-1 - DESCRI PTI ON MOTI LI N- LI KE PEPTI DE COVPOUND
HAVI NG TRANSMUCCOSAL ABSORBABI LI TY | MPAR1 ED THERETO TECHNI CAL FI ELD
[ 0001] The present invention relates to notilin-like peptide
conpounds that have such a higher activity on stimnulation of
gastrointestinal notility and hi gher abﬁprbability upon transmucosal
adm ni stration that are useful in the treatnent of conditions
characterized by functional abnormalities in the gastrointestinal
tract, such as functional dyspepsi RESTRIPAION gastroparesis

gastro esophageal reflux disease, irritable bowel syndrone, snal

i ntestinal bact 8OBILIYvielkds BEPHDEGDWQUH%HMIN&TRA&SWCOSAL
paral ytic ileus, chronic idiopathic intestinal pseudo obstructlon
and post-operative il eus. ABH @%@ﬁ@ﬂ RYIPARED TWHRET@ is a
physi ol ogi cally active peptide of 22 anlno acids isolated fromthe
abdom nal snooth nuscle and its structure was first identified in
1973 by is L" @gk?{ ﬁ rcine notilin (Non-Patent Docunents 1 and 2).
I n 1995, ne IEHPwas i sol ated and identified to have the same
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to flow down to its |ower part, thereby cleaning up its intefior.

heal t hy pRESSISesis st opBags SGERLLEistdse, mﬁtbmetﬂ;u@ep@mmoﬁm sigll Etﬂéﬂﬁhalt
approxi mately 100-nmn intervals in a fasting stage, with IMC

occur r i ntadictial @rrgrowie @asPnidpstid-ghsatomon)yphial sitie ileay,@hrdnidoididpathéintestinal
Docunent 4); IMCis induced when notilin is admnistered to a dog,
nonkey, grseaddeirsamctidinndpogopedbenilent s, 5, 6 and 7); physi ol ogi cal

| MC occurrence i s suppressed by adnlnlsterlng anti-notilin serum in

vi ew of tBACKEHIUDIhART i ndings, it is held that gastrointestinal
functions such as the digestion of - 2 - foods and the secretion of

di gest i vdOPOdic Matilin isey pityaioHeicals agtivg Bppage phe2 paing) acidsfisohed frppy the
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conditio ch as excessive evol ut’ion gas, abdom na oat 1 ng,

di arr hea, infpdl@dide mipatinP abmpleRiPnrEiak R tabbRG RIS IRC) WigER b&ﬁkﬁh'a)‘faét&g
di seases that are associated with functional abnormaliities in th

gast r oi nteesdel IMUC it b phisiolspichl fascticartst whigR thedynp@psdfahe gm&bm&@ﬁﬁatuawsuch
ileus, and chronic |d|opath|c i ntestinal pseudo-obstruction, it has
been r epasstibdejitigtiuinMidocicwns eradring tha ducebesnrpenlet offtfsen we dltamalahill, as
(Non- Pat ent Docunent 13) and that a decrease in the secretion of
endogenouselhat the isecrétorwilvids theredrade aredared inflowelomttd fits koveer padsthersby
related to abnornalities or reduction in the gastrointestinal

moti | ity dleandng eniés inkesior Hathenithymeresars rmotilyy is spereted dismeths dnedenyymando e
is a chronic intestinal disarder which, in the absence_of any
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physiological IMC occurrence is suppressed by administering anti-motilin serum; in view of

these and other findings, it is held that gastrointestinal functions such as the digestion of



[ 0008] Exanples of notilin-like peptide conpounds that have so far
been devel oped are atilnotin of Baxter (Patent Docunent 1) and SK-896
of SANWA KAGAKU (Patent Docunment 2). The forner is a conpound created
with a viewto inproving the in vivo half- - 4 - |ife and by neans
of a netabolism experinent using a honogenate supernatant of the

ki dney which is conceived as a primary drgan for notilin metabolism
(Non- Pat ent Docunent 17), the conpound has been verified to have

bett er néoaisaini thesteatsition o§ diglstiveticDasumantainkyl narrdaliyt as thatdsult pf motihn
plasma is about 10 m nutes, approximately three tinmes as |ong as that
of noti | isperetigmwiigh drducehBdfreerusing Yhe dubsis teybe emaved ﬁroabwﬁbﬂaﬁge
designed to realize nore efficient production. Both conpounds
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for net hifggiuaRned). PRgichia®l il disedsciiat b RsddRmtdAasih HRVEIP EbhdrRati®dtin the
Docunent 3). However, the biological activity of this peptide is

conpar abl @stéinichatal @hctichl ds futdtidnil g spepsiappadt-opératiaditeul)] Sidreatdmdd | S
limted to an intravenous one, thus |eaving the probl em of

i npossi biitliopythiaf infexiid0 pgadowbstradtion] it hnsbdenecpor{ed @0 IMChoociimrencefis tedeced
foregoing, It is desired that in order to devel op a novel therapeutic
drug baseu noholtserveid ahall @Non-RetentoRoofmend f 3] 4nd, thai apleptenst ip thpseictetinn of
agoni st shoul d be provided as a pharmaceutical agent that can be_

adm ni st eandelgdnors moplaFronge @r pepsreasedt theimetilin agtign ioslatadde jabrorrglities or
Cl TATI ON LI ST. PATENT REFERENCE [ 0011] Patent Docurent 1: JP Hei .
7-70178 Actugtisnin BiscssEsintestinad pqtidity fungbansdNgnihatcah Poppentd i lyitable

Sho 52-46068_ A PA | ENT .REFEREN% %012 .%}Ion-hPa ent cunen l1:
Brown J etove syndeae is aTyemig intesinal Gigorderglyish, n thesabsengs,pr gay fperlying
Document 2: Schubert.
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Gast r ogerlPEebE S bERAGHED gty RBler il ctin BRRRE B0 A ndl giecqmeon
al., P eptds%%@mgﬂfie&@%aﬁ&h%ﬁﬁﬂl ﬂ}lﬁﬁmﬂ%ﬁﬂ&iﬁ%}&ﬁﬁ% 0P bowWPGRo¥enfidnt Mnormalities
Dig Dis Sci, 52, 3112 (2007) 'Non- Pat ent Docunent 7: Haans J et al.,

Neur ogastdyeras Esmtipditinl dnd difrhe@3if hhLEK8 )repiard Ndt ht 1EXRE LEYBEbF Be patients
Kusano et al, MB G?istro, 1, 47 (1991) Non-Patent Docunent 9: Pinentel

M et al.,whd geddipeSeiritabld boREi39nd2a22)heNotastRal foda Had alieredto ddiise Rahial@e in
A et al., Hepatology 31, 858 (2000)
bacterial species, abnormal bacterial growth, etc. (Non-Patent Document 9) and the
accumulation of the gastrointestinal debris within the intestinal tract on account of reduced
occurrence of IMC may be a cause of the change in the intestinal flora.
[0005] The currently available drugs of first choice against diseases associated with the
aforementioned functional abnormalities in the gastrointestinal tract are medicines for
internal use to improve gastrointestinal motility function, as exemplified by dopamine

receptor antagonists, selective serotonin 5-HT4 receptor agonists, and parasympathetic

stimulating agents. There are indeed some cases where treatment with these therapeutic drugs



Non- Pat ent Docunent 11: Castiglione Pet al., Alinment Pharnmacol Ther.
18, 1107 (2003) Non-Patent Docunent 12: Henry C Lin, JAMA. 292, 852
(2004) Non- Patent Docunent 13- Labo G et al., Gastroenterol ogy, 90,
20 (1986) Non-Patent Docunent 14: Kusano Met al., AmJ Gastroenterol
, 92, 481 (1997) Non-Patent Docunent 15: 3Kamsrl ing |l et al., AmJ
Physi ol Gastrointest Liver Physiol, 28470776 (2003) Non- Patent
Docunent 16: Park M| et al., Neurogastroenterol Mtil, 18, 28 (2006)
Non- Pat ersho®eod & emgordry :impenvesent ofChesyngitoms Butindnahy@dlsdr icesent |y therapdigic
717 (1984) Non-Patent Docunment 18: Peeters TL et al., =
Neur ogastetisenves aiseived and damors and pgEe)s awp getiag enly o satidaationdrom those
Janssens J et al., N Engl J Med, 322, 1028 (1990) Non-Patent Docunent
20: St acHeiermal gedigines ugggkto improve gastyoimostinal mokity. Pherefore, Mol stigaly desired
Choi M5 et al., J Pharpacol Exp Ther, 285, 37 (,1998). Non- Pat ent
Docunent 0 Prowige thejapgutics baged ongy I}%Iﬁﬁclwﬁasmmgwfr it lsl%ipeqtatg@ leapisn)
SUWVARY OF | NVENTI | ECHNI CAL PROBL [0013], A problem of ,the .
o esent {FRAURTATEH of D A e o e BoRR IR ViR e iln
mai ntain the, gastr.ointestinal. npti]l.it tinmul.ati.ng actj vi .0f .native
ot 1 Aot Aerpat 40 BetesbfRinelial abiorl R bt Bl 'R o
upon trans%gﬁsathefggggtmirﬁgﬂgf pctio%g‘Uﬂ ON TO PROBLEM [0014] To sol ve
he prFesen i

this probrfoem I'nventors first assunmed that notilin m ght

be degr ag@g()(ﬂfntﬁfer Bapl g\r&gag 'réﬁ%rtrea ke @B&%ﬁ?cﬁ% s %IF@H ic@l%g@ﬂﬁls have an

perforne tilin de at'ion experi using a lung nogenat e

super nat %&wnﬁ& RofiBR YhdnistdRihichNritR Ta{ OHRA doRdRGeRER AFRhARE 1R Weight
i dentifying the degradation product, the pathway of notilin

degr adat i patiNRSoRskd sepLRntsQviltefusbedhal Maoribitids ih GicBa@binwetidad tract (Non-
under go degradati on by di carboxy peptidase. [0015] Based on these

resul ts, RdientDoes@pitsilfwad oy smdshiistard aléed pluraity nesuchlowinysleaudarateight
position 21 of notilin so that the dicarboxy peptidase nedi at ed

degr adat i mootilif agonéstGhiewere sabjeotod tadclingcall trivlbas el droggpi™NwoieRatent Documents 21
motilin-like peptide conpounds show ng hi gher absorbability upon

t r ansnmuc cudl 22g-@¢\ﬂ¢@t,rfat oeor aphibenhrersan sugh anhthealeced apmeniofside-chects Haat
present invention. In addition, since_the N termnal side of

pheny! al aivAaEoHERE Pclovith Breggden sometddn agpaistod.c.. HER( inhibitiom spermatogenic
repl aci ng, the ami de_ bond, b en_the firgst d the second am no acids
fromthe %f?%fwg]ﬁaww%wﬁgq\éﬁ@btlﬁe(ilétewﬂa{l O?Bgeiﬂff@—&%ﬂi@ %@ﬁa TeRRBiGH d

I i b f i N bol i bili
Foor6) (14°eapisEch, B AP PRimen R rFr TR i SRAESs P RARE okl e
above- st atc?lge ?ﬂlg?tgdlg h%gﬂ%e%esu%]eglﬁédr%ﬁ ﬁﬁfﬁ@%?{?ﬁ{ h B %Qxlﬂegﬁ Pgﬁﬁ;ﬁ’lg lﬁgﬁket as

t hat main%aln astroi ntesti I'mul at1 ng ac

compar abl g itk i ald ¥R BRIl raRsiond ch yet have hi gher

absorbabi 1ty upon tfans osal adm nistration, said compounds being

conmpounds|gpaTPr CRABA tES wREIMSES&TIrRRA B8 PAliGHs Ih iRkl :@WbAGLities in the
formula 1 which is characterized by a substitution with proline at

the 21th gREbint@findNia0 usidp ative motilin Flpépaide Xdtilinaghiists Inpephiie clinpoidls

Leu dn Arg X4 Gn Au Lys Qu Arg X5 Lys Pro dn (fornula 1) (SEQ ID

NO 2) [wihNumePaemiDochords 15einddéh Howaver, slod aldy ratttief adonaistratien tiht Ddalever

bond, are am de bonds; X1 is an aronmatic amno acid or a

het er oar opehirepaatei i cariedtion with Xie olimlicabtyinds drsl smfmalreixgerimentsl using thebond

represented by the following formula 2 - 7 - i .
peptide compounds is an infravenous one and on account of the difficulty in realizing

prolonged, repeated administration to patients, the therapeutic efficacy of the compounds is
yet to be verified.

[0008] Examples of motilin-like peptide compounds that have so far been developed are
atilmotin of Baxter (Patent Document 1) and SK-896 of SANWA KAGAKU (Patent

Document 2). The former is a compound created with a view to improving the in vivo half-



[Formula 1] HHI Ntermnal- CN-Ctermnal (fornula 2) X2 is
proline or sarcosine; X3 is glutamc acid or aspartic acid; X4 is
nmet hi onine or | eucine; X5 is asparagi ne or proline] or
pharmaceutically acceptable salts thereof [0017] The present

i nvention further enconpasses the foll Q\tﬂi'ng: (ii) The conpound or
pharmaceutically acceptable salt thereof as recited in (i), wherein
Xl in fornmula 1 is an cc-amno acid such as phenyl al ani ne (Phe)

t yr osi ne lifggng by means ofptroghlaplistrenppriment Wwingonkqrhegephigisypiragant of the kidney
(Phg(C#CH2)) or acetyl napht hyl al ani ne (Ac-Nal)._ . (iii) _The conpound

or phar nerctieh iscaneyvadasamriing ozgantior metilipmetpboligs (Neg Prisni Ppgument 17),
wherein X1 in formula 1 is pheny]al anine (Phe) or .

P- honophdh§ FnBRUnAdas begnyeriged Eﬁrlb'ﬁ’&r?&ﬁW‘Etﬂbcﬁéc bty (Brfep,Peqyanent 1) and

sequence oLt [Lom LIc o AU CRNeLatLng. o EQ LD NS o Rk,
0201 129 RS, bR FEIRI S3bin LSRR A v
e o e T R T
LSO ot ) BT HEpb IS o iy il
gastr oi ntgshdsBRbmpSR is Wit toCAMBIirh&SSus AR RRARGEKERHITRAWAS tHRProbled that
its use is limited to the treatment in medical facilities where it cannot be used for a prolonged
period of time. Hence, there has been accomplished no drug discovery that is based on the
inherent action of motilin, i.e., maintaining the gastrointestinal functions in a normal way by
removing the debris from the inside of the gastrointestinal tract, with the resuit that the
therapeutic efficacy of either compound is yet to be verified.
[0009] A peptide having a substitution of leucine for methionine at position 13 of motilin
has been developed (Patent Document 3). However, the biological activity of this peptide is
comparable to that of motilin and the route of its administration is limited to an intravenous
one, thus leaving the problem of impossibility of prolonged use still unsolved.
[0010] In view of the foregoing, it is desired that in order to develop a novel therapeutic
drug based on the inherent action of motilin, a peptidic motilin agonist should be provided as
a pharmaceutical agent that can be administered for a prolonged period of time via a
noninvasive route.
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pharmaceutical |y acceptable salt thereof as recited in any one of (i)
to (vii). (ix) The pharmaceutical conposition as recited in (viii),
wherein the di sease associated with a functional abnornmality in the
gastrointestinal tract involves a drop in the baseline of
gastrointestinal motility activity. (x). The pharmaceuti cal
conposition as recited in (viii) wherei R the di sease associated with
a functional abnormality in the gastrointestinal tract is functional
dyspepsi a, di abéin-Patgadiacopantes iSshulgasi roale Stpidtjecient, 2] T i sease,

irritable bowel syndrome, snall intestinal bacterial overgrow h,
col oni ¢ pseudo-Nainskatent Dagnmeptad: el)eyﬁco:qi dt elisReguhPepti 25,i7Qi(69H) hi ¢
i ntestinal pseudo-obstruction, post-operative ileus. (xi) The

phar maceut i cal Nosnysenitiasmast 4: étﬂht Hisshoushiyownal adfthq dappaese Sacigty)of
which is intended for_transnucosal adm nistration. (xii) The

phar macefastagenteaions) 94 (§H7é1599}5é0| ted in (xi) wherein the

t ransnucosal adm str tionis r_intrana

admi ni strati on.None tF‘?t;iDeﬁ%E’eBWd ﬁ‘i‘éﬁ) E?ﬂ?ﬁﬁ%l"‘b ﬁg¢1(]§§3} ecited in
wh

i hi Stratt on Ny B C“ﬁ%@%@ot%sé%l :ﬁdé)@a%ﬁ? BB A er i zea

b d t t
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reflux di sease,NdnrHthﬁtﬁ ﬁp% Iél}’sgﬁié Qt”éﬁ Mﬁ’@s‘tm‘ {]t‘ﬁs‘t @ﬂ bacteri al

S

overgrowt h, colonic raction, paralytic chronic

I di opat hi ¢ i nt q@éd?@céntﬁﬁﬁ!ﬂ%np@sﬁlﬁﬁﬁttel Pt a@nﬁlg%ﬁtSc?Q@r 9639V(‘20®i)eus

t he net hod conprising adm ni stering the pharnmaceuti cal nposi t'i on as
recited in (vi 'N()aneﬁelﬁrDédﬂﬂ'le}ii £ HardoARVANT. %ﬁd&g@lﬁE@QﬁEOPRAW NGS
[ 0018] The novel notilin-like peptide corrpounds according to the
present invent iNuh-hawe Dévanwat 11:iChstigliheFaatal oAline st Padhadod Thex. 1§, 1107
stinmulating activity and show hi gher absorption efficiency upon

t ransnucgg8eb3jadm ni stration. Therefore, the conpounds of the present
i nvention can be used to treat di seases associated with functi onal
abnormalities ihiprt-ﬂaemqument ExtHamay G Fac I AMAr298x8170(2804)condi ti ons
characteri zed a drop in the baseline of gastrointestinal notility
ity ) D s dermBataSaeaeati &ileho Cusicts GRaoeAIPERIN: SEEORM ¢ he

- 9 - gastrointestinal tract include COI’ldlail ons_such as functional
@a?é’é’)

PRl & bovaly Yo, a1 Cprnalpact ot al vy o
col oni ¢ pseudo- %‘HZP? E’&ttrgs%‘i‘l‘meﬂék ‘?,I 7 gfjtsalf é‘ﬁft‘)hﬁ}ﬁs“ﬁﬁ%g ’t"% EL“"“
i ntesti n 8?:)&%9 ﬁZ;% id@%jn and post-operative ileus. In addition,

the conpo |nvent|on have hi gher absorption

efficiency t ha’}ﬁ&é‘i’%}é ﬂ?&uﬂénpéél%?kf\/f ?QFﬂ“ﬁ%ﬁ%‘ga&ﬂJ&{&oﬁM&h' Pé"zggﬂfbé)

need be adm nistere ower doses to attain pFasma concentitati

effective for g bieAMERmAl 1P3hREA 16 Bl FERESCRETLROT, 717 (1984)
DRAWNGS [0019] FIG 1 is a graph show ng t fasting [ MC i nduci ng

activity as exhifi-paentvbedunitat i 8:Peerid T1 8¢ alcmmga&r&enw@a Mo 28Nd(2606)
wer e adm ni stered intravenously. FIG 2 is a graph showi ng a

profile of plasfen-Pat¢sd Boduinocnall$: Jahaknsestal.| NtHmY & Muds B2, 4008 (1990gr ed
with native notilin. FIG 3 is a graph showi ng profiles of

pl asma | evel s af¢rePatpud Docemont a@trﬂtmctlst et iabnGof, 3hatoO(EIIDLi | i n,
conpound 2 (MI 114) and conpound 6 (MI 140 FIG 4 is a gra
showi ng prof i | e¥omPatghtaBemuntaay 8l sClhai MGrek d Rhaanaqnéﬁép |ThGIr, 33%@6&%9 )

adm ni stered with native notilin and conpound 2

5is a gr aph s H3oR-Refepl Bpgungent g2: %?ta@r%et|%véil@enwmﬂwérh@héé w&lémm)

i ntranasa adm nj st native notilin and conpound 2 (Mr

114). DE @ﬁMS[OOZO] Native notilin is known to

have t he %ﬁéﬁ&%ﬁ@PfSﬁiﬁ% as an essential site for developing its
[0013] A problem of the present invention is to provide motilin-like peptide compounds

that maintain the gastrointestinal motility stimulating activity of native motilin and which are



- 10 - protect the structure of the active center at the N termnal.
J0021] Therefore, when effecting structural nodifications that would
interrupt the pathway of notilin degradation, the present inventors
sel ected sites that woul d be i ndependent of a possible drop in
activity that mght result from destabilization of the a-helical
structure. [0022] The 1st-position anind acid at the N terninal of
motilin (which is hereinafter referred to as X1) is essential for

act i vat i ndaptbéta kavepigher abrdrtabilde upkssiranshiugosnt adpinisti@tionai nst
degradati on. The present inventors thought that in order to confer
resi st anc@EBTION TQERQBAEM e enzyne, extending the distance fromthe

N-term nal _am no group.to the Xl1-Val peptide_bond or replacing t
X1- Val péfeidle Toordvaifisipreblemnths pregentiByatus s aﬁé‘“ﬁéé‘?ﬁ@ﬁlqiw%lgpfbe

acqui sition of resistance to degradati on., 023] , I n.addi.tion,. X2 in, ..
oo e Rl PSS Ve Rt P e P R b R SRE ol Gretlppion
t he conpoun

e R N e S
R
oPPL | KRN B R RN BB S e

end [ Ande[b@?fljn HhsedoVBlRE rdsnlis) theBirod¥Rt inyDWBrs sélstitdBB prblide €AQ@¥0ite at

Since it is known that a substitution of X3 with al ani ne or

D- gl ut am isafein® 1GEHSRHinG oA ThAdichrBbx P étidate hbdate€ defhdutiod f theaC tetGinal
ability [MIler P. et al., Peptides, 16, 11-18 (1995), and Peeters
T.L., et vabuld bPeitibicteisto piatiucd HdBHindiké pepSd2)dmpoXddd shoded highdryabsorbability
selected fromL-acidic amno acids. As for X4, it is methionine in

nati ve noiponitransmdcasi] ddmrisdtretéort, méichdee it the aecomiplisbinent cilbhd presenbinventéon.
si de chain oxidation. Hence, nethionine is desirably replaced by

| euci ne whiagdditios, sintsstha M terhing! Sdnpiphabylelanineiwasifounddp waderpo dpgradatioa, it
of the side chain. [0024] Mtilin is degraded by dicarboxy peptidase,
starting Waothommdhat replaeing Hhe aspide bamkbbasvaauthe firsipath thersscaidamyRe agidyfrom

substituting am npo, acids with proline C term.n si de,. of

ot ve. PR el B 1 pan-pridsoatr L GHANET doatouA alsp et Flzilenn Adurther
and offer, resistance to g]:la(gral?dﬁ ion by virtue of steric hindrance

that wi | | TSRIQWARI P TEEPAIAEET 8-t o the substrate-binding site at

contor - (005%) GERPHRERTRE Pt AePHBRbisTeedtla R b Gl proflem con

motilin ig, | t : i | I¢bd e
sites forg%%gggﬁdttﬁﬁrgé]ag%fgtﬂgﬁgﬁene Fgﬁ&rﬁ%ﬁ%ﬁ#@%ggﬁ%ﬁtﬁgg?%ﬁl lin
to form t{g,@ufied sGRtty ShmpslableGo #a€ of SRNE ISR dn@ vRARCH Jdrhb@sthighéom

t hese viewpoints, the preSent inventors conceived of a substitution

of X5 andiubriabRity tp@Pgirsiitolhdfinatiaton salll q@hglouiids beliOpdundsas
fromsuch viewpoints that the present inventors designed and

synt hesi zeshlesingy tk ise@nentpeshjted be thetfhBowing farntidg il adedh iswharacterized by a
experinment using a |lung honogenate supernatant and a contraction

exper i mensubgsiunign antheprokimecat e 21ih pssitiombminozcid: A series of
notilin-like peptide conmpounds according to the present invention

that had a s ubsﬁﬂt\(ﬂl i?@rﬂfb?hf’chTﬁeGlatX%g@ legﬁ4 &An bt s QludegXS Lys
proline were subjected to an_experinment for transnucosal
adninistrEﬂi@hlﬁgﬂVP@d) &ﬁglg%9ﬁ¥ﬁ@ present inventors confirned that

th d; d hi gh b babj | i h t tili d

et o nt BB T EA R 1Ryt o B P8l 190 AB A gfeboras:
nati ve noti I in; ?ﬁhe resent invention H%smbreoena 1<'51:ccorrlr(pl(;i§,hed on the
basis of this findf Ay E?Flnl%%m%gﬁl SO ATE" B The present
invention are CEIBEURAFLGRATELL Sk B8 0 GHUGE C&riERed B MERBIBV ide Brmula 2




X2 is proline or sarcosine; X3 is glutamc acid or aspartic acid; X4
Is methionine or |eucine; X5 is asparagi ne or proline] or

phar maceutically acceptable salts thereof, and they are characterized
by maintaining a gastrointestinal notility stimulating activity
conparable to that of native notilin and yet having higher
absorbability upon transnucosal adm nistration. [0028] In above
formul a JFosduth§]an aromatic amno acid or a heteroaronmatic am no
acid. The aromatic ami no acid or heteroaromatic amno acid refers to
any am no acid that c aln an aromatic ring in the it and exanpl es
i ncl ude, for exanple aci ds such as phenyl al ani ne (Phe),

tyrosine (Tyr), and trg phan (Trp), as well as or

13- honoph | gl yci C%?H ) acet yl napht hyl al ani ne (Ac-Nal),
and the | ﬁ%.ermmﬂ sen v@nw fdR! Eﬂhenyl al ani ne

(Phe), 13- honophenyl gl y¢i ne (Phg(C#CH2)) and acetyl napht hyl al ani ne
(AcNal) may be nentioned as nore preferred exanples of the am no acid
Xl . [0029] In above folFhula 1, X1 may be an L-anino acid or a D anino
acid. In the prior art, variants have so far ?een 21rﬁxiepared by
substituting L-am no acids W th D-am no acid % am no acid at
position 1 of m)tilin (MIller P. et al., Peptldes 16, 11-18 (1995))
and those vari Igeé}eégf&&gvmto mai ntain the activity of
nmotilin. [0030] ove forPruPa 1, X2 is proline (Pro) or sarcosine

(Sar, also cal I;@g}ll %ﬁ%ﬂy&gjxc}lgfﬁﬁaﬁ@abﬁg y); X3 is glutamc acid (Glu)
or aspartic acid ( X4 1s nethionine (Met) or |eucine (Leu); and

X5 i s asparagi rm(gqﬁa)uog{nepfrqgﬂcﬁﬁ (Pro). The am no acids | abeled X1
to X5 may be used in any conbi nat i ons. [0031] In the peptide

conpounds of aliXy& dparagihaodprolingl bond between the first amno acid
(X1) and the second amno acid (Val) is an am de bond or a bond

r epr esentaghbymddaestidatlly laovdptepld culimtlieged®. - 13 - [Fornula 3] HHII N
terminal- CN-Ctermnal (formula 2) The bond of formula 2 is
al so cal 1681 Bmgr@sazmnmntm&ndhermeomawthbﬁﬂhmﬁw be either an
am de bond or the -psi[CH2NH - bond irrespective of the type of the

am no aci (@) fThacompeuwnd qrphagnageutiqady 3oqeptalte ¥ ipRIaeies f?ﬁﬁeﬁt&’b@é vfhsFGHy e in
L e e meent Lo L CL L XIS, LS TR
Vet G GGk B éOHIORP%“Yi%‘X“E‘%@W%’A‘%{HS}??I‘%[ prshytalgne (A Nalfr A O
Vo £ 14 o e 8 B e st
Asp Leu GyoMaukeys Fdhyiidhit/@nd & fMHorRbthehyRifdik. G n (SEQ ID NO 5);
(iv) A compound which is depicted by the sequence selected from the group consisting of
SEQ ID NOS: 3 to 15 or a pharmaceutically acceptable salt thereof.
(v) A compound which is depicted by SEQ ID NO: 4 or a pharmaceutically acceptable salt
thereof.
(vi} A compound which is depicted by SEQ ID NO: 6 or a pharmaceutically acceptable salt
thereof.
(vil) A compound which is depicted by SEQ ID NO: 8 or a pharmaceutically acceptable salt
thereof.
(viii) A pharmaceutical composition for the treatment of a disease associated with a

functional abnormality in the gastrointestinal tract, which comprises the peptide compound or



Phg(C#CH2) Val Pro Ile Phe Tin Tyr Gy Gu Leu Gn My Leu Gn Gu Lys

Gu M Pro Lys Pro Gn (SEQ 1D NO 6); Phg(C#CH2) Val Sar Ile
Phe Thr Tyr Ay GQu Leu dn My L,eu @dn GQu Lys Qu My Pro Lys Pro
Gn (SEQID NO 7); Phe Val Pro Ile Phe Tin Tyr Gy Gu Leu

Gn Mg Mt Gn Gu Lys Gu My Asn Lys Pro Gn (SEQ ID NO 8);

Phe Val Pro Ile Phe Thr Tyr Ay Qu Led 8@ n My L,eu Gn du Lys Qu

My Asn Lys Pro An (SEQID NGO 9); Phe Val Pro Ile Phe Thr Tyr Ay

A u L, eu pBannddgutidatly Geeep@ble dajtshékef dstyedted in anyldne ofl(j)o Brid. G n ( SEQ

I D NO 10); Phe Val Pro Ile Phe Thr Tyr Ay Qu Len Gn Arg

Len G n @) Thy ph@mecAnticaPeanposiicdray r@ited (SEMDT), BPhR@in the disease associated with a
Phg(C#CH2) Val Sar Ile Phe Thr Tyr Gy GQu Len Gn Arg Met Gn GQu

Lys G u Angctional abperrmglsy @i the(ggﬂrglmtsﬁtml trageynvolves a drggpioNhe bagglineplo | | e
Phe Thr Tyr Ay Gn Len Gn Arg Mt Gn Gn Lys Gn Arg Asn Lys Pro

G n ( SEQ@gapirogggestingy motility activHg. vval Pro Ile Phe Thr Tyr Q& y Asp Len

Gn Arg Len Gn Gn Lys Gn Arg Pro Lys Pro
Phe Val HxbIhepirBagsyticalqompoitiag gs yestiedand Vi dvr}v%qm% ﬁP 1P aé# 1gpwith a

fo Eé"pﬁféivé}?ﬁlg FORREATGH .5 B r%%gfrhg%?’%l; CORGE TORr A aHPRHe.  For

exanpl e, an be

Cecho oga?ﬂf%frﬁf%% e L R
boen-est aBFEERC PP R Bl Ry Halitde bLBHRCTRL TS St
of the pr g@c[bt OBS'EMFﬁBﬂ %P58§%8§4aﬁ96 g pr oduced easily by known

nmet hods. or exanpl e SSi pepti de synthesis nethods and

sol i d- phagf TRiAeESceaHcAD @oﬁ?ﬁﬂ%ﬂaﬁ reSiRAGH fih ¢ 8hd ¥F (vAITHA B )AEHiEBishieRded
protective ‘groups are concen ted by a |iquid-phase nethod and/or a
sol i d- phapersmihiedsal bb@mittheiopept i de chain is extended and after
optionally cleaving the N-term nal protective group with a base such
as pi per gziin€he phdrmpeaitieal congpogition ps rexited irei)nwizaren tienoansohuadsah an
acid and the resulting crude product is purified by a

separ at i ngigoisiratyomig pphogeduesing esalesingeistritidn; r at i on,
ultrafiltration, dialysis, SDS-PAGE, or_ various chromatographic

t echni qu e(sml)\M@rpéamceuh@l peipposiiéan asfregitrd ip (eiawherein fheriransmugess! be
obt ai ned. Far_ exanp] e, ey can be produced by the nethods descri bed
in books %@@HEH§M”S@ﬂ%&§ﬁﬁﬁagmﬁkﬁﬁﬂﬁﬁza 1 Tanpakushltu no Kagaku

Sﬁg“rsek%y?' et éﬁaregm?e“ T R aBiAads > FOR YL ORBERRHS Eb) | n)

Z I K 1

gv el 08 ugfltsf}{‘fililyesgléag &é{ﬁﬂ\/gkl% v, ‘%US g Ctlg{/l ,ﬁg{g&clpgi%%lg& tgfa%t?oparesm gastro-
J ,

vent: orc AR ELERL Qﬁﬁ%“ﬁféﬂ%ﬁﬁ’ﬁ% SERTBAHDRAL i) PoRkERSHL
bond bet V\fo%hléﬁgeaaofb%s@@ctﬁﬁnp@m fic H@usol?ih%hi'&%&opé(thfchﬁt@hﬁﬁl pﬁa&&sﬁﬁh&uon

For exa the case of ‘synthesizing a conpound whi

X1- Val bosﬁﬂi degt Bﬁrﬂiﬂeﬁle&s'tﬁe tRehodRehdpasiMalihrinibently thTe armaceutlcal
above-described nethod is applied to extend the peptide chain from
the C teroidsition ahecikd posiilij wandndinbivaci d (Val in formula 1) and
then the protective group on the a-amno group in the 2-position

an no aci ADVARTAGESHUS REFECABIQF DRAeWaEGSer, Boc- or Fnoc-amino acid
al dehyde is introduced by reductive alkylation reaction with sodium
cyanot r i hipéi8boFlst myvebsnatiinilike peptitic donipovndsordegrdingsto the pragepainvaniépn have
deprotection with an acid in the same way as described above to
obtain a @p@@éﬂwldmtmmswlmotgﬁw@amﬂw yetiyify japd shpvpligher absorption

separating/purifying pr ocedure such as filtration,
ultrafil tgfgﬂeaw Upfrrapsaicosghrdipinggiratigh. gﬁ’&FﬁfBﬁsthE ﬁP@ﬁﬁW@P&&ﬁ Rresent

t echni que er eupon t he desi.red pepti.de,anal sent
q i?lver\ll\t/?on can be used to trea d{scase associated wrft% fo gczsnonal E}b mﬁ)all%es in the

gastrointestinal tract (for example, conditions characterized by a drop in the baseline of

gastrointestinal motility activity.) Diseases associated with functional abnormalities in the



[ 0037] Exanples of the vector into which the gene is to be
incorporated include E. coli vectors (e.g. pBR322, pUCl1l8, and pUCl9),
B. subtilis vectors (e.g. puB110, pTP5, and pCl94), yeast vectors
(e.g. YEp, YRp, and Ylp types), and animal cell vectors (e.g.
retrovirus and vaccinia virus) but any @ther vectors can be used as

| ong as they are capable of retaining the desired gene stably within
the host cell. The vector of interest is introduced into a suitable
host cel Igastveintestinal fractipelsdeemdiions syahi as denctionilriyspepsiaatiebatisczagieepareses,
gene into a plasmd or to introduce it into a host cell and exenplary
net hods destreresaphpgrakrefiyx ditcate, irgtable Ronveh gyndmme sesid iafestial ?aqﬁgg) .

O e e Ed CRoBL BER f E SET TR
A N T R ER RE o
dest 9, S5REH SR RSyl DB g o b ATRRL A, e
P OOt er 81 P ATBLR 107 f S QSR AIDH Plaom® LonceBAIE chastle chrnk e

case of the genus pro er, an ronoter, a

penP pronpLehent S GatidiRy Pe used; in the case of yeasts, a GAP
pronoter, a P‘?Lnlg)Sﬁ?)}onDter, an ADH pronoter, etc. may be used; and in

t he case RiIFENHABCREETICON OFDRXFONEpnoter, a CW pronoter, a
retrovirus-derived pronoter, etc. may be used. [0039] When a host

cell is tjooby trFIGNS TP gRghvhdWingfe: fakiie 1ODC aidhethp\eRE¥i6)f asCexhibide whgn a
gene of interest, the host cell to be used may be bacterial (e.g. the
genus Eschevt atvitifinptuinjiduad gemdsoBaoild dispre adedskerdd ineagaoudy.
Saccharonyces, the genus Pichia, and the genus Candida), animal cells
(CHO cel |, COCs Hél. R is geph shawdg hpeoiile lo€ plaking levelsie dita that wesuntradsheusly
as the culture nmediumand it is particularly preferred for themto
cont ai n tadeministebwhivisnattesmotin.r ogen sources and ot her nutrients that
are required for the growmh of the transforned cel| being cultured. .

| f desired, vitEHR Ads 2 graphshowing periilpgofpizsnyy levels after puipenaryagmiggstration

he-cul i guEemeREanmaong CPETRNAR BumbeinduE A0k ' ho present
obtain popti do ompduBErhy OR BRI O Ret B BBt a2
00401 The, compounds flisthe JAIERRDE ploRYERh BB AR HERda).0 1 eat

di seases uncti ona normal 1 tresti

gastrointestin far : g & 3

characterized %Idéﬁgsfégfarp ﬁ S{lﬁ‘}g s‘gflfﬁgf}g?%ﬁg??l%)?ﬂ%gg%@ﬁ%m ﬁgﬁ lity
acti Vi ty)intgFhRENT MNAistRBO WAl datil€motiBn wc@ﬁﬁé@alzr(%@qwal tract are
conditions that present unconfortable synptons in the

gast r oi ntBESCRAIPIONCK FVBOIMBIENDS appar ent organi ¢ abnormalities
such as inflammations and ulcers are detected by endoscopy, bl ood
testi ng, [6020] aNativa rgotdipisdhodnsehsesht Natermine! potibeed anveskantiabditeefdr
"functional gastrointestinal disorders” are finely classified and
defi ned bdevelwping itsyarpvidyysnddicie ab kgowo thah e hROWEvd moighin foemis an o-helical
(Gastroenterol ogy 130: 1377-1556, 2006). Diseases that involve .

f unct i onajtrugB¥e rhselytiands aj G terminaepsianaixanding fran the weipity o€ thgdéh-gemtion
conditions as_functional g&spepsi a, di abgti C_gastraoparesis

gast o esOpRALEAATAERIIA G IaEEL . - FiPPabNMBonbi 108y AR, Srivafives

o e R 2 PR BB EL Rbrecoe

Funct onattCapier i e BB, by bnss R SR ENEP b Pe e dhid e

not only ByosiEaCk LY &hSHIMA N FrotdEd iR RRBTBAL, REpRsed MRERrs assumed
that the a-helical structure would contribute to stabilizing the active center at the N terminal.

In other words, they thought that the presence of the a-helical structure would serve to



Ac- Nal : acetyl napht hyl al ani ne Sar: L-sarcosine CH2-NH: -psi[ CH2NH| -
bond (al so called a pseudo bond) Fnoc: fl uorenyl nmethyl oxycar bonyl

Boc: t-butyl oxycarbonyl TFA: trifluoroacetic acid Trt: trityl HBTU:
N-[ (1H benzotriazol - 1-yl ) di met hyl am nonet hyl ene)]-N- - 19 -

met hyl met haneam ni um N- oxi de hexaf | uoro @osphat e HOBt:

1- hydr oxybenzotri azol e DCC. N, N -di cych exyl carbodi i m de TIPS:
triisopropylsilane [0049] Synthesis of conpounds Consi dering
t he pat hwayteafthersthidhira oflgraatied camerlay the Metedmgahdat i ve enzyme, the
stability of the 13th-position nmethionine, the retention of notilin's
physi ol odDQ2il] ddeiroforeywhemeffesting striciebmedifichiéonsthdtivauld inkesrupe preipdthway
conpounds identified bel ow were synthesized. In addition, native

noti | in wimatifintdegeidatéen, sk pratent Bverterscelerior sievtpatrvedd be Tslspandant afa
conpounds 1 and 2, as well as _present conpounds 1-13 had. the

f ol | owi ngpossiblslrerindctiviy that mdght resgB dromngestapdlization pf the ophrdicghitrushuse.
le: ; ghﬁ ;Iigé@-l]}/ rﬁ‘h%é%t—%sliltiol_nogmigo g@@[@% g}cl\/(;% fe?@?r@f Hg@bﬁﬁn ?wllijicﬁ\risghceélqatjt_%s
ti 2 (ME139):. Phe* > .
Lo " a ﬁd AR T1E afestloators HRGel@heth Srd fo fatfer i 1R 77y
5).. . I | ]
R

peptide bond or replacing the X1-Val peptide bond with a non-amide bond would be useful

for acquisition of resistance to degradation.

[0023] In addition, X2 in native motilin is proline and defines the conformational structure
of the compound, so the present inventors thought that by enhancing its degree of freedom, it
might be possible to control the receptor activating ability. In native motilin, X3 is glutamic
acid and forms a hydrogen bond with a side chain between the 6th-position threonine,
apparently contributing to the formation of the a-helical structure in the region extending
from the 6th-position toward the C terminal end [Andersson A. & Maler L.,J. Biomol. NMR,
24, 103-112 (2002)]. Since it is known that a substitution of X3 with alanine or D-glutamic
acid caused a substantial drop in the receptor activating ability [Miller P. et al., Peptides, 16,
11-18 (1995), and Peeters T.L., et al., Peptides, 13, 1103-1107 (1992)}, X3 is desirably
selected from L-acidic amino acids. As for X4, it is methionine in native motilin and will
reduce the receptor activating ability by the side chain oxidation. Hence, methionine is
desirably replaced by leucine which is substantially comparable to it in terms of the size of
the side chain.

[0024] Motilin is degraded by dicarboxy peptidase, starting from the C terminal end, The
present inventors thought that substituting amino acids with proline on the C terminal side of
native motilin would fix the dihedral angle around the peptide bond and offer resistance to
degradation by virtue of steric hindrance that will accompany coordination to the substrate-

binding site at which dicarboxy peptidase binds the substrate or to the active center.



Conpound 2 (Mr114): Phe Val Pro Ile Phe Thr Tyr Ay Gu Lou Gn Arg
Lou Gn Gu Lys Au Arg Asn Lys Pro G n (SEQID NO 4);

Compound 3 (Mri116): Phe Val Pro Ile Phe Thr Tyr Gy Asp Lou Gn Arg
Lou Gn Qu Lys Au Arg Pro Lys Pro Gn (SEQ ID NGO 5);

Compound 4 (Mr124): Phg(C#CH2) Val Pro Jle Phe Thr Tyr Gy G u Lou
Gn Arg Lou Gn Qu Lys Gu Arg Pro Lys Jro Gan (SEQ ID NO 6);
Compound 5 (Mri126): Phg(C#CH2) Val Sar Ile Phe Thr Tyr Ay G u Lou

G n Arg [00256G ©nGhe othgs hdidysiAcgthProehdlics]l Prustu@ of B8&I( IsBmgGrtant)for the 20
- Compound 6 (Mr140): Phe*Val Pro Ile Phe Thr Tyr Ay Qu Leu
G n Arg Metep@ract@ating gapabiltlyAheseAdtns foy sulmtignt@net pSEDe vhipionalg) it difficult
Conpound 7 (Mr141): Phe*Val Pro Ile Phe Thr Tyr GI¥_ Qu L euGn M
Leu G n @umoijlin @ farnvhergrelicad sppeiungape pomsdered tbe ligyited. From theggnpound
8 (Mr107): Phe Val Pro Il e Phe Thr Tyr Ay du Leu G.n a//g Met. Gn Gu
Lys G u p(pf@vgmrgs,g%pqnﬁ@t @\.ﬁn@ggggnpgvmf q_@)b;stltutlon of zgér?ﬁ G Eheg 1-position
(Mri1s5): Phe Vval Pro Ile Phe Thr Tyr Ay Qu L,eu Gn MJ Lou Gn Qu
Lys G u PR &f pathrgling n (SEQ ID NO 11); Conpound 10 ( ML25):

G vy PAORTs 1BREs o spaEetieo R i Brebont ol lighe] apd Bpbhosd

Gn wy aderyepefs tfed Qi Rabetitin B ifle il Rodhdtap

pro Lys Praerira Bes Py ppAaReh Ming ol acibli R patie - ittt @
Pro Il e Rh&iifike¥ptiGh ¥orﬁg&1ﬂd8 Qo MtVBkesEhiinddndioh Yisat Ghdia MbsBhfion of
Lys Pro G n SEQIIB NO 15). [0051] Tgf the -psi[CH2NH] - bond is used

as the bomgtikeitwosifioh e of M&ﬂin&iﬂﬂ&&o_ﬁﬁé WefeGabjeeepenst HgpetiteXdior and
Val is used in any of the conpounds identified above, the bond is

r epr esentieasiycdsieadashtrhsdn fvivo, WheEB) tHopreschehdeiitbs qoafitmetbthatthoge,

a peptide synthesizer (433A, product of Applied Biosystens) was

mai nl y usethpansdsashpwed dighedatsertabidity then inuttd mefiliresndyehasindanstg vt ed
by the Fnoc nethod and a Boc-amino acid was finally introduced at the
N t er mi ndhdwing activgy cempinabledo trap v the edtiyempiide thepicpenidny e basdsered
with trifluoroacetic acid (TFA) or_ diluted TFA containing various
scavengerascemplishag op thechagised this fndi@e. was subj ected to a purification
procedure, reverse-phase HPLC using a Cl8 col um, bot

B . .
purifi catlpa%%aﬁlawm&ml%cqawdmﬁ € PESFY RERLion H@rﬁOHB’PPE‘ESt PERpriRing the
ified b | iS. 531 Th tid f th
bresent . iSREE HPTRATIED &Y S PHRUIIER A Bt S Ra PR HER BY s
o BB e iR % P RO Toey mreh: ™
Synthesis of  Cogpungs hie(PHEGR)Tyr Gly X3 Leu Gl Arg X4 Gln Glu Lys Glu Arg X5 Lys

Pro Gln (formula 1) (SEQ ID NO: 2)
[wherein all bonds between amino acids, other than the X1-Val bond, are amide bonds;
the X1-Val bond is an amide bond or a bond represented by the following formula 2

[Formula 2]

H H
|

N terminal— C — N —C terminal

|
H
(formula 2)



Thi s exanpl e was conducted with a view to synthesizing conpound 1
(Mr095, SEQ ID NO 3) chemcally. [0055] An Fnoc-@n(Trt)-Al ko resin
(product of WATANABE CHEM CAL; 47.6 ng, 0 03 mmol) was treated with
20% pi perazine for 20 mnutes and then introduction of Frmocam no
aci ds by neans of HBTU HOBt and Fnoc regpval by neans of piperazine
were repeated, starting fromthe Ctermnal end of SEQIDNO 3 in a
sequential manner to thereby construct an Fnoc- pepti de-resin.
Final |y, Boc- pﬁﬂwwatm%me@éwﬁ hgtgrpsoggtiqanaippiesit; and to t he
resul ting prot eptide resin, a deprotecting reagent (5.0 ni)
cont ai ni ng not ‘gﬁ%(’trrs?rtcpﬁ%eﬁoacetl c acid but al so phenol, water
and TIPS was alc‘.;g3 ‘gzthhe xtu}rﬁ %@stlrredfor 2 hours at room
t enperat ure. L}?fntﬁaasa PIPRYEE28Ff and the filtrate was
concentrated; therea er was added to the residue to forma
bR AL

precipitate. 1sm:"’recovered by filtration and dried to

gi ve about 30 REs fﬁﬁé}ﬁ%g@}ﬁﬁﬁﬂde product. [0056] The crude peptide

product was di $Sso f 1 Nacetic acid and after | oadi ng

t he sol Utdr ﬂaﬁ’ﬁhc@ﬁhclagl? %E%tab%ﬁs {HrRof ginﬁr{ﬂeg( 4B eRhr R ERE bgm\aﬂ?ﬂ'a

of GL Sciences Ion was conducted at a |1 near adi ent of
0%to 50%@@&5@%&1 hio?thsthﬂ%iﬁ(gchan? cORpRhbIE t@atlof Mitive thotilinuhe Fet

(fl ow rate: nonitoring, the desired

fracti onala\oﬁfg%g@tta@szi)rsabﬂﬁtg@?Mﬁfm@ﬁdlcﬁma@nxﬂgttMnt0 gi ve about 5.0

ng of the end product. [0057] The obtai ned end product was | oaded on
an | nert JOD2FRER abidE foahulan, KR4 abammma?ib @riimg adid odabéterobrofatiSamtne sdd.
Inc.), elution was conduct ed at a |inear gradient of 5% to 65%

acet oni t rTHeaaromatic d&dnpracid ardezaveomati@anhofaord Bfrnornny esigd aadvthabewrtains
1.5 nLimn). By W (220 nm m)nltorln? the purity of the end product
was meas Iangompiosey inThe itoind gkarepice ingluse olgn example, csamjnocacids sugh AsAL DI
TOP-Ms (Daltonics Bl FLEX 111 roduct of Bruker) for verificatio

its mol eciieay! amm@Nt’heaanS@I%E@anﬂ%trmpﬂla&r(ét@sasswabw|ﬁstqm@ah@flylglycme

&;3?2@228'1@@6#’22'\55 taagf&tﬂ]é%gthgtet sine gt niod i tgttlgfvqusgfﬁfm?ﬁ%tslpta o
VE: 2738, PRERYiclnh (BRSBTS a8t Gt R il repBraehfulahe O
96. 0% Dol i, S8 SRk Y AL A6k by RAALIS 5 nd gk Uiy [ 005

{REsi 6 0 exanpl e was

conducte VN

) chen SLJW Kb kR B 0GR bt EATRRY R Br o Pl sPipl HeMilorar,
WATANABE (JraMs Gilre stfar BedpreparOBbsMslituit@g Ltﬁlﬁﬁ‘lb%gld!\NdB 139%ino acids as the
pi perazine for 20 m nutes and then introduction of Fnocam no acids by
nmeans of AdEhb/abidBk pagitlorMOE motilin ellilldy\P. BE4!) Pepides) maaasrteg%g} &nd those
repeated, starting fromthe Cterminal end of SEQ ID NO in a
sequent i afarimaBave beentshowa by madnaih thecdctizity bfrowiifiept | de-r e5| n Finally,
Boc- Phe al dehyde was introduced by neans of sodi um

cyanot ri hipdsehbdnabeyd frmobt 1, X2ais iptblaedPtog o kascesemu(Se, alyo paldedelt ed
peptide resin, a deprotecti ng reagent (5 0 nlL) containing not only

90% t ri f | methlrinecorddpanuX3 i ﬁbtapwémd (Glya OB ASPAHIE @tdi@sabgiﬂa@d}&ihmme
and the mxture was stirred for 2 hours at roomte ature.

resin wastM¢t) peleaeing flcug RId kR ISRsPAT Bipe (e o8 BIAUER(Bial dde apHes %%@ft lapeled

et her was to the residue to forma precipitate. The precipitate

was rgcov%?é%l gﬂf}‘}*qﬁﬁsgii,lfﬁﬁﬂyaff?aﬂ%?qt@&sto gi ve about 30 ng of a crude
006 T .

DR acet | IPRAET cindhenias PO p R PRE ISR sTHoft bpiisk f i b acic
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[0064] By simlar techniques, native notilin as well as conpounds
1-13 (of SEQ I D NOS: 3-15, respectively) and conparative conmpounds 1
and 2 (of SEQ ID NOS: 16 and 17, respectively) were produced. Their
M5 values are listed in Table | together with the peptide val ues as
determ ned by am no acid analysis. [006p]_. - 24 - [Table 1] Table 1:
M5 Val ues and Peptide Contents of Conpounds Conpound nane Structure
Pepti de content f% (Am no acid anal ysis) Measured MS val ues

( Theor et ilE@mMulagt  ve notilin FVPI FTYGELQRVIQEKERNKGQ (SEQ I D NO 1)

886
H H
|

N terminal— C — N —C terminal

|
H
(formula 2)

The bond of formula 2 is also called a -psi{CH>NH]- bond. The X1-Val bond may
be either an amide bond or the -psi[CH,NH]- bond irrespective of the type of the amino acid
that constitutes XI.

[0032] The compounds of above formula 1 of the present invention include, for example,
the compounds depicted by the following sequences or pharmaceutically acceptable salts
thereof.

Phe Val Pro Ile Phe Thr Tyr Gly Glu Leu Gln Arg Met Gin Glu Lys Glu Arg Asn
Lys Pro Gln (SEQ ID NO: 3);

Phe Val Pro Ite Phe Thr Tyr Gly Glu Leu GIn Arg Leu GIn Glu Lys Glu Arg Asn
Lys Pro Gln (SEQ ID NO: 4);

Phe Val Pro Ile Phe Thr Tyr Gly Asp Leu Gln Arg Leu Gln Glu Lys Glu Arg Pro
Lys Pro Gln (SEQ ID NO: 5);

Phg(C#CHb) Val Pro Ile Phe Thr Tyr Gly Glu Leu Gln Arg Leu Gln Glu Lys Glu
Arg Pro Lys Pro Gln (SEQ ID NO: 6);

Phg(C#CH,) Val Sar Ile Phe Thr Tyr Gly Glu Leu Gln Arg Leu Gln Glu Lys Glu
Arg Pro Lys Pro GIn (SEQ ID NO: 7);

Phe Val Pro Ile Phe Thr Tyr Gly Glu Leu GIn Arg Met Gln Glu Lys Glu Arg Asn
Lys Pro Gln (SEQ ID NO: 8);

Phe Val Pro Ile Phe Thr Tyr Gly Glu Leu Gln Arg Leu Gln Glu Lys Glu Arg Asn
Lys Pro Gln (SEQ ID NO: 9);

Phe Val Pro Ile Phe Thr Tyr Gly Giu Leu Gln Arg Met GIn Glu Lys Glu Arg Pro



2698. 382 (2699.1) Conparative conpound 1 (13Leu-notilin)

FVPI FTYGELQRLQEKERNK®Q (SEQ ID NO 16) 73.1 2680.432 (2681.0)
Conparative conmpound 2 (Mri39) F*VPI FTYGELQRMQEKERNKGQ ( SEQ I D NGO
17) 71.8 2683.998 (2685.1) Compound 1 (MF095) FVPI Pl YGELQRMEKERNKPQ
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Lys Pro GIn (SEQ ID NO: 10);

Phe Val Pro Ile Phe Thr Tyr Gly Glu Leu Gln Arg Leu Gin Glu Lys Glu Arg Pro
Lys Pro Gln (SEQ ID NO: 11);

Phg(C#CHa) Val Sar Ile Phe Thr Tyr Gly Glu Leu Gln Arg Met Gin Glu Lys Glu
Arg Pro Lys Pro Gln (SEQ ID NO: 12);

Ac-Nal Val Pro lle Phe Thr Tyr Gly Glu Leu GIn Arg Met Gln Glu Lys Glu Arg
Asn Lys Pro Gin (SEQ ID NO: 13);

Phe Val Pro lie Phe Thr Tyr Gly Asp Leu Gln Arg Leu Gln Glu Lys Glu Arg Pro
Lys Pro GIn (SEQ ID NO: 14);

Phe Val Pro lle Phe Thr Tyr Gly Asp Leu Gln Arg Met Gln Glu Lys Glu Arg Pro
Lys Pro Gin (SEQ ID NO: 15).
[0033] The compounds according to the present invention can be obtained by conventional
methods. For example, they can be produced by chemical synthesis, recombinant DNA
technology (in the case of peptides solely composed of L-amino acids), or combinations
thereof.
[0034] Various methods have aiready been established for chemical synthesis of peptides
and the compounds of the present invention can also be produced easily by known methods.
For example, classical peptide synthesis methods and solid-phase methods can be employed.
Specifically, amino acids with protective groups are concentrated by a liquid-phase method
and/or a solid-phase method, then the peptide chain is extended and after optionally cleaving
the N-terminal protective group with a base such as piperazine, all protective groups and
resin are removed with an acid and the resulting crude product is purified by a
separating/purifying procedure such as gel filtration, ultrafiltration, dialysis, SDS-PAGE, or
various chromatographic techniques, whereupon the peptides of the present invention can be
obtained. For example, they can be produced by the methods described in books such as
“Seikagaku Jikken Koza 1 Tanpakushitu no Kagaku (Course of Biochemical
Experimentation 1, Chemistry of Protein),” Vol. 4, Chapters 2 and 3 (written in Japanese,

Tokyo Kagaku Dojin) and “Zoku Iyakuhinn no Kaihatsu 14 Peptide Gosei (Drug



(SEQ ID NO 3) 64.3 2738.718 (2739.2) Conpound 2 (Mr114)

FVPI FTYGELQRLQEKERNKPQ (SEQ ID NO. 4) 75.8 2720.544 (2721.1) Conpound
3 (MF116) FVPI FTYGDLQRLQEKERPKPQ (SEQ ID NO. 5) 768 2689.574 (2690. 1)
Conpound 4 (Mr124) Phg( C#CL- 12) - VPI FTYGELQRLQEKERPKPQ
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Development 14, Sequel Version, Peptide Synthesis)” (written in Japanese, Hirokawa
Shoten).

[0035] Among the compounds of the present invention, the ones having the -psif CH,NH]-
bond of formula 2 as a bond between amino acids can also be obtained by chemical
synthesis. For example, in the case of synthesizing a compound in which the X1-Val bond in
formula 1 is the -psi{ CH,NH]- bond, the above-described method is applied to extend the
peptide chain from the C terminal to the 2-position amino acid (Val in formula 1) and then
the protective group on the c-amino group in the 2-position amino acid is cleaved
chemically; thereafter, Boc- or Fmoc-amino acid aldehyde is introduced by reductive
alkylation reaction with sodium cyanotrihydroborate/1% acetic acid, followed by resin
removal and deprotection with an acid in the same way as described above to obtain a crude
product, which is subsequently purified by a separating/purifying procedure such as gel
filtration, ultrafiltration, dialysis, SDS-PAGE, or various chromatographic techniques,
whereupon the desired peptide analogs of the present invention can be obtained.

[0036] Peptides solely composed of L-form natural amino acids can be produced by
recombinant DNA technology. Specifically, a host cell transformed with an expression vector
having DNA coding for the peptide sequence according to the present invention can be
cultured to harvest the desired peptide from the resulting culture.

{0037] Examples of the vector into which the gene is to be incorporated include E. coli
vectors (e.g. pBR322, pUC18, and pUC19), B. subtilis vectors (e.g. pUB110, pTF3, and
pC194), yeast vectors (e.g. YEp, YRp, and YIp types), and animal cell vectors (e.g. retrovirus
and vaccinia virus) but any other vectors can be used as long as they are capable of retaining
the desired gene stably within the host cell. The vector of interest is introduced into a suitable
host cell. Various methods can be utilized to incorporate the desired gene into a plasmid or to
introduce it into a host cell and exemplary methods are described in Molecular Cloning
{Sambrook et al., 1989).

[0038] To express the desired peptide gene in the plasmid mentioned above, a promoter is

functionally linked upstream of that gene. Any promoters can be used in the present



(SEQ ID NO 6) 75 . 7 2703.920 (2704.1) Conpound 5 (Mr126)

Phg( C#CH2) - V- Sar - | FTYGELQRLQEKERPKPQ (SEQ I D NO. 7) 58.3 2677.60

(2677.0) Conpound 6 (MTF140) F*VP1Pl YGELQRVMQEKERNKPQ (SEQ I D NO. 8)
707 7 2725.040 (2725.2) Conpound 7 (Mr141) F*VPI FTYGELQRLQEKERNKPQ
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invention as long as they are appropriate for the host cell that is used to express the desired
gene. For example, if the host cell to be transformed is of the genus Escherichia, a lac
promoter, a trp promoter, an Ipp promoter, a APL promoter, a recA promoter, etc. may be
used; in the case of the genus Bacillus, an SPO1 promoter, an SPO2 promoter, a penP
promoter, etc. may be used; in the case of yeasts, a GAP promoter, a PHOS promoter, an
ADH promoter, etc. may be used; and in the case of animal cells, an SV4( promoter, a CMV
promoter, a retrovirus-derived promoter, etc. may be used.

[0039] When a host cell is to be transformed with the thus obtained vector containing a
gene of interest, the host cell to be used may be bacterial (e.g. the genus Escherichia and the
genus Bacillus), yeasts (the genus Saccharomyces, the genus Pichia, and the genus Candida),
animal cells (CHO cell, COS cell, etc.), and the like. Liquid media are suitable as the culture
medium and it is particularly preferred for them to contain the carbon sources, nitrogen
sources and other nutrients that are required for the growth of the transformed cell being
cultured. If desired, vitamins, growth promoting factors, sera, etc. may be added. In order to
purify the compound of the present invention from the culture medium containing the peptide
derivative of the present invention, the same separating/purifying procedures as those used to
obtain peptide compounds by chemical synthesis may be employed.

[0040] The compounds of the present invention can be used to treat diseases that involve
functional abnormalities in the gastrointestinal tract (for example, conditions that are
characterized by a drop in the baseline of gastrointestinal motility activity). Functional
abnormalities in the gastrointestinal tract are conditions that present uncomfortable symptoms
in the gastrointestinal tract although no apparent organic abnormalities such as inflammations
and ulcers are detected by endoscopy, blood testing, etc. and a group of diseases that are
collectively called “functional gastrointestinal disorders” are finely classified and defined by
their symptoms according to the ROME III criteria (Gastroenterology 130: 1377-1556,
20006). Diseases that involve functional abnormalities in the gastrointestinal tract include such
conditions as functional dyspepsia, diabetic gastroparesis, gastro-esophageal reflux disease,

irritable bowel syndrome, small intestinal bacterial overgrowth, colonic pseudo-obstruction,



(SEQ ID NGO 9) 70. 3 2706.980 (2707.1) Conpound 8 (Mr107)

FVPI FTYGELQRMQEKERPKPQ (SEQ I D NO 10) 2721.272 (2722.2) Conpound 9
(Mr115) FVPI FTYGELQRLQEKERPKPQ (SEQ I D NO 11) _ 2703.463 (2704.1)
Compound 10 (Mri25) Phg(C#CH2) - V- Sar -
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paralytic ileus, chronic idiopathic intestinal pseudo-obstruction, and post-operative ileus.
[0041] It should be mentioned that functional abnormalities in the gastrointestinal tract are
diagnosed not only by subjective symptoms such as abdominal pain, nausea, vomiting,
diarrhea, constipation, heartburn, abdominal bloating, and poor appetite but also by objective
assays such as measurement of the pressure in the gastrointestinal tract, gastric juice testing,
gastric pH monitoring, gastric emptying assay, gastrointestinal X-ray analysis, and
endoscopy.
[0042] The compounds of the present invention or pharmaceutically acceptable salts thereof
can be used in animals including man in sufficient amounts to confer the desired
gastrointestinal motility stimulating activity, either alone or in admixture with known,
pharmaceutically acceptable carriers, excipients, fillers, etc.
[0043] For the purposes of the present invention, the pharmaceutically acceptable salts
include, for example, salts with inorganic bases, salts with organic bases, salts with inorganic
acids, salts with organic acids, and salts with basic or acidic amino acids, but these are not the
sole examples and any common salts may be used.
[0044] The peptide compounds according to the present invention can also be administered
by various routes of injection such as subcutaneous injection, intramuscular injection, and
intravenous injection. In addition, since the peptide compounds according to the present
invention provide high absorption upon transmucosal administration, they can be
administered by transmucosal routes, namely non-injection routes such as oral, intranasal,
pulmonary, transoromucosal, and transvaginal routes, as well as ocular instillation. Desirably,
the compounds are administered orally, intranasally or pulmonarily, and most desirably, they
are administered pulmonarily or intranasally.
[0045] When the present compounds are used to treat the diseases mentioned above, their
dosage depends on the condition of the patient, the degree of the desired therapeutic effect,
the route of administration, the frequency of administration, etc. and , in the case of
administration to man, the dosage can be varied from a low level of 0.01 pug/kg. A preferred

dosage may be 0.01-500 ug/kg, more preferably 0.05-100 pg/kg. Amounts in these ranges



| FTYGELQRMQEKERPKPQ (SEQ I D NO 12) - 2695.845 (2695.1) Compound 11
(MTr128) Ac- Nal - VPl FTYGELQRMQEKERNKPQ (SEQ I D NO 13) _ 2830. 62
(2831.2) Conpound 12 (MT154) F*VPI FTYGDLQRLQEKERPKPQ (SEQ I D NO 14)
_ 2676.598 (2676.1) Conpound 13 (Mr155) F*VPl FTYGDLQRMQEKERPKPQ
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may be desirably administered 1-3 times per day.
[0046] The peptide compounds of the present invention or pharmaceutically acceptable
salts thereof can be used in combination with pharmaceutically acceptable carriers.
Pharmaceutically acceptable carriers that may be used include various organic or inorganic
carrier substances that are conventional as pharmaceutical necessities and they are
compounded as excipients, lubricants, binders, disintegrants, or the like in solid preparations,
and as solvents, solubilizers, suspending agents, tonicity agents, buffers, antiseptics,
antioxidants, or the like in liquid preparations. A typical example of excipients is lactose;
typical examples of lubricants are talc and colloidal silica. Typical examples of solvents are
water for injection, proline glycol, sesame o0il, and corn oil; suspending agents include
surfactants such as stearyl triethanolamine, sodium lauryl sulfate, laurylaminopropionic acid,
lecithin, and glyceryl monostearate, but other common pharmaceutical necessities may of
course be used.
EXAMPLES
[0047] On the following pages, the present invention is described more specifically by
reference to working examples, comparative examples and the like but it should be
understood that the present invention is by no means limited to the working examples.
[0048] The meanings of the main abbreviations used in the working examples are shown
below.

Phg(C#CH,): L-3-homophenylglycine

Ac-Nal: acetylnaphthylalanine

Sar: L-sarcosine

CH,-NH: -psi[CH,NH]- bond (also called a pseudo bond)

Fmoc: fluorenylmethyloxycarbonyl

Boc: t-butyloxycarbonyl

TFA: trifluoroacetic acid

Trt: trityl

HBTU: N-[(1H-benzotriazol-1-yl)dimethylaminomethylene)]-N-



(SEQ ID NO 15) 2693.923 (2694.2) Notes: Ami no acid content was not
measured for conmpounds 8-13. The asterisk (*) in the structures of
conparative conpound 2 as well as conpounds 6, 7, 12 and 13 indicates
that the bond between adjacent amno acids is a -psi[CH2NH - bond. -
25 - [0066] Exanple 3: Measurenent of Eﬁéging | MC I nduci ng Activity
Thi s exanple was conducted with a view {0 neasuring the fasting | MC
inducing activity in the dog's body of the conpounds prepared by the
met hods degfbylmsgpnesmiiApl es 1 and 2. [0067] In accordance with the
met hod of I TOH et al. (Zen Itoh et al, Gastroenterol ogia Japonica 12;
275- 283, 1977) Nppiletssaiiyegonhosrhaifduci ng activity of the conpounds
was eval uat ed surjing.the contractile novenent of a conscious
dog' s gastroi n%@ggﬁahydﬁ?’%éﬁn%ﬂ%ﬁ’%h force transducers had been

sutured. More i {1.¢al. dogs_under. anest hesi a were subjected to a
sur gi cal opera??@ﬁ'&ﬁ$ﬁhﬂ%ﬁﬁ?ﬁgﬁﬂg?$ﬁﬂ§%ucers were sutured to the

serous nenbran f.the gastric antrum duodenum jejunumand ileum
along the ri ng?@ﬁgpgﬁgﬁﬁ%gfsélag%d, thereafter, the strain from each

t ransduc S er via an anplifier. [0068] About 10

m nut es 3?9%@ t Hes ot o dgneous IMC in the fasting period (10

m nutes after : I : g§M9 hiBMS:

were rapidly i %&%@g}ggﬁg%@@{eﬂa uslng&\l/&r{'% 0. 1{1]81?3}} Elsqggéﬁgti vélg?r%'?’ltlhfn
or sel ect@hinBldrlhdn ARPb¥ AL HRUSONBE RIS ARG bhRofiBSY |p1h;,;ﬂglogica1 activity, and
gastrointestinal contractile novenents were observed. The

admi ni st ejtkét thadis, temARdskd prgtide compdumag ideantisdisdlow Rer@fyntigized. In
stomach and their propagation to the duodenum was defined as IMC, a
conpound asd&iomy adtivetreatilaswigyattickized asntht MIetenctufor oompaison Cotpavhitdre | t
i nduced I MC at a dose of 0.1lttg/kg. [0069] FIG 1 depicts patterns
for the fastpongdd Mand Achsovaligpsgotsent coppmendbhb4e s hedi thatfellowiagiapanaadid | | n
as well as conmpound 4 (Mri24) and conpound 6 (Mr140) were

i nt ravend®gqlidncgdim ni stered at a dose of 0. 14kg, and Table 2 shows the
results of checking native notilin and selected notilin derivatijve

compoundsiOPeP] tMNaveametity Phryal Reautls Ry ‘Haa Tyrily Gly ﬁﬁlltlf@ Afg Mgt &ln Glu Lys
conmoundsoh A Ash fap STuli ESIED M Shown in FIG 1. the gastric
(at " the: poi nt i ropPRAEGmaER 1y TrOa R Vol TR ST IR BTG
antrum - cra G R 8 GIERCLR Alulag® AR Gy RSP OIS 807, L' P
gastric antrum c&ﬁﬁ&iﬂﬂw&r@p@gﬁg Qt()(wfﬂs%q:fhe?mtﬁro 2 PReMtH: 95 GWEM Leu Gln

conpound 4 (Mri124)"and co MI140) were adm nistered

i Nt ravenoNsd Met GRNGIALYd GRSARCAH LRIGIGRNSESAMENDavern as descri bed
above for the adm nistration of native notilin. As is also clear from

FIG 1 and Tabl €@pouidtl MTH93)aPhe/ Ealrbillei Fhealhd Tyo Gipp GhvlLdu GMIAZAMet Gln
and conpound 6 (Mr140) but also any other notilin derivative
conpoundsGhf Lysh@luphesent LysRrertlndBEQADUEOd3f,asting IMC simlar to
spontaneous I MC and its intensity was al nost conparable to that of

| MC i nduced by €ompertd 2/eMEbi4)H P%e. VaORyadie I[frﬁélﬁilrgl}j)zzplyréiﬂn bewpGlirAsg LeigGln
| MC I nducing Activity in Dogs Adninistered Intravenously with Native
Motilin a@te Mt Gludyrendsy L Frodain CORRIINIONA e Dose(ji g/ kg) | MC

nducing activity ound3 (MT116): Phe Val Pro Tle Phe Thr Tyr Gly Asp Leu Gln Arg Leu Gin
Glu Lys Glu Arg Pro Lys Pro Gln (SEQ ID NO: 5);

Compound 4 (MT124): Phg(C#CH,) Val Pro Ile Phe Thr Tyr Gly Glu Leu Gin Arg
Leu Gin Glu Lys Glu Arg Pro Lys Pro Gln (SEQ ID NO: 6);

Compound 5 (MT126): Phg(C#CHo,) Val Sar lle Phe Thr Tyr Gly Glu Leu Gln Arg

Leu Gln Glu Lys Glu Arg Pro Lys Pro Gln (SEQ ID NO: 7);



Native motilin 0.1 Positive Conpar ative conpound 1 (13Leu-notilin)
0.1 Positive Conparative conpound 2 (Mr139) 0.1 Positive Conmpound 1
(Mroos) 0.1 Positive Conmpound 2 (Mri14) 0.1 Positive Conpound 3

(Mr116)
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Compound 6 (MT140): Phe*Val Pro Ile Phe Thr Tyr Gly Glu Leu Gln Arg Met Gln
Glu Lys Glu Arg Asn Lys Pro Gln (SEQ ID NO: 8);

Compound 7 (MT141): Phe*Val Pro Ile Phe Thr Tyr Gly Glu Leu Gln Arg Leu Gln
Glu Lys Glu Arg Asn Lys Pro Gln (SEQ ID NO: 9);

Compound 8 (MT107): Phe Val Pro Ile Phe Thr Tyr Gly Glu Leu Gln Arg Met Gln
Glu Lys Glu Arg Pro Lys Pro Gln (SEQ ID NO: 10);

Compound 9 (MT115): Phe Val Pro Ile Phe Thr Tyr Gly Glu Leu Gln Arg Leu Gln
Glu Lys Glu Arg Pro Lys Pro Gln (SEQ ID NO: 11);

Compound 10 (M125): Phg(C#CH,) Val Sar lle Phe Thr Tyr Gly Glu Leu Gln Arg
Met Gin Glu Lys Glu Arg Pro Lys Pro GIn (SEQ ID NO: 12);

Compound 11 (MT128): Ac-Nal Val Pro Ile Phe Thr Tyr Gly Glu Leu GIn Arg Met
Gln Glu Lys Glu Arg Asn Lys Pro Gin (SEQ ID NO: 13);

Compound 12 (MT154): Phe*Val Pro Ile Phe Thr Tyr Gly Asp Leu Gin Arg Leu
Gln Glu Lys Glu Arg Pro Lys Pro Gln (SEQ ID NO: 14);

Compound 13 (MT155): Phe*Val Pro Ile Phe Thr Tyr Gly Asp Leu Gln Arg Met
Gln Glu Lys Glu Arg Pro Lys Pro Gln (SEQ ID NO: 15).
[0051] If the -psi[CH,NH]- bond is used as the bond between the first amino acid
(corresponding to X1) and Val is used in any of the compounds identified above, the bond is
represented by the asterisk (*).
[0052] To extend the peptide chain, a peptide synthesizer (433A, product of Applied
Biosystems) was mainly used and a protected peptide derivative/resin was constructed by the
Fmoc method and a2 Boc-amino acid was finally introduced at the N terminal end. The
resulting protected peptide resin was deprotected with trifluoroacetic acid (TFA) or diluted
TFA containing various scavengers and the liberated peptide was subjected to a purification
procedure. By reverse-phase HPLC using a C18 column, both purification and purity check
were performed; then, structure was verified by mass analysis.
[0053] The peptide compounds of the present invention can be synthesized by ordinary

peptide synthesis methods; as typical examples, syntheses of compound 1 (MT095) and



0.1 Positive e Conpound 4 (Mri24) 0.1 Positive Conmpound 5 (MI126)
0.1 Positive Conmpound 6 (Mr140) 0.1 Positive Conpound 7 (Mri41l) 0.1
Posi tive Conpound 8 (Mri07) 0.1
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compound 6 (MT140) are described below.
[0054] Example 1: Synthesis of Compound 1 (MTQ95)

This example was conducted with a view to synthesizing compound 1 (MT095, SEQ
ID NO: 3) chemically.
[0055] An Fmoc-Gin(Trt)-Alko resin (product of WATANABE CHEMICAL; 47.6 mg,
0.03 mmol) was treated with 20% piperazine for 20 minutes and then introduction of Fmoc-
amino acids by means of HBTU/HOBt and Fmoc removal by means of piperazine were
repeated, starting from the C terminal end of SEQ ID NO: 3 in a sequential manner to thereby
construct an Fmoc-peptide-resin. Finally, Boc-Phe-OH was introduced by means of
DCC/HOB! and to the resulting protected peptide resin, a deprotecting reagent (5.0 mL)
containing not only 90% trifluoroacetic acid but also phenol, water and TIPS was added and
the mixture was stirred for 2 hours at room temperature. The resin was filtered off and the
filtrate was concentrated; thereafter, ether was added to the residue to form a precipitate, The
precipitate was recovered by filtration and dried to give about 30 mg of a crude peptide
product.
[0056] The crude peptide product was dissolved in 1.0 mL of 1 N acetic acid and after
loading the solution on an Inertsil PREP ODS column (020 mmx250 mm; product of GL
Sciences, Inc.), elution was conducted at a linear gradient of 0% to 50% acetonitrile in 0.1%
trifluoroacetic acid for 50 minutes (flow rate: 10 mL/min). With UV (220 nm) monitoring,
the desired fractions were sorted to recover and freeze-dried to give about 5.0 mg of the end
product,
[0057] The obtained end product was loaded on an Inertsil PREP ODS column
(4.6 mmx250 mm; product of GL Sciences, Inc.), elution was conducted at a linear gradient
of 5% to 65% acetonitrile in 0.1% trifluoroacetic acid for 30 minutes (flow rate: 1.5 mL/min).
By UV (220 nm) monitoring, the purity of the end product was measured.
[0058] The obtained end product was subjected to MALDI TOF-MS (Daltonics BIFLEX
111, product of Bruker) for verification of its molecular weight and to an amino acid analysis

(consisting of treatment in 6 N-HCI at 110 °C for 24 hours until the product was hydrolyzed



Posi tive Compound 9 (Mr115) 0.1 Positive Conmpound 10 (Mri2s5) 0.1
Positive - 27 - [0071] Fromthese results, it becanme clear that all
conpounds that were prepared in Exanples 1 and 2 had the sane |evel
of fasting IMC inducing activity as native notilin. [0072]

Conpar ative Exanple 1: Pharnmacokinetic_kxperinment on Intravenously
Adm ni stered Native Motilin in Rats Native notilin was

adm ni stered intravenously to rats and its plasma | evels were
nmeasur ed.to podmcidsnwhiphevwe sespeniivalysuaaiifieshbywd BLp ¢ iof varie theapeptida epntent.
that had a pol yet hyl ene tube (PESO_ product of C ay Adans) .

prel i mi na¥iegsyred yahietdean My DE QEM&E@S-B&(&WIBHAEL P2 )a Py fom 7.
wk old male SD.rats urchased from RLLES Rl VER |.AB TORI ES JAPAN,
NG ) "t el B 076 e e graons by 4BRp 9 BILH 00 6876 ¢ he

foll ow n erj nent . tive ilin w I | ved in a 5% manni t ol
sol ut i on%@%’gr M&P@%ﬁ;@go%ﬁé ﬁ%*?}. on of 100 p.g/nL and

this solution s adm ni stere dose o

h T f 1 /
L ouen the ta it SRMaR ShebdidutBa §RBR gk 18 ka3 Smrufis figo, sEQ
bei : . Bef dm nistrati d1, 3, 5, 10, 20,
30 and 600 RE REeBFY )i’ ni ot rati on. bl ood was sampi ed thfough the
| t hyl t i i X
pol yet hy J@@@JOZQ?FS afﬁggg{m@q?!me r&ﬂ?@ﬁ@dﬁ%{éﬂwﬂﬁzﬁmd@ﬁﬁﬁﬂlcﬁ, 5ﬁ.§t1%%,y

coll ecte 0% EDTA 2Na 2H20 sol ution was | mmedi

added at ¥R hakdaRe it 208 3ipRsLihdRr ROASAB VAR S8R MiRUEEidWof Fmoc-
centrifugation. The plasma was inmmediately m xed with a 5,000 |IU nL

apr ot i ni ninEAd UEiHOPy feads MHBTE/HEBt MdFmde dhFabBieaRhi pliperdhcGrere
until use in measurenent. [0075] Measurenent of the plasm

concent r atpearcdoftanilifican BRLC tdrmindhsnCOFBEQ TBANOY8 inhesegadhitial nahime as gayeby
(RIA) technique using an anti-notilin antibody. Stated nore

speci f i calohstrucafin Emoagdpide-mninaRinayddad-Phe aAdehyldodys inradhesddiyaseas of
sanple, [1251 Tyr7] notilin was added for a conpetitive reaction to

t ake pl acediuBycwunpebydrobpraeHictacetc afid andtedbathanljing pratecierlpeptide resin, a
motilin binding to the anti-potilin antibody was precipitated and

after s egk@paﬁwz@gﬁme%ué& by §oRtaningaof aply gﬁgfq frifjupgpagefiq aeid but also phenol,

Per ki Nl R pB T e st e B S CH B Bh7OPE PRRCiafure. The
i idin i I j epi d in FI F i file,

the B?ag"ﬁtaéle sfhs efaitnd o FRRC HEF b ekt qnorhasteh Al Sl afoad Bue

- 28 - . At . i , ed.. . )

ohar macon et B Bk AMEEANEAL. (AT brechibele W BoSRIEM AhuBP and dried fa give

AUC b_y tha%OE{ﬂp&é@gq%}udge};eggge()%{gg?ﬁyal ues of CO and AUC that resulted

fromintravenous~adm ni strat| native notilin at a dose of 100

Rg/ kg werigo6g! Crileahdt $rodi® whé AssMtdin BOhISHOBNNRetidhdid Bhd after loading the

respectively.
solution on an Inertsil PREP ODS column (920 mmx250 mm; product of GL Sciences Inc.),

elution was conducted at a linear gradient of 0% to 50% acetonitrile in 0.1% trifluoroacetic
acid for 50 minutes (flow rate: 10 mL/min). With UV (220 nm) monitoring, the desired
fractions were recovered and freeze-dried to give about 5.0 mg of the end product.

[0062] The obtained end product was loaded on an Inertsil PREP ODS columan

(©4.6 mmx250 mm; product of GL. Sciences Inc.), elution was conducted at a linear gradient
of 5% to 65% acetonitrile in 0.1% trifluoroacetic acid for 30 minutes (flow rate: 1.5 mI/min).
By UV (220 nm) monitoring, the purity of the end product was measured.

[0063] The obtained end product was subjected to MALDI TOF-MS (Daltonics BIFLEX

111, product of Bruker) for verification of its molecular weight. Measured value from



[0077] Exanpl e 4: Pharmacol dnetic Experinent on pul nonarily
Adm ni stered Native Mdttilin and Mtilin Derivative Conpounds in Rats
This exanpl e was conducted with a view to nmeasuring by RIA the
changes that occurred in rats in terns of the plasm concentrations
of pulnonarily adm nistered native nnt[%%n and notilin derivative
conpounds. Wien the RIA technique is appfied, all substances that
react with the anti-notilin antibody are detected, so aside from

unal t er edMAGIHSTORMSIBGRS 046 (thentetiqab 2R 5 @psttwrithisommnplytienl HitlC:8s150;

i kely to be detected. Thus, after pul nonary adm nistration of native
notilin :mati%@qqt@mbww%am@w&r%%@ﬁa&mmo rats, the collected

pl asma was _fr.actiqgnated by HPLC and t

) e i ological actjyity in
each fradPPet Vewsipalasisriudayss: %ﬁfﬁﬁg{tﬁ&ﬂé% @W@OW@&&%@ ’ﬁé&n@? NG
with the anti body. in an unaltered far i.C 1 e
Ul £ abi 11505 GrREH B A semamares SuTapng fand B6STREd IR Rl ides
in plasma_concentration.. [0 . be. nore,speci L | yet. ene._..
Lube ( PETSTEROEY e Phiduerh, Phis M PAGEERE 1SRATL G 0 Jofier R R
7-wk old raf S f CHARLES RI VER LABORATORI ES
JAPAN, | N& e? aﬁg?tﬁ%‘réﬁ%%w%"?‘n%oa%gdc%%hd 2 (MT114) was dissol ved in
an aqueogpog lution of 0.1 N acetic acid to prepare a solution at a
concentratiron of 1 ng/nL and 25 !'lIL of the solution was adm ni stered
into the polyethylene tube through the trachea by neans of an
intratracheal |iquid spraying device (McroSprayer; product of Penn
Century). Five mnutes after the adm nistration, blood was sanpl ed
t hrough t he abdom nal aorta and treated as in Conparative Exanple 1
to separate plasma. After pretreatnment with a Sep-Pak Cl18 cartridge
(product of Waters), the plasma was fractionated by being injected
into HPLC (LC 10A; product of Shimadzu Corporation) equi pped with
Cosnosi| 5C18 col unm (product of nacal ai tesque). For each sanple, an
el uate was sanpled at one-mnute intervals fromjust after the sanple
injection to a 40-mnute after sanple injection and the i munol ogi cal
- 29 - activity in each fraction was neasured by RI_A As a result,
in each of the plasma sanpl es, an i munol ogical activity peak was
detected only at the elution point corresponding to the adm nistered
conpound (in unaltered form and no other peaks were observed. Since
these results suggest that the conpound detected in plasna after
pul nonary adm ni stration was in an unaltered formwith a very small
|'i keli hood for the presence of netabolites, the R A technique was
shown to be suitable as an assay nmethod for use in the exanple under
consideration. [0079] Pul nonary adm nistration of sanples was al so
performed as descri bed above using rats that had a pol yet hyl ene tube
prelimnarily inserted into the fenoral artery. As test animals, 7-
to 10-wk old male SD rats (purchased from CHARLES Rl VER LABORATORI ES
JAPAN, INC.) that consisted of 3 rats per a group were subjected to
the follow ng experinent. Native notilin or notilin derivative
conpounds were dissolved in an aqueous solution of 0.1 N acetic acid
to prepare a solution at a concentration of 1 ng/nL and 25 p.1 , of
the solution was adm ni stered into the pol yethyl ene tube through the
trachea by nmeans of an intratracheal |iquid spraying device
(M croSprayer; product of Penn Century). Before adm nistration and 5,
10, 20, 30 and 60 mnutes after adm nistration, blood was sanpl ed
t hrough the pol yethyl ene tube inserted into the fenoral artery. The
col |l ected bl ood sanple was treated as in Conparative Exanple 1 to
separate plasma and the concentrations of native notilin and notilin
derivative conpounds in plasma were neasured by RIA. In the
measurenment, the respective derivatives were used as standard

)




Tabl e 3. Pharmacoki netic Parameters of Pul nonarily Adm nistered
Native Motilin and Motilin Derivative Conpounds in Rats Conpound nane
Dose Cnmax (ng/nmL) AUC (ng mn/nm) BA (%9 (p.g/rat) (j.tg/kQg)

Native notilin 25 80.72.6 7.840.98 94.95.7
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[Table 1]
Table 1: MS Values and Peptide Contents of Compounds
Peptide content (%) | Measured
Compo:nd Structure (Amino acid MS values
nam analysis) (Theoretical)
Native FVPIFTYGELQRMQEKERNKGQ 88.6 2698.382
motilin (SEQ ID NO: 1) : (2699.1)
Comparative
FVPIFTYGELQRLQEKERNKGQ 2680.432
compound 1 . 73.1
(BLeu-motilin) (SEQ ID NO: 16) (2681.0)
Comparative
F*VPIFTYGELQRMQEKERNKGQ 2683.998
compound 2 ) 71.8
(MT139) {(SEQ ID NO: 17) (2685.1)
Compound 1 FVPIFTYGELQRMQEKERNKPQ 64.3 2738.718
(MT095) (SEQ ID NO: 3) ’ (2739.2)
Compound 2 FVPIFTYGELQRLQEKERNKPQ 75.8 2720.544
(MT114) (SEQ ID NO: 4) ' (2721.1)
Compound 3 FVPIFTYGDLQRLQEKERPKPQ 76.8 2689.574
(MT116) (SEQ ID NO: 5) ) {2690.1)
Compound 4 | Phg(C#CH,)-VPIFTYGELQRLQEKERPKPQ 757 2703.920
(MT124) (SEQ ID NO: 6) . (2704.1)
Compound 5 Phg(C#CH,)-V-Sar- 583 2677.60
(MT126) | IFTYGELQRLQEKERPKPQ (SEQ ID NO: 7) : (2677.0)
Compound 6 F*VPIFTYGELQRMQEKERNKPQ 0.7 2725.040
(MT140) (SEQ ID NO: 8) ; (2725.2)
Compound 7 F*VPIFTYGELQRLQEKERNKPQ 70.3 2706.980
(MT141) (SEQ ID NOG: 9) ) (2707.1)
Compound 8 FVPIFTYGELQRMQEKERPKPQ B 2721.272
(MT107) (SEQ ID NO: 10) (2722.2)
Compound 9 FVPIFTYGELQRLQEKERPKPQ i 2703.463
(MT115) (SEQ ID NO: 11) (2704.1)
Compound 10 Phg(C#CH,)-V-Sar- i 2695.845
(MT125) | IFTYGELQRMQEKERPKPQ (SEQ ID NO: 12) (2695.1)
Compound 11 | Ac-Nal-VPIFTYGELQRMQEKERNKPQ ) 2830.62
(MT128) (SEQ ID NO: 13) (2831.2)
Compound 12 F*VPIFTYGDLQRLQEKERPKPQ i 2676.598
(MT154) (SEQ ID NO: 14) (2676.1)
Compound 13 F*VPIFTYGDLQRMQEKERPKPQ i 2693.923
(MT155) (SEQ ID NO: 15) (2694.2)

Notes: Amino acid content was not measured for compounds 8-13. The asterisk (*) in the
structures of comparative compound 2 as well as compounds 6, 7, 12 and 13 indicates that

the bond between adjacent amino acids is a -psi{ CH2NH]- bond.



3.30. 1 Conpar ative conpound 1 (13Leu-notilin) 25 62.50.0 4.532. 86
63.336.6 2.81.6 Conparative conmpound 2 (Mr139) 25 81.63.0 9.303.09
118.641.0 4.11.6 Conpound 1 (MI095) 25 62.62.6

_925.

[0066] Example 3: Measurement of Fasting IMC Inducing Activity

This example was conducted with a view to measuring the fasting IMC inducing
activity in the dog’s body of the compounds prepared by the methods described in Examples
1 and 2.

[0067] In accordance with the method of ITOH et al. (Zen Itoh et al, Gastroenterologia
Japonica 12; 275-283, 1977), the fasting IMC inducing activity of the compounds was
evaluated by measuring the contractile movement of a conscious dog’s gastrointestinal tract
to which force transducers had been sutured. More specifically, dogs under anesthesia were
subjected to a surgical operation in which force transducers were sutured to the serous
membranes of the gastric antrum, duodenusm, jejunum and ileum along the ring-shaped
muscle and, thereafter, the strain from each transducer was sent to a recorder via an amplifier.
[0068] About 10 minutes after the end of spontaneous IMC in the fasting period

(10 minutes after strong contractions of the stomach), conscious dogs were rapidly injected
intravenously with 0.1 pg/kg of native motilin or selected motilin derivative compounds and
the resulting gastrointestinal contractile movements were observed. The administered test
compounds induced strong contractions of the stomach and their propagation to the
duodenum was defined as IMC; a compound was evaluated as “positive in IMC inducing
activity” when it induced IMC at a dose of 0.1pg/kg.

[0069] FIG. 1 depicts patterns for the fasting IMC inducing activity as observed when
native motilin as well as compound 4 (MT124) and compound 6 (MT140) were
intravenously administered at a dose of 0.1pg/kg, and Table 2 shows the results of checking
native motilin and selected motilin derivative compounds for the fasting IMC inducing
activity. In FIG. 1, the arrows indicate the timing on which native motilin as well as
compounds 4 and 6 were administered. As shown in FIG. 1, the gastric antrum started to
contract when the native motilin was administered (at the point in time indicated by 1) and
the contraction continued for about 10 minutes. Immediately after its start in the gastric
antrum, the contraction propagated to the duodenum which, like the gastric antrum,

continued to contract for about 10 minutes. When compound 4 (MT124) and compound 6



9.090.53 119.315.0 5.30.6 Conpound 2 (Mr114) 25 92.73.4 26.6011. 30
350. 4146. 6 10.44.3 Conpound 3 (Mr116) 25 82.41.6 24.605.80 281.824.0
9.50.9 Conpound 4 (Mr124) 25 70.49.9
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(MT140) were administered intravenously, contractions occurred in the same pattern as
described above for the administration of native motilin. As is also clear from FIG. 1 and
Table 2, not only native motilin and compound 4 (MT124) and compound 6 (MT140) but
also any other motilin derivative compounds of the present invention induced fasting IMC
similar to spontaneous IMC and its intensity was almost comparable to that of IMC induced
by the native motilin.

[0070] [Table 2] |

Table 2: Fasting IMC Inducing Activity in Dogs Administered Intravenously with Native

Motilin and Motilin Derivatives

Compound name Dose (pgkg) IMC Inducing activity
Native motilin 0.1 ) Positive
cOm;Eg?_t;? I;gg;liﬂ;))und 1 0.1 Positive
Comparegi;!; ;;;I);pound 2 0.1 Positive
Czli\l‘g%l;r;c)i 1 0.1 Positive
Cc(JII\nde?;T:; 2 0.1 Positive
C‘E’;}%‘E‘g 3 0.1 Positive e
Cﬁzﬁgc;\;r:; 4 0.1 Positive
C‘:()le?rzl;;c)l S 0.1 Positive
Cc()};l/g(;l;f{l)(; 6 0.1 Positive
c?hn;%iic; 7 0.1 Positive
C((}I\HE*(:)LT)I;; 8 0.1 Positive
C(()I\n/l;}ilf;‘; 9 0.1 Positive
Co(r;f;ll-!;g)lo 0.1 Positive




14.618. 23 281.3201 7 11.07.2 Conpound 5 (Mr126) 25 86.20.0 14.817.78
175.390.7 5.72.9 Conpound 6 (Mr140) 25 92.73.4.34.2219.97 380.4191.5
11.56.1 Conpound 7 (Mr141) 25 83.54.7
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[0071} From these resuits, it became clear that all compounds that were prepared in
Examples 1 and 2 had the same level of fasting IMC inducing activity as native motilin.

[0072] Comparative Example 1: Pharmacokinetic Experiment on Intravenously

Administered Native Motilin in Rats

Native motilin was administered intravenously to rats and its plasma levels were
measured.
[0073] Intravenous administration was performed on rats that had a polyethylene tube (PE-
50; product of Clay Adams) preliminarily inserted into the femoral artery. As test animals, 7-
wk old male SD rats (purchased from CHARLES RIVER LABORATORIES JAPAN, INC.)
that consisted of 3 rats per a group were subjected to the following experiment. Native
motilin was dissolved in a 5% mannitol solution to prepare a solution at a concentration of
100 pg/mL and this solution was administered to each rat at a dose of 1 mI/kg through the
tail vein by means of a syringe and a 26G needle (both being products of TERUMO). Before
administration and 1, 3, 5, 10, 20, 30 and 60 minutes after administration, blood was sampled
through the polyethylene tube inserted into the femoral artery.
[0074] To the collected blood sample, a 10% EDTA *2Na* 2H,0 solution was immediately
-added at a volume ratio of 1:100 and the plasma was separated by centrifugation. The plasma
was immediately mixed with a 5,000 IU/mL aprotinin solution at a volume ratio of 1:10 and
stored at -80 °C until use in measurement.
[0075] Measurement of the plasma concentration of native motilin was conducted by the
radioimmunoassay (RIA) technique using an anti-motilin antibody. Stated more specifically,
after adding an anti-motilin antibody to the plasma sample, [***I-Tyr7] motilin was added for
a competitive reaction to take place. By subsequent addition of a secondary antibody, the
motilin binding to the anti-motilin antibody was precipitated and after separating the
supernatant, the radioactivity in the precipitating faction was measured with a y-counter
(product of PerkinElmer).
[0076] The obtained profile of the concentration of native motilin in plasma is depicted in

FIG. 2. From this profile, the plasma concentration at time zero (CO) and the area under curve



17.207.18 194.347.9 6.41.3 Conpound 9 (Mr115) 25 56.41.5 8.995. 99
115.564.2 5.73.1 Conpound 10 (Mr125) 25 89.30.0 6.101.50 189.525.5
5.90.8 Conpound 12 (Mr154) 25 83.65.6
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for plasma concentrations (AUC) were calculated as pharmacokinetic parameters; CO was
determined by extrapolation and AUC by the trapezoidal method. The values of C0O and AUC
that resulted from intravenous administration of native motilin at a dose of 100 pg/kg were

calculated to be 1797 ng/mL and 3598 ng ' min/mL, respectively.

[0077] Example 4: Pharmacokinetic Experiment on pulmonarily Administered Native

Motilin and Motilin Derivative Compounds in Rats

This example was conducted with a view to measuring by RIA the changes that
occurred in rats in terms of the plasma concentrations of pulmonarily administered native
motilin and motilin derivative compounds. When the RIA technique is applied, all substances
that react with the anti-motilin antibody are detected, so aside from unaltered forms,
metabolites that react with the antibody are also likely to be detected. Thus, after pulmonary
administration of native motilin and motilin derivative compounds into rats, the collected
plasma was fractionated by HPLC and the immunological activity in each fraction was
measured to demonstrate that the substance reacting with the antibody was in an unaltered
form, which verified the suitability of the RIA technique as a method to measure the changes
in plasma concentration.

[0078] To be more specific, a polyethylene tube (PE-240; product of Clay Adams) was
inserted into the trachea of 7-wk old male SD rats (purchased from CHARLES RIVER
LABORATORIES JAPAN, INC.); native motilin or compound 2 (MT114) was dissolved in
an aqueous solution of 0.1 N acetic acid to prepare a solution at a concentration of 1 mg/mL
and 25 uL of the solution was administered into the polyethylene tube through the trachea by
means of an intratracheal liquid spraying device (MicroSprayer; product of Penn Century).
Five minutes after the administration, blood was sampled through the abdominal aorta and
treated as in Comparative Example 1 to separate plasma. After pretreatment with a Sep-Pak
(18 cartridge (product of Waters), the plasma was fractionated by being injected into HPLC
(LC-10A; producf of Shimadzu Corporation) equipped with Cosmosil 5C18 column (product
of nacalai tesque). For each sample, an eluate was sampled at one-minute intervals from just

after the sample injection to a 40-minute after sample injection and the immunological



30. 0915. 79 565.3341.1 18.710. 7 Conpound 13 (Mris5) 25 91.51.9

18.4210.40 185.448.5 5.61.5 - 32 - [0084] As is clear fromthe data

shown in Table 3, the bioavailability (hereinafter abbreviated as BA)

of conmpound 1 (with proline substituted for glycine as the am no acid

at position 21 of native notilin; 21Prozpotilin; SEQ ID NO 3) was

5.3% upon pul nonary adm nistration to r% and this val ue was hi gher

than the BA which was achi eved by native m)ti | in upon pul nonary

admi ni st raativionin @cBIpcti@owponsasuzd(byi RIA. Peucicndt, subsshiof tegrasimr samples, an
met hi onine as the amno acid at position 13 of native notilin, and

wi th pr ol imieunplngieal ﬂ@ttvew peak wapdetodtedhorly it the ehrronpoi |carresz;>9n@ag to the
,21Pro-notilin; SEQ ID NO,6 4) had BA of 10.4% upon pul monar

admi ni st radmisisterss qoa‘zp@unfé(zﬁﬁwléfded f%%%ﬂf@wthéwqa &Wﬁfﬁ‘eﬁba@wvé Since these

conmpound 1 (3Leu- rm n SEQ I D NO .16) Further in add;tlon
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all bei ngCEx ]%g@g over the BA of native notilin (3.3%. Fromthese
results sor iI'lity upon pul nonary adm ni stration was found to

i mprove Vf@@’?g]p rlfﬂlﬂnﬂﬁa Wﬁmﬁﬂﬁﬁti‘oh Wk &g 108 Wﬁg"ﬁs@ ARG df’ﬁ: 19&'{5560&9 Nsing

21 of native notil nmotilin-11ke ‘peptide c npounds Thus,
when conpangs hhd 31%0 lett8leneMB@dd préfimBarWabdne@snidithd fetor sl Wit of
proline at position 21, 'were adm ni stered pulnonarily to rat's, the

ef fi ci encinihlsabsen piwlosidindle SDhetslipehrhdsbd m@cﬂhmnmmmmerrbr ane

i nproved so markedly (see Table 3) that the in vivo concentrations of
t he absorlh&BORNTORIES] A4, BitGWhat corsistadedfi3traisipeda gtouhivghe subljeyel o the
for a longer period than that of native notilin. [0086] Conparative
Exanpl e ZollPWagrapotiewt Netiapetiimenmothn erivative n@usdnyldﬂmaﬁi&toéreddn an
Native Mdtilin and Mdtilin Derivative Conpound in Monkeys

thi s examgueousrsgtutips okBtli Nizeetierrgidatorpseniars mseluiionait cpaceigaionplil mfreL and
adm ni stered i nt ravenously to_nonkeys and their plasma concentrations

ver e rr:sas%ﬁr lelet © F’G@B}P}K’Mﬂﬁ é@@%ﬂ?fﬁﬁ fo the. quj(?tlgdgzr{&épb?haommée trachea by
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separ at edmbasutepivnt,ithei@spdonine ddietipbasar 1sed ad st ddubkiindds Xe donstrnbt a
5,000 UL aprotinin solution at a volunme ratio of 1:10 and stored

at -80 C aahibidtionservies forelzsumirienthe pj3683¢vdiasur emrent of the plasma
concentrations of native notilin and the notilin derivative conpound
was condu®beel blhe prefileadoighemianma seengnirRions of eative metdinesi wgl arcompound 2
anti-notilin antibody. Stated nore specifically, after adding an

ant i - ot | (MRL ko ens seRmpewnd M B4 sfies primogary[administrapiop|arqgawn in Ris3. As
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had high peak levels, showing that those compounds could maintain higher in vivo

concentrations for a longer period than the native motilin.



[ 0090] The obtained profile of the concentration of native notilin in
plasma is depicted in FIG 4. Fromthe obtained profiles for the

pl asma concentrations of native notilin and the notilin derivative
conpound, the plasma concentration at tinme zero (CO and the area
under curve for plasnma concentrations ( ) were cal cul ated as

phar macoki neti c paraneters; CO was determ ned by extrapol ati on and
AUC by the trapezoidal nethod. The val ues of CO and AUC that resulted
from i nt fe0&oudn the rasis of thatpradilesofor nativieweotitiot o1 motilat daivdosecwfipa@ds in
fig/kg were calculated to be 233 ng/nL and 786 ng m n/ i,

respect i \pddsyna asrdtaited hydhatestspizsaribetl ebovsoapuairdun plasma R7Enigfien (Gmak)
926 ng mn/nL. [0091] Exanpl e 5: Pharmacokinetic Experinment on

| nt r anas &nfl yheratas wider evve fornlaspea camsentratignawtU %) weteidaloylated asyat i ve

Compound i n Monkeys Thi s exanpl e was conducted with view to
measur i nPhByRaRChinetie PHRBAES %W%ﬁd&tﬁ@&\tﬁi o ghscayed vafpes éP&ﬁLH?f by Hie

pl asma concentrations, of transnasally. adm pi st ative tilin_and
D ot 1 AraE i i e ase veloesyVoRroBay (I (0 s e dtiaces bV 6.
to 11-yea}ruol d mal e. cynonol gus nonkeys were used. Native notilin or
conpound " AKEEHILI R ystal i ne cel l ul ose were nixed at a ratio of

filled i nto etk eapsaroBsSRRAS BB T AR hicRTR SLLETRRG (e’

ri ght nasal Vi .8 hgpk : i ntranasal

admi ni st rat"ixgg' Rtl@% :%?/glc{%cqt 0 ulEf?étngE?%Iaﬁl ﬁ%%%%’tni ve Systens, Ltd.).
Bef ore admpjst H@Srei(ﬁg,kgrﬁllp@;mglgﬂy;,@mirggmﬁgg, 60, 120 and 180 m nutes
after adm ni stration, ood was Sanpl ed through the cephalic vein.
The col | ect gEARATINSRYPABCHRE - thinal Pkt SntdvehONRAERA kN &idnxEMaliee BotiBn
separate plasma and the concentrations of native notilin and the

moti | i n demogaimvelic Gp dosed gk gplntiatravenrencadiviaiitich dfnaiivAmadtitint he
measurenent, the respective derivatives were used as standard

subst ancg8082) clirgtharmacokmletib patainetercofi natise frotilid ane mmtibinmgrivdte egoapoands
| evel s. [0093] The profiles for the plasma concentrations of native
motilin eanelskoympouladle3 palPwi14) in the nonkeys after intranasal

adm nistration are shown in FIG 5. As is also clear fromFI G 5,
conpar ed [P8H the profile of notilin concentration in plasma after

i ntranasal admnistration of the native notilin to the nonkeys, the
pl asma concentration of conpound 2 (Mri114) after intranasal

adm nistration to the nonkeys had a high peak |l evel, showi ng that the
conpound could rmaintain a higher in vivo concentration for a |onger
period than the native notilin. [0094] On the basis of the profiles
for native notilin and the notilin derivative conpound in plasna as
obtained by the tests described above, a nmaxi num pl asma concentration
(Crax) and the area under curve for plasma concentrations (AUC) were
cal cul ated as pharmacoki netic paraneters; Cnax was determ ned from
observed val ues and AUC by the trapezoi dal nethod. Using these

val ues, bioavailability (BA (%) was cal cul ated by the foll ow ng
equation: BA (% = [(AUC/ Dose) / (AUC (iv) / Dose (iv))] x 100 AUC
AUC (ng mn/m) after intranasal adm nistration Dose: dose (itg/kg)
in intranasal admnistration AUC (iv): AUC (ng mn/nL) after

i ntravenous adm ni stration of each compound - 35 - Dose (iv): dose
(gg/kg) in intravenous adm nistration of each conpound. [0095] The
phar macoki neti c paraneters of native notilin and the notilin
derivative conpound are shown in Table 4 below. [0096] [Table 4]

Tabl e 4: Pharmacoki netic Parameters of Intranasally Adm nistered
Native Motilin and A Motilin Derivative Conpound in Monkeys (Mean for
N=1-2) Conpound nane Dose




Cmax (ng/mL) AUC (ngmin/mi) BA (% (gg/ nmonkey) (pg/kg)
notilin 523 85.0 13.6 241 3.6 Compound 2 (Mr114) 540

Nati ve
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[Table 3]

Table 3: Pharmacokinetic Parameters of Pulmonarily Administered Native Motilin

and Motilin Derivative Compounds in Rats

Compound name Dose Cmax AUC BA
(ngrat) | (ugkg) | (gml) | (gminml)| (%)
Native motilin 25 80.7£2.6 7.84+0.98 094.9+5.7 3.320.1
Comparative
compound 1 25 62.520.0 4.53+2.86 63.3£36.6 2.8%1.6
(®Leu-motilin)
Comparative
compound 2 25 81.6+3.0 9.30+3.09 118.6x41.0 4.1%1.6
(MT139)
Compound 1
25 62.6%2.6 5.09+0.53 119.3%15.0 5.320.6
(MT095)
Compound 2
25 92,7+3.4 | 26.60+11.30 | 350.4x146.6 10.4+4.3
(MT114)
Compound 3
25 82.4+1.6 | 24.60x5.80 281.8+24.0 9.5+0.9
(MT116)
Compound 4
25 70.4x£9.9 | 14.61+8.23 | 281.3x201.7 11.0£7.2
(MT124)
Compound 5
25 86.2+0.0 | 14.81x7.78 175.3£90.7 57429
(MT126)
Compound 6
25 92.7+3.4 | 34.22x19.97 @ 380.4+191.5 11.5%6.1
(MT140)
Compound 7
25 83.5%4.7 | 17.20+7.18 194.3£47.9 6.4£1.3
(MT141)
Compound 9
25 56.4+1.5 8.99+5.99 115.5x64.2 5.7%3.1
(MT115)
Compound 10
25 89.3x0.0 6.10%1.50 189.5£25.5 5.9+0.8
(MT125)
Compound 12
25 83.6x5.6 | 30.09%15.79 | 565.3%£341.1 18.7+10.7
(MT154)
Compound 13
25 91.5x1.9 | 18.42%10.40 | 185.4%48.5 5.6x1.5
(MT155)




80.6 23.5 361 5.1 [0097] As is clear fromthe data shown in Table 4,
t he bioavailability (hereinafter abbreviated as BA) of conpound 2 was
5.1% upon intranasal adm nistration to nonkeys and this val ue was

hi gher than the BA which was achi eved by native notilin upon

i ntranasal admnistration (3.6%. Thus,ﬁ%hen conpound 2 or a notilin
derivative with a substitution of proline at position 21 was

adm ni stered intranasally to nonkeys, the efficiency of absorption
into the[00%M tAwiscoghr from theidaa shavenio Babée 3.1t bivecdhilgbilitpihlerediaftet hat
the in vivo concentration of the absorbed conpound was shown to be
mai nt ai nebbrviatedrsdiey ofl compoundt (with prijiae splestitwier fors ghycitsas tiof amiapiagid at
motilin. | NDUSTRI AL APPLI CABLLITY [_0_098% The 5r esent _invention

rel ates tositigpeail ofpetive motilinke Esepqtdia; e5RJSUNES 3) wied-A%tunop puimenary
pepti de conpounds of the present invention o ar eutical l ]
accept abldmiRFFaHane rEs AL ENEYAYG Wag hl&léefdgaa tﬁﬂ%% whieh mas aflbeyed fynative

SRR SIS T S AT LR
et onal. SRR UL 4S50 g5 150 bRl L higF S8Rl o
GRSt O et Bl Y)Y RS0 55 Y ADEH 99pn

as functi LA (i L i 2 Wﬁ,

refl ux di@ggé%%;y?%ﬁ%ﬁﬁhg%%\j\%’ bgﬁgﬁ@%ﬁﬁnﬁm{%ﬁés igrr?gﬁgbac er!da]]
over gr oWy, o\ CRLATR;SHIS 80 N 0153 (2.8%) ] MtheP A AdtdnC cdrhtdd 6QtEATILNH]-

i di opathic intestinal pseudo-obstruction, and post-operative il eus.

The convesnid0HBto-ReRkh;ERQ IING:8) had BA 61 Bl.5%cpu bilghdhaty adenifBtrhtidn) a
have been applicable only by direct intravenous injection but the
conpoundsnarked hepiovasanoveinsoaniaraive campbend? (ipsil SHaWH P motiting SEQ ID NO: 17)
transnmucosal and ot her non-intravenous routes and can reduce the

bur den on(4p&t). Enswsnmiyecehprads 1 HE vlriels wate motilenddrativéstveitlsa sylstitution of
industrial utility over the prior art. SEQUENCE LI STI NG FREE TEXT .

[ 0099] SHaplim N@osition 1 hhe Banvaleesad iSeh-5&dtre A ciag impregpd aperith BA of native
[0100] SEQ ID NO 2 .is the am no acid sequence of a notilin anal og,
[0101] sSEovtilin {33%3 Framithgse sepule aheqraetibquipge subronephibuintstrationrediopnd
[0102] SEQ.ID NO 4 is the am po.acid sequence of conpou Mrii4).,
[0103] SRS MBRNEemisSokmigva Ry s B femea <Ot ORDOhAG o5 MNP Flagin or
[0104] SEQ LD NO 6.is the anmino acid sequence of conpound 4 (Mr124).

[ 0105] Sé%ﬁlﬁ't%pepngcf)ﬂl@mééﬂsho aci d sequence of compound 5 (MT126).

[0107] SEPHE ngrsovhd (P ARRE 3L 6 AAHTRGR BB AN blfbl 3me

[0108] S NO: LS gl i i n . -
(Ma07) T ErospRRL ks SR RIAGLA PRAMANGE FeCRIBE RS rfton into the

9 (Mr1 15)bocinﬁr%Qgh @t LR erdRart eSindphéyv AT BRarR&d1 ¢ (526 TUBIB G t1dk the in vivo
conpound 107 (Mri25). [0111] SEQ ID NO 13 is the am no acid sequence

of conpougcdrraidiid @Bthe absdttad] cofpQuhdl Wede shdwh o bdm@aiuing] Adigher levels for a
sequence of conmpound 12 (Mr154). [0113] SEQ ID NG 15 is the am no

aci d sequengs pefiod drpohaidf hatidMidsly).. [0114] SEQ ID NO 16 is the

am no aci d sequence of conparative conpound 1 (13Leunotilin). [0115]
SEQ | D N(0084] i Sombazative Fxemple d: Banyma eokina ] t dn/mtrananensigd 2
(Mri39). SEQUENCE LI STING <110) DAI I CH_ SANKYO COVPANY, LIM TED
<120) Mot Adininisteied Nagive MitilinggnddvetdlinPerivg ive,Gomnouad inMonkessr babi | i ty

| nparted Thereto <130> FA1511- 10070 <150> JP 2000- 177107
In this example, native motilin and a motilin derivative compound were

q
A 5
2 2

administered intravenously to monkeys and their plasma concentrations were measured.
[0087] As test animals, 8- to 9-year old male cynomolgus monkeys (N = 1-2 per group)
were subjected to the following experiment. Native motilin and compound 2 were each

dissolved in a 5% mannitol solution to prepare solutions at a concentration of 100 pg/mL; the



<151> 2009-07-29 <160) 17 <170) Patentln version 3.1 <210> 1 <211> 22
<212> PRT <213> Honp sapi ens <400> 1 Phe Val Pro Ile Phe Thr Tyr Ay
GQu Leu Gn Arg Mt Gn Gu Lys 151015 Gu Arg Asn Lys Ay Gn 20
<210> 2 <211> 22 <212> PRT <213)Artificial <220> <223> Amino acid
sequence of Mdtilin honol ogues. <220> <§§1> MLSC FEATURE <222>(1)..

(1)

solutions were administered to the animals at a dose of 0.1 mL/kg through the right cephalic
vein by means of a syringe and a needle (both being products of TERUMO). Before
administration and 5, 10, 15, 20, 30 and 60 minutes after administration, blood was sampled
through the left cephalic vein.

[0088] To the collected sample, a 10% EDTA *2Na* 2H,0 solution was immediately added
at a volume ratio of 1:100 and the plasma was separated by centrifugation. The plasma was
immediately mixed with a 5,000 TU/mL aprotinin solution at a volume ratio of 1:10 and
stored at -80 °C until use in measurement.

[0089] Measurement of the plasma concentrations of native motilin and the motilin
derivative compound was conducted by the radioimmunoassay (RIA) technique using an
anti-motilin antibody. Stated more specifically, after adding an anti-motilin antibody to the
plasma sample, [ZI-Tyr7] motilin was added for a competitive reaction to take place. By
subsequent addition of a secondary antibody, the motilin binding to the anti-motilin antibody
was precipitated and after separating the supernatant, the radioactivity in the precipitating
faction was measured with a y-counter (product of PerkinElmer).

[0090] The obtained profile of the concentration of native motilin in plasma is depicted in
FIG. 4. From the obtained profiles for the plasma concentrations of native motilin and the
motilin derivative compound, the plasma concentration at time zero (CO) and the area under
curve for plasma concentrations (AUC) were calculated as pharmacokinetic parameters; CO
was determined by extrapolation and AUC by the trapezoidal method. The values of C0 and
AUC that resulted from intravenous administration of native motilin at a dose of 10 pg/kg
were calculated to be 233 ng/mL and 786 ng-min/mL, respectively, and the counterparts for
compound 2 were 273 ng/ml. and 926 ng*min/mL.

[0091] Example 5: Pharmacokinetic Experiment on Intranasally Administered Native

Motilin and A Motilin Derivative Compound in Monkeys

This example was conducted with a view to measuring by RIA the changes that
occurred in monkeys in terms of the plasma concentrations of transnasally administered

native motilin and a motilin derivative compound.



<223> an aromatic amino acid or a heter ocyclic aromatic am no acid
<220> <221> M SC_FEATURE <222>(3).. (3) <223> praline or sarcosine
(Sar or N-nethylglycine, MGLY) <220) <221) MLSC FEATURE <222) (9)..
(9) <223) aspartic acid or glutam c acid <220> <221> M SC_FEATURE
<222>(13).. (13) <223> nethionine or |eycine <220> <221) M SC_FEATURE
<222) (19).. (19) <223) proline or aspégggine <400> 2 Xaa Val Xaa lle
Phe Thr Tyr Ay Xaa Leu Gn Arg Xaa G n Gu Lys 51015 Qu Arg Xaa Lys
Pro G n [0092] Inthe experiment, 10- to 11-year old male cynomolgus monkeys were used. Native
motilin or compound 2 and microcrystalline cellulose were mixed at a ratio of 1:40 to prepare
intranasal preparations, 20-mg portions of which were filled into gelatin capsules. Each
capsule was administered into the right nasal cavity of each animal by means of an intranasal
administration device (product of Hitachi Automotive Systems, Ltd.). Before administration
and 5, 10, 15, 20, 30, 60, 120 and 180 minutes after administration, blood was sampled
through the cephalic vein. The collected blood sample was treated as in Comparative
Example 2 to separate plasma and the concentrations of native motilin and the motilin
derivative compound in plasma were measured by RIA. In the measurement, the respective
derivatives were used as standard substances to construct calibration curves for determining
the plasma levels.
[0093] The profiles for the plasma concentrations of native motilin and compound 2
(MT114) in the monkeys after intranasal administration are shown in FIG. 5. As is also clear
from FIG. 5, compared with the profile of motilin concentration in plasma after intranasal
administration of the native motilin to the monkeys, the plasma concentration of compound 2
(MT114) after intranasal administration to the monkeys had a high peak level, showing that
the compound could maintain a higher in vivo concentration for a longer period than the
native motilin.
[0094] On the basis of the profiles for native motilin and the motilin derivative compound
in plasma as obtained by the tests described above, a maximum plasma concentration (Cmax)
and the area under curve for plasma concentrations (AUC) were calculated as
pharmacokinetic parameters; Cmax was determined from observed values and AUC by the
trapezoidal method. Using these values, bioavailability (BA (%)) was calculated by the
following equation:
BA (%) = [(AUC/Dose) / (AUC (iv) / Dose (iv))] x 100
AUC: AUC (ng-min/mL) after intranasal administration

Dose: dose (ug/kg) in intranasal administration

AUC (iv): AUC (ng-min/mL) after intravenous administration of each compound



20 2 <210> 3 <211> 22 <212> PRT <213> Artificial <220> <223> Anino
acid sequence of Conpound 1 (Mro95). <400> 3 Phe Val Pro Ile Phe Thr

Tyr

Gy Qu Leu Gn Arg Mt Gn Qu Lys 151015 Au Arg Asn Lys Pro

G n 20 <210> 4 <211> 22 <212> PRT <213> Artificial <220> <223> Ani no
aci d sequence of Conpound 2 (Mri14). <4§)§> 4 Phe Val Pro Ile Phe Thr

Tyr Ay Qu Leu Gn Arg Leu Gn Gu Lys

G n

51015 Qu Arg Asn Lys Pro
Dose (iv): dose (ug/kg) in intravenous administration of each compound.
[0095] The pharmacokinetic parameters of native motilin and the motilin derivative
compound are shown in Table 4 below.
[0096] [Table 4]
Table 4: Pharmacokinetic Parameters of Intranasally Administered Native Motilin

and A Motilin Derivative Compound in Monkeys (Mean for N=1-2)

Compound name Dose Cmax AUC BA
(ng/monkey) | (ng/kg) (ng/mL) | (ng*min/mL) (%)
Native motilin 523 85.0 13.6 241 3.6
Compound 2
540 80.6 23.5 361 51
(MT114)

[0097] As is clear from the data shown in Table 4, the bioavailability (hereinafter
abbreviated as BA) of compound 2 was 5.1% upon intranasal administration to monkeys and
this value was higher than the BA which was achieved by native motilin upon intranasal
administration (3.6%). Thus, when compound 2 or a motilin derivative with a substitution of
proline at position 21 was administered intranasally to monkeys, the efficiency of absorption
into the body through the mucous membrane improved so markedly that the in vive
conceniration of the absorbed compound was shown to be maintained at a higher level for a
longer period than that of native motilin.

INDUSTRIAL APPLICABILITY

[0098] The present invention relates to novel motilin-like peptide compounds. The motilin-
like peptide compounds of the present invention or pharmaceutically acceptable salts thereof
have effective gastrointestinal motility stimulating activity and higher absorbability upon
transmucosal administration, so they can be used to treat diseases caused by functional

abnormalities in the gastrointestinal tract (for example, conditions characterized by a drop in



20 <210> 5 <211> 22 <212> PRT <213> Artificial <220> <223> Ami no acid
sequence of Conpound 3 (Mr116). <400> 5 Phe Val Pro Ile Phe Thr Tyr
Gy Asp Leu @ n Arg Leu @ n Qu Lys 151015 Qu Arg Pro Lys Pro G n 20
<210> 6 <211> 22 <212> PRT <213> Artificial <220> <223> Am no acid
sequence of Conpound 4 (Mr124). <220> <§021> MLSCFEATURE <222>

(1).. (1) e

the baseline of gastrointestinal motility activity.) Diseases caused by functional abnormalities
in the gastrointestinal tract include conditions such as functional dyspepsia, diabetic
gastroparesis, gastro-esophageal reflux disease, irritable bowel syndrome, small intestinal
bacterial overgrowth, colonic pseudo-obstruction, paralytic ileus, chronic idiopathic intestinal
pseudo-obstruction, and post-operative ileus. The conventional peptidic motilin agonists
including native motilin have been applicable only by direct intravenous injection but the
compounds of the present invention can be administeréd via transmucosal and other non-
intravenous routes and can reduce the burden on patients. Therefore, the present invention
offers great industrial utility over the prior art.

SEQUENCE LISTING FREE TEXT

[0099] SEQID NO: 1 is the amino acid sequence of human motilin.

[0100] SEQ ID NO: 2 is the amino acid sequence of a motilin analog.

[0101] SEQ ID NO: 3 is the amino acid sequence of compound 1 (MT095).

[0102] SEQID NO: 4 is the amino acid sequence of compound 2 (MT114).

[0103] SEQ ID NO: 5 is the amino acid sequence of compound 3 (MT116).

[0104] SEQ ID NO: 6 is the amino acid sequence of compound 4 (MT124).

[0105] SEQ ID NO: 7 is the amino acid sequence of compound 5 (MT126).

[0106] SEQ ID NO: 8 is the amino acid sequence of compound 6 (MT140).

[0107] SEQ ID NO: 9 is the amino acid sequence of compound 7 (MT141).

[0108] SEQ ID NO: 10 is the amino acid sequence of compound 8 (MT107).

[0109] SEQ ID NO: 11 is the amino acid sequence of compound 9 (MT115).

[0110] SEQ ID NO: 12 is the amino acid sequence of compound 10 (MT125).

[0111] SEQID NO: 13 is the amino acid sequence of compound 11 (MT128).

[0112] SEQ ID NO: 14 is the amino acid sequence of compound 12 (MT154)}.

[0113] SEQ ID NO: 15 is the amino acid sequence of compound 13 (MT155).

[0114] SEQ ID NO: 16 is the amino acid sequence of comparative compound 1 (PLeu-
motilin).

[0115] SEQ ID NO: 17 is the amino acid sequence of comparative compound 2 (MT139).



<223> bet a- honophenyl gl yci ne (Phg(CdCH2)) <400> 6 Xaa Val Pro Ile Phe
Thr Tyr Ay Gu Leu Gn Arg Leu Gn Gu Lys 151015 3 Gu Arg Pro Lys
Pro Gn 20 <210> 7 <211> 22 <212> PRT <213> Artificial <220> <223>

Am no aci d sequence of Conmpound 5 (MI126). <220> <221> MLSC_FEATURE
<222>(1) (1) <223> betgyh Rﬂg@ylglycﬂne (Phg( C#CH2) ) <220> <221>
MLSC _FEATURE <222>(3).. ?g? <223> sarcosine (Sar or N-nethylglycine,
Med yJ10x4DOEH7 SAEA CRRMYXad!TEP e Phe Thr Tyr Ay Qu Leu Gn Arg Leu

Gn caiéd> LQG%iIEn—LEke Peptide Compound Having Transmucosal Absorbability Imparted Thereto
130> FA15171-10070

150> JP 2009-177107
151> 2009-07-29

{160> 17
{170> Patentln version 3.1

{2107 1

i1y 22

212> PRT

{213> Homo sapiens

400> 1

Phe Val Pro lle Phe Thr Tyr Gly Glu Leu Gin Arg Met Gln Glu Lys
1 5 10 15

Giu Arg Asn Lys Giy Gin
20

210> 2

211> 22

{212> PRT

{213> Artificial

<220

223> Amino acid sequence of Motilin homologues.

{2205
{221> MISC_FEATURE
ey (.. (D

223> an aromatic amino acid or a heterocyclic aromatic amino acid

£220>

€221> MISC_FEATURE

222> (3).. () _

€223> proline or sarcosine (Sar; or N-methylglycine, MeGly)

{2205

{221> WISC_FEATURE

222y (8)..(9)

223> aspartic acid or glutamic acid

{2203

{221> MWISC_FEATURE

2y .. 03

223> methionine or leucine

(220>

€221> MISC_FEATURE

222> (19)..(19)

€223> proline or asparagine

400> 2
Xaa Val Xaa [le Phe Thr Tyr Gly Xaa Leu Gln Arg Xaa Gin Glu Lys
i 5 10 15

Glu Arg Xaa Lys Pro Gin
20



151015 A u Arg Pro Lys Pro G n 20 <210> 8 <211> 22 <212> PRT <213>
Artificial <220> <223> Am no acid sequence of Conpound 6 (Mr140).
<400> 8 Phe Val Pro Ile Phe Thr Tyr Ay QQu Leu Gn Arg Met Gn Qu
Lys 151015 A u Arg Asn Lys Pro G n 20 <210> 9 <211> 22 <212> PRT
<213> Artificial <220> <223> Amino aci’d sequence of Conpound 7
(Mr141). <400> 9

3

{210

{21y 22

{212 PRT

213> Artificial

220>
€223> Amino acid sequence of Compound 1 (MT095).

<400> 13

Phe Val Pro Ile Phe Thr Tyr Gly Glu Leu Gln Arg Met Gin Glu Lys
1 5 10 15

Glu Arg Asn Lys Pro Gin
20

210> 4

211> 22

212> PRT

£213> Artificial

{220>
223> Amino acid sequence of Compound 2 (MT114).

400> 4

Phe Val Pro 1le Phe Thr Tyr Gly Glu Lew Gln Arg Leu Gin Glu Lys
i 5 10 15

Glu Arg Asn Lys Pro Gin
20

210> 5

1y 22

212> PRY

{213> Artificial

{220
{223> Amino acid sequence of Compound 3 (MT116).

<400> 5

Phe Va! Pro ile Phe Thr Tyr Gly Asp Leu Gin Arg Leu Gin Glu Lys
1 5 10 15

Giu Arg Pro Lys Pro Gln
20

{210y &

Q1 22

{212 PRT

{213> Artificial

{2207
223> MAmino acid sequence of Compound 4 (MT124).

{220

<221> MISC_FEATURE

a2zy (1)..(1)

(223> heta~homophenylglycine (Phg{C#CH2})

{400> 6

Xaa Val Pro |le Phe Thr Tyr Gly Glu Leu Gln Arg Leu GIn Glu Lys
1 5 10 15



Phe Val Pro Ile Phe Thr Tyr Gy GQu Leu Gn Arg Leu Gn Ju Lys
151015 Gu Arg Asn Lys Pro G n 20 <210> 10 <211> 22 <212> PRT <213>
Artificial 4 <223> Am no acid sequence of Conpound 8 (Mri107). <400>
10 Phe val Pro Ile Phe Thr Tyr Ay Qu Lev Gn Arg Met G n Gu Lys
151015 A u Arg Pro Lys Pro G n 20 <21 11 <211> 22 <212> PRT <213>
Arti fiefEIP eESdLe £923> Anino acid sequence of Conpound 9 (Mr115).
<400> 11 Phe Val Pro Ile Phe Thr Tyr Ay GQu Leu Gn Arg Leu Gn Qu
Lys %?%91; Gu Arg Pro Lys Pro G n 20

My 22
212> PRT
213> Artificial

{220
223> Amino acid sequence of Compound 5 (MT126).

{2200

221> WISC_FEATURE

ez (.. (1

(223> heta-homophenylglycine {Phg(C#CHZ))

{2205

<221> MISC_FEATURE

{2y (8)..(3)

223> sarcosine (Sar; or N-methyiglycine, MeGiy)

400> 7
Xaa Vai Xaa lle Phe Thr Tyr Gly Glu Leu Gin Arg Leu Gln Glu Lys
H 5 10 15

Glu Arg Pro Lys Pro Gin
20

210> 8

{211y 22

{212> PRT

213> Artificial

220>
{223> Amino acid sequence of Compound 6 (MT140).

400> 8
Phe Val Pro [le Phe Thr Tyr Gly Glu Leu Gin Arg Met Gin Glu Lys
1 5 10 15

Glu Arg Asn Lys Pra Gin
20

10> 9

L1y 22

<212y PRT

213> Artificial

220>
223> Amino acif sequence of Compound 7 (MT141).

400> 9
Phe Val Pro lie Phe Thr Tyr Gly Glu Leu Gln Arg Leu Gin Glu Lys
1 5 10 15

Glu Arg Asn Lys Pro Gin
20

210> 10
211> 22
212> PRT
{213 Artificial

220>



<210> 12 <211> 22 <212> PRT <213> Artificial <220> <223> Amino acid
sequence of Conmpound 10 (Mr125). <220> <221> MLSC FEATURE <222>(1).

(1) <223> beta- homophenyl gl yci ne (Phg(C9CH2)) <220> <221>

MLSC FEATURE <222>(3).. (3) <223> sarcosine (Sar; or N nethylglycine,
Med y 23>49m9ri: 12, Xaa \éa[’fix : pﬁ THr Tyr Ay Gu Leu Gn Arg Met
Gn 1510TE" e AP ys Pro Gn 20 <210> 13 <211> 22 <212>
PRT <2@3>ﬂArt|f|C|al <220> <223> Am no acid sequence of Conpound 11

(Mr]-?rf}?fg Val<PZgQFe Eﬁgggr%ng%!f%ﬁ-ryﬁﬁrg Met Gin ?]5” Lys

Glu Arg Pro Lys Pro Gin
20

210> 11

211> 22

212> PRT

{213 Artificial

{220)
223> Amino acid sequence of Compound 9 (MT115).

<400> 11

Phe VYal Pro Ile Phe Thr Tyr Giy Glu Leu Gln Arg Leu Gin Glu Lys
5 10 15

Glu Arg Pro Lys Pro Gin
20

210> 12

{211y 22

{212> PRT

213> Artificial

{2207
223> Amino acid sequence of Compound 10 (MT125).

{2205

221> MISC_FEATURE

222 (M. (D

<223> beta—homophenylglycine (Phg(C#CH2})

{2200

{221> MISC_FEATURE

{2225 (D)., (3)

<{223> sarcosine (8ar; or N-methylglycine, MeGly)

400> 12

Xaa Val Xaa lle Phe Thr Tyr Gly Glu Leu Gin Arg Met Gln Glu Lys
1 10 15

Glu Arg Pro Lys Pro Gin
20

210> 13
211y 22
{212> PRT
<213> Artificial

{2200
{223> Amino acid sequence of Compound 11 (MT128).

{2200

{221> MISC_FEATURE

22> (O..(M

€223> acetylnaphthylalanine {Ac-Nal)

<400> 13



<22§>(1).. (1) <223> acetyl napht hyl al anine (Ac-Nal) 5 Xaa Val Pro
Ire Phe Thr Tyr Ay Qu Leu Gn Arg Mt Gn Gu Lys 151015 Gu Arg
Asn Lys Pro G n 20 <210> 14 <211> 22 <212> PRT <213> Artificial <220>
<223> Anmino acid sequence of Conpound 12 (Mris54). <400> 14 Phe Val

Pro Ile Phe hr Aﬁ G n Au Lys 151015 G u
Arg RFo'd é” Lre £ ¥hr{ Tﬂbxlfqgml@ ?ﬁg %Zﬁ 12> PRT <213> Artificial
<220> <223> Anlno aci d sequence of Cbnpound 13 (Mris5). <400> 15 Phe
Val PGr“pmngAgn Eggepr;l'mn Tyr Ay Asp Leu Gn Arg Met Gn Ju Lys

<210> 14

211> 22

212> PRT

213> Artificial

220>
€223> Amino acid seguence of Compaund 12 (MT154).

<400> 14
Phe Val Pro 1le Phe Thr Tyr Giy Asp Leu GIn Arg Leu Gin Glu Lys
1 5 10 15

Gfiu Arg Pro Lys Pro Gin
20

210> 15

211y 22

212> PRT

213> Artificial

{2200
<{223> Amino acid sequence of Compound 13 (MT155).

<400> 15

Phe Val Pro |le Phe Thr Tyr Gly Asp Leu Gin Arg Mef Gln Glu Lys
1 5 10 15

Glu Arg Pro Lys Pro Gln
20

210> 16

211y 22

<212> PRT

213> Artificial

{220
{223> Amino acid sequence of Reference Compound 1 (13Leu-Motilin).

<400> 18

Phe Val Pro e Phe Thr Tyr Gly Glu Leu Gin Arg Leu Gin Gle Lys
1 10 15

Glu Arg Asn Lys Gly Gin
20

£210> 17

211> 22

{212> PRT

213> Artificial

{220
(223> Amino acid sequence of Reference Compound 2 (MT139).

<400> 17

Phe Val Pro Ite Phe Thr Tyr Gly Glu Leu GIn Arg Met Gia Glu Lys
1 5 10 15



151015 G u Arg Pro Lys Pro G n 20 <210> 16 <211> 22 <212> PRT <213>
Artificial <220> <223> Am no aci d sequence of Reference Conpound 1
(13Leu-Motilin). <400> 16 Phe Val Pro Ile Phe Thr Tyr Ay Qu Leu G n
Arg Leu Gn Gu Lys 151015 Gu Arg Asn Lys Ay G n 20 <210> 17 <211>
22 <2Gi.;2> IiRT <2cjr3>f Artificial <220> <#23> Amino aci d sequence of

Ref ercht’8 EbhSouhd ™2 (Mr139). <400> 17 Phe Val Pro Ile Phe Thr Tyr
Gy Qu Leu Gn Arg Met Gn Qu Lys 151015 du Arg Asn Lys Ay Gn
20



- 37 - CLAIMS 1. A compound conprising the sequence represented by the
foll owi ng general fornula 1: X1 Val X2 Ile Phe Thr Tyr Gy X3
L,eu dn Arg X4 Adn Qu Lys Au MJ X5 Lys Pro Gn (fornula 1)
[wherein all bonds between am no acids, except the Xl -Val bond, are
am de bonds; the Xl -Val bond is am de bond or a bond
represented by the following formula 2 {Fornula 1] HH Il N terninal

- CN-Ctermnal (fornmula 2) X1 is an aromatic amno acid or a

het eroaromatic amino acid; X2 is prolGdIMP sarcosine; X3 is glutanic
acid or aspartic acid; X4 is nethionine or |eucine; X5 is asparagine
or proline] or a pharmaceutically acceptable salt thereof. 2.The
conpound or pharnaceutically acceptable salt thereof according t
claim 1, Mher eithCompeund SRERTISRE A S5EUYICE ISR ERSAEH P ibe E,ﬁlwﬂlrgegensr.aﬁ
conpound mhiﬁh is depicted by the sequence selected fromthe group
consi st i fgrmulal:

X1 Val X2 Ile Phe Thr Tyr Gly X3 Leu Gln Arg X4 Gln Glu Lys Glu Arg X5 Lys
Pro Gln (formula 1)
[wherein all bonds between amino acids, except the X1-Val bond, are amide bonds;
the X1-Val bond is an amide bond or a bond represented by the following formula 2

[Formula 1]

H H
.

N terminal— C — N —C terminal

|
H
(formula 2)

X1 is an aromatic amino acid or a heteroaromatic amino acid;
X2 is proline or sarcosine;
X3 is glutamic acid or aspartic acid;
X4 is methionine or leucine;
X5 is asparagine or proline]
or a pharmaceutically acceptable salt thereof.
2. The compound or pharmaceutically acceptable salt thereof according to claim 1,
wherein
X1 is phenylalanine or -homophenylglycine.
3. A compound which is depicted by the sequence selected from the group consisting
of SEQ ID NOS: 3 to 15 or a pharmaceutically acceptable salt thereof.
4. A pharmaceutical composition for the treatment of a disease associated with a

functional abnormality in the gastrointestinal tract, which comprises the compound or



of SEQID NOS: 3 to 15 or a pharnaceutically acceptable salt thereof.
4. A pharmaceutical conposition for the treatnment of a disease
associated with a functional abnormality in the gastrointestinal
tract, which conprises the conmpound or - 38 - pharmaceutically
acceptabl e salt thereof according to anysone of claims 1 to 3. 5.
The pharnmaceutical conposition according to claim4, wherein the
di sease associated with a functional abnormality in the
gast r oi ntphgtrarghtically@ecapsabdesabichergoff acsprdingdo gnp gpe ebaimst] e of
functional dyspepsia, diabetic gastroparesis, gastro-esophageal
refl ux di%ease,Thcrnhﬁtlaqﬂc@tl%mpwm%ﬁ%ﬁdlr@fa|c(lgalmrﬂa sbereihihe gisessr i al
overgrow h, colonjc %seudo-o struction aral ytic

I

p ileus, chrqnic
i di opat hi&sacialesith aifuncdionalsbapEraliny in the Sastio tﬁ%’é]fdo%f &tﬁﬁ@éteﬁ?@&&he
6. The pharmaceuti.cal .conposition accordj.n oclaim4 or 5. which.ds
't ended O SrSiRGbERF LS PSS ST BIHC LasOpRS b TS Torls
conposi tipn according tq claim6 erei.n.the t. a . i
adm i st rareen et Pl ary s st LS pa e A RERS Cotontc pseuo
obstruction, paralytic ileus, chronic idiopathic intestinal pseudo-obstruction, and post-
operative ileus.
6. The pharmaceutical composition according to claim 4 or 5 which is intended for
transmucosal administration.

7. The pharmaceutical composition according to claim 6, wherein the transmucosal

administration is pulmonary or intranasal administration.



