with an EC50 of a value selected from the
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COMAgHAG s m%g tﬂ&@@&%}?&% g%l%%?éﬁggfg %%%@%-

inferval of | AM to 100 AM. In 15 some embodiments, cemic

Steimic e phoRlers s gorda R Mrbres (f orahvisnenteised foaxo-
thedvervalabiaphingl ot EaaTcBRoMISNN S ELRR 4. o-
determined using an assay selected from the group consisting of. IP3
aégg?/'%g"r’??ég%"ﬂ’f‘ﬁ%iﬁé@iﬁé’?&ﬁé&dﬁé@%ﬁgﬁ?&ﬁ%&%i?ﬁﬁd o-tolylamide, or
recpimhinanitisiiR4dcpabpepiicisant melanophore assay carried out

using trapsfected 20.melanophores expressing recombinant GRR, 4 )
polypep iy oo e R R B IR o

is IarsapppiRogithents. BOb weipissahalivie Mrafdaxbisth 5584 Meotisgith an
thaask0d M R40fdess hasd oM IREILIASIEY IDEAN S INBRAIMERES L.

said glycemic stabilizing compound js_an agonist with an EC50 of less
thEF B MOPIESHISATTYS ARPOBHI SRS NERIRRS HARORR "oigeSiCS0
thaha6/Add s2iecodd drsr kiarirheAsl 0bf elsstthenAA N, whlessibodindhd, efid

less than of less than.l. M, of les no M. of less than 8Q0
A R D AN s e B e
ledaiarvahod OorMivie bitieds Satremaaobafiienin ssithelcend: sivbibting serannd is

100 adn0f {ess dhan 20on My ldessdhansl aMiellessthande (Wd8L n
less than _6Q.nM, of less_than 50 nM, of less than 40 nM, of less than 30

DIPTSR SR S0 N ShPea8a SRRIHTR POMMAURILE AT A5 TRt aRfa-50 of 2

emblodsrients] Saidl thbymemid sfahilizitag 6@ivipound is an agonist with an
EC50in I%aédré‘ss‘é%z?&%ﬁé?é‘ie Secken f%%grg]u%é@tgs%alarg)fslsg MR M,
In some em%oaclflaments, said glycemic stabilizing compgunéls an agonis

witheOROBDSsisEH ¢ IS pshacamice atlosnaifmosfeeird IESRA oflh emyressing
1 Mco@W@PQW%ﬁdé@ﬂi%@ﬂ?ﬁmgQ%M@Hﬂgojﬁﬁﬁfected
0

agonist wjth an EC50 in 27 said assa a value selected from tﬁe_ .
in@R&%P?WW%%WM%%G%%&WFﬁg,dgaia HeeRodiments, said
stafyizing sahiixtun doismnrage nisigaiiataritk GORINsaitksa daay! Ofudyaluess
se d fr he. inter 1 An.some.embodiments, said
o eI BB ole N0 Bl RS R
enfBBQHTBmS; stftidiyeaintabiibing I pewp ot pridgcai G PN RGS fsef Tess

ageRist e[ eNBIeRIglTouexaMmBlenaald My COMiC:GRMAMAhER; than 6 uM,
comprise a compound selected from the group consisting of.

2- RSy 3 (9 RF 4255 AR & iV StHE RS g 1M of less than 2 M, of less than 1
furgiv; 24/4s5 thxo SDAG of, Bsh éraaldpdra) whizkn e:3x Gathey b€ lagithan 600 oM,

O-IONIRIHAE BRI, of Tess than 400 1M, of less than 300 mM, of less than 200 nM, of
less than 100 nM, of less than 90 nM, of less than 80 nM, of less than 70 nM, of less than
60 nM, of less than 50 nM, of less than 40 nM, of less than 30 nM, of less than 20 nM, of
less than 10 nM in said assay. In some embodiments, said glycemic stabilizing
compound 1s an agonist with an EC50 in said assay of a value selected from the interval
of I nM to 10 uM. In some embodiments, said glycemic stabilizing compound is an
agonist with an EC50 in said assay of a value selected from the interval of 1 nM to 1 uM.

In some embodiments, said glycemic stabilizing compound is an agonist with an BC50 in
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Biphenyl-2-yl-furan-2-yl)-2-methyl-5-oxo0-1,4,5,6,7,8-hexahydro-quinoline-
3-carboxylic 10 acid o-tolylamide,
2-Methyl-4-[5-(2-nitro-phenyl)-furan-2-yl]-5-oxo-1,4,5,6,7,8-
hexahydro-quinoline-3-carboxylic acid (2-chloro-phenyl)-amide,
2-Methyl-5-ox0-4-(4-

A esempifariaing #lssBd imndkahydrsiniihoisod Knrbbxipiecasid

odoblamides, 2id gl cemic stabilizing com und igan agomst with an BCS0 in said
Methyl-5-0x0-4-[5 tlfluoromethoxy p P&é )-furan-2- )ﬁ; -,4,5,6,7,8-hexahy

Péswﬁﬁﬁﬁ‘é%ﬂ%a‘ffﬁéme Beidpisrh PR ta g M. o some embodiments,
4{5&@]&&%%@13@%&@6@6-@%&&5 for the GPCR.
methyl-5-0xo- 1 4 7 8-hex ro UI ne =3-carbox .
o- tolylar%}ée or ag‘j%arer%tgcseaﬁ y acce ébzfn%‘é‘i’t tﬂe‘r%édg n6§§r%1emvexse
engsotirrategenis. gl@@mmlptabmm g@mmm@%mmﬁmé Esgnpound

 agoRisLPEANRY ﬁﬁ %H%&ﬂ:%%?oz%@ﬁﬁm 125 30, Mo Qf 4885 MpiRfny1)-

less than 100 n or of less than 10 HINT. In some embodiments, said

oI EBRCYECATROM g-EShi ORI HHOR RS S AR G R it (-
ami@ﬁam@ymma%czadeimmstheomewalpwsxwmraqmmouhse regrboxylic

bodi b'l t

o i B A A S B e ST 28 to

1 Mxmwm@@m%m@wmgicg(%éﬁmwﬁm’ﬂﬁrﬁ@ldarﬁﬁé@mﬂ@m#(@
Eéﬁ@x@%@&}}ﬁi NP @&M&&E%&@B&&%@@%%&C}MB@ 2.

erval of 1 to 100 nM. In 25 some embodiments, said g%cemlc

st%ff he R TSR ey RIS R BB b st Witr TS EDT a
vajupskiecteatftatitheiinteniglafideniMda-1O@N-Diidertaiharipadimants,2-

said JC5Q i us n ass ect dfr
N i e
exprasyierytredyatoimiatlGrRkareslypeptide; and melanophore assay

carried %tsHﬁié‘gnfl@ﬂﬁfﬁﬁE?@a?@ @B@Eﬁﬁfﬁﬁ%ﬁﬁém& [esemRinaterse
GPR 41 polygeptlde In some empodiments, said %%/cemlc stabilizing

COPRTII B AT IEAFPRINISTLE e b IeshiERTor bt i BablgrYasd Igssfhan 100
10nM, 6f tessdhian IMnBf. |Bsscithaediinldhtorsaidebr thanskBilibhncsaifound
assay.. In some embodl ents said gl ic stabilizin
B S R K RO BB AR b ot
9M,l\£)t¢e1§suﬂfiaﬁna¢we@mbg@@aw¢ @me@ﬁ%@thaﬁg@wowdesgrth@rﬁrse
%&Jé?ﬁ%@%&xﬂs&b’ﬂtﬁ% essatban- it Qfelessibane Mepfless thandi UM,
M, _of less than 900 nM, of less than 800 .nM, of less than 700 nM, of less
thaf 556 ﬁWP"&Ff@??tﬁ%{ﬁ BHeFG S@PFQEE‘WHW?W %H&%‘Eﬁﬁ&%b@f
NMinefess thmacno ﬂ@Mf ofidsssthared GomMheohiassl bein80ta MitaiNesk
thagn%)n ? J%{\cl\él 1Iess tI”IaJnOGO M o{tlle%gethan ODM
of less’'t an e%g ﬁlﬁgoﬁ gs‘%ﬁ %B K/T faI% han
10W§éﬂ@@@d§&%@§@ﬁﬁé@rﬁﬁi@@%éﬁt@ %@EWM|@§Mﬁ%
compoung m%mgnm@mtmmmwm@gqmmﬁ% the

of a value selected from the interval of | nM to 1Q pM. In.s
en%%‘ﬁ?rﬁ%?‘?{@ of: IP3 assay carried out using transfected HEK293 cells expressing

recombinant GPR41 polypeptide; and melanophore assay carried out using transfected
melanophores expressing recombinant GPR 41 polypeptide. In some embodiments, said
glycemic stabilizing compound is an mverse agonist or antagonist with an JC50 of less
than 10 pM, of less than 1 pM, of less than 100 nM, or of less than 10 nM in said assay.
In some embodiments, said glycemic stebilizing compound is an inverse agonist or
antagonist with an IC50 of less than 10 pM, of less than & uM, of less than 8 uM, of less '
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said glycemic stabilizing compound is an inverse agonist or antagonist
with an IC50 in 10 said assay of a value selected from the interval of | nM
to I M. In some embodiments, said glycemic stabilizing compound is an
inverse agonist or antagonist with an IC50 in said assay of a value

. selected from the. interva) of.1 nM to 10 In som bediments,, sai
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|50 s aidhd sstysofhany b . sef betatidrGAD tivel infdsseibot BGININD afl gsk/Ehan
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n some embodiments, saidéycemlc stabilizing compound

isdfat{ eiotenilaB e pf desitan BB ahhaitess i Srarlih/arabmy  naf: of
legst 4% 7AtiRask R mideashi 09bieatiRasibY ol asi2d0aMdERSE than
25%, at least 30%, at least 35%, at | 40%, or at least 45% relative to .
O S A T e o O R, S B s, sid
bigavaitabititylliziat teasiod86s at keasts2 586nint teastag0dst atfeasi 38 aud
o0t 307001 2t Aeash 420 RININE 1P IR RRCI 0 iRl AHUIIRERHAR Hots,
séme em odiments, said orally bioavailable glycemic stabilizing X
compebnenits firlizintterpurh i AIcHIESR ASFIRN. BrHeso NS AR AR In
inveRtienyelalesiie aeinaddompigRariNga caMBaSIionTw et dBbodiments,
comprises identifying a glyceprg%}cl_stabjlizin corgf%)undtand ts engdmf?%;.
st EOPRPUGREARTRNE CAPRET G SAin BB ot At e aentitiatie by - =
theaibethathOf \ajucantaetifopa dendidatd cdinpdundofhiGCPR4kand b)
determining whethar GPRAL fungtianalinismaguiated, WHErein uagonis
m("ai%luf:';(lgltlllg)lﬁ%lI rsl" _ T %Cct%ngﬁ%s E|1n(#cative of the ca%(}%idate e
conipomg Hhinerid gtyeeniic wsifdiet Sivmchniteir ok AN 4iedh I
?3%8&%%95@5&{;1@@'I ﬁ,@ﬁﬂ%ﬁk}@éﬁﬁ@b_l_ C rsmﬁﬁﬁﬂgg@;@@d %ﬂa?mgﬁ/v_b@a m@(%pdses
identifying a_glycemic stabilizing. compound and then admixing sa .
compound Sifth ﬁ”@ﬁﬂ‘f@?,“%ﬁ%ﬁe%ﬁ"é%cc% R ERR e“‘r“ir;t%fll(se ggﬁyy tlﬁié}avmmble'
méathoehotntodoniaciniianhhdisaitdomsounieksvith GRS Gnd Ishst 10%,
determining, whethen 5PRAZ, linstionality.is modulalec swheneil: s, or
mggtﬁgé%haé%%aﬁ f);nac%ona%ty Q|"5,_in_dicagtiv¢=) ‘of the candidate comp’ournd
29keast 43% relpdivRglefppeH e STasTiRg b p dufR fr P ARefiBA Er g21d oral
ig‘@%%d%ﬁﬁbﬁf@@ﬁ ?eﬁl%g%lgaf%aﬁ@ﬂﬁﬂﬂggasegm%%mgél yE0iG Bt@éﬁgiﬁl@saScr at
identif ing a glycemic stabilizing compound and then admixing said .
CoMBR AR TS (oG P S LD R b e
selsistedifisimgteniosphdirsstingroind-m btk nitmplbayp&loxdn
1, aSIQéZ,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide,
cyclopropanecarboxylic acid 4-[1,2,3]thiadiazol-4-yl-phenyl ester, i
Cycloproﬂ&ﬁéﬁéﬁ’@@%ﬁ ﬁ@mmxﬁmﬁogy}@od for preparing a composition which
methylAsexRhdimb. 4 Sybexaweomarinainsoieataariadsiting said
O-tgglalz%?i;gde {nr‘i‘rtilFay ge?rrr]i_er,' wherein said compound is identifiable by the method of: a)
contacting a candidate compound with GPR41, and b) determining whether GPR41
functionality is modulated, wherein a modulation in GPR41 functionality is indicative of
the candidate compound being a glycemic stabilizing compound. For example, the
invention provides 2 method for preparing a composition which comprises identifying a
glycemic stabilizing compound and then admixing said corpound with a carrier,
wherein said compound is identified by the method of: a) contacting a candidate
compound with GPR41, and b) determining whether GPR41 functionality is modulated,

wherein & modulation in GPR41 functionality is indicative of the candidate compound
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3-yl-2-methyl-5-o0x0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid
(2,5-dichloro- phenyl)-amide,
4-Furan-2-yl-2-methyl-5-ox0-1,4,5,6,7,8-hexahydro-quinoline-3 10
carboxylic acid o-tolylamide,

4-Furan-3-yl-2-methyl- -5-0x0-1,4,5, 6,7,8-hexahydro- quinoline-3-carboxylic

acigif-ehinterpbenytlan GQHQOMﬁthIﬂ'ﬁ&ﬁtm@fm’iﬁuﬁﬁﬁﬂprowdes a method for
e St SHAE G 1anene % RO .85 ng compouns
Metiny théx(3anitring e yhetpaxd vih3, emmm@m@nmmw
ic asithaiplpmide. o anhaimasRiinaliascapigble calBeRakifS o

The O provi es a pharmaceutical composition comprising,

5. consistifg-Scaaany PRk SERMEYBE A Gye BIRTEitatRigPRgPanecarboxylic
coppound, zqﬁﬂﬁitﬁﬂzmqjﬂglw edhe, mewm;ﬁheam@meuam a4-Furan-3-yi-2-

T e BRSO
indkahﬂmﬁiﬁaemdid@iéﬂcﬁﬂamhydmgmgailgw&emmmhb Hizih@§.2@tichloro-
g&%%@dm%&éﬂ ﬁms%ﬂ @4%@%9&@18@%%ﬂé%}&fd%&meghod

nga p armaceutl COI’T]%;),SIUOI’] COh‘é)rISII’Tg admlxmg at least

10 onéaé’a%p;%mdatéfévéﬁﬁgdf@%aéf & ERARBTRPE APk Ffsexatiydro-
dIsalgﬁgglb@tea&amlamia(rmmtmklly@@aﬁpéablmwmmmﬁsuzfmw

und_can ted.into phar ac tlc mpo itio sin
CoCRITELSS SR i HRSLET TS Ay e Ao oA, and 2-
phm&m{ﬁaﬂymame}mhﬁ&7&%1(1@1&@3%@#1163@@@&%&1;1 acid o-
areRllae & 4@9&%&@&5&9 forFuamRle. B Remington's
Pharrhaceutical Sciences, 16th Edition, 1980, Mack Publishing Co., (Oslo
15et al., ed8be %W@%@ﬁ%@ﬁb@ﬁ%ﬁ?%ﬁ%@ ﬁ‘?%’@%’?%ﬁ?}%ﬁé% consisting
treaineRkiR 60 FHRUBCIHSE RSt barein@pikaniiesymm eabmﬁﬁe@fabherdmg to
invention ca n alternative Ut be admwaterg% %%3{ Jaw o ure .
chetHﬁéﬁ?ﬂ}?‘£8E§c%%?Hfl%oaﬁ SERtREESMpoun ctiond |n TERT e
a phawthacEhiicdl fornolalionsonebripasitiberéur thepddnon sghR 41
Phag RGN RRCARIARICAMNIT 0SS BME BEQR this it Shibilizing
provides phafmaceutical formulations comprising a compound disclose
20 her&BPigentified by methods of the invention or a pharmaceutically
acce ptab'%oiﬁ&l@ﬁ%&ﬁﬂ@ﬁmﬂh@ﬁﬁ@ﬁ&gﬁ%@ﬂiwmomﬁ QENRBSE of producing a
pharmaceutically acce table carriers thereof an lactic
ingré ?%euﬂ%%}l Y rorfs)érlf) ) RrePraceeh c?%}fm%n%e sense(}lmif"glélllr‘ill according o
conqnat@éwtmmendthebﬂdgmdhedu@bﬁeﬂi@mhmﬁmméﬂbewewabh
deleggrious to the recipient thereof. Pharmaceutical formulations include

those suitable for oral, rectal, nasal, topical
25 A compound can be formulated into pharmaceutical compositions using

techniques well known to those in the art. Suitable pharmacentically-acceptable carriers,
outside those mentioned herein, are availabie to those in the art; for example, see

- Remington’s Pharmaceutical Sciences, 16™ Edmon, 1980, Mack Publishing Co., (Oslo et
al., eds.),

30 ‘While it is possible that, for use in the prophylaxis or freatment, a compound
disclosed herein or identified by methods of the invention can in an alternative use be
administered as a raw or pure chemical, it can be useful to present the compound or
active ingredient as 2 pharmaceutical formulation or composition further comprising a

pharmaceutically acceptable carrier.
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(including buccal and sub-lingual), vaginal or parenteral (including
intramuscular, sub- cutaneous and intravenous) administration or in a
form suitable for administration by 10 inhalation or insufflation. The
compounds of the invention, together with a conventional adjuvant,
carrier, or diluent, can thus be placed into the form of pharmaceutical

formulatior Evankien Tsdagbe preyidss dhwriacsubsrtdorrelahone wmprésiaga
as selidsusteRAstahletenar: lilediseapsules asliguidssugiassglutions,

suspensions, emulsions, elixirs, gels or. capsules 15 filled, with the same,
E A B S A R
therfommatstiesle mﬁaptﬁﬁlﬁcmlwﬂahwiofqmwmflmlum&ems. The

5 SURGUIANEONS ISR, HEhD B{%@&%%%%ﬁ}ﬁ&&%%ﬁﬁi@%&%% H&{érdggfe%?em of

forms thereof can comprise conventional ingredients in convention

prof6 iRk A RetYeE A RRIOEE A tReree BgH hRI6r principles,
apdhsuch_pﬁuﬁg&%'_ gﬁéalf%ﬂ?ﬁlﬁﬁ&iﬁﬂﬁtﬁﬁé ﬁf}b\éﬁ&;ﬁéﬁi@?ﬁ%ﬁﬁ%%&‘éﬁ,%ﬁ&&ﬂ%ﬁm
of the active.ingrediept commenpsurate with the intended daily dosage
ranaaCfBC{Hégémﬁﬁﬁaﬁ?@mwﬁﬂ%ﬁaawm SRSIHiedntRgpscular, sub-
compesHon adrirthevatie) ishniddiritbredmplera tairdle éapsd@istation by

10 Susﬂﬁ%@&l% g,ghl}ﬂa&'orﬂe pharmaceutical composition can be ‘made in the
form of a dosage unit containing a particular amount of the active

ingredientl X5crapEpls o ohe iRtrEdTaREthtsvaie cegssignebidsant, carrer,
POV @il A IBS OF e RUSPRASIAN foMi Bromavartional Beditivas sy eas:
lactgse, mannito|, cqrn starch or potato starch; with_ hinders such as
cry SEARRES VTR 209 R LA SO A0 SSEL P SCUf SEEPEHS BPiA riied
witheatisitds grdiguiis swth assobmiostaschpsnsiate, starkives, stditngels or capsules
car I-cellulase:..and with. lubricants such as, talc or magnesium
B stela?i?a)été._T r}ggtglh\%é ’%igfgﬁﬁoé%t%énmﬁ% 5%%?511 l%?rsﬁgré?sé%%ﬂ/e?n%ection as
a cOHfiBLTIEEENI9E i ifhe i ol g iaigieblelaxirbers der prataier fitsduding

useghgsardiiablespRarmaAaemticali AR SAHE B HNEBHA  thereof
relates to a method for se ectiv%_I%/&activating a GPRA41 receptor in a

hunf&h O AP A ARSI ERIE S RSARRharRaT i itk fy without
actiedde®tihbaGRR4Ingendspradirctileq dndmath hastdsnedornt sticbontain any
tre t n 31 be a GPR41 agonist such . .
S T e e e e
qUiriSRRE: BRRRR FORY FETRISKES-tolylamide, cyclopropanecarboxylic acid 4-

[1,2,3]thiaginzekthpieambesier prysiapenan e6aHRAdICACH in the form of, for

4-Furan- -yI-2-mc%th¥El)l-ﬁ -oxo-l,4,5,6,7h8-h§xahydro-quinoli,ne-3-carbpxylic

aciF aﬁ%ﬂ%ﬁ o/C §) _s§§§ig321q§ or kquid. The pharmaceutical composition can be

mettpls inxioe Todybof 7/ (8shexatit/croeinitpodiperiecarhmopit @ftick active ingredient.
25(2’515‘1'%&%%9' NEAYE: ARG, les, t i

4-Furan- -yl-og-methyf- -oxo-sl?ﬁ?g%,s%§§hg?(?ﬁ%’/&%—%ﬁfﬁgﬁ%nggﬁggﬁbsgﬁgﬁ%mn’

acidv it emperigaal additives such as lactose, mannitol, com starch or potato starch; with

4-Foiade’-iod-19 etythiir@wR i, Gellobe s ek Q=g WelNEs3r starch or gelatins;

with disintegrators such as corn starch, potato starch or sodium carboxymethyl-celluloss;

and with Iubricants such as talc or magnesium stearate, The active ingredient can also be
30  administered by m_] ection as a composition wherein, for exarple, saline, dextrose or
water can be used as a suitable pharmaceutically acceptable carrier.
The invention relates to a method for selectively activating 2 GPR41 receptorina
human host, comprising administering a compound that selectively activates the GPR41

gene product in a human host in need of such treatment. For example, the compound can
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carboxylic acid (4-chloro-phenyl)-amide,
2-Methyl-4-(4-methylsulfanyl-phenyl)-5-oxo-
1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide, and
2-Methyl-4-(3 10
nitro-phenyl)-5-oxo-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid
o-telylarRde 2gfniat phar macrutigally(dadepiplivieydeit therbéf 4. & heasitydro-
relates.to a method.for selectively.inhihjfi P € rin a
h%ﬁ%%%ﬁ"%%&x %f&%%%%ﬁ%%é%ﬁ%@%%%ﬁ r'%t éﬂi%i%%tﬁ/ely inhibits

thE @BTMadigpohd-prodenst isstarhcyvlantpysenahestis pedcfrirg ainier2 mesthyl-

example, Y i 3 GRRAL IR SR QRRIRISU RS- 3-v1-2-
2.”329%%5:%?E'B:%z-'nmifﬁ%ﬁﬁ%ﬁ?ﬁ&jﬁ‘wph@n1 d
|

o RIB G A 6 TR P e A Ay Treishlgro-phenn-

O-tphyiRnidRr A=(5yl-2-methyl-5-0x0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid
Biphenyl-2-yI-furan-2-yl)-2-methyl:5-0xq-1, 7.8 1 inoline-
bt e bt R SRR S e
2-Methyidic it nititoroteyhbraraide2 A Y gtokd-{4asByg famyl-phenyl)-5-oxo-

he qiingling-3cashoxylicacid (2-shivsa-phenydartdeMethyl-4-(3-
. &%ﬁﬁ%g&g&%@(&j{% %u‘féc!ﬂﬁw G (2-ghlosanh ethyl-4-(3

2 L . )
phBHEEAEHONP:A:4 567 S Hexany e S YO B s SRR aAie gdppyiamide, or
o-topHanideu-ally acceptable salt thereof.
Methyl-5:9xa-4-[5:(2-trifluoromethoxy-nh [)-f 2-vll-1.4 A S .
hydro- q%%f%vé%-gaﬁ%%%%% %Iélle 8%§;|§e%’c:(}gé’£%ﬁ6¥&&ﬁ qﬁrﬁ.m@ QS}{S’I mé
4-[Bu(2e5 1Dt Homptienydiorstaripg 4] cpropound that selectively inhibits the GPR41
meéé})/é'ﬁr&’ﬁgf 1% BebndnBiieahydror quin @lingrdreare Xylicsieithe compound can
o-tolylamide; or a pharmaceutically acceptable salt thereof. 25 Tﬁ I
iR B B RIS ARG R SN bF praveifiig R RER Rl
disardeniring-ndiidisad insesdihirteqfiednpbisitgoagininisteriogytarsdid 4-(5-
indjvidual ffective amou he ¢ i ifi ' .
M R e R e s
detarirhininlylahidth erGHRU4- Tt sdFrmeny Drieant &t Svorerbihab./»8-
mogllation inGRRALunstenalitvisindicativenel ihasardidaterdt s-oxo-4-(4-

compound being a glycemic stabilizing compound. In some. embodiments
B TR PHETA ehsby PSR ONCETE SFESTH S8 BTRg BPcs 2
insuligidependen Wmeifaging:tinsutinaasishance; jip e Ylibosdydro-
tolerance, ot diapefes, 10 $Qmg. smbadiment -iﬂ@ﬁ@ﬁi&'%ﬁé%ﬁ‘ﬂﬁman-z-yn-z-
disdrder inclides acondition relate t0 an elevated blood glucose
cormetiyhfiorosuth, 63, drxebsdreranio sat Wibengl; idrdolylamids; or 2

hyp@%&g&&ﬁ@g@y@@g@@@mf}( or peripheral vascular disease. In
some embodiments, said jnsulin-related disqrder is T‘é e Il diabetes. |
|

one embolFHERHS BETG AT ISR & ST IeBE 6 B P releted
agodiigdit pne edibpiniantdhthacoipaumisididistestaic m priggsdvidual an
CPRAL I BLae AoRIELOLANIA AR 0. 00 BN WAHERLANE Detthiing o
further comprises administering to sal individuar an effective amount of

an agedittissdrippriné WeafRRAL ordibbésssringudisiactiddrab fngjonality is
obegjtyif. ARl I feckre amasitiafithe pErmasestitalandidate

compound being a glycemic stabilizing compound. In some embodiments, said insulin-

related disorder is hypoglycemia, an insulin-secreting or insulin-dependent fumor, aging,
insulin resistance, impaired glucose tolerance, or diabetes. In some embodiments, said
insulin-related disorder includes a condition related to an elevated blood glucose

concentration, such as atherosclerosis, heart disease, stroke, hypertension, obesity,
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composition comprising, consisting essentially of, or consisting of the
glycemic stabilizing compound identified according to the method of: a)
contacting a candidate 10 compound with GPR41, and b) determining
whether GPRA41 functionality is modulated, wherein a modulation in
GPRA41 functionality is indicative of the candidate compound being a
gl§vedniomstXisiipmiploorhpoane: dsrassamsranarBheiERsBsatHeHistia-related
meihog. IAReE GOMBHIeSTRIMIRIGIRINGLR, Saidiagyisyakiaineieed W@mprises
amount of an‘agent used for the treatment of diabetes, blood lipid
CISGTRRIA, o BRI G5 ERPYS. LR BRSPS > OFRa1
phavsacaidicalgamgesiion containing a GPR41 inverse agonist. In one
embodiment, the individyal is a ma | and in - J the

> individugﬁsogeh%m%%ﬁé’%%g%%?ein & t%?%p%%%?r%@%%@r?gd toa
disodieduriearssfetiod actiont iof eagsttystidae te Haiaesyaftehsies, blood lipid

asguciated with aparticiprdizerden IDetelore A HeAAG Aidiseidatical
does not necessarily mean a reduction in severity of all symptoms .
i W ehiaris

aseOERAEHOR AP HR ORI 8 6 BN S TSR e
requstionnn dhepsevartifanerdngre smpitiotsodssaoiatednyithandidate
disorder. Sjmilar term. "preventing” mean i

10 ce0mRH S?%rgpeéch?f 8?1@3?‘%%@ syﬁ%ﬁ’%]r%gr %%%X%%%%%ﬁ{%% modulated,
particertan glisoddition th f98sHh Surdionslariyindisahivine €srapdidappompound
preyention ofa disaresf benpeibedsafdhenventiar 6aBierdsedmethod

treat an insulin- related disordeér including, for example, hypoglycemia or
diafehss coRETHESABHETEHRMT A CRFPGIN G- ﬁ%&%’&é&lﬂ%‘?&?ﬁ gy agent used
ideptifipshRytmethads.pttd) oo deadararyrwithimiidetibiits;aneitsan
is cystomary and is. known to the .physician, it is 10 be tai t .
15 i IR RO PR o SO A 0 e e i it
on thematube dmensche fitgiofitabif masooebant énteahencmec Easaiibh of
theiﬁ)(ﬂ{j%%l anthe campound employed or on whether an acute or chronic
disease state is treated or prophylaxis is conducted or.on whether further.

active cofptim e SRdhedrmmiSEEREIN R FHRTGIF TdtAE O ARiRGE @ reduction in
disglosas; beminoerisleriifipthriy anethaetswafiheimientiotisdRiprdientétive
doses of the present invention include, 33 ab ul 'Q)hol%i t m
e e e et
abaut@5Deriyh Odisvmg anaabdets 200 1ressHBBY NTAR SRS T R BB e
0.01.0ng 4P 20B0LL 100 U 04 W3k tosadaAu: 7Bk UliDlem

doses can be administered during the day, especially when relativel
(arGEPETGIRG BRERIETHEH98 BEVE AERHECT T SR GTS % BPF WBaEns
If appyepsisiavidepsatingotidadiidnhibehmriotcandhsappribp datefeem
the patients physician or care-giver, it can be necessary to deyiate .upward
L an ve at i~
25 or AGTTRATH O TE Cally TS o IV o ,
related disorder including, for example, hypoglycemia or diabetes.

The dose when using the compounds disclosed herein or identified by methods of
the invention can vary within wide limits, and as is customary and is known to the
physiciar, it is to be tailored to the individual conditions in each individual case. It

30 depends, for exampie, on the nature and severity of the illness to be treated, on the
condition of the patient, on the compound employed or on whether an acute or chronio
disease state is treated or prophylaxis is conducted or on whether further active
compounds are administered in addition to the compounds disclosed herein or identified

by methods of the invention. Representative doses of the present inventior include,
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The amount of active ingredient, or an active salt or derivative thereof,
required for use in treatment will vary not only with the particular salt
selected but also with the 10 route of administration, the nature of the
condition being treated and the age and condition of the patient and will
ultimately be at the discretion of the attendant physician or clinician. In

eral AngSiled in B AY YndarsRNdshiaw 10Kl apelateon Wiveodatao

obt 5
obtained in amodel system, typically an animal model, to anoi?sr, su
e

ch

agns HAh amDTYAEAME A BE PGSR H e BOTH BB I inStrts; 3he™
ro@i@ﬂ%@éﬁ%@lﬁ%% rrm%gs A% &&dﬁ@é}% I@@gitmafmmp e gl Qviinfiaie( dblaer can be
animal models have been report Reed and .Scribner in. Di
O R RS TR R O s et S EC el PR o be
exteapalafiossaaaterRe ehAbéobas dfapnranaateidtncofinieoa mdiided Gehayior
COmY ?a‘srisor}(g;?ﬂg{%%gﬁr %"b%ﬂé?ﬁ?s SHNIOUNR b ot XA P S B HPERary to deviate

eo

howeveft,p ten, theSe extrapolations are not simply based on

weigihited brdaamverineerpBedaly $eifety of 20 factors. Representative

factors inglude.4he ey AR gweigh! osei atitteant mesdivativeanditidnrafuired
the patient, the severity of the disease, the route, of administration .

o TR E A BT PR T A rE Ay LR S diso it the
phaimaciimétistation, theinsiogpiftofilesddithdretivaled svhipotarend

e l‘?d\{gg%%et %gﬁ%%ﬁﬁ'wﬁ%z%% 0} 15 HiliZeH PP REHNSIAR physician

acute or chronic’disease state Is being treated or 25 pro;hylaxis IS

contieinisirnr Bremvehersiskied Bhee C SRASETRTS B0E SuriRAAEdKo date
adgifigndeithercamnounss wiseinged hereinasdelentifiechby method suahihe
invention and _as part of a qr mbination. T sage r [ for

tre PG iR ‘88#8%8##%&[ aé{ec%orgl%%lﬁtﬁ s?,o grr%(i/ré%f C%Fr(n%ég%%so%gdg%s =
thigésuticn Bxsejéetdy infacobrantaalvithdslsave etacrorstad iyiBerd and

ab%\éeb_nreqlﬁ%D%;&?%%QR?M%@%m@@%@‘al@gﬁ)yaﬁi/s%%%ﬁ%ﬁﬁﬂces,

therefore can deviate froma preferred dosage regimen and one skilled in
thethase Wil #eats EHECHHS Y RAIPA Jeays! gﬂ%@ﬁ VI R A

typ&%gﬁ%@&&%dﬁ&, tested antdnawhereappiapiaideat iewsed, mdtrweoften,
metho

s of this invention. The desired dose can convenienfly be ... .-
or BTGP GG IS BPES DT DS A Qe o varityof

20 apiopiat® ipteswaisiviofcanipladadaimpehree Toighbshokstays mygical

d0s8s BeL HR LB HbsosE i3S E £ BRAMNEE Hivideda@@nidniadh,
number of discrete loosely spaced administrations. The daily dose can be
dividkatmaspiesisth e osiSRTaaRRiTak 35 FR SO tin FAS S AIRTTAte R A% 200
dg%&&%@@@ﬂ%ﬁm@ p‘ﬁ@ﬂ?&, J&hgaﬁﬁﬁmﬁyaiwﬁemm drug delivery
administrations. If appropriate, depending on indivi : iQr, i

be ﬁ@%@%ﬁﬁg% \cffgsfv%e{her ah qamgce or élgoma c?xseas%% tg 1? S%ﬂg'&&ﬂé&@

e upward or downward from the daily dose

25 indipatetliFheicomportis disleshe fotatn astitaompinly F MBI D

invea%&%ﬂ)g %‘tﬁgcompounds disclosed herein or identified by methods of the invention and
as part of a drug combination. The dosage regimen for treating a disease condition with
the compounds and/or compositions of this invention is selected in accordance with a

variety factors as cited above. Thus, the actual dosage regimen employed can vary

30 widely and therefore can deviate from a preferred dosage regumen and one skilled in the

art will recognize that dosage and dosage regimen outside these typical ranges can be
tested and, where appropriate, can be used in the methods of this invention.
The desired dose can conveniently be presented in 2 single dose or as divided

doses administered at appropriate intervals, for example, as two, three, four or more sub-
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administrated in a wide variety of oral and parenteral dosage forms. It will
be obvious to those skilled in the art that the following dosage forms can
comprise, as the active 10 component, either a compound disclosed
herein or identified by methods of the invention or a pharmaceutically
acceptable salt of a compound disclosed herein or identified by methods

of the JnveptiornERIeRaNIRBABD AGRIIcR) ReMBESIHANS MBS discrete

compounds disclosed herein or identified by methads_of the.invention, the

SRR TPl BRI I AdE RENIRP S 4R 08 St ceaRrs iy R B
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powders, tablets, pills, capsules, cachets, suppositories. and. dispersible
OrARETEE A S8 A e B ermte D e el
ach@mvitituib nts, btenzoessary taydavistesuimbitizar dovubrrea Aremdhe geikiciloge
aggnisa.binders, preservatives, tablet disintegrating agents, or an
encapsulating material. 20 In powders, the carrier is a finely divided solid

which is FrasemaeredAisdecdharpavideddethy BspdTtRetapiar oan be
the astiversemponet isamixest vithatlieparties aving ien ek estiag/obvious to
bindin City,in sujta portions and.compacted to. the desire.
T8 R B o S e e i e (B e
amoutseftkihactver2Budmiscostd Wreapre déemalivbumsthodhpathe invention

poywdenardablet can contain rom O3 iR-ARRM: SRementof eRaH Ed by

compound; however, an artisan would know when amounts outside of
thignearge ofrs@weRi4shy. Suitable carriers for powders and tablets are

magnesiFat sarhenatehMmegeniiuriosipaaiend dlomstigasnipaiosedipaotin herein
dextrin, starch, gelatin, tragacanth, methylcellulose, sodi .
aEr T R e R S 80 SR armpcenticaly
Thectepabipepiratiorissithee sulisd iquidcindenthiufe prnticreLigf e active
compoLnd With sncansuiatingmatesial as caftet Rioviding R sansy I

which the active component, with or without carriers, is surrounded b

: ) y a
carfigrerihle FreuRY s UL GERHGHVRE PRE SHteLTSH SIS Rich oan also act as
lozengessanevinciudedentaRigtsi BaraouiRistcansiadinpliencabhetkss.and
lozenges can béab gtecgsam%esozll'd foarm Ss%irt%lglgngors %%Ena%njtgé%ration. For
pre%rgrin‘rrl‘éas‘ﬂeﬁ’pga Ories, a-low %éﬁ%g’ wax, SUCh As arr admixture of fatty
acid glycdridew&rsduocehiatey 2 Sritsidivised delivovihicitetive wormporahtthe
dispersed A iamedensaishethensinyies, WestitinG o Hpe e eRixed with the

homogéenous mixture is then poured info convenient sized molds, allowed
to CSBTeAkE ik iRPRS SN Iies FRARORSSIARB R TOT VARt compasted to
adyipistsationpambeipsesented as pessaries, tampons, creams, gels,

pastes, fo?hng%gngrf A ga%pett%icr:]aig gcjrrl]cziaag Q%é%géﬁgéy%oms of the active
compound. A representative amount in a powder or tablet can contam from 0.5 to about
90 percent of the active compound; however, an artisan would know when amounts
outside of this range are necessary. Suitable carriers for powders and tablets are
magnesium carbonate, magnesium stearats, talc, sugar, laciose, pectin, dextrin, starch,
gelatin, tragacanth, methylceliulose, sodinm carboxymethyicellulose, a low melfing wax,
cocoa butter, and the like. The term "preparation” is intended to include the formulation
of the active compound with encapsulating material as carrier providing a capsule in
which the active component, with or without carriers, is surrounded by a carrier, which is

thus in association with it. Similarly, cachets and lozenges are included. Tabiets,
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ingredient such carriers as are known in the art to be appropriate. 10
Liquid form preparations include solutions, suspensions, and emulsions,
for example, water or water-propylene glycol solutions. For example,
parenteral injection liquid preparations can be formulated as solutions in
agueous polyethylene glycol solution. Injectable preparations, for

EX5RRIEs, SRS NIRREAbIEARUARUR AR SIS SaNRUS.SUS RANBORASsGaNaBR: for
formulated according to the known art using suitable dispersing or 15
W%@dﬁﬁ%ﬁ%% suspending agents. The sterile injectable preparation
can alsole mestetijesimjsciahiesssloticmairs wpersidnaina somtdxic of fatty
parenterally: accep ijJuent or_sol I ian |
B B e e cape
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solvent or 20 suspending medium, For this purpose a and fixed oil can
be empldyEHHHORA ﬁgtﬁgg}ﬁfﬁaﬁ&@ﬂw%&%ﬁe%ﬁ?&&#&ﬁ??5%&}185»
acigmpsichcesmnleieRoitding osadntherapr epairation nfddjecialdase 3fiore
compounds according to the present.inventi e formulated for
pa%%teegr‘g %&‘r%iﬁ%ﬁ%%é% gﬁé&%%hﬁé%%i%gé}ggg}ré%@ é)'olus injection or
10 continuodsaé ferfasisryrariens drr e i dBoRaPIPGAH IS sE o iFons, for

ampauies, Riss el SHinge sl alc Mo 18l URioB:afif I akibA@ 8 injection
containers with an added preservative. The harmaceutlﬁgl él%%%o |tc|90tils
in ol

carIAPERETR OB £ S S PIErG 7 SSBILRTHE. P&t RSB
aq uemsmamm;@mgmm@wmwmmmmmmmms or oleagimus
suspending, éta%é'%(g@uwg oL §£§§SJ§%&%%% Alteenatively the active .
ingredient can be in 30 powder form, obtained by aseptic isolation of .

15 stemkttslreoand Sphadinbrentm Theieaole Tipceis pongntiongag also bea

Su:giai% YL%EEEA%F%%@&@E ﬁil%uﬁﬂé%%ﬂhfi@ﬁo‘ﬂ@%&% ﬂ%ﬁé@!@?ﬂ{ﬁ@eﬁﬁrﬁ%@m&t or
Solutions suitable 10r oral use. can repar Yy dISSOlVIN e ve .

corf RS TP ERE R SRBNTY B T i Ao S esBD g hislps 20d
thickevimg ﬂageﬁ%_@@mﬁbskédrmmoﬂmmn&sd itabwitmoéivahmﬁde
can bemade by.dispersing the fingly. > divided actye camRenentin wales

with viscous material, such as natural or synthetic gums, fesins, ]
20 megisheafipmedsneidier asrrmrse iy bbrdissed oH sadi e RipivAciuding

suspendingagents AR AEKJed Ame:Ralichigr R B e ationsc WHIChrGse in the
intended to be c;onv(%)ed, shortly before use, to liquid form preparations
for BIEARHARASIPAEY Such liquid forms 10 include solutions,

suspensidiis, mnhemdd sionsiil eshopeparationsticarcgoiia be ifermulated for

parenteral administration (e.g. by injection, for example bolus injection or continuous

25  infusion) and can be presented in unit dose form in ampoules, pre-filled syringes, small
volume infusion or in multi-dose containers with an added preservative. The
pharmaceutical compositions can take such forms as suspensions, solutions, or smulsions
in oily or aqueous vehicles, and can contain formulatory agents such as suspending,
stabilizing and/or dispersing agents. Altematively, the active ingredient can be in

30  powder form, obtained by aseptic isclation of sterile solid or by lyophilization from
solution, for constitution with a suitable vehicle, e.g. sterile, pyrogen-free water, before

use.
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addition to the active component, colorants, flavors, stabilizers, buffers,
artificial and natural sweeteners, dispersants, thickeners, solubilizing
agents, and the like. For topical administration to the epidermis the
compounds according to the invention can be formulated as ointments,
creams or lotions, or as a transdermal patch. 15 Ointments and creams
can, for axasopieshs dapuilstEdawithabrsacancln srepatif byaiseseinthetie active
Aol Suitable {hickanind aRd/o Glng J0CHS oLRlIoAR.CAR Bitkening
foffnurated with an aqueous or oily base and will in‘general also contain
onegentsrsréesspdulsifying agents, stabilizing agents, dispersing agents,
suspendifg, a8 Rks, tHiekenine ORR S DEeAeagRIVE ddBersing the finely
Formulations suitable for topical a][%rlrlnistration in.the outhuigglude

lo A e 2R TERAG B Y AR PR ST Ikl h &% ARG & & S SRRk
acagis Qedtagacanio:past|lesitamprisingrkiEdetiworeg re dibet Vrehkrioent
bagg sel%i%Q%ag efilsgtin and glycerin or sucrose and acacia; and

mouthwastie comprising the active ingredient in a suitable liquid carrier.
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|

formulations can be provided in single or rgﬁlti-dose form. In the latter.

cadeFBIta DB, BFRSHEMS: B3 CaHES a e SR s HRPS SR Rpntaw. 10
ad Hnistens gemappieptatentpretieiatinedrycluhiizefs heffestitficod and

suspension. In the case of a spr his ed for gxample by
B A e T

respiratofetrapicebriaindsisetigetinthe guNermdaiks epraprBErsssroRtiNhN
in whichithe AclvRingiadient dsprevidadinng B RSRmEZedPAGKNaImal patch.
suitable propellant. If the compounds disclo%ed her ingr identified b i
methods SRR FBRGEES Fiiar S5ETRGl gofﬁﬁf%%f? n& Comprsing o &
theraare;adneinisidsed fsastreshiskefdrifandramilepausal atrdscis be
by Ihalelion (s a0 BG,e81IeH) O, 108 GATNIE M0 BHRIRR or more
nebulizer, a pump nebulizer, an"inhalation apparatus, a metered inhaler or,
a deypsiyiaragimiseriabilizing aceutichsTening RECHSFRERsBAne PR dhickening
compoknds disgigsegperein or identified by methods of the invention as
an aerosol can be prepared by 5 processes well-known to tflg. ?raorl'n

(W:I 1§?u e lozenges

skilled in FRETRFIZHEBS FHERR S EFAPREGH 2B R EAISR B5i it
dispetsigmeidbe: egepiLnfisvdisditsedubeitinoricde mifiechty enetzocds

the ysilon B AL MRAISIACULINRH e AU BRI UGS IA0Srn or
cantbe empﬂofl)eofn Lﬁsmg customiary additives, for example benzyl alcohol

or othepssuitdbiacinand mattirashBsuPREah hareEYs rerrdisedsingiifadle
biogyailabilifie, solubilizers, 10 dispersants and others, and, if appropriate,

customary propellants, for example includ . .
ysgluh%ns O suspensions alpe appi?eﬁ d?rectly to the nasal cavity by conventional

means, for example with a dropper, pipette or spray. The formulations can be provided
in single or multi-dose form. In the latter case of a dropper or pipette, this can be
achieved by the patient administering an appropriate, predetermined volume of the

solution or suspension. In the case of a spray, this can be achieved for example by

30  means of a metering atomizing spray pump.

Adrministration to the respiratory tract can also be achieved by means of an
aerosol formulation in which the active ingredient is provided in a pressurized pack with
a suitable propellant. If the compounds disciosed herein or identified by methods of the

invention or pharmaceutical compositions comprising them are administered as aerosols,
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carbon dioxide, CFC's, such as, dichlorodifluoromethane,
trichlorofluoromethane, or dichlorotetrafluoroethane; and the like. The
aerosol can conveniently also contain a surfactant such as lecithin. The
dose of drug can be controlled by provision of a metered valve. 15 In
formulations intended for administration to the respiratory tract, including

intfianasakits i watpnsodhe compaisivilliarrerallchave susmalbparitieysine
size for exagg e of the ordegz]ot 10 microags or less. Such a particle sjze
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can be provided in the form of a dry powder, for example, a powder rMix
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polyvin froljaone ., conveniently the powder carriey will form age
R R A et BT O DA Gt AR e
dosexpirmdosiegampledry LEitaps ftesomgdasthdgytabdotior @xahepiajtable

gelati st f ' e . inistered.b
o Y R e r e B el
dosiparierinandphgeh Fetni apropresa FaOm S ERIsaniete fareumplidoelyde
go %Bﬁi?&@ﬁﬁép@si@t@ g&eﬁ(@ﬂ;iﬁd%méﬁ@m@aﬁewk I&-%%H&é&ﬁgﬁhgne, or

0s orm n pe a pac e reparation, the pac age contalnlng
R R A S A AT Y
powdérstint vials mlaifipoulEs disoyftimgmhdesagedicdbearvbiion of a metered

capsulg, tablet, cachet, or lozenge itself, or it can be the appropriate
number of any of these in packaged form. 38 Tablets or capsules for oral

administratiSEaHatrgs S Iedasrdnousaantinbe miphaee partidotaiing
usefig-eempeatiofnsond) Siboreiated AisPIdRrSIRANAS, (BLERMPIEsize for
hypoglycemja, an 'nsug?-se.creting ior insulin-dependent tumbor, a%;i,ngci
inS TSl b LR 100 6 Tt A B i 88 e optamed by
Hy poglyCermia i d@fhﬂédoas}ammmmmmﬁmd gmxensbs_ﬁ-tﬁpfmgtymﬁdm
can el for EXAMBIE: JEAIL PP BRI SR ALAROL Hih 0k
example, hypoglycemia can occur when a person with diabetes has

injected tdo PR SHSHRCES ARSI st arbRIPOV 988 iBBedigabohstiiBupowder,

extiarfeashyRynpians sihyPoglysaprantne 4difel R viampesaiesindose,
of ngrv%usneis or. weakne hga ache, bl rreg \{isiﬂ ) hun%er, and
o Star einy: celin

exceaSve Ee Fm ey s such as hydroxypropy 05® an
polyvinylpyrrolidone (PVP). Conveniently the powder carrier will form a gel in the
nasal cavity. The powder composition can be presented in unit dose form for example in
capsules or cartridges of, for example, gelatin, or blister packs from which the powder
can be administered by means of an inhaler.

The pharmaceutical preparations can be in unit dosage forms. In such form, the
preparation is subdivided into unit doses containing appropriate quantities of the active
component. The unit dosage form can be a packaged preparation, the package
containing discrete quantities of preparation, such as packeted tablets, capsules, and
powders in vials or ampoules. Also, the unit dosage form can be a capsule, tablet,
cachet, or lozenge 1tself, or it can be the appropriate number of any of these in packaged

form.
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Insulin-secreting tumors include, for example, insulinomas. An insulinoma
is a tumor of the beta cells in areas of the pancreas called the islets of
Langerhans. Although not usually cancerous, such tumors may cause the
body to make extra insulin and may 15 lead to a blood glucose level that
is too low. In addition to insulin-secreting tumors, some tumors that do not
secrete igilin GanMseenepliARAAIQMIbASIOHNRIRinSvenB1RY OF
may not be the sole growth factor used hy the tumor, reduction in the
a W%%Gﬁﬁﬂﬂ%ﬁ@%@dﬁﬁ’éﬁ@@ﬁ%ﬁ% growth of the tumor. Aging
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PCQRdSwharagietized, for example, by bilaterally 30 enlarged polycystic
ovaries, amenorrhea, and infertility. It is inherited as an autosomal _.

dominantEBNaREHESHBFSyHBtAITR: BF R aREdu EaRA b mpsfnoma is &
exampleoiss utisvelarid abasitthtipieanaky RGRSsIstcbéiacterizes, fothough

example, hy increased secretion of leutinizin [ i
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known as highly active anti-retroviral therapy (HAART) are incre

ingl
devVEISSIGa 89hBr Grh s FE i GRS ph Y e O TR e of
sensiivityinthe vedistivutorofdapisom tfekianemarms and legs to the
abdomen and upper back, and cholesteral ¢ch JA :
eople o PR RS S STen o TR b TP Bleer
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a 20 percent improvement on a standard test to measure 10 insulin )
senSTRARRE SIdBTARPEASEH HHER TSRS R PR R R PR S E Gheeme
of fah@mdieit fasevayms and legs, which went up by 24 percent. By

comparisq, PAlents 1809 HERIAF SRS Roth FRELRERLE BRI SARRAY glucose
face, arm and1eg fat
25  tolerance have been described above herein.
n addition, insulin resistance is a common feature of polycystic ovary syndrome
(PCOS) and drugs such as rosiglitazone and metformin has been used in the treatment of
PCOS (Sepilian and Nagamani J. Clin. Endocrinol Metab. Oct. 14, 2003; Baillargeon et
al., Fertil. Steril. 82:893-902 (2004)). PCOS is characterized, for example, by bilaterally

30  enlarged polycystic ovaries, amenorrhes, and infertility. It is inherited as an autosomal

dominant condifion. Other symptoms of the disease can include, for example, hirsutism
and obesity. Hormonally, PCOS is characterized, for example, by increased secretion of

lsutinizing hormone, insulin and androgens.
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In some embodiments, said insulin-related disorder includes a condition
related to an elevated blood glucose concentration, such as
atherosclerosis, heart disease, stroke, 15 hypertension, obesity,
Syndrome X and peripheral vascular disease. Atherosclerosis is a process
where deposits of fatty substances, cholesterol and other substances

build up intReinReIRRG R RICAHE ndis BdikRis callechplagus.-
Plaques that rupture cause blood clots to form that can block blood flow to
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person stands still. This is called "intermittent claudication.” People with
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hig er))_ insulin resistance or glucose intolerance,_protbrombotic state )
(e.g 2 TBARBEEREE M SISOl A ERVR BFiAMBIRO PLET ot factor in
blodelclammiqprcinianroasiavyistaievEed. el vated dighisdhsitirityin (LDL)
o nale e he e WOLES: AT ROHRG? Hlaclenes IRLEIR SR
25  (HDL) cholesterol are, independently, risk factors for atherosclerosis and associated
pathologies.

Heart disease includes, but is not limited to, cardiac insufficiency, coronary
insufficiency, coronary artery disease, and high blood pressure (hypertension).
Peripheral vascular disease referé to diseases of blood vessels outside the heart and brain,

30 Organic peripheral vascular diseases are cansed by structural changes in the blood
vessels, such as inflammation and tissue damage. Peripheral artery disease is an
example. Peripheral artery disease (PAD) is a condition similar to coronary artery
disease and carotid artery dissase, In PAD, fatty deposits build up along artery walls and

affect blood circulation, mainly in arteries leading to the legs and feet. In its early stages
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invention can be administered as the sole active pharmaceutical agent as
described herein above, they can also be used in combination with one or
more agents including, for 15 example, agents that are used for the

treatment of diabetes, blood lipid disorders, or obesity. For example, a
compound such as a GPR41 inverse agonist or antagonist can be used in
comdinitorsyvithtan é orampie ag &higab lahg ings tothimitteks dfdgmgsivity. Such
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acid oxidation. Examples of biguanides include min, metormin,

buf6REHTs; dathbigoreaissive examples of a-glucosidase inhibitors include acarbose, N-
(1,3-dthydroxy-2-propybvaliolamine (generic name; voglibose), migﬁtoi, and o~
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36 The class of aldose reductase imhibitors are drugs which inhibit the first-stage
rate-limiting enzyme in the poiyol pathway and thereby prevent or arrest diabetic
complications. In the hyperglycemic state of diabetes, the utilization of glucose in the
polyol pathway is increased and the excess sorbitol accumulated infraceliularly as a

consequence acts as a tissue toxin and hence evokes the onset of complications such as
41



known in the art. Insulin secretion enhancers belong to the class of drugs
having the property to 15 promote secretion of insulin from pancreatic R
cells. Examples of the insulin secretion enhancers include sulfonylureas
(SD). The sulfonylureas (SU) are drugs which promote secretion of

insulin from pancreatic (3 cells by transmitting signals of insulin secretion
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y increasing the amount of insulin produc t r 1o
e T A b R O NS e g e
eatiogtatmedt; Sitlerefidc glassdeiafamhidmwighisnspifasybrbiargieisiibigoss:
'Owg %Qaﬁ&@&rgi%ﬂﬁﬁé-eﬁ%ﬁm&?{%ﬂ&ﬁﬂﬂ&ﬂﬂ%@cﬁ&ﬁi&ﬁ@ﬂ%ﬁ% and
headache, jointand back pain, nauséa, diarrhea and constipation. The
diffeiipr BAYEE SRTREOM S RAB GBS &Y e 88 oGSO AEST T LR TE*

25  include N-[[4-(1-methylethyl)cyciohexyl)carbonyl}-D-phenylalanine (Nateglinide);
calcium (28)-2-benzyl-3-(cis-hexahydro-2-isoindolinylcarbonyl)propionate dihydrate
(Mitiglinide, KAD-1229); and other insulin secretion enhancers known in the art.

Thiazolidinediones belong to the class of drugs more commonly known as TZDs.
Thiazolidinediones are a class of drugs for type 2 diabetes that lower the blood sugar by

30 incréasing the sensitivity of cells to insulin. Insulin can then move glucose ﬁom the
biood into cells for energy. These drugs can also increase HDL.

Examples of thiazolidinediones include rosiglitazone, pioglitazone, and
thiazolidinediones known in the art. Rezulin (iro glitazone) was the first drug in this class

in the U.S., but was taken off the market because of liver toxicity. Sister compounds
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work (onset) and how long they continue to work (duration). The types
now available include rapid-, short-, intermediate-, and long-acting insulin.
There are premixed rapid 15 and intermediate-acting insulins available,
including: 70% intermediate-acting (NPH) and 30% short-acting regular
insulin, called 70/30 insulin; 50% intermediate-acting (IPTPH) and 50%

" shew-acingsedaniacinfoaadibatehistiing THoglittarmpaididvantiag
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TP d 259 id-acting H - , . 1 T0% o
AR R eL sl o i deds

aspaety; wallberGaliovo [beptiRZOraD 2lspsease s Samragivesreass anfluid

in}géga&ligﬁg {Q@rm%égggﬁrﬁg@ms&@lﬁﬁmmneous). It can also be
given througﬁ]%ajn insulin pump oré{tet injector, .a gevice th%@sprays the

medicatijagiigifse ARFHOTIPPIE BRI C00) BEEEFEAED Ritdte it is
USREHIH £ khér Withast witlsulir, Thitablesdsugandalydliise scatyouedaabich
safe for the body. Usually, a rapid- or.25 -~ACT] . o
BT P TOR G R G P BRI ok by inessing
vatiabheolevelSiofilis bt thidbo odycrrse duniihdoshe RACTHEG RSN

reguaes RIood SUIALIRUEISAuEkix anskifen nagsnil Sama e aingied
insulin start taking effect when rapid- or short-acting jnsulin, begin to.weay.
of PP RETORTGLABR RS IR BARHL 8EaFEPES THOPRARTRRIFLSF R Iholacing
mbﬁhﬁeﬁﬁﬁm&ﬁé&ﬁéu@&agdimﬁm?% ﬁﬁiﬂ;&ﬁb}a@hﬁﬁmﬁ@m eoratipdton.
about 24 hours. The combinatian of a rapid- o rt-actin

intermed eeléhgﬁ; fgﬁgt%g?iﬂ%mﬁf%ﬁﬁeh% tﬁ Ol?ezgé %ﬁ%%%%%%groﬁgv% gt\}}vﬁ h?ﬁagto
ramgektiatsis) safthfor g ioyctntoug towoih Euaiorh i frisninnesnapallable
usgdifadieat-neqple Withhaet diakelas. Raap'Rith tyReLxeiRlReiRsd rapid-

whose pancreas produces little or no insulin or whose oral medicationa&%)
notUBIHETRHHFcIF IS Sor SRS 2 A AR e b RE m A t AR Rl BT
along oroalane- with.oreiumeadiositions RATOIBMNithulp 62 disketediaihastg
bloo ar leyels are high because of a illness. or4ngj gany..
wORET T S HABILC A e BreE g L o o R

cancinid@&@ Hiheid BiGodhpideatitaBisnmiosifdispsaictiel SR EPSIERarts

exgrcise. nly.qne. okahdiabatesmestication (aiderhasbepnstudied
for use durln% pre%nancy._ The major side effect of insulin can be a

daRierRs MW Biflo doshbaPTRYLY eVt es HOIREHTRA B amrtopdcr e
bloggrsgsenaeheaniterelnp veihird Suie:dh aminulaspinsudineansctor, a
confribute to weigh aindiggé)%clinll ﬂ:izn eople with type 2 who 10 already
are SVERIETGIR “Other possibie Side effects of long-term insulin use
include thiestiissatf fagey (mscrsslipveayethsptihywidratereifisunrels THigwied

an%éﬁﬁﬁ!%@ﬂﬁ@%ﬁﬁ%@&%&@%&@'%@t SWGHNG-(@E8BM)- Usually, a rapid- or
short-acting and an intermediate- or long-acting insulin is taken to provide the constant

and variable levels of insulin that the body needs. The shori-acting insulin reduces blood

sugar levels quickly and then wears off. Some long-acting insulins start taking effect
when rapid- or short-acting insulins begin to wear off. The new long-acting insulin,
Lantus, starts to work within a few minutes after it is given and continues to work at the
same rate for about 24 hours.

The combination of a rapid- or short-acting and intermediate- or long-acting
insulin helps keep blood sugai tevels within a range that is safe for the body throughout
the day. Thus insulin can be used to treat people with type 1 diabetes, people with type 2

diabetes whose pancreas produces little or no insulin or whose oral medications do not
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Statin compounds belong to a class of drugs that lower blood cholesterol
levels by inhibiting hydroxymethylglutalyl CoA (HMG-CoA) reductase.
HMG-CoA reductase 15 is the rate-limiting enzyme in cholesterol
biosynthesis. A statin that inhibits this reductase lowers serum LDL
concentrations by upregulating the activity of LDL receptors and

regpansivgHvicieding, [Hkbrpsmpteenbioade Exampirspihe stalibhg with oral
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compgqunds include rosuvastatin, pravastatin and its sodjum salt
RSP PRI W A/ HECHT SR EFR LTI i because of e
HM& <oifneeductasgerinhibitgredmavwitntipe 220 AdicSybakrnersyntiesidreast-
'“hfbe'gzég RN E?%q sptsgsdiatinns oot selealdiohigxels. Y

inhibi synthesis 0 alene. Examples of the squalene™ synthesis
inhitstasiesi ol enS)ral s romdratinpn-(ebkopiép b frerpadigd for use during
phgg&@é@ﬁ-phenoxybenzenebutanesuIfonic acid, mono potassium salt
(BMS-188494) 25 and squalene synthegis inhibitors known in the art,

Fibrate confpBaREsifest 15 DR 0% A HE A IoW AT h RIS creteLesrol
levgis by Hnfibiticgniynthests vdideaistignr diwighrcérides withie i0es and
activatin li rotein lipase, Fibrates have been known to activate
it R B R SRR A R R

expiessioBXampies. oPfisraes g0 coryRisntoHensierboRaNt ase inciude the
beglabtahiniilaie.siRiRiRiatensingliniate, lpfibratemalafinie aeidsc

etofibrate, fenofibrate, gemfibrozil, nicofibrate, pirifibrate, ronifibrate,

sinfhBFHees thaldnprdesSEHtPaIFAte%known in the art. 44 LDL (low-density
lipoproteis}atatahabsindiiehngess bond tongclasdofdiigsd thalkbweslrlevels
blogd .chalesterol levels by.inc ing, t of L DL (low: it

Iipog ro e?rjw%?l cﬁgp oF: , 5@%% é%ﬁud%%%ﬁg fsl_lér)tnaséhok%hr?(‘?érgéx reductase
knogvirénaledimitingsgiorensinkdenermpamnthass. (AGEIhibidrbirdoag

to theyclass hdrvesdhatnd, bartialvioen Plgadalkeosedevalsips el as

lowering blood pressure b inhib,itinﬂ angiotensin converting enzymes. .
ExdRTHRES A B g RO P HTe ity BT P iftin formiEt fjdoe statm
capioppyanalagitcataaemitiioelapril admipd kdisidom kaltnidapritatin, lovastatin,
benazepril,.ceronapril. cila il: ﬁﬁi@, i I topri .
per%%%%ﬁﬁt%tf?ﬁgpn #%’pﬁ%zgzr%%lé?fn%ggpn , fé%%%?%%ﬁ%%%ﬁ g%l{d)ltkélr?gﬁ m the
con&érting enzyme 10 inhibitors known in the art. Lipase inhibitors include,

for exampleaa-Qhesiy ComPRdaIshER asilistaluMM GAlen bIdslistat
inhibits fat absorption directly but also tzggg,éo produce a hi?g'% incidence

of uPHESSEI ALY TR AR BRSO Fiite & BHOPECINE & A RBther

class-ghandimatiegity targs () HadEssSh reitnathand/oxdpesaskenalibesy]
phosphinyi]-3-phenoxybenzenebutanesulfonic acid, mono potassium salt (BMS-188454)
and squalene synthesis inhibitors known in the art.

Fibrate compounds belong to a class of drugs that lower blood cholesterol levels

by inhibiting synthesis and secretion of triglycerides in the liver and activating a
lipoprotein lipase. Fibrates have been known to activate peroxisome proliferators-
activated receptors and induce lipoprotein lipase expression. Examples of fibrate
compounds include bezafibrate, beclobrate, binifibrate, ciplofibrate, clinofibrate,
clofibrate, clofibric acid, etofibrate, fenofibrate, gemfibrozil, nicofibrate, pirifibrate,
ronifibrate, simfibrate, theofibrate, and fibrates known in the art. |

44



15 releasers or reuptake inhibitors. For example, sibutramine (Meridian) is
a mixed 5- HT/noradrenaline reuptake inhibitor. The main side effect of
sibutramine can be an increase in blood pressure and heart rate in some
patients. The serotonin releaser/reuptake inhibitors fenfluramine
(PondiminTT") and dexfenfluramine (Redux") have been reported to

decreasg faod intake. And oty welahhavehanalonosdRered A(eatess

than 6 months). However, both %foducts were withdrawn from use after

repuitlovwT Nenfiheleyterviderils b nesreRgithe BB AEIHRY He¥olsatiy
W}Lﬂbﬁ@&ii&%&eiﬁ@f&@, embRuiseeineLIDE daneolan mgud@ls angwr? in the art.
pharmaceutical composition compri : ou isclosed herein or
entiioc 7 BT P I O LA PSR e e b s
5 safidtielydbrecoioightiose lethiatdead! oriewnentide @S sehsrtdy rbhithe
ar e _ ) : o e
|nr%%%§g%§§%$l%f%g£ al Mfg}é?CQA r:gggggg%%?r%ﬁggﬁa% squalene = © )
symh@sﬁ@rmmmrea@twlaf@aéﬁ?ﬁb@M@@»M%tam%?éﬁmewﬁamh
ZT\A&C%‘}%%EQQS}&%MEf&i%@ﬂ?ﬁﬂﬁaﬂﬂlﬁ%&?&m@ﬁﬁ@iﬂ%@ﬁﬁqﬁm ) apd]};e
-CoA reductase inhibitor is selected from .the group consisting o
préVESEHh SRR SRS &%‘tﬁ?{%i\?&&%?ﬁ%"ﬁﬁgﬂs ‘gﬁﬁxgﬁ% e%f?ﬂtﬁtor.
10 In_iac_dﬁ”mitdmmm_theqm_esent invention, th_e combination can be used by
mixing tlﬁﬁrfﬁé Qﬁ%ﬂﬁ&?ﬁ%‘ﬁ?ﬁ&%@%@%ﬂfg, %@-%BQJHP&E{B&H&E such as Orlistat

independe I%Awn a physiologically acceptable carrier, excipient, binder,
dilSFNEtAL a9 desksidatiEieht AsewElon Adradmistisniepds dopivturs ahish
\r/nviéﬂé{@éz&it@ﬁhﬂ%dmrg@@ﬂc%m&%ﬂ&@ éfz}p&@amﬁ@aﬂaaﬁd i _ﬁﬁmﬂ@d sition.
en a compou or g mixXture, or.compo S are. admi tere S a,.
e TR 8 SReOROT R AN a8 BRLBR ine
15 therdpeatioagentskehivédornToktetas-asieparabe @vﬁaﬁﬁa%weahixed 5-
COMROMIONS, Ve %@ﬁt&@@iﬁﬁﬂlﬁoﬁ' ”‘.tﬁe%%lh%ﬁ@ GRLIRESuBL G can be an

therapeutic agents can be given as a single 5 composition. The invention
alsBpravdaS aamBtprsEr SSRGS BrécHTedIEaifEMP e mprising

a phaiRasemicad GOMPeSI oM eampESMg.deansising assentiathrdie OR edux™)
cor]i%istig(g of the g%yce iCc sta iliéin ognﬁ&a ur&d ide%jcfied accoidin to thed
meti8t B2 SPeORtaR TG & Eat oSt ESHp o With € PRAT ANt %1)1’3“"

20 det&rrttingaviiethethe PRatever fooitipndlitys is srroditidtedn Wheresn &ter reports
mogriatian:in. GEREALnlanallly ISIndIcANG Of I8 EANKIAIR : use.
compound beihg a glycemic stabilizing compound, for use as a glycemic
stabilizingSe8in FEDPHTTRE ﬂ’?\?@fﬁ’@ﬁ“ﬁﬁﬂ#@ﬂﬂ%ﬁd@é‘%ﬁﬁ@fﬁ% terFReartion
magsdastsiEe 0kanpeeie ABabicCamRH 9 g AR BIaaeHIeAbEAMPASHIAM or a
COTJ A= agéu%%a grs&rgzgp?a%?ee Qat.{? er%];’f(l)rl; combination with at least one member

25 selected from the group consisting of an o-ghucosidase inhibifor, an aldose reductase

irhibitor, a biguanide, a HMG-CoA reductase inhibitor, 2 squalene synthesis inhibitor, 2
fibrate compound, 2 LDL catabolism enhancer and an angiotensin converting enzyme

inhibitor. In another embodiment, the HMG-CoA. reductase inhibitor is selected from

" {he group consisting of prevastatin, sixhvastatin, lovastatin, atorvastatin, fluvastatin and
30 lipttor.
In accordance with the present invention, the combination can be nsed by mixing
the respective active components either all fogether or independently with a
physiologically acceptable carrier, excipient, binder, diluent, etc., as described herein

above, and administering the mixture or mixtures either orally or non-orally as a
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15 consisting of the glycemic stabilizing compound identified according to
the method of: a) contacting a candidate compound with GPR41, and b)
determining whether GPR41 functionality is modulated, wherein a
modulation in GPR41 functionality is indicative of the candidate
compound being a glycemic stabilizing compound, for use in the treatment
of phansuln Ielalesh disalIomaP. LI ANEANA helaies dpodpeihadder
|d%r?ﬁ?§/lng a glycemic stabilizing compound, com rlsm%:;ﬁa) contacting a

caduiditeredppeantiniiTbrapy, aREoB Hets SEhATS R SaP epRnd the
fuﬂ@ﬁ%ﬁ@ﬁ%&ﬂ%ﬁ@%ﬁ&rﬂﬂ@fﬂ@ﬁb@@f@ﬁﬁm&kﬂ fomptiiriatitygisen at
indicative of the candidate compoynd beingéﬁl%cgmégn tabilizin

cd}?ﬁﬁaﬁlﬁ&%{ﬁt N CSAR 85%’%2?81-@ Vell'd a single

§'derived ffom a
mashp@ktkhanother embodiment, said GPR41 is human. In certain

embodiments, said, GERAbIRecAmRNARL ik SRARI ARSI meRtansad

contacting comprises contacting with a host cell or with membrane of a

hostuefsthnt RiRpreestistheo mREROT HBRBTFfte BSETER: SoTRPHES R
exprassinn yesion emprisipEABQ aapielcRide aneodtitigdhete cotord of:
In some embodiments, said contag 'néégggrrie C?Hgtén the%%)(;vse%ggr B
IWM%W@%W%‘P&W&% iSt'as disclosed herein. In certain
ershegimeitisissaiduaeifchiurth e rociptise Mt OERAE fuot Gonaiparintpdinative of
ingrease Jn functionali t E{fﬁ%ﬁg nglidate i
co(%r{flﬁo<c;)aﬁlr€1hc!1a %E)e goggggﬁgbgé%gc%g?%%% nctiongﬁ%gf%&e rece pt%sracgalgggnél
bystahiiastipumeteseptor with a known ligand or agonist of the receptor.

In some emhRdimER S BRI FHRIGEEINIRLEO P ifas MFecaRbMesstigaent
assay, for example, determining is.through the measu&gmeesigt %f TOF?f[%

birf g &R ARE B B h R Shi P B &1 Ce Al embodimenits,
saigheERnySisiahetenivita f¥ZHE ¢ompertairdeniifisdiacemiing sidhe method of:

detaj TpmAg,S thé%%@.%é%%ﬂ%&%&l&ﬁ{ﬂ 0N NGB deYRl R ASEEOREether GPRAT

messenger s?éfeccte 0 e group consisting ofli%yglic AMP (CAMP), . . ¢
cy oG MBSy Lateds ROPTESHCBPRMES 1AL éﬁﬁ!&}é‘aﬁ(ﬂf{fbﬁ%‘%m"e 0
MAR.idnase@ctvibsuan b dm plitess laipiemiocmenisd, fatcsaadbel treatment
messenger is CAMP. In certain embodiments, said 10 measurement of
cARfEITSEREa et ﬂgﬁ{ae\ﬁ'/hole-cell adenylyl cyclase assay. In certain
embodim@ahtspsaidomedses eorentibbt Awiddstimmzd dyrewithsitahibiane
COMPRSNA P RRGR o SR, STRAGIRE Bl PRk dRIFERRINGAR o)
through medsurement of intracellular 1P3. In certain embodiments, sajd

detdetmimimipa i SRRIES TRET98at0r 5 BIFFRAE B PrREmBER e R4
GalGhahimerais h&erain SmBedimentscaaibastbrtm esaendes il
15 Idnase activity. In some embodiments, said determining is through
CREFESYALr assay. In

In one embodiment, said GPR41 is derived from a mammal. In another

embodiment, said GPR41 is human.

Tn certain embodiments, said GPR41 is recombinant. In certain embodiments, said
contacting comprises contacting with a host celi or with membrane of a host cell that
expresses fhe GPCR, wherein the host cell comprises an expression vector comprising a
polynucieotide encoding the receptor. In some embodiments, said contacting is carried out
in the presence of a known agonist of the GPCR or an agonist as disclosed herein.

Tn certain ermbodiments, said method further comprises the step of comparing the

increase in functionality of the receptor caused by the candidate compound to a second
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certain embodiments, said reporter is luciferase. In some embodiments,
said reporter is (3- galactosidase. In certain embodiments, said
determining or said comparing is through measurement of intracellular
CaZ+. In some embodiments, said determining is through measurement of
glucose uptake 20 by adipocytes obtained from a mammal. In some
empedimenttnsaitdeterminiag;imr hiasgbyteastianientaipyinadte known
uptﬁge &ng skeletag%uscle gogflls obtained from a mammal. In certain
embeth éﬁ%’,néséf’ 8?8??1‘1’|n|hg is through the use of a melanophore

assay. In ommesembotinentsiddreglyicom rosrisitidngeedmrssmger assay, for
compyi I isti by
e AP R BCle IR S0P SUARRING Bbmbrane

2-methyl-4-(4-nitro-phenyl)-5-oxo- _ . s

5 1,4, 505Pr RS (R o R FTIAR- SrbRAsBRTife GG SErbiyTamhrgd with 7S] In
CyC{ﬁREﬂP&ﬂ&ﬁﬁ&%ﬁi&Y{jﬁd@%@i—:ﬂﬁﬁéﬁg améa%@m&wwa@egﬂ @terlevel of a second
CycClopropanecar IC aCld, 4-FUran-o-yl-£- .. .
e PRER A Bk B R e VB Nl sactc GP
o-talylaviFy énosidLirinnosphate (IP3), diacylglycerol (DAG), MAP kinase activity, and Ca™.

3 Vg G R el 18 L AL RO S ARG AR, said

(2,5-dichloro 30 phenyl-amide, _

104 Faregpepen petP o xEer aus e heleaA SISt HarEn
acicAHedHAmMex d niddtaindn o? WAV Badicd-dufivith eBrivaxabytitsing said
g?&;@#ﬁ;jﬁ:ﬁwrboﬁxyh 51 d é}s:%glgl;?e%grmhem%n' 'é’%@&%ﬁgb measurement of iniracellular
phelBA)- b omteib, dyh6]iT Sxtssethgetcoxuinfimtes insrdexiitorseid a chimeric G-

o'toﬁ&%ﬂﬂﬁc % %%4/3% hirera. In certain embodiments, said second messenger is MAP
Met yI-4-(3-nk§%)-phqeni/?)-s-%r%o-l,4,5,6,7,8-he_xahydro-quinoline-3-c§rboxy

15lic akipes aviyiamineose abndmeatetnit dnraesasinieosgh (Reragoriggssey. In
inveasiaih alseoteialies iei@-metikod ptidenilyingomeantidaieeomporpeasis 5-
an inhibitor of insulin secr t(iﬁgébcom rising a) contacting a candida

co %ﬁﬁ%ﬁ'% & e)ng’é%) minhg whether GPRAT "8 Bfirougn

funciesality ot emselhisvsfein an increase in GPR41 functionality is
indicative % QA&& %ﬂﬂ'&ﬂﬂ%ﬂ&o mtﬁﬁ]ﬂg 1@@&5‘@9 L Qfnsuline glucose uptake

secretion. For example, a compound that increases GPR41 functionality,

20suchasdpeprerb e o carrustt i e GEREmTRSTIfh CSETRERTE. A
decrgaseiipaulinsecselion sanbhe: desiefanesadiisbinirdifitt almhanmal.
with hypoglycemia. 10 The inventjon also relates to ethod.of
entiying B CETRR PR CETRRT A REOhe S S RsiePbore
glucesaconcentration, comprising a) contacting a candidate compound

with GPR43, ) B ARIGIDINR Ehe. GRA L RGHIanAIl b dSprises o
increased, wherein an increase in GPR41 functionality is indicative of the
2Tandieroeeshiplstind TR HERPIP SAPHEiBESE of BISBY GitgiEe-phenyl)-5-oxo-
concgntsainn.fepssuampiacmeonpdrdlihatid o-tobreases &RAdpanecarboxylic
functionai{i , SUC af I§4ﬂia nist, can result in a decrease;in ipsulin,_,
i LR RR T R BRI S R e
bloothgitigeSexahns,s,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide, 4-Furan-
3-y1-2-methyl-5-cx0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid (2,5-dichloro-
30 phenyl)-amide, 4-Furan-2-yl-2-methyl-5-oxo-1,4,5,6,7,8-hexahydro-quinoline-3-
carboxylc acid o-tolylamide, 4-Furan-3-yl-2-methyl-5-oxo0-1,4,5,6,7,8-hexahydro-
quinoline-3-carboxylic acid (4-chloro-phenyl)-amide, 2-Methyl-4-(4-methylsulfanyl-

phenyl)-5-0x0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide, and 2~
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be desired, for example, in individuals with hypoglycemia. In certain
embodiments, said GPR41 is recombinant. In certain embodiments, said
contacting comprises contacting with a host cell or with membrane of a
host cell that 20 expresses the GPCR, wherein the host cell comprises an
expression vector comprising a polynucleotide encoding the receptor. In

sofpgrsbedine He«SAic cartacting, isecresied Gulgihthiersesennsief aid o-
agonist of the GPCR. In theagﬁglethods %f thﬁ,tiﬂ%/r%ggion, control reactions

ca e AR TRRATIN ER RS FAE ot Ths FiSanse. For example, .
mock-trarsfestadiceliscainies toamptiratbiodgsiEiRRAEndainscotapbsefigsten

shomspectichetalarRonstiadie AERATecemlal 0 (3R 0eHhQHR efpra,
the'invention, in certain embodiments, said candidate compound is not an
antitsoyiseravinine Mishente BétifmmientEyds furrreshath SR BURFEME I
sajghgangidain AP anilis kR paRtide laessianRmbadimens, saidulin
candidate compound is not a pQlypeptide. 3%}%%? methods of the GPRAI
I EFIFBAF- GG RO B T TR L a s Fhe
Lﬂiﬁﬁiﬁﬂ,ﬁﬁméﬂw ol grmbmarsl 'f arsbeetiote rmilvedasomeRaniip -h i bgﬁﬂml_ 'AMJ%mbe
e, measurement.of.the lev senger such as cyclic
(c&ﬁﬁgs%?cy%ﬁ}éa@l{ﬁﬁﬁ(mgﬁnﬁﬁ%l r%' osp g;lte (W3), diacylglycerol
(DAG), Nikpinyerien 30 cdisnaie. aSesiea rhidaidvineasalfidstn FAom R dpat
i A At g
AR EA A SL SR REEE T LEDO RIS i
heﬁﬁharbmﬁxmiss hZzAR41 rﬁmﬁtaiai:igmﬁjndimﬁsf gai dasédauq@ompoupd
MeSSanaeris, SAME. I AS AIRodiments, 3a1d-3econd IS SAeNAGh dShat
IP3Th Turther embodiments 5 said second messenger is calcium. Inone
emivorsasre AP RAlerstionwlitingish 1 AdabRithesrTshapaRTah it Eypspein insulin

binging{e, PRMPIARSEOMRHSING.S8id GRGR-Suchaseaysaretiel knews can
in the art and exemplified herein in Egjm%s 12 and 14. In certain

emBoiHEh LT SERPPIePPE VI 3 ST The invention also
relates tola glysiemibstahitiringid SHRAUd-ddentifiairienaretiend mgptdithents, said

e hgaal AhoaNacig ASANIEY EeOpON AR GEIE 60800 Ol e

determining w R41Tunctionality is increased, whereinan
increxassss GPEAIR fahetrinaRios rrllieivessT 4R S CETIINEC LD ATpuHTs 2
being:a,aye6au eRisRiizNG-6omROMREmb Briviexampiaid b ife@ATOfried out
provides a glycemic stabilitzigﬁaézgggﬁcund identified according to the
methdbr SFESTP e AL ARTS: CA Rt compound with GPR41, and b)

In the methods of the invention, control reactions can be performed to show
specificity of the response. For example, mock-transfected cells can be compared to
GPRA4] transfected cells to show specificity of a response to the GPRA1 receptor,

Tn the methods of the invention, in certain embodiments, said candidate compound
is not an antibody or antigen-binding derivative thereof. In certain embodiments, said
candidate compound is not a peptide. In certain embodiments, said candidate compound is
not a polypeptide.

In the methods of the invention, determining can comprise a second messenger
assay. The initiation of an intracellular signal can be determined, for example, through
the measurement of the level of a second messenger such as cyclic AMP (cAMP), cyclic
GMP (cGMP), inositol triphosphate (IP3), diacylglycerol (DAG), MAP kinase, or

calcium. Several assays are well known in the art for measuring these second
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determining whether GPR41 functionality is increased, wherein an

increase in GPR41 functionality is indicative of the candidate compound
being a glycemic stabilizing compound. 20 In one embodiment, said
glycemic stabilizing compound is a GPR41 agonist. For example, said
glycemic stabilizing compound comprises a compound selected from the
groupssmpeistingeatimple, cAMP assays, IP3 assays, the FLIPR assay, the melanophore
2- tﬁ]yl'-4- =nitro-phenyl)-5:0xQ-1,4.5,6,7,8-hexahydr

qu?%]% i ,e@o_r?’(_fgg.&g%&%%% g%% o010 y%]Pnﬂ%e?%?,ﬁéf},eﬁr%%%%%%%mﬁ?faﬁ%ﬂﬁ are
[1, Zistinsedihsran inyiyamaisd Esidh, byctopropahedarboxydiidaeitind messenger is
A- P 3ny b eiiaidRnts, said second messenger is IP3. Tn i
5-oxo-1,4,5,6,7,8-hexa_hydro_-quinoline-3-carbogxyllisc acid o-toly amic (—:C",d]"*nelZUtS
4-FHS A BRI 8 636194, 5,6, 7,8-hexahydro-quinoline-3-carboxylic
acid (2,5-sichiosendenyh); siid@ermining is through the measurement of GTPyS
4-Furan-2-y1-2-methyl-5-0x0-1,4,5,6,7.8-hexahydro-quinoline-3-carboxylic

a Cia i @% m@r’aﬁe comprising said GPCR, Such assays are well known in the art and
4-FewranpBagh Befethy ER-mx0ed 1, 500, 748-hexahydsarsnineling-Ricamexyiic
aci%@-(a]ﬂ‘l‘%igginyl)-amide, 2-Methyl-4-(4-methylsulfanyl-phenyl)-5-oxo

30 fl’gG ,8=heéXahydro-quinoline-3-carboxylic acid o-tolylamide, and
2-Methyl-Ik¢gnvention also relates to a glycemic stabilizing compound jdentifiable

nitrRRERY R T XQsthdh 28 o ,%WQE&%QQ'R%%@%Q&%&N and b)

o-tolylamide, or a pharmaceéutically acceptable sa reof, In some

emBOEHRRE Vaairy REH dastigmaisy e Birrsatd e aeDPR rrags sGPRA L

sonmaniidineanissae giteenic daliizpeeo PR P dlip & RRB izing

ag%raist vyllﬁ an 49 EC50 of less than 10 M, of less than 1 AM, of less

than 180 n , or of less than 10 nM. In some embodiments, said glycemic

stabilizind'eomipopiadtis fvagonistwithsanFCHtic sfailiainecsalpcied Hamfied

the dntgavad of tha LR 4 QM %ﬂ%ﬁgﬂ%ﬂﬁ%%ﬁ@@ﬂd QUESBICs T and 1)
ith an EC50 of a va f

stabilizing compound is an agongst W ue selected’from

the S FRERZA BREMAB RAMTRe iR Bewrhishamsia ljaemsie in GPRAT

stabiizigtioyppuddtisead @gemisiuithanbaabaha yaluaeselegiad om
the igterval of 1 nM to 100 nM. In some embodiments, said glycemic
stabilizing'compound is an agonist with an EC50 of a value selected from

the intg rvél @#ﬁmﬁb@l@h raid glyenaisehibod neentsossids EGBBAS; agonist. For
determiprdssing an-assaysalecied fram é&ﬁeﬁls%%%% PEIRIRA QL 13 the

assay carried out using transfected HEK293 cells expressing

recEWIHFARRERERFL PORFBEpTISRkerPhethopRneel debay Serdsine-

usilqgwmsfﬂmﬂomﬁwtﬁtph%w@mgﬂlﬂgr@@ﬁﬁﬁiﬁ%ﬂ?&i@m |

po ide..In spme embodiments, sali cemic stabilizing compoun

is a@g’gim%?% ﬁ%ﬁ% @g]%rgo s SHg mﬁ%\%{: E‘]Fé% C A i’gi}fr%‘f 8g2-methyl-

thah-200 1V, GF .OfHiessidemauineline’3 saibbagiapcia stotyéattie, 4-Furan-3-yi-2-

embadimenis,Said glyeenuealanllizing sompornd R agenisiitn an, . o

ECSO_o?j]Iess than 10 M, of less than 9M, of less th%’l SK/I, g’#eésls%og%p}wny})

M, Bﬁgg,sditﬁgﬁ%zwl-z-methylé-oxod,4,5,6,7,S—hexahydro-quino]jne—S»carboxylic acid
o-tolylamide, 4-Furan-3-yl-2-methyl-5-0x0-1,4,5,6,7,8-hexahydro-quinoline-3-
carboxylic acid (4-chloro-phenyl)-amide, 2-Methyl-4-(4-methylsulfanyl-phenyl)-5-oxo-
1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide, and 2-Methyl-4-(3-

nitro-phenyl)-5-oxo0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide, or
a pharmaceutically acceptable salt thereof.
In some embodiments, said glycemic stabilizing compound is 2 GPR41 agonist.

In some embodiments, said glycemic stabilizing compound is a GPR41 agonist with an
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of less than 5M, of less than 4 M, of less than 3 M, of less than 2 M, of
less than 1 M, of less than 900 nM, of less than 800 nM, of less than 700
nM, of less than 600 nM, of less than 500 nM, of less than 400 nM, of
less than 300 nM, of less than 200 nM, of 20 less than 100 nM, of less
than 90 nM, of Iess than 80 nM, of less than 70 nM, of less than 60 nM, of

ECIER G, 24 $AA08 M{;ﬂ '&%émgu%@woéﬂsmmﬂo M.

ess han in said assay. In some embodiménts, said
glyioesories stalbsifiziveeytsc S#ithBipRITHS BAbATARESOMINURY IS CB AT IBERECS0
of gvalugselesiedsiiomuiheditanal ol Nl i9rleNedd e9MRiments, said

embodiments, said glycemic _stabilizing compoun 25 agonist with an
R ISes YR BRI (k0 oot SRS A Hiorh e

5 someembotEnerts, pdidiglyreministahiiéaingseidrniyoenit isahiliziggnistpeitid is
an Eeatil i aeas of 2 yalie seleaad (e neralianh 1t A Of,
Wn%ome em ments, Sald g ycemic sta Z|ng compoun IS an
agemist witirdnBO5Sid gmna@sfablbmg\r@m@%réaéa FpomstvEthmedaro ofa

of L tQ:11Q:a Mo R me-RARedimesis.c30said glycemic stabilizing

compound is selective for the GPCR. In some emhodiments, said

glycemic SSBHHTES W@&QW B TINRSEUSTEag figay selected from

10 embe R isussaitearal mmamdahmwsmum@ﬁmmdm celldeastessing
10%, east at east 20% %, at |
at g P R BelSB R e e e a B ARL e
sommmdmsmmm&ﬁémﬁw@é@kéﬁSEG%eIabq’éﬁgﬁnfS said
25%&5@&5@%@(!%%&3@% afhiBARt #RR0a0E@0IePREADYR 1OlANY S Mess

intraperitoneal administration. In some embodiments, said orally

bio ALK @%%&US%QBI%@IC%}FI%BWHQ R HREASTS b i¥The
15 bIoedﬁm&mexb@rgaﬁrg@&metﬁmmwpmh@mgmtmﬁulmmgso of iess

ORI RTRSSRA SomPRYId, AEICEIRd oG PR BRI

ro-p eny "B X011

exoliye teanFrfinel BsaHa0 tlced i (oA Aribeot lss than 2 M, of less fhan |
cycpﬁr%@m%ma&%ég M&@B'ﬁl@d me&ﬁmm@@m‘e@g%s than 600 oM,

cyclo ropanecarboxyllc acid; 4-Furan-3-y|-2-m

R ST ot S A A oL o B LN S AHRAR0 M, of

204- F&HfﬁﬁhSn}dleﬁ ﬂM of less than 90 1M, of less than 80 nM, of less than 70 nM, of less than

met %g tﬁ\/f] %ﬁé&%&%'ﬂl@ﬂ'%}@a& ﬁ{&%g&agﬂess than 20 oM, of

(2, 5 oro p amide,
4- demlﬂzﬂﬁemwﬂsa% 112 sgree PrEbRds@T R Ee R SbalisEgy lic

acid, s IRMIARILEs ponist with an BC50 in said assay of a value selected from the mterval
4- Furan 3-yl-2- meﬁ1 I-5-ox0-1,4,5,6,7,8- he dro %ﬁf'g line-3- carbo

acid’f4- BM&&%% SOTREmSS szat %ﬂ%@:&’f‘%‘
251,4 5g6§sﬁdﬂ®mwoiaum®haaﬁeﬁammmwd DetoliHamiceabefdl 1M to 1 pM

2-M th |-4-
th an BEC501
RS b mnts said ghyoemio sbilizing compound is ap agonist with an ECS01n

o-toRAidraieRy, a6 %@bﬁ@ﬂﬁ@i@é@ﬂ@&ﬂ%@@@ﬂa@bﬁé fiteHHL- fnsome

embodiments, said glycemic stabilizing compound is an agonist with an EC50 in said
assay of a value selected from the interval of 1 nM to 10 nM. In some embodiments,
30  said glycemic stabilizing compound is selective for the GPCR.
In some embodiments, said glycemic stabilizing compound is orally bicavailable.
In some embodiments, said oral bicavailability is at least 1%, at least 5%, at least 10%,
at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, or at
least 45% relative to infraperitoneal administration. In some embodiments, said oral
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In addition, the invention relates to a method for preparing a composition
which comprises identifying a glycemic stabilizing compound and then
admixing said compound with a carrier, wherein said compound is
identifiable by the method of: a) 20 contacting a candidate compound with
GPR41, and b) determining whether GPR41 fuonctionalit Is increased,
whersirlabliicsablsesi? @B RUERI A HoFhIRgES Hiaiehlo 3Tt LA geor o

comupoIg Reing & ahvepmic:siabilizingseamopo wnsbriroseatmpiatsteid orally

invention provides a methad for preparing a composition which.comprises
ideiRmyAEPls glyesamin SR BiRE RIS HISAE A aﬁgaﬁee%ﬁ’ ac r%si%ﬁg&é’%@%n
corapund with a carrier, wherein said 25 compound is identified by the

method ?% a Coﬁiﬁ%ggﬁﬁ%%%ccﬂﬂﬁﬁm%ﬁf é%ﬂ:ilprﬁ&da%mpound

> determint é’v?/ﬁrent ctionality is inCreased, wherein an
incraased fr@RREr funevsing 45 iﬁdﬁ?&ﬁb@é&ﬁrﬁ@f&é}ﬁ&?@f&r@‘&ﬁ%%&ﬁg“
being & glycRimisahlizig sraRe und:ia-addtgrofiepineentionytitoides
a methad for preparing a composition which c%m);(? ises Adg_r%tlll%g_g_aé“} ethyl-
glyderitiasdisaping’ SHFSBYERHTIRERCEHRING EATa Compoand with
a CRWiRL: WhE eisisaishe@mpeimatinedariseyiic sodpiyiarsdedtdurioiy-2-
the group_consisting of, 2-methyl-4-(4-nitro Q%R 5_dichloro-phenyl)-
10 3 B S g S B AU R 5 dcoro phens)
cyciopiopaResatbukdiioetisib R SihhatperdyprmAiBgdraboxylic aid
Cyc&%fﬂ%ﬁzQ—rﬁﬁéﬂjglg&j%@rfyumgf}’,h&éﬁ,S-hexahyd;o-qu@noline—&
e et il aita RS S PR G pheny)-5-oxc-
3-yi 2- e thyhBeaixdrd.4ui6lifB3hexadmiikoacidinalinéaBidar ol d deid4-(3-
(2,5-dichloro-.phenyl)-amide,, - awinaline3- ic acid o-tolylamide,
15 R et o e e e s e 2o o laide. o
acic phtolyleenittelly aFeapirb - galothaefy|-5-0xo-1,4,5,6,7,8-hexahydro-
quinolineg-cathaxviic aaichifischinies Rhemdhamisieyreparing a composition which
2-Methyl-4-(4-methylsulfanyl 5 _ .. .
oheryRTseseRtifag & HYReEeSabizitn fomRe L and Shoadgge said
o-todytapaide, wifithZarrier, wherein said compound is identifiable by the method of: 2)
Methyl-4-(3-nitro-pheny)-5-0xor - o-auinolines-camony
20Iic a%%%{aézﬁ?&ﬁlg\an%%gé%%%gg Bﬁ%l%?n%z@é%ﬁ%ﬁ%%%%?%ggle sa t%her_eqf. The
inveftioroadsity o ovithesss, mm%mﬁs@%@%@ﬁm@ﬁ@}mmm of the
congishing: SsReniAehOf crRsskNepiiithe-alyeoBlieiSBbiliziagple, the invention
compound identified according to 10 th_e,metg%)éj:‘L of: a .gosn%%%g%% Tvemic
can@raaeet s B PTRTFPEPR A T RRITH BSISIRiIRTAG Whether €Y
funcéignatitygisineceasan Whmmmgm@émpnmmaWD e said
psndicative of t%%%ﬁ%‘%%%@%@&?@%ﬂ? |00 R O CSRIG SR EIRBound with
compothd. Some em odiments of the present invention include a method
of pIGERéIngrd HHetemrismchrbonBIM SinctempH iy RammharRa e

one gampounehRecordingotanlpiamviehihe ramnanndfmbaginentsing a
disclosed herein and a pharmaceuti&glly a%gzegtable carrie&.
glycemic stabilizing compound. In addition, the Invention proviaes a method for

preparing a composition which comprises identifying a glycemic stabilizing compound

30  and then admixing said compound with a carrier, wherein said compound comprisss a
compound selected from the group consisting of: 2-methyl-4-(4-nitro-phenyl)-5-oxo-
1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide, cyclopropanecarboxylic
acid 4-[1,2,3Jthiadiazol-4-yl-phenyl ester, cyclopropanecarboxylic acid; 4-Furan-3-yl-2-
methyl-5-0x0-1,4,5,6,7 ,8-hexahydro-quinoline-3-~carboxylic acid o~folylamide, 4-Furan-
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A compound can be formulated into pharmaceutical compositions using
techniques well known to those in the art and described herein. While it is
possible that, for use in the prophylaxis or treatment, a compound 20
disclosed herein or identified by methods of the invention can in an
alternative use be administered as a raw or pure chemical, it can be

usefuhte presand INe.¢ ABROLAALHIGHY GURBIRAISNLAR & RO AR AL YHER o
formulation or comlgF(;%tlon further compnagg&&harmaceuﬂcalIy

accapElewiifeT Prre- b Afer o e s pnsEmacantiee-
forrpatsigns saapiisinanid2-sampound disalossdheieils aridanrtifissiby.

i T R e O S e TN
5 cargibesyherent-Antic hidphyladtic inradieftsabheylsasridnsplatamide, and 2-
"acgepiahle’ .. Senss 9l Being §%@H@%W&%~%8ﬂﬁ%i%%ﬁf%§ﬁﬁ%8ﬁ 0-

the formulation and not overly deletérious to the recipient the

Phdpivieaidece soRvaatrtisalip atsepbiodttainiagredion, and dosages have

been desegtibedaRioNaist RerinvantinRrieMdes PomaiiadJor Rt Honsisting
preventing an %Tr:sulin-r.el.atedg t%iﬂsqérder in an individual in need thereof,

CcontpTTainY A iA IR 8 SRS NG R P ORROWR ALFP G fiycording to
10 conippommethédenttifluontrglingdithe methothdfyi) CRRALNG 8 BRermining
cangidlale, compoYnd Wi RRRAL ARG, Q)h@?eﬁiréﬂ'%&%a‘é’ 8k PR onatity 1s

functionality is increased, Wherein an increase in GPR41 functionality is
indigxcriise thée saefifate cosnyBt Repei e aNc sRhdizRimAgrnd.
ﬁompc:u n@dﬁ@@ﬁg@@%&@m&m&)ﬁeﬁ@@dﬂa%ﬁgh ﬁﬁ!ﬁgﬁ;da@iéﬁf&%fiﬁxgduc_ing 2
ypoglycemia, an insulin-secreting.or insulin-dependent tumor, or 5 aging.
I RPN At R S AT ISABE G SO S BB OB PO o
15agomistofithormenpnmod dinbedintings idisticceihéscin menpialaackun aiigterpiable
- embggdiment the individual is a human. While the compounds disclosed
herein or identified by the methods of the invention can be administered
25 the sole SOMROBHLAH R deFRHP IR 2 UEHCAPAL KOTSRS OPAOTE

theyanalss w1 usesinaambinationvita eneemareiagents. The
invention qk;a&%r.ovides.glm tthgd for the, manu a%%{e of a medicament 4
comprising A PR A b d PR SO R SBRRBHETHE OL BRIy 2 compoun
Z%SSMcbhemipm ﬁ@sﬁﬁgiwmtgdyﬂeexﬁmsimmﬁdngmmmﬂmaﬁve use be
idenified agcording o the.methad of: ;2).contagting.a & %%ﬁégwmpmd or

compound with GPR41, and b) determining whether GPF o
funcioAIBETediReT eas BerRrRSEIFPh P TRETEBRR Sh CoPIRAHI TR Aem atpg sing 2

indi@ﬂm@é&b@zwgmmund being a glycemic stabilizing

compound, for,use as 3 gl ic . . . -
P I{m mvent%n %gsyfgﬁggr provides pharmaceutical formulations comprising a

25  compound disclosed herein or identified by methods of the mvention or a
pharmaceutically acceptable salt or derivative thereof together with one or more
pharmaceutically acceptable carriers thereof and/or prophylactic ingredients. The
carrier(s) are "acceptable” in the sense of being compatible with the other ingredients of
the formuiation and not overly deleterious to the recipient thereof.

30 Pharmaceutical formulations, routes of administration, and dosages have been
described above.

The invention provides a method for treating or preventing an insulin-related
disorder in av individual in need thereof, comprising administering to said individual an

effective amount of the compound identified according to the method of: a) contacting a

52



stabilizing compound. The invention further provides a method for the
manufacture of a medicament comprising a pharmaceutical composition
comprising, consisting essentially of, or 20 consisting of the glycemic
stabilizing compound identified according to the method of: a) contacting
a candidate compound with GPR41, and b) determining whether GPR41

fupgtignalitoisibereasaoCriay el an &amaaammam GPRAttionatlityasty is

dicati f didat
ORI TP S AT b Bt B B Bpicane
mweﬁrmnmiﬂaieg tcgh'maihsiebibmmmwglé d@e@me@b&@mﬁf@, said insulin-
”HE%H sO?QéP&f tacHRgIR candidats - compoud it GRBA br

term|n|n ther PR41 functlonallty is decreased wherein a
et pqu%eﬁawemeaﬁwmeeaﬁam{é &ethpBeRs- o
being aalysammie, siebilizingcompatRt] hene spthadintedingaidhe individual
glycemic stabilizing compound comprises a 30 compound selected from
theSfrS8FTonsisting of. 2-Methyl-4-[5-(2-nitro-4-
trifluoron@iild thhenyt)efindmniaeldjs-bomwid of, BBified by the methods of the

8 hexah dro q %i,tlrrx]]g.\&e?&{ Ml%i@&g\% i‘ﬁlmgﬁrcal agent as described herein
|p eny ura 2-yl)-2-methyl-5-0x0-1,4,5,6,7

10 heﬁhﬁw ﬂbeqamﬂ-ﬁ@bs e e RO YB I aRTABmOTe et

2-Methy |5 5{enitse DheRYines a method for the manufacture of a medicament
furan-2- yI] 5-ox0-1,4, 5 6 %Fchexahgdro %Jlnollne -3- carboxf}é %‘C{%, of, or

(2- EHWBS OINPOSINOR COINPIISING, CONSISUNE

2- Meiﬁgsbﬁgmfmhéﬁmhen mwmmwmmﬁﬁmmmmmweﬂm of:

Car ound with GPR41, and b) aetemumng whether GPR41
4 5 2- rlflu romethoxy phenyl)-furan-2-

15 yI] me@mmémw@qmﬁm@eéeew RéibiBogspatige mdiggtive of the
4-[Shfifdnte compound being a glycemic stabilizing compound, for use as a glycemic
Dichloro- pheny fura;1-2 yl]-2-methyl-5-o0x0-1,4,5,6,7,8-hexahydro-quinoli

ne- o-tolylamide; or a pharmaceutically acceptable salt
thereof. Imhmmmnhmdfm@mpswdﬁﬁmﬁl@dmmmm@maﬁﬁm&ﬁﬁm

ancgggé& i g SRALRERALBNUMAR I CHARA dgm@lmﬁptéf or

ecomblnant In Certain embodlments said contacting

20 consprEEing o the s R BANGEIEAPBIPANES MEMHBRaecardng de fmeingd of
10 gxpraneasdheMRER, whpseil e osk se]laempiisenaing X iasaiGPRAL

vector comprisi) pol cleotlde encodln 8% tor. In.some,. . e ofth
emBERAHEATS Eﬁ’i’ﬁ? cuhd 1S EBMETST |n ﬁp%r%%egr?%%ﬂ & Jicattve of the
agomﬁdﬂﬁmeoﬁﬁﬁﬁﬁma@ agwmsnamwmmm fiarstseria the treatment of

embod ts id d ining comprises a second messenger assay, for
nr'{Hﬁ e i3AS HSEE
example cﬁetern%nlng ??rthrough the measurement of GTP-S binding to

25membrané['h61%?ﬁ§%¥ﬁ§t§5‘a?@ aptpd fRrAdrBliy e B SFREHStebLgRe

GT%%éﬂ&ié@%@ﬁpﬂaﬁg?»é%nﬂmﬁg rateualeﬁﬂwdum@mﬁd sdit deremining)is

througtgrg}%zgéews Zglf igmec 0 .!Lt?rfzsa %%eoaged, wherein a decrease in GPR41

functionality is indicative of the candidate compound being 2 glycemic stabilizing
compound. In one embodiment, said glycemic stabilizing compound comprises a

30  compound selected from the group consisting of: 2-Methyl-4-[5-(2-nitro-4-
trifluoromsthyl-phenyl)-furan-2-yl]-5-0x0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic
acid o-tolylamide, 4-(5-Biphenyl-2-yi-furan-2-yl)-2-methyl-5-oxo~1,4,3,6,7,8-
hexahydro-quinoline-3-carboxylic acid o-tolylamide, 2-Methyl-4-[S-(2-nitro-phenyl)-
fm'an—?,-yl] 5-0%0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid (2-chloro-phenyl)-
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messenger selected from the group consisting of cyclic AMP (CAMP),
cyclic GMP (cGMP), inositol triphosphate (IP3), diacylglycerol (DAG),
MAP kinase activity, and Ca?+. In certain embodiments, said second
messenger is CAMIP. In certain embodiments, said 20 measurement of
CAMP is carried out using whole-cell adenylyl cyclase assay. In certain

bodi ts, said t AMP | [ ith
RS e Bl S
thratghyieasdembivoidn fddefvlar-araHi dérafvenibabmicphenddifran-2-
d@%@&@[@fgrﬁﬁgm&&.qﬁa&hﬁe%eaﬁmﬁm@@aie-%é)%%@%wh[ﬁ%z@s_

Gi chimera. In cértain'embodiments, Said secon ssenger is MAP
25 iase- BRERATY - BTN 2 ristmamte; lhidt LR AT AT oo i
CREyORUHeFATSAYyIHniae taip hhadimpatls; saichrafosirishkdiferase.
In some embodiments, said r. ter is (3- galactosidase. |n certai
embodint&REE %ﬁ}:’cﬁ) %}%ﬁﬁfﬁg%%{éﬁjégg‘r%gﬁrﬁ% st rouaghﬁn efitther
measurEment afddGRallisbu@at+. In some embodiments, said

determinigq is tirouglimeasuenantafiglicossuiniaks (30 AHRRRARS said

obtained from a mammal. In'some embodiments, said determining is
threRTF e AaUrsisTe AEUrGREBER thnsicelhyr Sdiansrprase rt tamt Sithired
frompdRanmapik cotatinenshodicer aismsaie detepmniniogsthraumgithe a

use Qf a melanophore assay. 54 The invention.also relates to a method of
R B G e e LR
connphisimggaiceontduting agoaistif e @SiRpoLadgeiist & BRddschhefd).
determining whelher GERAT NGNS ARG ERSeH. WARIG R Ber assay, for

decrease in GPR41 functionality is indicative of the candidate compound

beifgaRo RIS TR e et R e L R A B8 o BRIt
decrpasemERR4Iriurcionaliiy aekiasas, GRRFIPahiagnsiat oifvelsdn
agonist, can result in an,increase in insulin, secretion. An_in el
insGFLEPREGIR SR B SRR e s Brtem S el second
resistastogesedhcas GiabéticgoThensisentiohally f@tﬁéﬁb@m@ﬂm
ideptitying 8.6aRdidateGOMRAMIIDAA ARIBBENA M), USQrRRSIRRINGdd Ca™.

glucose concentration, comprising a) contacting a candidate compound 4
withreRRBERBrHeEHhRRMBAMEtFREeC PR R BB R R duments, said
deckeasesnanhareinve decreaseuitbi RAdifunrdticianyity ésdnsicatiye Inf dérein
candidate compound resulting i gﬂﬁcrease' blood glu - .
con %u? A SR A 8§r3n pound %%gqalétc%%;%%ﬁg%%ﬁmpmmg said

funciiiiflify, csceln astodbRRB IS drsemigoaitt bloaghapsmstneaPFadtaeghular
15 apyingreaseinlnsin.seciaanant:f dacieasecindianceligasfimeric G-

concentration. A decrease in blood gl,ucose can be desired,[{or example

in iR ARA BYSEREmIR & bpgisRsRis, said second messenger 1s MAP

kinase activity. In some embodiments, said determining is through CRE-reporier assay. In

certain embodiments, said reporter is luciferase. In some embodiments, said reporter is §-
galactosidase. In certain embodiments, said determining or said comparing is through
measurement of intracellular Ca®".

In some embodiments, said determining is through measurement of glucose uptake

30 - by adipocytes obtained from 2 mammal. In some embodiments, said determining is

through measurement of glucose uptake by skeletal muscle cells obtained from a mammal.
In certain embodiments, said determining is through the use of a melanophore

assay.
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In certain embodiments, said GPRA41 is recombinant. In certain
embodiments, said contacting comprises contacting with a host cell or
with membrane of a host cell that 20 expresses the GPCR, wherein the
host cell comprises an expression vector comprising a polynucleotide
encoding the receptor. In some embodiments, said contacting is carried
out in trEnpresaRee Meabiagoishefiibé GRSRMngheanbdrsdsopaied as a

invention, control.reactions can be. perfor : sRecificityef gk

re RS RO FER AR TE, r%“@é&?%?%ﬁ’égﬁegt%%&g% c%%gg% com p%%m&%%

GPREA tradfetbted iails whehouPERALiferiorEYds femessd Terespripprease

reaeRia il daaihadn. el BvEBUam R esia ebaskupoiaidor

candidate compound is not an antibody or anti en-cr%; q?ﬁbg%r%{ﬁ’/e ch as a
5 thérese ?Wﬂ%ﬁ%ﬁmﬁéﬁ%@gﬁ?ﬂdgﬁaﬁﬁ%@o %D o

peptifal bsestaitoemhosinpenis, eaitadindisatecres pomsdissastian. An

polypeptide, 30.In the methods of the inventi agllel comprise
a SBE8 8%&%Ié’h@egfe%’gs%aﬁgff‘%s}lﬁﬁ%a%%%%{g N ’Cilgr;t%%gﬁ}%% g%ﬂrlal can be

detedistaneckufbras deabrgiies; through the measurement of the level of a

second messenger such as,cyelic AMB(GANRY eaNEUCCMB66aMRhd that
inositol triphosphate (IP3), diacylglycerol (DAG), MAP klgase, or calci

10 Sevpari S A5E°ATe T RN RORESERERC TRRBTIG thedl eRehgFag e
mhmﬁﬂﬁa&gtﬁr@mmm E}ngamwshémm%ﬁﬂmmmeg,
the melanophore as r.CRE-r rter assay. | iti 0]
e e il S b
centaiultamincdineate, s hldodebenaet 100STETRGOR chmwmpl% pegepound that

empodimentsesaif SERRHNESEang epissl R aclthar erakhegimenis fesult in

said second messenger is calcium. In one embodiment, said d .terminc'in(c:;r

15 s tARGRRIPRIAE FREAEFRSTRAM Wéﬁmswh}ﬂ%dr%}%%ﬁ%%ﬁ%ﬁée%?ﬁpﬁ*sur?g ease
saich GRSIRIREh-as $ayssatd, W lblmneniinnihividm rdtexemplitiod herdires
in Examples 12 and 14. In certain embodiments, said GTPyS is labeled

Wiﬂqlﬁ?% > 10 The invention also relates to a glycemic stabilizing

compoundhideniifiatlwdaoeusding R insersebirng) Born syhediments, said
Ca”&%ﬁn%%aﬂd&m éé(ﬁ%@%%a%&@éﬂ@ﬁﬁfﬁ%ﬂﬁﬁﬂé%o@ RRAfat
ec erel

functionality is reased, w n a decrease in GPR41 functionality. is

20 indieaneBstin SRERTRAEE S Bot At SR Sy R R WAL oM g ompme 8

compaundedfiFalexamplastaadnentanr prstesasgiydamestapiliznged out
comﬂ;}; und identififed acco) di J?ﬂ&ﬁ method of: a) contacting a

canHidSB SR SUAY Rt 41, and b) determining whether GPR41

functionalily i detredseiihaineeipracaazrbrpsetivpampRupperformed to show

specificity of the response. For example, mock-transfected cells can be compared to
25  (GPR4] transfected cells to show specificity of a response to the GPR41 receptor.

Tn the methods of the invention, in certain embodiments, said candidate compound
is not an antibody or antigen-binding derivative thereof. In certain embodiments, said
candidate compound is not 2 peptide. In certain embodiments, said candidate compound 18
not a polypeptide.

30 In the methods of the invention, determining can comprise a second messenger
assay. The initiation of an intracellular signal can be determined, for example, through
the measurement of the tevel of a second messenger such as cyclic AMP (¢cAMP), cyclic
GMP (¢GMP), inosito! triphosphate (IP3), diacylglycerol (DAG), MAP kinase, or

calcium. Several assays are well known in the art for measuring these second
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functionality is indicative of the candidate compound being a glycemic
stabilizing compound. In one embodiment, said glycemic stabilizing
compound is a GPR41 inverse 20 agonist. In one embodiment, said
glycemic stabilizing compound is a GPR41 antagonist. In one
embodiment, said glycemic stabilizing compound comprises a compound

- selected, from the ar ug%?@sg (NG 963 assays, the FLIPR assay, the melanophore
Z-Wesf'ﬁr}lr‘ﬁg[ (-n(‘fz{nltr%?ell-tn uoror%?gfhyl-phe%’yl)-furan-2-
yIpBayxor CRESrepvrBerassaihy arsiditinT menies B S e Sk a E
A-f85105ed herein in Examples 12-17. In certain embodiments, said second messenger is
Biphenyl-2-y|-furan-2-yl)-2-methyl-5-0x0-1,4,5 6,7 &hexahydro-guinaline-
3-5&6%(% other QE}B"S‘-%?%% es:econé( messehger'1s %’9 ﬁl%erggb 1

5 2-Methytohd 2xé2sstit@-ipheaniisfuran-2-yl]-5-oxo-1,4,5,6,7,8-
hexahydro-quinoline 3-carboxylie agid (2rch PR QRULE of GTPyS
> MethyIS B GRnene oh eeASHEFBRE TP
phigindixy: pheeyB:dnd Si6p7iBaberisHyBFR o Sibliprses Eap sk rogaidp the art and
o-tolylamide,.2- . . ' : i ] ;
' E ies 12 and 14. In certain embodiments, said GTPYS is

Meeﬁ%r/?- -@%@Efgﬁ-tﬁﬂugr%smethoxy-phenyl)-furan-2-yl]—1,4,5,6,7,8-hexa

hy bl eguiiIi&B-carboxylic acid o-tolylamide, and

10 4-[5;](2|,gﬁwmfaggeg@;gggﬁiwﬁgezagm&ﬁ&l _stabgﬁzingbcomppund _igenﬁﬁable
methyl-5-0x0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic aci
o-tBHPEfRELo &ﬁfﬁh%qﬂaﬁ ?ﬁ/nggcce%éé‘gaftee §3]I?Ifﬁ%%/éo .1n gg{rﬁle’ and b)
emhedimeintsyaaitboiRRMmiGstabilEing cormmsesnddibacrrRaIdppdpEPRA1
aganist.or anfadonist Wit AR.ICR0;eflessiiamd Behla ofjessisaniliheof
Ies%u?ﬁéﬁni%% lﬁqﬁa{%ﬁg less ?han 10 nM. In some er%lbc% iments, said
glyeemsiewthbilizing compound 56 is an inverse agonist or antagonist with

15 an I1C50 of 2 yalueisalpGiRedRemyRe: ives v @hiic Bibiirity Mtpoandridentified

embodiments, said glycemic stabilizing co nd is an invers |

or &ﬁ?ﬁ@b?ﬁ&\ﬁi‘fﬁ"g&}?éggéfcg?}ﬁ?ﬁggse Atte %ocr% %mllr%{:gr%%ﬁgfﬁ j%%rl]\!hﬁ?ob)

| Mdetersaitie edmiodiGRR%S feait apiiprividostabifidinghosmpdarigans gnGPRA1

!”V%E%eu%géﬂﬁﬁ QBB RIS AR L&ﬁg&&a yalie sejesind damthe

intefval 6 M'{6 100 nM. In some embodiments, said glycemic )

stalsitiztmgrbriporrIResHIFRiefald BGHIE SrRURERIRTDPIY &P EBY drarerse
20 Va'd &ﬂﬁ%@ﬂé@{ﬁbﬁ&ﬁ@i@ﬂ@h%ﬁ;&@%ﬁ@%ﬂﬁ% tﬁmpﬁtammmmmmmst

said 1C50 is determined ysing an assay selected from r o

con RGP 4y AT S0 G PR S b g selced

expressithg stoureamaitinact GFRMY! dolyeptitie4andwnrrasyhphenabsiyan-2-

Zifgg‘?s%%o%ﬂgmg,é[%‘,@ﬁ%&:@&ﬁﬁ%@g@&ﬁmﬁ&mﬁﬁm@m@R

y

peptide. In'some embodiments, said_glycemic stabilizing,, i
conﬁi@hmlr@af&rﬁwér%é’%&dﬁr&ﬂrﬁamdoﬁ%g%iﬁﬁhaﬁ%%"am%ﬁﬁacﬁfbm e
2510 MeigUlas g Abscafess st shibdyyfofisas/lharmio HADIA B2k

assay. In some embodiments, said glycemic stabilizin is_ (A
inve]f‘g’éa%%ﬁig?&?%gﬁfg Gt cﬁlﬁ‘?@éﬁ%&%g?%ét aﬁgf[%%l\;lg% }LI(§S§_£]0~AIL ¢
thanpBehtxgfibaythas, 8K ¢ - lesshytimndpinelitddssatheryBowcis Préas  sAes2-
M, thag 4 Ms of le: Ofhdess tam3- M- ohlegs7ibar el
Iessl%eea%r? bg%%omwgf?%lg;ﬁtﬁﬁg%%%%ﬁ%%f e%s than M]

quinoline-3-carboxylic acid o-tolylamide, and 4—[5—(2,5-Dxch_loro-pheﬁy1)~furan-2—y1]-2~

30 methy1~5—oxo~1,4,5,6,7,8~hexahydro—quiﬁo}jne-3~carboxy1ic acid o-tolylamide; ora

pharmaceutically acceptable sait thereof.

Tn some embodiments, said glycemic stabilizing compound is 2 GPR41 inverse
agonist or antagonist with an IC50 of less than 10 UM, of less than 1 pM, of less than 100
nM, or of less than 10 nM. In some embodiments, said glycernic stabilizing compound
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700 nM, of less than 600 nM, of less than 500 nM, of less than 400 nM, of
less than 300 nM, of less than 200 nM, of less than 100 nM, of less than
90 nM, of less than 80 nM, of 20 less than 70 nM, of less than 60 nM, of
less than 50 nM, of less than 40 nM, of less than 30 nM, of less than 20
nM, of less than 10 nM in said assay. In some embodiments, said

glycemi.c stabilizing com i | t kSt i
O B i o1 2 o SO

In B¥hiee 1Orilb dinsems erdwidigpttrwic sluprmingSaiHpe GRERS B hgargaerse

A0St P ANAGARIS ML R-AC 36 504028 SaistRITRINOha MAHaIsEleatato 1 uM.
from the interval of 1 nM to 1 M. In sgme_ embodimeéwts, said glycemic

StaBiRSRRCERBBGAS R R S KB UL SPER G S AT S WRITAR AR IS
5 sahagsayefit valisselecendreinctheé fntertaliofdy M tbrM Gorildl HdL. In

some embodiments, said glycemig. ilizi ' i
o S e e AN R BN BRISE

thexitreeusst vith aME601T nxelus SBUedfeoaniboaisenel sad yoaive
stabilizing Gompeund s selpctive fonsiha GRGRnD SoReLRhodReRtS from the

said glycemic stabilijll_i%g compound is orally bioavailable. In some )
emBBER ARMSTISRRT: o RIS AT Ry SRA SHEE P9I ot Feere el S PR sRe
10 10%econibipastdBR4)] ablepshidedmbidaasions aadaleastisdeh; atiteastBbMed

at least 40%, or at_least 45% relativ; intraperitonea inistration. :

o BB T ] S Bl AR T o 1 S0 B, i
25" yereasieBbon srdeasuBhbprnieas 2B0%asor gatieersusul pellR/e abless
intraperopaeL ARARIRSIrALRN NSO MEAMPANNe BRIt OTOMM in said assay.
bioavailablemglyqemic stabilizing gomgo_und is further able to cross the
bloDtRBRE ATBARATIE, f7id S AR R TH R i B TRANRE L5 ATYRETR BECTOF" OF

15 prepasingis: 6iNpe diiorfbicha0r0 piises’ identifyiag Bl glytmmtien 8 uM, of less
stahilizi ound apd.then.admixin id .Go it ier
i A R B B A A, TR ST EAIE'S o o

canidid stencopboiessiirn G PR4af lasrctisn doerMirdhlysn et loPRaf]ess than

funegnalityis.dagiaeedaybelsinR.deomrase JniGPRAL4BNNNIOBAIRS Bian 300
indicative of the 10 candidate compound bein %sgg\lycemlc sf%% iliz

CorF b B A e SNSRI b Soh SN o el ag 3. of
20 COMEASita T NG b TR rtissso ideh tifjling h-alfoeiicoStabilizingdcd pbirsd than

and admixing said compou i rier j i .-
oI A TR D AN, L0 0 AP
GPRAtemivghiisine nemhnyndieticnr GPREDTIM et oratars wikwpeket in said
wheggain, grle, dectepsedtGE Ré Infuretionaliy i Nrigative @ftbembodiments,

candidate compound being a glycemic, stabilizing.compound, The_ 1050
inveltbEEBIHFERITEDa PRECHAL A AT oM BESion AoRESHEHY ™ 2 120
25CcoNsisdiBgay of a value selected from the interval of 1 nM to 1 uM. In some embodiments,

said glycemic stabilizing compound is an inverse agonist or antagonist with an IC50 in
said assay of a value selected from the interval of 1 nM to 100 nM. In some
embodiments, said glycemic stabilizing compound is an inverse agonist or antagonist
with an IC50 in said assay of a value selected from the interval of 1 nM to 10 nM. In
30  some embodiments, said glycemic stabilizing compound is selective for the GPCR.
In some embodiments, said glycemic stabilizing compound is orally bioavailable.

In some embodiments, said oral bioavailability is at least 1%, at least 5%, at least 10%,
at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, or at

least 45% relative to intraperitoneal administration. In some embodiments, said oral
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essentially of, or consisting of the glycemic stabilizing compound identified
according to the method of: a) contacting a candidate compound with
GPR41, and b) determining 20 whether GPR41 functionality is decreased,
wherein a decrease in GPR4I functionality is indicative of the candidate
compound being a glycemic stabilizing compound. Some embodiments of
the; RERSEMIAVE NIRRT 61 2ersethor] AfaRdueing RaABYNACRUECA%, or at
composition comprising admixing at least gne compound according to
P R P BRE T TS 008 B e enents, daxd orally
phaisaagbiicaliyaadcepitbitn PSoamier P Ratheadduticatdorthe ldtohdrain
roytes grf administration, and dosages have been described avae. The
invention provides a method for treating or preventing an insulin-related
disorder it agdificividia dvenfenacties éof Betphsipranmais rommy tbleaiwhich
indiyical anda slfectiveameuntwiihe campaund.identifiad.ascotdiag to
the method of, a) contacting g candidate compound with GPR41, and b
defSFHRATY W%fw%wﬁﬁr%&ﬂéﬁgmv&ﬁ%lééﬂs%%’évﬂzlmeﬂa fpgthod of:
decieasectingPR4ddxe chapality sithdieaible oflthieierndidmtewhoinp EPRl 1

be'ﬁﬁc%&'%ft@ms' s?ctr%b'l,léi'%&%ﬁ% é%%zé@i%%%%ﬁ”i—‘%%%‘”ﬂ 'i‘g?ifa'cﬁ'caﬁve of the
Insulin- rela Isorder Is Insulin resistance, impaired glucose tolerance,

or @ralisets chmnome Banerm BbdrME bl g eraomiperadatBer gicorlss the invention
inclydenia 9%@@%&%&&5&3@ ABcsisvaied Winadghsase i@.@ﬂ?%ﬁiéaiigl@cemic

such as, atherosclerosis, heart disease, stroke, hypertension, obesity, .
Sy B P B A A ST SR TR B e B At BT e R axpid
insutimpoatat & disoi e bisiiempetibdiab elesntan e emidotimentpthad with

co d administered 5 ¢ [ R41 inverse agonist 0 .
A e LG, TR A A BRI, Ghcrein o
adrgarsessimgIBRHidmipinviditaicindrsaeve tnesadidstenoanemd haiesiar

the reatmentoiidiabeiescbirod lipid disorders, or obesity in combination

with an effective amount of the_pharmaceutical ,composition comprising, . .
consisting BE AR PO ST RBA%I ARG BraTE i SR T ARSI Se consisting
corepentidljdehiifiesactar diftgeol thenhathbdidfipapapoiactidens Handicating to
compou ith GP n mining whethe 4 ionalit

is degrlgggg\g,y%w gt%?(%%j%‘e%?é)g%%%% é%&ﬁ%uln u%@ﬁ?r%@’ié%ﬁ?a%v?%ﬂg _
the wheibra SR fipstivrplinein goaretyed mhcrtia demereom SERd. freptionality is
examplaiin enecmboginenhihamaihod Jvdhar %@amﬁﬂﬁg%@gmmgtering

to said individual an effectlv? amount of an a%ent used 15 for the .
treatment ST BT AFERETSRD & BfPEE B BTN IRRL ) HTEsrd pimeirding

an gffectverdaraoumaipobaiphanmacenyisahcongpo sikaneontapingdachiiiad to

!‘r\]’(%%&?é%rﬁe& é?%hgﬁ‘tﬁ’:%‘%g%%%@%&%@?diﬂgjé@% 1R AP eptabie

Pharmaceutical formulations, routes of administration, and dosages have been
described above. |

The invention provides a method for freating or preventing an insulin-related
disorder in an individual in need thereof, comprising administering to said individual an
effective amount of the compound identified according to the method of: a) contacting 2
candidate compound with GPR41, and b) determining whether GPR41 functionality is
decreased, wherein a decrease in GPR41 fimctionality is indicative of the candidate
compound being a glycemic stabilizing compound. In some embodiments, said insulin-

reiated disorder is insulin resistance, Impaired glucose tolerance, or diabetes. In some
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individual is a human. While the compounds disclosed herein or identified

by the methods of the 20 invention can be administered as the sole active
pharmaceutical agent as described herein above, they can also be used

in combination with one or more agents including, for example, agents

that are used for the treatment of diabetes, blood lipid disorders, or

ODESY L RXERARIR U ACRIIRA WA SUF B AR RGRE AL IVRIBR AGORISIRKted
antagonist can be used in combination with gne or more agents .
beROPRAFPRS e RISREATPBy e i AT 258 TSR IGEO S SRSE i Tpgpertension,
aldagsirgdystasadnhiperihhbiglenites, dhiazalitinedioaasodineglij sidé Sasulin-
sulfgnylureas, insulin G;CoA reductase inhibitors, squalen nthesis
inhriql 3%?%%% elscomf)% sfftst I?nc%’t% Igﬁgf‘rr}\%% E’a{ﬁ%gcr%péjﬁa%%l}ﬁls gred
conventings e RBRAL KSR dpdibsitor sntagsistinhibitors, serotonin and/or
noradrenglige. teleasarsnerHemetRke AR R AR Some cakadinGHs of

the invention include, a pharmaceutical composition comprising a .
copbifte dr efbsdysaremi s ASE 459 RGP i peg iid
phatseated bealiysagee ptatip aalth thanesf dffcambinationomis sideasianeal
member %!elected from the rt%llj con jggingfof an a@&%% ﬁgs icréhibétor,

an Al06Se Ted b CtaSE RiBIOT - stpigaaniae, a PIMG-COR reductase

inhititalizas curaperedsyambidsisamhilites fetiBonfiihateofornpuatating 4 epdidate

Cat@&ﬂﬂ%ae\%ﬂﬁ%&@”Q;@B)%@%ﬁﬂﬁgﬂ%&r@ﬁcﬁ%&%nmg%%ased,

another embodiment, the HMG-CoA reductase inhibitor is selected from
the"GHeFaH ESRSTETERIFPREV LebaHADEIRE StAIALITEPA SRaTAT S5 S8TaRATmd
fluvnstatineaaemipitariibily a6epiancEwith-iglnrasertanyedion:, he method

combination can be.used by mixing, the r. ctive active com ents

ot BT AT SRS SRS I i o 8 ST ekl of a dgent used
carfrerthescipient; oidtbridilbbot Brel, ddestribebcitr diroationdioarith an
adrgiustonng e BRXUHE AL BT S S-EINGE B el BRBP RGP IM 3%v8rse agonist.

pharmaceutical composition. When a compound or a mixture of ]
compoundfs FfeeTd Bsiyidaal SR BAERRA IR0 ot the
withnanatheriagtivesg@mpound the therapeutic agents can be formulated

as a sep armaceutical.compgpsitians given. at .the same. time or. at
Ctorent tIE GF (O e B R B KEGoeh Lis S of b8
conpasitioncafifre adveniitmed ls0tpr ovicl estizembihoek fonthic ganisfdeenbedfherein

a medicament.. 1 21GoRNSNG SRAAIMABESHICSCOMPASLIRRCAMRRRIAGor

consisting eSsentially of, or _consisting of the %%cemic stabilizing
contSERY- s R Aoty (Gt reT e rbeyLBinattipg gisorders, or
canglidate. canpeiideyd tbfzitdd sanddy deresminiageubethetGiRAhist can be

used in combination with one or more agents belonging to the class of drugs known as o-

glucosidase inbibitors, aldose reductase inhibitors, biguanides, thiazolidinediones,
meglitinides, sulfonylureas, insulin, HMG-CoA reductase inhibitors, squalene synthesis
inhibitors, fibrate compounds, LDL catabolism enhancers, angiotensin converting
enzyme (ACE) inhibitors, lipase inhibitors, serotonin and/or noradrenaline releasers or
reuptake inhibitors.

Some embodiments of the invention include, a pharmaceutical compoSition
comprising a compound disclosed herein or identified by methods of the invention or a
pharmaceutically acceptable salt thereof in combination with at least one member
selected from the group consisting of an «-glucosidase inkibitor, an aldose reductase

inhibitor, a bignanide, a HMG-CoA reductase inhibitor, a squalene synthesis inhibitor, a
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functionality is decreased, wherein a decrease in GPR41 functionality is
indicative of the candidate compound being a glycemic stabilizing
compound, for use as a glycemic 20 stabilizing compound. The invention
further provides a method for the manufacture of a medicament
comprising a pharmaceutical composition comprising, consisting

- essentially of, or, cansisting of.the glycemic stabilizi
RS SR S R R AU I T BN ATRR g enzyme

comipbiterd WithaGReRplodingod) thetBvifirting widattes BiRipr paelected from
fungtionality IS desrersach W i 2488E ASGINE PRAV (NG oNAUHAIS: and

indicative of the candidate compound being a glycemic stabilizing

' coHPH@Bnd, for use in the treatment of an insulin-related disorder such as

10

15

insulin registRBERNbRHRIT 6 glecas enteltd anai«iotiabeinscah e inee byanixing

alsp provides a method for increasing,GPRA1 function, compyising 30
T R A
exphypielp gicalbymoountab saletrdehoniettcbgrdrpddiuratiet- frsrAcssagibagrein

Co%&%p&&’ %ﬁ@%@%ﬁme or mixtures either orally or non-orally as a
n|tro-phenyl)-5-oxo-1,4,5,6,7,8-hexahydro-%umol|r]e-3-carboxyllc acid

O- BTG E BB RS CAREB R PRECRERTA G S TR AL SORTRAHERy |
estemiselarrapaseseEdasylibepgit or prophylaxis with another active compound the
3;1 %é%%—g?-.gté%gé]% %géé%g%ﬁ%%?ah%; 26}321@3)‘% QH%%?a@Quﬁcal compositions given at
4A-Fheanms- jhe-mmetiifisokores, 36l Shampalipdasuif trb I eiSce oSyt
acigo(,glpgégjgﬁloro-phenyl)-amide, 4-Furan-2-yl-2-
methyl-5-oxo0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid

o-tolyl amirg?, pveRignalso provides a method for the manufacture of a medicament

3-ybnmaiby lpioxexkaif doSrhekahydrermsinglinesStar baeytialactd, or

(4-chlorq.5 phenylh-amide,_ . ... . i . )
X e e o
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quinotiméaivarhowditacionmpeohdarild 6P Rrid, and b) determining whether GPR41
2'%@%’1%1{%7 EH*&Q@%QE&&Y%@% decrease in GPR41 functionality is indicative of the

1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide, or a ,
ph&REEE G FORIRP THE GoHE BIRNSARIN SRS PR STRAMRT T thissp elycemuie
congapilats asenph@iin in Table 1 below. The invention also provides a

method far.increa i%%@iﬁﬁﬂ fugction "i'haci: Il,ﬂ}o comprisi Pﬁ)g@cﬁg&%a +
a cell ex&fggsﬁvﬁté _va\ﬁ%r%vrll &ffég%faveoarﬁ)c?unet% auéﬁ%%% agonist. =
Theospisrshaiomeserigiecimpasiiividopisnthecssitagrrisendalis ofared
cell;.f abig el <ampd danhemiaal stsiure (dbamicridNamey Bhhe method of:
2-Methyl-4-(4-nitro- phenyl)-5-oxq 1 HN 0 14,4,5,6,7,8-hex:;1hydr01-1 ther GPRAT
quiﬁé)ﬁﬁ%t-a\?tl?ﬁrﬁﬁ ate compound with GPR41, and b) determmihg whether
functionality is decreased, wherein a decrease in GPR41 functionality is indicative of the
candidate compound being a glycemic stabilizing compound, for use in the treatment of
an insulin-related disorder such as insulin resistance, impaired glucose tolerance or
diabetes.
The invention also provides a method for increasing GPR41 function, comprising
contacting GPR41 with an effective amount of a GPR41 agonist, for example, a
compound selected from the group selected from the group consisting of: 2-methyl-4-(4~
niiro—phenyl}-s-oxb-1,4,5,6,7,8-hexahydro-quinoﬁnem?;«carboxylic acid o-tolylamide,
cyclopropanecarboxylic acid 4-[1.2,3]thiadiazo!-4-yl-phenyl ester,
cyclopropanecarboxylic acid; 4-Furan-3-yl-2-methyl-5-0x0-1,4,5,6,7,8-hexahydro-
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0 I N+D acid o-tolylamide 0 0 Cyclopropanecarboxylic 2 0t~ N acid
4-[1,2,3]thiadiazol SN 4-yl-phenyl ester OH Cyclopropanecarboxylic 3 p
acid C 4-Furan-3-yl-2-methyl HN 5-ox0-1,4,5,6,7,8- 4 HN O
hexahydro-quinoline-3- 0 carboxylic acid o 0 0 61 Cmpd No. Chemical
Structure Chemical Name 4-Furan-3-yl-2-methyl HN a G cl

glgﬁ%i:l’(?%%?’gﬁj g é‘?f#&l\eégg%@ ran-g-qﬁg ?rl:gt y 1%arb oxoacﬂs%%,’ ’8

Hmegmmqmmﬁ“m@@mmﬁﬁéadwwhmﬁamd@ 4gFgran-2-yl- 2_
exaﬁ?{?r% XJ:-:? fﬁ%ﬂaﬁ S'ﬂélx% XQ- J;tﬁlnglgrg@caz fic Rid o-tolylamide, 4-Furan-

dro-quirioline= carboxgllc acid (4- chlorogp enyl)-amide 00
-yl- -methyl-5-0x0-1,4,5,6,7,8-hexahydro-quinokine-3-carboxylic acid (4-chloro-

phenyl)-amide, 2-Methyl-4-(4-methylsulfanyl-phenyl)-5-0x0-1,4,5,6,7,8-hexahydro-
guinoline-3-carboxylic acid o-tolylamide, and 2-Methyl-4-(3-nitro-phenyl)-5-0xo-
1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide, or a pharmaceutically
acceptable salt thereof. The structures of these compounds are shown in Table 1 below.
The invention also provides a method for increasing GPR41 function in a cell,
compﬁsing contacting a cell expressing GPR41 with an effective amount of a GPR41 ’

agonist. The cell can be, for example, in an individual or the cell can be an isolated cell.

Table 1:

Cmpd No. Chemical Structure Chemical Name

2-Methyl-4-(4-nitro-
phenyl)-5-0xo-
1,4,5,6,7,8-hexahydro-
guinoline-3-carboxylic
acid o-tolylamide

A\rG Cyclopropanecarboxylic

2 0 @\(N acid 4-{1,2,3]thiadiazol-
LN
S

4-yi-phenyl ester
a Cyclopropanecarboxylic
3 >— .
0 acid

/© 4-Furan-3-yi-2-methyl-
N .

\ 5~0x0-1,4,5,6,7,8-

4 HN Sy 0 hexahydro-quinoline-3-
> carboxylic acid o-
P tolylamide
o
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I 2-Methyl-4-(4- HN methylsulfanyl-phenyl)- 8 HN 0 5-oxo-1,4,5,6,7,8
hexahydro-quinoline-3- carboxylic acid o O S tolylamide i
2-Methyl-4-(3-nitro- HN phenyl)-5-oxo- 9 HN O 0 1,4,5,6,7,8-hexahydro
quinoline-3-carboxylic 0 acid o-tolylamide O The invention also provides
a method for decreasing GPR41 function, comprising contacting GPR41

with an effECHyEIIOUNT Of 3 ERFEHINRISE agONISEREAREERRIET, 5 1or
example, -aco6mpoutd-setected Hél)m the-group|setected fromthe group
consisting of.

2-Methyl-4-[5-(2-nitrp-4-trifluoromey nyl); fura§1 ?&/ﬁbgsoﬁegiS 6,7,
8- hexahydro-quinol|ine-3-carh OaC|d o-tQIy ex%ﬁyd:o-qumohne—B-
4-(5-Biphenyl-2-yl-furan-2-yl)-2 carboxvlic acid (2,5-
methyl-5-pxo-1,4,5,6,7,8-hg uinoline-\)-g@;ggggzggegggm@
o-tolylamide, 2- o ©

Methyl-4-F (2-nitre-phenryb-furan-2-yl-5-exo-114,5;6:7/8-hexahydro=-quinol
ine-3- carboxylic acid (2-chloro-phen ide,
2-Methyl-5-o0x0-4-(4-phenoxy- phermjg?m 4-Furan-2-yi-2-methyl-
1,4,5,6,7,8-hexahydno-quinoline;3-carboxylic aud oS I}ﬂzﬁﬁr&é”' /8-
2-Methyl-5-0x0%-[5 HN" Sy 70 dm“qmnome'B"

; carb cid.o~
(2-trifluoro ,8-hEX ?ﬁ%’;& géunollne-B-c
arboxylic.
4_[5_(2,5_[ i - -B-0X0-
1,4,5,6,7,8-hexahydrp-quinoline-3-c3 id o-tolylamide; or a
pharmaceutically acgeptable salt the stfaterres ot -theséyl-
compounds are shown i | venir@ﬁcais‘@)-‘p%ﬁﬁdes 2
method fot decreasin Xé@ﬁ‘?ffhg}ﬁ’@? Bfitacting
a cell expressing GP 1%4 rse
agonist or lantagonist dan bes pIéJ ﬂrgr?]?ﬁ’a}( r the
cell can be an isolated cell. Table 2 15

j@ 2-Methyl-4-(4-
HN methylsulfanyl-phenyl)-
o 5-0%0-1,4,3,6,7,8-
8 hexahydro-quinoline-3-
carboxylic acid o-
tolylamide
j@ 2-Methyl-4~(3-nitro-
HN phenyl}-5-0x0-
9 HN S 0 1,4,5,6,7,8-hexahydro-
NP r:it o quinoline-3-carboxylic
! acid o-tolylamide
o X |

The invention aiso provides a method for decreasing GPR41 function, comprising

contacting GPR41 with an effective amount of a GPR41 inverse agonist or antagonist,

for exarnple, a compound selected from the group selected from the group consisting of:
2-Methyl-4-[ 5-(2-nitro-4-triftuoromethyl-phenyl)-furan-2-yi]-5-0x0-1,4,5,6,7,8-
hexahydro-quinoline-3-carboxylic acid o-tolylamide, 4-(5-Biphenyl-2 -yl-furan-2-yl}-2-
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Cmpd No. Chemical Structure Chemical Name 2-Methyl-4-[5-(2-nitro- HN
- 4-trifluoromethyl phenyl)-furan-2-yl]-5- 10 HO F . ox0-1,4,5,6,7,8 | \ F
hexahydro-quinoline- F 3-carboxylic acid o- O O=N,o tolylamide HN
4-(5-Biphenyl-2-yl- furan-2-yl)-2-methyl- HN 0 5-oxo-1,4,5,6,7,8 11 O /\
hexahydro quinoline- 3-carboxylic acid o- O tolylamide Gl

0 /r{l ahg%? P20y Sz OGRS R %%Hr‘@o;é%d‘é%ﬁ@o%@%&@

o-qliindline- 3-carboxylic acid

ch Wﬁh@ﬂ@i@éﬁ%@%‘ﬁ@@ﬁﬁ@ﬂ% 5@%@&1&&#@%&&?@@%%@&#&%%

2- Mﬁ%&ﬁc%&ﬂ‘@(&hﬁ%-@ﬁwQ}Meﬂa@lﬁbb@—él-(&phenoxy—phenyl)—

TR S e SR

1 %Bﬁﬁ;&mmmmmﬂmmezsyaaxucs@icsehxfammmsﬂmrdeaxboxyhc
acid o-tolylamide, and 4-[5-(2,5-Dichloro-phenyl)-furan-2-y1}-2-methyl-5-0xo-
1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide; or a pharmaceutically
acceptable salt thereof.. The structures of these compounds are shown in Table 2 below.
The invention also provides a method for decreasing GPR41 fimction in a cell,
comprising contacting a cell expressing GPR41 with an effective amount of 2 GPR41
énversel agonist or antagonist. The cell can be, for example, in an individual or the cell

can be an isolated cell.

Table 2

Cmpd No. Chemical Structure Chemical Name

2-Methyl-4-[5-(2-nitro-
4-trifluoromethyl-
phenyl}-furan-2-yi]-5-
. 0x0-1,4,5,6,7.8-
hexahydro-quinoline-
3-carboxylic acid o-
tolyiamide

10

4-(5-Biphenyl-2-yl-
furan-2-y1)-2-methyl-
5-ox0-1,4,5,6,7.8-
hexahydro-quinoline-
3-carboxyHtce acid o-
tolylamide

11

2-Methyl-4-]5-(2-nitro-
phenyl)-furan-2-yll-5-
oxo-1,4,5,6,7,8-
hexahydro-quinoline-
3-carboxylic acid (2~
chloro-phenyl)-amide

12




F F 4-[5-(2,5-Dicbloro- HN phenyl)-furan-2-yl]-2- 15 HN O CI methyl-5-oxo
0 1,4,5,6,7,8-hexahydro- (~ qumoline-3-carboxylic 0 C! acid o-tolylamide
The invention provides a method for treating or preventing an
insulin-related disorder, comprising administering to an individual in need
thereof an effective amount of a GPR41 modulator In one embodlment

_ said insulif=retad ep-elisorde : -
() l H et & & Srr] o )
. insulin-de -3#,‘.,‘!* or-of-agihg—t-efre—embodiment; bd.lu muumau_l’ IS

an agonist. In one embodiment, sai onist cornprlses a compo
selected fiom the grqup selected,f he.groupic @%ﬁmx -dfenyl)

2-methyl-4-(4-
lr}é ,a ~hex ydro

nitro- phenyl) -5%8x0-1
“8 8‘%& ﬁgﬁ

o-tolylamide, cyclopr
4-Furan-3-yl-?-mpth\1 -5-0x0-1 A ra R 7 R hnynh\mlrn qlllnc!:nl

‘S

ester, 10 gycloproparn
]

(4]

earboxylic

acid o-tolylamide, 4-Ruran-3- yI 2 -methyd-5-0x0- I 41,5,6,7,8-
hexahydro-quinoline-3-carboxylic a,5 dicblorg-phenylkamidess-
4-Furan-24yl-2- methyl-5-oxo0-1,4, ,6, ,8- hexahyjrqzq&gﬁﬁggagggmgggbm ylic
acid o-tolylamide, 4-Furan- HN" ™S phenyl)-furan-2-y1}-
3-yl-2-methyl-516x0-1,4,5,6,7 inoline:3;6dtbasylisyaaid
(4-chloro 15 phenyl)-amide o quinoline-3-carboxylic
2-Methyl-4-(4-methylsulfanyl-phenyl)-5-6xgrl,4,5,6, 738dexallizdrge
quinoline-3-carboxylic acid o-tolylamide%
2-Methyl-4:-(3-nitro-phenyl)-5-0x0- 64.
1,4,5,6,7,8thexahydrag-quinoline-3-ca ylic acid %}
pharmaceutically acceptable salt theregf. In one ?%D
insulin-related disorder is insulih ra istance, impai rn%e sse" ) anc
or diabetes andISald odulat G hgo 1|§t4%r
o1 is Ty It ga?%g?éo}!ﬁléome
embodiments, sald ingulin-relatg cludes a5anditignsgkated to
an elevated blood glulcose concentratloﬁ! such as atherosclerosis, heayt
disease, stroke, nyperterision, 0besity, Syndrome X or peripheral
vascular disease. In one embodiment, said inverse onlst or ant

comprises RSCBHTBRREFSBRSSBIFO THTgRoEs %Ioﬁ"fg IS i’i’ﬁ@%ﬁ Sefis
Meﬂwbﬁs[ﬁdan@ﬁﬁﬁtgaﬁmmmmmphﬂmwmmweoﬁwbﬁ@@@%&omf
h exagxgé %11“? arb %ﬁﬁ% t&%@:ﬁg@%hreiated disorder is

iphe S

(D

U T

4 (5 ran- -yl)-
SoxoHup&ls ?%mmmswm@wmw%%%m% In one
2- M@ﬁ@dé’ﬂn@a‘tﬂ%md modulator is an agonist. In one embodiment, said agomist comprises a

compound selected from the group selected from the group consisting of: 2-methyi-4-(4-
nitro-phenyl)-5-0x0-1,4,5,6,7 ,8-hexahydro-guinoline-3-carboxylic acid o-tolylamide,
cyclopropanecarboxylic acid 4-]1,2,3]thiadiazol-4-yl-pheny! ester,

10  cyclopropanecarboxylic acid; 4-Furan-3-yi-2-methyl-5-0x0-1,4,5,6,7,8-hexahydro-
quinoline-3-carboxylic acid o-tolylamide, 4-Furan-3-yl-2-methyl-5-0x0-1,4,3,6,7,8-
hexahydro-quinoline-3-carboxylic acid (2,5-dichloro-phenyl)-amide, 4-Furan-2-yl-2-
methyl-5-0x0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide, 4-Furan-
3-yl-2-methyl-5-0x0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid (4-chloro-

15  phenyl)-amide, 2-Methyl-4~(4-methylsulfanyl-phenyl)-5-0x0-1,4,5,6,7,8-hexahydro-
quinoline-3-carboxylic acid o-tolylamide, and 2-Methyl-4-(3-nitro-phenyl)-5-oxo-
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nitro-phenyl)-furan-2-yl]-5-oxo-1,4,5,6,7,8-hexahydro-quinoline-3-carboxyli
c acid (2- chloro-phenyl)-amide,
2-Methyl-5-0x0-4-(4-phenoxy-phenyl)-1,4,5,6,7,8-hexahydro 15
quinoline-3-carboxylic acid o-tolylamide,
2-Methyl-5-0x0-4-[5-(2-trifluoromethoxy-
phenylkiusaseild.dumifSsharahydensidivatngzdidarhoxylierasidutically
o-tolylamide, and
4-?89@?§bbiﬁﬂ75}?8§?ﬂ’?enyl)-furan-2-y|]-2-methyl-5-oxo-1,4,5,6,7,8-he?<ahy_dr
o-quinolieon3-aasbaxydie, aid ipstdiyicaiaidd ﬁ&&gﬁaﬁ@@m@ﬁmﬂe; impaired
acgeptable salt ihersol, Jn.ong smBAYmER Sl MEHOGHIGE atagonist. Tn
co%npnsmg a mlhls.te.rlng_to said 20 individual an effective amount of an

5 agentarkadifopthecifdamibriebieisiserder BI0srIPHRAES B8t obesity
in combinatien withansfesirirneshatadcriadiloressecagonisionted
antagonist. In one embodiment, the individual isna &mrrgal %%% anﬁ%hesrio
e IR FABFRSH RIS RO A AR SRV a0 Brovides S method
fortieatingyanpreyantingiphisardertteatabisoiamp peﬂmdim_byid ir_Nerse
g GRS COURINAG QUG BRSO ALY WAl -
ne ereof afi effective amount of a compound selected from the group

10 Semﬁﬁdﬁ.,(qﬁ@rgr@,@éﬂ@@m%—phenyi)-furan»Z-yl]»S-oxo—i,4,5,6,7,8- exahydro-
Oftgfﬁ%ﬂi'ﬂ%%-@aig!ﬁ??ﬁQ@!@éﬂ)t&}?é&lﬁi&gﬁ@ﬁﬂiiﬁnwaﬁyﬂfﬁzna-yl}—Z—methyl»S-
quinoline-3-carboxylic acid Q-t Ide, cycloprgpanecarnoxyli I 4 in_
B R A e e S e
A-Fit@rpBeyli2fneid/3-oxo-1,4,5,6,7.8-hexahydro-quinoline-3-carboxylic acid (2-
i:%@g#%%%@%ﬁé%@ﬂ@1@93%(@&%%@&9&}11?4923’,*%%@%@@»

15 mediicbimsx-cpiaos 8i7agihestahirmitep il st tlyd -Sifporomethoxy-
(2§ﬂﬁhﬁ%§a€tﬁ Jl',@3’[3,d%'-hexahydro-quinoﬁne-Sncarbo;cylig acid o—tolylaxnifie, and
e phen Ry 0L RN LY A5 25RO M oine-
4-Fruarb3xyli2 o thidlBamide] of HpBiFrBatrsanliv rocaplisntingt Sheeadioxylic
a0 O ORI USs S ME KAt MRS TR AR a0k

ydro-

65 1,4,5,6,7,8-hexa qumoline-3-carbo>?/lic acid o-tolylamide, and .
20 2-Mediyiduaian effective amount of an agent used for the treatment of diabetes, blood Iipid

nitr@ﬁ&}gggg}b%ggg*&&ﬁ%ﬁd@ﬁfﬁbyamﬁgawmﬁoﬁmmf It Baiderse

o-tolylamide, or a pharmaceutically acceptable thereof. Inone .

emBERRHTERT LA U5 0 8??§‘5¥§°%héﬁ]ﬁtr’l§%la éld %?15%}%%%? n sc%%g‘am another

embeaindenés; gaithdihwdtial-reddtedadisorder is 5 hypoglycemia, an

insull nsecfﬁ&%ﬁe%ﬁ#ﬁ#ﬁ@f&%&%&ﬁ@é B L RIIRNG R JAVERHAE: 8lSRable or
od for

provides a me reating or preventing a disorder treatable or

25 pre werie b I viEcreHia PR A AR BT RE RS Rt RS SR ipdiyidual in
an ipdividaal ndeeddberadiandgiesty amersted from the group selected from
2-Methyl-4-[5-(2-nitro-4- . )
N L LD R
-carexylicd 8-actehodolytahoideylamide, cyclopropanecarboxylic acid 4-

O R A2 UM R OARE DR i 4 ForanS-y1-2-metet-

hex -quinoline=3-carboxylic acid o-tolylamide, .
302_Méthwﬁ,ﬁ@(@jsﬁt}e@xﬁh%mﬂuinoﬁne%~carboxy11c acid o-tolylamide, 4-Furan-3-yl-2-

fura;2ai-5-6%01 14,655 TSz iByabypiiacauingling-s gis honsylicsatiithioro-phenyl)-

(2-0glgirc?e-,pﬁle*‘g‘f%gb-yl—Z—meﬁ}yI—Snoxo—1,4,5,6,7,8-hexahydro—qm’noiine«3~carboxy1‘1c acid

o-tolylamide, A-Furan-3-yl-2-methyl-5-0x0-1,4,5,6,7,8-hexahydro-quinoline-3-
carboxylic acid (4-chloro-phenyl}-amide, 2-Methyi-4-(4-methylsulfanyl-phenyl)-5-oxo-
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amide,
2-Methyl-5-0x0-4-(4-phenoxy-phenyl)-1,4,5,6,7,8-hexahydro-quinoline-3-
carboxylic acid o-tolylamide,
2-Methyl-5-0x0-4-[5-(2-trifluoromethoxy-phenyl)-furan-2 15
yl]-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide, and
4-[5-L2:5: ¢ i o-auinokine-3- ic acid o-tolylamide, and 2-Methyl-4-(3-
D}gﬁéjz?ggh%er}f)%ﬁy%?a%u}%?&ﬁgérﬁgﬁwoXl%lfqa;(%flc?Afoé% 7,8-hexa,hydrquuin_(oli-
neigo-chrsiylesit eiol m&y%raaqwﬁam%i%- Kratedseieasate o
thereofrin QR B HRagiaM B aidreisOle @hiscatbidintint reidididodisois en

In some embodiments, said insuélin-_reg%t[edsdjg%iﬂni_g, iQPH'H}SB‘?ééﬁ?“Ce’
iR YRR LSV IR ™8 P HANETRE Th DY  Ohie embodiment, said
inByiseredated, disprdiin-isdygied odiabdiesicpesdmidemboditamsts, said
insulin-rejated disordscincludes Aconditiop elatehio R aisiaiestblaad
glucose ‘concentration, such as atherosclerosis, heart disease, stroke,
hytpestebistsmrotsatibe DS arperng SR PetiBrEra (RIERTIASALEINE TS
embediment saig meathod ierher. compises adsmiistesing tarsaid

individual an effective amount ?g r?n agentused for the 25 treat g%t_ of boxylic
di BRI AR A ERRer S b SB sﬁy’m eGRBIRALTON With an effective
aneidn-eld HRR ML (fBarseydgbpistomahtdpénisthit-dnae hfbdbifdent,
Ry s PR ORGI AL D A e D I B -
hunan.~1he invention aiso rovides a method for incréasing_blood

gl fermetelifsaroahd BilaRtharahyAeartReras b CammRdna iRy
to thigdndividuial A afiecivenaamenatof aLFRAL irgenigtolguiindine-3-

embodiment, said agonist c rises.a co .selected from.the .
o G GFor AR o S B e fran-
Phenyi 455 @x081héxa6 oS hiertihydroathoindlinesid-caebduylits il 4-[5-(2,5-

° pranse.cyiapianaesathale aeid B iiadioadk daaieny
esfter, cyclgpro necarboxylic acid,; )

4-Rarber Blglapidetolylaniseoot aRbagAEHSRAPfGFEPEEIe salt thereof. In ome

quigling3=carfexyiie-asick antelWamid®ied disorder. In some embodiments, said
4-Furan-3-yl-2-methyl-5-0x0-1,4,5,6,7,8- hexahydro-quinaline-3-car. i
oGP S SR SR 20 Socoe itcs AL o

20 Methyleabadixded: 56 AR hiexale disuitolntis: Satbbsigic Boieme embodiments,

o-tolyl mi%-%—f:{é@ﬁ'sorder includes a condition related to an elevated blood ghicose
3-yf%€9nl1né§t yl- -%xo-l,4,5,6,7,8-hexahydro_-quinoline-3-carboxylic acid,

(4-@@@@5%,4@}15%%@@;0501&%3, heart disease, stroke, hypertension, obesity,
2-Me ot 4 mebsidianyicaie dydebeo%n dnd dnbodifrie aitytrthod further

quinoline-3-carboxylic acid o-tolylamide, and. . od for th
2-M€Eﬁ9¥3§t@i§9r’ﬁ?ﬁ"d§}f?ﬁ8% )t/?)%éol)x(}g{wn&a? AN egfecnve amount of an agent used for the

25 1,4 {efrhdhe byt Weod diinddodrio xylitbesiy b-cofyhiraline vofhpn effective

pharmaceulicallypareariable sall thereolofbe nvaRlahasa-RIaINRgddual is

method tor decreasing bloo:gglucose levels in an, 10 individual in need

thereaRIEBHFHSiFEaRiRT TRlHg ¥ the RAREERISAT8H&tve amount of
a GPRA41 inyerseAganisbor@niagonisihdd renerabagiblent shaicktriverken an

S atan ot h oSS R A PSR TIANANS ' Wi

30  amount of a GPR41 agonist. In one embodiment, said agonist comprises a compound

selected from the group selected from the group consisting of: 2-methyl-4-(4-nitro-
phenyl)-5-0x0-1,4,5,6,7,8-hexahydro-quinoline-3 -carboxvlic acid o-tolylamide,
cyclopropanecarboxylic acid 4-{1,2,3]thiadiazol-4-yl-phenyl ester,
cyclopropanecarboxylic acid; A-Furan-3-yl-2-methyl-5-0x0-1,4,5,6,7,8-hexalydro-
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hexahydro qumollne 3 -carboxylic aC|d o- tolylamlde
4-(5-Biphenyl-2-yl-furan-2-yl)-2-methyl-5 15
oxo-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid
o-tolylamide,2-Methyl-4-[5-(2-

nltro %35?%') ﬁc%lﬁoo ?,%53647%%%3%5@@&1349@6@8“'

hloro- p enyl)-ami
2 m@hm-amm%ﬁehw@ﬁeﬁ%&%i,grﬁ@xﬁ%ﬁ@%4 Furan-2-y1-2-
es%mbpg)@@ @ﬁ@tﬂﬂﬁw@ﬁﬂdﬁnea carboxylic acid o-tolylamide, 4-Furan-

2 Met I-5-0%0-4-[5
ph%ﬁ&i%mﬁ 25 °I,£ﬁ églﬂ?%égﬁ ydrcb qu|noI|n-tca"mébcnéy]!%%gl(mf1 (4 ehpro
5 O- Eﬁﬂﬁ@lﬁnﬂmﬂaﬂiﬂ%ﬂ-4—(4~methylsu1fany1~phenyl) -5.0%0-1,4,5,6,7,8-hexahydro-

4 o8 grP gcg 9184 eﬁgg ¥ é%maznaeu 2SRy LtheS- BuduS eV

noline- oxylic acid oﬁg%;lamlde ora pharmaceutlcally -
acmpi@bwmwwmﬁi@eé TG RO SRS & RRSTGGTEI o2l
ng nsulisecretion in an individual in need thereof, comprlsmg

admlnlsterlng to the individual an effective amount. o 41 a on|
one emb%ﬁﬁé"ﬁ?@& @g)g?;ﬂ%?%sowﬁﬁ X?or ecreasmr%ﬁ? nEOse eve

Ses a compou ecte from

10 thaﬁmﬁ@ﬁmmmﬂhe@nﬂmmm t@h@eﬂdwwamw”éﬂcﬁve
ﬁl Qsbida? G/l éﬁi@y&r %&M@%oﬁ@%@dﬁéﬁ'de inverse

o to am| clopropane arboxyllc acid 4- [tl ,2,3]thiadiazol-4-yl-phenyl|
es@@@m@gﬁﬁﬁé‘m&%@ gemppound selected from the group consisting o12-

4- Flé;{ tﬁ%?cdmﬁgb\ék%%anﬁﬁ}@%%mmwfi%%m%@ﬂ, 3,6 aySbuytitydro-
acld o-tolylamide ura v, . )
hesRRIFeq CRAGAELS %%%o%ﬂ%%ﬁa &@ %lﬁgfor%% eny -methyl->

15 4 Fosta 425 -2 8-hexahydro-quinoline-3-carboxylic acid e~toiylam1de 2~Methy1—4—~{5-(2~

:)n %{1] 631 OX )1%%@ LR-ANSXARY S aWnQlines 3 CAIRMNAILIAG b oxyiic actd (2-

3- yplgthwss)@@@d@;@,e{fe%ﬁwes@aﬁ%reba%%&ﬁ%éﬂﬁ};ér%é&;ﬂ iE-Befghyere-
(4-chiRramp ey BRMIKIRiA 0 -tolylamide, 2-Methyl-5-ox0-4- {5-(2—mﬂuor0methoxy~

2-Methyl-4-(4-methylsulfa 5-0x0 6,7,8- h
qun’ﬁ%ﬁﬂ%‘ JfUraneesy FE’%&@ %?ﬁgﬁl%zkd% qui 8]]iué53 c’arbox ic ac oqolylamlde and
202- M@(B)ﬂi&-@wﬂm@hmﬂl})—ﬁmx@ §i7-2-methyl-5-0x0-1,4,5,6,7,8-hexahydro-quinoline-

1.4.2.8,48 *ilexﬁ%ha/ droginalins: 3 gﬁﬁ%@%{iﬁ@a@w Rdgiamideaeras.

pharmace ically “acceptable ‘salt thereof. The invention further provides a ,

method folindfisinBIraYani Serreess mar R deart ie i segption in o
compasingAdinisiesreriedhsrindividuahisreiterive havitahioéfective

GPR41 inverse a onist or-a onlst I ne e dlme t the
d
invet@Y 8histd h?fﬁ&ﬁfs?‘égn comp%%% a (:om[%l und < ctec%D F e

2Sgrom1&aﬂsisﬁm@@gmup selected from the group consisting of: 2—methy1 -4~ (4~mtro—

14 5‘5837@{1 5(2- Do taitiuoramethyoe V) AR il X s amide,

exahydro uinoline-3-carboxylic acid o-folylamide,
4- (5@@@@3&1@0@;&}0@1& acid 4-[1,2,3]thiadiazol-4-yl-phenyl ester,

furz@ 1 O&: %ﬁ@%ﬁb@%%ﬁ%@&&k@@ﬁZ%&d@%ﬂ@hﬂ&B ‘Tadvoodydro-
acido 1 y amide

2 MEHGPIREs RS s BRIV S B T M 8 BT eyt
3@ uinplinhcagbimsiiie-acie i @:ghtcradiRérdiytarnideenyl)-amide, 4-Furan-2—y1 2-

2- Meth 4 _XO 4 Fg‘? ahydro- umohne~ 3~carboxylic acid o-tolylamide, 4-Furan-
pheny '\'gff %718 ’eiaﬁ(%?o qum ine-3- carboxyllgamd o-tolylamide,

2-Méihii25methyl-5-oxo-1,4, S 6.7.8-hexahydro-quinoline-3-carboxylic afid {4-chioro-
phenyl)-amide, 2-Methyl-4- -(4-methylsulfanyl-phenyl)-5-0x0-1,4,5,6,7 8-hexahydro-

quinoline-3-carboxylic acid o-tolylamide, and 2-Methyl-4-(3-nitro-phenyl)-5-oxo-
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0X0-4-[5-(2-trifluoromethoxy-phenyl)-furan-2-yl]-1,4,5,6,7,8-hexahydro-qui
noline-3- carboxylic acid o-tolylamide, and
4-[5-(2,5-Dichloro-phenyl)-furan-2-yl]-2-methyl-5- 15
oxo-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide; or a
pharmaceutically acceptable salt thereof.. The invention further provides a
methed fof ipciRaninginsuie- seersdioniinddglusneedenenspnimanattcdly
an‘individual in need thereof, comprising administering to the individual
arderiebliediRsartior a GPR4L inverse agonist or antagonist. In one 20
embodimeatntbsicPR¥isiversesagoaistdfamagesis bavivoasprica i an

compaun .seletdfrofmt,h [ SisHng Afihe individual an effectt
2-&@%%??3}?59@% FO- AT ﬂ%rr_%lrg%t yl-phenyl)- o Vl_u o etective
fu @/ B GRBAL thB6 7280 kel fiRSBisn GhrfasssbasERstE heigFRA41
0'@#@%&%#'&5@tagﬁmst can Cﬁn;_ipﬂse a compound seieﬁted :Eror(rjx the groupl
Bi -2-yl- -2-yl)-2-methyl-5-0x0-1,4,5,6,7,8- -quinoline-
3_Iggmgéeny§®gi' gf:aﬁﬁ% h@é_ Y r%ﬂmﬁjeai,tr%}/—llmtr?ﬁo gen%-afﬂly [B-ﬁf-lglg}lcg?

2-VegyhaR-(nireqhem-furabeRWil-Sstko bW Brdg, 8-F5Biphenyl-2-yl-
hexan AT HInoline- _-Ca[l[‘)g%yéic? g&f@}:ﬁiﬁ@ﬁﬁ%&%ﬁﬁ%&?ﬁc acid o-
T
phistizpigh Sryiyay-616- Leieyiboigamsnie308arbteyfid &digrabydro-
&t ; I@{Smg.g;c%m%x Jic acid (2-chlot1'ﬁ—phcnyl}])—am§2f{a, 2~Mzmy§5];ozc%4é(},§%oxy.
ethyl-5-oxo0-4-[5-(2-triflugromethoxy-phenyl)-furan-2-yll- 0.4 Ghexa.
RSP SRR T B TR e oot Z-Mel
4¥[5x624}g[ﬂﬂlﬁﬁ{@oﬂhﬁﬂh§qﬁ;m%wﬂfﬁf§-yﬂ»l,4?5,6,7,8~hsxahydro-quinoline—3-—
methyl-5-ox0-1,4,5,6.7.8-hexa ~diRoline:-3- XY 2€I0N 7 methyl-5-
o T & B e 2 ot
"in s gllddsh Tebeoraledtavamelineheanerias asdiricdduiapaierPre

inc&gﬁgﬁ‘;&m%%&){%ﬁ bighnerpeentration of glucose, but not in
response to a low concentration_of gluc s%. Some dé%s tf‘lﬁt QQV been
RIS}

used for tHRF SRS TBHETABRYLES f S & LD 8

éltllson%egca ess of
the drivetcnfgliceseninrthe hlanthdihdsisinat68thlesihbenpisansdmirsiering to

drugs ;g&rvelglgg Ins, e%%ﬁ%%arx%&%ﬁ SveRpRAeLCondi i%c%&s%r byReg¢eRigne

Theihcreased insulin the er exacerbates the hypoglycemia,

uoromethyl-

20 sorabimen, ol GRSy R AT SHACENASRRSF ST tORBEESH SRR

the ;genceRIANRR ghalanzadntbe hiortharareLndeells-ismigheidhahRphenyl)-
normal glucose 5 concentration range, for xa[gple 1g.§0ngépdogl}/~|f0ésla hiah 4-(5-
con@éﬂ%r%ﬂgﬁsﬁxﬁr&c%éé’%g'mfﬁgm BTN A afarihe”
conpgsisatianoiighicaseia-theitylobdxor | #4616t bty foweuithlines-carboxylic
noral QEase, oS RRRION anaR. [N XA MRlEs Ry MAAll-10f 355

The cellularmechanism of ac

ellula on of insulin Secretion is the increase in 10

25intrasaHuldroRPS PSS HaAdROBPR BN BB deMFTyL-5-0xo-4-(4+

pa”ﬁﬁ%ﬁ’&%—fb@&é}% ! Qtﬁg%@ﬁ-ﬁﬁﬁ%f;&d}%-@%ﬂﬁﬁ%@—&mﬁ& e SR iaRaiE 2-

or antagonist of GPR41 will result in an increase in cAMP i creatic,

betalvigrgﬂc’éﬂgfaﬁé%F%TW&%{&@?FP%W%B%‘@E?@&%%.Q‘YﬁM’43%H%ﬂ‘&‘y °
quinoliné-3-carboxylic acid o-tolylamide, and 4-[5-(2,5-Dichloro-phenyi}-furan-2-yi]-2-
methyl-5-ox0-1,4,3,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide; or a

30  pharmacentically acceptable salt thereof.

The term "in 2 glucose dependent manner” means that insulin secretion is
increased in response to a high concentration of glucose, but not in response io a low
concentration of glucose. Some drugs that have been used for the treatment of diabetes

increase insulin secretion regardiess of the level of glucose in the blood. This is not
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One object of the invention relates to a method of (a) performing a method
of the invention to identify a glycemic stabilizing compound and (b)
optionally, determining 15 the structure of the compound, and (c)
providing the compound or the name or structure of the compound. In
addition, the invention relates to a method of (a) performing a method of

thedaveniondeidaniiiradg eemie intakilizéngs tonyennutianeiions of
optionally, determining the structure of the co 1} ' a

o BURE B B A T e s i oy 6 EMERe e,
systhesinmgothetcahpelind Figk codevesiterofisitross argtes idiSrocess
fo rcg.'ﬁgg L&?fﬁ?@o J&)@g HoRR/KY-0h 8 AR c@ﬁﬂ@ﬂ%ﬁ_@ PR QHBIRGI&Iucose
me ilizi

od of the invention to identify a glycemic stabilizing compo r{d and

5 theAncoratongese GPERIWIt 18 BRAOYMIS %%B%hi%?ﬁ@%?ﬁﬁ%ﬁ#& gose: A
adr%@&%@&éﬂg%& gb@sm&??@uiﬁamf ﬁdl ﬁm}aif] indisdeliraibaiterd or
conditions _sufficient to modula e functionality of the GPC
AERER Bt SPARCHLE BT BHEOH oIt SR Ao e 3.3
compweirhds Bés.Table | or Table 2 that would be useful not only in
radio-imaging huf plso. N AsadeibLARMIR ARtV aidesaliEng
and quantitating GPR41 In tissue samples, including human, and fgr )

10 iddﬁﬁﬂﬁ@@mﬁh@l@sﬁﬁgﬁwﬁhﬁ%r&@%ﬂd@ BPIRsR diAgRfRsanc beta islet
CO%@@}J@gﬂkiﬁh@cﬁwﬁgwb&e&t@fhiﬁwi@rés;agm@mmﬂeg@impofMGmmm in
assays of 30, which comprise such radiglabelled compaounds.. Suj :
ractBIRAERRFESRRAT Car BETHERTSOFA é%%nctgggmagoﬁé%&(?ﬁﬁéﬁ [ﬁméygégr%gremn'
invention ghelublecbuf treimentintethie 8H: (aktbod fften pesfmminge myeflepd of the
10 R Rend G Jee LB EA T LoripBlind B BPE SN 3 Bhning

e radionuclide that Is incorporated in the instant radjolabelled

15 corthsctmea il Serort onth avde e Al pa Rt 6T B 95 AaRt A Sifege
oAl v b e i v
compoun s that incorporat N . or I,WI I
o PO GbInt B VAo s S ot Re oo i A A e
131qEhRniTSBe oritiBe efithcgensaiyibe)mpsonmbiotosifing thedwmessd
that a "radio-lahelled " or."l pRuURdy] tuhablend
or fé%l‘)lfemﬁ &é%gg%c@%o%ﬂgﬁgﬁggit one _%%%%ggg iﬁl_tgsr%me :

20 emiesRHen EsTeE TARRS A0 AIRTRCRS SRICRTAERS (R IBrtrr e a5ty tRan
14%3%?&5&@%%1%&%&%%&%&&0%@@1@3%%@@m&m&ﬁlﬁeyrﬁglmm' itidegkzon
14C. Moreover, it should be unde d that, all,of the a I
o BB S TTE LBt e L o fedtl Y AP Gp e o
occutririfisssinphofisuchiatmbiitngtemporadtarsdndividnm srsisecopditions
nongagioeAClNE dSalopR SUNRGIREIE A RN CorpOraling

radio-isotopes into organic compounds X
25 Amnother object of the present invention relates to radio-labeled compounds of

Tabie 1 or Table 2 that would be useful not only in radio-imaging but also in assays, both
in vitro and in vivo, for localizing and quantitating GPR41 in tissue samples, including
hurman, and for identifying GPR41 ligands by inhibition binding of a radiolabelled
compound. It is a further object of this invention to develop novel GPR41 assays of
30  which comprise such radiolabelied compounds.

Suitable radionuclides that can be incorporated in compounds of the present
invention include but are not limited to °H (also written as T), He, Mg, 8y 1237 By
123y 124y 1257 BIp By, "Br, 130, BN, 33g and ""Br. The radionuclids that is incorporated

in the instant radiolabelied compounds will depend on the specific application of that
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including those applicable to those compounds of the invention are well
known in the art and include incorporating activity levels of tritium into
target molecules include: A. 15 Catalytic Reduction with Tritium Gas - This
procedure normally yields high specific activity products and requires
halogenated or unsaturated precursors. B. Reduction with Sodium

Boro 3H] - ocedure is ra

préaéht}i%’l“‘glﬁ i Pl ucfbtlc(j)ut!11 r:citrort(g';t{Taii jf%%x[%%s ¥ %gogllg%ﬁ% §ssays,
kewmntwsmempoqmms *Hotf @ ETke's? euu&mmeﬂﬁmtﬁ tmost uscfil.
Alymingm | wg(a:tg%e %%Hctuozgeéoerw@d@mel@ft@smum 3t dmest

theoretical sp tivities. It also requires precursors containing
redﬂ’é%@@ﬁ@ﬁéﬁéﬁﬁ&?%ups such as aldehydes, ketones, lactones, esters,

5 and the likgs adeibemuaas: E@@@M@é@beﬂ ﬁ@beﬁbﬂ&:mqmddfreslmvdmnd of
sing precursor nta|n| ble pratons;to tritium gasn
5.53@?1 %%f%bgiﬁté%feg%sa%y e@%ﬂg ??ate gn&%ﬁfh e]fllﬂly(fxflodﬁ léle %ents
- Tﬁssméenmdhcﬂe s 2ot fibign émgmye@mpmmfe B,MethyT of Riapset

B, Sreating PEaie! MM{QE}WH& th
act|V|ty metﬁﬁﬁ‘%xde (3B). %ﬁg@ngﬁgdﬁeﬁgéﬁgl% aIIows for h@a%ggg# o

act¥isf %e@%@%@@%ﬁmﬂ@m e dTratiRRREIde

10 actydibrlensisRitanliltepsgaidmalass eshinglbderAcSatidmsygieanaonradio-
like reactions - This procedure transforms an aryl or 30 heteroaryl amine

intd4THAFSMEm salt, such as a tetrafluoroborate salt, and subsequently
to 1251 IM@WMW@NM@O@F&%M%M@MS

re p%itgg,é)g tér%lté 1S BP0 ﬁ&%ﬂﬁs‘%i@ﬂgmge}ﬁﬂh SLR4B190%n in the art

(20 5Iod|nat|on of phenols - This procedure aIIows for the

incerEGPSINeR BETPTIREREASHRIITOSRERTBIR BiadAseLRelisbive epde:

15 CO'@@fal}hd—R@eﬁfétﬁﬁ'Wﬁﬁkﬁiﬁdﬁz GhabelRgcomad Raditighashis iz éti%mﬁc
S264-5266 ( 999)@C Aryl ahagohetero ¥I brom@e exchar&ge \ﬁlth Redu 18
I

meATHTT AR R S SR S8 RFERaEs TR AR efle% é conversion 0

the ity &umhmtemahyamo rm]e fBhineroordgspismelitng eikysiive and requires

interm %?t? ézt%taw% AamRleu AR -Satalreddeackiamlias Re(RR3Ridones,

ort roug an ar eteroaryl lithium, In the5 resence ofa

tri-cARigRE Nl be 1 &aaﬁt?@&&ﬁ?’fe“@th §ﬁ§‘ﬁf@q Shejrige (H 1 - This
20reprgsentiad @@gqﬂmecwasmft@eob@h&asp%ﬂa agifidtiee-iorke rsqguicks

Labelled Comnd Radio 44.5280-5282 (2001 AT di

GPERTES SOTRIBE T2 %)3{,? oﬁlisﬁﬁpgzgfzaﬁ) i)se('[ugsed;2 ina %cr’g{e%%%ngoms

assastdo.isehiifylivaDate DifnpoGroSxhasyenbibtiiogm$his peogggure mVOlVSS
Syngt? t%&%p Q. pidepfified-camponndi( &%ﬁ@t@ﬁiﬁ&.&%‘ﬂ@%@ﬁ%ﬂ%

r its ability to reduce binding

evalu of the "radio-lgbelled compound.

of TaBiabE sitFiaEeD" (Qthistiign %%MB?‘YA&%?B Jh&"&/ s BERRBR &
2scandighats eemprung epaspaiemithbitediadio CH) products by treating appropriate

precursors with high specific activity methyl iodide (*H). This method in general allows

for high specific activity, such as about 80-87 Ci/mmol.
Synthetic methods for incorporating activity levels of %51 into target molecules
include: A. Sandmeyer and like reactions — This procedure transforms an aryl or
30 heteroaryl amine into a diazonium salt, such as a tefrafluoroborate salt, and subsequently
to ] labelled compound using Na'?’L. A represented procedure was reported by Zhu,
D.-G. and co-workers in I Org. Chem. 67:943-948 (2002)). B. Ortho lodination of

phenols — This procedure allows for the incorporation of 12T at the ortho position of a

phenol as reported by Collier, T. L. and co-workers in J. Labefied Compd Radiopharm.,
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labelled compound of Table 1 or Table 2" for the binding to the GPR41
receptor directly correlates to its binding affinity. 15 One aspect of the
present invention pertains to a glycemic stabilizing compound, as
identified by a method herein, for use in a method of treatment of the
human or animal body by therapy. Another aspect of the present
inventiofE Penzisdsh 7 TWTANE Slahlizingycomprlndcan identiigd byra;s
method herein, for use in a method of treatment of an 20 insulin retgited
disBYETRPd it SRReTAbNA TGS ERIFRF 80y 15, HISEFERYS ARG FESHSUAT A o
prepapiditvERigndpestaincoitespondthe difalidfiat ieatmelitiofiaingrislinample, 2 Pd

related disorder. compyisi dminjstering to a ' 1 (o} id
o T SOt T e S ) O e YAl b 8

5 corppeemd, odis ideitifituhblida enégrediiddbin [om GBpetrd({Hd:pledent
invegtion pestains io-ametbodiorhe seninentalany2Rdasulinualated compd

disorder comprlsmﬁfdmlnlsterin% to a subject suffering from said
condiginplamme ettt aA52<AR M Ne amount of a glycemic stabilizing
compound, agidpesifieGIR4a toethatherTibiiaretabipbcin thefatin af a
pharmaceutical composition. . Another aspect.of the present invention .
por RO SO M Bt PO, 48 G o by o ppeszed

IZIng compoun n ] d
10 hereingfotifisbcmmaomstifou, oftrédain epmpiundi seubea swiread3ordis ebddiy o

the yman;of:Animal.bogy biibelapypRRlicaNsHie IV edhe Fiohtde Gprat

exclude any one or more candidate compounds from any of the | e
emBERARHEN GBSy Bt HINITK SR CARRIAT: STRBRI e gy 1 the “radio-
excliJeg1anyoene @i FOTE-8 ok atbls frokt arybhiithe tembatiRenisafttrelirectly
inventio . A%plicgtn?nad(ggiignrally reserve the right to exclude any _
insuffi-Telated disorder or amy 71 condition related to an elevated blood
15glucose cdpwenstradtiofithopresany inf thBornsbetisie atglxstihie aRipa compound,
Other sesRlite,diSANsed LACaniaks -RaRpds wil-RecomR-ARRAESE animal
to those in the art based upon, inter alia, a review of this patent
dochpsehy @GFF’Ié’following examples are given to illustrate the invention

and are notigteadeskctoDadpeldsiveniraity PanheroRgAMRIESbTheng

examples are provi further define.the invention without,, howev

O TR e T B ot At M AU
20blot mselipsigaéhdisanieGr R bunpres siomih Yadnbintetepyardgedher aspect of the

tiss %@sgﬁttmem%ﬁﬂﬁ@ S PMEBRRI9H: vt QEHMT@NCRR AL Wa&d disorder

determined in several . . . .
comprising administering to a subject suffering from said condition a therapeutically-

effective amount of a glycemic stabilizing compound, as identified by a method herein.
One aspect of the present invention pertains to a method for the treatment of an
25  insulin related disorder comprising administering to a subject suffering from said
condition & therapeuticaliy-effective amount of a glycemic stabilizing compound, as
identified by a method herein, for exampile, in the form of a pharmaceutical composition.
Another aspect of the present invention pertains to a glycemic stabilizing compound, as
identified by a method herein, for use in a method of treatment of an insulin related
30  disorder of the human or animal body by therapy.
Applicants reserve the right to exclude any one or more candidate compounds
from any of the embodiments of the invention. Applicants also reserve the right o
exclude any one or more modulators from any of the embodiments of the invention.

Applicants additionally reserve the right to exclude any insulin-related disorder, or any
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human adult and fetal tissues using a dot blot. 15 A dot blot containing

human adult and fetal tissue mRNAs was purchased from Clontech (BD

Bioscience, Palo Alto, CA). The order of the tissue mRNAs on the blot is:

Al --total brain, A2=amygdala, A3=caudate nucleus, Ad4=cerebellum,

Ab=cerebral cortex, A6=frontal cortex, A7=hippocampus, A8=medulla

oblongaich Blmestinialic e s TRHAD L BRrs R SBRlA NigTR.

B4=temporal cortex, B5 thalamus, 20 B6=accumbens, B7=spinal cord,
CIETRRAmeEnssof Shein¥estiRe etal muscle, C4=colon, CS bladder,

C6= uter@ﬁﬁﬁsﬁﬁ%@&d@ﬁm&mﬁr@kﬁm&&dﬂQW%yOme apparent to those

D3= nereas D4- pityitar lan I nd D6 thyroid,

D7= Etg va(ra?/g%na Ibgq%ggncgnaaf&/%%‘?’arﬁﬁg’é ngey Enllver E3=small

intestine, R4 fxptwing EEmhiATS, mmm theukwayien EF-dyrnphintended

noge, EQ BRRR ManeWairappendix, F2=lung, F3=trachea, 25
F4=placenta, G1 fetal brain, G2=fetal heart, G3=fetal kidney, G4=fetal

liver, G5=fetal spleen, G6=fetal thymus, G7=fetal lung. The blot was
hybridized with the GPR41 probe gsingAPioniech "Express Hyb" under

condltloni recomnlgr(légli%%‘%%1 I&)pot%eréﬁﬁgp 2 30 RT chele{;lsolvﬁeﬂile%

Tagman na?yS|s 0] Xpresion in SSUGS an

exdmplog the ioxpisssio thiesperdionpilibeseRRaAglwas determined in
severasopse cell types and tissues using an RT-PCR assay and
Tag man uantltlatlve PCR assa . As shown |n Flgure 2 the h|hest Ievel

|slet cellslﬂmhaoh&limﬂ.eaﬁﬁbquam&]gmaﬁhﬁﬁaeem dé&-mkaiﬁdevm
in %ancre%%c&tlsl%t%tapm db/db mlc (f‘%rppared to wild-type and ob/ob

Hssnes Osi
mice. GP expression in mo & ?ssues was evaluated by RT-PCR

using the Aot goptimars hBn PG 86 RS AINGCIIRGS FEF 10T 8ised from
(SEQR NGB BRerre, 646 2 ICA$ C’.[’Y%%&B%EIS@%@I\I@EOQ th blot is:

NO:4). Mouse tissue eDNAs were synthesized from commercial poly A

RNALSHHEh IR AreiECcA TS ﬁ@@@@%&ﬁ%ﬁe@m&éyﬁ%&

dt. @BHM@%MW}@@W%@@&@I&MQQNM&MW@@&W@@E&
beta ceII I IT-1, pTC- 6 AND MIN -6 were egsf% total RNA

|solate(f<Usm~gD Hazol (Invi rogagnﬁni%rﬁ:or‘lth aqman quantlta Ve PCR
expefiraesivowR Trsthechetdn pahedrofCRigare. Llaike b musslsupérnsien,

wagBRlRIdB: aCEmk-RRIYETOPMERR, thes5RnMA 012G EEMBLIG Y rn%meas
were added to glve a 300nM final concentratlonwppropnate amount of

prob & WHEEHHE AT, Yre T TRhPES CRATRNEN b 206N statddtimrapepary

welplaad 61 dAbywRs-HN A 3wl el lthecstiney HBtsphas, RipeimixsaB6=peripheral

NUCERSR;Ie@WAIRLY node, B8=bone marrow, Fl=appendix, F2=lung, Fi=trachea,
F4=placenta, Gl=fetal brain, (G2=fetal heart, G3==fetal kidney, G4=fetal liver, G5=fetal
spleen, G6=fetal thymus, G7=fetal himg. The blot was hybridized with the GPR41 probe

using Clontech "Express Hyb" under conditions recommended by Clontech.

Example 2
ET-PCR and Tagman Analvsis of GPR41 Expresion in Mouse Tissues and Celis

In this example, the expression ievel of mouse GPR41 was determined in several
mouse cell types and tissues using an RT-PCR assay and Tagman quantitiative PCR
assay. As shown in Figure 2, the highest level expression of mouse GPR41 was

observed in pancreas and pancreatic islet cells. In addition, as shown in Figure 2,
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15 The primers were ordered from Proligo and the probe was synthesized
by ABI. The sequence for primers and probe were: 5'Primer:
GCCGGCGCAAGAGGATA (SEQ ID NO:S) 3'Primer:
CCGAAGCAGACGAAGAAGATG 3' (SEQ ID NO:6) Probe:
TTCTTGCAGCCACACTG-MGBNFQ 3' (SEQ ID NO:7) 20 The thermo
cyeipRgDRNighs deddsshavaa e arihel aw tlaenarclimediangpe and
Temperatures Initial Sta Each of 40 Cpcies FMit MnsallExfand HOLD
HCS’E%W‘E?LE 2min" 1Dmin- 15 am 1min 50C 95C 9E "C 60C 'The 2 min
hold at 5GRRS Iraxpiteibfon optised ssmp FrasydUiNe doth/iyy CRhesinothein
63T GREIARE BIAIPAER QI ERAFOYNEASe QIO ang

h
Example ouse GPR41 RNase Protection Assay 25 In this example

theSexpFésSioR (&VeIAF MBLSEEP RE VAR IBNIAY MLuvdrrahbhyes were

celliyprsARdlssupatsing s RNRSR piatpelanass Qohabhowmetie BioRad
Figure 3, the highest level ression of mouse. GPR41 was observed.in.
AR R S R R CO S R e g ing
insplin@eatcteth|tat [N (RTBNJRTEFE-SANTBNIIbuSeniss peefaiNA Sovetetal RNA
commercially ohtained (Clontech). Cells (as indicated in the figures) used
forlﬁglﬁ%s%slé (?r:%1 aézr‘gﬁéﬁlcr%gaeﬁ% cell lines provided by ATCC (NIT-1:

ATCC CRior285bagmah QRaiBivEE CRORPeIIBOBIheF D itirdt fin P ety

PessinabSHNahmIa IRk AM NG iRINARTWRIGIRIALRM MBINGdHZat and
reagent 5 (Invitrogen) according to manufacturer's instructions. B,neﬁ%,?gam of

25 THErHARET B ASIESE to B AN B SoRes TR BTk
vecieshdRidiragiento Ehe plasimidnsas-titieatiz eoowith Xitel erdhgelqpuréfieetas

using the Sephagl| Bangdpr. it ( rsham). After gel purification of
e BH D o D e S S A & B Ch AGk re ey e
SP6 RNATelyrimerasesiOofdaradi G Rodsgsi po ity frbeeprabeymizsipd ficd B
by acr ' ' . hybridized with 20g of total RNA at

2 e sshopioies od

‘ rids were dig&sted with Rnase the following day
and run ofi BB aSiGRRTESHAAGAEIE4 e REQRS DXerbion, RPA I lit).
All the propedurgs fardmWtio AleASEHRICMATER BAS GBI NGB

Probe: TTCTTGCAGCCACACTG-MGBNFQ 3’ (SEQ ID NO:7)
The thermo cycler conditions used is shown in the chart below (Tabie 3).

Timas and 1 enperaturas
Iniial Beps . Bach of 40 Cydes
Mzt I Anneat/ExtEnd
RHOLD HOLD CYCLE
2min” 10 min™ 15 s8R 1min
50 geec gs=0 glrG

*The 2 min ho'ol at 50 *Cis receired for optimal AmpErase UNG acfivly -
= The 10 min nod 2185 °Cis remuired for AmpliTag Cold DNA Polymerass e valion

Exampie 3
Mouse GPR41 RNase Protection Assay

In this example, the expression level of mouse GPR41 was determined in several

mouse cell types and tissues using an RNase protection assay. As shown in Figure 3, the
highest level expression of mouse GPR41 was observed in pancreatic islets and

pancreatic islet cell lines including MING, a mouse insulinoma cell line, NIT-1, and

BTC-6.
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following the manufacturer's instructions. 15 Mouse GPR41 sequence for
RPA probe: 5'
GTGGGGCTGAGGGTTACACACAGAGGTGGCACCTTGGTGATGTCGA
CACTGGGTGAGGGACAGGAAACCAGGGAGGTAGGCAGGACCACCT
GCAGGG

CAGAG AT T OO T A ST R T GG SRIRT ARCAP TOIARA G0

CAATC
THEECTEEAT GEGHr RS BItrcTconeTalCa BRgCrriddAr PEFEAA

CA : -6: -11506) or obtained from Jeff
T TR AR e SRR T
TTREGIC 2 ARTY 3 S emg Fooai Moy RAE W‘b?ﬁ%

5 PreRgiRskh) Kedrdifs tOhlabitelld e fducBbae. ID NO:9) 25 5'
AATTGCCAAGAAAGAAGC-3' E(%%ISD% 4}?% Exam Ie%G%ﬁIB:ﬁFdPO
g e i R

rgssagie iaviatgasin S & oy
was measwed using.an 1P ri B3 Assay eb, :
GRv %&%%%ﬁ%%@fﬁé@%ﬁ%ﬁ%ﬁ&% Qﬁzfzf‘ﬁﬁg%#@gg gmert
aceurpepeiGvas e HEr TBFIEEPHSIY RS B

10 rapsiesisdwith ernessionplrseeidasenhadh KRB deiesEartphoresis and
ke e S e R e TR
us t S a clone
INtQRAASEIRE HBEWEXP RS UE SO ﬁﬂ% byl andi Gl G dtinrtehasesiiN AAmbion,
clo into.an expression vectar pcDNAS.I(+) (lnvitr : is,a
sing%gélﬁni?ﬁg 'ag)lé ?neu%(ffgn%?sgﬁ%ﬂ%h%és%%?lr\% aci 2%4%5%%%%0
5 afbiBimingRransfeufpohsanetaspeefisinied using Lipofectamine transfection

15 reagent Q@ﬂ&r@@@@hggg&gﬂmgrgg@&turer's recommendations.

Briefly, on day | cells were plated on 96-well plates at a density of 3x106 .
ceIIs/pIaté. On the following day a DNA/Lipofectamine mixture was
pregaeddoraacREiate Bs COlONGA GAGHTOIGE AR GG BHATGTCGA

o R L MG PR E I cerccacos
mix@dﬁkﬁQ&Wﬂ%@'&hﬁ&%@Eﬁqﬁﬁgﬁéﬁ@ﬁﬁiﬁmgg@ CAATC
20 resyiingsoluliornas incuhared Tiar SRETIOUIES GAIRONTIEINETANA AGLCAT

o e S0 05 2 U 1509, B R
AATT-3 (SEQ ID NO:8)
Mouse GPR41 PCR primers for RPA probe
5’- GTGGGGCTGAGGGTTACA-3’ (SEQ ID NO:9)
25 5'- AATTGCCAAGAAAGAAGC-3’ (SEQ ID NO:10)

Examople 4
G-aipha i coupling of GPR41
Tn this example, the coupling of GPR41 to G-alpha i (Gai) was determined using

30 a2 GqGichimera. The function of GPR41 was measured using an IP3 assay as described

below.
1P3 Assay of GPR41 Expressed in Gg/Gi transfected HEK 293 cells

Tntraceliular IP3 accumulation assays were performed using HEK293 cells
transiently transfected with expression plasmids for both GPR41 and the Gq/Gi chimera
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15

20

15 Liptofectamine mixture was then gently added to the plate (50.L/well).
The cells were then incubated for 4 hours at 37C in a humidified
atmosphere containing 5%C0O2. Regular cell media was added to the
transfection reagent. Cells were then incubated at 37C /5%CO2
overnight. On day 3, regular growth media was carefully removed from

wells andhisRIages: ZQuith JARMEHGINsieh-drcB/Nar meef etiaMvfection for

(Gibco) containing 0.4uCi of [3H]-myo- inositol (Perkin-Ehner), Cells, wer
e e e
[3EdegaEnasia-ecmala nplabelingmeeptissiesvenopd Mg iep Beagrogen).
with. 10041 of inositql-free/serum- ME 1ning-104M Barglylingeq «
(Slt‘gzr%{éﬁ é‘héﬁ%?ﬁ@ﬁfﬁﬁﬁ cﬁllgg%éﬁ ?gié]?ma). C%%%%vere incubated for 1 R
hoaityatn87C /5%C0O2. Solution was then 25 carefully removed and 160 L

per well aficercaldQ 4 MpminRaidinas pdeathiaibeasatsidheaels

were lysed by incubating plates at -80C for at legst 1 hoﬁh[i e%alé‘laatiancgﬁs
IPAIRER SR ARSI BRR A SRy B GMATSE aphy On AGTEX

forpate FasioiBio-Ra)1AA04k dfftnndtx t6SimibiiriareCadhoffelsining day a
1mL of water) was added per each well of Multi Wter.pl
A S0 e AR et an e TS A ot Dava cons
washeUMWHGPRAL) plniateis singul tfiaNe. (R Cagor o PERES hithnlised with
cells were thawed ly Asf [ ' '
SRR e B P e B e
roohipteenpearat e g ity 5168 sof @ FS RN raid det: frespi tigco praga svad tincubated
filtratign unit. 75 Plates were was oUrdimes wi t a1
5 e e i N R
(1868kmvelly aFlplatzilswene iheubatbeliforss withiitelr @b PBS. and DNA-
temperature. Eluents were drained.i collect  USIDGer1
vanc}gﬁ%%‘r:n%ﬁll?g I %ranes%rsr%(%%%og tg?:%%t%gt%%%i é?ecg%%ﬁ% %ur% ofe S
OptiphdsenbliSafios Shovntil ATEH e crmidiPetiiFe EIPRET) SPBEEMTE -GN
Waﬁ%%l%? iE!%ﬂ' afion Gavntetd G XRRRIefGsa RRgA2/ 13 nowRlNGaf incubated at
GPRA41 In this example, the coupling of GPR41 to G-alpha 12/13
(Gat?IE35 WS- PBegEE  mined using a CAMP assay as described below.
Briefly, theygxaerimenilwasopeifordied asciolitilig r283veé feomwevells and replaced

A AP0

paremiaitdl et ienbssip rOplksmeid ifb)ba@d S ianttifme A" CONy 2§/81 20n day 4,
p'a'ﬁe”COdégﬁo .Lc‘é‘ﬁ?aﬁ‘n%g f&txﬁ%‘%ﬁﬂéﬁﬁ GaerimaA dad feARIOAEISOUL of
S n

wer ft¢hed to those corr sponding to the C-terminus of G12, or (c)

"GsiGkBobHimeéatnChev DSBS phiningd Qivorrra)Haa iz mdAmh! litim
the &fgﬁ&'@&na}. Cells were incubated for 1 hour at 37°C /5%CO,. Solution was then

25 carefully removed and 160 pl per well of ice cold 0.1M formic acid was added to the

cells. The cells were lysed by incubating plates at -80°C for at least 1 hour.

Separation of [P3 from cell lysates was performed using chromatography on
AG1-X8 formate resin (Bio-Rad). 400pL of formate resin slurry (0.1g of resin in 1mL
of water) was added per each well of Multiscreen filter plate (Millipors). Water was

30  drained from the wells and resin was then washed with 200uL of water using Millipore

filtration unit. Plates with lysed cells were thawed and lysates were transferred into
Muliiscreen filter plate, containing formate resin. Plates were incubated for 10 minutes

at room temperature and lysates were then drained from filter plates with filtration unit.
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11 amino acids were switched to those corresponding to the C-terminus of
G13. 24- hours later, the cells were analyzed for cAMP levels using a

"Flash Plate" kit as described below. 20 A Flash PlateTM Adenylyl

Cyclase kit (New England Nuclear; Cat. No. SMP004A) designed for
cell-based assays was modified for use with crude plasma membranes.
TheikiasheR s hve fsueamtaingith avaeindilp 0aalingnwhishalb sy eaital SFution
specific antibody recognizing cAMP. The cAMP %enerated in_the wells

waligeaatAben 2B0ed BiBeF et bt 1B SRAERIT DY PRABSREAS X gninutes
tragerotont ens M artinesty wib: Thentallpwing senvesiasi soyliatpiskgcedcumm

for the.measurement .of cha in CAMP levels in wh ells that,

e L R BB L e heaiey
5 fouschbilisiafterciraidRerkite-Ehnfeoiiviconeeicon Sk der Shulllatph femist

and discarded. 5ml of cell dissociation buffer was added to each plate.

Cells Weregipetted off the plate and the cell suspension 30 was collected
intd“82I8HEP conical centrifuge tube. Cells were then centrifuged at room

tenpapidreatdesinnpfagpRrminutes. The cell pellet was carefully
re-suspended into an appropriate v, of Assay B hi nsisted
o1 17 voi 1 BISSEES T GV CIATR b IR Bt [y T

10 celldwenmit enixps niddRIstagy as Meshdbeddglometer and additional-assay
buffer wa 0.4 [OPF . cell ' j
volume of Seaty Eo e e e AT B £ SR Mitecies
(comptidinidiqetet oMM prEsTee M PlassTg indcttnhPDbRStiBHs Bk with
e ooy it of 01 SAMID Sianris o
instyuctions. The assay was initiate addition_o C standards,
(0 AL OVPEIEFIEIS OIS AR by ARTRRS S0 SPERR RN priaal

15 H12 DhmifGaviétl wtatewG0ind of Siimdatigniiifietotastehte allGl2, or (o)

stap e ﬁﬁt!g ' Egdﬁ Wﬁ B n.:
Wasel uple%%!v%ﬁ%s'say Bu#éﬁfﬁ?nt g%gé%%%e tﬁgn%% edtot g%:he}%?:%%nal
509} hwainaaeda sibamairbebD Mt tesaprasinsto fentptratine of 68 of24-
DetegtiomMixicontiaining: taaer AN Eavasithen added touthermelsitRliates
were then incubated an additional 2 hours followed by counting in a
Waﬁﬁ%‘ﬂk@%&t{gﬁ scintillation counter. Values of cAMP/well were then

20extrapolataFifsbrhlaStandangiglXMiRaceiie MdvichnglasddSntiiare Gatvitiin
eac%“%feé%ﬁ S ede %@J&Rﬁ&é%ﬁ%%ﬂ%ﬁfé@fﬁ%wk@&@%ﬁs

exa GPR41 agonists were identified using a screening protoc
Xerfgpubimelapephgrad late wells contained a scintillant coating which also contains a

specific antibody recognizing cAMP. The cAMP generated in the wells was quantitated
by a direct competition for binding of radioactive cAMP tracer to the cAMP antibody.

25  The following serves as a brief protocol for the measurement of changes in cAMP levels
‘in whole cells that express GPR41.

Transfected cells were harvested approximately twenty four hours after transient
transfection. Media was carefully aspirated off and discarded. 5ml of cell dissociation
buffer was added to each plate. Cells were pipetted off the plate and the cell suspension

30 was collected info a 50ml conical centrifuge tube. Cells were then centrifuged at room
temperature at 1,100 mpm for 5 minutes. The cell pellet was carefuliy re-suspended into
an appropriate volume of Assay Buffer which consisted of %2 vol of PBS and % vol of

stimulation buffer (about 3ml/plate). The cells were then counted using a
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Melanophore Technolo 20 Melanophores are skin cells found in lower
vertebrates. They contain pigmented organelles termed melanosomes.
Melanophores are able to redistribute these melanosomes along a
microtubule network upon G-protein coupled receptor (GPCR) activation.
The result of this pigment movement is an apparent lightening or
darkeniRgtoaltBe.s8 kIR ARAPRArasy I e RRE B3 e0HRVEIS Qfriate mumber of
intracellular cAMP that resylt from 25 activation of a Gi-coupled ‘receptor
caucsei?sr#@} _%%E@WWG%?@R@OH}QVEQHH of the cell, resulting in a

dramatic kgMeringdadsolnd DerAldR Bedkli @mitend ajsehs follemi ] cAMp

actination o -coupled receptor, the melanosomes are re-dispersed
R R e e
5 thabHesHRcsmsaetiveriings of Kbe aseypkasl insietpddrs slilitiatsofiftiicd AP
re-GisRELsioR dhReiliony dhedachreloyisRR amﬁpmmmmm

cer's&i%receptort rosine kinases, The response of the melanophores

takeS pRIG AR iU R, P SEEH o RyARs i arriided tnralistandsmdells. The

robusitscetor shiatgeththppesparieein hewasilydemried WaaBay Buffer into

co tional _absorbange microplate reader.ar a t vjdeo imagin

oy O A S B ok e A

10 crefmapraeipp e Hiow ekPaesianiiixornplioing a7 oAMGvedirthepratéiiso khe
partieularphescRlls SXRBSSAREXSMENLYY 6 Ja098185G: t;g%%mﬁasﬂgaso
are }%ﬁ% Eﬁ({;‘i(lgnctlonally express almost all GPCRs. Melanophores can be

utili TS ST HOR CoitrinG Re F AR e WrrchBipkiapolated
andforestivaier GRORSckhiswhiethes candiecanthictaeysiniraacing test
5 cells of a pigment cell line capable of dispersing or aggregating their
pigment in response to a specific stimulus and expressing an exogenous

15 clodixemiag for the GPCR. An initial state of pigment disposition can be

set NG foh x a4 Siskmelatonin, MSH or light. The test cells are
then contacted with chemical compounds, and it is determined whether

the pigmet TS SEETBIT-ifF it L ARSTERS &t i0ewi iR ninal estessing protocol in
pigiienpiOrkkmostitoss. Dispersion of pigments cells due to the candidate
corm?&%]gq g}glygciﬂlgogut not limited to a ligand, coupling to the GPCR will
appear dark on h, while aggregation of pigments cells will

20 appear lightelrnerberssaanakin cthis dunvbrelfoitowettoretor They tovtirn pigmented
discinsuen @fibhSaRaRRL KD DRIBASRBRGANG I & - RalenLN ymber

6,051,386. These patent disclosures are 15 hereby incorporated b

y
re PR TR B fr Bty N S TS 008 & PaniSe eoua gsyroceptor (GPCR)
electropoiatiCThevtaua plxsinid gvibitmeentaintoihg seding seauenaaiefening
humap GPR4 cells were plated in,96-well . plates,. 48 h
post-trans feﬁc'ti:'fc‘}ﬂn]",-1 fa fk“ t I?’c%‘f%%cﬁegsaegﬁeﬁg eogvge‘&eact‘?sg‘gﬁe‘ SN gt from
activation of a Gi-coupled receptor cause melanosomes to migrate to the center of the

cell, resulting in a dramatic lightening in color. If cAMP levels are then raised,
following activation of a Gs-coupled receptor, the melanosomes are re-dispersed and the
cells appear dark again. The increased levels of diacylglycerol that result from activation
of Gq-coupled receptors can also induce this re-dispersion. In addition, the technology is
30 also suited to the study of certain receptor tyrosine kinases. The response of the
melanophores takes place within minutes of receptor activation and results in a simple,
robust color change. The response can be easily detected using a conventional
absorbance microplate reader or a modest video imaging system. Unlike other skin cells,

the melanophores derive from the neural crest and appear to express a full complement
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melatonin. Melatonin activates an endogenous Gi-coupled receptor in the
melanophores 20 and causes them to aggregate their pigment. The
remaining half of the cells were transferred to serum-free medium 0.7X
L-15 (Gibco). After one hour, the cells in serum- free media remained in a
pigment-dispersed state while the melatonin-treated cells were in a

‘pigotaitsalior egatod siaierdinthistpoisllsteeeelsnvetestrepteddaithce of G-
different_compounds from.a proprietary compound. i containing
B B Pa bounc

to the conMlumphtes nelbnapinsdts Wouldy berepgradsetiebndingoagwad ligands,
colophange i 4LFRORES e HIRRRMBAY RARIDEEHE SRR 1§ M roducing test

couple to Gi, the pigment-dispersed cells underwent a dose-dependent’
3 pigidneRRIRERTREH! Bty espatipr! FIPATEag, b oS R NGB R AR Faiponse
Cottansteeteds@allfdndbisexssigen he eiftaaciot soiicied@RRAPTR. An

ists 2- [-4-(4-nitro-. . ) ) .
O SRS ML MGG dop can e st usine. for expruple using melatonin, MSH
o-tolyfaghidEn¢CRDetln a8 ieigere Bjed i tbytiopiop anwparbdxyaid ddiidetermined
e I I .

HEK 293 cells_ co-transfected with chimeric Galpha Gqg/Gi. Transfections
10\verE Rered tRATRP L RigteEt Al dhste che rrAditgimtotromme gerlpding but
follawingninatofat el sofptamineRGRIORSyBrigiyaaday 3 pelsabivengie

plated on 96-well plates at,a density of 4x106 cells/plate. On the following
dayaggﬁﬁ%?figi?é%?g?n%ncgifﬁ%e@r %?/ash rleipared for each plate as follows:

2.5L of DNMiaigziS el oh BRI PRIGvedpCMMibakheatitoR) uery & WSl Patent
ancthZuatberaf NEs £2maRgs BRGNS 4G 95211 83 2804k S DMIE 5080

was gently mixed with 2.54L of Lipofectamine reagent in 200L of DUE
15 and e ERGRTARF BT RO (AR HEUBSESHTETE0 10 minutes at room
temperatulelfarpitlemedicraasaspbatacatfoamdbe e pradid S el

of DME were,added. DNA-Liptofectami ixture was then gentl de
e o e G o e
in ameienditfde st prssiphesediondining BereoReguideticateyrovatod with 10nM

mediamRRi iRt e HANSIRGIAR. F6AR 7 CRIRW A& G AR RIS phores
at 37C /5%CQ2 overnight. 15 On day 3, regular growth media was

HearefifiyFeficten Rarreale G Hepigted RRitArriRRedelf of the cells were
inosttatdfaeis arveruft eI M GIICQ)- CH bRy AR imeifah]theyels in serum-

inosiql (P rkin-EImegﬁCellsw re.incubated qvernight at 37C with
o B b P T S s I A ke el were

_ 0-INOSIi ning Tabeling media was
remévetianertasesdof fiate.00L this hoddithlefrebiisestatrduted DithEMferent

cont@éﬂiﬁ&ﬂ@\&&ﬁ@%@%@&@&ﬁﬁ%@ﬁﬁ%&@&&%&% ¢Rlosisle:1 6RI8M ¥ g anic

with/out compound. Cells were incubated for 3 hours at 37C /5%CO2.

25 smail molecule compounds. If GPR41 bound to the compound, the melanophores would
be expected to undergo a color change in response to the compound. Since the receptor
can couple to (i, the pigment-dispersed cells underwent a dose-dependent pigment

aggregation.

30  Example 7
Efficacy of GPR41 Agonists in Ga/Gi Cotransfected Cells
In this example, the efficacy of selected GPR41 agonists 2-methyl-4-(4-nitro-
phenyl)-5-0x0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide (CPD1 in
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Solution was then carefully removed and 160 L per well of ice cold 0.1M
formic acid was added to the cells. The cells were lysed by incubating
plates at -80C for at least 1 hour. Separation of IP3 from cell lysates was
performed using chromatography on 25 AGI-X8 formate resin (Bio-Rad).
400L of formate resin slurry (0.1g of resin in ImL of water) was added per

-eaghwelkpiMullisairpaniliesdigie SMillinore)s Waler s wliasd demcrm2

5

10

15

the wells and resin was then washed with 200L of water using Milligor .
TIBGOAER) PRSI P So e TR PA O AR GPLE Ca/Gi.
transferredriaterdvidtiseeeeriiianplaicng dnpateingformatefsesin iRigtes

were incubated for 10 minutes 30 at room tem r es wer

hel TSGR At N B T S o ER S S B Ry Pt
timeswithinbeerdRee]LilsH pan darsdsoeiin) O eahepleE Qo thoillerwasay 2
thep adsaddRdie RSN el and plaiss s ANRARS Rl B DNA

minutes at room temperature. Eluents were drained into 96 well collection

plaf@&tnsinfniAdNuaPRAI prahbiibBok Yarts Rer B o s W Rettihet Dhifiifer Ong
GRS A8 el le (Rdndletion A9 A2l and.a0¢ L b ORlina aoler

(Perkin Ebner) added. Counting was pérformed on a Wallac
ScibiffiefioarGnerimsEiaippie sfPNE pR e AgUHIBE ROHIBRS Yisdmerbated for 30
Seqretianin AMNEIIsHIRRINBLHSIE Wethisexamnigefctelrrtad RR 44

agonist, cyclopropanecarboxylic acid (CPC) was assayed for its effect on

insitnKweHetid AN aviersdfisb NG MRERITERE TRk SHR e milygdded to
waslaiad (st mawlihweldisteerdium dishageand subiiked 2reaysdbumidified

Dulbecco's Minimum Essential Medja (DMEM) supplemen

ted 10 with :
R B ST e AP B A B OB s ton
OmgleiiSrebeiRinge meBinarbaaate Bt $oTSe veealifiaurs before a

30-minute challenge with 30 /dl gluco

interest: g ucc':lgg&;1 E%@&&?ﬁ%@t&%ﬁﬁ%ﬂ %gﬁp%gﬁéﬁigéﬁ?cmpmed

aCiHEPIOYLG bPirbsieBEwfsitie;-din SWABNh(GiTorcd bimenitinesbanbiion [ Wasnyo-

pur &%&g&8&%@?@1&%&&5&&%%%ﬁﬁ@{{%{i?ﬂ@w&wgsééday4,
rom Aldric

purchased from / and was used at 5 uM or 1 um. Control wells with
gludoEé-wity e -coraEdhs BooRmaIy AererrisdarBRiperdstsite 100uL of

Supgmatantsfrom the.glease chatienge oy ryesied and HoR®RM lithi
Thegﬁg%?flaluatggegy ELISA ?Crystgl CH?%%X%%& iﬁ&sﬁtﬁin. Exabmele -

205 P ERENEISEEES THIUPRHSE RN CBRY SHIERTELS SHRARESA 7 C /5%C0z

agOoRigkytM GO Rish Q4 HAYEF $6:REMIBITEIO NE. per well of ice cold 0.1M formic acid
was added to the cells. The cells were lysed by incubating plates at -80°C for at least 1
hour. ‘

Separation of IP3 from cell lysates was performed using chromatography on

25  AG1-X8 formate resin (Bio-Rad). 400uL of formate resin slurry (0.1g of resin in ImL

of water) was added per each well of Multiscreen filter plate (Millipore). Water was
drained from the wells and resin was then washed with 200l of water using Millipore
filtration unit. Plates with lysed cells were thawed and lysates were transferred into

Multiscreen filter plate, containing formate resin. Plates were incubated for 10 minutes

30  at room temperature and lysates were then drained from filter plates with filirafion vnit.

Plates were washed four times with water (200uL/well) and thoroughly drained. Elution
buffer was then added to the resin (180uL/well) and plates were incubated for 5 minutes

at room temperature. Eluents were drained into 96 well collection plates using vacuum
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tested for its effect on plasma glucose after oral glucose administration is
tested. For example, male C57bll6 mice at age 67 days can be fasted for
18 hours and randomly grouped to receive a GPR41 modulator at
selected doses, or vehicle (PET 25 which contains 80% PEG, 10%
Tween80, and 10% Ethanol). The GPR41 modulator is delivered orally

vi %&&8@%@&%%9&%&%&%&@5 100k At yanieyiQsafteriin Elemer

administration of the GPR41 modulator or vehicle, mice are administered
orbfi§OniRR) ardBGe OB T GRIS SBeEEVEIR B Ta% AMgRic SurmirRe was
delgrmined At sexeral dinaiRainis dusieg Glucometer Elite XL (Bayer). 30
Glucose tolerance can also be tested using i.p. delivery of glucose. For
ex&FApIBle 88 day old male C57B1/6 mice are treated with a GPR41

5 modgipioriat dO0spTgi e Tndtiin Bedratbdidie TdiiN6 1eshlinpma Cellsting.
Thirty migics afler Adminiatiaionohthe,GERALMAdaLOL el Cro)

mice are administered 1.p. with. extro_s§ at 2 g_?%g dose. Levels of 80
blowd eersddanits eBeshonieslin eractior ites mdmunaectiding

Glucomejg ElitefindBayes) VEXERRIE 1A4E RRAagonBiRe sea @shes

beneficial effect of an oral glucose tolerapce tes G erin
coMBGHNEFH ZSBBRELHEOG o LB EAEREl MG LR & BEpented
10 (2-Fitoresd femttbaine sttfan yliphetiy Rve6 f(@t ekl ih o, 4Jucose (10mg/dl)
oxadiazql-5-yl)-piperidin-| ;yll=5-nitro-pyrimidi -ARH igh :
oS Rinaty Beskb e B s T At iengo v
20020me{8l b bt dpmmenpis iRt tﬁé%@o@b‘ﬁlf’fpé’&éﬁigéw“l) and
Compeuns fedissiesadprreirofsehawyindigune, 8 xievicRRbiloragemistin

reversed the glycemic lowering effect of Com Bil 1, causin
incTERAERCM THHRBHE BiR 828 e A i g A P wes

antRGeRlsOR- oY AlSEaganistcaedhavanigly temc weoingBifetth Elordkeonly
oGIT Ie%gi 7b1/6 mice were fasted for about 18 hour dﬁf[1 Qﬁ)
T R T R T LTSS oA P A o
inditated stosers, erweekhiciad (RETWHIsheCORRTS B09% PEEISp (G rystal Chem,
TWE&I}%QT aRgh1,.0% Ethanol). The indicated compound(s) were delivered
orally via a gavage needle (p.o. volume at 100 41). Thirty minutes after
adrkFABIRALEN of the compound(s) or vehicle, mice were administered
20 ora@mimﬁ@gy@s&ﬁﬁ@g dose. Levels of blood glucose were
determine{g1 eral éo time points using Gluco [ qven.y
Example 8&(}3% p‘%’l&% a§3§7- ﬁﬂglg éalss an agomgt, anl{ago%%{%!f E%?sg&gggl e
tested for its effect on plasma glucose after oral glucose administration is tested.

15

For example, male C57bl/6 mice at age 67 days can be fasted for 18 hours and

randomty grouped to receive a GPR41 modulator at selected doses, or vehicle (PET

25 which contains 80% PEG, 10% Tween80, and 10% Ethanol). The GPR41 modulator is
delivered orally via a gavage needle (p.c. volume at 100 pI). Thirty minutes after
administration of the GPR41 modulator or vehicle, mice are administered orally with
dextrose at 3 g/kg dose. Levels of blood glucose are determined at several time points
using Glucometer Elite XI. (Bayer).

30 Glucose tolerance can also be tested using i.p. delivery of glucose. For example,
68 day old male C57BV/6 mice are treated with a GPR41 modulator at 100 mg/kg or with
PET vehicle after 18 hours of fasting. Thirty minutes after administration of the GPR41
modulator or vehicle, mice are administered 1.p. with dextrose at 2 g/kg dose. Levels of
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Compounds disclosed herein were either commercially available or
prepared by procedures known in the art. For example, Compound 1 [i.e.,
2-methyl-4-(4-nitro 25
phenyl)-5-oxo0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid
o-tolylamide] was purchased from ASINEX Ltd. 5 Gabrichevskogo St.

© Blig,8 MOSEONE 523367 Ry sriael S pewRb RkoytheGhpaneta kL.
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acid 4-[1,2,3]thiadiazol-4-yl-phenyl ester) was purchased from Tripos, Inc.,
1688Sputh Hanley Road, St. Louis, MO 63144-2319; and Compound 3
(cyslappppEnecarboxylic acid) was purchased from Sigma-Aldrich, 3050

PRUICE hneP s Vi G20 & BRLIaF St G RIEORE RO BY e
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ﬁ:;ﬁ]l :J ?EE %ﬂﬁ&[ﬁ@'}%ﬁrﬁé@%?lﬂﬁeﬁquﬂﬂg %I&etai%e(z@@yr,(ezgf*iu0104-
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For the oGTT, male C57bl/6 mice were fasted for about 18 hours and randomly

grouped to receive the compounds indicated in Figure 8 at the indicated doses, or vehicle
(P.ET which contains 80% PEG, 10% Tween80, and 10% Ethanol). The indicated
compound(s) were delivered orally via a gavage needie {(p.o. volume at 100 ul). Thirty
minutes after administration of the compound(s) or vehicle, mice were administered
orally with dextrose at 3 g/kg dose. Levels of blood glucose were determined at several
time points using Glucometer Elite XL (Bayer).

Example 11

Compound Synthesis

Compounds disclosed herein were either commercialty available or prepared by
procedures known in the art. For example, Compound 1 [i.e., 2-methyl-4-(4-nitro-
pheny1)~5-oxo-1,4,5,6,7,8—hexahydro~quinoline—3-carboxylic acid o-tolylamide] was
purchased from ASINEX Ltd. 5 Gabrichevskogo St. Bldg 8, Moscow 123367, Russia;
Componnd 2 (cyclopropanecarboxylic acid 4-[1 ,2,3]thiadiazol-4-yl-phenyl ester) was
purchased from Tripos, Inc., 1699 South Hanley Road, St. Louis, MO 63144-2319; and
Compound 3 (cyclopropanecarboxylic acid) was purchased from Sigma-Aldrich, 3050
Sprace St., St. Louis, MO 63103. Compounds 4 to 9 were prepared by methods known
in the art, for example, the 3-component Hantzsch Dihydropyridine Synthesis of
dihydropyridines as essentialty described by Carroll, et 2L J ournal of Medicinal
Chemistry 47: 3180-3192 (2004) (e.g., heating the components to reflux in isopropanol
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Example 12 Assays for Determination of GPCR Activation 15 A variety of
approaches are available for assessment of activation of human GPCRs.
The following are illustrative; those of ordinary skill in the art are credited
with the ability to determine those techniques that are preferentially
beneficial for the needs of the artisan. 1. Membrane Binding Assays:

[3R31E TR YA S ey MAaBRA GO el CaUplestspaemtanimils atiyeunds
state, ejther as a result %}é Ygand binding or constitutive activation, the

reeéﬁfotnxﬁt?&%ést%‘%“’é gin and stimulates the release of GDP and
subsequent binding of GTP to G protein. The alpha subunit of the G
protein-receptor complex agts as a GTPase and slowly hydrolyzes 82 the
GTP to GDP, at which popA't R receptor Rorm@&lly is deactivated.
Activated recgpi@rs continue to-exchan LEBTP. Fhe—s
non-hydrolyzable GTP anglpge35SIGTPYS, can?joe utilized to
demonstrate enhanced bindjng of [35S]GTPyS to membranes expressing
activated receptors. The advantage of using [35S]GTPyS bigding 5 toy
measyre agtivation is that: (a) it is geencally applicable to &
prOMd receptorsO(ky) it is proximal at the pembrg
makihgit1es I’ ely t@xrpn:% up molécules which affect theljntrd
cascade. The assay utilizes thiezalll yof G protein coupled recetﬁors to

stimulate [35S]G blngl embran ressm the treI ant le, 'a
reCePIBRCORRS a‘g glose %@ re ore? euse cougq fect iga ?I ton
mﬂhnddooaptagmtepnﬁfh%mhmpmlmﬂtecmni@geﬁbh@@ RCRsdnRgd a variety
nonf%ng@lgg{% M %ﬁﬂﬁé%‘é@@’b@éﬁ't’@ﬁ@ﬁe@ S A ¥ 98PE -G eckus,

and has application to drug dISCOV at all G protein-coupled receptors.
et iy sy BAREBRE TP TN HEDE S PSR O dhe
abgit+23mMMgC12 (thls amount can be adjusted for optimization of
results, although 20mM is 15 preferred) pH 7.4, binding buffer Wlth
between ahou 0 3 and about 1.2 nM [358]GTPyS (this amount cal be

amou adjusted for optlmlzatlmnt) and 10 M GDP (this a jountican ar
be c opﬁlfnlzatlon-) forAr" h&ur Whe tger[_q aggly IS (2@

minutes at rdom temperature. The tubes are then centnfuged at 500 x g
for 5 minutes at room temperature and then counted in a scintillation
counter. 2. Adenylyl Cyclase

Example 12
Assays for Determination of GPCR Activation

A variety of approaches are available for assessment of activation of human
GPCRs. The following are illustrative; those of ordinary skill in the art are credited with
the ability to determine those techniques that are preferentialty beneficial for the needs of
the artisan.

1. Membrane Binding Assays: [*°S)GTPYS Assay

When a G protein-coupled receptor is in ifs active state, either as a result of
Jigand binding or constitutive activation, the receptor couples to a G protein and
stimulates the release of GDP and subsequent binding of GTP to the G protein. The
alpha subumit of the G protein-receptor complex acts as a GTPase and slowly hydrolyzes
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A Flash PlateTM Adenylyl Cyclase kit (New England Nuclear; Cat. No. 25
SMPO004A) designed for cell-based assays can be modified for use with
crude plasma membranes. The Flash Plate wells can contain a scintillant
‘coating which also contains a specific antibody recognizing cCAMP. The
CAMP generated in the wells can be quantitated by a direct competition
for binding of radioactive cAMP _tracer 1o th P i L

N RO S s R e G
cAbMBbienelsmiinveho e dettgt KPR fpr 658 a Theaprobylidiateletsd tenalege

nasserled Appioaoly WeDholRuL S Ae b HaRgsn gosission

etully aspirated off and discarded. 1 O
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coveeaptersHbifiigermapEnat & e RFEALE SHTARGJRAFRE PR ﬁé?gfﬁ%lgt

1,100 mesfeninindas. hecalipetekigiearefully re-suspended into an
appropriate volume _of PBS (apout 3ml/plate). The cells ar ted
using a h@ﬁWe’fﬂ%@?%ﬁ&%@ ifion IBL’% %so 1&%%%‘5:?%%%@(5 !%‘Eghﬁ%‘@
appfeprateShudinper nénstimévitpadia thelwiveaf mbeploBORIAREIY can,
cAMP standards and Detecti f IS | of Jiag Jdn
cAMP® Eﬂ% o ﬁelcrinlf1 gtglgﬁéﬁ%gﬁgﬁegrﬁg%%%ﬂa&g?%ﬁﬁ%naintain%rdg[%ﬁ % to_
aceoddarrras G Reand aprfadeaessnapsstisivsLesExp el FRERS prdsassey

fregh,[0f SCERRING ARG GORaHS dRldie] RimdioniBubigl-dredeptors.
candidate cor;}’pound 12M final assay c;oncentratior:%%o and 501 fella. bout
Assay BuFsr[isSS@BFRP s URAFbRIRS &t 24 VR ESRF LR SEBRrR A Fsef

oul fanEXR0D!BhifM 86\l Phignisdnitatedihyzaitdivo reaflGOMGonANIRmM is
standards to _appropriate wells fqllowed by addition of 50l of

RSB A o PSP G TR S BTHAE e F5 et proers
(or @nlestescaanitale e pounis)istaddé detolmpptopriatd. Welhsieieg)and
pin toal capable of dispensing 34| Ompo : i it '

o RO AT ST IO el hacs P S SPR A Bk cn
volupeejdea 6ellspandtten)amddd 10iHeDRd s o spatediersd for

minutes at .rogfCl

t . 1001 of Petection M ining en
CANP IR SIS e RE PARER TS (A I R S oTE

housédtallmvidit byxtaertiepited v anaten 6 roBatss S Ao tBIPEsiRte L he ubes
Valyes.of cAMPAwell are e exiropplatedsi apm dRpsantasd chbdRounted in a

-curve which is contained within each assay plate. 3. Cell-Based cAMP for

25

Gi GHupiBgrSIBEBPCRs TSHR is a Gs coupled GPCR that causes the
accumulation of zAMEyROCvakREYation. TSHR can be constitutively

activated %ﬁ%ﬁ%ﬁ%%&%ﬁﬂ%ﬁ a!sdeulgt%w England Nuclear; Cat. No.
SMPO004A) designed for cell-based assays can be modified for use with crude plasma
membranes. The Fiash Plate wells can contain a scintillant coating which also contains a
specific antibody recognizing cAMP. The cAMP generated in the wells can be
quantitated by a direct competition for binding of radioactive cAMP fracer to the cAMP

antibody. The following serves as a brief protocol for the measurement of changes in

30  cAMP levels in whole cells that express a receptor.

Transfected cells are harvested approximately twenty four hours after transient
transfection. Media is carefully aspirated off and discarded. 10ml of PBS is gently
added to each dish of cells followed by careful aspiration. 1ml of Sigma cell dissociation

buffer and 3m] of PBS are added to each plate. Cells are pipetted off the plate and the
83



10

15

20

25

eEUTERSS BORIRERHVET agéve

(i.e., changing an alanine residue to an isoleucine residue). A Gi coupled
receptor is 25 expected to inhibit adenylyl cyclase, and, therefore,
decrease the level of cCAMP production, which can make assessment of
cAMP levels challenging. An effective technique for measuring the
decrease in production of CAMP as an indication of activation of a Gi

coupled ecRRREARRA AtCRBRIiBhadobcenttitpstentingsitomre then
endogenoue, conoliuively il ToHR (LOLRASRIGLAN s creury

oupled recepto a "signa
enbangendedtihia GidpkedistgehrGRCPED (ebmbhsh plats clrcrlars then

CAMP. Ypon cr atin%&% DRHSA5TE RndaseRsMREIRGhe
GF%%IEB e%lﬁgcae%e{gﬁ he t%{%g&mgPCRois then co-transfg&azed wsﬁ%@
sigreibenpiaste (v Epslt afirRaPHhAPEUA R used for screening. In
some embodimentsishis anpraashBapicieiablisngaddi thedieePtT] cAMP
identification of candidate compounds against. Gi.coupled. receptars, It
o PRI O P B Eo et CPERe i B T ane Sl
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prapd tip selts follsay Briedh oty ardqsamplalizedb e % 5 {9be PEASTRDY carmie
mixing.2g DNA of eagh re trans IntQ: [ o
A A BN M R e
(T SHRABRITIISTSRAB2 3dditing PO oERBSA tovslisdFlh B 1BVt of

(Ingi lentfi | ; . 08 dedOmpounds) i
L Y ) ropounda
aredfiehtodppteatats Walersions Pie Rl AnAbla P ERRARERS By iRtERHRRt

rOQ} BEAPS IR {PL A4 MIRMIRS e AANbsRIS EolRptRE daras tTR tota]
"transfection mixture". Plated 293 cells are washed Wﬁ%ﬁ%é%{%% fallowed
i

by 2sseitRDe- 150AIcsBs R HERaOMEIN 25 el srdrac THRRGRe
is themaddsda:the oalisor ioiewne Biiircuhatiop facd HOMISatRT @A to the

CO2. The transfection mixture is then remo by.aspiration, foll
by FllsddiiehaEt BER 18P Ei%w(i E}el%r }é’(\?/l?r}wvég@éfﬁ?n@ éi’é‘a?‘év%ga“
thentineEeat o6l rall 376 586rGO 2V Aftsrod 4 AdlywillcubHteorexbetislzed from a

haryested and ytlzod ol analysiayAFlash RIS Adegi Cyclase It
(Nesvv rﬁigﬁén 4c e%?;LC%t}No. SI\ﬁPOO4A)Eis desi ?nBed for cell-based

assays, biit can GdlrReuiie4 Y8t fesSifrereletieaeet HESkH membranes
depending-gartheneechepitiasiitedartises: hbeckiashRiatefvatisrogntain
a scintillant coating whjch alsg contains.a sp. ificuatatiboa(%%{irg%g nrizsi%%{3 623
CAMBLY3RE. ¢ @aéﬁéarﬁ?gfflmt{ﬁ RoEHSEEn B qUantated by a direct
congpetitipn forshin dingnofeshtliotctivedakiie rathielo thelcAniRargBRIgy 1S
Thee;‘(%lég%/gg]tg 31%%’1% ac?eﬁﬁ‘y? E'}?cflase, and, therefore, decrease the level of cAMP
production, which can make assessment of cAMP levels challenging. An effective
technique for measuring the decrease in production of cAMP as an indication of
activation of 2 Gi coupled receptor can be accomplished by co-transfecting, non-

endogenous, constitutively activated TSHR (TSHR-A623T) (or an endogenous,

30  constitutively active Gs coupled receptor) as a “signal enhancer” with a Gi linked target

GPCR to establish a baseline level of cAMP. Upon creafing an endogenous or non-
- endogenous version of the Gi coupled receptor, the target GPCR is then co-transfected
with the signal enhancer, and it is this material that can be used for screening. In soms

embodimens, this approach is preferably used in the direct identification of candidate
84



protocol for the measurement of changes in cAMP levels in whole cells
that express a 25 receptor of interest. Transfected cells are harvested
approximately twenty four hours after transient transfection. Media is
carefully aspirated off and discarded. 10ml of PBS is gently added to *
each dish of cells followed by careful aspiration. Iml of Sigma cell
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stapglad: cAMPGRee whiehligislS contained within each assay plate. 4.
Reporter-Based Assays,.a. CRE-LUC Repqrter Assay,.(Gs-associ
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protocol for the measurerent of changes in cAMP levels in whole cells that express a

on tubes

25  receptor of interest.

Transfected cells are harvested approximately twenty four hours after transient
transfection. Media is carefully aspirated off and discarded. 10ml of PBS is gently
added to each dish of cells followed by careful aspiration. 1ml of Sigma cell dissociation
buffer and 3ml of PBS is added to each plate. Cells are pipetted off the plate and the cell

30  suspension is collected into a 50ml conical centrifuge tube. Cells are then centrifuged at
room teraperature at 1,100 rpm for 5 minutes. The cell pellet is carefully re-suspended
into an appropriate volume of PBS (about 3ml/plate). The cells are then counted using 2
hemocytometer and additional PBS is added to give the appropriate number of cells
(with a final volume of about 50ul/well).
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endogenous receptor or pCMV alone, and I0Ong of a GPRS expression
plasmid (GPRS in 25 pcDNAS3 (invitrogen)). The SXCRE-Luc reporter
plasmid is prepared as follows: vector SRIF-(3-gal is obtained by cloning
the rat somatostatin promoter (-71/+51) at BglV- Hindlil site in the
p(3gal-Basic Vector (Clontech). Eight (8) copies of CAMP response

- element btained b or [125
%}%@ 4% ORI eanes (\éﬂi%é?herq;%ac TESE%CAM

AdpCF1 see uzukl et al., Hum 7:1883-1
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15 PhosahalipasenG, tadnise ietactivation of genes containing API elements

in their promot A Pa etectT P-1 cis-Reporting System

(Stratagene Ca%i e%guet%m fﬁﬁ%ﬁ) can be utilized following the protocol

set forth above WRE-IdSEater e SREE s ssemerhissyosicept that the

components, of Hia-CalplR, @E&%&DB@&S@@%H%@@J&A&&W PARLatls per

80 ng pCMV-receptor expression plasmid, and 20
SRM%W%@M@&PQ@WS ?&egﬁt rS %Mﬁe met‘ﬁm & ?ay
20 detq&@@mﬁiﬂmﬁm@&d&mﬁheﬂﬁm\m&md@m Wﬁ@%ﬁd@ﬁ%h &-well
pho ﬁ%&h ase C.to | caugg the @ E%?ﬁ%ﬂ LOSNER y mixed with

res Qe in their pr mo PathdetectTM RF Luc eportin
Sy<totim Sinetiagtiie) oARMEND GRS &5 PSSR B Grestiias SRR ®
in, for exaMRleefdde hrels: Golls & mﬁ%ﬁﬁﬁﬁ“@&m&m&pmr ormon- -
components of the system and the indi %g ‘ifé)é% a?c?ﬂ rmd (GPRS in
encéﬂﬁ?@%ﬁ%@%&?ﬁ?% gaéjr‘?g using afian
stra@%ﬁaﬂumEMﬂfdgéﬁ)uammmtaio queH2G0288) mpdm@ apfelews: vector
manélR%gE -rgea[i ?s obtained by cloning the rat somatostatin promoter (- ST1A451) at BglV-
HindIl site in the ppgal-Basic Vector (Clontech). Eight (8) copies of cAMP respense
element are obtained by PCR from an adenovirus template AdpCF126CCRES (see,
Suzuki et al., Hum Gene Ther 7:1883-1893 (1996); the disclosure of which is hereby

30  incorporated by reference in its entirety) and cloned into the SRJF-B~gal vector at the
Kpn-BglV site, resulting in the 8xCRE-B-gal reporter vector. The 8xCRE-Luc reporter
plasmid is generated by replacing the beta-gaiactosidase gene in the 8xCRE-f-gal
reporter vector with the luciferase gene obtained from the pGL3-basic vector (Promega)
at the Hind{Tl-BamHI site. Following 30 minutes incubation at room temperature, the
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instructions. Briefly, 410 ng SRF-Luc, 80 ng pCMV-receptor expression
plasmid and 20 25 ng CMV-SEAP (secreted alkaline phosphatase
expression plasmid; alkaline phosphatase activity is measured in the
media of transfected cells to control for variations in transfection
eff|C|enc between samples) are combined in a calcium phosphate

pidapbrede dhud R A0 ula PSRN MR byl mae is

eq uaﬂw wistihwied aver:3 syelisinege-uel Pm%lamd&eﬁﬂb eﬁbmeeﬁedtﬁetrh four
a sgrum fr%e media foEISO 4 hou s Th Sit ﬁ hoursdth 1
incubated \ Waﬁ]onf(z)z% aeg;(%mﬁ} ifﬁc cano&id & ?nwmo% EH/ g.ngr%ci Prefi~Hs &re
lysebaged m&e%ﬁlﬁdtﬂdvdumf@@é@mhtw&’sﬁ’@a Elgbhl(é]' MlKﬂlz(tE&aﬂkambﬂs are

5 Calyiig. 601 6etLe) QRd oF BlpslApRiMicrabeia i seloWiation AR,

luminescence counter ( Walldéz?as per the manufacturer&mstructlons The

dathiCHRriE astlyA8 rersgdha BRI dayPEss T R # G ieparis gene assay kit
Softraare-dy o)l ﬂéﬁﬁﬁeﬂﬂ&ﬁﬂﬁﬁxﬁ@ﬁﬂ aiidleéuarhﬁf_s ay|(Gerasseckted
rece cells comprisi eceptor of interest

(en%%b%fﬁ)gu% aélg?ﬁ( 6588%‘:&?8 ?ﬁ{?@@ rg1ated onto 24 well plates,
usually IXB05 cedBivetiofaithssayi{Bisaasoniabel reagptospptimized). On day 2

o cells can b fransecied OGIISHIING, Qeddd o ENAIRD Qr!)e;ﬁ&%?g tge

DMEleeII and 2 | lipofectamine in 50 | serum free DMEMI ‘
so|@ﬁ5ﬁ§i%@5@ﬂh9%§%§ Bt thsadiysien st sonasiFRitBE g §8helements in

te rrtaaquﬁm@ellﬁ p&&a&@&h@d@mm&éﬁbﬁﬁ@@@@:ﬂ(@%@%ﬁ@ rgRtafbe8e No.

me |xe nsfection me dded to the cells. The

cellgéﬁ%}qen el IA&?L@?’W S&FS tgf V8 M BHETPERt the CREB

tram@@emm@@c@m&m’ﬁ@@bmm&bwﬂmﬂm mwtecﬁmegmﬂae are 410
15 grOWJ'Mﬁ%%c Qp feyvecallsre ?egﬁlﬁd?e Lol F’}ﬂﬁwn :SEAP

Briefly, the media is removed and the cells a 5 ml PBS.

Then 0.5 fl inohbtiftde AERHA HfEeR S B8E BRPISadded/well

with 0.25 @ﬁ@ﬁatﬂommdﬁ@@@qlémﬂaam dbp-aelisone inpnieshiay 1648

hours o gﬁggg 7C/5fV COZ On Da 4 thec flls are washed with 0.5

nil BRSE A TGt 5%%’&10" BeRBHTS YRS serum response
inostcbfrartsen pmmeemasahmemﬁg&mﬁ@mmgmummw) can be

200-4 [kRL ARSAY, f%%? @Hk@ﬁﬁeﬁ%ﬂ%? Ketanseri (Kethio Al celis are

concentration 0 usmg a control’ construct containin g a serotonin

recAPRSTEHHERN DA R HRAA SHERBRTEE Yo SoRTALRS e TresareRemEsion
artle ﬁh@me%waﬁa@gém&a@ﬁ?@%h@@gﬁh&g i?’“é’?&ﬁa‘éo
SO te a we ,
S L S e G R D B Ry e

thenna@umiamxe Bnbﬂyz %%@ﬁﬂk@sﬁﬁm@&u@ﬁ%ﬁaﬁz@tmspﬁes@oﬁ Plasmid and 20
25HCln?? g/ vgals §e@§9d HRRsieuedinie. & @%ﬂe@ﬁ&? SbesiAn o%o Dhiatase

oroform/met anol (1:2) is added/tube. The solution is Vortexed for

15 SEESHYE AMeasHeddp &&r%ﬁ&%@ figaasfiéd £ to control for variations in

transfection efficiency between samples) are combined in a caleium phosphate -

precipitate as per the manufacturer’s instructions. Half of the precipitate is equally
distributed over 3 wells in a 96-well plate and kept on the cells in a serum free media for
30 24 hours, The last 5 hours the cells are incubated with, for example, 1uM, candidate
compound. Cells are then lysed and assayed for luciferase activity using a Luclite™ Kit
(Packard, Cat. No. 6016911) and “Trilux 1450 Microbeta” liquid scintillation and
luminescence counter (Wallac) as per the manufacturer’s instructions. The data can be
 analyzed using GraphPad Prism™: 2.0a (GraphPad Software Inc.).
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Biorad AG1-X8TM anion exchange resin (100-200 mesh). Firstly, the resin
is washed 25 with water at 1:1.25 W/V and 0.9 ml of upper phase is
loaded onto the column. The column is washed with 10 mis of 5 mM
myo-inositol and 10 ml of 5 mM Na- borate/60rnM Na-formate. The
inositol tris phosphates are eluted into scintillation vials containing 10 ml

of scintilgtion cagKial 2ok bhionmie el Amani,

formate. The columns are regenerated by washing with 10 ml of

formic acloRiy dnfslisRmPrsrs Ak wAePim L dnifRet Gniegraquper st
ggéggo%&ﬁﬁés}rbaﬂlﬁé@la@@ﬁw@ l&l’fﬂﬂ@? Es@éﬁjﬂl Rr @mlﬁl?@éﬁgghﬁough his
s Fusion Con esign of the ein fusion
i S T e R e
5 rat DA ;ﬁsa@mﬁgef@ﬁﬁ%gﬂ-mmm muofemmm ACSU, BeinfAIE 76
(L98Rh-Ars anenesRddoine qg&wm%w FIBOM RS Jowing

confirmation of the correct sequence (including the flan |ng indu

. sedefepeiyehecdnare Sehed REd 5 omiRIRY Rt B BASTHD hnaredieismixed

Catw'ilﬁ MoAOBs 20N Byrsabeleni Bﬁé@tﬂ%@&tﬂn%%@l@%%eﬂtﬁ&w@ for 3-4
or Th ?gg 5 r|en ion for Gsa sequence is determined after
ERasa e

Bﬁ.ﬁt Wﬁéf O PeBNAS YA SRR &t

10 Gseingéwé]axfkhm @wennem e dayed iftecethiart Gbveleton it ?i@myo-mosml
bl A IndtlNC LR\ GPRRIRISIMNGEIRL F8 PRPROS M CRIRh 0.5

contalns a variety of well-known restriction sites upstream o
sitenpstie-Besienerafen it feBECBRY is ﬁé@&eﬂbmé}ﬁw&hef@mw-
proiﬂéﬁxtéh%ndﬂmhlé@@%eﬂ@%@&@t@%Pw 8¢} H&%&Qﬁteﬂil 18IS 8890%/5%C0; . On
oach,can.be utiliz iversal" G protein vectors
b PP TR P L1 L R A0 TEVRE s ided
15 kn mmwmmmdmmweﬂémmmmmmﬂa ml\m&hﬂilﬁ chioride or
se f [
e e e o e g ouvs

protein. b. Gq( struct esign of a

GaléefrsprraEal eemﬁa&w&ﬁ%gaﬁmwﬁe@ﬁgﬁoﬂbwlme then incubated
N-tesrnal ittty ammoTaeiga15ameinR 6k < hHeUDh ) Py tieul of

cosueiie ol i L ESISEO RO L 0 seashinseael .
20 NOThR}dbitiepladet witfrtHer Sot fosponding uaii kwdiaekls lgfdhenGfien neutralized
ProfsBeb @Y i e Se BN (GEQIINRAA TSI,

construct can be obtained by PCR using the foﬁowm%prlm

gatSAREEriee AT EraeTBARTe onAneEol[h:2) is

added/tube. The solution is vortexed for 15 seconds and the upper phase is applied to a
Biorad AG1-X8™ anion exchange resin (100-200 mesh). Firstly, the resin is washed

25  with water at 1:1.25 W/V and 0.9 m! of upper phase is loaded onto the column. The
colummn is washed with 10 mls of 5 mM myo-inositol and 10 ml of 5 mM Na-
borate/60mM Na-formate. The inositol {ris phosphates are eluted into scintillation vials
contzining 10 ml of scintillation cocktail with 2 ml of 0.1 M formic acid/ 1 M
ammonium formate. The columns are regenerated by washing with 10 ml of 0.1 M

30 formic acid/3M ammonium formate and rinsed twice with dd H,O and stored at 4°C in

water.

Example 13

Fusion Protein Preparation
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25 NO:14) and 5'-
gatcGGATCCTTAGAACAGGCCGCAGTCCTTCAGGTTCAGCTGCAGGA
TGGTG- 3' (SEQ IDNO:15) and Plasmid 63313 which contains the mouse
Gag-wild type version with a 30 hemagglutinin tag as template.
Nucleotides in lower caps are included as spacers. TagPlus Precision
DNA polymerase \;&Str tagene) can be utilized for the amplification by the
followingtcycleSh ﬁﬁ(%tg%?%t%%ﬂ&ﬁ 4 repeated 35 times: 95C for 2 min;
95C for 2B sasiHHEE for GRCRG FRGifolugimirmidc? 2@ horafermmligtied as

P roduct can be claned intg a I-TOP itroge
C T EREL B8 20 0T B Er e B T B i e o
Indets Ararh $oil @R H(heBo) praimamethel o durdeisce Tinddfesipence thereon.

5 ﬁﬁggﬁ@@%%gg@g%%@@eﬂ&@e&ﬁ%&%xﬁaﬁg @@@Mﬁ#@mﬂhe

e by a 2 step cloning process. Also see, PCT Application

NLIFIERPES TS SUERSEReASIHEE L L ARIZI68 660 BRESEMsAIE 5 7>
20@@) Bhendissiosuigied whighdTheseyiticatp of diecvbytdefatenoerdnt itsientation

entirety. Example 14 35S]|GTPyS Ass . Membra r ation 10
so@é%ﬁ%%%%&ﬁ%%&% %f)%yl CRIVCREY ﬁﬁ@gggbﬁﬁtgﬁé%m
forps1SRin e identifisatian:of Gandidate BamDungsras ety aginistis
inverse agonists Qr antagonists, are prepared as follows: a. rial

10 "R RSB o BT 8 B TR HE S R i ectr
EDJbAtaidSaphriéd oivelnkhane Méasit Buffies isstempobid B0k, thus
HEPES. and O1mM.EDTA, . A4 "Bindl | QM
PSR ACED S0 I GC D 1 o B e
materimteand kustinties tivssg 10w RagrpRRathearhe i thuanrigthe

20 ggpirates fEomRiERlRNEAROsIaeE, e dellewad by flasiner withrietary
Oml cold PBS, followed by aspiration. Thereafter, 5ml of Me b{?ﬂ]ese sence
15 SRR R B L 6P 36 PELE T TR Bt A 2

€ro
celligianhexdpar htahfmh eadiriffigedubtshécefttiéugedri20,000 rpm for

17 minutes at 4C). Thereafter. h@t%lﬁ ermatan s .Aspirated and the pellet
is resusp%hdedlgr%lg ML v %Cr%db&r%né V@ash Buf%ler?ollowed by 25 centrifuge

at 20,000 Tperissien piniFatée)dridesianentipet rarht iscomerisydiasdiioRy the

the N terminal six (6) amino acids (amino acids 2 through 7, having the sequence of
20  TLESDM (SEQ ID NO:11)) of Gag-subunit is deleted and the C-terminal five (5) amine
acids having the sequence EYNLV (SEQ ID NO:12) is replaced with the corresponding
amino acids of the Gai Protein, having the sequence DCGLF (SEQ ID NO:13). This
fusion construct can be obtained by PCR using the following primers:
5’-gatc AAGCTTCCATGGCGTGCTGCCTGAGCGAGGAG-3" (SEQ ID
25  NO:14)and
5
gathGATCCTTAG—AACAGGCCGCAGTCCTTCAGGTTCAGCTGCAGGATGGTG—
3’ (SEQ ID NO:15)
and Plasmid 63313 which contains the monse Gog-wild type version with a
30  hemagglutinin tag as template. Nucleotides in lower caps are included as spacers.
TaqPlus Precision DNA polymerase (Stratagene) can be utilized for the
amplification by the following cycles, with steps 2 through 4 repeated 35 times: 95°C for
2 min; 95°C for 20 sec; 56°C for 20 sec; 72°C for 2 min; and 72°C for 7 min. The PCR

product can be cloned into 2 pCRI-TOPO vector (Invitrogen) and sequenced using the
89



10

15

20

30

pellet resuspended in Binding Buffer. This is then homogenized using a
Brinkman PolytronTm homogenizer (15-20 second bursts until the all
material is in suspension). This is referred to herein as "Membrane
Protein”. Bradford Protein Assay 30 Following the homogenization, protein
concentration of the membranes is determined using the Bradford Protein

ASSB (RLOSCCAR BRHHRR SOsRRNI Ml AR IRERNI 0L ining

(-80C) for later use; when frozen, protocol for use wi ows: on

thé§85TFRR A Sha iR eanTest fbrshittedint tha wieatiso grstor
terpgerateIE: ol ovvahhy Ve R QEaRiEeH MR aAQIvioR et

: teahes
abqut 12 x 90.1,000 -10 seconds; it is noted that for
RO L O NGl R i B0 uh 9 Bseriemoer
beéh8arithdmdgenizetiohidf differeninpreparatidnyskfacMatarialenbBinding
Buffer (as per above); Bradford Dye Reagent; Bradford Protein Standard
is utilized, following manufacturer instructions (Biorad, cat, no. 500-0006).

b. Broestieté Duplicate tubes are prepared, one including the membrane,

angFgneas@ genyol "blank”. Each tube contains 800l Binding Buffer.
Thereatfter, 10l of Bradford Protein 10 Standard (Img/ml) is added to each
tube, and*101 SYFRHFASEITEPBH¥n is then added to just one tube (not the

blank). Theseaéten@heh S radibrshtiy@Reagentis pdgadirreachivbg. for
follpwed by. vortexing of each.tube. After five S%minutes, the tubes are re-
vortexe ar%%he ma gr?alcfﬁglr%%% %Ht{?g%ué%érraégd St (EHEE, TRESRvamsS or
areREgeNEIng sreRcH a8 ddliogsectrophotometer, at wavelength 595. 15
ldentificagion AsgairaisMaterials GDP Buffer consists of 37.5ml Binding

Buffer ang Zr%%GDP (Sigma, cat. no. G- 7127), followed by a series of
dilutions iNASTIRIR BERTF REHtamcersre ob2md FERRe Mt EDTA,
GD# ingsfemiatiis O4sVBGMP) ianeiiel 60pupidmERESAadida@V2iDTA,

co ) mnalvolume of.200| isti 10041 uffer (final
o aan e et S RE R M e dng
50MEBsIHTP4S (0.6 nM) in Binding Buffer (2.5 gl r5S]GTPyS per 10ml
Binding Buffer) pa.Eheeedure Candidate compounds can be screened
using a 9g-well %?i% format (these can be 25 frozen at -80C). Membrane
Protein ( & FRh BT SR FP O s RIS Rrg Fizstly, the media is

aspirated from a confluent monolayer of cells, followed by rinsing with 10mi cold PBS,
followed by aspiration. Thereafter, Sml of Membrane Scrape Buffer is added to scrape
cells; this is followed by transfer of cellular extract into 50ml centrifuge tubes
(centrifuged at 20,000 rpm for 17 minutes at 4°C). Thereafier, the supernatant is
aspirated and the pellet is resuspended in 30m] Membrane Wash Buffer followed by
centrifuge at 20,000 rpm for 17 minutes at 4°C. The supematant is then aspirated and the
pellet resuspended in Binding Buffer. This is then homogenized using a Brinkman
Polytron™ homogenizer (15-20 second bursts until the all material is in suspension).
This is referred to herein as “Membrane Protein”, '

Bradford Protein Assay

Following the homogenization, protein concentration of the membranes is
determined using the Bradford Protein Assay (protein can be diluted to about 1.5mg/ml,
aliquoted and frozen (-80°C) for later use; when frozen, protocol for use will be as
follows: on the day of the assay, frozen Membrane Protein is thawed at room

temperature, followed by vortex and then homogenized with a Polytron at about 12 x

50



the Target GPCR, as control), are homogenized briefly until in
suspension. Protein concentration is be determined using the Bradford
Protein Assay set forth above. Membrane Protein (and control) is diluted
to 0.25mg/minr Binding Buffer (final assay concentration, 12.5g/well).
Thereafter, 1001 GDP Buffer is added to each well of a 30 Wallac
SqinisuipTm Qalacls f.oLpinaehisses e AnSiaL brbgkaisandidare

compo into such well (i.e., 5l in total assay volume of 200 Lis a 1:40
ratiorsashizen shonls A herereBhi S RSACSATSRROIN T ATR EalR g REsH oot
coi;}g%g{.ﬁgﬂg‘loM). Again, to avoid contamination, after each transfer
step the pin tool shquld be rinsed in three reservoirs comprising water
(1X), ethanol (PEFER#Svater (2X) - excess liquid should be 91 shaken from

5 the tool aftetisahiingesandatine; BitkifoadervakedgaiyBedorh Eralgippiandard
50! of Membrane.Protein ol suelbeanprising
mém %ﬁ%’? O?V??ﬁ%ﬁtnfhmg% %%%%%gsé%gﬁi,gba o) ut?l’izggggﬂgg prgé-ﬂigrr]pcu bated
for 5-10 minuteRreaad®®m temperature. Thereafter, 501 of [35S]GTPyS

(0.6 M) jsuBindingrRy iR sstsdioihormohe el kfelbaed i eisationirol

on a shaker for 60 minutes at r emperatur lates cauer it .
bl il B R SR T e e %@e!—z}c?‘ﬁ?ﬁfﬁ%i%fm
10 15%&@3%@2@.13&&%@@1@%@&%%%%@%@%& 8]@dded to
and sealed. with plat er. r ByWalac14504dsing
seﬁ‘fﬁbopﬁ%?? g% " a@lﬁ'igégggﬁgﬁgﬁ%%)% Examg{&lS

Cyectich g faBensdbotprr s alcarh e B SR ) M rghdhs:

COMRALIESASHE HatAAORiSIEn DueTsRAGORIShveranBgotistaesare read using 2
accomplished by utilizing a cyclase-b se%%1 y. In 15 addition to direct
idefrf ﬂﬁ}%@ﬁg@%@%ﬁ%&&ﬁ%‘é{%ﬁ Utifized as an independent

15 approachite:fpifndtlencosnfiymation of the results from the [35S]GTPyYS
approach as ser%%%ig the above example. A modified Flash Plater™
Adenylyl &yclase kit (New England Nuclear; Cat. No. SMP0O04A) can be
utilized foF DR e PIREE 6R G TRRIRE BT Ade s SRV drignagat. no- G-

?Gfloﬂi%, ?éiﬁ:@&?ﬁ@%%éﬁ?a 69§§&§@|fisq&imgaﬁsg Bu%ef:wdmaewm};mmy (final
ollowing pratocal. Transfected cells ar ted approximately three ..
iy BB ATE IR FAERBHLTL o/e b Bgr o B P e

y homogenization of

20 SUSPRARE Rk fibiiffelucentfding c20sini EHEQUSDY Buif (fomM

MgCIZbH%ﬁrrtl*%g,e&Hél QB8 PSS IQRRELORISE 4SS B RIRKE&Rer, and 50p

Polf/;f)r%n or'approximatély 10 seconds. The resulting homogenate is

g C
25 GESIFURSH(@6 200 0D reBIsEn Adted bt Y THYRNRJMhE PR L.
then resus‘d_oendqgl(mdHIe

Candidate compounds can be screened using'a 96-well plate format (these can be

€S are 1é-

25  frozen at -80°C). Membrane Protein (or membranes with expression vector excluding
the Target GPCR, as control}, are homogenized briefly until in suspension. Protein
concentration is be determined using the Bradford Protein Assay set forth above.
Membrane Protein (and control) is diluted to 0.25mg/ml in Binding Buffer (final assay
conceniration, 12.5ng/well). Thereafier, 100nl GDP Buffer is added to each well of a

30  Wallac Scintistrip™ (Wallac). A 5plpin-tool is used to transfer 5 plofa candidate
compound into such well (Le., 5ul in total assay volume of 200 i is a 1:40 ratio such
that the final screening concentration of the candidate compound is 10pM). 'Again, to
avoid contamination, after each transfer step thie pin tool should be rinsed in three

reservoirs comprising water (1X), ethanol (1X) and water (2X} — excess Hquid should be
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in buffer containing 20mM BEPES, pH 7.4 and 0.1 mM EDTA,
homogenized for 10 seconds, followed by centrifugation at 49,000 x g for
15 minutes at 4C. The resulting pellet is then stored at -80C until utilized.
On the day of direct identification screening, the membrane pellet is
slowly thawed at room temperature, resuspended in buffer 30 containing

20mM BEPES;pH-7.4, and 10mM MgC12, to.yield a final. protei

coRERH AR B (PR B R e S Thefeafes
ice M0nlilbfidEminAd Prettan oadiisd trleitectida Butfel Yebeprsisp2pEmstancs
tra%%?é %{%g é Q) 5%01{5%%85,6 %@%@Hﬁ%]ﬁ@ﬁeﬁy §_—ﬁ@rﬁﬂ1§t@§] at room

maintained in a ance with tglse manufacturer's instructions. Assa%1
Butfenisrprepaiurtaiish, féintefde Al Brdi@smbié Bindinppite prdlsgie
5 e R a3 L ATP. (may o
phosphokinase (Sigmay), > igma), and 0.2 m |gm§§'
As S5 RS thrigH) st B SRS %’aﬂﬁﬂﬁagféh&%%s&h 00 RPM
arefafldeehigurfo REXAT P Ybnaet-platsrved s b ihind? Mdinfldssdyealed
conceptration), together.with 40 | Memb Pratein @ /)
of A@%{;ﬁ éﬁﬁ%ﬁ?r‘?hls 38%( frefi& Oélnaigr'?(,:gl%gtﬁeaﬁ(;lrs g gh&l%gﬁeé%%?#o%ﬁ%as P
tempemfererayitinserdiershaking. Following the incubation, 1001 of
Detection Buffer is added to each well, followed by incubation for 2-24
0hours. Plates are then counted in a Wallac MicroBetaTM 10 plate reader
us"&;goité ii 1" (as per manufacturer's instructions). Example 16
FluGromatric maging Plate Reader (FLIPR) Assay for the Measurement of
Intr&exsligl aMEh188AH Concentration 15 Target Receptor (experimental)

and pCMV {hegatiue.ceptheb-atabhitingshectaddealisclaphiespactve, agonists,
clonal lines are seeded into ol}éD-lgsin%%%t eat%g%%&wellﬁlolat_ Sed assav. In
(BeHSTEDREINSHAT FEBEBAD) 565 B Pt empiets culture ™"
15 MedidditibDiMBMcwitnd H04tioR $i2 asbdst sgutachices, el soidie e independent
pyruvate) for assay, the next .day. Becau LA I cell
i e A S S S L
Go/Gréiphiseimmitx#avever, since GPR41 is also coupled to Gal 2/13
(see Examplg, 208l F1igH 18 pina AAHPISCOPME SR ORI BUghanERlS; Cat. No.

Gal 6, or the chimeric Gg/Gi alpha subunit may not be required in grder to
causeVE 0dé0d Gahe wiligRdPr destd BRIBSFE B ab AR RS PoBRYerse
204F 142823tinsubation: v Hessiackolintger itdedthdascd iwsbltteddtiodGidg protocol.

- DMSO and_467]1 Pluoronic acid 25 (Molecular e
1mM stock é%rhsj%gtﬁ ﬁg CAnbe s oér‘iﬂépg%‘?’?’d‘%%g e%%@ﬁf%%ﬁ%%ﬁﬁ igné
fluorswdntuesleia mraprticdiyhdipegenization of suspended cells in bufier containing

20mM HEPES, pH 7.4 and 10mM MgCl,. Homogenization is performed on ice using a

Brinkman Polytron™ for approximately 10 seconds. The resulting homogenate is

25  centrifuged at 49,000 X g for 15 minutes at 4°C. The resulting pellet is then resuspended
in buffer containing 20mM HEPES, pH 7.4 and 0.1 mM EDTA, homogenized for 10
seconds, followed by centrifugation at 49,000 x g for 15 minutes at 4°C. The resulting
pellet is then stored at -80°C until utilized. On the day of direct identification screening,
the membrane pellet is slowly thawed at room temperature, esuspended in buffer

30  containing 20mM HEPES, pH 7.4 and 10mM MgCly, to yield a final protein
concentration of 0.60mg/m] (the resuspended membranes are placed on ice until use).

cAMP standards and Detection Buffer (comprising 2uCi of tracer [ 5T]cAMP

(10011 to 11ml Detection Buffer] are prepared and maintained in accordance with the

manufacturer’s instructions. Assay Buffer is prepared fresh for screening and contains
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Candidate compounds are prepared in wash buffer (1X HBSS/2.5mM
Probenicid/20mM HEPES at pH 7.4). At the time of assay, culture medium
is removed from the wells and the cells are 30 loaded with 100l of 4M
Fluo4-AM/2.5 mM Probenicid (Sigma, #P8761)/20mM HEPES/complete
medium at pH 7.4. Incubation at 37C/5% CO2 is allowed to proceed for
60 Al SRR RS ek incyhationiuier
iso%g‘r‘ﬁ%v&gﬁ%gr%? e -é’e s are V\%asﬁed 2X wlft%%loo Al wash buffer, In e%_crl;l
welteigiferphophkinsre biger): TR MAE R FmAetptd thE M chbialore); Assay
375UE% S R4 195,60 dpinytes) MR (Fluorometric Imaging Plate Reader;
Molecular Device) is programmed to 5 add 50 Al candidate com 11
the 30th SeRSAasRIRTEL ﬁ%%gé?ﬂ%ﬁ%’ﬁag“ééﬁh&%]rﬁéﬁc"e? el ’

ﬁlflar calcium

5 conpemtmiinnsgadidmmike)) togahercattoidon MomhyenaRigisin sHeaeyell) and
150 secands, Total fluorescence change counts.are useditadeiersine
agg(r)#zto ?a%%ﬁﬂy%%ll%rg ?réés &%%QR softwl%":%. The iﬁstrument software

notenaltzetyrthevith gradesmkiigading to give equivalent initial readings at

zero. 10 @Uﬁ%% theforeaning popvigascadidPRuassrdostganist well,
activity using stably  transfected cells, a person of ordin Ul.in the art, . o -
roRRERY BRI e LA AR T i doe g NS
10 antsigeniskactity “Srid4ierdanpef ordinfwpskilkimtrectensivould also
readily appreciate that, alternatively, transiently transfected cells could be
used. 15 Example 17 MAP Kinase Assay MAP kinase (mitogen activated
kinEselnganlse monitored to evaluate receptor 20 activation. MAP kinase

carphi ARIREIRG Y SRV SIal ARRIAACIEIIRY & sRpRache M easadmATT

evaluation of the phosphorylation state, either unphosphorylated (inactive)
or BrEgRglte R ey R BB sphorylated protein has a slower

15 mobility in TSRS IRAGbrdadaanditedafote G E0mpative withoihstably transfected
unStE:::ifTu ted é’g{;"% i@e”ﬁ!z@% MM%SL% @eéﬁg&qﬂt% ﬁllrﬁ -%LY&%@&E&%C&%&V& plates

spe% ic for the p ospﬁory ated protein are available 25 (New England

BioRosionitriosene Saaiiat domld selnereh st FoRpIscSbHE At

kingpg i eihen Metes aalls apaetm atednetlithesandidpier assay the next
compound and then extracted with. Laemmli buffer. 2. Icléglﬁnf&%%%gn iSice
app‘ﬁ%ﬂ BSOS IFASE LRI Brotstisare r%%g%reéc}o 3
20 eleata) et alyriochitmere li SeiphrsehoiitinE dwava rinesGire b e
are 9061}1%%9) %ﬂﬁ@?%g éya?xﬁ;fé@ Bl&%i%grgegﬂ Q%ﬁﬁé&ﬁi@éﬂmtsﬁn such as
Gl 5, Gail 6, or the chimeric Gg/Gi alpha subunit may not be required in order to cause 2
detectable calcium flux. To prepare Fluo4-AM (Molecular Probe, #F14202) incubation
buffer stock, 1 mg Fluod-AM is dissolved in 467ul DMSO and 467pl Pluoronic acid
25 (Molecular Probe, #P3000) to give a ImM stock solution that can be stored at -20°C for
amonth. Fluo4-AM is a fluorescent calcium indicator dye.
Candidate compounds are prepared in wash buffer (IX HBSS/2.5mM
Probenicid/20mM HEPES at pH 7.4).
At the time of assay, culture medium is removed from the wells and the cells are
30 loaded with 10041 of 4uM Pluo4-AM/2.5 mM Probenicid (Sigma, #P8761)/20mM
HEPES/complete medium at pH 7.4. Incubation at 37°C/5% COy is allowed to proceed

for 60 minutes.



30 chemiluminescent signals are recorded on film and can be quantified
by densitomei y. Another approach is based on evalulation of the MAP
kinase activity via a phosphorylation assay. Cells are stimulated with the
candidate compound and a soluble extract is prepared. The extract is
incubated at 30C for 10 minutes with gamma-32P- ATP, an ATP

regenerajing, SyStemAR8SRRCiicIubAtiale fotidATR Kifles & Stiabvad 944 the

phosphorylated heat and acid stable protein regulated by insulin, or. .

B e OT T MU B o P Al A s

arerffapmieisadtieniceoAlt iatishaairist SPOGEH 0D lmantBS|

chromat aper, which refai viptes i Qf.\a,:: n

chromatgg[lr’?égﬁ%ﬁgfifgx &%ﬁ%%%%%ﬁ%%%%zp is a 5&[%?5;5 . a0
5 scindifl aflon caditer. catteavadvelpethélearrend aed 18 TRruB AR GRtGhanges in

gammaoh: ﬁ@ﬁ@ﬁ&ﬁ%ﬁ,gﬁm@ SUHEMbyand Ritinyiaieoyelifor
basic proein bound by _streptavidin to a filter sgg&ort. Th mxelln basic st
protefthi 250 petnste R aldHO eI AP R SEE TP RES BRGSISHGT YAt R 2o
reaglipRdisSaY itd PUPREdBvEnN (Tes iattd0fknT hefeteactmoaizeh s Bgorescent
aspirated thraugh the filter, which retains, the phosphorylated myelin basic
10 ' ?ﬁﬂ‘égfﬁ Waé%%%h%%r%%nggﬁﬁ%grg for 32P by liquid scintillation

10 counting. AGtkengblé:d SReveprorBine MELARRaysRY STdRIAStGRE PHETREHEDLY

- desgrihed berein, anothergneansfonayaluating #okicansidatarrmpauady the
is by determining binding affinities to the_GPR4%,é{ece%t%r T?{FS‘SE% ei?f the art
asSEYAYERETAR PehaTAeETIF? ARteRamEH A N S BT Rp %&)r. n

. addijiandaidbe-nseyeblroian tiganatisdaritely GRRkhtie ceptlcddells could be
radiolabels thereof, GPR41 agonist compounds disclosed herein can be
labéff&d with a radioisotope and used in an assay for evaluating the

15affinity of a candidate compound to the GPR41 receptor. 20 A
radiolabelled GPR41 compound such as a GPR41 agonist disclosed
herein can be used in a screening assay to identify/evaluate compounds.
In gE&amBitetis, a newly synthesized or identified compound (i.e.,
cangidaseepispauiid) can be evaluated for its ability to reduce binding of
the radiolabelled GPRA41 agonist tQ the. GPR41 r. '
ability to c%ﬂ%&(ﬁg?gﬁgﬁg q&?e%gé? Fe’}?éd%ﬁ %ﬁ‘ﬁ%{%@?ﬁ? (gllr? 6%% é%?tor

20t0 thetBRiRA1 VR fsioesdivachy datretad s ey Tre BIPARTYCAFiANG BPtRach is based

candidate. GamREURGHO IS GIPRAL 00D SfinESHAYFIRGTEQE adtoR or
DETERMINING RECEPTOR BINDING FOR GPF%%%%%‘%;PR
Is

1.
RECHEPSPEY o iREBARAT (BRPRBTPERSHG PEETE o mobility in SDS-

uman-kidney,
AT CEA @B R Mamsienily ercstaiyed30itiahs iectoduvitil GPRIA hidsg Western

d escijr{ct))%%gh eﬁtigrhgt%'re y),(%nnagtla%ie% %868%@%%@ Sh%%%&%% protein are available
25  (New England Biolabs) which caﬁ be used to detect an increase in the phosphorylated
linage. In either method, cells are stimulated with the candidate compound and then
extracted with Lacmmbi buffer. The solubie fraction is appiied to an SDS-PAGE gel and
proteins are transferred electrophoretically to nitrocellulose or Trmmobilin.
Immunoreactive bands are detected by standard Western blotting technique, Visible or
30  chemiluminescent signals are recorded on film and can be quantified by densitometry.
Another approach is based on evalulation of the MAP kinase activity via a
phosphorylation assay. Cells are stimulated with the candidate compound and a soluble
" extract is prepared. The exiract is incubated at 36°C for 10 minutes with gamma->"P-

ATP, an ATP regenerating system, and a specific subsirate for MAP kinase such as
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transfected with 10 gg human GPRA41 receptor and 60 | Lipofectamine
(per 15-cm dish), and grown in the dish for 24 hours (75% confluency)
with a media change. Cells are removed with I0ml/dish of Hepes-EDTA
buffer (20mM Hepes + 10 mM EDTA, pH 7.4). The cells are then
centrifuged in a Beckman Coulter centrifuge for 20 minutes, 95 17,000

e e e oL Deaop.
epes + 1 mM. , .an ogenized wjth a 50- nce
PGB P Y A R POt e e e e
pelizfsoaiespttied atb-Bhdmantis Uskdimbindiiy pasaywilhastasethin the
assa embran re i i R
e B B B AR ok e
adiimin TinsiHesemneEmse afdrermal rridhe ertbPaRagt SREH PR ¢ Hijthegamima-"P-
mepbrana pelsl-and:honaesnizedudihaBsinkman RiicoiamBoliaay

homogenizer for 15 seconds at setting 6..The concentration of membra
o RS e ORGSR B AP OGN SERLY- 0 B e AP
BINEYNGCASSAM Hoyiteial bindingisadoted vollind ©fb0itef ZF0FOpridteRxiract

R (S G

10

13

20

25

30

0g protein) is added to 96-well
pobypreiylFre Arilerdtiveasprdtensfetisied dioy B HORGCTIIRE PR S B& fer
and 5041 of radiolabelled GPR41 agonist. For 15 nonspecific binding,
5041 of assay buffer is added instead of 1004l and an additional 5011 of
10WFRBIBEBRA1 is added before 501 of radiolabelled GPR41 agonist is
adseeeftiriBmanezthemincubated at room temperature for 60-120 minutes.

The binding .reaction.is termi lteri ughan s
Microplathglgbdg(\la/tllgens% glh:e/é? e%]cr)uafﬁ{iggc [ tr%%i%%%%fgé?eﬁ %gﬁ%éé%gr%ill 96-\?\/‘:(1§I’IaL

platenfidare seomioiisvie byl waspingLPotRE RSSO N FFRAY escspiqry Ahis
gg%ﬁ&l f' 06@93%39%&%%@rIﬁ\ﬁﬂastﬁ‘(ﬁjﬁﬁ%ﬁ@ﬂléﬁﬁ@@ﬁfliwﬁﬁm}ﬂiﬁfi&ﬁo@pﬁ)ﬁeﬁkd,

(0) tiphase Supermix Is a toe ell, the top,of .t ales ar
eSS |5 S EPETHBEHS SO A GG ST e
Fopempagtitkcampetitibnisiicies hnstent bt dddiing $00| oldssmyobefied used
100) of jately di j ' jatg,;
X e e e T e s R

CALCULATrINIR T GIRAY arsopermp susies & 8T RG hng @%@fgéﬁai can
0.1 and theR-AAidanas,eh saneentalions cissamech thathemiddecwly
d_ose would cause about 50% inhibition of {gd(i)%aggl o(lza%lgRA{rl ggggi& it
bin&YREEHES @5%5’.%‘%&&?&6%%% eih‘ﬁ?éh% absence § CAnaidate
conapiitnm (Bapishihéinifté reacaioftelidOfRRA (Brhiviitwiba{gPR41 receptor.
Accordingly, the ability to compete with the radiolabelled GPR41 agonist for the binding
to the GPR41 receptor directly correlates to the binding affinity of the candidate
compound to the GPR41 receptor.
ASSAY PROTOCOL FOR DETERMINING RECEPTOR BINDING FOR GPRAL:
A,  GPR41 RECEPTOR PREPARATION
For example, HEK293 celis (human kidney, ATCC) can be transiently or stably
transfected with GPR4] as described herein. For example, 293 cells can be transiently
transfected with 10 pg human GPR4!1 receptor and 60 ul Lipofectamine (per 15-cm
- dish), and grown in the dish for 24 hours (75% confluency) with a media change. Cells
are removed with 10mU/dish of Hepes-EDTA buffer ( 20mM Hepes + 10 mM EDTA, pH
7.4). The cells are then centrifuged in a Beckman Coulter centrifuge for 20 minutes,
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specific binding (NSB) and similarly specific binding (in the presence of
candidate compound) (B) is the difference of displacement binding (BD)
minus non-specific binding (NSB). IC50 is determined from an inhibition
response curve, logit-log plot of % B/Bo vs concentration of candidate
compound. 96 K; is calculated by the Cheng and Prustoff transformation:

cK;igéd}ffg)ﬁl@A-ﬂéw% i) %ab[dehifeﬁhg, Wfﬁﬂm@?ﬂmmd
agonist.used in.t as an I1S.Ihe QISS n t.

A TERGENBERTe B o<t AOORREAS TkbeoETanty ey T ahe
binglitgeearifiition sA FxamplarkR cupsdiab dhe p s erRisuehinfidelgmtil
of type 2 diabet [ ifhyhes j INTESISIARGE idPBave
beugﬁ%e&gsg?%gd%%%?rm@%gg%ls sucﬁ%%: glt%%%?%\%%gliob see E;iab tes
(128 mingtesiaw] them ke inavhaon prEr G0l EBee ﬁ‘ﬂ‘é\%ﬁ
undgrsignding thadeathoRhysidnaysokdisaaserrreifor testing ddrdinte

therapeutic compounds [Diapetes. (1983).32:830-3383, Re n
e e RSy e R
mite tevelopedibyidagksdint ahoratotjoand oisosekitjparisijeiermimed using
hy erﬁaﬁ ; emic.a é &gé esistant [J Clin Invest (1990) 85:962-967],
Wh%?eas eliaegr%’éﬁ%%gt{e{s}ilre ean and normoglycemic. In the db/db model,

mice prd¥ressHENPESGePShEulinopenia with age, a feature commonly
ent o B el Toca g thes ol iman type 2
insufficiently controlled. Since this model resem that nt
did9Ere aseahpEErAssiRe FredlirsstVe iR, e T
actiyities mstudingtéld) Reklisditeddoydnwerpepoiplasitatigitisiess fifldwed by
triglycerides._Zucker (fa/fa) rats a verely. qhese, insulinemic, and
ettt R ST el
Melliiupetti Rifkinnansbl) PogeydufdddHeaviestSaertetRliplishingdinal
New York, ed. 4, pp. 299-340] 1, and the fa/fa jgn.may be.
e P B P A B DS b R, B S g
(19926 9Pk 7 2R0h v ietitetsl xRrocNaipacdhd Sor 6612 118 FEr8bsting
Tubby il nice 3 e:saiacietzaty ahesh. (RoARRIEHINR Gr/C
resistance and hyperinsulinemta without significant hyperglycemia .

[C Jlemifdiar o maticn eletgivyi i O Brrg iAMY néa&ééféfﬁf%w%ﬁﬂ‘aﬁd by washing

eNCERINARESS 108 vse i RAlymediainis torkadicingibe @bt the
resistance and hyperglycemia in any or %I of the_abO\é%régc?ent iabetes
e

ORI NEAFR Fon e BB DA e
diserg plaaracisertiars:af plates are counted in a Trilux MicroBeta scintillation counter.

For compound competition studies, instead of adding 100l of assay buffer, 100ul of
appropriately diluted candidate compound is added to appropriate wells followed by
addition of 50pi of radiolabelled GPRA1 agonist.

C. CALCULATIONS

The candidate compotinds are initially assayed at 1 and 0.1uM and then at 2
range of concentrations chosen such that the middle dose would cause about 50%

inhibition of a radiolabelled GPR41 agonist binding (i.e., ICsp). Specific binding in the

30  absence of candidate compound (Bo) is the difference of total binding (Br) minus non-

specific binding (NSB) and similarly specific binding (in the presence of candidate
compotnd) (B) is the difference of displacement binding (Bp) minus non-specific
biﬁding (NSB). ICs, is determined from an inhibition response curve, logit-log plot of %

B/Bg vs concentration of candidate compound.
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lipid metabolism described previously, or in models based on other
mammals. Plasma glucose and insulin levels can be tested, as well as
other factors including, but not limited to, plasma free fatty acids and
triglycerides. 97 In Vivo Assay for Anti-Hyperglycemic Activity of GPR41
modulators Genetically altered obese diabetic mice (db/db) (male, 7-9

- weeks old) are housed (7-9 mice/ca (la%lr%ﬁgfer standard laboratory
condition®dt seulated 50%s Fg}gﬁ‘ﬁ/énf% AR Sined on a diet of

Pugina yodent chpykand water ad libitum. Prior to treatment, 5 blood is

collected from the tail vein of each animagl and bl lucose . .
concentrdtitsasikids %@%ﬁ@ﬁ“ﬁ&iﬂ’gﬂ&%%ﬁﬁ%a%%géﬁéﬁ?c%%%ﬁ%%? assay
Sysign fiifescamhddics thasthaue piakokdelsd GRRIEvaisiieiesemia to
500 mg/dl.are used. Each treatment qr onsists of seven mice that

3 are“?%%ﬁ%%%’ggdﬁa% e rﬁ%gkn gﬁj%:%ls%dl%\]%éls are equivalent in each
group at the start of the study. db/db mice are dosed by micro-osmotic

pu%%m?%%ed 10 using isoflurane anesthesia, to provide compounds of

the invenition, saline, or an irrelevant compound to the mice

- suRedareBiabsiesMad®|ood is sampled from the tail vein at intervals
thereafterrapenanabgediopdbindidvgiecasectaat entiabosis; Midnifidantesistance
differences between, groups (comparing co unds IDtsrgst 401982

10 GRS A AR Dy e e L Ph et 0w

prodided by way ofifuétiatmekantndelpiasticiey ot fpsdaRadogdne

mo ?gﬂ Emsgg giahetes have-haanslasaibed dMaliarbBobaiiHies [Diabetes
(2001 1:821- and references therein; and Reed?il(\]:/[e%ﬁt %.%Elabetes,
e

Obdb#§PaR Mt AB e RepSeeyy Bed-anlrere & PRz EonS
disclpskie, efseaahiofvibieh isich esetiydatbydatited bybeefemnice dhets,
entirety). 20 Example 20 Mouse Atherosclergsis QED.

13 P TR P L G A U S (1 Lves: (1090) 85:962-967
adipdreetirhgeney fwsratrdem shdmerme Heosroigispode dhslatied s 8o sis

_andptI% Qgsw '&e‘%%%ﬁ@@&hﬂ?ﬁe&% Miceae @é%% ssitatle ympdattann late
ischemic heart disease gl_\/latsuda, M et al. J Biol Chem. (2002) J%a&d .
referBaee el aEHTRER e IS Bl TSR SVEE STVAHIER S e RS SR hE i e

by referenee isstieienibeiyhuiedipopetitekaeskhotatipeuards hbhised(?a0
e R R T
isofl ghaioecand stighsierides plavice Gaiapotmers sTwelyriResidypasRbngc, and
an iglavantcomneundia theseice sobguianeausivis: e Dieeintimatitus, B
Riflin and D Porte, Jr, Eds [Elsevier Science Publishing Co, New York, ed. 4, (1990),
pp. 299-340]}, and the fa/fa mutation may be the rat equivalent of the murine db
25  mutation [Friedman et al, Cell (1992) 69:217-220; Truett et al, Proc Natl Acad SciUSA
(1991) 88:78061. Tubby (tub/tub) mice are characterized by obesity, moderate insulin
resistance and hyperinsulinemia without significant hyperglycemia [Coleman et al,
Heredity (1990) 81:424],
The present invention encompasses the use GPR41 modulators for reducing the
30  insulin resistance and hyperglycemia in any or all of the above rodent diabetes models, in
humans with type 2 diabetes or other preferred insulin-reiated disorders or disorders of
lipid metabolism described previousty, or in models based on other mammals. Plasma

glucose and insulin levels can be tested, as well as other factors including, but not Himited

to, plasma free fatty acids and triglycerides.
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thickening and ischemic heart disease are determined for different groups
of mice sacrificed at different time intervals. Significant differences
between groups (comparing compounds of the interest to saline-treated)
are evaluated using Student t-test. 98 The foregoing mouse model of
atherosclerosis is provided by way of illustration and not limitation. By
way.of further example, Apoli tein E-defigs j also been
Db e L el (1092)
71:343-35aetosllnisiens pbesst Girheficiaire I Gpe Ard i Bt old} Frehopsed
its eatisivk a4 pibatmedeldbabeap Kediaessis tACohdisomsiinRd humidity,
atherosclerosis in C57BL/6J mice, an inbred,stratinggh%wtgnt}o TE.'%OI to treatment
s REpaeRs B Ritigt oLt HI SRS ST SRS TS mation: Thismodal 18~
5 Welldeaawliecparsonsief atidisany skithianifre o d [Rerd gimdde caicegirations are
Atheroscler, Thromb (2001).8:1-6:..Garbey, J3i S NAQ0L),
42%%@%%% é?%y%%%%g?ﬁ%é% %9?%%&%%%@2 diSC|OSJ r‘kg ?re
of diBsemctivobswisetis derereny JAde 0y meldl Byeratete Rash H Rt ERYP consists
Exaronle,2didnavivaigMasel of R kGhalesterolapeti ieaablakosia cach

The utility of a compound_of interest as a %jqedical agent in the prevention

or SIS BraEhA St Of R AR ot AR TR ST HIBSE BRSSP S By mserted
10 copsitionsfetaiingetheseiadipaieiienstiateddéat txamsteiopystimactigity of

the campound in lowering the ratj t chales t ;

i e P o o o ol

viveepighineedstgsafer usé anabized denivap habrerORRSEREAOES refELEcat
human physilac-GsheRiAlbkiRidwsiabelisa makseiosaly 20lifaremaytare

other animal models. An illustrative in vivo pig model not intended to be

lim A Rep ST RBE e Fdekorkshire albino pigs (body weight 25.5 f 4 kg)
15 are fed a srdusaigslHfattpasidsichy eng chitilestatoh Aoh S EAIGHD) Gider

duripg 50.days, (1 kg chow 35 ka;1.pi ' Rosed Mhsiergarfamr

ch&@ %%%ﬁ%?%%%ﬁ‘%é%%ﬁ%ﬁ?@%é%%%%%é%geef tzglllo[%vvfI 25 [RoyoaT °

et dARPE)HIBERA-JonfrafetCniberciny astiBaadN{Z06b)Hebsies. bpsity and

Satyaiediin irsaturatessiallyeeidialindemodiiad it fotrine matpig
chow to 1.12 in the SFA-CHO diet. Animals are divided into two groups,

onEFEURENGTRBI A P VRIS AL EFE Wt and treated with placebo
a¢and one group (n = 8) fed with the SFA-CHO diet and treated with the
modulator. gi mg kg-1). Control animals are fed a standard 30 chow for a
peri 538?93 ays. Blood samples are collected at baseline (2 days after
the MevepidreodstierestifViidyi and 50 days after the initiation of the diet.

Blood ”pidﬁd%@neéﬁﬁl&@ﬂeﬁ[ heRnimeiaa esagtifierdiandonetiopdiiedectin gene

have been shown to be predisposed to atherosclerosis and to be insulin resistant. The

75 ice are also a suitable model for ischemic heart discase {Matsuda, M et al. I Biol Chem
(2002) July, and references cited therein, the disclosures of which are incorporated herein
by reference in their entirety].

Adiponectin knockout mice are housed (7-9 mice/cage) under standard laboratory
conditions at 22°C and 50% relative umidity. The mice are dosed by micro-osmotic

30  pumps, inserted using isoflurane anesthesia, to provide compounds of the invention,
saline, or an irrelevant compound to the mice subcutaneousty (s.c.). Neointimal
thickening and ischemic heart disease are determined for different groups of mice

sacrificed at different time intervals. Significant differences between groups (comparing

compounds of the interest fo saline-treated) are evainated using Student -test.
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Alternatively, the foregoing analysis comprises a plurality of groups each
treated with a different dose of the compound of interest. Doses include,
for example: 0.1 mg 99 kg-1, 0.3 mg kg-i, 1.0 mg kg-1, 3.0 mg kg-i, 10 mg
kg-l, 30 mg kg-i and 100 mg kg-i. Alternatively, the foregoing analysis is
carri ed out at a plurality of timepoints, for example, 10 weeks, 20 weeks,
30 weeks, 40 weeks, and 50 weeks. HDL-Cholesterol 5 Blood is collected

in trisodiunReiazerors Ennse 2esebrt atherqsclmesinispuided Rhiray ghHbtration
(12(&&1@1&51ﬂj1ﬂamﬂ dmmag diietqprecasse, %ﬂmp&mbmﬁﬂmaﬁcﬂﬂ Imice have

cho stero cho stero re.;mea ured autgm t
anayzeer Ko é)k ﬂtac%e é emr?é%s Osmﬁlbl%%fg%lgﬁ & f(1992)
R0c?ieﬁéﬁN%hw@#&)ombmfswwhmh}smm@@rbmwgmewaﬂg&tirety}-
sare dilutedyith. e seluliersuRAlied RHHe A8 MRRMIRE e AN 1BE

re- anaglézed The total cholesteroUHDL-cholesterol ratio is - determined.

CorfpaR5ER TaiHad Br A STETSMorm i e bTesrEry Belivbidugropbierosclerotic
COmmmmmmfmbmtaﬁwahwﬁwlﬁéwbml datign the art

bet amag ?ﬁgf rllle tloorgc er gé rg L9 r&ar CUBQ’VOf taqeun OC% Res

cho es ero Fatio on |stra ’on he compo
intef@8disAkéh &% Sdibalivet of., 1 Bnthen Mwﬁpib&ﬁ?d I’@/ﬂﬂglﬂﬂethécﬁ:e@ame of

100 A crRRGIRraels  Hhehocacic onuabraming darias are removed

intact, opened longitudi 0 along the ventral surface, and fixed in
neutral-buffered formalin after excision of samples from standard sites in
the Mﬁ@i@ and abdominal aorta for histological examination and lipid

cornlo l'[IO R?%ﬁh%‘ Af er %éeq"g e whole aortas are

stalne qthw plnne 81[1°t at, aTrmages are obtained

with a TV &mmmm@mmtemmmggwmgmm ot
15(IMageEra:RiusyMadia GYREIBRYEEn T 2onalléRrop PHIG N DL IR ARISLTIRG

the p ercentagge of aortic surface involved with atherosclerotic lesions

[Geftifjeds STRpRETalsd & pramPisty 15 aBRINC hRincRRopag in lowering the

Artexigscietrasi &h&hﬁ&mbmarmOV@&ﬁuigh%lemﬂg(M&&%&ér&@ar in

which |sclos res are hereby incorporated b 8 ? nce in th r entrret
rﬁ)l‘O eCction Irom atjne OS% Srogis 1o an in VW? ﬁ.'% oQe, S are use
parison is made between groups o percen G aorHe auf

mvo?;ve@blrh@bw&h mmqmmsmge@a@mmmé perbelitag alofe closely
20RO SRS dyalued Ml An A OSHIRIONG | Sﬁﬂf&sﬁﬂhﬁﬁ@i S HRURRPL, be

the compound of interest is taken as indicative of the' compound having
the AfGHERBIINTEIRYLCPISEMa Free Fatty Acids 100

Yorkshire albino pigs (body weight 25.5 = 4 kg) are fed a saturated fatty acid rich
and cholesterol rich (SFA-CHO) diet during 50 days (1 kg chow 35 kg-1 pig weight),
composed of standard chow supplemented with 2% cholesterol and 20% beef tallow

25 [Royo T et al., European Journai of Clinical Investigation (2000) 30:843-52]. Saturated
to unsaturated fatty acid ratio is modified from 0.6 in normal pig chow to 1.12 in the:
SFA-CHO diet. Animals are divided into two groups, one group (n = 8) fed with the
SFA-CHO diet and treated with placebo and one group (n = 8) fed with the SFA-CHO
diet and treated with the modulator (3.0 mg kg-1). Control animals are fed a standard

(DE;

30  chow for a period of 50 days. Blood samples are collected at baseline (2 days after the
reception of the animals), and 50 days after the initiation of the diet. Blood lipi&s are
analyzed. The animals are sacrificed and necropsied.

Alternatively, the foregoing analysis comprises a plurality of groups each treated

with a different dose of the compound of interest. Doses include, for example: 0.1 mg
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It would be readily apparent to one of ordinary skill in the art that the
foregoing in vivo pig model is easily modified in order to address, without
limitation, the activity of a compound in lowering plasma free fatty acids. 5
Those skilled in the art will recognize that various modifications, additions,
substitutions, and variations to the illustrative examples set forth herein

be mad th
hekera o o S e S, 1 AL A0MsEEn e Bl 1.
reféréeroaidvelyothe fmmm&gnaémlwtqmmé@% at B EeRd 5y 9t IVemaRevi s oo

proyisignal anddagusrraien erelicationsscrie AEresated herein 10 by
reference in their entirety. 101 CLAIMS We claim: 1. A method for

|dern’§t'%1 C<‘;1eth9‘6i§mlc stabilizing compound, comprising: 5 a) contacting a
5 candidatem@fnmmmm&ﬁm&am et rnibingRidethrookiRdlafier
functionalityis. Mody/2ed uheteln.a mogilafon. n.GPRAL unalonglipels
indicatve ﬁqe candrdate ¢ mpoun g a glycemic ‘stab 1zIng
corabdetierol amhePietholdststel armaam@ir@wgaﬁ@ @quﬁ(q@k

3. The.method afg amqﬂnﬂas@mmas@ma&wsg%ss&e@%s with

-messenger assay. 4. The method of claim 1, wherein said glycemic
staBHERRFEBIRTBURG EShTIrREE CHHRSUHER AL BRR AR Ry DD
10co nﬁﬂaﬂﬁ@:ﬁlf‘ar and then re-analyzed. The total cholesterol/HDL-cholesterol ratio is
2m I4 tro hen 5-0x0z1,4 r noline-3 15
carbottxyilc aci amlcge %ch %%opl?gﬁie%ar OX Fggmé%% %Nesn Froups.
4- [1@@nmmazmadewf Phdeigl @mbﬁt%ymhpﬁde%m@m &ewitn groups.

4-Furan- 3&&&%&3&@%&1&%&& Reabexahyehie- eunelingsa:carhonylic

acid o-tolylamide, 4-Furan-3-yl-2- methyl -5-0xo-

1,4 @8 Srﬂéi%% ﬁshaﬁfﬁg’ﬁ 1 91 ég?tfammq:ﬁf interest is taken as indicative of

15(2,Saciebiasonphamyh sahtidfyrdbaid utility.
Furan-2-yl-2-methyl-5-o0xo0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic
acid o 20 tolylamide,
4-Furan-3-yl-2-methyl-5-ox0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic
acidaii=chlarasphenyl)- amide
2-Methyl-4-(4- methylsulfa I-phenyl)-5-oxo-1,4,5,6,7,8-
hexahydro-BhdAk- 2L PHemRmT A%HLRTD Wﬁjem*m opened longitudinally

202- Mﬂﬁn@ Ae(CemitiDsitierey Bad fixed in neutral-buffered formalin after excision of samples

gxlsl o ﬂ%ﬂ% AN RGNS B ARG AL AN S rmination and

nutrdlmiiwn@@nﬁm@wﬂdﬁmﬁhw}swﬁ@&ﬁsz yWig- Exationg Beovhdermoxangargaguad with

nolirg:3x 20 &l M%M@ammages are obtained with a TV camera
4-(5-Biphe f{l -2-yl-furan-2-yl)-2-methyl-5-oxo

1, 4 gogmeaief) I3 & RORRY RGO MRS TR BN SR I RRes e rhiti Media Cybemetics,
252-M @&ty 8pff2 MG determine the percentage of aortic surface involved with

atherosclerotic lesions [Gerrity RG et al, Diabetes (2001) 50:1654-65; Cornhill JF et al,
Arteriosclerosis, Thrombosis, and Vascular Biology (1985) 5:415-26; which disclosures

are hereby incorporated by reference in their entirety]. Comparison is made between
groups of the percentage of aortic surface involved with atherosclerotic lesions.

30 Reduction of the percentage of aortic surface involved with atherosclerotic
lesions on administration of the compound of interest is taken as indicative of the
compound having the aforesaid utility.
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phenyl)-furan-2-yl]-5-oxo-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic

acid (2-chloro- phenyl)-amide,
2-Methyl-5-o0x0-4-(4-phenoxy-phenyl)-1,4,5,6,7,8-hexahydro-quinoline-
3-carboxylic acid o-tolylamide,
2-Methyl-5-0x0-4-[5-(2-trifluoromethoxy-phenyl)-furan 30
2-yl]-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide, and
4-[5-(2,5- It wouid be readily apparent to one of ordinary skill in the art that the foregoing

D'CM%Qowwaeﬁqmsﬁyﬂo%imtm&é&waafﬁe@sﬁvztﬁon%ﬂxgs% e aeﬁmy of

ne-3- carboxylic acid o- to%aml e, ora pharmaceutlcally acceptable salt
the FeRFIBORRE HdaTHENE R f?ﬁﬁﬁe@ ARG identified according to the
method of claim 1. 102 6. The compound of claim 5, wherein said

glycemlc bili ompoun a GPR a anist. 7. he compqund of
clalm 6, sfr:grelrzl%gel rl%/%emfc"dg{a%o%g cor‘f%ﬁbungl g‘o&n‘;\%r? e’sﬁg}é
compaiittiseicndrirdontte theolipstgnsistimygpdss 8st forth herein can be made
2-metaylifald aﬂiﬂ%’ml Y5RiPSEmk ﬁ%@a%l?&&%%@!&b?& WQQIRE3T within the

carboxylic acid o-tolylamide, cyclopro anecarboxylic acid
A-[1550RTH AR APSPACH_ A SPRHREHEFTERS A GBAY Fe AT BGRgGI BuhBR imited to,
4A-F yraned pibEchaetiyind-srsoistoted B drSnbe yalidsep BLHREI) erShearberiCherein

aCId%y e% mlde 4-Furan-3-yl-2-methyl-5-oxo-
Bygetnes mih St 8 tiioline-3-carboxylic acid

(2,5-dichloro-phenyl)-amide, 4 10
Furan-2-yl-2-methyl-5-o0x0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic
acid o- tolylamide,
4-Furan-3-yl-2-methyl-5-ox0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic
acid (4-chloro-phenyl)-amide,

2-Methyl-4-(4-methylsulfanyl-phenyl)-5- ~ox0-1 ,4,5,6,7,8-
hexahydro-quinoline-3-carboxylic acid o-tolylamide, and
2-Methyl-4-(3-nitro-phenyl)-5-
oxo-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide, or a
15 pharmaceutically acceptable salt thereof. 8. The compound of claim 5,
wherein said glycemic stabilizing compound is a GPR41 inverse agonist
or antagonist. 9. The compound of claim 8, wherein said glycemic
stabilizing compound comprises a compound selected from the group
consisting of: 20 '
2-Methyl-4-[5-(2-nitro-4-trifluoromethyl-phenyl)-furan-2-yl]-5-oxo-
1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide,
4-(5-Biphenyl-2-yl-

furan-2-yl)-2-methyl-5-oxo-1,4,5,6,7,8- hexahydro guinoline-3-carboxylic
acid o- tolylamide,
2-Methyl-4-[5-(2-nitro-phenyl)-furan-2-y1]-5-oxo-1,4,5,6,7,8-hexahydro-
quinoline-3-carboxylic acid (2-chloro-phenyl)-amide,
2-Methyl-5-0x0-4-(4-phenoxy 25
phenyl)-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide,
2-Methyl-5-
0X0-4-[5-(2-trifluoromethoxy-phenyl)-form-2-yl]-1,4,5,6,7,8-hexahydro-quin
oline-3- carboxylic acid o-tolylamide, and
4-[5-(2,5-Dichloro-phenyl)-furan-2-yl]-2-methyl-5-
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oxo-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide; or a
pharmaceutically acceptable salt thereof. 30 10. A method for preparing a
composition which comprises identifying a glycemic stabilizing compound
and then admixing said compound with a carrier, wherein said compound
is identified by the method of claim 1. 11. A pharmaceutical composition
comprising, consisting essentially of, or consisting of the compound of
claim 5. 103 12. A method for treati%‘%% eventing an insulin-related
disgeqesiin: an individual in need thereof, comprising administering to said
individual an effective amount of the compound of claim 11. 13. The
method of claim 12, wherein said insulin-related disorder is hypoglycemia,
5 an insulimebeddinlentifiugia-dusare sibiirns CHgRNP i omRrsng:
reﬁj%&ﬂ&&iﬂ%?@ﬁ@ﬁa@QS&%%\EH%%B@M@@@GIGS. 14. The method of
claim 12, further comprising administering to said individual an effective
aﬁbéﬁ?%?l%%&éﬁ?ﬁ%@@%g} f‘ﬂ%%‘éf’ﬂeﬂﬁéﬁt%?%i%%%s, blood lipid
disgrelers 2 efo@Nesity iinGERAbifmtidmutith aindftettivefdhemandidétthempound
co E)%%an of Clai%gﬂ-- %10 15, 'I;dinethod.of claim 12, wherein the

ind iR APIE S mammar £6. The method of claim 12, wherein the
indlvidualts stthedanf clatmA waerdd Tod (BRRALHUIERWYe of a medicament
COmPprising A,62MRQY RL:A! 1 ClaiRell s JRr diag s ia Shveaniesstakilidin@essenger

compound. 18. A method for the manufacture of a medicament comprising

-a ddfApound of 15 claim 11, for use in the treatment of an insulin-related

disprder. iR rAethethodifon it eritifyingadglicemic sthiiilizip googrmpslemnprises a
comprising; a) contacting a candi . ound with GPR41, and b)
detéf |?1|ng%/E\’/e‘éﬁﬁe?%?ﬁﬁ%%?%%%%é%%@?decreased, wherein a

decrease in GPRatthyhétidriitgrabmdicaave-srhd daneaselesaling3-

20 hey 0 wizi POPAKBEHEEhRiImeh o pheiair L, vi-
Whgr%%ggﬁa%}éég%ﬁ?%gﬁg%%@l. T_gge i:()até?gh _3(; _);;Iaim 1 Wheﬁi%fsea}j;jg
0

de AR FRFE G T aR R SH R R RS ht B hssay 25" PR

claipxdBydarhgirislisais-glynemiic mmm@mmmﬁmambi&%ﬂssgw
o Tt S o OB Dkl o ey gyl amide,
1,4P5v6r728yhesadtpuld-qinbitiet 3-8 hueRydeouineimstyrapmhgiaylic acid o-
4-(35BiRhenyh 2 ¥lan-3-yi-2-methyl-5-0x0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic
acid (4-chloro-phenyl)-amide, 2-Methyl-4-(4-methylsulfanyl-phenyl)-5-oxo-1,4,5,6,7,8-
hexahydro-guinoline-3-carboxylic acid o-tolylamide, 2-Methyi-4-(3-nitro-phenyl}-5-
oxo-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide, 2-Methyl-4-[5-(2-
nitro-4-trifluoromethyl-phenyl)-furan-2-y1j-5-0x0-1,4,5,6,7,8-hexahydro-quinoline-3-
carboxylic acid o-tolylamide, 4-(5-Biphenyl-2-yl-furan-2-yl)-2-methyl-5-oxo-
1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide, 2-Methyl-4-[5~(2-niiro-
phenyl)-furan-2-y1}-5-0x0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid (2~chloro-
phenyl)-amide, Z-Methyl—S—ox0-4-(4—phe_noxy—pheny1)—1 ,4.5,6,7,8-hexahydro-quinoline-
3-carboxylic acid o-tolylamide, 2-Methyl-5-ox0-4-{5-(2-triflucromethoxy-phenyl)-furan-

30 2-y1}-1.4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide, and 4-[5-(2,5-

Dichloro-pheny!)-furan-2-yt}-2-methyl-5-ox0-1,4,5,6,7 ,8-hexahydro-quinoline-3-
carboxylic acid o-tolylamide, or a pharmaceutically acceptable salt thereof.
5. A glycemic stabilizing compound identified according to the method of claim 1.
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furan-2-yl)-2-methyl-5-o0xo0-1,4,5,6,7, 8-hexahydro-quinoline-3-carboxylic
acid o- tolylamide,
2-Methyl-4-[5-(2-nitro-phenyl)-furan-2-yl]-5-oxo-1,4,5,6,7,8-hexahydro 30
quinoline-3-carboxylic acid (2-chloro-phenyl)-amide, '
2-Methyl-5-oxo-4-(4-phenoxy-
A g R e O
OX@GHER[B- 62 ettiifiioromethoxy-phenyl)-furan-2-yl]-1,4,5,6,7,8-hexahydro-qui
noline-3-.carboxylic_acid @-tol ida,and o stabilizi : d
o6 TR PSR SRR, glvpemis sgbilizing compoun
ox@oInzrses Feanovaldlerigh Fomibe ZreaprEiRtiag R o-tolylamide; or a

5 pharmaceutically aceeRiabiesalbharert-3b-Aglycemir-stabiizigginoline-3-
compound identified according to the method %‘Fclaiig] JéJ O%{%T e A
CorfSRRTIH oM A e T H AR SRR SE-ASitY g 6 el
GPRR4dyirverseyeigpriginetaridyglivaripptiidrafi-Glaini 28 thyhérein-$4id,6,7,8-
glycemic stabilizing compound i 1> agenist 201 The w1 5 oxo-
o AR BB A, S SRR S ey oo
corhgis®s. SrrarahydtmduiettineetiRtwkiie rouUp.eotritiaglmipamide, 4-

10 2-Mgiyh A1 ReRilosdsiilueromesthd-ahringofsiaine 9 asexdic acid o-
1,4,5,6,7,8-hexahydro- umolme-?_,-carboxgllg amg o;g)lgrlamlde ) )
4-(@@}%&'}‘: an-3-yi-2-methyl-5-0x0-1,4,3,6,7,8-hexahydro-quinoline-3-carboxylic

furani@eyMieroatiadyraxads, 2,56 B4@xabtyio: fuinblihexf)chnnoxiHcs,6,7,8-
acid o- tolylamide,. o : _(3-pitro- 5.
oML BN SRRt S ety R B Crpphenyty

quinsiiriet3-earboryiibyaesa@eknsréqsreayliatmide; tolylamide, ora
15 2-MgiBylaes 5 RBRREWTE Rereof,

henyl)-1,4,5,6,7,8-hexahydro-guinoline-3-carboxylic acid o-tolylamide,
g-h/ﬁe¥h)yl- he compound of ¢ a(ljlm SC;I Wherexrxll sa?;{d g ycem):{c sta %&gzmg cc}/mpoung 1sa

oX0ahRE( hieifhd aepmietboxytapoeiayl)-furan-2-yl]-1,4,5,6,7,8-hexahydro-quin
oling-3- carboxylic acid o-tolyl %% nd:q o . stabiliz: d
15105 BN RS AIG gemic sabilzing componn
0X0cOTEnBSES 2, BoneRang detedielitim &3 Earp CRYFSEE®H-tolylamide; or a
soPharmaceutically aggepiabie. saltthereefidfodéifpRipeg. farpreparing:s-
composition which comprises identifying a gly emvi‘],%lsta ”igﬁ QOE% ougd1
anc ther A SR BR GHEUT A Arek OERET <aic CBRSpRaRd ™
is idantifiedipe - thetnybthotbdf, 451,38 De28ivirphaincdcedticabegipasition
comprising, cansisting essentially of copsisting_of the; o R dro-
claq%gﬁ%?g%e%%%ﬁgfffg %‘%}%lé}’ ?llr?g?@r preven%l g an inédiih-’ré%late yae
disoteiaplineairsathuralialerid fekiarsepb ey dommiies iy eivinreteré tahsary-
25indi‘ﬁ@ﬂ?i)ﬂ?4?ﬁ§i@£§¢ﬁe%ﬁ?&%%@ﬁn&9mﬁgﬂﬂﬁieﬁgém@ﬁ_ﬁéﬂlgl_@%eﬂm-ﬁ-
metoggig{Sg(%lrtrr]ﬁ%xgdrngeet{l%Qy% Ign;r%§glu‘gﬁ[§l%{ﬁ?,g,lig,r’ggfhg{é.%?g%qquinolineﬁ—
carboxylic acid o-tolylamide, and 4—[5~(2,5~Dich10ro—pheny1)-furan~2_~y1] -2-methyl-5-
oxo-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide; or a
pharmaceutically acceptable salt thereof.

30 - 10. A method for preparing a composition which comprises identifying a glycemic
stabilizing compound and then admixing said compound with a carrier, wherein said
compound is identified by the method of claim 1.

11. A pharmaceutical composition comprising, consisting essentially of, or consisting

of the compound of claim 5.
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resistance, impaired glucose tolerance, or diabetes. 30 31. The method of
claim 29, further comprising administering to said individual an effective
amount of an agent used for the treatment of diabetes, blood lipid
disorders, or obesity in combination with an effective amount of the
compound of claim 28. 32. A method for decreasing GPR41 function,
comprising contacting GPR41 with an effective amount of a GPR41
invélse agonidtadrfantegingsi HGSeB8nT MelGPIRAEHVEAEgONIsn drdividual in
antaganRt At ol Ag R5ald {DVRESR ARLARISLPLRAGORISInt of the
comprises a compound selected from the group consisting of:
2-Memnaud st cisprbla-trifluoromethyl-phenyl)-furan-2-yl]-5-oxo-
1,415,6,7 Bnbexcinalso uinalinerdear ko viendaick ttdlylasrideis hypoglycemia,
4-(5-Biphenyl-2-ylI-5 . . P . .

> fiir i3 X‘Fﬁ gg%hf f&?@%ﬁff&-ﬁ&éﬁaﬁ?&ﬁ%o ine- -cg?blg%/ |ced
acigloctsbyleleniges, or diabetes.
Z'Mgfhyl'f‘h@'r@tﬂaﬁrgf Bﬂsﬂxagfﬁ@ﬁ}%ﬁu@%ﬁﬁgéﬁr%@&&E@%‘ﬂ&'iﬁ%ﬁ%duai an
quinoline-3-carboxylic acid (2-chloro-phenyl)-amide, .
Z-RMYSW- 5l aﬁw@ﬁzg)&y;_ed for the treatment of diabetes, blood lipid disorders, or
Phessbi it SRifiexaiiy dreAeinelinecitarbexisssid Dofdmmide,

2-Methyl-5- -A-[5-(2-trifl thoxy-phenyl)- -2-yl]-1.4,
TRl P o R L e A

4-[5:42,5-Diehivtbophug nidiafufawResd3- thenadiwiligal is 2 human.

OXOIJf:A"5LQ%e%‘i@c?mg@MM%‘%‘E@J@QM&%@Q&EQ@'Q%@ﬂﬁéﬁfd"ﬂof

pharmaceutically acceptable salt thereof. 34. A method for decreasing

bloGHEIIce & e Erss §L4FFIRQIvRIGEINE SeBaRteof, comprising

admiistedngdtadh e-inBivishnatane uivedcanunl @he iz 4 binyeise Jb

agonist or aptagonist, 35. A method for increasing.insulin secretion in an
Lindif %ﬁhy Zé‘gs& iﬁéﬁ%gﬁm@d"ﬁ%ﬁrﬁ%ﬁf&% rﬁfﬁlsaf%%rinﬁo (lgi%e individual an

effetlive afrmoethodfa GeaRAinnvelpenagehisiongstagenisd. oeposing:

94. WOk adze Mo ENGEd STNGP R O frena Pharmaceuticals

Inc. "Leonard, James N. Chu, zhi-Ljanﬁ. Bruce, Marc A. Boatman, P.
Do) ideeninne whier ER MOSHIPAORSTREREOF FOR THE
TREAEME NJchINS ORI =By is indicative of the candidate compound

20  being 2 glycemic stabilizing compound.
20.  The method of claim 19, wherein said GPR41 is human.

21.  The method of claim 19, wherein said determining comprises a second messenger

assay.
22.  The method of claim 19, wherein said glycemic stabilizing compound comprises
25  acompound selected from the group consisting of?
2-Methyl-4-[ 5-(2-nitro-4~trifinoromethyl-phenyl)-furan-2-yl}-5-oxo-
1,4,5,6,7,8-hexahydro-quinoline-3-cartboxylic acid o-tolylamide, 4-(5-Biphenyl-2-yi-
furan-2-y1)-2-methyl-5-0x0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-
tolylamide, 2-Methyl-4-{5-(2-nitro-phenyl)}-furan-2-yl}-5-oxo-1,4,5,6,7,8-hexahydro-
30  quinoline-3-carboxylic acid (2-chioro-phenyl}-amide, 2-Methyl-5-ox0-4-(4-phenoxy-
phenyh)-1,4,5,6,7,8-hexahydro-guinoline-3-carboxylic acid o-tolylamide, 2-Methyl-3-
0x0-4-]5-(2-rifluoromethoxy-phenyl)-furan-2-y1}-1,4,5,6,7,8-hexahydro-quinoline-3-
carboxylic acid o-tolylamide, and 4.[5-(2,5-Dichioro-phenyl)-furan-2-yl}-2-methyi-5-
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DISORDERS <130> 94.W0O1 <160> 15 <170> PatentIn version 3.2
<210> 1 <211> 1041 <212> DNA <213> Homo sapien <400> 1
atggatacag gccccgacca gtcctacttc tccggcaatc actggttegt cttctcggtg 60
taccttctca ctttcctggt ggggctcccc ctcaacctge tggccctggt ggtcttcgtg 120
ggcaagctgc.agcgccgcecc ggtggecgtg gacgtgcetece tgctcaacct gaccgectcg 180

gagelocics A9ciqelo crlaceiininasalgalag RIasaeasRAtancatggac 240

tggcccectgce c‘c’[tcatcct ctgcccactc tctggattca tcttcttcac caccatctat 300
ctadergeeertorbr g EgiGtYdEEsgaacyct tectgagtgt ggeccaccca 360
Clgigotaca AYaLERISEE SRYNAPEGEAGenTege-togiaagighe gethgdigl-kan 15,
ctgttggcct ctgctcactg ¢ t tacqtcat ttctca acatctce 480, .

cagé vecally SEERY ﬁaﬁgbﬁgqc%gbﬁz%%%gsggtgﬁ °§‘é%%%%§g%§%8?%’€8§%:“ s
54Gritdtgeeny dgaggctgaa gatggcetgtg gtectctttg tggtcccgcet gatcatcacc

609 0CiEl06 ARRECHGE A0 HRlEa0a90a0 CRRERRE Brpound is o
ccgecggeag 660° aggagggtgy cggggctgtt ggcggecacy ctgctcaact tecttgtetg
ctitggfétanamnigeaacgtgt ccecatgtcgt gggcetatate tgecggtgaaa geeecggeatg

g ggtgattctqglf (%Qnmlﬁﬁégﬁtﬁ@ﬁﬂ aaC@otghgicaaiitobitgitbactal
cttctectee tccgggttce aageegactt tcatgagetg ctgaggaggt tgtgtgggct
GRS SRR 500 dORD AT b Ab R gageagaagg
gaggggagga gcagagages{960-maceyatbagonghabyaerydueagighs-oxo-
cact ;
o e Bt
<A@ e BSTArS EReEsG- RS ShFSEy Frgrapacser SRAReVE S Pihe
tolylamide, 2-Methyl-4-[5-(2-nitro-phenyl)-furan-2-y1}-5-0x0-1 ,4,5,6,7,8-hexahydro-
quinoline-3-carboxylic acid (2-chloro-phenyl)-amide, 2-Methy!-5-oxo-4-(4-phenoxy-

phenyb)-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-toiylamide, 2-Methyl-5-
ox0o-4-[5-(2-triftaoromethoxy-phenyl)-furan-2-y1}-1,4,5,6,7,8-hexahydro-quinoline-3-
carboxylic acid o-tolylamide, and 4-[5-(2,5-Dichloro-phenyl)-furan-2-yl]-2-methyl-5-
oxo-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide; or 2
pharmaceutically acceptable salt thereof. .
27. A method for preparing a composition which comprises identifying a glycemic
stabilizing compound and then admixing said compound with a carrier, wherein said
compound is identified by the method of claim 19.
28. A pharmaceutical composition comprising, consisting essentially of, or consisting
of the compound of claim 23.
29. A method for treating or preventing an insulin-related disorder in an individual in
need thereof, comprising administering to said individual an effective amount of the
compound of claim 28,
30. The method of claim 29, wherein said insulin-related disorder is insulin
resistance, impaired glucose tolerance, or diabetes.
31.  Themethod of claim 29, further comprising administering to said individual an
effective amount of an agent used for the treaiment of diabetes, bicod Iipid disorders, or

~ obesity in combination with an effective amount of the compound of claim 28.
32. A method for decreasing GPR41 function, comprising contacting GPR41 with an

effective amount of a GPR41 inverse agonist or antagonist.
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151015 val the Ser val Tyr Leu Leu Thr Phe Leu Val Gly Leu Pro Leu
Asn 20 25 30 Leu LeU Ala Leu Val Val Phe val Gly Lys Leu GIn Arg Arg
Pro Val 35 40 45 Ala Val Asp Val Leu Leu Leu~Asn Leu Thr Ala ser Asp
Leu Leu Leu 5055 60 Leu Leu'Phe Leu Pro Phe Arg Met Val Glu Ala Ala
Asn Gly Met His 65 70 75 80 Trp Pro Leu Pro Phe lle Leu Cys Pro Leu
Ser-Gly Phe lle Phe the 85 9Q Thr Thr ][Ie 'I;Yr. L%li Thr Ala Le&l.Phe Leu

5
AlZ3Ala VRESERE BHTEE8°105 F 15 %%n%ﬁeof_eﬁ%er VR Y BETSy
Trpgbitstyisafitapdigt Bnophisgs 4 tS0EROEDBIdctad GiyoGin FarGrnpising s
Ser Val Ala C ' o
Val Tor var e SRIBRE LA AR A e e
c;|g/,4r,ﬁﬁﬂﬁr@mm@ﬁw%aacgwrfeaﬂﬁg%tyéﬂ&%dws@ﬁwﬁ%ﬂe%ﬁl-
o s Tt ot At kAL 10

e Val val rFroLe e e r S er a
2O S B PR D T e G Ko e
21 QuddiineRe-chokic bed (Adehie-Pherybuatrade Abivitiey LB onget-CyphPmesy-
Gly.Pro.2 . TV L His s
VT EEET S € It S b o i -9
Thexed-Le(2-safprmrmstiensphasiicsaydr ity 456 héiexpydro-quinoline-3-

carboxylic acid o-tolylamide, and 4-[5-(2,5-Dichloro-phenyl)-furan-2-yl}-2-methyl-5-
0x0-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid o-tolylamide; or 2
pharmaceutically acceptable salt thereof.

34. A method for decreasing blood glucose levels in an individnal in need thereof,
comprising administering to the individual an effective amount of a GPR41 nverse
agonist of antagbnist.

35. A method for increasing insulin secretion in an individual in need thereof,
comprising admtinistering to the individual an effective amount of a GPR41 mverse

agomist or antagonist.
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Pro Phe Val Tyr Tyr Phe Ser Ser Ser Gly Phe GIn Ala Asp Phe His 275
280 285 Glu Leu Leu Arg Arg Leu Cys Gly Leu Trp Gly GIn Trp GIn GIn
Glu 290 295 300 Ser Ser Met Glu Leu Lys Glu Gin Lys Gly Gly Glu Glu
Gin Arg Ala 305 310 315 320 Asp Arg Pro Ala Glu Arg Lys Thr ser Glu
His Ser GIn Gly Cys Gly 325 330 335 Thr Gly Gly GIn Val Ala Cys Ala
Glu Ser 340 345 <210> 3 <211>20 <212> DNA <213> Artificial <220>
<223> primer <400> 3 atggggacaa gcttctttct 20 <210> 4 <211> 20
<212> DNA <213> Artificial .<220> <223> primer <400> 4 ctagctcgga
cactccttgg 20 <210> 5 <211> 17 <212> DNA <213> Atrtificial <220>

<223> primer <400> 5,gecaacotaifailat

237 94.W01.ST25.txt

<110> Arena Pharmaceuticals Inc.

Leonard, James N.

chu, zhi-Liang

Bruce, Marc A.

Boatman, P. Douglas
<120> GPR4I AND MODULATORS THEREOF FOR THE TREATMENT OF INSULIN-RELATED

DISORDERS
<130> 94.wol
<160> 15
<170> PatentIn version 3.2
<210> 1
<211> 1041
<212> DNA .
<213> Homo sapien
<400> 1 .
atggatacag gccccgacca gtcctacttc tocggoaatc actggttcgt ctictcggtg 60
taccttcica crttectggt ggggctecce ctcaacctge tggooctggt ggteticgtg 120
ggcaagctyc agegocgoce ggtggecgty gacgtgetce tgetcaacct gaccgoctcg 180
gaccrgetec tgeotgotgtt cctgoetttc cgcatggtgg aggcagcecaa tggeatgeac 240
tggeccectge cottcatcct ctgoccactc tetggattca tettcttcac caccatctat 300
ctcaccgccc‘tcttcctggc agotgtgage attgaacgct tcctgagtgt ggoccaccca 360
¢tgtogtaca agacccggec gaggetgggg caggcaggtc tggtgagtgt ggoctgotgg 420
ctgttggect ctgctcactyg cagegtgygic tacgtcatag aattcteagg ggacatctce 480
cacagccagg geaccaatgg gacctgetac ctggagttce ggaaggacca gctagocatc 540
croctgoecg tgeggcotyga gatggctgtg gtectotitg tggtoccglt gatcatcace 600
agcractgct acagccgect ggtgtggatc ctcggcagag ggggcageca cogocggeag 660
aggagggtge cgggyctgtrt ggcggecacg ctgetcaact tecttgtotyg ctttgggocc 720
tacaacgtgt cccatgtcgt gggetatatc tgcggtgasa geccggcatg gaggatctac 780
gtgacgette tcagcaccct gaactectgt gtcgacccct ttgtctacta ctictocice 340
tccggottoc aagoccgactt tcatgagetg ctgaggaggt tgtgtgggot ctgggglcad 900
tggcageagg agagcageat goagctgaag gageagaagy gaggggagga geagagagod 960
gaccgaccag ctgaaagaaa gaccagtgaa cactcacagg gctgtggaac tggtggocag 1020
gtgogcctgtyg ctgaaagcta g 1041
<210> 2
<211> 346
<212> PRT



<210> 6 <211> 21 <212> DNA <213> Artificial <220> <223> primer
<400> 6 ccgaagcaga cgaagaagat g 21 <210> 7 <211> 17 <212> DNA
<213> Artificial <220> <223> probe <400> 7 ttcttgcagc cacactg 17
<210> 8 <211> 257 <212> DNA <213> Atrtificial <220> <223>'probe
<400> 8 gtggggctga gggttacaca cagaggtggc accttggtga tgtcgacact
gggtgaggga 60 caggaaacca gggaggtagg caggaccacc tgcaggggag
agcatgtgga gctatggtgg 120 tggggtgtag gcagtgtaga cagcaatctt gcctgatggg
taagagtctc ccagtgaggg 180 aaccccaact ctcaacacat tcctctctgt ctcattagca
tctgtgacca tggggacaag 240 cttctttctt ggcaatt 257 <210> 9 <211> 18
<233 DA S23enArtificial <220> gg‘z@pﬁ%értﬁow 9

<400> 2 :

Met Asp Thr Gly Pro Asp Gin Ser Tyr Phe Ser Gly Asn His Trp phe
1 5 10 15

val Phe Ser \_é%‘l Tyr Leu teu Thr gge Leu val Gly iesu ggo Ley Asn

Leu Leu Ala teu val val Phe val Gy Lys Leu Gln Arg Arg Pro val
35 40 45

Ala VS? Asp val Leu Leu Lg:u‘Asn Leu Thr Ala ger ASp Leu Leu Leu
5 5 0

Ley Leu Phe Leu Pro Phe Arg Met val Glu Ala Ala Asn Gly Met His
&5 70 75 80

Trp Pro Leu Pro g?e ITe Leu Cys Pro légu ser Gly Phe Ile g?e Phe

Thr Thr Ite Tyr Leu Thr Ala Leu Phe Leu Ala Ala val ser 1le Glu
100 105 110

Arg Phe Leu ser val Ala His Pro Leu Trp Tyr Lys Thr Arg Pro Arg
115 120 125

teu Gly GIn Ala Gly Leu val ser val Ala Cys Trp Leu Leu Ald Ser
130 135 : 140

Ala His Cys ser val val Tyr val Ile Glu Phe Ser Gly Asp Iie Ser
145 150 155 160

His Ser GIn Gly Thr Asn Gly Thr Cys Tyr Leu Glu Phe Arg Lys Asp
165 170 175

Gin Leu Ala Ile Leu Leu Pro val Arg teu Glu Met Ala val val Leu
180 185 180

phe val val Pro Leu Ile Ile Thr Ser Tyr Cys Tyr Ser Arg Leu val
195 200 205

Trp Ile Leu Gly Arg G'EQ Gly Ser His Arg Arg GlIn Arg Arg val ala
210 215 220

Gly Leu Leu Ala Ala Thr Leu Leu Asn Phe Leu val Cys Phe Gly Pro
225 230 235 240



gtggggctga gggttaca 18 <210> 10 <211> 18 <212> DNA <213> Atrtificial
4 94 WO1.ST25.txt <220> <223> primer <400> 10 aattgccaag aaagaagc
18 <210> 11 <211> 6 <212> PRT <213> Atrtificial <220> <223> peptide
<400> 11 Thr Leu Glu Ser lle Met 15 <210> 12 <211>5 <212> PRT
<213> Artificial <220> <223> peptide <400> 12 Glu Tyr Asn LeuVal 15
<210> 13 <211>5 <212> PRT <213> Atrtificial <220> <223> peptide

94.WOL.5T25. txt

Tyr Asn val Ser His val val Gly Tyr Ile Cys Gly Glu Ser pro Ala
245 250 255

Trp Arg Iie Tyr val Thr Leu Leu Ser Thr Leu Asn Ser Cys val Asp
260 265 270

Pro Phe val Tyr Tyr phe Ser Ser Ser Gly Phe G1n Ala Asp Phe His
275 280 285

Glu Leu Lebu Arg Arg Leu Cys Gly Leu Trp Giy GlIn Trp GIn Gin Glu
290 295 _ 300

ser ser Met Glu Leu Lys Glu Gin Lys Gly Gly Glu Glu GIn Arg Ala
305 310 315 320

Asp Arg Pro Ala Glu Arg Lys Thr ser Glu His Ser Gln Gly Cys Gly
325 330 335

Thr Gly Gly GIn val Ala Cys Ala Glu ser
340 345

<210> 3

<211> 20

<212> DNA

<213> Artificial

<220>
<223> primer

<400> 3
atggggacaa gcttottict ' 20

<210> 4

<211l> 20

<212> DNA

<213> Artificial

L 220>
<223%> primer

<400> 4
ctagctegga cactccttgg : 20

<210> 5

<21l> 17

<212> DNA

<Z213> Artificial

<220>
<223> primer

<400> 5
gccggegeaa gaggata _ 17



<400> 13 Asp Cys Gly Leu Phe 15 <210> 14 <211> 36 <212> DNA
<213> Artificial <220> <223> primer <400> 14 gatcaagctt ccatggcgtg
ctgcctgagce gaggag 36 <210> 15 <211>53 5 94.WO1.ST25.txt <212>
DNA <213> Atrtificial <220> <223> primer <400> 15 gatcggatcc
ttagaacagg ccgcagtcct tcaggttcag ctgcaggatg gtg 53 6

94.W01,8725. txt

<210> 6

<231> 21

<212> DNA

<213> Artificial

<220> .
<223> primer

<400> ©
ccgaagcaga Cgaagaagat g 21

<210>- 7

<211> 17

<212> DNA

<213> artificial

.<220>
<223> probe

<400> 7 :
ttcttgcage cacactg 17

<210> 8

<21i> 257

<212> DNA

<213> Artificial

<220>
<223> probe

<400> 8
gtggugctga gggTtacaca cagaggtygge acctiggitga tgrtcgacact gggrgagoga 60

caggaaaccsa gyggaggtagg caggaccacce tgcaggggag agcatgigga getatggtge 120
tgggotgtag gcagtgtaga cagcaatctt goctgatggg taagagtctc ccagtgagyg 180
aaccccaact ctcaacacat tcectcictgt ctcattagea tctgtgacca tggggacaag 240
cttctttctt ggraztt | 257

<210> 6§

<211> 18

<212> DNA

<213> Artificial

<220>
<223> primer

<400> 9
gtgogggctga gogttaca 18

<210> 10

<211> 18

<212> DNA

<213> Artificial



<2 20>
<Z223>

<400>

94.WO1.8T25.txt

primer

10

aattgccaag aaagaage

<210
<211>
<212>
<213>

<220>
<223>

<400>

11

6

PRT
arcificial

peptide
11

Thr Leu Glu Ser Ile Met
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<400>

12

5

PRT
Aartificial

peptide
1z

Giu Tyr Asn ieu val
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<400>

13

5

PRT
Artificial

peptide
13

Asp Cys Gly Leu Phe
1 5

<2 10>
<21l>
<Z212>
<213>

<220
<223>

<400>

14

36

DNA
Artificial

primer

14

gatcaagctt ccatggogty ctgectgagoc gaggag

<210>
«211>

15
53

18

36



<212>
<213>

<220
<223>

<400>

gatcggatcc ttagaacagyg ccgcagtcct tcaggttcag ctgcaggatg gig

DNA ..
Aartificial

primer
15

94.WOL.5T25 . txt



