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PEPTI DE GAP JUNCTI ON MODULATORS FI ELD OF THE
I NVENTI ON The invention relates to orally avail able
di pepti des capabl e of nodul ating intracellular gap
junctional comuni cation. The invention also rel ates
to methods of using the peptides to 5 nodul ate such
comrmuni cation, to the use of the peptides for the
manuf act ure of i nedi canments for the prevention and/or
treatment of conditions associated with said
conmuni cati on and to pharmaceutical conpositions
conpri sing sai d HEPEHE GaB JUNBACKEROND. e i s
i ncreasing recognition that intercellular

' i sential for cellular 10 '
Eoneosrggkg%%gpiﬁﬁieration and differentiation. Such
communi cation is believed to be facilitated by gap
The drventis, relitesie aeiwakintds dpeptidch gaghitie bbmbeu[atmg:)mtrece!}ular gap

S O
LR A AR Mo B K e ootces o
medulatzp suginm@@m@wscaiym;\l to Siher elsak i, thav bdsniiam Cfor Gk e manufacture

g}fﬁ?@dfc%ments-r?b?rtﬁ nﬁe\f\%npﬁ?%n@% qreta’ﬁnén‘? &%%@%rﬂsn%gé&%ted with said

structure and tion o juncti ons

| PeBTEnestiontang tepivivece ded car@p@m@smhapmsmqu dipetidens

are a type of conplex forned between adjacent cells.

Nasticagapuspnct i ons are thought to consi st of

aggregated channels that directly link the interiors
opl.asns). of nei ghboring cells. In adult manmmal s

é‘a e 8 {REP F%PPB“E? IFumgt il E*ﬁﬁ@t'afc@npmwﬁégnmqﬁswéf for cellular

&Xﬁ@masm ;Qﬁltféﬁaﬁ@rWa’iﬁl Bﬂe%h%@nﬁ'%@ﬁnécﬁnmmaﬁon is believed fo be
cknow e a

PR S s SCLE Sna b toge eiraiegamcoupling oals and
p@nmrr@n'efwstmlgclw @meratalfy IS BEbIKiES r\llo(igmymﬂdfﬁte%ctﬂons and Gap
R R AR MR o PR BB &t hougnt o ”

directly connect the cytoplasmc conpartnents of two
HeirgHizee ibegn oxflbohs .o Théeg‘apd Jtue Gtridmrecdran fuabiiocnadk gap junctions. For

lﬁyab&ah t)%% WES AN | %Fo% tﬁar% SU(?}] e]ungclons alfe}q%{ya%fj gog%%fgpmed between

ions and's "ecu are
@d]@@lﬂ@ lvelishdVigRirgap JUhaioosrdudhought ¢f cehesttofi amlegated channels that

F%&ecu h@nrqEﬂuﬂg th{fbgyelt w géf e?qﬁﬁ%rﬁgip J uncat%[ll%ﬁ@gnnal I nggapjunctiona

argfeslin giogt cal émﬁ@ eith @‘Eﬁpeﬂcaﬁ@tﬂl b ascuring beed cleefeats ed
to as gap junctional intracellular comunication

Kn@é‘ Qec:ﬁ%]ltycthe%es;sbﬁékh&}iigggetn%n@ltl%\( aap FJ)UI{BE t&@tspﬁggﬁe'dnregtons of

he regul ati1 on_of net abol i sm erati

tE%ICP’“ FBmRERTe Wity ALl NeRdreds $a theusande of ﬁeryse’m@ﬁoked gap junction

$HRSRAR D MPAdNG thiS hdMRHA MR BEFHML). Wf’a‘?}'y%re thou% t fo d;rec’[]y connect
tng libration of nutrients, ions, an

&1 PSR CORBETBAES & dwalnsihbRdis ﬁ?”st J g ewaPeJuaaﬂon channel can
eliehteiveah HY0PaRSASs al dbseh eBltd. i1e el dpen state ions and small molscules are

thought to pass through the pore. The conduction of electrical impulses and interceliular

diffusion of signaling molecules take place through the gap junctions.

The "cross-talk" between gap junctions has been referred to as gap junctional intracellular
communica‘{ion (GJIC), which is believed to play an important role in the regulation of cell

metabolism, proliferation, cell-to-cell signaling, and tissue integrity.
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excitable cells. In many tissues, electrical coupling
is thought to permt nore rapid cell-to-cel
transm ssion of action potentials than chem cal
synapses. In cardionyocytes and snmooth 5 nuscle
cells, for instance, this is thought to assi st
synchronous contraction. There have been reports of
ot her functions nediated by GQJIC. For exanple, GIICis
thought to enhance the responsiveness of tissues to
external stimuli. Second nessengers are generally
t RO |
o8 ey GupTe B P ‘ébm%ﬁmﬁf?’é“f“"“ DGt | ol s
bé¢tener bellsafdp amtlwwee alve thavghlelp. seng adipdl E@Lwnﬁys% in electrically
&E%ﬁe '&?Ys frP.%S@/ ﬁsﬁB&r E%Gﬁ%wgétco%ﬁg]ié‘tﬂé?ﬁdh@fbspémb{ rri%FéDﬁébﬁfcen-to-cen
erce heni cal /or electrical
@mﬂumm’t mtiosli@mlh@ls airah ehesiiel syrARget-ilpicagliamyecytes and smooth
e &@s been
RRREP BEISERy Rlten(is 0 BRTRL Pl R 00 a %*.“?"‘%35?"&%%2 n
enbryonic cells and the inpairnent of

Fegrgthage p@prﬁ’@p@]’zso?fﬁag}w Bncliensipgdiated b}éﬁdlq ﬁ@r example aJ!C is thought

foeéﬁi’ié?ﬁgﬁhg BEfpeilent JraRyushentaainsl stﬁ'hlull @concﬁﬂde@sengers are
I's thought to assist co- 15 ordination of {

aenaradlvihetgveddg e qn@a&npggmgjvp@%gpgbhqrsgﬂﬁlygc iyafad cells to quiescent

QQFSVN%%G% RRAGIRBI dhbhRSs At dalilSte ardaterr ange of di sease
st at es has been establlshed both in vitro and in vivo.
| e, there
AR sV et BT AP HBAT P Tt LT Elyfer patmiays

& @He:ei&amndtda@lecemalre@sabmemalcbmiagtmic;kasenisnn definirQxi#8 bHonndaries of

ge\??rlcgjs éé%g%ﬁ%réﬁae g!;fl ﬁ%&g B{?&egci] ecg 5 Bhoféglce ?%L%Sir? Is;?&tf%opa’{terns in

embsbhiercepy atetha. 1m$eaené(amf|(3eu@ has btRen Rlatecteto deablopmental anomalies

éﬁl‘?%ﬁ% Erﬁr@jgg"&gtr asc %?j Cﬁ%%caigog r§%f£ B@Cg:sotrhgg%hélﬁ assist co-

bitétation sfm@m’gmaa on in the field of a reI ationship
between a mal function or absence of gap junctions and

%@me%@c@@?ﬁg? %B@glzsﬂ d Qﬁﬁl@%iﬁﬁ%rﬁ%no?ﬁ@fﬂ@s irSGiiRoMg %traﬁ@e of disease

ations et ween al tered connexin
ebapﬁseim b distablishet PEINT it %‘ﬁ*r'@ ive HEFXEMPG; Bessie thought to be a

QE t%wma)ﬁ?e% P]eEBhr@ﬁast% He@ﬁ' M@éﬁ%@ @Uv&ah%‘t/@jles of the
een nade. For

I NSt ance, group

antreasierhsrdwistEbiepof gé@g mﬁgg@s g@@ﬁb%g %ﬁgg%geg}@q ¢f Cx43 expression

gﬁ‘@gcdhﬁﬁf éoopdﬁ%ﬁ{mntﬁﬁgn fdr%ﬂ@béa;@]’bn@%dgﬂéﬁa&n(&ael}ﬂaphbl%n R.R, et
heart. | n particul ar

ol 90) e BeIan AP AREST a0 PRI, bob nae- bEBA) PeGpkegRes. 42: 305
k§pm bovine atria. In neonatal rat cardionyocytes, 2

it was reported that the peptide could convert

fiklcggrldllnlgi?/t Ith%pe Iisn(rjeuc:%gr%tlcgy ino%haebﬁe!lé] of %age%ﬁgr@hi;? between a malfunction or
absence of gap junclions and an increased risk of arrhythmias. There is thought to be a
further relationship between altered connexin expression/distribution and chronic heart

disease.

Atternpts to analyze peptides that influence GJIC have been made. For instance, a group of
peptides (the antiarrhythmic peptides) have been disclosed with capacity to increase gap
junction conductance in the heart. In particular, a hexapeptide with a molecular weight of

470D was reported 1o have been isolated from bovine atria. In neonatal rat cardiomyocytes,
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potassium to normal rhythm In addition, the peptide
has been reported to convert arrhythm c novenent of
isolated rat atria induced by the conbination of

pot assi um and acetylcholine to normal rhythm This
-peptide is often referred to as antiarrhytm c peptide
5 (AAP). See eg., Aonunmm, S., et al. (1980) Chem Pharm
Bul | (Tokyo) 28: 3332-3339 There is increasing

under standi ng that AAP is an inportant peptide with
capacity to nodulate GJICin the heart. For exanple,

itj\ﬂ n%?éﬂo%&”tﬁé{!rtﬁe p@yﬁ%em[cp&ﬁﬂeﬁmgmﬁibr@md[}@écﬁﬁﬁeuém calcium, or
er of beatin centers, the relatlvec nt ent

P@Eﬂﬁéb}m ni§ e&MeEs, rlg}glﬁ‘a mﬁd@litlﬁn,sm Reride hagg e%ﬁﬁqpéted to convert

aﬁ‘hy’fhﬁ%c m"egerﬂbnt &fligﬁgf)ed GaemrBhad veBulyl thé E@K&)ﬁbatnﬂﬁof potass:um and
3340- 3 . I'n other studies,. the

t hni
SRR SEITEd THIVT (TS RICBARATEbTTHCE. = oy e popide

(REeN £&P6Y. I Rshubhak,, AAR. {1980edA@ePhae mgaToigio) ZaCE22-333¢
oubaln- and acoti ni ne-i nduced arrhythm a |n m ce. See
Ronsher

Med. Sci
TG A segliniiodate i 112 AT e i Tiglially PorRg MR capaoty to
edulft GG in(O8&t.J 15 Phar macobi odyn. 5: 40-48.
There have been efforts to prepare a variety of AAP

egi?lx\gllﬁlt !heve%gﬁi?eeltgr? Aﬁ\g h%hé%glkcvw L ?nlcranéltﬁg%mlber of beating
c(eih%g )thE€haative Rhatem of Bptdading(CBik o) p8Bein 39@8@3@35@6 aaduma, S., et

8&%%@59!7 rﬂgg'g’n%l %L&I(é%%%) Shem, Bhar m oﬁléh st d(e-goméoéntzarrhythmlc

I'nst ance, one sucC erivative,
oRABNLOf ALE Bmlenedeld Wi hapdeen GONTMesSel Bisebepn Bporest that AAP s

%ﬁtwfg%g%?n% gg%l ?6[]%33%9 rgﬂdego%ﬁﬁf@%g%eg%rﬁ%mﬁphce3@%e Ronsberg,

WPharatet 198680720, $8-172350-85has been reported that AAP

i nproves GJIC, reduces action potential dispersion

A AdpT gqﬁém%o%‘éHCB@é?xC%fscﬁéscﬁegeé ECTRARRY S, et al (1982) J
under st an hat many of the antiarrhythnic peptldes
Pesmereldodyn fipHetS- 25 GIIC, often without affecting

‘action potential duration or shape. Further, many of
Beh ha@@@ééndﬁ%r@“k@pﬁe Qr‘égi"trarfe@ dfagie dﬁ%ﬂ@{‘sﬁeéalﬁee eg., Dikshit, M., et al.

roarrhythm ¢ side- h effects, a t h
BESEY S, S BT ot g, Qe el Locks s BRUS b, o
mky@%hwﬂamg@odénw&haww gQesl, (1089, Cram. Pielrh. Bad. (Tokyo) 36: 4597-
certain AAP derivatives, are thought to have sone
sired features, e.g., low stability and a need
for high doses before therapeutic efficacy is
Rarhhases, o3 Muhydapiottent AAPEG, is beieredntimpepGades Ssebhein, S., et al.

{1584?)1 l@atlm?/% l&c%we%%ggrag %PéhePﬁJn%ccﬂ."%o! ?Pé—jlééf" ¥ind mﬂ&r, hﬁ’et al. (1997)
Fur. J. Pharmacol. 327: 65-72. It has been reported that AAP improves GJIC, reduces

action potential dispersion and improves conductance.

There is increasing understanding that many of the antiarrhythmic peptides positively impact
GJIC, often without affecting action potential duration or shape. Further, many of such
peptides are thought to lack undesirable proarrhythmic side-effects. Such efiects are
thought to limit the use of many currently available antiarrhythriic drugs. Moreover, AAP, as
well as certain AAP derivatives, are thought to have some undesired features, e.g., low

stahility and a need for high doses before therapeutic efficacy is achieved.

3
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the peptides are degraded in the gastrointestina

tract, enterocytes, or both. In such cases, the

pepti des are often adm nistered to subjects by nore

pai nful and | ess convenient intravenous routes. 5

There have been attenpts to inprove the ora

avai lability of certain conpounds by enhancing

contact with an intestinal peptide transporter protein
call ed PepTl. Much is known about the PepTl

transporter system See Bailey, P.D., et al. (2000)
ﬁﬁgﬁ%teﬁ%‘:ﬁ?\mpdr@&- pdpflaes3QiffebRen adaut of eé@pabresaciviizbility. That is,
therein. It would be desirabl & to hgve m)CrY% efff?o?ﬁ'l%{%uch cases
Hepepiidesnya deargrs Inghe @aren e InAld iRt BB Y FSe i al Iy ’
gesheabs 40 N adpembicrs Dduj@tobs mivat painfel andlléss convenient
aval |'abl e. SUMMARY OF THE | NVENTI ON The i nventi on

HERERTRVE YUt at es to peptides that nodul ate gap

junction intercellular comunication (GICQ).

Prebensed hpeptdidestsate irprald yhavedl | abilailitT g denigisnceopounds by
has a w de 5 spectrumaf u ' L; :
PR GErEPAASE 1 0 T TEa R AP SR CE A o (ed PepTt. uoh i
RadOhingi €% PaSYacinapetir ejdtiémi Spaibeadey, B1.Cet FEXPOEMDEew. Chem.

~ HERE, | | LY. 4 A d peptide i cord
- cRo bt 8B e T EREE T cpr oconted by the

followng general fornula |: where, if a =1 then b =
@; wollf 2@t hesirabislp MvE DPls Bidotive pRIIdp| mpgigiprs| pf RAG 1t would be

%%M%ab%%%e%%ﬂe modWhoNHRat e BranFevdiat2l R [

SUMMARY OF THE INVENTION

The invention generally relates fo peptides that modulaie gap junction intercellular
communication (GJIC). Preferred peptides are orally available. The invention has a wide
spectrum of useful applications including use in the treatment or prevention of pathologies

associated with impaired GJIC.

TEXT ENDS HERE INTENTIONALLY.
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1P Rx 5 z = 1-7; ifx=1thenyandqg=l andp=0; if p =1
then x and q = 0 and y = 1; and further, wherein, if
RL = Hthen d = 0-8; ifRL~H hen d=0; 10 wherein Rl =
side chain of any amno acid: e.g., alanine, arginine,
asparagi ne, aspartic acid, cysteine, glutamc acid,
gl utam ne, glycine, histidine, isoleucine, |eucine,

| ysi ne, methionine, phenylal ani ne, proline, serine,

t hreoni ne, tryptophan, tyrosine, and valine; 5 R2 =
NH2, NHR, NR2, NR3+H, OH, SH, RO RS, RSO RS2, COR,
/Q%r%:f %% HdEP RSN, tHeONERnt (iR ©CGEResSEERDy (the following
="a Ey ) aﬁ)'(enyl, aryl, aral kyl, cycloal kyl, etc.g;
®eesl grmged; and 5 wherein R is a hydrophobic group,
and preferably, conprises an aromatic carbon - ring,
nor e \p{pE 61 Ab Y¥nerppBRY i Sing a 6- or 12 -menbered
aromatic carbon ring. In one aspect, the aromatic
FeragthenBTBstituted with at |east one of: a | ower

al kyl, alk , hydr oxyl car boxy, ine, thiol,

hydr azi de, i de, hali (PéL hydr oxyl ﬁ@{ her, am ne,
nitrile, irmine, nitre, 10 sul i de, sulfoxide,3ysulfone,
thiol, aldehyd < ket 0, arb%x , ester, an aﬁw’ e group;
i ncl udi ng elgam apgl thio | efirat i

)

es Hherpgof.
Opt i onB}+y—GHbstitu Hrg6—at Ko~ id GE‘% - @HNHS
sul foxi det sul fone, apd{thiol ~derivates with,“or

w t hout, a gel eno grouECHzln enbodi ngnts in  which the
aromatic carbon ri ng isisubstituted, such
substitutions will typjggllly nunber |less than about
10 substitutions, nore q)r serably, substitutions wll
nunber about 1 to 5, orN};l(nlto 2 15 substitutions.
Further, the invention' ¢oncerns A peptide represented
by the general fornul a[ bb] 6 e £ e e e

| P
[ ch,

| g
z

Ry

z=1-7;
ifx=1thenyandg=1andp=0;
if p=1then xand q =0 and y = 1; and further, wherein,
if Ry =Hthend = 0-8;
if Ry=Hthend =0
wherein R, = side chain of any amino acid: e.g., alanine, arginine, asparagine,
aspartic acid, cysteine, glutamic acid, glutamine, glycine, histidine, isoleucine, leucing,
lysine, methionine, phenylalanine, proline, sering, threonine, fryptophan, tyrosine, and

valine;
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DLDLDLIIl RBRRRY HZI( Ri H- CNi HCN
H-~-GC-COH/ NH bR [ CH, RR (zco [ NHJ[jOIp

| CH21 q R5R4 wherein if aisl thenbis 0;.if ais
Othen bis 1, zis 1-7;, 5if xis 1theny and qis

1 and pis O; if pis 1then x and q is 0 and y isl,

and further, wherein, if Ris Hthendis 0-8; if Rl

is not Hthen d is 0; wherein RL is the side chain of

an amno acid selected fromthe group consisting of

10 al ani ne, arginine, asparagi ne, aspartic acid,

cyst gbne. Nl MiHRTINR, 2RIREH, WHItSHY m@, RG] REON&SO,, COr, CSR, COOH,

B A S JE SHALH B S o

éJFBE?I P tyrosine, and vali ne; mhereln R2 is
e romthe group consisting of NH2, NHR NR2,

RIR?,HHCH@PPC* SH, RO RS, RSO RS2, COR, CSR, COH,

COOR, CONH2, CON R2, OCOR d_ 15 e

R = awkp@wm %| fﬁ@nkg,)[drop%p gr%paﬁ%,lp?eq%rﬁbig,ycq%% %W%FO%ER[C carbon
ML bR g & ®her € nmBhbared dRBmalicecarbon ring. in one
I%ﬁnq%; ?hne %‘B{;}léﬁg,?l% gfs;ylggtit;t%(gméb |a§ le%r 8 &OQ%%F k%g Qlimby, hydroxyl,
@érk@&y amiHe %/l:rﬁmy hydpdizad K ey haltdal b@drm:k yetharharoine ymitﬁtiey imine, nitro,

EiLRfI oar al I%/ le +S§ %@@ghﬁ%‘m 2By, Ner, M niaBRRoup; including

seleno and thio derwatlves thereof. Optionally substituted rings also include suifide,
sulfoxide, sulfone, and thiol derivates with, or without, a seleno group. in embodir_nents in
which the aromatic carbon ring is substituted, such substitutions will typically number less

than about 10 substitutions, more preferably, substitutions will number about 1 to 5o0r1to2

substifutions.

Further, the invention concerns A peplide represented by the general formuta |1
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CONH2, CONHR, CONR2, CH2CH,. NCO, NCOR, NHOH, NHNHZ,
NHNRH, CH2000R, 5 CH20CSR, COR, CSR, CSOR, CF3, and

-CCl 3, and wherein Ris alkyl, alkenyl, aryl, aralkyl,

or cycloal kyl. Such peptides may al so conprise a
pepti de bond that is al kylated or otherw se nodified
to stabilize the peptide against enzymatic
degradati on and/ or may conprise D-am no acids. 10 Mre
preferred peptides as represented by Fornula | and |
are orally available to a mamual, and particularly,
to a human subject. Various assays to establish ora
avai lgbi lity are/known in theifield and include, but
are npt limted tp, the followmng specific tests. Oa
avall abi loty agsays ejassay|("the Bai|ey assay") is
a pregictjfve assa ang s_gen raIIy fg owed in

ccor danc wi 1.h i ven | irica
g%s %4 “déscribedyt bel H e Baiﬁﬁg assay,
candi dat e pepti L re V|rtua Iy aligneéimnth a
substitate tenpl at@itlhat is nodel ed to represent a
compound, whi ch nds’ to PepTl, to identify peptides
likely to bind to¢c®epTl in vitro and in vivo. The
Bai | ey assay can be Used to facilitate detection of
oral ly avail abl Nméptides of the invention. 20 In one
enbodi ment, the bptﬁﬁes according to Fornula | and |
are in substantijatoggreenent with this substrate
tenpl at e nodel (ejg.}’the pepti des show substantially

= (0]

‘the sane three- [demensi onal confornmation as previously

identified substratesiwhich bind to hPepTl with high
affinity) and therefore are good candi dates for
peptides, which-are~orally available. Thus, such
pepti des are tjypical |y di peptides. 25 Mire preferred

di peptides arg t whi ch exhibit at |east the
foll owi ng four:
Substrates f P

ties ascribed to high affinity
N .e., fromthe N to the
C-termnus &6 the peptkde, the peptide conprises: 1)
a strong binding site for an NNterm nal NH3' group; 2)
a hygdragen pendeh® it be carbonyl group of the first
peptide bhand; 3) a hydrophobi c pocket preferably
?@%ﬁﬁgﬁﬂg'%?strong di rectional vector and 4) a
£Rrbpxyl ate binding site Preferably, 8 the first
rbﬁ Iatedbing e is followed by a second
Q%PXF@ Bi'ndich p§i 'e according to the nodel. See,
iép@HiBm)d@yicgiE’O[and ya&t1; ahd ffiB2O0Ghesipra. One enpiri cal

sa 0V ate the predictive Bailey assay
& @¥ g%ﬂ d%g @, is a "standard in vivo ora

iaRamhathh@yﬁagsay". In this assay, a peptide is
or al 'Mh&giﬁ‘ Fﬂ' s§tti% 39@ Eﬁaiﬁomino acid selected from the group consisting of

alanine, arginine, asparagine, aspartic acid, cysteine, glutamic acid, glutamine, glycine,

histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine,
tryptophan, tyrosine, and valine;

wherein R, is selected from the group consisting of NH,, NHE, NR., NR*H, OH, SH,
RO, RS, RSO, RS0, COg, CSR, COOH, COOR, CONH,, CONHR, CONR2, OCOR, and
SCOR, wherein R = alkyl, alkenyl, aryl, aralkyl, or cycloatkyl;

wherein Rz = i or CH,.
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5 and bl ood sanples are taken over tinme. The

concentration of the peptide is determ ned at

different tinme intervals using standard quantitation

assays such as L MS/Ms to cal culate an area under

the curve (AUC) froma plot of plasma protein

concentration vs. tine, using routine nmethods known

in the art. Preferably, different doses of peptides

are admnistered to a plurality of animals in

parallel to identify those peptides that show a
dose-HPRRR, 00 H, 21dinbasindasy Seraactmmdmuthemrmnmstmg of H, alky,

I e e T
R ARROUSS(CHENASDRE, 8067 Y SIHRAUCR,, oiitRaj @eu S§HHrCOOH, COOR,

oral adm nistr b
GB ke rigaN sy SR iols G e rdy Pgn bl NUNGH, CH.OCOR,
%@’C@i habdr (38R 13SBROPAARNACELR, Bos wankirPRa amémi;@@w aryl, aralkyl,
tion (Lea and Sediger). In a preferred
@rﬁ%’&? nt peptides with good oral availability are 15
those, in which the dose nornalised AUC after oral

SGHH MElsAhbpBisb epmetent peptide| loas tha2 09/eikdited heobieyése modified to
nor.mal i sed af ter |ntr
RapbT S PRHCEroRRA G UBt S At ?ﬂﬁﬁdﬂnﬁ%@@?@%ﬁﬁﬂgm a0

to the standard in vivo oral aval lability ass
Kiesc praf@cbdapentides resyrepresamtyd Myt Faseien | SuBst & ,c)gply available 1o a

a%r eer}TEEing Bl\anrt cpla'i‘i & BRh AR é‘iﬁ%y Vanbhs Widdys @cf L&BLIRR oral availability

a second rical assa to further
@l Kindhah én 1th ﬁblﬁ)ané\miudabbté aEonoh bipiteddesthadoliowposseicgsts.
by Formula | or Il. In one such assay, the ability of

pgﬁaagggmﬁgmg%B bind to the hPepTl transporter or a

tive fragnent thereof is determ ned.

g!aggg%? lt%qe ng(leqygsggﬁ l%céggé{gcl;t{\]/g gt 2 to';\nﬁé% gé/r%?etllklg?aioweé{ ih accordance
th‘? ltr@ingé\lnﬂ'ohé b@QﬁtH}é’rQenﬁ;ﬁ' AQNBRayd, %E@m‘ed fiutied el yn theHgailey assay,

ﬁr&@té&f&yﬂ essgaqleegxgtu%iﬁalﬁgzg%lw% 8 ﬂ%sH%tﬁdte Efni?at is modeled io
RieiRneP L¥mpbindl #BBh bdls thRepTibaLitediyiveptoes Illff&stottm’edqto PepT1in

40cinc  HhealT e Bk P BT RS TPl oty SFf ARl avaibe

sesiRepefihbatvehtiora standard in vivo oral availability
assay and/or may be perfornmed to confirm the results

ﬁ'b%%(apgo rH%nd[Stth £ ﬁ)\élgt\s/é) s%rcr%rdﬁ @rﬁlullal Fé(n ?%Xm substantlak agresment

in VIV aval abl assay
pitbvhidesbsthee tanstlatreardeh (F.wl theersetpi!d$s shawv p@?ﬁﬁar@]gllyot,hmsame three-

. e i
3@?“@@38%‘t‘3§h¥%”“§% mﬁré\ﬁ{\ﬁ a) M6 s%te@%‘dhqﬁﬁi tB8$PepT1 with high

bove, exhibit a good
hfinfty)l drfdethemimerdé ngod cainates or p@m‘@eﬁewh% affe P&y aydilable. Thus,

ol SR AT R ﬁsiﬁ%st ant i 4 aéS?eemem

with the foregoing PepTl substrate
(VBas | resicres alPPPlGEWERENOsS BIcEHE! bﬁeﬁﬁt Fhudhe ﬁgﬁ}é"‘%@’”r properties

ekttt &ni@l affity substrates for PepT1; ie., from the N- to the C-terminus of the
peptide, the peptide comprises: 1) a strong binding site for an N-terminal NH5" group; 2) a
hydrogen bond to the carbonyl group of the first peptide bond; 3) a hydrophobic pocket

preferably featuring a strong directional vector and 4) a carboxylate binding site. Preferably,
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5 agreenent with the nodel. Peptides that show a good
stability in the assay have in one enbodinent a

hal f-1ife of nore than about 48 hours, such as nore
than 24 hours, for exanple nore than 12 hours, such
as nore than 6 hours, for exanple nore than 3 hours,
such as nore than 1 hour, for exanple nore than 30
mnutes. In this enbodiment, the peptides of the

i nventi on show enhanced stability in the bl oodstream
10 Peptides within the scope of the present invention
BeSirsthaARRyISRAAH TR & ERALRSE DY 8dechRf &bbxeidbifdi®Psite according
N-term nal " and/or 'C-term nal group. These groups nmay
fodharmedel &eof 98- SatRy. Pilhwal b (BW0UsEEe However, in

anot her enbodi nent, the peptides can feature bl ocked

Ene leipficapdss8y ALRSidaedhd prediciNe0EauPsssapldeedinat akeley is a “standard
such i h bl ocked N

SR ST R NG T
Qrﬁcgbl@;&d S&E@ieﬂ @F@fa@iambyérhﬁﬂé; Ehﬁ?cﬂ;ﬁd:en?rﬁﬁc@f c;jfunes pattideii Helermined at
ide of the nolecule.is not critical so |on
TGEnhlmt deVab s Al SRS e asedr s BFMalfis, o calcuate
410 a_l‘t—:%e@wl b'Bbr ﬁiécdﬂjr\fj&(@ﬂjd)hﬁ:rrpe plot dE[sifaaﬂaibm‘reialcfenmaéﬂoylfvs. time, using
avai | abl e. | SCUS "sati.sfactory affinity" ..
EEhn ety [t i 81 Faml! pRbAF R 8 el g8fimistered to
byplurdigy ef mhimangin paralied udjiceatify fhpic peptiles that shdos taddsiegiroportional
agreenent wi.th the substrate.tenplat | .for
BRE RO et e g BBy A VPSS ALY cqquol, the same
ednce(241003 ,of eptide N2 Fddiminthakd ynirexemoslyaaiddghe area under AUC
resi dues within.the..di t.id e - ani -
Rl 5, 8 dh gl REPHEEI IR RO ABF: (b for inravenous
atveintstaiiou ks, &5, dbionGitat (80 1arRoprenerauties amtheharmacology, 4th

SR 15357 S 090 R OO0 (BB S8 ol sty r
these.dn evjchsibie opre perimddsediilyC pdeugietiadronisprtisnapprepits at least 20%

AL Absd AEALINY mgﬁérifir%%eno%éiyaa%ﬁ‘grﬁ%t?atﬁ&q Wi th

I'npai red gap.junction function'res Ing in reduced
intercellular comunication or overcoup

i ng of R
Prptistes e ipwanemeRt! cueilsBhtyAccrdpdy meastt@-tpg agg ) iosqral availability

SQIUREGREH QBN fhah) @ H29 fof B intshigstaRE A&drkre with R Bailey assay.
nmedi canent for preventing an/or treating conditions

gg@g% e%t l:?q(iyésvgﬂ%l r}hé%q?@%egﬁcgsg aégggéfkg?w&g?ﬁﬂe? Uéﬁdla{é c?rgl?y available

p@bﬂd:@i; Sk @&prBgerita ajhp@tﬂwg ofiB\ih Rfe s0th adsay,ithk abTitly of the peptide to
evel opi suc condi.ti pn, a therapeuti . .

G clt P dBerbierspo Ry ot R A e Hes THESEE et T determined

ehasably, fR¥patier akbydingidtha insértahihane ysodosfBtity fbmarorfespT1 transporter
referred aspect, a patient i n bei.ng. . .

B i e BBV eToRE e iRl Ted Jdh pps ® fess than

bodut daCemmotmotd prefeeably, ds lecatidincabasic Ul oM, adil stlasere preferably, is less

i.nfl i £ alr i thelium disorders of

kPOSBPE P ellesthp i M

An hPepT1 binding assay may be performed as an initial screen for peptides which are then

screened for in a standard in vivo oral availability assay and/or may be performed {o confirm

the resuits of a standard in vivo oral availability assay; however, the standard in vivo cral

availability assay provides the most meaningful test of the peptide oral availability.
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5 incontinence, inpaired hearing due to di seases of

the cochl ea, endothelial |esions, diabetic

retinopathy and di abetic neuropathy, ischenm a of the

central nervous system and spinal cord, dental tissue

di sorders including periodontal disease, kidney

di seases, failures of bone nmarrow transplantation,

wounds, erectile dysfunction, urinary bl adder

i ncontinence, neuropathic pain, subchronic and

chronic inflammation, cancer and failures of bone
mlfm@@rem:bdsﬁe@fﬂasedsl repreaastpd dptFaton ] aboredexiighs good half-life

%%‘c%)c %gg ol ﬁ/ﬁﬁulﬁrﬁ%%ﬁig?g% l%?%%éljﬁ'? g@g Spﬁ%h‘la stgﬂﬁj[}/ assei)/ or related
pisraveducapestiiad intdy Gesn catssedalmgreamenexilet® fofegpieaepiksubstrate
2% B A r%%@?k[ﬁ%@ﬁ?ﬁds%%) ygegve%ﬁg# Cgcln‘?e %Q&{ggg tﬂéryr‘ngy be little or no

rmra:ﬁtauth tal modepesititen st v akﬂoedfamrbllms@ iha ashey have in one
Elgb?c? %}%gﬁd%ixgkljfj egf I%B 2V fvan aoogg{ 4§'@grsa%Mcl'Pfas trrthﬁ'e 1 ar;/ 24 hours, for

ove an har maceut i ca
aﬁ-mqm atoreethaari?i r@nrs Puaf & mbteythar ﬁehogasr far erarngle more than 3 hours,

Blﬁc rl@' grg(eo%ra?)he%o&rr & e@{é% WU faeo% miatdek! 1 €embodiment, the

COnposi nis ora adm nstrabl e.
BEJLEES B nmawmhmemC@mmm Fneglmééifeﬁm and 1 B
show exenpl ary synt hesi s schenmes for generating

98@( deg%thﬁvcg%r%! 89 Be? A E‘wé‘@tf&ﬁ‘-‘éré i9fonk tEa‘?nbodlrm-an’{ represented

ntion he effect of Conpound 4,
ﬁbﬁmﬁﬁr@ﬂ—tmmb@mr@teﬁ@a@ﬁ% Jhesegmoupsanay remain free for some

t t ]
%!é@%{n qu%a\lp%ﬁ:/@%_@%ﬁﬁﬁw),othé} m%ﬂﬂgﬁsgﬁggﬂﬁﬂ& cBE Fédilehiocked C

femwinat grovps ai1ckireeN pepues A\ieyadvaly. sy BeRbEpt Wﬁ%&a‘f%@?‘?ked N-groups.
g’?@ms?beae%rﬁ)allgmg | @hlockéd RL &&1 C1biHinf ORFbE) |T©étnlaﬂif’e of the terminal

I nvention has a wi de spectrum_of u

geugppl FiEet pigRof m@dpfgjg?%lsdgaé ofifra ﬁcéiopg &5 {heapgP lg?s are able to bind

Wtﬁ\é%ﬂ%gt?a‘g\?/cgff i@ ih %'P@ﬁ'{’f—‘%u@‘ﬁﬁ@ﬁ Lt gshtivéd Bnd/brngai cl’r&lﬁ_l/ available. As
: cul ar jnvention pe

FispiRaPa. PoSRSEY 2RIDG (S SBLITTL JEBEP HIEE CHE o B o B Avance, by

HBRrhiRWENE b OfUbRICE é;ﬁﬂéa§ eftsapstantial h@refembhtowdtmg'legwt&traﬂe template

LO b B kbl ko Lo B g .

Additionally, amino acids residues within the dipeptides may be D- or L-amino acids. In

certain aspects, to enhance stability of the compounds, D- amino acids are preferred.

The peptides according to the invention have a wide variety of important uses and

advantages.

For instance, such peptides may be used for preventing and/or treating conditions
associated with impaired gap junction function resulting in reduced intercellular

communication or overcoupling of intercellular communication or misregulated cellular

" communication and be used for the manufacture of a medicament for preventing an/or

treating conditions associated with impaired gap ;'unction function. in one aspect, the

invention provides a method of administering to a patient having, or at risk of developing

10
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Z [COX [ NH[CO[P[ CH21 g RS R4 5 where, if al
then b = 0; if a=0then b=1; 2z = 1-7;
i fx=1t henyandqg=l andp=0; if p =1 then x and q = 0 and
y = 1; and further, wherein, 10 if R = Hthen d =
0-8; ifR ~Hthen d=0; where R = side chain of any
am no acid: e.g., alanine, arginine, asparagine,
aspartic acid, cysteine, glutam c acid, glutam ne,
gl ycine, histidine, isoleucine, |eucine, |ysine,

met hi oni ne, phenyl al ani ne, proline, serine, threonine,

f t
Y SRR 1S ey S O R B v
Ry@XeRe b OGN SUEBMHR orabONRRS PEfETRd aSpiERk @ pakent igp pgmnan being.
al kenyl, aryl, aralkyl, cycloalkyl, -etc.); 12 R3 = H,

%p]eﬁélof%gdl%is%fﬁcﬁ E‘Qﬁ@@ﬂ@ﬁ@@ Hélu%@' Iﬁﬁtaﬂéjnétﬁlﬁﬂb@ Etﬁ cardlovascular
[%roup consi sting of H alkyl, alkenyl

saasge rinflaornatiqop of aqalmy’epgtp%}spgkygls%rldgqskﬂ o%yeo?ar tlsgue bladder

iEEBr%%J&%Xi}‘npaﬁrQ& Q@érwig%ﬁé 10 dkgﬁ%rcﬁhﬂ@’&d@%%a aridoPER 2esions, diabstic

r@miwthy@mrmab@@\wr%@moﬁchefﬁmf *R@éﬁﬂtfﬁ%ﬁvo”m f and spinal

M‘W%@nta%@@@@orde%&@% @@on@%ea@@%ne@ﬁ&ea@@ﬁadur@s of bone
R—al k al ken ar al k I

taréow f%@p@“éé'egsé‘@m%f’ne E()ﬁ 8 et of i *Beyasy incontinence,

Nk §IAiO Bdin, DUbc@ohit &@8d GhiokAfRalmation, &a@bér.anﬂi@allures of bone marrow
ptide rises at | east

;iﬂg;fg%ﬁg%yﬁat 4z %%glﬁdcogp%pgg@lc e iB%éﬁ%Qpﬁan’caﬂon of cells and

tissues or during medical procedures such as surgery; as well as conditions caused by an

excess of reactive oxygen species and/or free radicals and/or nitric oxide.

The invention additionally provides pharmaceutical compositions suitable for use in the
methods described above, comprising any of the peptides described above and a
pharmaceutically acceptable carrier. Preferably, the carrier is sterile, pyrogen-free and virus-

free. Still more preferably, the composition is orally adminstrable.
BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A and 1B show exemplary synthesis schemes for generating peptides according to

certain aspects of the invention.

Figure 2 shows the effect of Compound 4, Compound 22, Compound 23 and Compound 85

on ALP (Alkaline Phosphatase) in human osteoblasts.
DETAILED DESCRIPTION OF THE INVENTION

As discussed, the invention relates to orally available peptides that modulate gap junction
interceliular communication (GJIC). The invention has a wide spectrum of useful
applications including use in the treatment or prevention of pathologies associated with

impaired GJIC. Particular invention peptides are represented by Formula | above.

More specific peptides according to the invention are represented by the following general

formula ll:

11



10

bond group. In one aspect of the invention the three
di mensi onal structure of the peptide the distance

bet ween the at | east one hydrophobic group and the at
| east one hydrogen bonding group is from about 4
Angstronms to about 12 Angstrons, preferably 5 to about
10 Angstroms. More preferably, the hydrophobic group
is an aromatic group, including, but not 15 limted
to, a benzoyl or benzyl group, or substituted, or

nodi fied fornms thereof. Substituted benzoyl or benzyl
groups preferably conprise substituents at the 4-
position. Mdre preferably, the substitutents have a
radius of 3-1 1 Angstrons in the sphere taken up by
the substitutent. Suitable substituents include, but
are not limted to: nethyl, ethyl, t-butyl, c- hexyl,
phenyl, npRutyl, n-hexyl, n-octylD/ethoxy, t-butoxy,
phenoxy, hutoxy, benzyl oxy, n- 20 jhexyl oxy,

n-octyl oxy. Mgre s ecﬁLiccp ptideszﬁthinct e scope of
the i nvent onjiand havigng tlhils gengral formulia are

shown inf Tabl & 1. <flabl’e | 1 ou . Q4ipghy Name
SNCEE ém-%ﬁ%bej-%b"ﬂc) - o@ 2%('1"[‘@@"15 2

H G y-Lys({4-fluoro oyl ) - 3 ! a

H @ y- Lys®4- cyanoben o‘wi-m 4 Ry

H d y- Lys(4- net hoxybedzo FY-OH 5
F+C;y-Lys(4-chIorobeﬁzmyl)-CH 6 Hdy-Lys(benzoyl)-OH
7 H Lys(4-nitrobenzoyl])- Gy-OH 8

H Lys(4-nitrobenzoyl iﬂﬁaﬂ -OH 3 HLys( benzoyl)- Sar-OH
10 H Lys(benzoyl)-Q y-|OH ¥13 11

H Lys(4- met hoxybenzoylge G y-OH 12

H G y- D- Lys(4- met hoxybenzéyl )-OH 13

I—I-Gy-DLys(4-nitrobjrtggl)-O—| 14

H G y-D Lys(4-fl uorobenzowl )-OH
N

where, fa=1then b =0;
ifa=0thenb=1;
z=1-7;
fx=1thenyandg=1andp=0;
if p =1 then x and q = 0 and y = 1, and further, wherein,
if R, =Hthend=0-8;
fRyz=Hthend=0;

where R, = side chain of any amino acid: e.g., alanine, arginine, asparagine, aspartic
acid, cysteine, glutamic acid, glutamine, glycine, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosing, and valine;

R, = NH,, NHR, NR,, NR*H, OH, SH, RO, RS, R80, RS0;, COg, CSR, COOH,
COOR, CONH,. CONHR, CONR2, OCOR, SCOR, (R = alkyl, alkenyl, aryl, aralkyl,

cycloalkyl, etc.);
i2
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15 H G y-D Lys(4-cyanobenzoyl )-OH 16

H dy-D Lys(4-nitrobenzoyl)-OH 17

H G y-D Lys(benzoyl)-CH 18

H Lys(4-fluorobenzoyl )-Gy-OH 19

H Lys(4-cyanobenzoyl )-Ay-OH 20

H Lys(4-chl orobenzoyl)-@y-CH 21

H D Lys(4- met hoxybenzoyl )-Gy-OH 22
Lys(4-nitrobenzoyl)-Ay-OH 23

Lys(benzoyl )-Gy-OH 24

Lpé ;ﬂr&piorobenzoyl )-GAy-OH 25

Ly5( 4 cy&nobenzoyl )-A y-OH 26

Lksgat Rhpisriodenspdstly selepipd @om thg group consisting of H, alkyl, alkenyi,
é kycy gnzay! )!\fOsaréﬂg'x‘&_l%%zloxy, aralkyloxy, thioalkoxy, thioaryloxy,

benzo sar -

!(ymu@ﬁ@ém@ps S8R,z IR, NRy, +NR;, OH, SH, COOH, COOR,
o‘F\MF@f@@ﬂR Q}/#{p-ﬁa&ic@* NcﬁjR NHOH, NHNH,, NHNRH, CH.OCOR,

D- (4- cyanobenzo Sar - OH

EQ@% @Dﬁ%tq‘?(ﬁq 0 533) _asngQﬁq Rgglkyl altkenyl, aryl, aralkyl, cycloatkyl,

gLys(4 fuorobenzoyl )-Sar-OH 34
L

D-

D-
D-
D-
D-
D-
Ly

ys(4-chl orobenzoyl) Sar - CH 35

Lys(4-nitrobenzoy!) - Sar - OH

Ps gsgg,@@g,ethg gw’%ds Sap de gfree N-termmal or a free C-terminal, or both.
H Al a- D- Lys( 4- met hoxybenzoyl )-OH 38

Pre¥arhb! P—th@’ sédaRbRoNHBen Ze!é}éi dnﬁ@ﬁdroﬁﬁobm group and at least one hydrogen

EE"LJeQJ' Lﬂ%// Qég@%ﬂﬁ%@}g } egi}ee Aimensional structure of the peptide the

Hsf2hes Betlvpsl therm tdaskoyteayaphdsi©btoud 2nd the at least one hydrogen bonding

&o-lxl_;'ﬁ gls &'%rﬁzébébﬂg: E\gg%rggrﬁigi:a%)@g:bz }%gstmms, preferably 5 1o about 10
Bindstrontd: Mosd drefebiiinXybenizapHopic@rbup is an aromatic group, including, but not

limited to, a benzoyl or benzyl group, or substituted, or modified forms thereof. Substituted

H-
H-
H-
H-
H-
iy
Hiqz
H-
2
Efo
H-
H-

benzoyl or benzyl groups preferably comprise substituents at the 4- position. More '
preferably, the substitutents have a radius of 3-11 Angstrems in the sphere taken up by the
substitutent. Suitable substituents include, but are not limited to: methyl, ethyl, t-butyl, c-
hexyl, phenyl, n-butyl, n-hexyl, n-octyl, ethoxy, t-butoxy, phenoxy, butbxy, benzyloxy, n-
hexyioxy, n-octyloxy.

More specific peptides within the scope of the invention and having this general formula are

shown in Table 1.

Table 14

Compound
No. Compound Name

H-Gly-Lys(4-nitrobenzoyl}-OH
H-Gly-Lys(4-fluorobenzoyl)-OH
H-Gly-Lys(4-cyanobenzoyl}-OH
H-Gly-Lys(4-methoxybenzoyl}-OH
H-Gly-Lys{4-chlorobenzoyl}-OH
H-Gly-l.ys(benzoyl}-OH
H-Lys{4-nitrobenzoyl}-Gly-OH
H-Lys(4-nitrobenzoyl)-Sar-OH
H-Lys{benzoyl)-8ar-OH
H-Lys(benzoyl-Gly-OH

i3
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N

5 H D Lys(4-nmethoxybenzoyl)-Al a-OH 46
Lys(4- nmet hoxybenzoyl ) - Phe-OH 47

ys(4- met hoxybenzoyl)-11e-CH 48

ys(4- met hoxybenzoyl)-Leu-CH 49

ys(4- met hoxybenzoyl)-Val -OH 50

ys(4- met hoxybenzoyl )-Hi s-OH 51

ys(4- met hoxybenzoyl )-Trp-OH 52

ys(4- met hoxybenzoyl )-Tyr-OH 53

ys(4- phenoxybenzoyl )-Gy-OH 54

ys( 4-t - but yl berziop(d-mehyxyOehzogh-Gly-OH
Ps( 4- n- but oxyben@yyd-).ys@-ynedidxy®E6zoy)-OH
s (4- met hyl benke@ly)D-Fy4-Gkobdzoyl)-OH
vis(4- et hyl benz biyG)y-IE ys(©Rliorgg:nzoyl)-OH
%s( 4- n- but y| behz&ipD-LE(§-o@Hobggoyl)-OH
%s( 4- n- hexyl behzGitD)-L@(§-i0pbarogpOH
Vs( 4- n- oct yl behizGiy)-L@(kerdpyl)-6Hl

¥s( 4- pheyl benz bl ys{aEhypraianzagp-Gly-CH
¥s(4- benzyl oxy bekystitypngiepzap-GlggoH
D- [2Ps ( 4- et hoxybenzbiys|4-ciigroi@rzogyGly-OH
H- ASr®(INH( 4- t ri f | uor dhRilhigFiesghynzay hHGrPH65
H- Asr#ZNH( 4- et hoxy b&hRsHy§t-niroemqyl)-6ay-On
H- AsrE3NH( 4- ni t r obenHyPyysiaprzogiiGhsH

H As@4NH( benzyl ) ) - AlFaPays{4ggorobenzoyi)-Gly-OH
H As@ENH( 4- f | uor oberhlz?hw(-"rﬂﬁn@ﬂz%’b'@‘%o*‘*

wivleivivicivivivlvlvlvivivielele)

+If+FL+FFLFFLFEFLEELEL
(g el el ol ol =l sl sl sl ol sl Sl

H AsBNH( 4- chl or oberRty$AAhkprabanzoy-Gly-OH

H Asr#7NH( 4- cyanobenZirlys4-pyagolegqzoyhSar-OH

F, ' - A8n( NH( 4- met hy| bEhwsd-mpthadeerpytEa-OH

H AsrEONH( 4- n- but yl bétkyal4-1uopbgorgy)-SpgOH

H AsEONH( 4- t - but yI bhkya(d-Fhigeherapy!)-Sar-OH
31 H-D-Lys(4-cyanobenzoyl)-Sar-OH

32 H-D-Lys(4-methoxybenzoyl)}-Sar-OH
33 H-D-Lys(4-fuorobenzoyl}-Sar-OH

34 H-D-Lys(4-chlorobenzoyl }-Sar-OH
35 H-D-Lys(4-nitrobenzoy!)-Sar-OH

36 H-D-Lys(benzoyl)-Sar-OH

37 H-Ala-D-Lys(4-methoxybenzoyl}-OH
38 H-Val-D-Lys{4-methoxybenzoy!)}-OH
39 H-lle-D-Lys(4-methoxybenzoyl}-OH
40 H-Leu-D-Lys(4-methoxybenzoyl}-OH
41 H-Phe-D-Lys(4-methoxybenzoyl}-OH
42 H-Trp-D-Lys(4-methoxybenzoyl)-OH
43 H-His-D-Lys{4-methoxybenzoyl)-OH
44 H-Tyr-D-Lys(4-methoxybenzoyi)-OH
45 H-D-Lys{4-methoxybenzoyl}-Ala-OH
46 H-D-Lys(4~methoxybenzoyl)-Phe-OH
47 H-D-Lys(4-methoxybenzoyl)-lle-OH
48 H-D-Lys(4-methoxybenzoyl)-Leu-OH
45 H-D-Lys(4-methoxybenzoyl}-Val-OH
50 H-D-Lys{4-methoxybenzoyl)-His-OH
51 H-D-Lys{4-methoxybenzoyl)-Trp-OH
52 H-D-Lys(4-methoxybenzoyl)-Tyr-OH
53 H-D-Lys(4-phenoxybenzoyi)-Gly-OH
54 H-D-Lys{4-t-butylbenzoyl }-Gly-OH
55 H-D-Lys(4-n-butoxybenzoyl)}-Gly-OH
56 H-D-Lys(4-methylbenzoyl)-Gly-OH
57 : H-D-Lys(4-ethylbenzoy)-Gly-OH
58 H-D-Lys{4-n-butytbenzoyl)-Gly-OH
59 H-D-Lys(4-n-hexylbenzoyl}-Gly-OH

14



74 H Asn(NH( 4- n- hexyl benzyl))-Ala-OH 75

H Asn(NH(4- n-octyl benzyi))-Ala-OH 76

H Asn( NH( 4- phenyl benzyl))-Ala-OH 77

H Asn( NH( 4- phenoxybenzyl))-Al a-OH 78

H Asn( NH( 4- n- but oxybenzyl))-Ala-CH 79

H Asn(NH(4-trifl uoromnet hyl benzyl))-D-Ala-OH 80
H Asn( NH( 4- net hoxybenzyl ))-D-Ala-OH 81

H Asn(NH(4-ni trobenzyl))-D-Ala-OH 82

H Asn(NH( benzyl))-D Al a- OH 83

H Asn{-NH( 4- f | uor obe D

H Asn{NH( 4- chl or obe uy[%%}ybﬂls
n( NH(4- cyanobenzyl ))H

- GIy—OH
H Asn{-NH( 4- net hyl be
H- Asn{,;NH( 4- n- but yI b@_ﬁ% rgéf%é ))-Ala-OH
H- AsNH( 4- t - but y| bengydaiidy héx —AIa—OH

H- As NH(4 n- hexyl bEH"Aé/( (@‘nt%t%n )) JOH
H- AszNH( 4- n- oct yI bepzyl g%gsl}ﬁ;\ 10oH
H- AssNH( 4- phenyl bengyl,) }\,Hb;

H- As fgNH( 4- phenoxyb@fméﬂ )4( r@b -OH
H-Asn;(ONH(4 n- but oxyquaﬂgﬁ{
D- ASn(NH(4-tri f | ugL.g NP{Y I%Bt%yi M% A1 95

H- D- Asn( NH( 4- met hoxyhg ],@LQ -n B]3-OH
H D- Agn(NH(4-ni tr obem;yrl[ gvé"ma -OH

H AsgNH( 4- et hoxy benzyi N)—z(zﬁmne })-Ala-OH
H AsrsNH( 4- et hoxy benzy Nﬂtd—ﬁ‘-@c -Ala-OH
H- AsrgNH( 4- met hOXbe{lAyA(NH(zP DAIa-OH

H G nyNH( 4- net hoxybepayA(NH erbela%)) Ala-OH

H O rg4- met hoxybenz gyhgn(fHys-Mbutokibenzyl))-Ala-OH

H G yroAsn( NH( 4- et hQi‘-E‘\bﬁ{NH\IJf ¥ifodbmeftBenzyi))-D-Ala-OH
H- D- lgps( 2, 4- di ni t r obenggyH)4-eihodbenzyl))-D-Ala-OH

81 H—Asn(NH{4-nitrobenzyl))—D—A]a~OH
82 H-Asn(NH{benzyi))-D-Ala-OH
83 ‘ H-Asn{NH{4-flucrobenzyi}}-D-Ala-OH
84 H-Asn{NH{4-chlorobenzyl)}-D-Ala-OH
85 H-Asn(NH({4-cyanobenzyl))-D-Ala-OH
86 H-Asn(NH{4-methylbenzyl}}-D-Ala-OH
87 H-Asn(NH{4-n-butyibenzyl))-D-Ala-OH
88 H-Asn(NH{4-t-butylbenzyl))}-D-Ala-OH
89 H-Asn{NH(4-n-hexylbenzyl))-D-Ala-OH
a0 H-Asn{NH(4-n-octylbenzyl)}-D-Ala-OH
91 H-Asn{NH(4-phenylbenzyl}}-D-Ala-OH
92 H-Asn{NH(4-phenoxybenzyl)}-D-Ala-OH
93 H-Asn{NH(4-n-butoxybenzyl})-D-Ala-OH
94 H-D-Asn(NH{4-triflucromesthylbenzyl))-Ala-OH
95 H-D-Asn{NH(4-methoxybenzyl})-Ala-OH
96 H-D-Asn(NH({4-nitrobenzyl))-Ala-OH
97 H-Asn(NH(4-methoxybenzyl))-Sar-OH
98 H-Asn(NH{4-methoxybenzyl))-Leu-OH
99 H-Asn(NH{4-methoxybenzyl))-Phe-OH
100 H-Gin(NH(4-methoxybenzyl))-Ala-OH
101 H-Orn(4-methoxybenzoyl)-Gly-OH
102 H-Gly-Asn({NH{4-methoxybenzyl)}-OH
103 H-D-Lys(2,4-dinitrobenzoyl)-Gly-OH
104 H-D-Lys(2,4-dimethylbenzoyl}Gly-OH
105 H-D-Lys(2,5-dimethylbenzoyl)-Gly-OH
108 H-D-Lys(3,5-dimethylbenzoyl)-Gly-OH
107 H-D-Lys(2,4-dichlorobenzoyl)-Gly-OH
108 H-D-Lys(2,5-dichlorobenzoyl)}-Gly-OH
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104 H D-Lys(2, 4-di net hyl benzoyl) -

Lys(2, 5-di net hyl benzoyl )-Qd y-

Lys(3, 5-di met hyl benzoyl )-Qd y- 107
Lys(2, 4-di chl orobenzoyl )-QAdy- CH 108

Lys(2, 5-di chl orobenzoyl )-Ay-OH 15 109
Lys(4-fluoro-3-nitrobenzoyl)-Gy-O4 110

H D Lys(3-fl uoro-4-nmnethyl benzoyl )-Ay-OH Mre
particul ar peptides according to the invention in one
aspect facilitate and/or maintain or inhibit the

i nt erggel | ul ar comumi-Daks(eMuoedi-aitreltbnayylig@l-GHinct i ons.
I n ong enbodi ment t keD-Lpspiudest-mathybenzgi-Car-Phyt hiri ¢
pepti des which target the sanme cells targeted by AAP,
5 AAP10, HP5, and/or functional anal ogs thereof, i.e.
the peptides are able to inoculate the function of
these cells by agonizing or antagoni zing the function
of AAP, AAP10, HP5, and/or functional anal ogs. i
Moez paficulTteplidarerrcpuingap dee inuerivadn pae ﬁﬂée%%éﬁ*ﬂea%”%ﬂr maintain
?Plﬂh%ﬁﬁwe%te][c%hlﬂ%%%%rht%%n FREBRIIH 'g%ﬂ?urfc%nst Reone embodiment the

hol 0gl €s assocCl ate

peyticies enawb@rang@rﬁwrmrm@me@ws iR o‘a%mgn%?‘*ﬁg?rﬁ%tfg by AAP,
MMHZHH% RS Sk gﬁ%@?hélb%ntﬁere%p 3 Euméﬁ;@épn@é@é@rmo modulate the

peptides 1 n accor i nventjon s
anction ofytheae galts by agpriaingfor FERSOPBINE oiif qdncg ggé\AP AAP10, HPS5,

%&/BP@Q&[J&QF al RSB SRAEYE. TR rlr@@ﬁﬂo‘nfé{scpfe@tésyto&bi@lpf@hiﬁon and use of
peptides as represented b

vh@wwa@flcabcq@@wttoas i m@’ef?e%@ﬁm Pﬁpgﬁhab%fs% .%ﬁ%ﬁ‘ﬁ%ﬂv with impaired

gﬁ%llufa\‘ g86} u’th':drﬁéE &fmrAiec86n and®ethoos fopaghg these cdmpasitens.
odi nent of the invention the peptlde is selected

fromthe group consistin

gﬁhqg);g%fgrrﬁq PeriigEH Wcsjrd%(t@a W8ﬁtﬁj& Sffw good activity in one or more of
'ﬂ"erM'U & huydgh zest| fecBktatCanpoenity o)l available peptides as

Eﬁ%{%&d@ qrp‘eg@ygﬁ é?}y eg)%yg&ﬁey E%iﬁgggen&é@g%@ vonfim and optionally

ﬁz@nhyécﬁﬁl«n)to%bimbyirbmzioylpaeptﬁby OH (Conpound 54); and
p- Asn( NH( 4- nitrobenzyl ) Al a- CH (Conpound 96). In

? ng%?h@%@%%ﬂt&ﬁg% i ﬁiawtﬁec’ ﬁ@ﬁdBQQ%%g&e& FoR&h€6IRH consisting of H-
IGhe- g hnitpbiGoyh-OHl ((@zmpmmdd’i 2 By Glirhars( (4-methoxybenzoyl}-OH (Compound
lz%r( "ﬁﬁol-&?l-tl etﬁ%ﬂé’ﬁ%ﬁﬁ %gb%iﬁléé‘on%%&??on ;j{ﬂ-g Ly&@mtrddbﬁlnéoyi)eiy-OH
KB@IW@W?AL Dt Ins ez yibonzor)-Glyedreamaoun, 5%} and H-p-Asn(NH(4-
nitrobenzyl)Ala-OH {Compound 96).

y CH 105
106

4
H D-
H D-
H D
H D
H D-

In another embodiment the present peptide is selecied from the group consisting of H-o-
Lys{benzoy!)Gly-OH (Compound 23} and H-g-Asn{NH(4-methoxybenzyl)Ala-OH (Compound
95).

In yet another embodiment of the invention the peptide is H-Gly-Lys{4-nitrobenzoyl}-OH
(Compound 1).

According to the invention in one aspect the peptide is H-Gly-Lyst4-methoxybenzoyl)-OH
(Compound 4).
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According to the invention in one aspect the peptide
is Hdy-Lys(4-net hoxybenzoyl)-OH 25 (Conpound 4). 16
Further, in yet another enbodi nent the peptide is

H D Lys(4- met hoxybenzoyl )-d y-OH (Conpound 21). In
yet another aspect the peptide is

H D-Lys(4-ni trobenzoyl )d y-OH (Conpound 22). 1In a
further aspect the peptide is

H D Lys(4-t-butyl benzoyl )-Ay-0OH (Conpound 54). 5 In
still another aspect the peptide is

(NH(4-nitrob I - CH..
EiPefor, Vi e DE P bbB it T RGL REt T BBETgy)-Cl-OH
iCnigopndg$) benzoyl ) d y-OH ( Conpound 23) In strl
anot her enbodi ment the peptide is

H( 4- |

Bog AR R e TR e B L o R PRIV PR (prp22).
above shomrgood function as a nodul at or
arfotthesmabed drmpaptidaisitoR- L(ye(ﬂrd buty&?ﬂé@éh%t%” &OmPOUﬂd 54).
antagoni sts). In one aspect the peptides have the
fnléﬂ%hcﬁﬂeraa%pé& HNSdRBE M- Elmsﬁ(mlr &iﬁrtmb&rz@%a@ﬁpr@&mﬁﬁ%ﬁhd 96).
the preferred agoni st peptides of the invention

rovide an intracellular conductance (G).
Buthet.ain (val |gnckee YapREeTt B P@@@%Qré@et ﬁah? -H%Zb@azoyi Gly-OH
650W$68n@ﬂ3 at 15 is referred to herein as a

st andard cardlonyocyte assay”. |n another enbodi nent
G Bhahe RN IR A5 BUPHAB R by Bompouns
#AP to normalize the G of an ischemc cell, i.e., to

return the G to substantially the same val ues found

n.Nnon-is henrc c t
e L L
albout jIA‘WGrhEéSKJrTmhlmatlhe (€., 26 @@onm@orsmntqﬁxcegtshtiﬂlmesrvect the

é%(?ﬁ&; R he ’ctrr% Oéab%ﬁﬂgrg&%rc t about 60% | ess,

as at ' ess, Tor exanple at Ieast
about 80% | ess, such as at | east 90% | ess, for

axeneptrebedimpribe praigyed agcsist PRRidRERT Bie iBYSPtpR Gpwide; asintracelilar

Q:fndbei%n&ar %ﬁ%‘ét ;@%B%%iaﬁ} HiedbMenR! of ik MrdL4 thah, HREG] of AAP in what
relative descri bed above. in f yurther

BrPeUPHENIaIca 78 dasiehgerd 9@@@”%"[?@&%%%?@{ oni sts may
display a 25 different relative G. This nmay further

peRREkr @mboben<0 Rasralchive apepbiiseketrgzauadde 4 Tj tedld less than the
Gj of AAP and/or block the ability of AAP to normalize the Gj of an ischemic celi, l.e,, to
return the Gj to substantially the same values found in non-ischemic cells. In one aspect of
the invention the present antagonists provide a Gj that is at least about 40% less than the Gj
of AAP, such as at least about 50% less, for example at least about 60% less, such as at
least about 70% less, for example at least about 80% less, such as at least 80% less, for

example at least 100% less.

The inhibitory properties of the'present antagonists are not limited to the relative Gj as
described above. In further embodiments and assay types the antagonists may display a

different relative Gj. This may further depend on the comparative peptide/compound.
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Additionally preferred peptides according to the

i nvention increase the tine to an AV block in a nouse
after infusion of CaCl2, in what is referred to herein
as a "standard cal ciuminduced arrhythima assay".
Preferably, the peptides provide at |east about 40% of
the activity of 5 AAP, for exanple at |east about 50%
of the activity of AAP, such as about 60% of the
activity of AAP, for exanple at |east about 70% of the
activity of AAP, such as at |east about 80% of the

ed vity of AAP, for exanple at | east about 90% of the
activity of AAP, for exanplz at |east about

ﬁ%@n%ﬁy Qr%ljgrrg% 8?[?%6!5 ? ggcgfoqlﬁ&\é tlli%/ m\(?ént;%ﬁ?c e%Q&ﬁlqung@%%tAV hlock in
Aabouse A0 Whefiort bieCaitd, |n\w!’taylsoéfem@d3to Im@ih ag & "giengag salciyg-induced

qr@yﬁm%g%%yglﬁé% g@tp‘n eXJ iods. HOR d? apfeag?(Mk Q0&t of the activity of

IVIt P, such as
Al ufor 2a89hiefat tibest about\G0ly obfhepemnvxtyf @fr AbR.afHsheasagbout 60% of the

y 8% a@ bt feast about
V80 RO i 0 L P et st
&% Icéam aabdytof 18T¥% fof exantrde @t t6ae ﬁpOLéfQO%Apf the actlv:ty of AAP, for

% ‘ep?atqfaé/stg%apbteﬁ@gtaﬁ%gtthelggr@ Qétlvkylﬂ@f Ak | MichYasWbodAPLO% of the

great er % of
adtieiyacht APt fpr ekamlP o ileast abai d@p% qféhqa g@‘gﬂ Bt AAP, such as at least

f 9.)5% /ﬂgﬂtf Fﬂey ac{'ﬁl b@ of RS Q%@%%tét%ﬁst alE’(ﬁﬁt”] 149*”%501“ ARy activity of AAP,

creases In the incid

merasrapoatr%ﬁ% IUSCIaty P AT SSPRElegF o6 APRYGISEEe idhactiiy of

BRS Sl s ool 61709 @fftﬁé?gctﬁ;@ G19US, Rorasaplbek aagaitdut 1609 o

i Gl 06 AP oBSEETHAR SHORH TP ALE Y G RAR] Gperabl a

& o dreRS e Qpthe 20019 Tof hhe (B [ dhvinttynedbgAdRpproximately the
%g%lgs abodt GOe/o of the ac [?I vity of AAP, 20 for

eoragpiretia). | east about 70% of the activity of AAP,
such as at |east about 80%of the activity of AAP,

PopticRY %ﬁ'ﬂ?/' RidAbnhiBasbwaketsks&0Poties mt:henmﬂrwrmw anfnyihAﬁas or in the

f or exarrp e at | east bou sub I
sfge iof iepy nigfot KRPS O ﬁ%ﬁe é%df ) ?‘6@5 ?%e ac |v Jarggventricular

ARRiry by @X@‘erﬁbgr Bk pepiils padvbiatat leﬁﬁ%tmiut 407 oﬁﬁwﬁua@u\tﬁy of AAP, for

of AAP, t t
aan;@lpa lfsagq% agggtn%t"/%ofetﬁ Ia%tggy? JF?’ %d%r?%% /’ngﬁt ?(%ﬁ 3 Uk Wetabtivity of AAP,
ﬂﬁtdxﬁmbbé @flea%t\abo&um a‘sthammltylﬁa%PZ5udf ag ableget abaut pO% of the
QEt[V't)& {ﬁAgf foi%%a %]8 @ fe lgtea Dut ?@/o lé% tkéegag:f{ i 0;8%2@’ for e.xample at least
abém\subs;tamfany%a safrwaosxlwlﬁé\Pasuérmaboabbw/o mistlﬁeyoaéfﬁvﬁy of AAP, for
th f 6130%
SFaerp% aléit?alsgl gou’t ‘\?@%Agpt%g a%{l\ﬂtg (@P s%@r‘?tas %p%t 49Y0130% of the

nore | east about o
200/itpof gAEafbeex%mjé at Ih@s’tab@mt\ﬁﬁﬂ% qﬁfthe;aagbwm of AP, such as about 150%

vi di afy 98Gh ?%a’atnaﬂoﬂf”i@@E%@tr@rac’ubw éTf AP, such as at
?¥ ﬁ’éa’sa%'P'% &Inﬁ%%r or sn@?%er size). 30 Osteoporosis |s

least about 170% of the activity of AAP, for example at least about 180 /o of the activity of
AAP, preferably at least about 190% of the activity of AAP, more preferably at least about
200 or greater % of the activity of AAP (i.e., providing similar decreases in incidence or

infarct zones of similar or smaller size).

Osteoporosis
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There is understanding that GJIC is inportant in bone
formation. Additionally preferred peptides
additionally, or alternatively, increase ost eobI ast
activity in what is referred to herein as a "standard
ost eobl ast activity assay"” which neasures either
cal ciumwave formation and/or al kaline phosphat ase
activity of osteoblast cells in the presence of 5
pepti des. Preferably, such peptides increased cal ci um
wave activity, manifested as an increase in the
[ d.i

ﬂn%ég%‘jér Iuﬁ&er?tgmj ﬁ% tl@s}foé\}fﬁt is é@g@ié’r“?\{ﬁ b%g% iéjrﬁﬁseiﬁ%m ARelicR¥Iy preferred
eeptidéy ﬂﬁ@’ecrreiﬁy | realfemadively.civpeassy esteshled %N*f% maWQa‘falﬁdreferred to
%‘?@Htésng I%%darrwg&%blégt S ysaé’é‘égc Bhich L’rﬂé&sﬁf?@s) either caicium wave

al ine phosphatase activit 0 can be used to
fprrmiioaeanctéorrre%elmeepmwb@tﬁe%@lc*@rﬁtv eic p3toohigst uaglingn ‘[he presence of
p%g)cﬁlrgsarlﬁref‘e%b@f | Bk ﬁvgt;c?e%smﬁ%ase%geﬁbrﬁﬁ‘r PR LERRy 1Ranifested as an

ordin ntion provide at |east about 10%
ipgresreinabe |nvrnb§r @‘fceﬁa\mvrﬁwe% m:fh waie (3psdeigrmineithy measring levels of

rhf?ﬁ%ﬁiulérb@éﬂ’ udBYeaaslciuvi Eefnsrtrf\/@ﬁu@ré@%m &eabudheastiraabaM counting the

30% activity, such as | east about” 40% activity
b EE RR PRI & high flugepsee) aﬁ@ﬁﬁlrn%@%salpat@qeeacggzﬁy )59 (Adte W to provide
PredRuabby oste@ﬁiaeteﬁﬁ&rt@l@@%b FERE tebMlithMtric aé‘é?,a |Adonzs’r peptides

nore preferably % or gr eater activity

of
aeepidinat ip fh@f'“‘i@&h@“ mev'éénfé pasbaBpdr 1ide 06@1% Befy f AAP in such an
REEPIHER GS EOlehftbbivVEN, BHity, %rte@(éﬁ@tel A et a8dut 30% activity, such as

addi tionally, decrease GJIC inhj

Ttlpsst afg%ﬁ%re%cg\f@ufeae@ﬂ%ﬁ* AR SO Tt ey BpTERRe, preferably
fesek BHAS 78% a@hiBNdad il seRS prefeRiil 0% %8 abkater activity of the activity
Preferably, t he peptides show decreases in QJIC

AR t i on, which are at |east 50% preferably 70%

and nore preferably 100% or greater, 20 than

Caeeeases observed for AAP. As discussed, it is an

obj ect of the invention to provide pepti des that

&l Ll Rl L ecrease GJIC
lﬂ%lﬂeg p%.?ﬁd?e% éé&g% ng L uré VBIIL H g}é@érrc}u&g@,%Cﬁghqr%ndwc ease GJi
DiiSen inolater) by e remoles ovohmar & TG it West 6l Hiswrmgo herein as o

E%%Hé‘lrdeﬁ_rmc}r h&oﬁﬁb&!r' 3410 sleerpasenceldbay HBROWRlRE: in GUC

normal | ze ersion of action potential duration,

rarrraltl@r@) et @féeesérﬁ&%tﬂr@ﬁravm 68 t%?‘d ppie sfergbiv 14076 or greater,

then 808LERL BbedfierofghbuUl ar quantity of gap junctions
normal i zing (up-regulating or down- regulatlng as

needed) the expression of connexins; to. nor

Rregpadart.dn's 6 Pist of i ETPeie tpiPHIITS RePBYeS Wﬂ%ﬂ%@aﬁe @gp Junction
|H@Fd&h bZ@erﬁrﬂbrﬁrUeﬁt@h GUI@f)f T, ﬁ@n?fpeﬁtﬁiéﬁaﬁ(e&&)rﬁ ith & invention may
g nbr ane % crease or ﬁ@we to facklﬂtat ing. t

BedghBIS oPorotax e PATCIFERCLT GRLY (L SP et Brdicouping, to
rﬁc@m@@;’dﬂb@dﬁor@@ﬁﬂc&ﬁ@g p@fe;ﬁzﬂl camtrmg gapioj nmr@tﬂimt&ndrﬂhtrgn wvelocity, the
%q%ggg%&%y&&g%g%&g@la,n& it}? %rggzp Lg| E’h engctﬂrg}% —regqutmg or down-
redieétd 2g ®¥edsd) the expression of connexins; to normahze degradatren of gap
junctions (inhibit or enhance}, to normalize cellular frafficking of connexins to the plasma
membrane (increase or decrease); fo facilitate assembly of connexins into functional gap
junctions; fo normalize opening of existing gap junctions, e.g., inducing or enhancing
opening when they have been closed or gated by inhibitors {e.g., such as by mediating or

enhancing hyperphosphorylation of the cyloplasmic carboxy terminal domain of oine or more
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enhanci ng hyper phosphoryl ati on of the cytoplasm|c car

boxy to r final domain of one or nore 19 connexins

(e.g., such as Cx43)) or closing these when they are
aberrantly opened (e.g., as in Charcot-Marie-Tooth

di sease); and the |ike. Particul ar assays useful for
identifying and optionally quantifying the activity of
preferred invention peptides are described bel ow. The
assays are non-limting and are nerely serving 5 the
purpose of illustrating a variety of assays in which
dohﬁeﬁrﬁﬁ@eyts@a pEicies)) mayiokiag trese enuerﬁ theytehedberggagy opened (e.g., as

ncti tln bilj is to be understood
'{‘#:S‘la ﬁ&'aﬂg 89 dff’F ng”dth%fual ly exclusive, i.e. a
pepti de according to the invention may show activity
P articnar agsayd oafarfomisieafying wnd sivtvnady diafidiremnthe @fﬁzvﬁb of preferred
cti.vity in ano
Pl Pl AT Sl R B BRE B T anERe gl sondng
’raa utpope of diftistesdisaypsvafiety of @ssdvadn whic thqgeg@ﬁtpie S mgy be tested
ndard O I I t
g‘éeér ga Ju{wﬁt‘on’%ﬂ@%drl@&é ébﬁi%e@?g\%ly eﬁep!élgjte?s&cgcgoefli\’j%f BROassays are no
renﬂuatlwedciwm ligbial papfide rfacxcpmi@lg toAlhs gprysintiemn Y B‘@M ggihdty in one
%}rﬁ&f tar 3% Qéa/éggt@hg\gsatcg@éréﬁn d b, Qb snla'nmhgxeﬁar@(%%%y Tils may be

rad elt er enzynmes in
@a@‘tactu:pmofetbmdn\@lrsw@(gf )thet ingdvidugk p %anwgeq Al espsys for testing said

¢%¢ g%ellular | umen 15 of the enterocytes. Further
e ohysi co-chemi cal properties of peptides,

especially their lar %e hydr ogen- bondi ng potenti al,

frak esStandandi Priat fvilabifty A§88% nol ecul es to perneate the

enterocytes by transcel | ul ar passive diffusion.
Ve @farredliasp@d df the impamin td@%owdmjepfﬁdsau‘ﬁ enbamnagdweedilability in vivo.

ik e e T T
by aifrsp @h ed‘llF?QIﬁ’eTéastWTﬂtéﬂﬂn& ?‘Ga t:raietndsrrt@rmzpne& i the intracellular lumen
localized in t

ehier gg?,rp@ge%fﬁ%@p Jﬁ‘f') @Py§%?qeq rﬁ ggqmeﬁtzegshcg P&, tldes gspec;aiiy their

ReR heesgacsortigngstémial, eakienie difficoln fartbesen moea‘ociee to permeate the

tides that have affinit epT
BB R b OB B e i B AT A EAPARREL Snich nave
s@niled tratdeanoiandineefuid bhndiasgas etiesthefintpepliulaidumen by means of the

B%Lg&ei ﬁ@ﬁp%\!& %Egﬁl?\l 12?\y’h t%a%pelﬂbrgﬁeaﬂﬁg%g%hzéd’ f athe gﬁlgal membrane

desi retrassiod e upaer Bealiividsired in silico to optimally
25 fit wwthin this binding site, as described above

| r
%?e‘??ﬁeoep%jtngg’%éfg% 1% s i &\)r@ﬁtlo‘ﬂ are th@?é?&@)pe §idc§aB tﬁal’t;\ave affinity for an
TRep O &knspoael &bian emaiqg t@r%p{h@@r%ﬁ;ﬁ}qngpﬁfa gpnidrmation and key

Eﬁwﬁfﬁ‘@t HeE cﬁ%e%hd?@"@oﬁwﬁbfrﬁ%%ﬂs@ bind Rigd Mabpi ltshnspo'ﬁébbﬁé described by
Identified using the Baile say
Pajewh & - %vﬁ'l at2880.fsypra. pad Qﬁ'TeithVp ides can be mo ele in stlico to optimally

fit within this binding site, as described above (see, e.g., Bailey, P.D., et al, (2000), supra,
Vinter, J.G., (1996) J. Comput. Aided Des. 10: 417).

The oral availability of a peptide comprising a structure as shown in Formula |, Formula I,
Table 1, or more generally identified using the Balley assay, may be evaluated for its ability
to bind to a PepT1 transporter, preferably an hPepT+ transporter. For example, a PepT1
cDNA, preferably, an hPepT1 cDNA (see, e.g., Covitz, K. M., et al., {1996) Pharm. Res.
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to bind to a PepTl transporter, preferably an hPepT1
transporter. For exanple, a PepTl 30 cDNA, preferably,
an hPepTl cDNA (see, e.g., Covitz, K M, et al.
(1996) Pharm Res. 20 13(11): 1631-34) may be
expressed in a Xenopus oocyte expression system and
the uptake of |abeled peptide into the oocyte can be
nonitored to approxi nate Ki val ues as described in
Tenple, U S., et al. (1996) J. Physio/. (London) 494:
795; Meredith, D, et al., (1998) J. Physiol.

ect of the |nven

RS0 R 6 p et R PR boeSle S e O St Ay e wpteke

dfGabettat ;ﬁﬂ'}dﬁﬁ@ mtd the cacate cav diel ra:tnltblretj)to @bp@xzpeam Kidelushi ashdescribed

L ey R T I e

Rhpeptiideohssaretd.y adnministered to a mammal, such as
arat, in anorally adm nistrable form(e.g., as part
f l; i );
Iﬁ orf as{p%&dofptﬁ% l%ﬁgénn tz%]gt}éﬁ%aﬁﬁ lr% VWB drﬁ dﬁ)allgibhﬁy éé‘ﬁ? is performed o
caaidwnmcsiﬁweroeai avaikabilifyenf . peptite whigh has ba@rh@péeled osentiretly conform to

| Qté’alfegesufugt?fé %m%i%{en ANbis L8 Bhove. Fiﬁpﬁﬂsdgs%a?'aﬁ Btide is orally

I njections at concentra

!acmmglsﬂe@df toenmaenTEl, E@ciles aj rat, wioknarally asfmirisiablekigrm é¢ d., as parf of a

i?(% {E}eﬁ’étaé)r ﬁ’ln\gatbﬂ whﬁé)%'t N I8 AR, %aﬁxreecowfélrﬁl%tiérpgf peptide is

5 m nutes before

aﬂnmbl@tewhpv e(a Y ﬂﬁR‘éﬂ’ﬂ apcaibrter Biseichdto shegemorat yeinoped artery).
BlQ%Res a[amlrﬁétgf%ldeas iﬁcﬁusclﬁjle!:t%?ag ed c@%ﬁ@éﬂoﬂ??ﬁ{fﬁ\gﬁrom 107°-107°

m nut es b?or e adm ni stration of he pept i d
s aApIEs of 1IHEY az;s‘ppﬁgorgbar@tt ¥ oPse: E,he anipg'sre eivemeitelU. of heparin
iGOBRihSted $ b0 ﬁne st Hh oM s%%p&e@tté@%) A'c%n’&rél@ﬁc%‘d%%ﬁwpfsofbefore dose”

concentration determ nation.
¥dt-PestiBpieaf cpiepten, a@roxlrgate@@ mmg@as b@fpre ggpinisirgipn ¢ffge peptides.

R40Ried s dodBl tn'oﬁ @@' |‘I§@fu?¢§# vidted @Reriedg i10e-10tM 11l # @eptide) is
EDTA stabilize ng e vials and stored

gHned qt P@Pﬂeﬂﬁf%’é’ﬂt%’f?rﬁ'ﬁ@é WPl 1HTPIS ﬁﬁen%ﬂ*%%mf Fot=5d6 5 15. 20.
80, 8D, 140, asmang 200 mMuked. s harvested, 20 transferred to
a | abel ed poI ypr opyl ene m crocent ri fuge vial (e.g.,

G8¢ o SPRRES bl 25t SR B8 e 1 s o

lf?tB hmﬂam.le:klly$enmfugedi et4°ofiot 6 ramuiePIC, O@OIWPI@M@(TC@N@ is harvested,

%fegred px dl ga%d go%gpreg}l Y r&.}fg@%@)ﬂﬂ%@%% (#ﬁ%@"ﬁ‘ﬁ Q%ﬁe@\doﬁ) frozen

mmﬂca fand s@ra@ﬁh@&ﬂﬁwﬁﬂ fﬁrt@erranalwasi\ppmx%rb@tblb@ﬁ #Bo{(De 1iltrgge is injected

id FLkeq Qr u ]
e PP Sl R §1b oy R DB S bR and et using o
lread gtafienhirom actod! cao% Rt 610 minuea ol irefolyuh takshegipf 2P )minutes in

Mﬁ‘eprl?: {1))01 o I?c?rnﬂ,eééld 1:# Qée@&ﬁiﬂn%norognoﬁ%mg%s ]%@fﬁer) and equilij}arated for 5

or ne met h routi’ne
rarﬂutasnd Bué‘gr elé@,&?/q foeticfagict ih erfat@eirmmoth@r BNt t@éfen) raRg to the next

I%}'EC’[IOI’] of sample. Mass spectrometry is performed using methods routine in the art and

as described further below in Examples 1 and 2.

The concentrations of compounds in the plasma sampies are calculated from an external
standard curve covering the range from 1.00 to 1000 nM. The plasma concenirations versus
time data are used for pharmacokinetic modeling in WinNonLin 3.5 (Pharsight, Mountain

view, CA) using non-compartmental analysis and AUC values are determined as is known in
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The concentrations of conpounds in the plasma sanpl es
are calculated froman external standard curve

- covering the range from1.00 to 1000 nM The pl asma

concentrations versus 30 tinme data are used for
phar macoki neti c nodeling in WnNonLin 3.5 (Pharsight,
Mountai n view, CA) using non-conpartnental analysis

- and AUC val ues are determned as is known in 21 the

art. Preferably, orally avail able peptides according
to the invention are observed in significant |evels

thé) Pl FSdTBraviyt Bily alvakble3 Peptidasitesording tedle inkeidionagrgeghserved in
observed in animals, .recejying i.\. 1,k Strat i il
SHEpePHOS I GBS B APt LR SolPE AL JU0 RPReRly animais
raBshinda). fadhirfi@ranbhc b Biptde erebsed heewdhuats surhtdfiectsws clearance and
systens.. 5 B, Standard.Plasm ility Assays The
h%ﬂ'@?}‘f’ﬁ“%g};ﬂ“@obepﬁ%\??@gén%‘SE\W %\gée%%ﬁat have enhanced
stability in vitro or in vivo. In one aspect the
p.efthhded P Sabildy pepeysde bond that is al kyl ated or

otherwise nodified to stabilize the peptide agai nst
enzymati c degradation. In another aspect, the peptide

0, conpri el D80 RGLES stabityan LB IRET vivo. In one
ékep'&ef HOR %ggﬁg%ﬁegeoeﬁg%&éﬁgﬁﬁ%cedn -st abi ity ina. . ,
spanidte chetidbicbinpyseasa apptidenb@dethak jsedlkylatah of ikFryisg modified o

L T Y% b S RET 1s|rleRshbbeebdd the peptid
e B ,%P?ﬁ%dgr&%%maggr{/@gzﬁ,%q%ogﬁ A i 7 od%eole PepiEs
¢omprises POF/ADSOEOBFETENG FEIds clat # éc)W',thepS@&P?Qﬁe ecREPlgR has enhanced

l.DCH L L -PLASHE LRLay. 15 serum and sanpl es taken at
értg%wgi%&ﬁ?éebrrvaﬁs or s?;lynal ysis by HPLC or LC/ MS/MS, to

quantitate the anount of undegraded peptide . .
InppnepeskEce ebndi Vitn $'3EEE ﬁﬁ%‘,"g’s@is?/%nti? LR N described in
andeppersd WRrebAlanspE Poanal yses are estimated to

ensure that the peptide peak and the plasma peaks do

not have the sa I on time. This | :
Snssqinb e aivbEHEe be Srlilfn Pt Gros it fefpered in lasma or
SQuirnBeF bhapiewd thkert Be raepliidervaiadiot keaipsiadiyeliPEG| 4roMelS/MS, to

20 by optim zatjon of LC method p A
ST A ot HTID. OBEar Tt DR % gafigr falurm, soivert
SRARING andi tdperatufes forepth deslyses eat ediniated feensemghat the peptide peak
manner, al so can, be take uat e I t
A Ui e P Oanel BOE 7 RO CatU LR ol S fere (3 subseduen
pRRtibEieofat petids Yildsatd, end emodneatian wgh teepgptide gnd the plasma, followad
I | aspm Wi t hout Lde, e Sis obtained. A
PR EpheaBl SR 004, p RSP BT sBATBIASI cian
cotest pabma Resfbersiiopt theudeplifs, &resterr B same PEniea@sp paf be taken
aral l.el.. The n r atyl Beb Hink fide at
5y 16, AP ORI Bt gl Ak Rl e e o
Boitbld eomeentation ésr DI NG/ rAbFE10eX BEHEPRATEP: U QRynore samples for t

(:e{'},garid &Tcé' B9 Bre samples at each regular interval. Preferably, muitiple samples are
taken in parallel. The sample concentrations (peak height in mAU or ion counts) can be
plotted vs. time and fitted to a function describing & mono exponential decay {e.g., using a
standard Excel package). Preferably, a peptide according to the invention has a half-life of
more than about 48 hours, such as more than 24 hours, for example more than 12 hours,
such as more than 6 hours, for example mare than 3 hours, such as more than 1 hour, for

example more than 30 minutes as determined using this assay.
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standard Excel package). Preferably, a peptide
according to the invention has a half-life of nore
t han about 48 hours, such as nore than 24 hours, for
exanple nore than 12 hours, such as nore than 6
hours, for exanple nore than 3 hours, such as nore
than 1 hour, for 30 exanple nore than 30 m nutes as
determined using this assay. 22 Plasna stability can
be exam ned in vivo using standard assays. For
exanpl e, peptides may -be adm nistered to a manmal,
Hbtides ma
ﬁlg%? Eﬁblﬁ%y 8k ’be% rﬁfﬁleb‘ \gmr/U &&id sgéo}gilahd"as\é’%bsuﬁgﬁe@%pﬁbﬁ b y
tpremmidleter@ﬁe atresmed!, sncrp@erat &y nmtlsme@ﬁﬂ% @IVO‘%?%IC%@WU’E 1 mifkg
ffer ' r mples
ﬁgé&q?g té?gi ‘%8 do%fng gge?aé}égiﬁpﬂegﬂm&e R%Ratd 1H%aﬁﬂ'ﬂélhmﬁ control samp

S are | ect ed at
glichf &y émffertqrn@gn @gh&ar@é}g‘m@g}e@tlde #ith B [gwov‘gp stpgilitygoBiogg samples are

%9 oted e dmf?é?‘ bt tz%dpe%gs g@ @Uétfese 5, WhesE 6B d@ 12@f1%08aﬁd0240 minutes,

ore ose pep tl es |n san'p es can
oere B.B.asled iesheﬁzje dfﬁﬁ niyaeutpeftreRtidgs sRaPIgy ¢an %%Lﬁﬂé@ted using

& h@hnﬁ&h@ %ANNcE a5t AV Q/W@P eBt &tiviphs) %@éon@@rﬂi&iﬂﬂr&ﬁof peptides
I n

plasma sanples may be cal cul ated from an externa

et rdartrer wnmﬁa/@aw@eia iptadalye 8 Grtersd pan e dfHBiR GPV@“GPQ ranges of

;Bé%)tsatg @ernl'\éO t-ghﬁJO@lnﬂ@ %e@%ﬁ&w@édt@ﬂ@ws\/\%ﬁﬁﬂmrﬁé dEEs € 18 used for
e used 10 phar macoki netic nodel

Miansenkingtia. ngackeppgaprg V\éﬁrﬁon%g,@t @hﬁrswhgv\pﬂm@%sm Yigvh gCA) using non-

S arERARALLARAL aéndétﬂéllra@utﬁ'g%Ganﬁélersrcﬁswamxg; Clp, 11/2, Cmax and
araneters of " AUC, Fpo t1/2, Chmax and tnmax can

Xd‘@ﬂé’?ﬁ?’f?@ﬂ'“éga%gw&%”%ﬁaﬁhe art. C.. Standard
Cardi onyocyte Assays In one aspect, a peptide
@C COor SaAgardCdramynegtd Asgayss admi nistered to a
cardiac cell and gap 15 junction function is

: VaI “qas%?e ’aa %ottd&agﬁ%ﬁf‘%ta \%Fl’ilcﬁ’ﬁg gdﬁfn%?&%‘% £2 c%ﬁc%@l[ and gap

ﬁrﬁﬁt&:@t funmhds avaloelets Oamreah ;simltld&seﬁr fsri@rrpwcmlcaﬂ badtentified In

p
at@e{gq,rg cr—ﬁrgzo ﬁ&eﬁae@%an or &[t ééﬁdxe%«f]ce\ﬂ%_%% lgtglrtle@grg&zasr%ammai such
wp@e@am pagutsi @epaﬂmdloemﬂhlmﬁ@@naeﬁ clvee [ jye/s 10 tb@{_@q«gendor’f method.

ﬂ\@ USh r&p?%{ﬁdﬁephh@ %ﬁ@; #/55\ uétg@ feﬁ’r(ﬁJ iclgit [:?Jtél‘? l:l'an%'p alsing methods

ct anc p' pul se
kmcmrrieﬁieﬁﬂt) Iatgtcaliglar @md@Eqwt IG@r‘rlStD}J t'Wﬂg’Ff%Ul?p pul se and
| p, rest represent the current in the passive cell
during t pullse ang before the pul se respectively,

and Up; Lﬂif-eséﬁ& the vol tage of the passive and

active ' ced¥; Thd/chHnge i (BqfdtioY @ ue upon pepti de

adm nistration is anal yzed by conparl ng the relative
QNRARIESpUIdE Sd 1Rkt RpAEBhethe IDReritah Atd Yasside @S dring the pulse and
function of time before, and

before the pulse respectively, and Up and Ua represent the voltage of the passive and
active cell. The change in Gj value upon peptide administration is analyzed by comparing
the relative changes in Gj. For example, the relative Gj as a function of time before, and

during, stimulation with peptide (e.qg., at about 10® M) can be determined.

In one embodiment the peptide provides a Gj, which is substantially the same as the Gj {by
+ 10%) of an antiarrhythmic peptide such as AAP, AAP10, HP5, and functional analogs
thereof. In one aspect, the cell is an ischemic cell, and the peptide provides a Gj, which is
substantially the same as that of a non-ischemic cell (+20%, preferably, £ 10%).
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infusiie et Frfk d(38 smeiie

25 during, stinulation with peptide (e.g., at about
10-8 M can be determ ned. In one enbodi nent the
peptide provides a G, which is substantially the same

as the G (by 109% of an antiarrhythm c peptide such
as AAP, AAP10, HP5, and functional anal ogs thereof.
In one aspect, the cell is an ischemc cell, and the
peptide provides a G, which is substantially the
same as that of a non-ischemic cell (20% preferably,
10% . 23 In another enbodi nent the present peptides

lﬁ%%fth%@d?ﬁﬁt %Ir&g%érﬁs g&ﬂtxgéfylﬁr@ﬂﬂesf & GV s%}:hff(amyt from the Gj (by
HPB%) hdnfantietr o g%é? éagq ap I%Peg)f!\tb@dg{%t% 8n€'?br9090nal analogs

gl |'s concerning perfornng cardi onyocyte assays are
provided in 5 PCT/US02/05773, filed February 22,
2002. D. Standard CH|CILﬁﬁ|nduced Aqu%{ g ASsay
cardrac

rovided in
cel Ips

Aeisiiondleslekiip t £BPEETRIBY - REAIRING: r R I SRS

@fubez/bsEnt fibd edodubryan, 2ov2vi vo nodel of
cal ciuminduced arrhythm as according to the nodel of

[kﬂygg%g‘%dagéC@;‘%‘g'%é)'glﬁcaeggﬁﬁlﬂtl zed&sspa?ﬁr gaﬁglur olsept49180

anaest-hetic conmbination and an i.v, cannula is
Pagised adtablatfor admeinishitionveicardian celsaern pe Hexdifiegiiy AR yigo model of

rded copnti.n y | | Ngodk) SHAIIhESS !{stﬁel 1981y J
C@?‘i‘é’@@&?‘?ﬂo rrhy%%?%ea%% : o?{eél éngﬁonrynt he | ef (1951
Oarﬂ@v&asaﬁarrﬂr&;l gBouadOebee (880 % ﬁwea@é@f%sgﬁ’ﬂ%% \Wﬁgﬁt neurolept

%r}?&s’qwe chOm dne?ksmsér%s%l ‘_lzscaﬂmé'té !r@.grtéd( u"%a 201 Qe@00) jead 1l ECG

ere Via a Sac SCCEéeCt{%% ht
siputls BBYUIEOG M, bmlt@ﬁﬁg @gst@n @%ﬁaﬂeﬂ? EGP gleprasg on the rig

gt th ht hind limb. Th
t\{akeg\nmgl aixtglog rﬁﬁeﬁ%ﬁ%f?‘uda}%uﬂ'ﬁé éﬂogﬁld Q@étfdeégli;t)lé%too the right hind lim e

sl NowropiBd (0810 DS PONFESA G | NP EBASoKiTH O DB B lecroni

A\gdgpt’%gtlﬁ}@%ﬁhl‘ebrﬁ' Q}%lo@%’gﬁ@ﬁts didieetiesd a 3amldateodicquisition board
Is Injected intg the tai '

. Mc
s firatedan VORI BUERDrendr ikt B 100 B 186iPg Nofosprk HEM 3.1
g kOtor l\l\ﬂ?‘l(%:lc\)ws: T kKl ?aﬁﬁqlnaﬁl diliBratidi f@eﬁcﬂ} %ttesﬂmampie of peptide
volume i s in all experinents. Lnfus
E30iepg mto tiee ailysigyg Mica pi%@eqii%f Wﬁ? I!ﬁuﬁer( @Slt‘é‘%ﬁ‘%&’ %ar%%%sure of the
&!SHH%T 0 zr?u:ﬁbégfe@lta%ma@ Gl'hB'lr@&ﬁibn d@urria &1 00Ge trmalnyLp}rimsnts.

started mn after i.v. admnistration of drug or

vehi cl e. The tinme | agiﬁrg1 %prggth%];"é( d{mlg%ﬁ%&%vﬁﬁm Lo hydrate,

Rﬂa@%cﬂ@ﬂa&ﬂ?&méﬁﬁ) fsi ke d @ HRVERBAIAG sBM@MtraB6T uff drug dnvehicle. The

S%rggqtu‘gﬁ%{qrég& fo?él {q%g@eoﬂia\%igéb A@%@%ﬁ%@ﬁs&?‘e fime from the start of CaCl2

c‘?’\‘:&r%f ireerkt RyhamRioeusat WicuRoUtn &t otamichimidea-bIQRS s defined
as mtermlﬁent failure of the AV conduction characterised by a P-wave without the

concomitant QRS complex.

Responses are expressed relative {o the time untit 2nd degree AV-block occurred in vehicle

treated mice. The maximal effect of compounds (e.g., peptides, AAP, AAP10 or confrols) is

determined. Preferably, peptides according to the invention have antiarrthythmic activity

comparable to the compounds AAP, AAP10, HP5, or & functional analog thereof, i.e., the

peptides increase the time to an AV block in a mouse after infusion of CaCl,. Preferably,

Preferably, the peptides provide at least about 40% of the activity of AAP, for example at
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25 Responses are expressed relative to the tine until
2nd degree AV-bl ock occurred in vehicle treated m ce.
The maxi mal effect of conpounds (e.g., peptides, AAP,
AAP10 or controls) is determned. Preferably,

pepti des according to the invention have
antiarrhythmc activity conparable to the conpounds
AAP, AAP10, HP5, or a functional anal og thereof, i.e.,
the peptides increase the tinme to an AV block in a
nouse after infusion of CaClZ. Preferably, 30

{D % &F Q1 @bleYo, { Bihﬁxe Aﬁ%@l‘tﬁ@ﬁ/\ﬂpogucﬁ a@%b!ﬂg%‘bo %{9% aé‘t@!%? QF AAP, for

activi | east about

SO0 at leest abwt\?'m’/yofd*ﬁe APty @‘lﬁ@“ﬁ’ aechatforiteasbabayf 89k @f the activity
BCAAN 'ﬁ)ye%}‘m}}ﬁé‘ £ Qtr abo%f( lo?t?%t ac!t!@l%s&f /@Qﬂ%r g)%r{?p@ at Ieast about
the activit suc

| east bout

agwstantialy th@fsa,wact’rveﬁy OéMr?pISécfhﬁS labal 1%Qdmﬁ>f ‘f@o%tt’!fty s AAP, for
%ﬂpﬁ&%{ M tyat%‘ut% F e SR bﬁAﬂb B&%Sés abesdt about 130% of the

stantla he sane acti vi such as ap

adigivy @ffM%éora%rwlet@i lespt @bt 14 o Ofsth@ﬁa%ﬁv &f AAP R g5 ‘about 150%

%ﬂgtacﬂ@ %r Aart e BGkipl é’ryieé?aft aﬁtﬁ&’ 16@%061‘ AS aéﬁvati/ %ﬁﬁhP such as at
about 130% of the activ for exanp

Jeasisabogbbi% pﬁ@%aﬂhv&w&f %{ i %ma'ie A pgast §%ﬁ "é%"/“é%étﬂﬁ activity of

Aﬂﬁ Yorefkat §t l@ﬁét'éﬂoﬁﬁ/'] gk, M’He aEﬂEtyQ%W' frofd pﬂe@@dly at least about
a out 160% t he act|ka% such as at -

t
Aot grﬁf@%"/copf PRECREYIV Y be- K’RFDEPF s %Wﬁiﬁﬂee'ag? SFSpproximately

IrRasmeakeitbn b8 WMueéa bheampctivity of  AAP, preferably
at | east about 190% of the activity of AAP, nore

r ef er abl bout 10 200 or greater % of the
Ect i v %‘F{ %O%ia. Ct“f'fﬁfélilsﬁékﬁtl des show time |ags of
apprOX|nater the sane duration as induced by AAP).
Rlod@borderd thtbedlieiablcasitmuAtiion tepredsstaya Medudrésr on wfich osteotropic

R SEAbL o ST DR S8R BN SR o

bamedifig taritimay srwlntm a_';rmelsed b encr¢a$eome@mewhvstpew infegasing gap
%} F@%‘éf g’i %al%\c/nitn ?gt\ﬂ}g@x ngtné c%la. A &e dﬁ%d‘ﬁ@n H&{bl TTiation /i1 vivo.,

I'ncr easi ng unc |ona
connunlcatlon bet ween bone cells, thereb¥ enhanci ng
Ebm@fffcaqamai Rareptise wossding Théheinveigpymay ba asamtedde prehmmanly in

i e?ﬁ ‘Hs%latap CEIlﬂse (t'a(ﬁ‘ﬁ()e Bl QR hemRsSAnE taldlm wave activity and/or

imnaril human ostebl ast cells™(hOB), for
é&ﬁﬁﬁﬁ@oﬁvﬁ#§ﬁ§ﬁ$WWg cal ci um wave activity and/ or
al kal i ne phosphat ase activity. 20 In one aspect, cells

81 Bnd S6hat, b rAMidHERN frBANRIERA By PRkl RBthile by puncture of the
puncture of .the

terior iliac s ALHE l

Detienar dercs a6 PolyyeinieRra e AP irogemateral was
e@lcbrgtiedsin HES#da H&&#@Td&hmﬁb@lé@ CEecmrnaMom e;ath @t U/ml Heparin

Byl AP I1B0 LA CERRE LD (5078 el o
YTgofat THe LT PRl e isolated on @
Lﬁrﬁ[bra:tp%b gadi@nt (Nycomed Pharma, Cat.No. 1001967), by centrifugation at 2200 rpm
for 30 min. After harvesting, the mononuciear fraction is washed once with culture mediumn
and centrifuged at 1800 rpm for 10 min. Subsequently cells are counted and plated in
culture medium at 5x10° cells/100 mm dish. hOB medium (all reagenis obtained from Life
Technologies): MEM w/o Phenol Red w/ Glutamax {Cat.No. 041-83013) supplemented with
10% heat inactivated fetal calf serum {CatNo. 10106) and 0.1% Penicillin/Streptomycin
(Cat.No. 15140). Medium is changed the following day and the cells are cultured at 37°C in
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Lynphoprep gradi ent (Nyconmed Pharma, Cat.No. 1001967),
by centrifugation at 2200 rpm 25 for 30 min. After
harvesti ng, the nononuclear fraction is washed once
with culture medium and centrifuged at 1800 rpm for
10 nmin. Subsequently cells are counted and plated in
cul ture nmedi um at 5x106 cells/100 nm di sh. hOB nedi um
(all reagents obtained fromLife Technol ogies): NMEM
w o Phenol Red w dutamax (Cat.No. 041-93013)

suppl enented with 10% heat inactivated fetal calf

55%(%‘;&1?&%d ckﬂa@%@ &) erdddd)s LAftdrens elebkd of diturepthemedls will reach

15140 Mediumis ch f
Tty Teameg iy & e S bPREeEaRE 1) TrbDetgigfhone (Siama,

fxlla BQ@OQ'WOW%?@ S kY fheflapted BF Vieso tningeskeriroénts: a 25 mm
ture, the cel

s wll rea 0% con
Hschers i PR GBS (700 R PEra b RALgaR) oos ar
eﬁée@&@ 5x168%eNGovdRIHAR oukived or daydays Befotesusar e t hen
ated for video inmaging exper| ments: a 25 mMm #1

SRR T i) e a7y e St hatm chanced

eﬁe@@@@aﬁe ROS @evemshl I}Eagalélds obthined &dmflde TBG@@M}%) MEM (Cat.No.
erore use 9

PSR HoPPETR i o CEr AR I T (A ST 1% NEAA

(%aa?l]ﬁlamzmm sedimnPratdie (@Eﬁ@\@ngéﬁ»ﬁzﬂ)t Hleglutansrg r;_g:té\lo 25030)
echn

A RSP UC 2R Rl Dor o Lo PRy SR s, cels are

196 NEARoverdifatt Nox10f talktioyertinp BodiuliriePyor drhtdys (b@g,ve P@e
11360), 1% L-G utanmine (Cat.No. 25030) 10 and 0.1 %

.Fenl Iﬁltg‘bl uredScBr( &R}e ér@ In?ag%ﬁvﬂﬁ 5 ﬂl‘@%ﬂ@-)&Ai\ﬁ'Wo!&tLﬁ&@robes Cat.No.

exper | rren S, are plated on COV%YSH o i
Bt 2%)3%16@ ol ACHG 214 ipcubatpddufent Bgdivgy oS overslips

%{‘gfﬂ? 3 et% io E}ER/@F& |C§!t Eﬁéﬂﬁtﬁa‘# (Mgdté‘é!\éﬁét%hisﬂﬁor;ﬁ! enamtamed at 37°C

oa ed W ura I ecul ar Pro e

L 2QTUSOICCED O AUEES AEOFTCERIPH QBRI FEIFPES Heves are

CoVedislid BSI uah® atthesiliadibigiead mioro pipstie
]HE‘%%P/I%JIQ Bﬁrg]e&gﬂgémn ”fﬁ cal Sysgfaerrs Corp.),
afﬁxertﬂtfalan&wpamdosﬁfd'fi@'wfﬁqﬁ”@w&&f used C02, on a Zeiss

Axi overt mcroscope. Intercellular calciumwaves are
IR ok byrieRaanksieg! a S\tiéetﬂMb@hl paghfy aysémg(Univeetal Imaging). The
u5|ngabor05|llcate m c ipette  af ed- ;0 "
xBTS B P S0 G PRI EE Y B Hagrea i 3L Photorics
@?rfbi—@r [FBsheld Sk SocirdtvaiVaI pitensmagon:@ sysire {@qwﬁwvéa@@mgxtlmd with
The excitation |i S
R AR REG T pe o SRl e Th o Faicium wave in
@ébﬁbsedcgﬁgﬁsata;éﬁcémﬂpep’[ﬂd oshtte aged ot mogid |ae”deitY§@® of increase in
canera (Dage Mrl) and digitized with a Matrox MP
e processing board. The number of cells invol ved

in a calciumwave in the presence and absence of '
pepid depecandbmiastoh ofc prrive dereespe Heurenisr of pRIP gyeyed in a wave

ap ieast about two-fold compared to cells which have been exposed 10 a control, such as
buffer. In another aspect, administration of a peptide decreases the number of cells involved
in a wave by at least about two-fold. Agonist peptides according to the invention provide at
least about 10% of the activity of AAP in such an assay, such as at least about 20% activity,

s 0 L
for example at least about 30% activily, such as at least about 40% activity, for exampie at
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Cg at, ase TO Ugtl on

&I C In one aspect, adm nistration of a peptide

i ncreases the nunber of cells involved in a wave 25
at | east about two-fold conpared to cells which have
been exposed to a control, such as buffer. In another
aspect, adm nistration of a peptide decreases the
nunber of cells involved in a wave by at | east about
two-fol d. Agoni st peptides according to the invention
provide at |east about 10% of the activity of AAP in
such an assay, such as at |east about 20% activity,

%e%'i 2GS ABRYE ofj%% }x&ﬁﬂ oA §Qré%]§cét' Eé’és? ¥?0L§ toh Eﬁlﬁ\/lt@t and still more

east about activity or exa | eas
ratferablys 004 % br gieatenaetivisy @f)lh%ﬁCtWAPO %Pef erably, at |east
about 70% activity, and still nore preferably, 100%

iis HLALRBbAGEEMILY iR fnd Pes@rbiof |a¥k¥ﬁln%f p!%ﬁhatéﬁ d@ivigl Boprovide a
can be neasured for the presence of

gSRerEh MEEEsR OhestPRklas) atlyitsrla e eseect, gf@ﬂ%?’&l |Pleiech i 6w plates at a

déﬁ&é?%h@%f @@@@ \ééltsxweul (‘FlOB')‘%r 29Pe Wells/qal (FROSY i Bdtat @drmal culture
96- wel | | at es concentratio

ERSTSy B Py M@Bsiayo? foscb’&ﬁ edF) SPNRAP W|ﬂh9§(85!p'}’lEM 0.1% BSA

Q@W')Ca@ﬂb}ffé—@%@jeéérﬁmﬁs gﬁﬂmgﬁngdra galfabdﬁme&uifnqé .gR@BO pl MEM, 0.1%
Is), cells are washed w

) g RS ST O EP G BHFP BRg” ALELP eigypiged o the

JEBSl i mc(i@irg is, corBilie oLt Ddab (2 BSA)focROBakiE)Ng

vari ous concentrations of peptldes control, AAP or

QomieinBate RULRSpbO pafDe S1a80 gt baBed By plgine pposshatase
l@hgmﬂkald@yﬂﬁbs(omte%s(’m )&sGHnyLE:hfa}Brls Ra8vic &1 the)grt. ¢&Fl assays are
Sk OB, LR APAEOS AT BB L3RIty g ean e
geﬁerraaact usm@_éh Atsslapshesphatgrendl (Sidnya, Cat. Nm Thgtlili).c Preferably, cells are

ﬁ) 58@%](};%-?6[% %%ﬁWAI% Oat gﬁé g %@gd to each well
a(n8| g'rﬂacei@aera\lonctm%d L&h 371 é@reﬂabmutaﬁel 10§J dr Subgigaipegplution is

O f

%B§ UQU%{PJWI%QQ(}%%%&E% eac%twgV\E\aFe %@ and‘gghteg}gké’ﬁ& é(ﬁrmn 100 p 20N

Nathi kapedbdato S0 Walriolgomihgueegion] 60sqshansy b%ﬁ’ieﬁﬁlé"ed using a plate
subsequent|ly added to each well and the

é?‘ﬁé‘nalt?{gs':“ﬁcubat ed at 37C for 30 min. 100 pi 2.0 N

Na0—| is added to each well to stop the reacti

Ageaist Bapides pecardag i 1bg 11@@;}?@ ;gowﬂ%@glea§i@ga%tra g?u inggease in alkaline
phigspHsgadei Stduptipt redsive eisotodic sefiirteo ptefrealily) v feabiorpout 10% increase in

éﬂWe Bodhal88 od%QﬁBH re@at@e/ 4d BEHRRSEII) il kel me% préfdrably a 15%

[ GREPALIGEocR: 1 GG SaBouE 1% PICHERRC 117 A KA g ssine: The
iptroagshit aselupiiodat elkelne eheaphetese ds issareanire Balingrased activity of

Rbbidstd dndrReerdpgBiahaiduye Br 45 Moreate @y iatésrraior.ease
i n al kal i ne phosphat ase production relative to

!L.S ot Ogtgﬁdgrgl”llqudr F;I;Eemotor Assay

The compound 1,1-bis(p-chiorophenyl)-2,2,2-trichlorethane, also known as the insecticide
DDT, is an inhibitor of gap junctional communication, and has tumor promoting abilities. It
inhibits celi-to-cell communication by reducing the gap junction number and size, and
exposurs to DDT is asscciated with decreased cellular levels of phosphorylated {active]

forms of the gap junction profein Cx43. These aclions are considered pivotal for the

21



10

15

20

25

30

i ncrease in production of al kaline phosphatase is a
nmeasure for increased activity of osteoblasts and
accordingly a neasure for an increase in bone
formation. 25 F. Standard Tunor Pronotor Assay The
conpound 1, 1-bi s(p-chl orophenyl)-2,2,2-trichl orethane,
al so known as the - insecticide DDT, is an inhibitor of
gap junctional comunication, and has tunor pronoting
abilities. It inhibits cell-to-cell comrunication by
reducing t he gap junction nunber and size, and 30

sme dreofddlc bopatiso¢X.abemh, wt th (H96) Casdgertdiul far 1791-1758;

s of |.at ed far
Foveloct. Posehoylat e Caok ol & gl e g 1) Caror
P&y ofogl 117 arR3). has aﬁemmmnmrmgdmmameatscpef&mmf the peptides, the

o i et 0 0L QORI b R con o
BeteMnindh dhiwleain oret aslect, 4191869 at@fﬁb@ to thetrventibpeare use to inhibit or
g?efveri’cﬁ&éxbor(—ﬁp‘gmﬁtenﬁ%ﬂ?eu%ec%@%é & Geup? é\t/\:h R. Hpﬁg{ %PQIUQ'!)@ ) Science, 278

e peptides cts o I des
o7 PBI-7).nduced uncoupling in human osteobl ast ceI I's
can be 5 determ ned. Thus, in one aspect, peptides

ﬁ'uc 6L %%Q?p]%& és!%g%' ROHEAH bﬁQotﬁ‘és@ cHIﬁsegret i@oléi'ée'fmrﬁ hghar\}v bone marrow

reven not er | nduced decreases of I C (
I&ibtaH@dg;)y etmfémre 071 97 postericeritias, spirg of 1!@71gb31@qlv§1teeqsn (aged 20-36).

%@grlo%?n%% a6y 5%%@¥on$M% Q%tfé?’i‘épér@%ﬂ&fédl lﬁ 1§rnﬁ1 PBS + Ca, Mg (Life

m human bone marrow obt ai ned unct ure
GEChﬂ@@Qw@stC‘@ﬁ Ner 1#P4@cwigpilhe Wl H@&laf’%)ﬂskgﬁ'lau A djog H-3149).  The

GRReRL R foﬁa)ctaon 10 #Hp %%W‘?é @it oA Sa f[grr%ﬁo;i?@;ﬂ &radient (Nycomed

marrow material are collected in 15

Phefee, Fethaol©gPes), bwtl’lﬁ&a’“%@iﬁf’owm fer £ RYTRS-

Heparin (Sigma, Cat.No. H 3149). The nononucl ear

farac tHapRs@f ’%étth@ ABREQMebS flasfini®esenl anty npEthopuBpe medium and

d  Ph ,. Cat,. No. 1001967 b .
O MR Ted e oL N AOBISRY) s B on ptes

kak e siddngn at Bet orrepamool ieardidh, aekiluanisi chaaguetie dolloeing day and the

wth cultur centrlfu ed at

Pl 6 ettt AR AR Os i i hatRES ey  BERS, BEr 54 woeks of

pLRiredhe RellCybicaiivereaeid 7 0h @h i@ t.5 Thelrmes:lﬂutf@& threm dupiemented with
[ i s changed .eflvvi

A0 il e oRaEE (haad U DRl i eh e Cafrp B6F plated for

d/a)yee 1mécﬁxh@rex6er4nmk§eoéraﬂyc wkluare, plathe a&:él5l><§05t sebB/caNersip and are

n The medi umis then suppl enent ed
d%éé%i‘%f e lieithe (Si gma, Cat. No. D4902) f or

7 days Cells are then plated for 20 video i eg
extipecultreing s celSemrer affitey, toce DI eulireathamiar (MegicalgBystems Corp.),

Ch% :Htéfn&ﬁ’ Y 5?7‘40' @[tﬁ@gpﬂuged CO,, on a Zeiss Axiovert microscope. Microinjections
are performed using a micropipette is loaded with a 10 mM Lucifer Yellow solution (Sigma,
Cat.No. L-0259). A cell in the monolayer is carefully injected with LY for 30 seconds; the
micropipette is removed from the cell and after 30 seconds the number of cells that show
dye transfer is counted. For a subset of cell cuttures, DDT is added to the medium in a final
concentration of 13 pM, and is left on for 60 minutes. Images of cells are acquired with an
intensified CCD camera (Dage MTI) and digitized with a Matrox MVP image processing

board, using the MetaMorph imaging software (Universal Imaging}.
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cultured for 2-3 days before imaging. After culturing,

cells are affixed to a PDM -2 cul ture chanber (Medi cal
Systens Corp.), maintained at 37C with superfused

COX2, on a Zeiss Axiovert mcroscope. Mcroinjections

are perfornmed using a mcropipette is loaded with a 10

mM Luci fer Yellow solution (Sigm, 25 Cat.No. L-0259).

A cell in the nonolayer is carefully injected with LY

for 30 seconds; the mcropipette is renoved fromthe

cell and after 30 seconds the nunber of cells that

Shew coflys cbﬁ:ﬁf@‘fse(ﬁo D@Tammm tHeatye geserptetpredfdsde klmedian of 14.5

S BT R e B a2 on o

ynmmoes of cells are acquired with an intensified CCD
camera (Dage M) and digitized with a Matrox MP
roc [ t 8
Fg&gfaﬁg \?\é(? gne( %%%i@nlﬁ‘? é%gal ﬁc%@% ! defll@c gp]ol/l alnd after 10
oindis emther(mmrcﬁmﬁotmm emmrbnne)d &’ﬂe’?@r@:}be agenigrgpliges according to the
ads

EPALASSRR S TR b2 S ameto e T OR e
signiBctingn doferent fr(om:gmyrol %mlesdérgthgptep@@d@aj qsdthef@med using routine
Qt%f Q‘cglg *I:ecégg %L%C‘Pln %nthg WIEE oncﬂ&‘? S"E}Errn@{r 108 Aicd0%est (vmth p<0.05).

m nutes, anot her m croi nj ect .

Peefgrablf otheaeptitiseshematsicjsasas nE4C ipeipitipr 88ich 6 @aieﬁgt about 50%,

Eax%férg'k?\é éb%\ég'%h/ nah R B@%réf@%ﬁl?""%@odtm&ﬁ/ﬂ lort Quget, | thAY Sdecreases
r referably, this increase is

shepnyed fouiviiFy d| fferent fromcontrol sanples (wthout

pepti des) as determ ned using routine statistical

tl‘ﬁ%ta%sa}ﬁé’&fmb@%é@t% JWHti@%ﬂﬂldB@rbe@Me@,Wﬂtﬁ e h&jhééﬂ taéiapaltic efficacy

test (With 0.05).  Preferably E? egildes sh W%U d
oS IerICGRAORS AHFBE IS FUTEHS YL HFORRYRY and in one

a8%ct, Kocl ?Sﬁtﬁfeé Rty a@bauterd 0 pa’ﬂ@ﬁl‘s 0 Figk \Qﬁ @éﬁ“ﬂ@brhg/ or having cancer.
about. 100

Yo Or reater t han creases o rved
AREPHHTSY 284850 ERRS B S ToUST 4L %pr%%ﬁﬁ? Byt a combinatin
RRPA qr'ﬁﬁ'l ohdriantiRendd- gfesd. therapeutic efficacy in
reverS|ng t he decreased i ntercellular coupling rel ated

SR Py
Ipay/ssqiq;ucanr@emons% s ;ﬁ&ptantﬂmhyﬁymbeaapsw Mnet\f’@l?‘lq nHP and thelr
SERAEL R S BEPHGES A 0 Bogs o s
&Spbhsast foar. ’assiayts‘y magagblestp)arﬁ‘ruitﬁ?ﬁecﬁ%@ﬂl a0k, Tyt ars not limited tor

gags q?? Sl &Rk %r%aﬁdﬁpﬁtc% ACA t W%lié)aﬂ@MP effi cacy gssays (e.g.,

gi cal fesponses as
WﬁuMPinmbltHe ofafndskolrmefaﬂmufatmfct»i\MFia‘prrmi@nocgs/-\*%) ‘ﬂ(fﬁ compounds in

%%ld gg@?ﬁySI %Esﬁf\ ﬁ)m&l%r WHa&!‘omW&yQé YM@Er SUPPIFE Ifsier, et al. (1897)

ese
Drug Den?elopmenf Research, 40: 1-16); and responses to glucose and oxygen deprivation,

A number of standard assays are detailed above. Additional assays are described in
PCT/US02/05773, filed February 22, 2002, the entirety of which is incorporated herein by
reference. These assays are exemplary only and other suitable assays that may be

developed and becorne standardized are encompassed within the scope of the invention.

Pharmaceutical Compositions
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20 responses (e.g., to identify antagonists). Suitable
assays include, but are not [imted to: assays to

nmeasure cAMP formation in cells (e.g., CHO cells);

CAMP efficacy assays (e.g., neasuring inhibition of
forskoline-stinulated cAVP formati on of APP-1ike

conpounds in CHO cells); phosphoinositol turnover in

cardi omyocytes (Meier et al.) (E Mier, et a]. (1997)

Drug Devel opnent Research, 40: 1-16); and responses to

gl ucose and oxygen deprivation. 25 A nunber of

Hleandatith 256 adfEe®E gﬂ\@traédeeﬂcaabm;msméd atbmpidairay oreess ayase of any of

are described in_PCT/USO2/ O 773

tQ@@@ptIQqﬁede@ﬁwtfe,deqth%f in, &0 atign I\A{J]’[E oar B g}ag%.[tlﬁgf& aéé%tabie carrier
drferense. sldasmpasisassarapef@xanipl afoym addapyecaﬁwdor@t mmlstratlon
sui tabl e assays that may be devel oped and becone

%@12‘ P%{%r Orﬁﬁ%mn%%%ﬁ%ﬂ%o%égb? Qﬁ’ia IS(Q%%H—QRO\L#% the person

jkiea m ihemrtad g0 as garceallysieaciiled nmmmgt@m Poaympesiticeigisiences”, 17.

%ﬂ%%fnng%gig &%Elsgr%r({iﬁ%@wﬁ{ |¥h:% Coﬁrﬁ%nyeégs'ﬁﬂeg’ﬁx U.S.A., 1985 and

mb@r memtedmahd wné@duepe arh)baogt:aﬁﬁl ior theafirey 20¢ | thenftharmaceutical
g?%r?ceg ﬁ? SI{@%@?D&%R& Eﬁ ehe F%%ryed' Betf QL %ﬁg@éﬁto‘ﬁg afOMh the form.

ormutations for or
ddtﬁbhtsst:aﬁu!ezsn greayleb e pplteds drosted, ozgnaes rg@;a! the|like.k rtiiable enteric

Pmtﬁlat?%e%esg&péﬁe%kb lt WUS PE@?& Q515 38, A1, aS gener ally

deseri on armaceut | cal Sci ences”
17. Ed. Alfonso R Gennaro (Ed.), Mark Publi

Tonpaipacaetist! GANePH, dilyers sxiployed Y e P cq%q:rglopéégﬂﬂgor liquid carrier.
%ﬁérﬁél@sﬂ@f &g ¢ FHIEFS%@MW aphsalbd) sib@se, Q&bﬁ@@ex&m}* tdid)@elatin, agar,

armaceut i ca Sci ences" series, Mrce

eRTEND Eeheiq,r g@gageﬁé’@tsteqxrﬁ@ csé‘??é‘ﬁs?‘f'qj dHs Iogrreé Ehw?tqii}éerf o?f celiulose.

'Qﬁantuﬁgé 6t ]ﬁquu&@&ﬁé’r& @fe sEUBNMELSE ol bl phbsehisss, fatty acids, fatty

' ozenges, and the like. Suitable enteric 10

A ATINEE VBRI NERVIA: e.g., in U S Patent No.

5,350, 741. The pharnmaceutical carrier or diluent

Shlaay, akk p@Yleh® dluan Iﬂ‘\@'nmmmaaénysqubﬂamed releasgunaterial known in the art,
carrier

arriers ar
Fatr chiopa T eeT e e AT RE SaRL AL fEe e
agar, pectin, acacia, nagnesi um st ear at e stearic
Hei sbiid castiovie mseci foy brabadeinistrafone el R Resation nBydepPlisttest placed ina

Ca”' b Y&mQrrtroche or |
b%rgsgg%gp CBdeJ fp%Ev?eISé/r cnléﬁet f&fr"ﬁl%\"& %ée ggt#'\ arr?l ! gsroc e of lozenge.
pod ymmyiﬁtdﬁydnleimarrazn U/ll[vvat')ewldel$|bm wgpsl&ally bR é*ogla':]bpp’reaé g to about 1 g.
di l uent may include any sustained rel ease nateri al

H{fréq}'é@.ud (f}:rrﬁdah?s aldd, the%&ﬁbr%n%%ﬁ% ¥lhdRPeS: ﬁ%&@b%r%und suitable for

stearate, alone or mxed wth a wax.
Qrﬂi lf‘@e@@r\rl er is used for oral admi nistrati on, the
preparation may be tabletted, placed in a hard

a&lifbi Bpsrensteh @ theRusle bre‘i&rre@@irﬂac@htsfcﬁ BEBlveQbmpbut@uske in a given
mte?ormo a troche or, 1o enge

therapy will vary according to e.g. the spec compound being utilized, the particuiar
composition formulated, the mode of administration and characteristics of the subject, e.g.
the species, sex, weight, general health and age of the subject. Optimal adminisiration rates .
for a given protocol of administration can be readily ascerlained by those skilled in the art

using conventional dosage determination tests conducted with regard to the foregoing
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20 The amount of solid carrier will vary w dely but

Wi ll usually be fromabout 25 ng to about 1 g. If a

liquid carrier is used, the preparation nay be in the

formof a syrup or liquid suitable for ora

ingestion. It will be appreciated that the actua

preferred anounts of active conpounds used in a given

therapy will vary according to e.g. the specific

conmpound being utilized, the particular 25

conposition formul ated, the node of adm nistration and

g‘ﬁnﬁfll"?’é‘st QL @&e%ngfe@ @na%fqlbdiﬁétfron(? aBout MG /KG REEHRS 1 O@ﬁglkg of body
% gener al h and age of the subject. Optinal

Vet BERE#Yat i on rates for a gi ven protocol of
adm ni stration can be readily ascertained by those

THekdpeatl bBmbbehderds thélsm\féeﬁhcﬁﬂﬁk@ﬁmlta@lyaédrﬁiﬁ@ta&ﬁ in a protonated and
determi nation tests conducted

BRERRHAR B GuRie PRABECCEGRY DL ET yﬁ&é@y hgeid addition salt
Jube by da iﬁ(ﬁrgmlﬁbaufaddrtiﬂ’géﬁ‘g eten, Abatibchididepduifgtepbr pradphate salt, or

wei ght Ther apeutic co nds of the inpvention .
o SR ey SR R BPEter AN R ST TR R, Tl Tor citrate
ARt Phasedabliel§ acdptabletsalis abthargpbalicmagotndsalfltye invention aiso can

1grzlefgpt apagﬁalfsﬁb%%lglh%g} %@e}xlljd%g%g?ﬂ:sgsrﬁmgddl téoglnug? %aléar S’oiassuum sai;

dwetln® ehttio hicte  saldlblicht £ a magpbﬁisrph:atceicmai $glt; ammasivansalts such an

%ﬂ@g{{‘é 7 I : agf?ylé%}nﬁgpfﬁ?fg%%é%cr] %r% c%c thﬁi%:ﬁ jsaits such as a lysine,

g‘Bl'ba‘rer,mc;ﬁtetnwaaalnlny salt.cept abl e salts of ther apeutic
compounds of the invention also can include netal

| L Sinp Al ; K 5 freat peripheral
B0 et G ALL R B PSR B it pornas
\satulsr siusﬂasaS andregmesicomey bl doromiaded tas aim@'ﬁ@famor ointment.
salts such an 10 ammoni um or tetranethyl amoni um
salt; or an amino acid addition salts such as a
Thespraegnt pgbijdsisraay aiso padpyiutethimeorastionsTaeEhasnielia dglutions or
&fspér{%%ﬂsn%?'%h %réi THR Wt rﬁét?a%tber"@;ﬁﬂbé”cﬁtﬂ% fleli@R| rﬁé} |b¥ dPninistered

treat erip her a vascul ar di seases and as such be
feseisiei, ot BY GEAPI, BILATNERLET SYBPUREOT: dgiggsal. intrarectal,

i Fﬁ%ﬁor‘ﬁ)’apﬁ wRalk@nfiostmshbat ed in conpositions such
as s

erile solutions or suspensions for non- or al
adm nistration. Peptides_of t

HPIRSERtNERIIOB AR AP Y ftsythe'tﬂ SropeTE B&} VoG ofigking examples,

WIEK ROLEES bferre8 WRHHRARSOUS thd Mveraipasal , intrarectal,
i ntravaginal or intrapritoneal admnistration. The

_P ﬁsent %ntl on will now be further described by the

67119 ?%i ng exanples, 20 which illustrate

preferred enbodi nents of the invention. Treatnent

INEireogipect, the invention provides a method of administering to a patient having, or at

risk of developing, a condition associated with impaired GJIC, a therapeutically efiective
amount of any of the peptides described above. Preferably, administration is oral. Patients
who may be treated using peptides according to the invention include, but are not limited to,
animals, preferably mammals, e.g., rodents (including mice, rats, hamsters, and
lagomorphs, such as rabbits), dogs, pigs, goats (generally any domestic animal), and

primates. In one preferred aspect, a patient is a human being.
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In one aspect, the invention provides a nethod of
adm nistering to a patient having, or at risk of

-devel oping, a condition associated with inpaired GJIC,

a therapeutically effective anount of any of the
pepti des descri bed above. Preferably, adm nistration
is oral. Patients 25 who may be treated using peptides
according to the invention include, but are not
limted to, animals, preferably nmamals, e.g.,
rodents (including nice rats, hansters, and

k‘.aag%ﬁ&r F%b%ct B G eRN @RBLHS )he lﬁ@gﬁ & éﬁb% acg@alng to the invention for

genera onesti c ani nmal rimates.

e eﬂ@wf@wra@ﬁ@cmedlaarp%ﬁ fanthe tgeaaﬂwrﬁirﬁ B%th?iaglf:%lcorw? ion” invalving
?nglgﬁ&?r %}599;‘? iohf1e cbﬁﬂ’rﬁ_ﬂkbﬁm‘: CORGREING Tahrﬂlnlﬂafﬁeﬁ‘mgf {® a patient a

ptide ing to the invention for
ﬁrawa&lé@aﬂw@‘fe@mveaﬁnﬁ@f@t elrehertid t he treat rrent of a

pat hol ogi cal condition involving inpaired gap

G Ofaon GasREUhiSREADPe GOMRY irgiuag, Mmmnﬁtheﬂﬂed@ tcarth:)vascular
patient a therapeutically. effective anount_of

Sesp e Eistip 196 2FAYe SN B s TRRICER ChrP B, 4855, bladder
ihBsHiHE e, Piairad Bedtfly duent tigdates, of ¢ias chabieasendotirelial lesions, diabetic

di sease, inflammtion i thel or y
TSRS Sk B oo oS R, e VayR e and spinal -
BRardenthl Eﬂéab@etd%oﬂieﬁﬁﬂ@[a@in@berﬁdﬁientemﬁkéaa kidreg otshesdsafailures of bone
IeS|ons di abetic retino

PRUPOp PP Che O ERETELA T Ry VBULY s firtsh dnsgninence,
Sdrethic R dsubdeidhiglantichsue: idizsonatienscanaed anﬂﬁalg)res of bone marrow

B Ha Bl o RSl Y JRECRE, albl emeRbidioBe olo on

thsabeinctinmg, medita aroceblrasi dech énewgeiynenee| as conditions caused by an
neur opat hi.c pain subc 0 t|on
%%Fﬁé%&a gﬁcaw? quﬂ] es em % d?ér(%regl?gd &M QﬁH ra'itlnc“a

one marrow and stem cel
transpl antati on, condltlons whi ch arise during
Arbyisi antation of cells and tissues or during
nmedi cal procedures such as surgery; as well as

ol Er‘e%?‘z%gcéas?ﬁ%?(d tl%yln@éhtloﬁ)ﬁ:ﬁﬁﬁ&esoé ph@rﬂ%ﬁbl&‘@cé)wy@&% antlarrhythmlc

specl es an ree radicals and/or nitric ox
p@pt]@t g thenusm (t_ha&?@f oF rtr@at% @glarrhytﬁ@tqs rﬂf@ntﬂ"f%ﬁm’“c complications

REQYd 88tV ITBaS Qgireat| YuchGhsi acteaBtieat cf hs’érhﬂﬂseﬁase (e.g., stable
peptide, "and the use thereof, for tre%}]@q . tve heart
ARGy PRAPES URERDlen AR PRECED ASHECRY PBHLE la,arcé‘PWg congestive hea

FHGIeNG. gcaépdt&*éa@%{oﬂé ﬁizﬁ@ﬁtﬁ@f Sow-sutpht a@h’aouﬂeét sided heart faliure)

e et L ity S TS S

hed 286t d@Nuring QB ARSI rveadReiaritatia) dndithailie. (e. g. ,
systolic, diastolic, high-output, |ow output, right or

Lrgft Spﬁ%ﬂ%{? aér%adﬁ%i %ﬁ%ﬁg%‘g}h Congp%' g%é‘?@ﬁ‘?rté tqé %ﬁ%@ﬁtsmvenﬁon is
hy@Efott&@S Bivdor ;isre\aemt b@dw&w&mndw&a g]gdlmdp@isgﬁ/a’ in sinus node, AV node,
Bgr\\/ g’ sr Inzg%% IOIQ ﬂe‘ﬁ t?ur}%let Qr%nL}jl)!(Snd tachyarrhythmias associated with reentry
(e.g., atrial premature complexes, AV junctional complexes, venticular premature
complexes, atrial fibrillation, atrial flutter, paroxymal supraventyicular tachycardia, sinus node
reentrant tachycardia, AV nodal reentrant tachycardia, and non-sustained ventricular

tachycardia) either alone or in combination with other antiewthythmic compounds, such as
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In specific enbodinents, an antiarrhythm c peptide
according to the present invention is wused to treat
and/ or prevent bradyarrhythnmias (e.g., due to di sease
i n sinus node, AV node, - 25 bundle of Hi's, right or

| eft bundl e branch), and tachyarrhythm as associ at ed
wth reentry (e.g., atrial premature conpl exes, AV
junctional conpl exes, ventricular premature

conpl exes, atrial fibrillation, atrial flutter,
paroxymal supraventricul ar tachycardi a, sinus node

5l§%nF badMis 1aghyGaLMed, oM m%géﬂts & n olblaémb(rféérraﬂblal) class 1

non- sust ai ned ventricular tac ei t her
a0eHtfeledr, ATHOEGRS T Seiakh Kicters B&wt%ﬁﬂ é{?fiaﬁﬂ”mn c
conmpounds, such as = 32 class | agents (e.g.

Aidasalner alt@ﬂnﬁﬁ\feiﬂ |pe?ﬁl%t @c&r@m@ o tHETOPHDh Gdre Qed to treat one or
propranol ol ), class ar one

d
Bgtearbl § rBeIte ﬁ@%yﬂi'ﬂﬁaag}@ﬁ%"g“‘?f “@eﬁ"?fyv@rgap%tfﬁ% | 7 GiiSes during acute

rﬁg@ﬂa‘icﬂignlﬂfamﬂon OEhrahit ekl infarce tst4ths aAgins rpébtﬁgs taad unstable
e invention are used to treat one or

R, PYOETnIHPUE O GHTPRLR SOPERRAY (W14, 1 brilgpyroplarization
A $DS; fHehbmer ﬁiéuie@tncﬁiaﬂy&ﬁ?dafﬂlaﬁ' ivataakdrhas, beliyariythmias; and

e e Sk SR PRRRES S Y,

cardi onyopathy; atri al flbrlIIatlon;repoIarization
akicepgragis; nononor phi ¢ ventricul ar tachycardi a; T-wave -
al t er nans; bradyarrhythnias; and generally, reduced

ﬁwogtﬁﬂrﬁ’& { é{%)ep e ti&gg %%c%fdl}\%ﬁftﬁ%tl \éér?ﬁlgxg%gez pep%”%%t and/or treat
adequoddaiy of cothére paﬂrrm@gtemaﬁea:tim Usod ioaﬂ@itoev afipwiinely graintenance.
%%ﬁ%te? whiE ?Peoﬁgig &l éorﬂ%llﬁttﬁggﬁﬁﬁ%féﬂl@m Sétg@raitl ﬁﬁrtnhﬁlgsteoblast during
or nt enance
Byrexiabére ﬁtmlqmtaﬂnmﬂupta@e tfore thet rasinenteef @B@IW@%M?W impalfed bone
uHﬂ?tﬂ)b r%*aﬁ%)lt@ﬂmgVééopﬁlonhbgﬁ’lﬁﬁigpr@ﬁ&eao%"rtu’s@ uh a;»[j!ﬂ’y methods can be

or the treatnent di seases wt
sqlenied boedayrefor frreased giiating altaspleatpes Hdie aﬁfé%wrw%%b*asfs which

%@i'dlé@la RERHE dt%Smfoﬂftoruéeﬁl WALRYCE IR ARESaCan C@r%e&@nce of proper

sel ected in assays for increased alkaline phosphatase

ranEnages ioViGHCi i o5e eﬁ?@ﬁﬁsﬁgmamséq?biaﬁ%@rﬁd&m%afﬁ%a% different

LhcBRIMTLAL of Bhptidks &BH 4 ky108Neh ¢ &omtﬁh afkd cén p%?@@ eNURREEd conirols.
of proper nmaintenance of GJIC |n one aspect

hu
Uadesontraist sulwe condiiensateatiagst preraemermese ALP aciviy. Even more

SRATSHT IAd b@pﬁ‘tﬁje@fstlﬁ@@é des detaindlnig bQdxid dodditions d0edhcentrations
and conpared,.to untreated controls. hder nor nal

g 30'80?1% tF%ﬁQ Belft e saRer@ablYy PhdiEdsle gpfnize peptide

ashbokitiofs férvien traakrBert iR freswablion ot Benepeipddsde sissociated with poor
stimulate ALP activit dur|E$TQYEOX|C condi ti ons at
¥ITHIEHEFIRD YRS A AR F %“‘Fr”b %% 10-6 nol 1]. The

assay can thus be used to optim ze peptide

noanmsérteispmt partided ectardiay metite iavmhtion apr eseenfor 6w pevention and/or
Reantmen jo;n% saesé‘g’é)sc IthaE er‘nonMeE I?mB&%d cell-to-celi coupling. For example, the
peptides can be used for the prevention and/or treatment of joint diseases that involve
metabolic stress. These would include any form of arthritis associated with decreased

vascularization or healing of fractured cartilage tissue.
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‘vascul ari zation, hypoxia and ischem a in bone tissue.

I n anot her aspect, peptides according to the invention
are used for the prevention and/or 25 treatnent of
joint diseases that involves inpaired cell-to-cel
coupling. For exanple, the peptides can be used for
the prevention and/or treatnent of joint diseases that
i nvol ve netabolic stress. These woul d i ncl ude any
formof arthritis associated with decreased
vascul ari zation or healing of fractured cartil age
tlsspe. 33 Cancer In still another aspect, peptides
HCCUleng to the invention are used to treat cancer.

Car ci no eneS|s is characterij zed t he progressiyv
nnpidi g I aeg RrebdesoAFHINY e H]‘@WE’ %remmeéih% freat cancer.

@é:@%geﬁeai@t %rsoha%@w@me@y atﬁ@l froplessispppessent gEngewth control
are | nvol ve eneral thenme in arC| no enesi s an

mgrpﬂﬁnfsg@ﬁ@gvhghlggowtg @%@MW@%’F%FP% SEEP[ genes die involved.
RERBADIHkinkM)N @Erc@@@emdatm&ndotﬂ&omgenbeﬁm th@eidvm mgmia@art bicthe GJIC.

e FEEb B R E8 gbOUE BRI iy o

m@]ﬂ G}qﬁ(ﬁiﬁ%u!‘r@udﬂ’]{g\msb@ E@’tk@f ftecdatidg obyart jUﬂT@tDﬂiplS(kﬂUWle tsbe effected
i C ecrease GJI C. Ther r i.n _one. as , : :
AVERIEIS %ravr\aﬁ"ﬂbg%%eaﬁeh@l?n@téﬁ?ff”&n'“a‘%“ee ket pgpides acording to
RGheATRNrs ked at hedicaeahnEntthofreataeciesf caatayrmonepor jmeonjunction
ﬁé#unctlpn 10 m%ﬁh tradltlonal anti - cancer

viferafione! e #hee S APSSf ur t her aspect, pepti des
according to the invention are used to treat wounds
Wwhednds N particular, to accel erate wound heal i ng.

Wund healing involves the interactions of many cel

unc@“{hef’"ﬁgpécmc[?eﬁgl Gld é‘éo%FdlrﬁgoWé‘ '1rﬁéhﬂld?1nar€3Eb@tt@@reQWw§@ﬂis and, in

Fons 1s ered to Eﬂ’ an i nportant role
pmccui@r, troeragienate ivenng fheglid. dYand @?H%W”V@H?%WPl'W@r%CH%“S of many

9&51 Iotg%& Qﬂ(ﬁj intdEMEP B%%n%gtl&x%écﬁatb@ Vé? L¥e ﬁimlcfbrisl i$ Stisidered to play

r and regeneration %h C?
Ehdf;@pﬁm rofen lzgghgrlc;ooNZlm gptqjhcelléllar dpetateqlg@7aurma e drowth and

gi?r%?@&%l@mv&l&ed |%3éguelr%§§5 anh re@ene@ﬂdﬂ@[ﬁr M. Algtullah,.et al. (1999)

Sehne G i gL d1o%) Cainaacnes o THD-1288: . A Goliger,

éthl RiREl Mdi B OSH, N 148Y- nascar) spemhés Imga\m admmmray to the site of a
ol nt nents, creans,

W%’?fb?ﬁ t@alpglyadmémﬁratlop b’?‘”’@ Ic%rg?rs mfilbwa\%ra@qﬁ? glq l(ﬁ %r %mfsmenqg creams,

bcS i@ty RiHiMstasd s@fﬁeﬁh@llﬁ re@Atforndatiaf \mhnmmntga)at figsoes, such as
ul cer | esions, Addi thcgﬁ unctl ons i n which

Eyiae tREMeRt O/ GRR FSeRP%r cel 1 ul ar conmuni cati on

has been |an|cated are the mgratory behavior of
podobiefunaliors e Weicakhesthéliaj gapyuncingg! dndgreelgias communication has been

implicated are the migratory behavior of endothelial cells after injury, angiogenesis,
endothelial growth and senescence, and the coordination of vasomotor responses (G. J.
Christ, et al. (2000) Braz. J Med Biol.Res., 33: 423-429). Therefore, in one aspect, a peplide
according to the invention is used to enhance conducted vascular responses and to improve
blood supply during conditions with increased metabolic demand {(e.q., physical exercise,

tachycardia), and during ischemia.

Gap junctions are also befieved to provide the molecular link for co-ordinated long-range

signaling among individual members of the glial compartment. Likewise, astrocytes are
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endot helial grow h and senescence, and the

coordi nati on of vasonotor responses (G J. 25 Christ,
et al. (2000) Braz. J Med Biol.Res., 33: 423-429).
Therefore, in one aspect, a peptide according to the
invention is used to enhance conducted vascul ar
responses and to i nprove blood supply during
conditions with increased netabolic demand (e.g.,
physi cal exercise, tachycardia), and during ischem a.
Gap junctions are also believed to provide the

iB@él@%ﬂﬁ@f fo h@@bél%su@@or@bﬂhéﬂﬁdr@%ﬂc@lﬂ@?r AfcticiRlly polarized with one
sighaling anmong individ menber s t he

| i al
SYRPEY é%ﬁm the Y@@g\wl@rebeda@}drta% PihesPelp @pprgﬁirq%aelégjelugpnal parenchyma

U DeRficf-or (10%) 30 Res SBRPRds. Rbv. /IR PRSI 8S) ﬂﬁ@r@fdﬁ@yn ah€preferred
functional | poI ari zed th one extremt

grpedimetypetide aCoRting ﬁ)ﬁhgtip]v&ntl%?rg aéjﬁﬂP*B f%tpeaspeﬂ%nt in need to

%@Wr@[ﬁ%ﬁelﬁi@ﬁ@ﬁ@@é’ﬂ&he bfin IRaheradinehe (rﬂa%%)m arp@bﬂ bBe&en glia cealls
raln es

i.n
%]dep%[rirplé% S%%b%ﬁeﬁj@n?“aydB‘éT‘:’S%B@t’eQESCH'F'E{ gaqlcb ptswzwses, which may
;ir@é/@mﬁnjltﬁ%lgﬁﬁ%uaﬂm Bestesier ahﬂe’@ Rainirgnind memegdieticit, phobias, and
I scherm ¢ ncreasin

event br ai n b
REEIont: € 5 lirte Rt S, Syieree olpdnatt, A BB Pref by, suon
@whespatals@ﬁbi&d msagbrmmeiedcke #pad beatsiawk tdhthergatn eervous system (i.e.,

ENPGLEEier it Wi Bt G AP HGAroBeA & oso the blood-brai

pda).as, and hal l uci nations or patients who have
suffered a traumatic brain injury. Preferably, such

X , r . .
SR B POTRLAR L&) P anfin@ Sigtr nerve mury
r dwrirdegtafiing lof dnmetong wgltst Gogsintidr w&s)r inty braithfisye, e.g., such as in

@%b (y\;itﬂtn%uFoﬁr@{{J}'ﬁQ OE{F%H'} G?é‘tﬁgl%% éﬂla mn%%umbgpéher%@é rdkS%g%BS such as

es accor e |nven lon ma

H’@'krae@ea dicaase crrérwtmgtamﬁéirsea@r e Akiﬁkgsniys &§ral. dig98h §rog. Neurobiol,

%gqﬁgbng of immature cells (progenitor cells) into
rain’tissue, e.g., such as in patients with

neur ot r auna, brain ischemia and chronic

Insoretiegeplmetsa Eﬁ%ié%@%”d‘%@ﬁh%\ﬁr@ﬁ%m%W?'%’Bﬁy lue to the effect

511 Wﬁ\%r@é!uﬁk‘ ﬁgb r}mc,%n S:hghrﬁa%a% {ddd ! @éét%ldlb’ﬁ pr@Jenalcataract (D.

Mﬁf}%, ?Féﬁt 39995) Aﬁérﬁﬁ“ﬁééﬁ%%o@‘m% {3@4)[ tﬁ%atﬁngjgé pievent vascularization
bNS BEHER IEYeasE @@tésow’tm@xﬁﬁqﬁﬁ%n oftRe tB@ea and increase the healing of

By Evian - b e b (1SR Ryt Dabiialho s, S 320-1320)

a}ldﬂumre\@@nlqtpert@%m}ﬁw 1364) treat and/or prevent
vascul ari zati on 20 of the cornea in disease states

IR DAL 80 e 5 FORDR, 304 HRSH5958, M ommaceutc

c(ohaﬁﬁ)‘uohm‘@etsjrdiﬁm)ltﬁ el imoéntivh saddie. yse89n tﬂe&?@nﬂ@@r@)mon or pathology

ggéig{edprvﬁ%e thgtyé?ie r(ta%rqg’rim%P' decreases or increases in) gap junctional
communication. Preferably, one or more of the peptides or pharmaceutical compositions
comprising the one or more pepiides are administered to a patient in need thereof in a
therapeutically effective amount. As used herein, “a therapeutically effective amount” is one
which reduces symptoms of a given condition or pathology, and preferably which normalizes
physiciogical responses in a patient with the condition or pathology. Reduction of sympioms

or normalization of physiclogical responses can be determined using methods routine in the

35



10

15

20

25

It should be obvious to those of skill in the art,
that the peptides and pharnmaceutical conpositions
according to the invention can be used to treat any
condition or pathology 25 associated with inpaired
(abnormal decreases or increases in) gap junctional
comruni cation. Preferably, one or nore of the peptides
or pharnmaceutical conpositions conprising the one or
nore peptides are administered to a patient in need
thereof in a therapeutically effective anount. As

é’r?%qdwz ye\ié‘ny Wl@f] ér@@@ap%!h@ﬁ'dr)’paﬂ‘fcﬁ@@t 1Y @ne’iﬁ@;btmt a ItlSerapeut cally

feduces synpt ons of %I ven condi t,j

eftech! @—g@pnt gﬁ@ﬂ@g}r@p@? g@;pt&giewqf @}grrﬁ %Fq frérgpooeglon comprlsmg the one

ANSI0bQGiEals LS SRRDACHHILIN r@et@r@& laembaéluréﬁlb bhiological parameter o
condi t1 on or pathol ogy. duct

sibsiralialydbe é@mwa'ﬁﬁ;&@ﬁ% ey %8.43%@”% ARTagedl to within  20%

st af MNEPrdtshng toRitHAdsYr I thd vifuel) Bf thb@araBlteairt a prignt without the
may vary with a given condition or pathology. In one

%’%ect a therapeutically effective anount of one or

nore peptides or pharmaceuti cal conposition conprising
EREMPDES Or nore peptides is an anmobunt which restores

a measur abl e physiological parameter to substantially

t@%p@%ﬁ%pwn# BOW,i Eﬁﬁ{t]heerr }¥até@ %?%%@P?e&%%%e fBbKing examples. It will
ps eperecibley thdtavhat fdtibws BA%6 vody ofrrxamaleuan)y @fd hilemodifications to detall
'i%% g%ﬁta%rﬁ qu? Ptl[ﬁ%ﬁlniwh?l hs%%e %fnﬁe inOMgon EXAMPLES  The

her IustratUQIV\/lth
reference to the follow ng exarrpl es. It wll be
Eppnpleiiat dleptidatSyntkasis ol | ows is by way of exanple
only and that nodifications to detail 10 may be nade

)é’tpréfﬁrécﬁ ?Ellwerglaﬂrbéébgré’\fstd@s&zbteﬁ SO PRwaler! Rerd. (ﬁb’i@lmﬂldmcnphons of
Synthesis A preferred gene
Dol bd e BS1GE GUOToDEF BATG Y PNGY LD i SRELT PR 1 eriiret.

descriptions of solid phase peptide syntheses are
found in W98/ 11125 hereby incorporated in its

ant i r éeyeral Reptide SURRISES Pepti de Synt hesis Apparat us
AneergiseRdeyindicSEeEgY Pept i des were synt hesi zed

Do o142y ol Yot LR, YRS SEHL RPN dippes i

n-us

Bol/brdeyieny kirgtiby hi&&%{ﬁﬁﬂ@r@%mu@ﬁnﬂmﬁtm@mm fronoc) as N-c-amino
protecting grou sui tabl e common protect.i

Do RER A SRt SOt P e o o g B H s

DMF (N, N-di et hyl f or mani de, Ri edel de- Haen, Ger many)

Wasepdri fied by passing :

Solvent DMF {N,N-dimethylformamide, Riedel de-H&en, Germany) was purified by passing
through a column packed with a strong cation exchange resin (Lewatit S 100 MB/H strong
acid, Bayer AG Leverkusen, Germany) and analyzed for free amines prior to use by addition
of 3,4~dihydro—3—hydroxy-4—oxo-1;2,3—benzotriazine (Dhbt-OH) giving rise fo a yellow color
(Dhbt-O~ anion) if free amines are present. Solvent DCM (dichloromethane, anatytical grade,
Riedel de-Haen, Germany) was Qsed direcily without purification. Acetonitril { HPLC-grade,

Lab-Scan, Dublin Ireland) was used directly without purification.
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through a col um packed with a strong cation exchange
resin (Lewatit S 100 MB/H strong acid, Bayer AG
Lever kusen, Gernany) and anal yzed for free am nes
prior to use by addition of
3, 4- di hydr o- 3- hydr oxy- 4- oxo- 1, 2, 3- benzotri azi ne
(Dhbt-OH) giving rise to a yeIIow color 25 (Dhbt-0-
anion) if free am nes are present. Solvent DCM
(di chl oronet hane, anal ytical grade, R edel de-Haen,
Ger many) was used directly w thout purification.
ﬁﬁr%to il ( HPLC grade, Lab-Scan, Dublin Ireland)
use directly without purification. 36 Arri no Aci ds
FnDc protected am no aci ds were purchased f
AaventeeltThamne dsidsAGTY PMWhQ%ﬂdtfaﬁ%I‘“-dV@Wcé‘éQ@ﬁ@FﬁCh (ACT) in suitabel
iBQEﬁ&ﬁ té&é@?ormngﬁ{e%@@ pﬁ%&ﬁﬁcér%ﬁo%d%QBé@ﬁgﬁ(OFm)—OH Boc-D-

ﬁﬁ?é%@é}ml %,)@))C—QL% AP%QHDFEV@(EN-ME @}@H Boc-Lys(Fmoc)-OH  Boc-D-
%%‘?Frhbﬁ (Cﬁqm@oa@'ﬂn cRoP a( IpEBgam qféwﬁzerland) Fmoc-Lys(ivDde)-OH,

é) rom Bachem (Swit zer | and) ;
Emeesey ﬁfUM@PV@PChe%W@JPD@-I f r om NovaBi ochem

(Switzerland). Benzoic acid and Benzyl Am ne

BerAcwpddiy gs %Mrﬁfné@eﬁvﬁmés Benzyl anmine derivatives
were purchased from A drich and used without further

urlflc 1OCo li n, Rea I|n agent .
enzso&'pa%{é) ‘EEF’ ed%en%ﬁ‘v& plﬂ'gﬁ g gré)g) é\iﬁaﬁq and used without
{Rhedealificsichaen, Ger many), PyBop from Advanced
Chenifech. Linkers (4-hydroxynethyl phenoxy)acetic acid

é “@méﬁe\ga%ﬁgur chased from Novabi ochem 15

and was coupled to the resin as a

preformed 1-hydroxybenzotriazole (HOBt) ester
Gowdingt redoby disapoppearprdimicgolBIg) Svaspehcsaspeplrorgeiedel de-Haen,

%ﬁz’ Fzs%gagi‘%ﬁlo;&&l)aﬂge&(?r)%*?ecﬁmc strategy on Tent aCel

g (TentaGel -S-NH2; Tent aCel
S— Ram Rapp pol ynere, Germany). 20 Catal ysts and O her
Re&yents Dii sopropyl et hyl ani ne (DI EA) was purchased
fromAl drich, Gernmany, and ethyl enediamne from

E M?ﬁfxﬁh&ﬁyibﬁﬁn&ﬁyﬁwlcD)é&llddI(HﬂPﬁ\y O Qﬁ&ihaﬁ@f Hem, Novabiochem,
r ankf ur t

U e U RAGHE o D L = AT B8 AN s gdarole (OB

asteBgencrated by means of DIC.
Solid Supports

Peptides synthesized according to the Fmoc-strategy on TentaGel S resins 0,22-0,31
mmol/g (TentaGel-S-NH2; TentaGel S-Ram, Rapp polymere, Germany).

Catalysts and Other Reagents

Diisopropylethylamine (DIEA) was purchased from Aldrich, Germany, and ethylenediamine
from Fiuka, piperidine and pyridine from Riedel-de Haen, Frankfurt, Germany. 4-(N,N-
dimethylamino)pyridine (DMAP) was purchased from Fluka, Switzerland and used as a
catalyst in coupling reactions involving symmetrical anhydrides. Ethandithiol was purchased
from Riedel-de Haen, Frankfurt, Germany. 3,4-dihydro-3-hydroxy-4-oxo-1,2,3-benzotriazine
(Dhbt-OH), 1-hydroxybenzotriazole (HOBt) (HOAL) were obtained from Fluka, Switzerland.
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catalyst in coupling reactions involving symetrica
anhydri des. Ethandithiol was purchased 25 from

Ri edel -de Haen, Frankfurt, Gernany.

3, 4- di hydr o- 3- hydr oxy- 4- oxo- 1, 2, 3- benzotri azi ne
(Dhbt - OH), 1-hydroxybenzotriazole (HOBt) (HOAt) were
obt ai ned from Fl uke, Switzerland. 37 Coupling
Procedures The first am no acid can be coupled as a
symetrical anhydride in DVF generated fromthe
appropriate n-a-protected am no acid and the

1 no aci ds can be coupled as in situ
é&ﬁ;ﬁﬁ #g%l&i@%ét or HOAt esters made from appropri ate
n-a-protected anm no acids and 5 HOBt or Fﬂya% NS 4 from th
Tite TDRt@miAC Rt ca hie CRUPJATES HREVHRIFEA! @H%V@R%%' ﬁsnera e from the
JFHI;TJDFHCBF e r{]oaﬁa?&écte@@ﬁfn@raﬁﬁi%nﬁttheg&b@,é et ARRBIack® ci BY edlipled as in

eprotection during the test (B. D. Larsen, A
ol genelated. HOBept HPhotstars "RES fromggmromlgtelmg)protected aminoe acids and

@B{ 9Hi§SAY b?}nng‘; cﬁ%l(&;" n@DW Qe L t%ﬁ§ trv@r% L%Q%é@ b(y"tﬁé)ﬁ%hydrln test

protectl group er or ned
terfeanednt 80wt i @086 tpinseenti mec ﬁ@prmﬁionf@moaﬁe tﬁﬁtdelﬁéafsen A.

%l@hgmfrﬂ%h{ e @%!ﬁ Wash ity DMF (5 x 15 mi, 5 nin.

ea unt ow ‘col or coul d be detected after
addi tion of Dhbt OH to the drained DVMF. Deprotection
REDlegloN ab6herN-sorraine Grptefing Ceejip (PACPPh3) 4 di ssol ved in
15-20 M CHCI 3, AcOH, NWM (37:2:1) was added to the

Eﬁ%ﬁgtthfcfneéf' He FFQ)% drbGALEE BETNRBd GNEatbad vilrobh beridine in DMF

roomtenperature 15 acconpani ed by, bub

G erd it GG VG S WA HimOHIF 4 XCIBL g Topach) Ul no yellow

é&&?&ico&%t fq%te%te%oeﬁet\b@d*tﬁmdt@hsmﬂe@trediraamemmac| d was
I ssol ve in DVF together with 3 eq. HOBt and 3 eq.

DI C and then added to the resin. Preformed Symetri cal
Rapry@eldeo20V49%¢ eq. N-a-anino protected amino acid

was di ssolved in DGM and cooled to OC. DIC (3 eq.)
M@Sluﬂ&d@id?) &N Py efabived inctEA2(0 muSHCHohcQD, MiliUB&8.1) was added

Th moved.in _ va

1 Geonerd ot Rl Lo e SR e B AERER, tompersture
s@ohipanied 6% bubtliol bewedmnlyy Nthtough theofmixAP. C eavage O
Peptlde From Resin Wth Acid 25 Peptides were cl eaved

by treatnment with 95%trifl ouroacetic
Bombhe BRERe D

-de Haen, Frankfurt, Germany)-water
v/v or wth 95% TFA and 5@6ethandithio| v/v at
3 eq. N-a-amino protected amino acid was dissolved in DMF together with 3 eq. HOBt and 3

eq. DIC and then added to the resin.

Preformed Symmetrical Anhydride

Six eq. N-a-amino protected amino acid was dissolved in DCM and cooled to 0°C. DIC (3
eq.) was added and the reaction continued for 10 minutes. The solvent was removed in
vacuo and the remanence dissolved in DMF. The solution was immediately added fo the
resin followed by 0.1 eq. of DMAP.

Cleavage Of Peptide From Resin With Acid

Peptides were cleaved from the resins by treatment with 95% triflouroacetic acid (TFA,

Riedel-de Haen, Frankfurt, Germany}—water viv or with 95% TFA and 5% ethandithiol v/v at
38
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38 r.t. for 2 hours. The filtered resins were washed
with 95% TFA-water and filtrates and washings
evapor at ed under reduced pressure. The residue was
washed with ether and freeze-dried from acetic
aci d-water. The crude freeze-dried product was
anal yzed by hi gh- performance |iquid chromatography
(HPLC) and identified by el ectrospray ionisation mass
5 spectronmetry (ESMS). Batchwi se Peptide Synthesis on
Tenta Gel Resin (PEGPS) TentaGel resin (1g, 0.22-0.31
S [ S

t]r)]xj zg)hog%r J@%%&Sr%g n%s@ Qféré/ %H% WP;@;{? ?ﬁA%érpQr%d filtrates and
wa@lm\daedrataq! DNET (ckBingd preasigret rEwt wdidug tes 208hed with ether and
fpé&%rdrig{i @r%n’f 5‘0 VB Qva%g“c*f'ﬁ@cﬁgg fr@éfes%% rQélhct was apalyzed by high-

d &mno groups on esin.
M@rmjﬁla:lm@dldaﬁdomﬁgﬂr@dhw}‘ﬂ}ﬂ@mduﬁﬁﬁhfedw 8y 9@Filf‘éﬁ}vf@/o‘p6‘|53t'0“ mass

ted after addition of Dhbt-OH to the
medﬁfd%%q\%i\/PA (3 eq.) was coupled as a preforned

HCBt- ester as described above and the coupling was

BefabwineiBaptiderSypibepis oTHenpes! mesias  dF-8Phed  and washed
with DM (5 x 5 m, 5 mn each) and the acylation

?&Q%&%@N 'f(gh@ ZﬂldmNﬂHoﬂg) Weﬁ%sﬁlaoe'cﬁh@afpbfy&ﬂw e ﬂ&s@%@lpped with a
oupl ed ref or ned rica

e et BbGvBonTRES RO s wﬂaqﬁn'rwad i), 56 Bated vitn 20%
66l iR DMPOic J361:r8 BEHISBESHCARF BorCidina@ddasninyy @f)ﬂ}ﬁé‘@d’rhe resin. The

%mécwgr %}'&ﬁ%ﬁ g tla%ﬁwﬁlﬁmgvf%ﬂl Pn%?f% o‘%ﬁ%ﬁlél Egu d %e dtected after
@idlﬁj’nmfmbSQHQDﬁ?heﬁﬂ‘am$h @MFE&!WN\:ﬁSecdrﬁaslamp&ﬂdasVEﬁﬂ@éﬁmed HOBt-

SR ras oA 4 P B on PR LR by PEES T was crained
andivyieiednwitt BSIF (Ped$ eiln®ehiabad() 26d thd beylaticorhbededdy the ninhydrin

%Ei@g ﬁ.l[s? a%ﬂ‘?ﬁ %c(le(g\g%%?ogp%ﬁ?s( %@%ﬁorpﬁég esgmmettnrr&gl%@ygigde as described
Abaval Tiye thlletvingl angnhdecid$ 3xddbding | to hensequegachyre axodpldd ize dhreformed
il-élﬁ?cvé ﬁat CTeOPE'tigga és%rjbvg Elplagd B '::851\% THE g{ﬂ%ﬁéé Y&re continued for

ograp arrle usi ng
b kmem@tbww(aéeap&amd Tee r@lmwsﬁa@edwcﬁlwbeﬁ with PMF (5 x 15 ml, 5

@rrg%e%%f gad'fg rﬁo\fer@)&{eéson%agggl El?é&ﬁén@Hé Rfél%r%leg(ed by the ninhydrin

tmare was u for nstrunent cont
”ed éﬂ@trﬂedﬂﬁmﬂ @@ TAfRR corplbieimy nt%ﬁmldepfﬁ%szmmmmd with DMF

s W LG e TN

aaoh) dhediudf i/ esceyst em used  included A: 0,1% TFA in
MVD\/ B: 0,085% TFA, 10% MIOV, 90% McCN. Fl ow rates

)A%rp%rafive HPLC -condiﬁons.

Preparative chromatography was carried out using a VISION Workstation (PerSeptive
Biosystem) eguipped with AFC2000 automatic fraction collector/fautosampler. VISION-3

software was used for instrument control and data acquisition.
Cofumn

Kromasil (EKA Ghemicals) KR100-10-C8 100A, C-8, 10 O; CER 2230, 250 x 50,8 mm or a
VYDAC 218TP101550, 3CG0A, C-18, 10-15 [0, 250 x 50 mm. The buffer system used

inciuded A: 0,1% TFA in MQV; B: 0,0685% TrA, 10% MQV, 90% MeCN. Flow rates were
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~ 39 35-40 mM/mn and the colum tenperature was 25C. W

detection was perforned at 215 nmand 280 nm

Sui t abl e gradients were optim zed for individual

pepti des. Analytical HPLC Conditions Gadient HPLC
anal ysis was done using a Hew ett Packard HP 1100 HPLC
system 5 consisting of a HP 1100 Quaternary Punp, a
HP 1100 Aut osanpler a HP 1100 Col utm Ther nostat and
HP 1100 Mul ti pl e Wavel ength Detector. Hewl ett Packard
Chenstation for LC software (rev. A 06.01) was used

$000 St WAB e é‘&lﬁlﬁsﬁ @ém@ﬁﬁu@ak@ 26°QUIUYI detation Rae performed at 215
anal tlcal HPLC, different ¢ %gg Fb@é[ u§ed t@

AP &ﬁ?amesiﬂgas)lﬁngra@ewﬂﬁ@o %5“2 Grpagfaual perig®

300A, or a Jupiter, Phenonenex OOF-4053-EO0; 5 Om C— 18,

BROWIcalBOLX Céndtionm and ot hers. The buffer. system
included A: 0,1% TFA in MY, B: 0,085% TFA, 10% MY,

SR Penberaf TR JEE st T Mot PRGRIELES 38 HPLC system

perfsongretiadtP 2160 Cluaternisy Bbowes Pﬁnﬁ@bl&etogaradereﬁtf? 1100 Column
'ggeé'rao?tgg %,eﬁ ofo%m{ glgfg WJ‘V@@\Q%‘[HH%% gf%ﬁ Pé]cﬁaxjéﬁ?’rfemsta‘{ton for

e pep I'n sup
ot adibeart (n&etﬁhaﬁhﬁﬂ) wWasabsd fm Enmumlenfmontr@l@lﬂéﬁai)a ECMHFIWPD Q
water (M11lipore, Bedford, MA) and formic acid (Merck,
Danst adt, Gernany) (50:50:0.1 v/v/v) to give
Eonesalylicat iHHhE, bdiffererin columnel e gused. aTtRePpRepeiedsuch as VYDAC

%@Jf&sg‘?é‘é“s%ﬁh&&@ﬁr S QUQ;B ﬁ?ﬂwenb@e@%ﬁ%{%fﬂr Aé(ﬁa‘es@é@ af hhYc-18, 300A

130 Erzmmsas and b&e@n&h@bn@f ,syblein indedadabyC.o% HFA iM@V; B: 0,085%

f\% S a% W I%E%y r%@ngt lFE)\AH‘%‘%%%Té ¢ rrli/?nsr"f‘l "Fhe:léérg%%@r eSlumft¥mperature

pos Yoty [Bhdetedmelas e@fmrmpécﬁt \w himra ﬁ@lqbpveap@wtéw% gradients were
L%fhﬁg%d §Phe ”{c],\;g@at, E‘Qﬁ'd d treated as described under
atchw se peptid i

synt’hesis on TentaGel resin".
Az Bpecimdcamral ogs thereof (e.g. Qnithin, 2,4 25
Di am nobut anoi ¢ acid, 1, 3-di am nopropanoic acid etc..)

‘M’u‘&? deg%ﬁéjdgfséi%dfh%bérygr\é&éﬁ mERLRY athbasart, INRILAY, &efand), Mili-Q

protected derivatives with either ivDd

prist BYPeRe, B OToiveMAS s g RS I REEK B?f‘é?f?@fyg?{éﬂﬁﬂ (30:50:0.1 vivv)
Fd‘g%?&ea.l:éh%éﬁl’éﬁ%)\s %eerﬂ-&@h@ €0 apfh; an@d Agside Béﬁ[ﬂﬁﬂfs (%ﬁlﬂwere analysed

N-term nal gy were coupled as the N-a

v bessiecrplardy imaesel Pe &S PR-MRoEngr diedt N8t é%eqirﬁ@eter (Micromass,
fl=denshai @K)fé&‘&grta'cQBﬁL/l@){ ni/g- 9. Boc-Lys(Fnmoc) - OH).

Aspartic acid, Jutam c acid and anal ogs 30 t hereof
when situated G terni nal Iy were coupled as N-a Fnoc

[reaeEtLEd e PiaratiGes with

In all syntheses, dry TentaGel-S-NH, (0.23 mmol/g, 1g} was placed in a polyethylene vessel
equipped with a polypropylene fiter for filtration and treated as described under "batchwise
peptide synthesis on TentaGel resin". Lysine and analogs thereof (e.g. Omithin, 2,4~
Diaminobutanoic acid, 1,3-diaminopropanocic acid eic.) when situated C-terminally were
coupled as the N-o. Fmoc protected derivatives with either ivDde or Aloc protection of the
side chain functionality (e.g. Fmoc-Lys(Aloc)-OH). Lysine and analogs thereof when situated
N-terminally were coupled as the N-a. Boc protected derivatives with Fmoc protection of the
side chain functionality (e.g. Boc-Lys{Fmoc)-OH). Aspartic acid, Glutamic acid and analogs

thereof when situated C-terminally were coupled as N-a Fmoc protected derivatives with
40
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40 Allylic protection of the side chain functionality
(e.g. Fnoc-Asp(Qallyl)-OH). Aspartic acid, dutamc
acid and anal ogs thereof when situated N-termnally
were coupled as N-a Boc protected derivatives with Fm
protection of the side chain functionality (e.g.
Boc- Asp(OFm - OH). Ot her am no acids than the above
nmenti oned when situated Ctermnally were coupled 5 as
N-a Fnoc protected derivatives with suitable
protection of the side chain functionalities or when

. i | r L | N@Sartic acid,
S R A e
®lutactd emalanﬁl@legS Aherkof wherestugied f&ﬁ%maﬂhdévewagoup‘ed as N-a Boc
p?%t%gt?@ dgﬁt{afn\%sl \ﬁl‘f}f“lgmq%?tg&ﬁ)ﬁ% ﬂ‘f‘etéuﬂ:ncﬁgm ﬂ.lﬂ&lo%bﬂﬁ ec@eﬂdﬂ: -Asp(OFm)-

ot'ec si ne, tic-
C@mm‘mr@m aj:ictssrth@”nﬁile@@@w ﬁ@ﬁfé@*ﬁd whﬁn @%@ée%@ tfwmaﬂbéwafe coupled
as%l— q:glic% oxy 8& tielli\,?iﬁ dé%g@%g% E cj:@%és?i!ﬂgﬁf tl!’lﬁ%fglle(eﬂﬁrlw id@Honalities or
vg@n@r iiabied N@hmeﬂaﬁﬁ Ny Boe arvtecofd dairigatives TR sul#blg protection of the
%&@ fA% [& and G utam c acid or anal ogs
et EEY T REA '%Ir ophobi ¢ group functionalised as an
am ne was coupled to the pre generated HOBt ester of
si de hal n ar box C n ' :
teaelﬁ F@Szeéd Byle?Rt@? hyﬁ’ gséeﬁrhb}cf %HE\)G%%'S% (?eﬁgfgxe%ﬁeéfnth%de chain
eontimueduf dithatysireassp2tid ouBhitanTinecid oy sraldgsikereelr e
checked by the 20 ninhydrin test perfornmed at 80 C as
earlier described. After conpleted synthesis the
Ipepse deLysis or avapgndisiec, tietHydppPoliggrous fwictionalipgthas a carboxylic

gf\ﬂ_%s C?Q%Md(aé)én]nﬁfm %enle d%!bd“na@%@&@ter bydh&iR ¥k pRi et 3x

mn eac I n vacuo. The peptide was
then cleaved from the resin as descri bed above and

Ih f%% oflAd Qrtlczél Af éﬁ&arﬂHrécﬁd GRt é%éﬁkﬁé@ecﬁr aRahadrbMebbic group
PLC as de cri beg above, ﬁe ptide product was
fyottionalised aarva anies hae ﬁwﬁlw tﬁt £ IPEe pRipsTatad Rk ester of the side chain

&h%gng%e BYmESdVE pic Thenelews o8 og ediiRrwas used for

sis of all peptides ‘exenplified further
bel ow and the peptides shown in Table 1 of the

/§!P%§uﬂ]|h§§WeF§‘corﬁﬂﬁ@@d3|f&réﬁ pyfthesirs. FaH RStk averdGhecked by the
shown in Figures A and 1 B. 41 b. synthesis of

dintdidvin dest| pd?éphedi% 88y AT hess Barliorf degodbgd. |After completed synthesis the

(LA PR T GRETEE ) 1 B AR B ou s o 5 o)
Betbyl edesri(Satd né. 1 Mheeack)ene Pedtrevaduag THe Bepidaass then cleaved from
fhenyeds assfsseiiNed ahovs. oibhe Lysine and

After purification using preparative HPLC as described above, the peptide product was

collected and the identity of the peptide was confirmed by ES-MS .
The above procedure was used for the synthesis of all peptides exemplified further below

and the peptides shown in Table 1 of the specification. Exemplary synthesis schemes are

shown in Figures 1A and 1B.
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5 dycine were first assenbled on the solid support.
The ivDdde group was then renoved and subsequently
4-ni trobenzoic acid was coupled as an in situ
generated HOBt ester by neans of DICin THE After
purification using preparative HPLC as descri bed
above, 35 ng peptide product was collected with a
purity greater than 99 % The identity of the peptide
was confirmed by ES-M5 (found M#4 352.28, cal cul ated
MH 352.21). 10 Synthesis of

H dy: - ﬁjg)(ﬁ[g (Conpound 3) Lysine was
coﬁg‘:f)ls lzéss%i%@a ys(I 3)[%%?3@3_' and the N-term nal

A ycine as the Boc derivative. The inde protecting
§rifhpsiseld-Fbnpdtniebaeski-Phe§oapevd The Lysine and
the dycine were first assenbled on the solid support.
ighd Wddggauss WasociiefvDderovednd and 1stbseguénicng as the Boc

4- cyanobenzoi ¢ acid was coupled as an in sit :
eI oo IERte BTGB RS AHEOGE Lo ety T byeine and
BHicinE 6t iR adsdrigedd e s 8dlidveaphiitt. CTas ilelie rdpdwas then removed
above, [

6 pept.i de .product was, col |l ecte i
S0 Fgseguey Ao oo s ey Bt s ilaBe et ester by
WRsnE enbicr ingFiESUMBcAtibo usidy Mdp3aBve BPLC bk clebaibed abve, 35 mg

332, 21). nthesjs, of HQAy-Lys(4-nethaxy o :
P@E}\ﬁiﬁo@m?ﬁyvam%%edwﬁ@ é&ﬁ”}‘/eq&éag%ﬂﬁ%%% L}ﬁ}r@v’%‘#&@%he peplide
aad cbiembl beEsIMalfo@d/aHhe52a28, chieulBed MIZ®B5@en).vat i ve.

The ivDde protecting group was renoved as descri bed

3e@URu L7 G PILE B P e O BB M B o1 oup was

then renoved and subsequently 4-nethoxybenzoic_acid

wesne owgs| edlipies! am Fmosiys(vidaréithtasd ‘ging Glggne as the Boc
@I () i MsfoGé b9 RestFbBabove. The Lysine and
A0 Rl PG B Lot o s

d
preo@iycine wars firel dseemelgd an tile wiparrRo JheMOEe gipyR Wes thgn removed
. . ) i | 6 @Rfih AR gerlRyat&SHMB! ester b
e RS e o
ofears o BIQInMIF o Bérzisijilivatian yisiopPaesiYe N -7) &eydingd above, 6 mg
:%éﬁcfeoﬁr%tﬁﬁ* W3S IRGsAMS NRirigNgrehBethbintoar 7 miad ideyisty e the peptide
coupl ed as Boc- H%S(qucé-Q§.KIbq yg; ) and the
wpsicrefitied &y F- 4P (yae b’ 8426 FivataEs g “(Fg%c))'rt. The
42 Frnoc in the side chain of Lysine was then renoved

TV eHBR SEALEPLY Y 44ndthdxypaRnZPOE (@oingounted coupl ed as
an in situ generated HOBt ester by nmeans of DIC in THE

A e
Wetitatie. e iMDdegireatieny drbanwasre¥ooveh es iddenibpd gh@e. tThe Lysine and
2@%’ [g{m%gxfe\g%sr’ i %P %%‘,%rr@%)db@ﬁ tﬁeséé\ﬁ 5(,1&9611{1 dTI'M'i[deo@ g?&?p W& then removed
and subsequently 4-methoxybenzoic acid was coupled as an in situ generated HOBt esier
by means of DIC in DMF. After purification using preparative HPLC as described above, 7
mg peptide product was collected with a purity greater than 95 %. The identity of the

peptide was confirmed by ES-MS (found MH" 337.28, calculated MH" 337.21).
Synthesis of H-Lys(4-nitrobenzoyl)-Gly-OH (Compound 7)

Glycine was coupled as Fmoc-Glycine and the N-terminal Lysine was coupled as Boc-

Lys(Fmoc)-OH. The Glycine and the Lysine were first assembled on the solid support. The
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Synt hesi s of H D-Lys(4-nethoxybenzoyl)-d y-CH
(Conpound 21) dycine was coupl ed as Fnoc-d yci ne and
the N-term nal Lysine was coupled as Boc-D
Lys(Fnmoc)-OH The G ycine and the Lysine were first
assenbl ed on the solid support. The Fnoc in the side
chain of Lysine was then renoved and subsequently

4- met hoxybenzoic 10 acid was coupled as an in situ
generated HOBt ester by nmeans of DIC in DWF. After
purification using preparative HPLC as descri bed

bove] " %;dgg:hg%pcﬁ Lg(gtggr\n%g Lfr%]e ve® Bhi %G&%ﬁﬁamm ﬁtrobenzonc acid

purl y greater t entity of t @
wiasscaplet ias madn biju ESieraisd (—fﬁa‘gﬁ@tew mggrys FPICmirdh éﬂﬁ@@punﬁoat;on

s
% %r%é%r%‘ol\)n : t?%(gtggg% rlt%%abo&l 64 mgﬂpeBtlde %roduct was collected with a
F(ErMcgrnetemmn S8up! J@ea@rﬁm g yﬁtﬂﬂﬁfewaﬁ&%ﬂﬁ'é’e‘ﬂ\lbv &ESniiRdfound MH”

e fﬁa&@&eggpkaQQQEIBoc D- Lys(Fnoc)-OH The G ycine

sine were first assenbled on the solid
up ort. The Fnoc in the side chain of Lysine was

Sf@fﬁ‘v@él’%(ﬁd”@ﬁ%@@”u@ﬂf BY-QHACOVBHENZDI ¢ acid was

coupled as an in situ generated HOBt ester by neans of

BN Eink WalHbupl &b ta@fFri%tr ofyuﬁ@tah@ fhe NSERINPNEPAS Al BUPBLGs Boc-D-
as described ab roduct

ov
lsiimea-Sdl- Wi fienGyc&Qg aﬁﬁ the @g@péﬁ%p 5t RSEeTTHE \é{%n the éohd support. The
Frﬂ@@‘idsgz% 335;3 &H%a%l Eﬁgﬁttfé‘é‘wéi@ﬁleﬁ Qéﬁbﬁd@ﬂn&yubﬁ&u%ﬂﬁ H“anisttoxybenzoic
MH+ cal cul at e nt hesi s
MG SOBIRLGH: I @ LOPTCHRLSTT 23 T4 PErReO IS n DMF.  Afer
EOMBARA @Snd PRty i MRL@NRG tdweribéd ebmenah tr;@spmldmmoduct was

a@g?ﬁi%?ﬁ?&%a@ﬁ@éﬁ% 1% RS 6 BRI Sifmed by Es-

1AS (Fomme M 38Nhe4 siattelatdbiA™ 887.21)si ne was then renpved
and subsequently Benzoic acid was coupled as an in

t C in DW.
%ﬂ@e r}:ﬁ“@" F’%’r?ébl?g ?é@ Gl H Er aii O%d %LC as
descrlbed above 31 ngy ept|de product was col |l ected
@lytine avasuroupled egr%a@eﬁlwwarangahe/&\! HBingldeEing twasofoupled as Boc-D-

S Cu?gt%%sfmqglgbﬁ@gg lmé EenMRdd Qﬁéf‘gsé@ﬁﬁbléé% A2 solid support. The

Synt hesi s of
¥Fmp>: fryBie pide. ‘Blﬁ'yofb!eﬁwe)& by TORP RS sHhErsaY GHpiPRenzolo acid
8‘5&5%% £0:,85 e nga}l’éo' H@B@éb@ertﬂi}%é\!rris% il & TELLW S&\fﬂtﬁ? purification
cou

ed as Boc s(Fnoc)-OH The G ycine
e pgﬁ@ﬁﬁé\f%\@f’écfa% @E@SC& ﬁbtﬂvédG%Wgt ?fé)‘f‘%%lPrO&iU%’fu\B%SoFft”wed with a

me gl%_!ée@ thdh édﬂ% %Q%éﬁh@'d? 10f pdeXigh R8s \WBSrBe By EEMBEthund MH+
nd Subsequent | %ﬁ 4-t-Butyl benzoic acid 5 was coupl ed

%%2%?1 Cﬁﬁ”‘&e@lﬁm@‘ et-atled HOBt ester by means of DIC in
DMF. After purification

Synthesis of H-D-Lys(benzoyl)-Gly-OH (Compound 23)

Glycine was coupled as Fmoc-Glycine and the N-terminal Lysine was coupled as Boc-D-
Lys(Fmoc)-OH. The Glycine and the Lysine were first assembled on the solid support. The
Frnoc in the side chain of Lysine was then removed and subsequently Benzoic acid was
coupled as an in sifu generated HOBLt ester by means of DIC in DMF. After purification using
preparative HPLC as described above, 31 mg peptide product was collected with a purity
greater than 86 %. The identity of the peptide was confirmed by ES-MS {found MH+ 307.22,
calculated MH+ 307.24).
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usi ng preparative HPLC as descri bed above, 34 ny
peptide product was collected with a purity greater
-.than 97 % The identity of the peptide was confirned
by ES-MS (found M+ 363.27, cal culated M+ 363. 22):
Synt hesi s of H Asn(NH(4-nmet hoxybenzyf))- D- Al ani ne- OH
(Conpound 80) 10 Al ani ne was coupl ed as Fnoc- D Al ani ne
and the N-term nal Asparagi ne was coupl ed as
Boc- Asp(OFm) - OH. The Al anine and the Aspartic acid
were first assenbled on the solid support. The Fmin

§Syh@e§:bgﬁHQile -DBuHBBR: oZﬁ)@]ﬁ@WCmo&M)renoved and

sequent | - nmet hoxybenzyl am ne was coupl ed

catal yzed by tri thyI m. ne t N
G Vor coRPL PR B B ECR) b By e BooD
L?&(en"loﬁ) @NFThé\taty%rnep;mﬁltm c;aaimeO\Merus‘irstgasianm@cewatim golie support. The

HPLC as descrl above, e W
Fernel i dhessdgFian %ﬂﬁ'ﬁpﬁt‘”ﬂ?s t@%%?‘&? cf AX g@géc&w@h@f\@ﬁty!benmm acid
viBeRLpibY 28 bn iheiuneptiatel NEBt etarftlymmeshs oy DESANBIE f dlierdpurification

MH 323. 17, culate
q&n@%ﬁ’?{%m@ﬁ% o GHERE) oA BB (B b iR ogigriod wih 2
pAHgYredem@sn eDgRl Tie mnﬁmtmmpﬁ;mw@nﬁwmﬁ 5$1ﬁ49r1 gpund MH+
a d as Boc- 20 D Asp(OFm-OH. The
gﬁ%ﬁ ??g Uﬁ%ﬁé%ﬁgggﬁl c acid were fi rgt( aglenbl ed on
the solid support. The Fmin the side chain of

Peprskiot Ha@ndesﬂeth@wbemrﬁ»wiaﬂfde%@mﬁéwﬁqf §0)a.-
met hoxybenzyl am ne was coupl ed catal yzed by

éﬁf{lfh% (bék AT HEq &9 FIrFr?c AT g%nﬁdaih%Q\JMnai ﬁ§;§eﬁéglﬁé wiaBecoupled as

ain carboxylic acl é nmeans of | o solid
it Amp(PEmM)-OHe The darieg agd ey epnartia pge wqm&rs’égssemb ed on the soli

SreRiduae SRIofkecth M’&Snrﬁi@maeﬁtsedsequentky 4-
W ﬁgﬁﬁmp%%‘%%%@er Plafie g [ denti t

mﬂfé@pfégczymlmsvaédf%ipfﬁﬁéaia&b@leftémetwlaraﬁa twe {egga@erated HOBt
%?%_%ﬁé E& Witin 323 ckgllc acky BY Mestng #fDIC in DMF.  After purification using

4 nltrobenz I))-AI ani ne-

oG W @6 wigFaheg S0t I ANG PRI T Th B AR DA it & purty
Par dh B8 © eq@é&ﬁhﬂﬂ iasSpcBage Wi AsiieEMy EBHMT fleund MH+ 323.17,

ani ne an Aspartic acid were first assenbled on
¢atrailader M 3@2 1§L|pport The Fmin the side chain of

Aspartic acid was then renoved and subsequently 4-

BirftheResrzybarshneH Wasetooypbregt) satahy Lt doypound 95)
triethylamne to the pre generated HOBt ester of the

&[I'Eglg? c\:{%glr In%x %{i%? Eﬁﬂoaél%gﬂep?@ytgm@%ﬂgl PQES}aing}e%-coupled as Boc-
desp(diedOdbie, Aldge rgd pib@tASdeﬁiprQWM@f?Tev\ﬁ§t esfaniadegn the solid
%L@tﬁgﬁgﬁafﬁ Pé otﬁ% ?@tﬁ:cgazh%@%gé?\ﬁg (f/ % l\jv-r%QQhénq@ﬁb{/éd’ afdf st@quently 4-
cathouytanegdamine was coupled cata!yzed by triethylamine to the pre generated HOBt
ester of the side chain carboxylic acid by means of DIC in DMF. After purification using
preparative HPLG as described above, 25 mg peptide product was collected with a purity
greater than 98 %. The identity of the peptide was confirmed by ES-MS {found MH+ 323.12,

calculated MH+ 323.15).
Synthesis of H-D-Asn(NH({4-nitrobenzyl})-Alanine-OH ( Compound 96)

Alanine was coupled as Fmoc-Alanine and the N—terminai'Asparagine was coupled as Boc-

D-Asp(OFm)-OH. The Alanine and the Aspariic acid were first assembled on the solid
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MH+ 338.12). Exanple 2 Bioavailability MATERI ALS AND
METHODS 10 Phar nacoki netic screeni ng and food
interaction studies Chemicals & Materials The water
used for these experinments was of highest quality
obtained froma reversed osnpbsis primary systemin
conbination wwth a MIIli-Q water secondary treatnent
system (MIlipore, Bedford, MA, USA). Methanol was
super gradient quality obtained from Labscan 15 Ltd.
(Dublin, lreland). Formc acid p.a. (98-100% was

obt ai n .
Wé’ﬁ?%—r ﬁﬂ%&%‘ﬂﬁﬁ%@% 86%]” o ;é?‘tic’ ac dﬁ%vé;sﬁ}%}é)kg ngovneg Cfanng subsequently 4
Rr@i@&yléﬂﬁ@kﬁaﬁmﬁbuplbcﬂ batalykdSA)y. tnﬁD]T@mmBéftha 0552 ger;ﬂr%{gcﬂﬁ;ﬁOBt ester of

@8 ﬁﬁe ‘%tglﬁ‘(ﬁ_ X%Ci_%q%%gpéou\é\ﬁisi? %Kg't %l\@fs SF giﬁﬁt‘ ’E'?t’dn%mg preparative

kpl¢ @e tdederibad pbbas 302 myEBPide pated wanicolested vw%r% pyrity greater than

B0 R Y P R e S SR s a1,

NHeragédi).centrifugal filter devices with a nol ecul ar
wei ght cut off of 3000 obtained fromMIIlipore
é@aq‘qé @) I nstrumentation The LC/ M5/ MS

anal'ysi s vvas per orrred on a Waters Alliance 2790 HPLC
instrunent in 25 conbination with a Quattro Utinma
KA3 ERSHSCARDMETIODE om M cronass (Manchester, UK).
Both the LC and I\/S wer e control | ed by MassLynx 3.5

e 3 & @A 109 LI | SEdg M5/ M5 det ecti on

wer e performed on an XTerra I\/IS Cl8 (2.0 x 50 mm, 3.5
Rhgaiceis Materials\wat ers, M| ford, I\/A USA). Animals 30

Twel ve mal e Sprague-Daw ey rats rox 50 q). wer.e
B a8 GH9ER Ok S (RBMARAS "ah IBRORATS Piapigbs om a reversed
basEsid pdminyt systee irf eomitisdtion evith a4 wetey sdeanday treatment system
? g&re"BQﬁ’fBW fAAYLDA). I@@tﬁﬁﬁ&lKh%%|s@per/%frécﬁént$qldét@¢bMtamtab@rom Labscan

ikl ?ﬁaﬁmﬁﬁwrﬁf 8 ¥otp® Ro N, Ao RO el barmstadt
Bremalivpelentdfeorqghasigesin drS M?pﬂﬂﬁ@b?i“ed@?fﬁ(ﬁﬁfﬁe é?OCkafd I,
OsApaunth S@biliGaplasmsl B raa(Gbrenmpdawiel) 5vs akbsieed from Harlan Sera

E%} "EtcP go@g‘ﬁb&%ﬁgﬁr FAs aldos anthiddi weR! oRebtbd) iPBSiaésurd BFA coated
mscrotainers from BD Vacutainer Systems (Plymouth, UK). Sample preparation by ultra
filtration was performed using Microcon centrifugal filter devices with a molecular weight cut
off of 3000 obtained from Millipore (Bedford, MA, USA).

fnstrumentation

The LC/MS/MS analysis was performed on a Waters Alliance 2790 HPLC instrument in
combination with a Quattro Ultima mass spectrometer from Micromass (Manchester, UK).
Both the LC and MS were controlled by MassLynx 3.5 software. The LC separations prior to
MS/MS detection were performed on an XTerra MS Cye (2.0 x 50 mm), 3.5 pm particles,
(Waters, Milford, MA, USA).

Animals

Twelve maie Sprague-Dawley rats (approx 350 g) were obtained from M&B {Denmark) and
catheters were inserted into the femoral vein and ariery during Hypnorm®-Dormicum®
anasesthesia. After surgery, the rats were allowed to recover for five days before drug
administration was initiated.
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mvM NaCl, 1.5 nM KH2PO4 and 8.2 nM Na2HPO4 adj usted to
pH=7.4) to give concentrations 5 of 500 M The dosi ng
vol unes were | nli/kg corresponding to doses of 500
nmol | kg, respectively. After each experinment the
dosing solutions were diluted in 0.5%formc acid in
wat er and anal ysed by LC/ MS/Ms for their content of
drug substance. The concentrations of drug substance
in the dosing solutions were cal culated fromthe ,
responses of standards in the range from1l to 1000

%;@d% /28sign The drug substances were

nistered to two animals as i.v. and p.o. bolus in
el PRIV Sompdlitdy?, %‘Mpﬁ)ﬂnd Fhedmpund 08,eComsund 96, Compound 95

argl:éreom ;fsotbj% g?hgerg &%&a?nedaass ﬁg Tf—'Rr zi\ﬁs a3 a%{\éd WPBQ’@ 6 mM KCI, 137

Sstra
BMINRG-§ 51 BB cindAs? OIS 1P+ BAIEE P Bty i ive concentiations

AHTONLIEL TR idesisg vAles wdre 1f int&y mepsonﬂmgttotdwes af $00 nmol/kg,
rr%](‘?pce d\\/e%g}\?tep L%&\d d{pér"mérﬁ Ygd 8&319{& é&tﬁﬁ@%?&dﬂuﬁédqg@e&% formic acid in

walerandemalyged pxj.(ﬁ/é/k%l}flﬁr{o%tgelé?pqter\; of cﬂ;&g agbsé%ﬂ? hﬁerc%tncentrahons of
Gontotedtanok mmmlgemMSﬂ&:Wbﬂeemtwwtedﬁfmr@thedqea@pnses of standards in

tﬁgﬁ¥§b%gﬁgpkpﬁmglgpd sanpl es of approx. 250 20 L. were
co cted fromthe fenoral artery at thefollovvlng

time points; before dose (B.D.), 5, 15, 30, 60, 120;

3@ Bpek’240 min after i.v. admnistration and at B.D.,

10, 30, 50, 80, 120, 180, 240, and 300Q min after p.o.
g setisiancen WerprsBniBgEEdda MR FEMRls 8 ¥ R Sl 8 oross-over

iRy diesagfhe mhé ipfaglate ans admirbsterea t@tatd Gis@@0oxa g7 (Wwds Raigd prior to
&rU tl(JPTOQh%)aSn‘{}ﬁélg \fﬂér@rb‘-‘ﬂﬁﬁétﬂ ad r{aﬁ for 548 Rburs in between drug

%g{f% 5n‘ﬂ‘53,5 @t,\%?)%ne% h%ﬁgﬁ § &i %a oo'd 1SA8LEA with heparin

tRradgmhlplatd.on and LC/ M5/ M5 Anal ysi s The pl asma sanpl es
mere thawed on ice, and 100 L plasma was m xed with

:o& rt% grlu:é aﬁ\}? éz\é%at[ é?nﬁwat?é qa*%ﬁé’ce”e@%@f)% e ar¥n0a5 an L v bo!us and a
el ppqsyeamile wag cplfecigd- At %'OEUW@“ MR pé“isu? eap':’rox 250
dihgefd dotis@tEFomelefoaalrd ectbrct ite BOGvilg troe psiaiep b@‘pre dose (B.D.}, 5,
Y3 &lyS Pé‘”szosﬁrﬁé & 2o %rrg% WA i L éd?m%%rétg{h 4-40x: [9.D oAb 0B, 158, 80, 120,
. 280 a@nd.%@@apmga?f St Bt PR PO0 ! 58 By o “ﬁgi%%e&%ed on foe untl
tepitrifugatiac fat 5 minvat1810D0 kg BODPerIsUNE elasBa (00018k)MEFsrirensferrsd to 1.5

;20 )ﬁis? pﬂ)?e% P Npks idng) stbl%d“"a’tm?_O?C Lokl exisle Wtepatatiinnand LC/MS/VIS

[

e fer Band finally a reequilibration
%’@r‘ﬂ% for 7 min using buffer A, The 35 detection of
the drug substances were performed by MS/ M5 using
argon as col lision gas

Sample Preparation and LC/MS/MS Analysis

The plasma samples were thawed on ice, and 100 plL plasma was mixed with 100 pl 1%
(viv) formic acid and transferred to microcon YM-3 filter units. The samples were then
centrifuged for 1 hr at 8.300 x g at room temperature. The filtrates were collected in 300 pl.
autosampler vials and stored a't 4°C until injection (40 uL} onto the LC column. The
chromatography was performed at 50°C using a linear gradient from 100 % buffer A{0.1%
formic acid in water) to 100% buffer B (0.1% formic acid in acetonitrile) in 4 min, foliowed by
3 min wash using buffer B and finally a reequilibration period for 7 min using buffer A. The
detection of the drug substances weare performed by MS/MS using argon as collision gas
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46 (1.3 x 10"3 nbar).

each of the tested conpounds are given

The specific M5/ MS settings for

i n Tabl

Conpound Cone vol tage Col |l ision Energy Parent i

Daught er

ion(s)

308.10 mz 187.9 mz

mz 220.00 nifz

169. 8

324.10 mz 120.90 m z

23 30V 18

e 2.
on

22 40 V 24 eV 353.15 mz 150.00 m z
21 60 V 28 eV 338.15 mz 135.00 m z

eV

104.9 mz 96 45 V 15 eV 339. 15

0 mz

123.90 mz 95 60 V 20 eV

54 60V 26 eV 364.20 mz 160. 90

mz Table 2: MS/ M5 settings used for the detection of

nd -y int L, 0Rvai il i ;
BRI Ehel ot Bl SR BRI S of B R e v gven
BUlgdteatice were calculated fromthe area related to an
external calibration curve obtained from spi ked pl asma

oLl %@g} 'r(‘;:]éﬂ;lgﬁdr:i{tl W;'; éiliis"&ﬁl‘rf%nﬁé‘gla PYRri ighe Daughter ion(s)

" t#e | og(péEKRY area) vs

) L4 -Rear ,regr ess-aon—of
24 ¥ concent | R GhYZ The | 190-00m/z

cal 1 brati

ral

@ \curve covekealthe concpdtd. ti mén r ang@sSfaloniz

I to- gy The p COTICET | 44 P8V €T SUSTaF TRz
ata fromeach ani malj was used for| 15 phar nHCOk{\QI;}'%{/\/IF
e e

nodel ling in WnNonLin 3.5 (Pharsight. Mount ai
@5, USA) |dsivhg non-cpffpa¥ t nent al  aBL.{&ing and [t328.00 m/z
val ue of |the area under the plasnma|concentrarti|oms. 8o miz
curve (AUC) were reported. The oral bioavail abi lflzlsyOm/z
he Hgnqp
&2 i st rat 1290 m'z -

FPO was ¢alculated asithe.ratio in|% between. t
() nor malt0séd AUC s a#deY iv and
ZDeWRESULTS Thesar@h/z 160.90 m/z
nnnnnn ~l I I- (] i - - e
‘ri aﬁnotlj?.e bioavailability

ASICPU™ D TgBSE; V> DU,
hi naviarl dAbi i+ AL Gf 6 t f WELS +. - 1
12hIB Rirde M Patiget SRRS i art oreiimp! Sheetnd

§Hey.cal cul at ed bi oavailabilities are summarised in
Table 3. The bioavailability of Conpounds 22, 23, 96,
and 95 were noderate (within 10 - 31% and the

Data Analysis

The plasma concentrations of the drug substance were calculated from the area related to
an external calibration curve obtained from spiked plasma samples treated as described
zbove. The calibration curve was obtained by linear regression of the log(peak area) vs.
log{concentration). The calibration curve covered the concentration range from 0.1 to 100
ni.

The plasma concentrations versus time data from each animal was used for
pharmacokinetic modeliing in WinNonLin 3.5 (Pharsight, Mountain View, CA, USA) using
non-compartmental analysis and the value of the area under the plasma concentrartion
curve (AUC) were reported. The oral bioavailability Fp, was calculated as the ratio in %
between the dose (D) normalised AUC’s after iv and po administration: AUC,,*"Di/AUC;, D,

RESULTS

The oral bicavailability of 6 compounds was tested and all compounds were deiected after
oral administration. The calculated bicavailabiliies are summarised in Table 3. The
bioavailability of Compounds 22, 23, 96, and 95 were moderate (within 10 — 31%) and the
bicavailability of Compounds 54 and 21 were low {within 2 - 8%).
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bi oavail ability of Conpounds 54 and 21 were | ow
(within 2 - 8%. 25 47 Conpound F (%9 No. Mean SEM 22
31 5.3 21 2.6 0.78 23 10 5.7 96 15 3.0 95 29 10

54 7.2 0.40 Table 3: The nean bioavailability

standard error on nean (SEM of the 6 tested
conpounds. CONCLUSION 5 The peptides of the invention
showed oral availability having a range of

avai lability in Sprague-Dawl ey rats between 2 an 31%
Exanpl e 3 Osteoblast Activity (ALP assay) 10

MATERI ALS AND l\/l:ll‘gu_)b HU Fg mary ostepbl asts were
obt ai ned from bong“HEPY b 6%I es; of the posterior
iliac spine fromMgol unt ary/M#ehor siSERBI1E were used at
6 weeks of culturppg. Cellsl3were cBlZuref in 24-well
plates in an 8 dags processizand stipmal ated with the
test conpounds ini,gconcentrghi ons krom 1x10' 13 to
1x10-6 for the Iaﬁé 4 days g t he %%perlTent. Cel

| ysate was 15 col{'écted for; deternipati opn of ALP
activity. hOB cel P3 from 102%5 dondPs wefe used for
the experinents. 5For ALP n¥asur en®rtls al commer ci al |
dakld 8blThekintar AlideahilabéityPhosipiiRiaseor Kint mean (SEM) of the 6 tested
SheBaANsdr i ch Denmark A/'S) was used. All o
determ nations were perforned according to the
manufacturer's recomendati ons. 20 Anal yses ALP was
FENCHIFON on cell |ysate collected at termination of

e RS P S SRS S SO ML 20 iy

Sprague-Dawley rats between 2 an 31%.

Example 3  Osteoblast Activity (ALP assay)

MATERIALS AND METHODS

Human primary osteoblasts were obtained from bone marrow biopsies of the posterior iliac
spine from voluntary donors. Celis were used at 6 weeks of culturing. Cells were cultured in
24-.well plates in an 8 days process and stimulated with the test compounds in
concentrations from 1x107 o 1x107® for the last 4 days of the expsriment. Cell lysate was
‘collected for determination of ALP activity. hOB cells from 10-15 donors were used for the
exper?ments. For ALP measurements a commercially available kit {Alkaline Phosphatase
Kit, Sigma-Aldrich Denmark A/S) was used. All determinations were performed according to
the manufacturer's recommendations.

Analyses
ALP was determined on cell lysate collected at fermination of the experiment.

Measurements were compared with and to vehicle treated control cultures.

Data analysis

Data are presenied as means and standard deviations or medians and percentiles as
appropriate. Two-way ANOVA is performed using Fisher's LSD test for posthoc
comparisons, using a 0.05 level of significance.

RESULTS
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25 Data are presented as neans and standard devi ations
or medi ans and percentiles as appropriate. Two-way
ANOVA is perfornmed using Fisher's LSD test for
post-hoc conparisons, using a 0.05 | evel of
significance. RESULTS 30 48 Conpound N Mean SD 0. 05
int 22 41,12 0,05 0,05 141,08 0,07 0,06 235
1,08 0,07 0,06 955 1,14 0,09 0,08 Table 4 The
activity of Conpounds 1, 22, 23, and 95 are
iIIustrated in Figure 2 and summarized in the above

T@D!’ gound € ' USI QN Tﬁgarﬁcpti des Stbf t-he-i ||vcd|65 an
i ncreased th activityl o uman _osteohblasts iln'pri rmrv
ctd ture as peasured by'.4A increasé€:05n productQ@%
al kal'i ne phosphatase Exa&ple 4 Stanﬁard 0,06
Ul UIH'IIIUU U I'\IIII T I'\bbd - IIB

anti-arrhyth gr‘ ef f p?"t 1 glt he rhym:lrt?f Ldes was 0,06
d¥t ermi ned i pSa nodel ?1%aIC|un}|ﬁd@ced ar rhy®hni as
agislerddi ng to the nodel of Lynch et at. [6]. Male NWRI
mef Sct v%?‘ of?’eﬂrgf)ou nlég rm?% ﬂéag %ﬁﬁe %? g}'éeg%§aka%n abqegzﬁﬁéebtr? ?eé?\g%ﬁmmar ized in

Pﬂ% ¥H% (Hypnorn(r) (fentanyl citrate 0.315 ng/mn
and fuani sone 10 ng/m ) + mdazolam (5 ng/m)).

CoreUSian soI ut i ons of Hypnorrr( r) and m dazol am were

ﬂl:we} ﬁ%p‘%g (;i;gll lﬁg rlr}%e{xg Qn lﬂgre%%-)dE{h% ﬁc VH% ﬁg r?and?ﬁté)qaoé%?ts in primary culture
At MaEYIetbY annaesshiesTeiugken of rikatradPiispPiaiase.
adm ni stration of thls solution in a dose of 50 - 75
a rted into
E%%Q?b' gggﬁaéﬁﬁé JMd“&%£§?§?ﬁn A'\%\%ﬁ'erecorded 20
conti nuously b 03|thn|n% of stainless steel ECG
Eheent-adad roR %ﬁ@ qf'ffgqﬁw% &% vab datsemiprd in Haqdsf 9f geighen-induced

éﬂrmm@ea@%r@u@dtoeh@cwoagieoms;ncml aced B mg;gor\sl%/g@tmzce (25-30 g;

1k
d
Lo EpEH el Bt DRY=s HoE PRSI SIASRAE & EroRbLanacstheic

EREtehatBB IHypnorm® (fentanyl citrate 0.315 mg!m! and fuanisone 10 mg/mi) + midazolam

(5 mg/ml)). Commercial solutions of Hypnorm® and midazolam were diluted 1:1 in distilied

water, and one part diluted Hypnorm® was mixed with one part diluted midazolam.
Anaesthesia was induced by s.c. administration of this solution in a dose of 50 —~ 75 pl/10

gram mouse.

An i.v. cannula was inserted into the tail vein. The lead H ECG signal was recorded
continuousty by positioning of stainless stesl ECG electrodes on the right forelimb and on

the left hind limb. The ground electrode was placad on the right hind limb. The signal was

amplified (x 5.000-10.000) and filtered {0.1-150 Hz) via a Hugo Sachs Electronic mode! 689

ECG module. The analogue signal was digitised via a 12-bit data acquisition board (Data
Translation mode} DT321) and sampled at 1000 Hz using the Notocord HEM 3.1 software
for Windows NT. After a 10-min equilibration period, the test sample of drug was injected
into the tall vein and three minutes later Lv. infusion of CaCl; (30 mg/ml, 0.1 mi/min = 100

mg/kg/min), (c:alciumchlorid—zmhydrat, Riedel-de Haén, Germany) was started.
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ECG nodul e. The anal ogue signal was digitised via a

12-bit data acquisition board (Data Transl ation nodel
- DT321) and sanpled at 1000 Hz using the Notocord HEM

3.1 software 25 for Wndows NT. After a 10-mn

equi libration period, the test sanple of drug was

injected into the tail vein and three mnutes |ater

i.v. infusion of Cal2 (30 ng/m, 0.1 mM/mn ~ 100

ng/ kg/ m n), (cal ciunchlorid-2- hydrat, Ri edel - de Haen,

Germany) was started. 49 Mce pre-treated with vehicle

18@23‘?(9{? ?d gh{ﬁf\%ﬁ%]g (g%égﬂ%evﬁuﬁgreg <hiBD RN e s lbbund ﬁbbumm) were

as a measure for the contr |
tbgwd bn izh dayd zﬂ@atn@aalsg(mfwaﬂﬁg corptfﬂl el #nty%qz’t%@mn\ﬂgslnmon volums

ae},sr‘{;byof‘ bl SI?(QS?p[en E&STheTg'ge tdonE ohad of erl@ﬁﬁrﬁltas ‘?c ) was de’termlned as

m as m ned as fr

théémstiart thefstCael CaGlninfusioo niniiirihe first ﬁ@nf Pfr%t d%f@%ﬁVd?’OCk (defined

2nd | ock . ( gef a ttent phadeUi@hout the
g S R e S N Rt

doheomwmaﬁﬁlaoarnﬂexg?s conpl ex). RESULTS 10 The %

response of the tested conpounds are given in Table 5.

The given response is estimated according to (tarn

RE®Qt Compound) - tart (vehicle)) x 100/ tart -

‘(vehicle). Table 5 Conpound % response SEM 1 52 O 8. O

337.09.0 469.011.0 7 40 7 21 55.0 4. .

Tie. % repgonsg. @ thegestah cgmpaings ate ofgn 3 gLl 6“63915% response is

B dBicchABRgIS (12, (BstbombeurPNGLWShiER)) x 100 t. (vehicle).

Table 5
Compound } % responsej SEM
1 52.0 8.0
3 37.0 9.0
4 62.0 11.0
7 40 7
21 B5.0 4.0
22 52.0 12.0
23 -8.0 7.0
54 61.3 12.3
Bl 33 8
95 0.3 9.4
96 54 6
AAP 18.9 6.4

CONCLUSION

The peplides of the invention showed both an antiarrhytmic effect and a non-anttarrhytmic
effect.

DEFINITIONS

Unless specified otherwise, the following definitions are provided for specific terms which

are used in the following written description.

Throughout the description and claims the three-letter code for natural amino acids is used

as well as generally accepted three letter codes for other a-amino acids, such as Sarcosin

50



10

20

25

The peptides of the invention showed both an
antiarrhytmc effect and a non-antiarrhytmc effect.

- DEFINITIONS 20 Unl ess specified otherw se, the

follow ng definitions are provided for specific terns
which are used in the following witten description.
Thr oughout the description and clains the three-letter

" code for natural amno acids is used as well as

generally accepted three |etter codes for other
a-am no aci ds, such as Sarcosin 50 (Sar) Vhere the L
or m,ha n specified s, t.o
Bheie 8 hat BRET Bk R Eokt bGPHTR <L Pt e opg thet the aming
&id lh@]ltjesttiﬁ)a ckn 6k efhdraiign. ofhériner m " hal ogen” refers to
Br and I, where F and | are preferred. The

aq%kta 1 B RS R i il SrouRs dSLioned from

carbon atowx C H2"..1-. The groups derived by reanaI
tarrm‘hﬂkyd:”greferatcomivalsré mrtalpts denvaddione afkboes bif tmayl of a hydrogen

égmri‘%ﬁr?%‘ﬁpcﬂ)&@&gﬁﬁ Hf . 1] W@E@%d&&e@%%o@ Blyécp‘v_drogen atom

groups e groups

f(q:(l ﬁ@ﬁrmé'@gaz{b@r@atpgn ofajﬁaraﬂg@d girnpdioraguabcipes (pﬂ)norraepi @liyl {n-alkyl)
te rOuU

g% WC(??MPZ&??F ]Qtdi-@ #éeﬁrng{ Eg%lala%yk%aﬁ% RsC- éR not equal to H)

qﬁ%@ﬁ’h‘@Wf mﬂ@ndaw eng feriay B r? th@ﬁﬁew@a’ﬂwe\% i a!kyi refers to any alkyl
drbds ﬁé\ﬁﬂd‘?ﬂ)m ‘Fs'fbcﬁ‘?_ %érbﬁﬁtatfﬁf'hs ar’?& E\)}(ﬂudes £ 91'39(9}3( lsuch s methyl ethyl,

| so- propyl K and possi b
Hrs@ﬁeﬁ‘@sm@ﬁﬂr%ﬁ pwl ﬁhde @Mweall"n%%lﬁ ‘WTIWSF thepesf. meant
a linear or branched al kyl having | ess than about 6

@ﬂh@%r@@'ﬁwer@l@@"ﬁé axbelzéh’t BBHBM or §aRdHed PEPRMling Vs than about 6
but y The term "a d%%% refﬁrs to a straight or

QEﬁ5ﬁéh%HSd¥m%V@WﬂEahv PRyh O§PYp cont ai ning one

- or nore carbon-carbon doubl e bonds. C(2-22)al kenyl

Trefters “‘dikergefalkeny birggiaup brenchag or dmlif hedrodarben 22up containing

R B0 BEE o GBASTY b! LM  heus v
fichild 22 Abdcpdn atamd anhinduales T8 plkeny himigiidut-btieng, etc.
speci fication neans phenyl or naphthyl. By the phrase

: t.] | hsti e
N T
ragowanieey cangidiit.i ng. By the phrase "optionally

substituted" 20 is neant substitution of the 6 or

BA2hEBRREE eﬁyc%;%%' g“fowfn?%arﬁt'a‘h%p\fvbﬁéhy%bét%éﬁ aRRBOkarbon ring,
a | ower alkﬁ% al kox car boxy, am ne
T

PG g ar r@@nbegﬁ%/ a@maﬁég;ré@ rifgy Cﬁ)@@hﬂphra@e ﬁ@:ﬁlonaliy substituted”
iR FRBs substilulid of ih@1 6"& 12’1h15ﬁ19&are§ Wrdrha® oottt @y \Q@} at least one of a
1§#clarfa?kr3]/(laaktolgyl/,%lydroxylfl cargoxy, afﬁlﬁg %hlof%{/dbrg;}ge a?hsictjeerha zde hydroxyl, ether,
amine, nitrile, imine, nitro, sulfide, sulfoxide, sulfone, thiol, aldehyde, keto, carboxy, ester, an
amide group; including seleno and thio derivatives thereof. Also included in the definition of
"optionally substituted” are are sulfide, sulfoxide, sulfone, and thiol derivates with or without
a seleno group. In embodiments in which the aromatic carbon ring is substituted such
substitutions will typically number less than about 10 substitutions, more preferably about 1
to to 5 of same with about 1 or 2 substitutions being preferred for many invention
applications. Preferred alkoxy groups include methoxy, ethoxy, and propoxy. llustrative

hydrophaobic groups include unsubstituted benzyl, phenyl, and napthyl.
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am de group; including seleno and thio derivatives
thereof. Also included in the definition of
"optionally substituted" are are sulfide, sulfoxide,

sul fone, and thiol derivates with or wi thout 25 a

sel eno group. In enbodi ments in which the aromatic
carbon ring is substituted such substitutions wll
typi cally nunber | ess than about 10 substitutions,
nore preferably about 1 to to 5 of sane with about 1
or 2 substitutions being preferred for many invention

%Fﬁ-b }%’%éeo gﬁfdro%gfb%% eqq?\_ﬁzj KOX ool 9%%0[‘ &Cédé@ﬁoﬁﬁi QQPWH covalent)

trative ophobi ¢ groups
myniod:gmdequﬁs Urb stnboditedtsbia nyth tk}ghl@mqgenMd P ) the gdpnor, it will

tgeﬁlcélhqncﬁ aastef?ast%?é Qiggttfbnggﬁﬁe e Bouﬁostofﬁetﬁfﬂiogén @Q}ﬁpf Examples of

non- cov %ﬁro gen bond. In
ﬂrmmbah“emwtwmawﬂscmpiwd@e biyade @gteiﬁm e TFesep: $yoghaalide (eg., Cl,

dopp ret%hgnty\”shllfur Mlﬁ&ﬂ%ﬁ\(f) A ddr@@nu%da&oﬂo%aﬁlﬁlu@@‘ﬁydroxyl amine, thiol,

€l ectrohegat ve atom % rogen atom

t@mﬁmeegndafaml@@cﬁne@r@@dm@f&;m mpishalhe st Reraaga, bandy group is an
%Lr Ep{&wgt it \me ér@%r nb%’ irWlereoQie Tbaspﬁigeélectﬁﬂég;zﬁ@e (@M, siSh, as those

sul fur. ustratlve en_b
mlen‘rmr@dmh}g‘yqjdwewh@@ mgaxgtpm 13@]}11(;-?@ a pef- gq)n ded '%Fr rglpalé %Hah pairs are
Qf't'@ i%ferlleﬂ t@@@ggh%%&? 'Efka%le% hot 'bh#erfédr Bidrdig e bege Bedephds include,

up I's an accepto it preferably.inclu

bléa@fﬁ imﬁérnée@é@,r!@ﬁ%@dfyd@y}atem sEi‘JE*He= Ritrije, daige, mgro, gldehyde keto,

%B&*f‘é@l@r abQvE gtipWahE Belbﬁtﬁ‘ dé\iv@ﬁﬂrdsﬂﬁbt@dﬁ&ls@ envisioned are suitable
non- bo

nded el ectron pair. airs are
R coics: a9 erPoRel i fuirosen Bl Sers,Pep gy ageno dervatives
hydigpgen bond acceptors include, 10 but are not
[imted to, halide, hydroxyl ether, amine, nitrile,
imne, nitro, aldeh a,rboxy
P 5ins Sl @b oy 028 REr oo TeoZb kR, Afmpound thet
RlcfitBel Gapljenctisnll doeunictibd” oxidd &gaps junttme ppaned, teltd.ofll refer fo.a

Etg[g %.g‘f:lq}qgﬁ%cd!{t%?ﬁgp LSl 2@'{ ‘lﬁ'{% %?’ze%g!rarﬁugth@%ﬁ YAbiME Sf enhancing),

oy lipdspediive ‘o e gautrmtalr mecrfamnh berancbihs, acn@an@ﬁ@quﬁaldy, the term
15 faC|l|tates.g tL [ ap;
JQﬂ?cWBtH’ of)%‘:ﬁ"gf mpaét gw%? lq sr eﬁgﬁr%g VGH"H:H (ﬂBrma%%g &:Qz mcreases) the

to a conpoun
badHahibt af es) ecmes Medgtrdraish®, toqrase drrpegh gas ju(@ogs b@qu:@rextraceliular

F‘ﬁ%lf}rﬂfg'?‘?fug ;galg es aﬁﬁ/g?\ﬂﬁlhlmggrhnorﬁ%fﬁ% Jindrbs&spRet i ve of

ani sm nd this action. Mbre
specifically, the term "ga uncti on opener"
766 derm Bagans{lsteentoa WePtde 5@# Rl I“f%%‘?t("lﬁthea fissue, Gell or ol fraction

LGS Stﬁé)ta ﬁ@t%f frchange, ok MRliacuh s, émﬁtwammblﬁpscpepme or

pass hrou junctions between extraceii ul q[ m
mtlmﬁlr %‘FOfsélacC@é’S%rﬁd‘P%;P”WYcﬁr GhnleFdr a? ally the same .

ﬁ%&é@@al @ép@ns@ﬁ the& e g M rel! frﬁ&fcﬁiﬁ§ tHs0n &P, ey tiod eiPS peptide,
tp ninteract with a tissue, cell gell fractio

whifiistional @helog hejest. Y oFeoRSRERa S %hYSGLﬂ@'% ESpRTse iR gne or more of
- BntreBoMARIaxARRL Qecrblh, RAPLnE@ne @Etivation. Preferably, the peptide binds to
ihe tissue, cell or cell fraction. In one aspect, the peptide binds to a receptor on the tissue,
cell, or cell fraction, which binds to AAP, AAP10, HPS5, or a functional analog therecf.
However, the present “agonist” may interact with a tissue, cell or cell fraction, which is the
target of any given peplide, causing ihe same, or at least substantially the same

physiological response.
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'VdBfghekE!hlbl‘iQ hiedipbyos iope g imeasd oF AABoNS

functi onal anal og thereof, to cause substantially, or
at least substantially the sane physiol ogica
responses in the tissue, cell or cell fractionas the
AAP, AAP10, HP5 peptide, 25 or functional anal og
thereof. In one aspect, the physiological response is
one or nore of contraction, relaxation, secretion,
and enzynme activation. Preferably, the peptide binds
to the tissue, cell or cell fraction. In one aspect,
the peptide binds to a receptor on the tissue, cel

or cell fraction, which AAP, AAP1
%rertf!ﬁmhmenaer%%aeﬁ@ﬂebfas i e 5 ﬁep???g%eW?‘Ch Comiprises an

anfgremietic a@ﬁ\){tyl whieh ac tubstdnbiall the Same, ocgkhteothaaetk antiarrhythmic

chSiohg PAE. e T St oS MEnS afty 4 RS refers to

éﬁ@ﬁb@ﬂx%l@&icﬁ\ﬂ@ﬁ@ﬁmﬁ& ote@rvé af' lawti @ncénttdiohcofpeptideder in shorter

SO S S Lok BRI o LD, SOPRDL 998 oo o

fiffiosAaRzlotheggdat er than, the antiarrhythmc

activity of an AAP, AAP10, HP5 peptide or functiona

AR AR B 3 ohABE, 08 S0, Mg one o o
;xhgmciegltaﬂ aespmnsemcbbspe,pﬂ nrde tipguej cellshiael éract@n péei gaacting the tissue,

ar.e t f
CMP?r )&%nﬁrﬁc’“ P\%'%péag € or Pr‘? g[&jona?\% %Dg%t Fgrae%?gnde‘ or @
filiéioba ramalognthagoi s_tenera‘pects theophysmqaﬁeeamnww one or more of:
compé&) l)ltl Sre%rx t %‘g%@{i&ﬂesan? re%z e R v% ior? nfyréi’eﬁsi 'ﬂ‘r"&a?ept’de hinds to
onses oD e, ceI frac
thé timueccﬂﬂtcacteﬁ rfrgcttmneirt @r@s@s@ect thelteplidsy binds 1o 4 regeptpoan the tissue,.
c\é’ll t({:‘ %P%e&lo\ﬁ%@?@%gﬁ AR AR ﬁ‘ﬁ‘g IAEP‘P %QteonlélP&a!og thereof and/or
Unct'onal - anal og t her eof
g“iq e fgactw@@l@n@fog thereof to
ion, relaxation, secretion, and enzyne
t@%ﬁ%%@?fon Preferably, the peptide binds to the
tissue, cell or cell fraction. In one asgect
AeptaddierinndeTdizg’ Fiv e 5t GrcaRgs Hea Phudelggical 6%?90”590?”‘3“ that the

E&dnsd hasdheN indhEibakly NiiSeré@ FANP ondBEbhedfba mimal patient. Thus,
functional anal og thereof and/or whi ch inhibit
Wﬂ@'izﬁborbf“adn'é‘v?h? © 2By BOTGRSEARP de KR 1N %SFESBD”SB depending on the

;ﬁMﬂﬁkyqn@heanalog thereof to 15 the receptor. As used
herein 'normal i ze" refers to a change in a

R S S e P G T S

nornal patlent Thus, nornallzatlon may involve an
AmuseiasEeior ‘ode veisbiing mefehetar bspeissendedeniddingpsomiiomef an orally

E%ﬁﬁ“%%g%X”“ Vﬁ;%ggkmgg £E&R0 of less than about 10"6M

ess an ‘about, 10-8 M

Abbreviations used in the instant application are defined further below.
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As used herein "oral availability" refers to the rate
and extent of absorption of an orally adm nistered
drug into the blood stream Abbreviations used in the
. instant application are defined further below 25 53
Met hyl (Me) -CH3 Methoxy (MeO -OCH3 Ethyl (Et)
-CH2CH3 Et hoxy (EtO -OCH2CH3 n-Butyl (n-Bu)

- CH2CH, CH, CH3 n- But oxy (n-BoO -OCH2CH2CH2CH3 n- Hexyl
(n- Hex) - CH2CH2CH2CH2CH2CH3 n- Hexyl oxy ( n- HexO)

- OCH2CH2CH2CH2CH2CH3  n-Cctyl (n-Cct)

- CH2CH2CH, CH2CH2CH2CH2CH3 n- Cctyl oxy (n-Cct O

- OCH2CH2CH2CH2CH2CH2CH2CH3  H3_CCH3 H3C CH3 t - But yl
LhimyBMY) _X-teBut oxy (t-BuO) Owefhoxy@HB) /| CHs-ocgycl o- hexyl
(c-Hex) cycl o-hexyl oxy (c-HexO / 0- Phenyl %Ph)
Pheddxy (PHOPCR0 \\\ 11, HEWY @8nzyl (Bz?

B | M) OCI \ \ Al t ‘
’é\%’ %ﬁ@é)r/pg%a%%ﬂ* By ref er encneguﬁﬁ%rﬁel (reseﬁltl S%{{%'}gg%' "

h Vi ti dif t

Fﬁ%ﬁl@nﬁ’ﬁﬂt 3{9'%%8%?%&%3' . scgfb'%egv?c*sfd @Bnﬂer e.o%[*ﬁ*fﬁ“z s

o
5 andthe gafhereln 54 Clalrrs 1 A pep tcp,fiefor
U ther?:q&{‘ epresented by thersggneral fo
DI?J‘E{[(LD/L WR3 I R3 HZ I R2 CH-C—NN-/HHC-C

OH/NH2 b [ C2] R 0

cycho-hexyl (C—Hex) gyclo-hexyloxy (c-HexQ) \O
. 0

Phenyl (Ph) \© Phenoxy (PhO) \©

Hay Hy
C

Benzyl (Bz)) - \@ Senzyloxy (8210) \o'c\©

All references cited herein are incorporated by reference in their entireties herein.

Variations, modifications, and other implementations of what is described hersin wilt occur to
those of ordinary skill in the art without departing from the spirit and scope of the invention

and the claims herein.
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z Ox NH] [col I H21 g | Rx 5 wherein, if ais
lthen bis v, if aisOthen b is 1; wherein z is
1-7; whereinif xis 1 theny and q are | and p is O;
wherein if pis 1then x and q are 0 and y is 1; and
further, wherein, 10 whereinif R is Hthen dis

0- 8; mhereln if R is not Hthen d is 0; wherein R is
Glamnssi de chain of an amino acid sel ected fromthe

Qr OUR p&ﬂl@é‘f&tds@% mfara%wébr@%m&r@ b @@merasfeﬁﬁasu ne,
aspartic acid, cysteine, glutamc acid, glutam ne,

gl yci ne, hlstldlne i sol euci ne, Ieu0|ne | ysi ne,

nmet hi oni ne, phenyl al ani ne, 15 proline, serine,

t hreoni ne, tryptophan, tyrosine, and valine; wherein
R2 is selegyed fromtheygroup consisyi,ng of NH2, NHR

NR2, NR3'H,, OH SH RO; RS, RSO RS2, COR, CSR
COCH, l i CENR2, , and $COR,
wherei n R}=] al allkegyl , yl, argl kyl,

cycl oal kyl; J¥EIHR Mr anQ%ﬁﬁ 1 rein R
is a hidr p‘H?‘J'B‘% gr%ip br h&rma OH/NH,
accept abl aIt t her The peptfi de accordang to

claiml, wwerein R cothb>es an areyatic carbon 5
ring. 3. The peptide ac¢ord2ng to claim?2, wherein the
aromatic ring corrpriseEC@ - or 12 nmenbered ring or a
substituted formthere 1] X

o

NH
| y
co
| P
CHy
| q
R«

wherein, ifais 1then bis v,
ifaisOthenbis 1;
wherein z is 1-7;
whereinif xis 1thenyandqare 1andpis G,
wherein if p is 1 then x and q are 0 and y is 1; and further, wherein,
wherein if Ry is H then d is 0-8;
wherein if Ry is not Hthendis 0;

wherein R, is the side chain of an amino acid selected from the group
consisting of alanine, arginine, asparagine, aspariic acid, cysteine, glutamic acid,
glutamine, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine,
proline, serine, threonine, tryptophan, tyrosine, and valine;

wherein R; is selected from the group consisting of NH,, NHR, NR;, NR3H,

OH, SH, RO, RS, RSO, RS0,, COg, CSR, COOH, COOR, CONH,, CONHR, CONR2,

OCOR, and SCOR, wherein R = alkyl, alkenyl, aryl, aralkyl, or cycloalkyi;

wherein Ry = H or CHa. and
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10 4. The peptide according to claim3, wherein the
ring is substituted with at |least one of: a | ower
al kyl , al koxy, hydroxyl, carboxy, amne, thiol,
hydr azi de, "am de, halide, hydroxyl, ether, am ne,
nitrile, imne, nitro, sulfide, sulfoxide, sulfone,
thiol, aldehyde, keto, carboxy, ester, an am de

gr oupyheseis &« Erhyrerlipbicgrewio group and deri vati ves

therepfyp ﬁn?ceu?&ﬁig%%@édtzﬂﬁe age@Edbng to claim3,

wherein the ring conprises between | and 5
substitutions. 6. The peptide according to claim 3,

aher epy Sheqd | éé&rcﬁ@grf@waﬁﬁa WhBfeirtR %naee%h%m&r&amon

7. The peptide acc ng to claim?2, wherein the
fidomat i ¢ carbon ring is selected fromthe group
consisting of: a benzyl, phenyl, and naphthyl group.

25 8. The peptide accor di ng to claim1l or claim 2,
Iher elihe aepddagenostingie daigr wherein thg-armala ey @NEWaes @ 6- or

t at th
%ﬂ%@%eﬁeﬁ%gé?ﬁ’%ﬁ%ﬁ%&gd Q)n?l‘mé‘r%bft uent a e

osition use in therapy
represented by the general fornula Il: 30 56 D)L DL

(}V N}jﬂ pg%%nlje EQ&% (Hé—éol ol 3 Q(FZI% in fNe! rmﬁ'&%shtu}'@h&iﬁ:\ atbjeast

q
qRE dR a lower alkyl, aikoxy hydroxy[ carboxy, amme thiol, hydrazide, amide, halide,
hydroxyl, ether, amine, nitrile, imine, nitro, sulfide, sulfoxide, sulfone, thiol, aldehyde,
keto, carboxy, ester, an amide group; a seleno group, a thio group and derivatives

thereof.

5. The peptide according to claim 3, wherein the ring comprises between 1 and 5

substitutions.

8, The peptide according to claim 3, wherein the ring comprises 1 or 2

substitutions.

7. The peptide according to claim 2, wherein the aromatic carbon ring is selected

from the group consisting of; a benzyl, phenyl, and naphthyl group.

8. The peptide according to claim 1 or claim 2, wherein the hydrophobic group is

6-membered aromatic carbon ring comprising a substituent at the 4-position.

9. A peptide for use in therapy represented by the general formula |l
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a whereinif ais 1thenbis O; if ais Othenbis
1; zis 1-7;, 5if xis 1lthenyand gis 1 and pis

"0; if pis1then x and q is 0 and y'isl1; and further,

wherein, if R is Hthendis 0-8; if R is not H
then d is 0; wherein R is the side chain of an am no
acid sel ected fromthe group 10 consisting of al anine,

argi ni he, aspara e, aspartl cid, cysteine,

gl ut c acid, 3$E1an1ne ¥ ne, histidine,

i sol-euci ne, le CI e, th|on|ne

phenyl al ani ne, oI| serlne thre e,

try t ph , ty 05|ne a ngall ;@h r | R2 is
CgHaa ORNINR, NR2,

NRS OH S soe cd? R, COOH,

OCOR, and SCOR, wherein
R = aPkyI alkent Eyl aral yl, or cycl oal kyl ;
wherein R3 =H o ; mhereln R4 and R5 are

i ndependently se %9 d fromthe group consisting of H,
al kyl, al kenyl, aral kyl , hal ogen, CN, NQO2,

al koxy, aryl oxy, yl oxy, thioal koxy, thioaryloxy,
t hi oar al kyl oxy, EC )2, SGBH, S2R, NH2, NHR, NR2,
+NR3, OH, SH, 5 , COOR, CONH2, CONHR, CONR2,
CH2CH, . NCO, ,| , NHNH2, NHNRH, CH2OCOR,
CH20CSR, COR, CSRCHELSOR, CF3, and CCl 3, and wherein R
is alkyl, alkenyl, aflyl, aralkyl, or cycloalkyl; or a
pharnaceutlcally cceptable salt thereof. 5 10. A

pepti de repres the general fornmula I: DL DL
DL 41 11 R3] iCiC--NCH +H2411 CC OH NH2
b a

//A<;>:>\\\

Rs Ry

whereinifais 1thenbis O;
faisCthenbis 1,
zis 1-7;
ifxis1thenyandqisiandpisO;
if pis 1 then x and g is 0 and y is1; and further, wherein,
if Ry is H then d is 0-8;
ifRyisnotHthendis ;

wherein R, is the side chain of an amino acid selected from the group
consisting of alanine, arginine, asparagine, aspartic acid, cysteine, glutamic acid,
glutamine, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine,
profine, serine, threonine, tryptophan, tyrosine, and valine;

wherein R, is selected from the group consisting of NH,, NHR, NR,, NR3™H,
OH, SH, RO, RS, RSO, RSO, COR, CSR, COOH, COOR, CONH,, CONHR, CONR;,
QCOR, and SCOR, wherein R = alkyl, alkenyl, aryl, aralkyl, or cycloalkyt;

wherein R; = H or CHy,

wherein R, and R; are independently selected from the group consisting of H,
alkyl, alkenyl, aryl, aralkyl, halogen, CN, NO,, alkoxy, aryloxy, aralkyloxy, thioalkoxy,
thioaryloxy, thioaralkyloxy, +S(CHs),, SO3H, SO:R, NH,, NHR, NR;, +NR3;, OH, SH,
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R [ CHR1zR [ Ox [ NIHY [COp ( HI1qg t I

Rx 10 wherein, if ais 1then bis 0; if ais 0 then

bis 1; wherein z is 1-7; wherein if x is 1 theny

and g are 1 and p is 0; wherein if pis 1 then x and q

are O and y is 1; and further, wherein, 15 mherein i f
R, is Hthen d is 0-8; mhereln if R is not Hthen

COOH, GRHR G ANFy, GRNIRCONRe iith- BEOaNCER, NbiCid "éIHNHzf

ﬁf—ﬂ\lﬁq ed,bEOR (dreogsRUBORE @R g &f,, #POENCand wherein R is

I ni'ne, asparagine, aspartic acid, cystelne
g‘k t%lkﬁ”b” aell.aralkggorgydealiine, gl yci ne,  hi sti di ne,
i sol e rm%@élﬁsbé‘lgr s acc¥ShiNE sallBlehidpni ne,
phenyl al ani ne 't ne, serine, threonine,
tryptophan, tyrosine, and valine; wherein R2 is

| ec f NH2, NHR, NR2,
E@Rs HA %e%fﬁre%hfeesmgé %ﬁé&e%ﬁ%*a‘ﬁdnﬂglaq 2R

COOR, CONH2, CONHR, CONR2, 5 OCOR, and SCOR, wher ei n
R = al kyl, al kenyl, aryl, aral kyl, or cycl oal kyl ;

wherein R3 = H or CH3, and wherein R is a 6-nenbered
aromati c capnlon ring copprising a sybstituent at the

4-posi tion;
l 0 0 l 0
I/l Y | I
R, CH—C——N—CH—C N*'-—-CH—{—C‘—+C OHINH,
b a
R, [ cHe Ry

Z

[?O )

[ NH

| Y

[ co

t P

{THZ Q

Ry

wherein, ifais 1 thenbis 0,
ifaisOthenbis 1;
wherein z is 1-7;
whereinif xis 1 thenyandqare tand pis 0;
wherein if pis 1 then x and q are 0 and y is 1; and further, wherein,
wherein if Ry is H then d is 0-8;
wherein f Ry isnotHthendis 0,
wherein R, is the side chain of an amino acid selected from the group

consisting of alanine, arginine, asparagine, aspartic acid, cysteine, glutamic acid,
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or a pharmaceutically acceptable salt thereof. 10 11.
The peptide according to claim 10, wherein the

aromatic carbon'ring is substituted with at |east one
of: a lower alkyl’, alkoxy, hydroxyl, carboxy, am ne,
thiol, hydrazide, am de, halide, hydroxyl, ether,
amne, nitrile, imne, nitro, sulfide, sulfoxide, _
Huipmaee glveing dlistidiedispipdene kedde. yainporgthioaiiee pherylalanine,
ROEe s HrRUBrediRelr f{ﬁ@pk%rno osirs, b Qalind> 9roup and

derivatives thereo pepti de according to an
one ofhergie Rpiseeaigfiteryfrem é‘!woum@ﬁeﬁtiﬁg phiHp &Rz, N

cgiqn%fliﬁgsRé Fﬁé@eRébéQf 1 RaR, cfbcﬁxli eeobrt GUNFQ?&ONWR CONR2

ree term nal . 13. The peptid

QRYRoaed SEORwhpretR i aley!.clkeinifs avaaea“@ﬁ’ r‘PrFWéoa[kyl

phar Wéﬁhll:@a.“lix Cgcgg@t able salt is an acid addition
salt, a netal sa[t, ‘an ammoni um salt or an amino acid

addi twhsneis &«is a f-memipsegapmagie cafbor riag APMRrisingha pehsiituent at
; ceutically acceptable salt is a 25
oA

oride salt, a sulfate salt, a phosphate salt,
an aceterharsageutically aacenialie salt thereaf. fumarate salt, a
tartrate salt, a citrate salt, a sodiumsalt, a
potassiumsalt, a magnesiumsalt, a calciumsalt, an
drmoniherneptide atqosting Wiai@rﬁ%nma:m*rstaetaror@atiqn@rm reglis |

s%bgt'ité{ H%h%le&s%ne%f%‘%%# kaﬂgélﬁﬁxz bdrox Cﬁgzl Tenﬁne thiol,

pept e according to any one | ai s,
hyHeazisien amisie, b@plﬁ: lebeslroxyly ﬁth@érar@min@em@e rwtm @gié@he 5o lfeide,

%ﬁf&l@ tf%‘id Iﬁ/ i ét@%?oéﬂ?té@ nadrﬁ %@rﬁé&?&&%%@no%@ouﬁ Béhio

drdgen oup an C group
wmam%@@ivah\@mﬂa&m@ft 4 Angstroms to about 12
Angstronms. 35 16. The peptide according to any one of
the preceding clains, wherein the peptide further
*@orrprTh@e@pédmymoogmwtomwngroém rigekdingecialingt wpryein the peptide

&‘P@ﬁ@a ﬁ‘r@% Nn@ﬁrg Bgleg?r‘gé (picerm ndi. bioth %ﬁqlre%g@ rhnkan‘ germr%‘h' P

ro roup conprfises from about
Angstrorrs to about 10 Angstrorrs 17. The peptide

cor t t .
B lhoe i S ey QY. MY ER o ggeunica
arneptplelptsilis ancanit edditipntsaltch aietal st amwmwumh@lt or an amino

is selected fromthe group consisting of
%@rﬁ%ﬁ“%&t hyl, t-butyl, c-hexyl, phenyl, n-butyl,

n- hexyl, n- octyl

14. The peptide of claim 13, wherein the pharmaceutically acceptable saltis a
hydrochloride salf, a suifate salt, a phosphate salt, an acetate salt, a maleate salt, a
fumarate salt, a tarfrate salt, a citrate salt, a sodium salt, a potassium sali, a
magnesium salt, a calcium salt, an ammonium or tetramethyl ammonium salt,

a lysine salt, a glycine salt or a phenylalanine sait.

15. The peptide according to any one of the preceding claims, wherein the peptide
further comprises a hydrogen bond group and the distance between the mass center of
the hydrogen bond group and the hydrophobic group comprises from about 4

Angstrams to about 12 Angstrems.

186. The peptide according to any one of the preceding claims, wherein the peptide
further comprises a hydrogen bond group and the distance between the mass center of
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et hoxy, t-butoxy, phenoxy, butoxy, benzyl oxy,
n- hexyl oxy, and n-octyloxy group. 10 19. The peptide
according to any one of the preceding clainms, wherein
the peptide - functions as an antiarrhythm c 'drug. - 20.
The peptide according to any one of the preceding
clains, wherein the peptide 15 is an orally avail able
the pydiggen pand graep pegpihedydeppbobit DiyPcomarisesdrn gboutife
[ in the peptide binds to an

ﬁ@gﬁﬁﬁhﬁggﬁégg?ﬁgﬁﬁgg&g bi ol ogi cal |y active fragnent
thereof. 20 22. The peptide according to any one of
Lﬁe ;%EJ‘UE@ aEéo%lH@ clalify % %Héréaﬁ‘ﬂw Fﬂﬁg@nt Hags rﬁdlys of from

fe'in an 1n vitro plasma stability assa
ﬁﬂh@3ﬂmamﬁéﬁbévgﬁomﬁ$nutes 23. The peptide accordlng
to any one of the preceding clains, wherein the
peptide has a half-life in an in vitro plasna
8 abi Thet geptids ageoodingrty @aithbih whbwin thagubgivest is2@lezied from the

¥4 ; o
008 SRR Rl 8. R bR LRABRHN, oo
gtheuty, i-butmed iphereakyt !ax.xtsxyabemayzvety trhhexyému ami rag%tvlm;)t grouuo
enzymati c degradation. 30 25. The peptide according

to any one of the preceding clains, wherein the
Tept | e pdpitidel gctonding td awume of 81d precadingetibimsr wgreorthe peptide

fhn@t{ané%s%a%hﬁ%ﬁgﬁhn@lgtd} for an antiarrhythm c

pept| according to claim 23,
vvhereln t he antlarrhythmc peptide is 35 selected from

%@uﬁcgf%%pﬁgﬁg cﬁ)'ifdh éo?efle (Y% oégépz%gcefzﬁlgg's Ialﬂltr \gherem the peptide

ia@omrajingaltwlecw&ﬂtldﬁm wherein the pepti de is a

nodul ator of the function of the tissue, cell, or

cell fraction. 28. The peptide according to claim 25,
Zher eThe ﬂdmédgemdrdjeg narygoei of 8w prbeeding ¢laimst wherefthe peptide

&é t%%&)ﬁ i ?raR%%‘nﬁ? §r a 81%108 Q@ é’c“t‘n% 'rrgSrtnEHt‘%ﬁérQbﬁg to

SRher i uncti on of
the antiarrhythm c. 10 30 The peptl de according to

?eglep egw%e égdogc#{j?ar r G%nheqa? tﬂe p%'%%%élﬁh%r w%re% the peptide

has a half—ilfe in an in vitro plasma stabmty assay of more than about 30 minutes.

23. The peptide according to any one of the preceding claims, wherein the peptide

has a half-life in an in vitro plasma stability assay of more than about 48 hours.

24 The peptide according to any one of the preceding claims, wherein the peptide
comprises a peptide bond that is modified to stabilize the peptide against enzymatic

degradation.

25, The peptide according to any one of the preceding claims, wherein the peptide
binds to a tissue, cell, or cell fraction that is a site of action for an antiarrhythmic

peptide.

26. The peptide according to claim 23, wherein the antiarrhythmic peptide is
selected from the group consisting of AAP, AAP10, HP5, or a functional analog thereof.

60



10

15

20

25

30

35

31. The peptide according to any one of the preceding
clains, wherein the peptide is selected fromthe
group consisting of the peptides shown in Table 1. 15
32. The peptide according to any one of the preceding
clainms, wherein the peptide is:
F+(§y-L S(4-nitrobenzoyl)-0OH (Conp oundwﬁz
- d yT&%@(Phdﬁr@Q%&{%@rﬁiﬁiWI% wPeretdhp eapiireds a npgrulator of the
flihdfoh %$ t@?&&%éb/%‘?@él@ﬁ‘éanoﬁ y- OH (Conpound 21);
H D-Lys(4-nitrobenzoyl)d y-OH ( Conpound 22);
H D Lys(4-t-butyl benzoyl) - (Jy CH (Conpound 54);
D- ( a
% 5 f@{c’é nd;% gﬁo (g?lh’éaﬁ)zé( Y5t gﬁ%fg%%@%?ﬁﬂ% SHdgonizes the
fepghionsh Hnmam@mmawy@é I)Ala OH (Compound 95). 33.
Use of a peptide according to the clains 1-32 for the
manuf acture of a nedicament for the treatnent of a
Fat holhegiepkide eenaiing wrelaimas, whergin the Replis agepizes the function of
ommruni cati on conprising admnistering to a
m%?ﬁ%%?&ai ﬁerapeutically 30 effective anount of said
peptlde 34. The use according to claim 33, wherein
9&# S&orG(H ddifiba IneRIARE Bpridel i@ Bk O AOUR,
conS|st|n a cardi ovascul ar di sease, | nflammtion
reterdorakdlye andipitbytbmicpaptide.di sor der of al veol ar ti ssue,
bl adder incontinence, inpaired hearing, an 35
endot hel i al |esion, diabetic retinopathy, diabetic
Heur ofgtpeptide seeedingtostnytone of thetpregedingediaivgswhsgrsingng peptide
f i sorder,
PR Bl ang B PR R A T o el Tlouh o8t
transpl antati on, wound, erectile dysfunction, urinary
ad . [
B PO A R o R A ol G B iFe pevtice
i$ai lure; a condition caused by an excess of reactive

ox@f’)ggyrg(%ng@bg%gﬁw §5°f3f50%3r §1d| cals and/or nitric

e’'according to the clains
H-GReL fsbf- maﬂmxmwbﬂm@ompoand ABdi canent for the

%@%@ﬁgtr@g%@%ﬁ)@é?ﬁéh%%peér’{bei't)Pat hol ogi es
H-p-Lys(4-nitrobenzoyl)Gly-OH (Compound 22);
H-D-Lys(4-t-butylbenzoyi)-Gly-OH (Compound 54);
H-p-Asn{NH{4-nitrobenzyl)Ala-OH (Compound 96},
H-p-Lys(benzoyl)Gly-OH {Compound 23} or
H-p-Asn{NH(4-methoxybenzyl)Ala-OH (Compound 95).

33, Use of a peptide according to the claims 1-32 for the manufacture of a
medicament for the treatment of a pathological condition involving impaired gap
junctional communication comprising administering to a patient a therapeutically

effective amount of said peptide.

34. The use according to claim 33, wherein the pathological condition is selected
from the group consisting of a cardiovascular disease, inflammation of airway

epithelium, a disorder of alveclar tissue, bladder incontinence, impaired hearing, an
endothelial lesion, diabetic retinopathy, diabetic neuropathy, ischemia of the central

nervous system, ischemia of the spinal cord, a dental tissue disorder, kidney disease,
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formati on, grow h or mai ntenance 10 36. The use
according to any one of clains 33 to 35, wherein the
medi canent is for oral adm nistration. 37. The use
according to any one of clains 33 to 36, wherein the
medi canent is for admnistration to a human patient.
15 38. A pharnmaceutical conposition conprising the

fpibpe ntieoraf mamyw taespdentatioa) weurt) 8@ctilanigsfanction, urinary bladder

phar.maceut i cal _.carrier. - Th har. [
i R e
tcamsplasiatiorofailure; a cahditonachvbed Y ambkaess 62reactive oxygen species

and/or free radicals and/or nitric oxide.

35. Use of a peptide according to the claims 1-32 for the manufacture of a
medicament for the treatment of osteoporosis or other pathologies affecting bone

formation, growth or maintenance

36. The use according to any one of claims 33 to 35, wherein the medicament is for

oral administration.

37. The use according to any one of claims 33 to 36, wherein the medicament is for

administration to a human patient.

38. A pharmaceutical composition comprising the peptide of any one of claims 1-32

and a pharmaceutical carrier.

39. The pharmaceutical composition according to claim 38, wherein the

composition is orally administrable.
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