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4772- 3- PCT METAL- Bl NDTNG COMPOUNDS AND USES THEREFOR FI ELD OF THE | NVENTI ON
The invention relates to a nethod of reducing the nolecular, cellular and '
tissue damgge, srdone by reactive oxygen species (RGS). The invention. also
relates to certain conpounds, especially certain peﬂ%{%?ﬂﬁlg pepti de
derivatives, that bind net ' DUNDSAND G . i ndi ng of

| nmetal ions by the co‘)@érﬁdgk%?ﬁ?%eq%enti on inhibits the formati on and/ or

: accurul ati on of ROS and/or targets the damage done by ROS to the conpounds

| thensel ves (i.e., the co oqoun s of the invention may act as sacrificial
| antioxi dant}gﬂpﬂ&ﬂﬂ@gﬁ@ﬂeacti ve oxygen specjes ( ' dlapee
\ radicals (e.g., Oﬁypevr oxid81.28 konmetmod brdusing the @@k&}s}% ,ceﬁgﬁaah?ﬁ%%ﬁ ;
| radicals) and non<rAdrcal speci es (qeﬁi gn%e SLOGLE 18X YERs tabettaiy drmoppapds,
per oxi de) . M@rﬁaﬂhpmt’@no@e@%@ "eXtensive cellul ar _and tfgﬁ@ daoeage,
and they have bheen reﬁo‘étt%gs'&faaal’eptfdeme@%ﬁaesnmjathmmt@lpw,w}%}ﬁf £y of
di seases an@sPeBMd FIBALP I Ruee ., ROS have been i.gmhje@%gﬁbﬂaad/emmrﬂxﬂmmn
di seases an@irﬁﬁltgfapﬂ@caliisns(wﬁﬁtiwmm,dsCéﬁ&‘“f"temf‘?é}ém%een specul ated that ROS may
consti'tute a conmon pat hogeni ¢ nﬁ&;@wk@@@m@dm@ﬂmsﬂhmsplvmﬁha?%gg@g_
Stohs, J. BasROSend/eftargfly P dmagh armacol ., 6, 205-228 (1995). For reviews
descri bi ng R%eig@g{wmﬁ@}rmhﬁ@mﬁdﬂl@n&ﬁé&@&ﬁ}-snﬁ by which they cause
cel lul ar and tissue damage, and their involvenent in nunerous di seases and
‘1 zo di sordeps, see, e.g., Manso, Rev. Port. Cardiol., 11, 997-999 (1992);

Fl.orence, A Opt hal nmol ., 23, 3-7 (1992); Stohs, J. Basic din.
Physi od. Ph

= 0, 205-228 (1995): .Kai ght: i dxidelanion argidiydroxglg,

111-121 (1995); I{eaacti\etoxwen?P%&éﬁoél%hﬂage%gmaé%% 28§!e(| 990) . Roth. Acta

Chir. Hung., 36, 30%§1?0Q(?1&&8§Mdﬁoﬁqﬁtﬂéﬁ'lQﬁeb'ep@lgf,ﬁisglétﬁx)'%en RPN Calise
|

of illness aRdoHb-EX y In the world. zs Cardi C 1l @heyl 12610 Reporitad to
whi ch t he bogysureapstie ogcaumgmv@mﬁia%ceg}&%@ﬁ%%“td% é’élmrd'?E ei:}Js di m nished, is

. . ’ Yer
the | eading cause of ill nessgﬁ;}q- ga%@stahdédhditf@ﬁs.Uﬂidebcbﬂcﬁtlﬁt/@@?nwlﬁﬁ?cgpo
i scheni a i ¢ RPN I EE ebrovascul ar  acci dent

’ | Gstitsretahe
third | eadi ngog ausgedinddaivperincdniidionsrrdy hag BEBSP s%hé%lfgbaslﬂg%l QC(S:urs in
| other organs (e.g., kidne ’ﬁcgliﬁ\\;’igrh’indoﬂ@@in ANchntaA QiseakesStbmal. Rasig&lip; Plyfiol

har vest ed or gamsop pathggencp arvested for transplaptation, or forc .y,
research (e. gy RE%H Us 805-218gagp sttt ey e)s dge@nbmsiR%JEelF fg's"ﬂ?tt‘mg?e ‘éﬁd"fi%e?mys Z
where blood flowis interrupted. (e. g,, Qo€ dzﬁglrigl SWEEeE h Rmtbrosrdnsascy an
bypass sur geryhich they RB¥¢ 8elwgaé&n‘?1gﬁsu‘g%a?%°grﬁ%e to gne o%n' it c%staINs?F{be
more generaligzed, (€. .. 4 MVARIEDReNFBHC Cahbidk)ll, 9973999~ (1RIY BloerRcH 4% 5% Py
2 Cel lular And tisgue ‘daimage occur durj 28’ isﬁhcpz%m"ﬁa%c €8 Wob-208 (193 5)gknight,
| deficiency. Hopslenol., 23037 (EI9RY SRt BAE TS d8Y i ng ™ 1 schém f%@éggga%gg)alﬂo&
| 1ight conpared taq,the sever B9 €1 9obRK e8GE b, Heaprah Luregp 25, ) ’
ischemic ti ssg@'@%é’ﬁd&bbr §%’n2§ 1%ée}e, ?gbﬁ Manso, Rev. Port. Cardiol., 11,
\ 997- 999 (1992):tq BN slungl, 363363-8051PY)- Physi ol . Pharnmacol ., 6, 205- %28 "
(1995); Knight, Ann.. s din. Lab, | fandied carkd lofl Atheds 12815 Hisatifiy r ingthe afvorld.
Heart & Lung, 25, %‘E?—“&%P%T&%‘) s gt]ﬁ?dniggtcgphir. Hung. 3@, 302-305. ¢ 4
11997). ROS havgdasialeuls€Retdnsal id whitiehe wsipormpneiiyes mrovidy raedy BF B A Rge
' caused by reperfusion of ischemc tjssue QN CeredRR iscBon@ia is ayRetaspr to
Rev. Port. Can%jﬁhgle?@n&i‘%us‘@@ﬁﬂ@@§a‘tdﬁ§§‘§ﬁtﬁ%tégﬂ%cgt\]. Bas| ?S@ a tlhn gllzdﬁlt% %I?TS
Phar macol ., 6, 1%935 22 Ba LSt (sttoREWhich Arthe thizfl leading ganse gicqdeath B HY d ‘
} CE V. . .
| 995); Kerr et al., Heart & Lung, 25, 200-209 (,1996) inaf¥¢dc®, i tddO
U(aung.? 36, 3ozsc&eﬁia(a1s99<79u.rsiweﬂaaqogrsaeﬁ ;8-’%4“%8?’?’§/1“{’ ’g‘%dsﬁh?%%m net a?"?gﬁrgfs can
cause the product i (en ag&sa&%ggge@qugnsgfanmorlmrm@atchw.apeﬁuwm%ﬁlﬂlﬁ,
\l ron ions rel 488G \ffom=Storage sites are one of %@e ma e%ﬁg&géggﬁd&];@nw
'product i on of, 4RASs b edstilvwd suggernyvbery blophBevti i IRGTPRIEhEH RPFRPET f US| nagngdgq[‘y
‘and injury due to heat, cold,.tr E£5S oBX&E&I; & Qan dlwemBore geachiabzed dhg -
tand i nfecti on.bmﬁisﬁwgﬁﬁ?'gs%ﬁfn??ne%%??ﬁé% 'S 303- 306 (1997). Copper and
liron tons, as walehmoRBag fREK) ransition metal ions (e.g:, vanadium and
chromiumions), have been reported to catal yze the production of RCS. See,
e.g:, Stohs, J. Basic din. Physiol. Pharmacol., 6, 205-228 (1995);
\Hal liwell et al., Free Radicals In Biology And Medicine, pages 1-19 (Oxford
Uni versity 1989); Marx et al., Biochem J., 236, 397-400 (1985); Quinlan et
al ., 'J. Pharnmaceutical Sci., 81, 611-614 (1992). O her transition netal
ions (e.g., zo cadmum nercury, and nickel ions) and other netal ions
(e.g:, arsenic and |l ead ions) have been reported to deplete sone of the
| ecul es of the natural antioxidant defense system thereby causing an
i ncreased accunul ati on of ROS. See, e.g., Stohs, J. Basic din. Physiol.

-

harnacpl., __6, 205-228 ( 1995). Althouqh_it has been reported-that—free —-
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3 ~ MAC elll4 4772-3-PCT 4 Transpl antation, 52, 754-755 (1991), ci te%O R 200k
therein. In another study, hearts per fused vmth a cardi opl egi a sol ud MA
containing al bumin increased reperfusion injury in a dose-rel ated manner,

as conpar egd,£9s@ Sol ution not containing,al bumn. Suzer et al., Phar macol
Res.) 37, 97-101 (1998). Based on their study and the studi es of others,

Suzer et al. concluded that al bum n had t been § be ehl:)ectl ve

for cardiopr ot e EEHWe andrtiseNe dla{{i‘%eri’é?mﬂb‘l“@ds Aat 2§ 17 5.?38”&? R T AR

car di opl egi; g& AP SccRRWuHnd Bchisaiegdualy le@@&ﬁlbzhb&to&hé eavgnemme@mmns
and the risks asSociated with the use of blood products. a#na},gy al.t hough
al buni n hascb2enpapitepeaiasion ph issherzic HprussATASXFBRNMES §-8- MERORYHES P 8bor t ed

to e“hanceéé??ﬁ é?;ilézﬁ @t&ﬁ P|B99f'€§h Bk, Y1, Phi8b11, 8, 40512281198b); Kol dnn 21,

41 3-418 (1 o resu he authors to specul ate that al bumin
| eaki ng t hr@ugiiab. (Sei. msstu;auec(mﬂsogdﬂermtai nHesat &ileng,i28, 208r208i(H 980 Sty ebca

her eased. pPOHGERE off G2 @({%ﬁsﬁ%ﬁ*@*ﬁaﬁ% i P PRUB e BB Bl bl T o
pat hogenesi $,&f b%ﬁk shagra@gic itibsue eirglvrgdns.| Seehegn M/ansep@m‘ I:lm cﬁarcémld 1done
d t ted th
Sites 3??25%9%9@19&&%%‘33%&qr}%q?@ﬁ%i%amafﬁ.sﬁwgﬁ‘é{}’@% SR L
These it es; ha 46 DRSS glsnd. ek enal vl 4 aikk, 05 genenalisea) Rod eamal
dL I (TT)="bi ndin

Cu(ll)- an notif has been identified. See, e.g.,
‘Har f or d andHBey K&y 302400.(1¥em Res., 30, 123- 130 ( 1997) . The ATCLJIN noti f

-can be defined ﬁﬁ?tﬁﬁlg&gg‘%‘arﬁe{}%“ t{an%ep‘{l tnelC % fod&tivhhfhcOasulaichbee

-NHZ atthe N-te I'ne resi uelnt ird position, and two
i nt er veni NgrPSPi phetiduldry ecg:easandstee;ommjeased—fametpttgsaﬁ@sseﬂ@apf AE@In CEPER

Res., 30,123-130 ( 19 Thus Vibdgedinfiy ke
pepti de seq&@h%@oé?ﬁﬂo‘)@géqﬁn wﬁ%%“f&a"é’ﬁ&s% gi%agtanﬁ& S}fg%?{dﬂjexceg%n foline.
See, e.g., Hasfcoladuanth SakksakerciE CoxifShartiatiéie snd inB0tior. Zgiﬂlﬁ@ta(@l@gﬁ?ng e
Cu(l1) and N (11) are bound by four nitro rovi ded

aci ds of théo% 97)n‘6?1PPF‘3(‘lfiﬁr€n|‘ﬁnP’raB§V§h a%?tﬂffrﬁ%n?n%onm nshﬂ% {a\?\oﬁgleptl de
nitrogens, andmilhy io%)dl?az/@b&n@ééfoft@@@&a@fyzé'ﬂhsbiodud]ﬁ)x of RO8. §dei git $tyhsdi. e t ed
square pl anar confllpguratl on

oo 30, 1281aS0nTAC Tmpch CRAPRS GBOhS BT thr e AR AL Pl AT
of whi cht he @} ?#Nﬁ ”B%'eé 159Gl ARsia 989N Dlavted al. l’Bz&&lﬁmbeBlﬁr@%ﬁOOt(}%S)

Cu(l'l) and am no acids near these three N-term naI ni no aC| ds

may -al so ha@uimm étrdll dePwemensutiosé Sei. $di G o @ REe Ot JRniiifpgnetEdgns €5y, |
Har f ord and Sarkar 199c anBad de& b&anem
Res. Toxi ébI®® ‘? i mﬁﬁggfg?trﬁ}? {%]9]%?5 a%%gﬁfrnéﬁgrﬁ%gqe %95 e0 atjlen(?e cﬂ‘sﬁ%a%;i

N-t er m nal rrqioaﬂed lod mjﬂeng s®id ef tbé Iﬁ@inmhs 96 thseayal &Pmm‘il%ﬂt flefensg gysimy §redy| s
[SEQ ID NO 1 ee si f | ha,s,ﬁhcand
the Lys resi bséngr?éi‘\}’ecrbaé% ac?‘gﬁ‘b?‘fonc? ? (l())ré bgél’p‘lr ?%?@egﬂ%ﬂ? h@ﬁ?%ﬁg of Qu(ll)
and Ni (I'l) . ¢, possd o). Amxduglelthﬁubkempdr@gdmsfrwooppedms bipd penspesiiigally tg thesee

Harford and Sar kar, Acc. ~~~

30, 123- 1 30 (mwyroun%?fﬁ%?eﬁaé’ty a&V Pmt%‘i’ Edyiisrcee %é? g z@g@pf fg? Xk

Sadl er et aly 983%150 pérm@b@ﬁxﬂﬂ%mte%&@ansitﬁ%at%@@xeb&ﬂ%ﬂonoﬂms AT anAge ﬂ'fﬂeﬂﬁhs

been found i % er ‘naturally-occur nngqur ot |ns b Si q‘ﬁ %2”&' E%K’[g’%?h

non- nat ur al Myepmmm‘glupeﬁmca@@rwarﬁ P%‘? §°t f o

have been S nﬂ.bsS@Qkaoo 1A85); m et al,, J.
Jib?lgé%‘ (1%%? Vi alH@EJc%/# A (1086); (et

Res. , . 30, 12 Chem Res. Toxicol., 10, 906- ol 4
(1997) M yn.ah(ﬁrmaeéunadl&:z $pe@1|la&1|4(ﬁk999}3 Abstract s,

hvttp://vwvw.iateu hu/ s 8/a str/m ( NedMlitell and
conpl exes of ATCUI\f-‘@BWPg?aﬁ:gﬁ%‘QB FFISS 2hH X;t)rro gllapn%}él\(}gd géeér’l rgeg%irted

ex| vbi t supetairisedirsaBicasmm. @%}s aso |1x&(u990) See ct@biiddthasis Enzygiol., 233,6011%9
Bi ochem , 46, /-1 1992 Ueda et al o) 3- 430
(1994). io0 DEOSHY Stahsel rBasisgdim é’éysséf’éfwr’%lt 9‘15@58 ﬁg@ﬂ%?“‘g’%% eisLtgll |A|]"3 ‘;
produce free 5’9%'@ PNhe aﬁtﬁ@&@hf&a&ﬁt@r @ﬂalrleufmﬂnhaarbad:mmﬂbetg
See Harford g&%qééér 68%,%\%?1 me?h®)Res 30, 123-130 (1997); Bal et al.
Chem Res. Toxicol., 10, 915-21 (1997); Ueda et al., Free Radical Biol.
Med., 18, 929-933 (1995); Ueda et al., J. Inorg. Biochem, 55, 123-130
(1994); Cotelle et al., J. Inorg. . Biochem, 46, 7-15 (1992). As a
consequence;~it has been hypot hesi zed t hat at | east some of the is adverse
effects of copper and nickel in vivo, are attributable to the binding of
Cu(ll) and Ni(lIl1) to ATCUN containing proteins which causes the production
of damaging free radicals. See Harford and Sarkar, Acc. Chem Res., 30,

123-130 (1997) Bal et al., Chem Res. Toxicol., Z0,:915-921 (1997);
Cotelle et aI J. lnorg. Biochem 46 7 ] S (1992} Cf. Koch—et—a
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The invention al so provides apharmaceuti cal conposition conprising
apharmaceutically s accCeptable carrier and the peptide Pl - Pz ééﬁwm Lovd
physi ol ogi cal | y-acceptabl e salt thereof. In addition, the invent

provides a kit fpr reducing the damage dgne by -ROS in a tissue or organ

t hat has been renoved froman aninmal. kit conprises a container holding
t he peptide p~ pz. In the formula P, - Pz: io Pl is Xaa, Xaaz H s .or Xaal
Xaaz Hi s Xda3evemhaf qpumig s@m@pwlolog)@hfynﬂs)ngllywm lignyip’s abiliggrtp hind (s |
valine (V seri r t hreonin
(Thr), as pgqum &I%F‘%fgg,&éﬁ%}% b1h<§1f£a ?c?laesn%&grldl)a% MR grogd?ﬁ i(“&“% falport

gl ut am ne (¥d@impin, toyshvemgé BYO), anldmremxﬁeysa geHalwell apd Goitaridgel Aren.(Bbdkn.

£yt ophan 1oy 2Ry Jrb (Reby eply R AR dak Plster Higtb b ohyt kb -

(HVB). Xaa, (19@6)95@B§Uabwc B3R, PRsil. p%gnac@r 685 2&’@@99% qﬁﬁfpﬁplefyal Zéaw i's
Asp or Qu. Most preferably Xaal is Asp. XaaZ is

Leu, Ile, s‘éfryswfrﬁr% F81-HASPS (12990 A@uﬁnnw%amsmegﬁémeﬁl@ndwsgtes mchldmeh@e

Tyr, Trp, / [ €t THT
Ur T gl N TGl SRS o Mgty

or HVB. Evemdrhoviae pﬂ@ﬁ)eedlamuys Xakibit HghAffnity Thr Cu@) d4NBNi(IDbartd pheedrmnalad:lgls Xaaz

:o?eﬁle?abf(sa%"&%d%gyag@ S aﬁj bl%m%gﬂgéc? et%f)frllsa}ﬁvgbeen ldéhtl’ésdléﬁg‘aquaf & bI y

0-10, nore @lbdfem’ aB] 38302838 (aam)rmscth prabf Bivetainy.J. ,02872251 1L215@1ﬂ92)31\@1§1ﬁ<ﬁd etal.,

erbodi ent ol ERSt %3k ARATAD R el Bl e 1
or both. Nb&étapﬁﬁfl@g’s”ﬁbé thé@lthan@fe Iﬁé]ﬁafﬁzmmt@ﬁhﬁﬁmﬁﬁaro‘aheef&%h@ﬁcals%ﬁbh(c@aséé a,

are D-aani no acj ds I n another preferred enbodiment, at |east one of the
am no aci dsC$IPSIF dgpgeto plRuminas sigs dictatedbyriheloration gEihg 108  mefal Ppdioe sue9s of

the anino aghdenddh thBehaticRrididRofANAR 2O cial MARxi AR ET S0tk o3 | BiBfRehne
am no aci ds of so are D-am no acids. In another preferred enbodi ment, at

| east oneSafri #¥ am #00f1985); Halhiseb et Pz Frag Radivelsi In BieldonilrchMedigimy, rages 1-19
substi t uent t
Si'Teri ng t nS SR UAEEEGS B RAKMEART Rl 2P0k BOBIBE BRI, thb o0

prot ects thQuipkptet dlel?i@lmn@qeett@ab&yt Bt 6éh§§'4r@§9m t hout 4972-3-PCT 7
altering the abi tal_lons, o ubst whi ch
i's a non-pept i deIBe %gree% Borérﬁ?lmr%g bt*em &sﬁ? usee lbuél}lré asp {r%a(.rpgnt &r ceregraf 1€#Sm§abhave
of the pept shbentnuixdd melilteitabs be@mmpoﬁddehatmlbanﬁn anﬂﬁﬂmt,dﬁﬁroﬂfmtlﬁ’lnmhbd of

B O o Rt e R et Al 80 ey A0 sOE L ORI et |

s. (MBP) havétng, B;tduamecszvmﬂmg (5999pnntﬂemﬂtlbdea1 Velrdkurbérpdi, 56R-5581@ 819 AAd
group. The pmetal -bindin ﬁglp ‘ie MBP. may_ be ani nmet al - bi ndi ng pepti de, not
P

just P, - pBeaupgpetiahf F{OWeMe‘ﬁPe)W d822- 400t h& et hod of reduci ng

the damage done meﬁl‘;@ultﬁh@etﬂs@%& Htaifdl RERFA IR BASIPESR sélﬁtﬁ%‘é%& he om
an animal. This nmethod conprises contacting the tissue or organ wth a

sol ution copresaryAtinnofexcised eeexts. \As repptadhin imphy etet.adn.ii Hetisial, 296011594 H888 i o

having atja The
Toventi on’of 1996, bR &R RGRLfE ARAGHCR QB o HlEhe B0Bondf BRea 1T
in an ani nmahearts didewtintphee deffunclibengrethhart perfnqadmthssheadem Bt ewmtngfouduotutse

heret o s, noeRet leniie PhuPrl b b, Yo PEBket R T Atk Ry hhAGR

“al'so provi de@taamagalbmaﬁﬂua b&atal adRReSi(inhih, ATPHHtRbIE o, &hﬁfyﬂWtd) Cohik y
acceptabl e carrier and_a netal -bi ndi ng. peptide MBP_havyi %aached t hereto
& non- pept | #852 RRTERNsTiRetsHge e FRbERsRAlong as R as hralbuye Py Pt SEIHF des
a kit for ¥ edhieldidad AR cEHRGRaRNCp o iER oVl Ratk FuB St Wing 0483 eglbedmthﬁs
been renoved from an aninmal. The k|t conpri ses a container hol di ng

net al - bi ndi n@t@mgdpmnmevawm mibhieditoaynesgisre betwprayeahascers angia iyt |Se@he < final
met al - bi ndi p e hod
of redUcinngﬁ%%@ghgggﬁl QE‘A?égg?*gé 2§§9§H£2§*??§%1 ?%ggﬁlgﬁ?ﬁal
The net hod conpri ses adnlnlsterlng to the animal an effective anount _ of a
net al - bi ndi ng peptide diner of the formula P3 - L - P3, wherein each P3 may
be the sane or different and is a peptide which is capable of binding a
metal ion,"and L is a chemi cal group which is connects the two P3peptides
through their C-ternminal amino acids. In a preferred enbodi nent, one or
both of the two P3 peptides is P,




The invention further provides a nethod of reducing the damage done by RO S
in atissue or an organ that has been renoved froman animal. This_net Imd "
conprises contacting the tissue or organ with a solution containi n@ﬁam 200
ef fective ammuntr of the netal -binding pthide‘di mer of the 30 fornmula P3 -
L - P3. The invention al so provides a nmethod of reducing the concentration

of a netal 4n a ni i hereof . The nmethod conprises adm ni.stering
to the ani nj:arfmsg;rglmg’f’? 'g?zé%’ \754'2%&8%1)0?“@%“% dn-apptheri shefdypbesrts gerfetedmiitiaf t he

formul a P3 cardioplegRisolution dchfanisg M}iﬁﬁlc@a&d%&f&s%nj Snddienyion al gr(,)as
provides a pharnmaceutical conposition conprising a phar naceut | carf"f"SFl

accept abl e CEPHE] togsgluting nerseripining Almip. Sorsr ptdé, FhameacodRet 18T, dprondieosy3 - L
- P3. In adgidd @neil 8844 t L.OF; ' a kit for .reducing the damage
done by ROS in a tei"lssue}l %ﬁq}g‘%éghgd%es& Egﬁl%%g%uzﬁreegﬁﬁ F%}?&\% ¢ ?%?fg‘aﬂh%?%ﬁn The
kit conpri skevmtcbneiedie fotadingotettdnneTlmysfubhddiond Bapht 4s JF IBLmES it he
formula P;-_l.. -. P3. ]n addition he inventjon provides a peptide having

t he fornul é:a‘llgfp lelg%,soglrnorés Cﬁ)ﬁ{?sbleélp%& Cﬁlﬁlt? W@%@ﬁﬂ%@é@@ams apeh Hheaisks asptvistedi n at
| east one axiihribe aseioflblobd Produas.her than (3-Ala, .is a D-am no acid. Further
provi ded by the_iny2ntion is a peptide having the formula P, - P2, or a
physi ol ogi cal | yX % ea’%}%&éal@ﬁﬁ“f‘Bﬂ?ﬁ%ﬁ“@@@“ﬂ?@‘gﬁaﬁa@toxl@mﬁh@ﬁ’éobmrhrmomii d of

P, and/or RZedhende@usdibratid dnirBioditidh ydicid Iaf. hats i esythe
[ pophi L1 ity of the popt] ol idh %e%%%tﬁie’qg%lélf ?30#1%3?5‘9?@' it

met al i onl resplsjedghesyhars tosperulaterthat alphmindealing thevuglethe diserpted binodbetie bdrydri C
“enzynes W thedi Pt &hiD Yote b i netal .ions, or .(c).a
substi tuentf whi ch li S e{ %gn&%é%ﬁédﬁerwuﬁg%%ﬁf%lﬁ)%aglﬁlg unct Ionaf lag%‘{JB’gE%i‘ét

i mproves t heereasid ireductién effsepguenide admnisredpongblmédr slie pathngenedisofadtiohil dAmagehe
i'nvention i I having the formula P1. - P2, wherein P~ is i s
def i ned ab%ge?ébgﬁgscg?gggg%eg%‘gﬁﬁn esgrélgaﬁuéﬂ%ge N %&'ﬁégﬁaﬁﬁri ses the sequence of
a met al - bi ndi ngAsn¢ted abowe, feNHemihaimetaPdndiny sittayise amre albiminbexnital Hi@wirfgty

sequences; m s Xaa?2, XaaS, (Xaad)m H s Xagz Xaas, (Xaad)m Xaas |
Xaa2 Hi ss&altcét%&?ﬁg% afé?i@}'%ﬁ%?%(&%vf%ﬁﬂ%u (EriensyEy ?“3 2B AR EF R Havi ng
a f rfaebsi g@m)ammmz&)imndg T mﬂ@ﬁffra@egénna@ﬁﬁw me@k.ggw&u'hmd@r,ma |
met al - bi ndi pept i P png, at thereto _a non 20 peptide, .

met al - bi ndi‘g’g’"fgﬁ?fcbﬁgﬁgﬁ 38 ?@ﬁlﬁ g ﬁﬁﬁ@‘fm? San b e DEINE PFegey In gpEotein

et al - bi ndiohgeppiePhidehabiaTRE M, at thENft@ il & H¥8idime kesidudia theBRtdFosERER (RS ON
OF THE DRAW NGS Figures 1 A-D. Fornul as of tetrapeptide Ala H's Lys

F As
[ SEQ | D NOBCIVeRpgREPHEAC HEPgHRS S9% et Hydadppd %'ﬂs%g‘gﬁiqfﬁw J%m-.,gq;il%il%(gl% B:

Schemat i G ctihagmmsr@mhfzsafﬁwawae@ﬂyﬁhecgepﬁi&rsiec)@hée\é@aaﬁz}ﬁshﬁh&@kaﬁpﬁﬂ%% Asp
Ala H's Lys [SEQ ID NO 1] coming wWithinm the fornula of Figure 1 C (Figure

2A) and Fi geidexamt prliger se BY., Heiferdraad Sacka; 4¢w (Ghrerh.aReso 80,.cly28113A €308k Tieani ne
derivative g@)oani = B j i I

cycl ohexanzCu i amﬁrll\gagg?? %Ogtrl?\l;}é?%g%ﬂtg%éggf’ I(eé)ltv %%%e%ei%%ﬁ%%@ﬁtgﬂiﬁgo[@EQ I D
NO: 1] . Fi gundif{the Birageh af dfe feeet-NHy, dlecortol peptids vitrdgams,vaatliau émpfazald eitrogen of
tetrapepti ; -Hi S [SEQ 1D NO 1].. .3 MAR 200 172: 3- P Fi
e BT FortTOy R gk B R e s e bt et PR AP de
Asp Al a Hs SCHeyrsRsSB® 12D 1B 1997). Siderdlizirsgrous Bf thEthidtlalnis aofds aBOEOthAYCUN | X
with (Figure 6B) and w thout (Figure.6A). a bound | ion.M s Figure 6C
Formul a of Bé‘ﬁfsbqrﬁ?\g‘\?bﬁlqv%vﬁcg‘r“iﬂ%g’t‘?% %@%M@@ﬁ@gﬁfia@nﬂéﬁﬁfb\?ﬁg#? Lys
[ SEQ I D NOtfigee NRtb&MAA arhind2R1dS b8 sotavé B 10SRG64GH thel 82 dinEbfihée 2 Bharsesf a
par abi btic bl ood perfusion systemin which an isolated heart is perfused in

the Langende-fHarfasdiandparkerbfdsodheat Rev.G 16ni3 GBpoRal ehlis frbpmokest Fgicgbne
species. 1 1 56699'{49@ 9@73%@%1915%9%& 0Guddc€ BF B . S rrihan n2dh f:fach oRGE MR ERAn
hearts with drug and saline in the
30 serum albumin is Asp Ala His Lys [SEQ ID NO:1], and the free side-chain carboxyl of the N-
terminal Asp and the Lys residue have been reported to be involved in the binding of Cu(II) and

Ni(1l), in addition to the four nitrogens provided by Asp Ala His. See Harford and Sarkar, Acc.




par abi otic bl ood perfusion systemillustrated in Figure 8. Figures 10:

G aph of contracture versus duration of ischen a show ng the egfect of a
drug (D-Asp D-Ala D-H s D-Lys) on contracture during ischem a MR 2004
bl ood- per f used-rtat heart nodel illustrated in Figures 8 and 9. In Figure
10, -o0- is saline control, and -o0- is drug. is Figure 11: G aph of left
ventricle d'%st lic 51%6 1s)%rE%éLVDP expressed as_a percentage of the
20-minute p Brifehti bty GEER fatesas gl dhefiodims 23, 2R A 98H); peshRadtenst on
showi ng t heyekfe9tpipfnetN@26i198.2B) A9psD- Ala D-Hi s D-Lys on post-ischemc

recovery of LVDP in the bl dod- pertused rat heart nodel illustrated in

Fi gures 8 and 9.The ATREINmetdhapbeen fpugdin Othquﬁltlg@ibeoc:cm;rmg pmtaus bsadlas akdumon; r ol
and -o- is gy ntrl toI|
pressure (LVE@fl néfe?lgagl %éﬁn&%f)%p?dgsfo&dg% u5| o e WI ? %Fen[ he

drug D Asp Dnthbszed Blese. £; Harfordmdsasdar, dsc Eémz Rek. 300 V- LBOQI99IZ){EERt kN CHbA.

- Lal; L
o <0, 05, 1Pl 200 BN TR h bsRar o A reioih s oot gyl giie s 15
G aph of heggded Iha/LQJeéQXXe{bEtﬁ s¥eer am] TupBREEHBSEmElexdsBeA ZOUNLBMiRing peptides

pre-intervention 2s basel ine val ue) versus duration of reperfusion show ng

the ef fect Bf PIYiRinyhayg besnaoried iy itsprerqyideydisnyriasp 6%PD) asdribni See Coteiver y of
heart rate danUasrgbB%ﬁenPe&é Uﬁ%dg:?@i) S‘cf’arét afTPﬂ?Jzorg. #zﬂ?ﬁekﬁts%dlbr‘l&o':dngéhﬁes 8
and 9. * indicates p < 3, -0- is I'ne contr IS
drug. Fi glﬂrlé%ﬁpliwhe@@pﬁe(bfﬁola@ﬁﬁmn @nsepm@@@msesti(le)x@ues §e¢jraésalawpehcdemaage of
“the 20-mn i

reper f usi oﬁlﬁg é\lﬁ{e%%ﬁae/&ielﬁ e%&g@?%shgg%gﬁlf&%%ﬁrﬁ Ojo 1%_‘q’yls3 Oon
post-isc herﬁ1@97r);eﬁaiveainbém gksfﬂws:coln lp,rSH§s21] (97N Ueldeeﬁazll pE;de ]RedizidlfBaﬂ Mad.,

oot oo ABH AR G Bl B0 O Bt ot S

(A532) ver sBischenG Wb at-1 DLODDMRSs bBor&meaﬁ@a;Yh:fsQfeeﬂ momégﬁhdqﬁatene@{ soﬁhé(i'ff%%% I -
10 ascor bat e,

radicals. In Fi rbate onl

A=tetr a‘ﬁe%’tvfré‘g eEtSRZ bOFIEerAa"g F-\n’% vipe E§§X![d§@(§1q tDﬁN@"ﬂ“)g of Cydpeapd Ny to
ascorbate (Ammn@atahﬁi@/;ﬁ&aa%me@&du&s% p;od;!ict)on o&m&gﬂgrfﬁg%ﬁkhg%ee@%ﬁf and
ascor bat e (tetrapeptlde copper ratio of 2:1 ). In Figure B, = co g@re and

ascor bat e o Sagkaf, dice-{fep iRae, 30 b0 %W)’a%aéé?ﬁalcée'(lt%@cs{ Eﬁé’ph Wedk
ratio of 2 (1%97)%5&&%&1 %fnog @ﬂb*ahé;}f 4’4)7 ﬁ‘?{lbbé)"\g?ﬁé@ﬂ&% GRACE Bd124 '599
tetrapeptide é 'Fh s L-Lys copper conpléex at a
tetrapepti d&@¥Ppe etdamP@ngﬁffeItSPrqdncedhEa &ali eanexniieg A @Uéé@asmlﬁmpepﬂde
super oxi dg five Bl ARBloREd ol Yanokd L £ vh an@&@BH)dg &P%&&&a 3 oo Osm
(A560) versus tine in an assay for superoxide‘ra ctlon i gure
17, = ascoliv&iréamh$agkar, dcccChppe Res, 30, ESEIGOIGEOF). = tetrapeptl de io (L-Asp
L- Al a L-His L-Lys [SEQ ID NO:1]), copper and ascorbate (tetrapeptide/ copper
ratio of 1:1 ), X = tetrapeptide, copper and ascorbate (tetrapeptide/ copper
rati o of 2:3UMMARY OFGEHE B{VENTENCt rophoresis of DNA treated in various -
ways. Lane 1 - u /m plas reated control); Lane 2 -17 pg/m
plasmid DNA and i eRjfanpegaee SEH}’?@"égfufi e fiethmpgeone wvawg@@eﬁﬁ
ascor bat ejs (RO irfarrahifnd, merﬁaetm@e%%pﬂsd@hlﬁmn%te%w t8S SMBlah effedtive ARoM T 2,
and 200 pMtetrapeptide (L- Hs L-Lys [SEQID NO1]) (4:1 ratio
t et rapept i dBFOHPERY Pepﬂa%avsngthezfogn@m o5 8 physiatagicallp-acrepiRbla sdighgrgele, 50
pM Cud 2, and ' r ne 6
DL gl i pl asi R PR PR ihdd {3k e BRAL e PR Bl st
tetrapepti der apdreen that has beetrmpethﬁodedrmnm@r )”hls tnathed Fomprisds qwn‘gﬂmlg thd tzeswen d
DNA, 2.5 caor CuCI 2 te L) {0 ao
t et r apept %%2 a%wg?%) OII‘_léonC% ﬁrﬁ%ve ash d{%\%p{@ﬁg ra?"%s‘qg%&h 50 pM
Cud 2, and 4c2egialyle dulltitiirécdpept i de ( 1:4 ratio tetrapeptide/copper); Lane 9 -
17 pg/ m plasmd DNA, 2.5 nM ascorbate, and 50 pM CuCd 2 (positive control);
and Lane 10 - DNA | adder. _ Figure 19A: Fornul as of peptide diners
~according to the invention. Figures 19B-C. Diagrans illustrating the

synt hesis of peptide diners according to the is invention. DETAILED

DESCRI PTI ON OF THE PRESENTLY- PREFERRED EMBODI MENTS i The invention provides
a peptide of the fornula P~ - P2. P~ is Xaa, XaazH s or is Xaa, Xaa2 30 H s
Xaa3, wherein Xaa,, Xaa2, and Xaa3 are defined above. P, is a netal-binding
pepti de séguence that bi nds transition netal ions of Goups 1 b-7b or 8 of
the Periodic Table of elements (including V, Co, C, M, M, Ba, Zn, Hg,
Cd, Au, Ag, Co, Fe, N, and Cu) and other netal ions (including As, Sb and
Pb). The binding of netal ions by Pl inhibits (i. e., reduces or prevents)
t he production 3 0 MAR 2004 47T2-3-PCT 11 of RCS and/or the accunul ation
of ROS by these netal |ons and/ or targets t he damage done by ROS that may

- a o S A a LRI B 4



i 0 mnimmsequence of the N-term nal netal-binding site of human serum

al bum n necessary for - the hi gh-affinity binding of ‘Cu(ll1) and NB ({ IMAR 2084
Lys has been reported to contribute to the binding of these netal ions to
this site. &hti"sequences for P, may be goreferred for use in animals other
than humans. Pz is (Xaa4)" wherein Xaa4 is any amno acid and n is 0-100.
When n is | arge THeirveadi§iHtisol ce the. damage. done
by ROS extracel | ul arl Sn%lp%efvm%ze%%@g%gﬁg&rdgggﬁ}et eécerét lgn?%’le%"ﬁénran@&“!%

and smal | er et thereef. %@Tﬂethmpelbmeeadrmelsusegltotﬂm aniathll SEefle b, cAABRYST 490A8. by

ROS both in ebl ul arl tides are al so
| ess subj ec%lhtélggg%%tdgg%%n@ e #ﬁ‘é{agﬁo% ot By Oglgﬁé{faé?e&’ i}sﬁlt fheregf 10, nore
preferably n is Thepveatimh aﬂmgtovpieedlﬂfaﬁhﬁcyuﬂtal cSm@omt&NnTc&ﬁb&@Tth%hMcéﬁﬁXﬁy@ny

sequence, P, erably rise uence whic bi ndS a zo

transition %Cé:?p tgble ) aggﬁ?n%?%bjﬁ%b?}é g g?ﬂﬁ%lﬂ%}%allﬁ’ﬁécﬁﬁéblelsﬁlythéﬁeof he peptide
to penetrate cellhaddid, dReseaisl R6vid@ath f5atdRInohSBHE bl e
to cross the bl ood faﬁ@' n barri erﬁ)3 lor (3) _oth ern\%\n se stgebéoﬁlfg%gog(r?ne hances

the per f or nEifEgndt hasBemapmerd fropanepigel Hihe kiteernpries aneptamecholding thepeptide
N-term nal Begyence of a protein having an N-terminal netal-binding site
with high affi n|ty for C gper and ni ckel, such as human, rat or bovine
serum al bum n. “there n = 100, the is peptide woul d have the
sequence @f approxi mpt gl b ns. The sequences of many
.pepti des which conp??sg)gaad?%Hg&ﬁe*%brgt%ﬁm ion nmetal ions are known.
See, e.g., U S. Pateftis(Kem).- 4, 022, 888, 4,461,724, 4,665,084, 4,760, 051,

ORI R R N YA IR T S N
5,177,061, Srepite 032), aspardb&idBAp), HpRdfinodan), @uéﬂ&asmf(elu%lu‘émﬁﬁe?(@rﬂﬁysme

5, 550, | 83, 711, 5 1,139, 5,891,
5, 928, 955, Q‘H%glé'db"ﬁlyé‘%&%%éggﬁfﬁ?ﬂ’? @51 %&f&‘%@‘éﬁP@éﬁ’@S(OWW@mehﬁd VO
99/ 67284, 1s Byrcsipe dfiyRatyeriphap(iirp)c aysutm @1}2)2 BRthidARPIMet Sbr @bydrm?mﬁg%sleré%e&

Chem , 17, 3 0 or Chem, 17, 163
Chakr abart i &ﬁg?)oﬁ%a%‘rfs E’ﬁéﬁrab%h‘g 9}?‘6§I§ f@% I\g\%fﬁﬂf?ferﬂdi(ﬁéﬁééé%moﬁlét Mogt 3
0 MAR 2004 ﬁ&fé&b&)@ﬁTmlA&pChem stry, 42; 145-97 (1991), Cotelle et al., J.
| norg. Bi ochem, 7- é& gl 92 Canters et al FEBS, 325, 39-48 (1993)
Regan, Annu. Rev. Xaé?‘éﬁl& r4dAof L Lgp,] L?c%er,szzASmémMCﬂrx%eﬁyly@é@a@g al .
J. Inorg. Bﬂ)ﬂﬁpm gn CyL ¥Met@r Hﬂ@g@aaqzl's%%rﬁly 8ly Al KJQIeLB@gE Chl, ﬁ qilsn,
Med., 18, 929 33 Regan, TI BS 280 (1995 a et
Phar m  BW°| Met, Biis %‘ﬁ‘é 6M°(3119'9%5ablyl§‘éﬁaz is Adg, Vill, Thr @emHR@% Evﬁexmqrepreferab@}’ :
906-9l 4 (19ﬁZa)Zasﬁ§|T1ﬁtorqms Qg g;re X-E%E gaj 10, 915-21 (1997), Koch et
al., Chem Biol. 549- 60 997), Kowal ankowska et al., J. Inorg.
Bi ochem , 66, 19?@615@9@919 Validiys.ave, @ndASaﬂhaﬁsnA&lu,or@mmef@eéyLyso,
123-130 (1997) TIBS, 23, 19798 (1998), Mynarz, et al., ~
Speci ati on 98: sfr%ﬁi{ﬁ%mﬁtg%lﬁ [/ wwy; at L :
euszeged. hu/ ~spelh1%1/yab510r1/0ﬁjmcfanabllyt0m0 marepréfetally0:S, h@dmcstpﬁif@alﬁyzmnol ., 12,

241- 53 ( 99) n..SCci ence, 343 (2000). .PZ
nay corrprl se th\eﬂ}g ngg?d%ﬁret a(t)[éas(r)FﬁP Of(ﬁ © 3o ﬁcé‘isﬁfpbl ’ithﬁlé%‘?ae‘gﬁ%‘fﬂ

t hese pepti ﬂ@&:senvmmammaw Prefalily, HR{TAkmbto A RIX &, s, oiﬁoﬂQWSeﬁaﬁkasbmas a .
sequence whi.ch_includes a short spacer sequence bet ween and the netal

bi ndi ng si t@f:Bf thezamigg, agids, Of R offist o fi-Adp st Bramizo a¢idsp, hhﬁ%PﬂF“i Rgfgrred

pot enti al | yerfQaRSEMAlat NS ¥ndUf R FBIAids 818, itk Hah BIALL B a®-2niho RERhE 8168 2l
conpl ex; is_see Exarrpl e 10). Preferably, 't he spacer seggence IS corrposed of

1:5, pref er 25 gftae gmnﬁé@]@%‘élpz %tﬁﬂlﬁfbD@mﬂéfeamthhbStPEﬁ@a@p efithevanjoedrids ofBy b

Gy, Ay Q%qu_r?ﬁﬁx y, Pro,b Ay Pro Ay, etc. .- In particular, when PZ
conprises a neta inding site, it preferably conprises one of the

fol | owi ng sequedoemtheﬁmﬁbmrmm%nw&t et Gnedads) ac{dédBAndiotR, s sbstizatodavath
(Xaad4) m Xaa a2, .Xa aa4
are defi ned?a?;\ ovénmerhgla fgasﬁs %‘(" f(%orpﬁhcft?ﬁﬁg Qeéf?% gltgofﬁgﬁ g 5pe ﬁiefl}?' &g)él%ds
form a shor bind pace iorse@) anaestinehvernprBlecta i fdpedabdmlprdiedidicngzmhdsevidiouPZ so
that the netal -binding sites of P, and PZ nmay cooperatively bind netal

ions, and Xaa4 is preferably a neutral am no acid (see the previous

par agr aph). Xaas is an amno acid having a free - side-chain -NHz,
preferably Orn or Lys, nore preferably Orn. See Harford and Sarkar, Acc.
Chem Res., 30, 123-130 (1997) (the free side-chain -NHZ of On within a
pepti de sequence has been zs reported to successfully substitute for the
free NNtermnal -NHZ of the ATCUN notif). Thus, for instance, Pl - Pz could
be Asp Al a HIS Gly Ay Hs Ala On [SEQIDNO 2] The ami no acids of the

. PP P ndal 1
pepLIUU Ilbly e |_ aT1ro—act uo, =& &t aS—oF—a—e 8P HRat+-oh thereof—

~ . 1 o, o, o Y M e I Y ~ oA - o ~ - N 1

q



30 1 or 2 rings. The term"aryl" means a conpound containing at |east one
aromatic ring (e.g., phenyl, naphthyl, and diphenyl). The term '3n€twm)amg4
means an aryl whexein at |east one of the rings contains one or re atons
of S, N or “OF*fifese substitutions do not7substantially decrease the ability"
of P, to bind netal ions. In particular, the ability of P, to bi nd copper
‘Wi th high &ftérln@'tﬁé’aﬂl&y of:ﬁ %antgpi%nfl%ggﬂ% SB&EMCH%I&Q} deo(z:lr% % these
substitutions, For instante, some of the substituents, such aPp {
attached t &ndimerarrtiongl gecup fiaimpoves G aBility of the feptigd  birkiandtal ibmcr eas et he

»afflnlty of the ions, as, t he

i nductive eff ec:tm P %nﬁgn% &Idg%s%ﬁrﬁn et dl?s?egltwd’f% %%gaggg%%ﬂnﬁgﬁllég rrgErel 1 )
with an aryhg mh@bemmmryshs, adoiinigteringn@the fdinal a8 kfydtivé @bt oBmdddal HRIRRH eﬁfd@”s)
should s e trans t he tlde cross. li.pid nmenbranes. not ed
Sbove. et NRES B e noRlns i plit ety Stgtechnshibet Sy Hesios-bindingel |
known. The$eptfdiEME)K{iﬁla32Bﬂar@&ndfﬂdﬁrfdﬂr%@oebﬁﬁepﬁ&?ﬂP ime derivatives shown in
Figures 1B-C. For exa the derivative of Pl illustrated in Figure 1 C

wherein R is o er"é‘aﬂ CRTeS eRothY methadof Fedueing the dminggerdengly RO ii gur e
2A, the el kitpdueeahn & %%hE@&B@é%@fBB%Q%MN

standard i o carboxyl gprot egtl ng group. ! As il 1l ust r%%sqjé &%ﬂl e cgl%t\gmng
octanoic adhedisyue e Wwith asofutipeepntainng &I@éﬁeetﬁfewnpmtdfa/mﬁaldvmdmg ﬁephdle(MBH by
phosphor ys phihEHehdddBered 16, ieg t 100C and kept at

. that tenper atluéfea for 4er gurgﬁﬁﬁgégnr%%ct an %@P s Pobt ai ned as a

col orl ess |i qui dhujpventpnprovidearnaher niathadatflireducing thehmnbenomiacefth meatalda lah eved
by allow n ia solu lon to s nd. at 40-SO C for, 30
hours. Theqr(’)l%-:r{af/L éeﬁl%g% 3% 01I' {Q:h O%Bﬁeﬁ%é%&sﬁnn% AR AR BRSO %
amoni um braritad dindingpepbtt3BP haviag heacheCihasesi £ Adn-peptidd, widtabindeis TastSogH ve

t he desire?l Etically pure D-form Qher derivatives wherein R, is an
~alkyl, ary het eroaryl can be prepared iri the manner illustrated in
Figure 24 1In aﬂ‘ihhlh‘l'eﬁmonzﬂ:h@rdﬁeb yptiaidgemd caRomipbiitici dorlping HpHatBdde@ichilyB,

wherein R, 1S n be ared |lustrated in Figure 2B. In
Fi gure 2B, %58?‘5%@ glrf‘%r ?ﬁ%@%gﬂg %9@@8‘1‘?&%’8{1} hbﬁ?%“acﬁﬁ&{eﬁioéxgo%ﬁp%ﬁwl‘

~Qher deri vadinggenctbedigtoapR, is an al kyl, aryl or heteroaryl can be
prepared in thexganner illustrated in Figure 2B. Rz can _be -NH z, -NHR-,
“N(R) Z, e Igyen(igRalsqRIRN} amforf%}ﬁeflethﬁ dpguage dorpdRQIn 2 igHeF @igahe s e

deri vat i veshat B4y Heen RN §6mas ahihfal. | ﬁ&tknséo%n@és a@:o%nk%d?&lﬁé@nﬁﬁp&hgﬁ
synthe5|s before the peptide is renoved fromthe resin by nethods wel ?

known i n2t REPtde MB%G‘B@’E% gtiaehed Hisrei 3 rOoRDEPHAS, stahbinding Bactenal aioky decr ease
the ability of

substituted w tﬁheﬁgﬁenggg O%és?’,htr?&égﬁ%r%%g?g%%l}s&%h%gtd%g%g a&?‘%ﬁg}%ﬂfhese
met al - bi ndispr§ies (RRDiiwaraning. d@p@e@momnmsa@mhmnnyodnemml mrf@ct;ye Adewt
groups of epti i V. ssess
one-or ot & oy abbisig pBRRe e bPAN KR PEC PR 2SR SRR PR Wiy WRERRTS

t he bi ndi nglf&marpdrlswpajmde WhichHs capable of)hnndmglaﬂnbtyhoﬁ bmdllmsladhemczﬂ ptoep &hich

o i na Aorairerfie PP PR R Gt tind s A RSB APHGTBRIoE | oa

pepti de. ForbothefmamoP;ﬂepudeeBtB de derivative can bind two of the sanme type
of nmetal ion iniﬁead of an pept| de der| vative can

bind two differ &R ONERQR r?‘ﬁ%eﬁégwgﬁéu‘i%ée e fane RPYBagssue gne
Cu(ll) andor a130rgar{\€ﬁ8 1a96¥en fehfodeBirbifrdn QiﬁmQFQthEiﬁéﬂlxdd)cbm H§est:&ﬁad@iﬁ?¥ﬂe@%ue
~.derivative can bind one netal jon better (e.g., h greater af |n|té) t han
“the corr espbHermyitunsRigtionicerizipagen @fﬁecumlmunmfﬁmm@alfbmmgmw dipesap

iincl ude g(plégﬂﬂ sL(q> g., diamnes, triamnes, etc.). Suitable diamnes
i'ncl ude - ‘di;ani’nes, prefer abl y al kyl di am nes wherein the al kyl
contains s 2- IOTh@me@mOaBlsmlBO‘(léQSgmeﬂ‘ldﬁhlfredl(dﬁgﬂ)é concehltrﬁ;on\mﬁmetialrinmmi@&UO) :

Sui t abl e dlam S |ncue ar dlam A

“di am nes (e H(ﬁlenaffdl amnob e%o?ém 535a m?t ign ?atgerc e'earnmlﬂ‘lrrllc tg‘e

1, 2-cycli andtd{ﬁmﬁhrtyp&mm&ahmercﬁ)yltelfbmmﬁkﬁmeﬁ’, are corrpounds contai-ning 1-3
ri ngs, each containing 5-7 carbon atons. Preferably the cyclic al kane
diam ne is 1, 2-di am nocyl cohexane (cycl ohexane diamne). io A particularly
-preferred~diam ne is 1, 2-di am nocycl ohexane (Figures 3A-B). Previous
~studies carried out by Rao & P. Wllians (J. ChromatographyA, 693, 633 (
1995)) have shown that a cycl ohexane di am ne derivative (Figure 3A, where
PYR is pyridine) binds to a variety of netal ions. The resulting netal
chel at or has been successfully used to resol ve am no acids and pepti des,
showi ng that the nolecule has a very high affinity for a-am no acids,




3 0 ~~K 2004 4772-3-PCT 16 peptide. Wien RS is H,.the derivative can be
further reacted to produce typical carboxylic aci.d derivatives( MARh20D4
esters, by methods well known in the art. Metal binding experinments have
i ndi cat ed t4%A?"the presence or absence o8 this group does not have a
bearing on the netal binding capacity, of the whol e nol ecul e. However,

t hese groups woghélingérdtiea éls@ﬁK%dEJh%hﬁﬁia@@%Qco?nﬂ%&ﬁl’n@m%sﬁg Qﬁhaﬂﬁﬁe%hi/ IC,

dependi ng upon the substituent., and this may, in turn, have an effect” on

del i very ofactemiablespaierirrd the pstekbinding pentide digter piothe forgale Pyi ksBies. These two
synthetic rout eg, WMditon@E KivERlonbRFiRY ki eriyatives
using the other di amorrlles dgscrolng)edla%ovle%kﬁaag%%hg%%ld% }Jelg%%ﬁ‘yaé[hs‘flﬂes
and pol yamiaiergdethattas b&ﬁeseram@d fremhodgmel Tat kiacdmmiyetdvontainer pdditg the seanl-e
descri bed_i ten 1,.,04]1 and 5, 650, 134. O her pol yam ne io
chel at orsssbﬁ?#foqegp&‘%me form?la?o pg%tl des are known. See, e.g.; US.

Pat ents Nos. 5, 423414006, thélnﬁémpﬁarzyldés ap2Ride B ingtheSdrh el - P,ootd physMEi 286 and

nown Chat 1B S PRER 1S B 6 RECAT™ SR Aot WA G PSP Epper

i's particul arly Faitgdh. prbiidéd by Res afv@ﬁtﬁmeiava paaRe H-Rdb tBe FORIULP, haw) RY 2
vi cinal di aiyd functional group.is be extrenely effective in et al

bi ndi ng. SRWANPEI VAR é?é‘i %rePﬁeriﬁﬁfél ghipast ope Mg anidof & 28dehPais

di aceti ¢ @Cdubkstitfbttwitiafa RGLifhlent ﬁ@ﬁnc@&){eslheam@ﬁlﬁh@ify%?ﬁl@ peplia€wRRAUR QeéHrpyRs of
.the peptide can be reacted with diacetic acid to 'produce a diacid

deri vat i ve 3b8ipofi); tnhind mytal iarsi &) aabstiseeniibai protictsihd neptdedompprptsplatic dngymes
reacting t t I

et SRR R AR 5, 5 B Al e onenaied
hal ogenat e dnﬁélézlm@naﬁlndlmlrgrwthalemprm@ the db8lity 91 thx peptige rbjind rﬁcthll ldnsp hase

synt hetic proce I erial shing.with
solvent. The fi glg%&%trloggggtlg‘l’%g?ﬁe)i%ggg Elggﬁ%?%tgg?on u% Prgiygjg’o‘\#%tr T'e @)‘ s
cl eavage. 15 Glefieed ﬂbpmamﬂﬁmawaﬁdmwenn‘e%h@cpmpmsed@s sagfuerich of 4 matdritindimg dtan be

._ made in manner . Pol 1 N0 carboxylic no blnd
net al s, sucllﬁ Pag c%rpgérfla Ea& ep?%?ﬁ@%ﬁ?‘ﬁ qu%ncf) @%"&gﬁbﬁyg%%%%%@ i ds
f or maki ng ﬂsma{we@ag;xa@ecamm Katgor (aal) (Kad, WagHik, whe Xdaieinadso wfd
attachi ng themt escrlged in US. Patents Nos. 5,807,535 and
5, 650, 134, IEHH’gIg %B’IC %}%flli%h‘“‘aﬁ‘gé)l 3425. See also, U S. Patent No.
5,739, 395. Vici mak upehtydhwowwemmabmm@g péptide BBPhaiving httdBel thérefolaion-

i nvention. Sui able |C|n droxyl s 1 ncl ude nonosacchari des and

pol ysacch%lrIi’eBE ind 1%%35@%&% trisaccharide, etc.). 30 Presently
preferred are mwg\qg@ﬁwmﬁ proofies P BiefaPbifiding B@;na@aﬁaﬁa@ﬁﬁ@fohﬂmpj allp,jinto
two maj or categories - furanoses and pyranoses. One of the prine exarrpl es
of a furanose ring systemis glucose. The hydroxyl groups of glucose can be

protect ed agrBgENCEOPTIAPOFerHE BROWTRES functi onal groups, while |eaving
the al dehyde free to react Wth an amne group (e.g., that of |ysine) of

the ~D ~i ~t~ rHiguses 147D Fampds Oimﬁumpﬁl@&@pﬁldﬁlﬂmlsdﬁql&hl@ﬂi hapingoultsysi s
produces Jfhg WF) gg&gﬁ%%@e pepti de derivative. O her nonosacchari de

pepti de derivatives can be prepared in this manner. Bispyridyl ethyl am ne
derivatives are Higow?2A-B: Bchiematit diegrgmeafitid syxthssisafdbrivitivaslo€iht tatepepkide Asis .

When attach .0 -t I this functi.ona Vi

ndait ona  SREEFISERTBRON somhauiain S s R NEidphd) s figure 18
bispyridyle@mgﬁem@yivative of the tetrapeptide Asp Ala Hs Lys [SEQ I D NO
l:] is shown in Flgure 5 €§t|0|pated that . the netal - bi nding capacity
of this tetrapepd yPlohgyang dippigg dgrivaiyesat | east three-fol d as
conpared f0 the F@Q@s@dﬁt saﬁga@@dﬁg&@sof;%%ewseﬁ%ﬁmme RmihblSivatives ofthe 8
bi spyri dyl et hyl ani ne derivative shares sone simlarities wwth the synthesis
of diacid distineatide/dsp Aluils byd SEQIIROQtbups of the tetrapeptide (one at Asp
and the io other y h t he
Totra subst it ut dieer raetief EREbEM et ALATRATLINELE BE A (915
reacti ng t hBBE@E)NObqund tetrapeptide withthe bronoethyl pyridine; foll owed
by ¢l eavage of the product fromthe resin. Phenanthroline is another

het erocycl i ¢ conpound capabl e of binding divalent netal ions.
Phenant hr ol-i ne derivatives of the peptides can be synthesized in the sane
~manner as for the is bispyridylethylam ne derivatives. Porphyrins are a
group of compounds found in all living matter and contain a tetrapyrrolic
macr ocycl e capable of binding to netals. Hene, chlorophyll and cornns are
prine exanples of this class of conpounds containing iron; nagnesium and
cobal t, respectlvely Nbsoporphyrln I X (Flgure 6A- B, where Mis a netal

|0n) IS aerl ved—fTom HEHb‘ d.lIU tras—been UUbEIVEU Lo pUbbe&b bU prbl T

Y Y N o " o Y M o, . v s Y .



97/ 44313 and WO 99/39706. A variety of additional netal chelators and
met hods of attaching themto proteins are descri bed in US Pag gnMAmo')_ 004
5, 683,907. 10 Dithiocarbamates are known to bind netals, including iron.
Sui t abl e ditHi*6€%ar bamat es for making derbvatives of the peptides of the
invention are described in U S. Patents Nos. 5,380,747 and 5 922, 761.
Hydr oxypyr i donegigies: FHosfulk BRWp)@dyRenylfnhe &BokRE Of e te§éﬂe¥> %pAIan{u s
hydr oxypyri dones for_ maki ng derivatives of the peptides o he'i nvention
are descri He8GIRNPE) Patents Nos. 4 912,118 15 and 5, 104 865 and PCT

apo cat i on V0 S8adiity. Sl anal B PR B ERLAL S RELRLELFale Ko

prot ei ns arfbquapmetibiondd.e vveII knovvn in the art, and attaching non pepti de

netal chelators t s of the.i ntlon wi thin the skill in the
art. See, ’e.g., Eﬁ%qﬁr%éeﬁ ‘@H{as"?&ei"&am B’H\/@g‘%é‘gac?‘r"ie Bhﬁ‘& teltreePtide faR filrdtis Lys
met hods. 2(SB IDzNth appreci ated, the non-peptide, netal -binding

functional grou I]%j be1 attached to. anot her metal - bi ndi ng pepti de (MBP)
in the sane man Heyraar P?Psifébfir}dﬂ% P, - Pz. The resulting peptide

derivatives woulpgbueot Bid@raﬂﬂ@f@ﬁardﬁﬁh@ b[B% lefflli&%) ds?ﬁ&n%’%foh%ﬂ%ola%d%% g n
re

addi tion to the netal - |nd|n0% site of P erab P contains from
orgfmoqe

2-10, nore R?Ffé?eér‘%ﬁﬂva@%d with blpgd at37eG @@@blswmmmh@ﬁhmmmﬂecms nor e
D-am no agi ds; $% e PRiLLA m no
.acids. As descrl abov% tgt%eg%ltﬂégrtlsc&ef%%g %usrgr(gitlgﬁ %ﬁ Q&%@%S‘% 13e% are
“known. TheﬁrﬁmlbhééPglfﬁ@flmitﬂddw@@mﬁsgm@ t he rret al - bi nd| ng sites of

t hese pepti des escrib
peptide P, - Pz: %%ﬁ vatl g‘? Qﬁ}eerslgrsgg tgﬁ%§ﬁaw ng" S%ngge%geft&admg
met al - bi ndi@gAmEréﬂaEf}hSDdry@lqncamttaamt'ae:hlmhgnstﬁemqm;ttelbdmd@amdeeraph@ﬁafoaeh in

t he sane for |va lves o pti - Pz 30 The
i nvent i onvgpgsg%%rdgr&? lFérse??re C??OIB ng pegt P g‘ e&‘f”ﬁ@i’ég‘ﬁp fsh‘gug or mul
P3_L-P3. 1P3 is igureHptGraygh qféqﬁabhmckafdxabtondpreg;uﬁ: (reDaY exlp&ﬁsedaﬂdp@@ﬁﬁgc?@f may

be the sa different abI contains 2-10, nore preferably
3-5, ani ngEtgm Qe precitery frg'gﬂ b?fﬁlé%evajuﬁ{a‘feéﬁ urﬁt"ﬁ‘ YWrgRe 9?%?‘7‘2‘3@"13%;?“

‘bi ndi ng pepa:ﬂthimugbeqéprmmmeﬂaa-lmymmmm@efmmp EREIRPCEpusdne or
nore of the tg_geagl bi qdh‘éﬁg‘ IER/JZ‘ se *pe&tl des. Although each P3 may be
substi t ut ed® godrliiesrated g‘F’SSr dSndPB%ates nel uding with a non-pepti de,
nmet al - bi ndlmdognqﬁpigmﬁngrmqpsa(lﬁ@@ng@rgddcul;_a,rdmg Figure 6C), both P3 A
pepti des are preferably unsubstltut ed. P; may also conprise any anino acid
sequence Rubst | t%-éﬁ‘—lé%—% fraph oh Isfovanpich sndediastadic aressie i YRPPutsELs Swrationgefoup

as descri bedprhions sHowif BY @Rt §ee dﬁ“ﬁ% BlARIMAiNG EEADARE bi ﬁdét-fg(f:heﬁg’c recovery
Preferably, each P3 is an unsubstituted metal -binding pepti

unsubst i t ut&d-YFapt ndee Reetperiserrabhqsesadgiillseigted i Bigwiss & k. nﬁgldmeieép <
ions). Mostq ¢y af gf ol h groups is P, (i.e.,

t he' di ners have ?hggys%queggéﬁhemkgl Qxfld %P - S - P3 or, nost preferably,
Pi - S- P,). P_&Lkieﬁrm@fmanm(emessedasaaertanmgeofthdﬂoahmu@patlmandqet@bm 0

the Cter u

can. conrfg]c%ge%lﬁgq%‘lm‘g %%héj u&){mg%lh? (%%ﬁhrga“ﬁné% %pe%‘(teorcfzﬁ rﬂﬂga%n‘%g (;bglg:ﬁc]gcsv\h ch
i s physi ol dg{gabxi yos&csclmntxatmbevery&;fhéqnm|1mﬂhegl|oc<abérﬁ:sanaemhabioeel illtratadant
that a pept de rrer conhal ni ng (ge\kg)]*_,nker L is not toxi.c to an .ani nal

(i ncl udi ng~d ?}Fb%ﬁoc B Re T Sorinfeonirale?ndi-8- 5 §fini st er ed

as a result of m 6| Gap mafpefﬁglcblﬁprkss&!e%xpkeséeaawﬁe rO@Rick 8h&l20Rnute pre-
Preferably, L 15 Tinks. the two P3 groups so_that t ey can cotE;ratlvely

bi nd net al PERENE heeling velae)aelzuﬁduﬁéle@ PEF@P?’@FIQP shopfing thetfesrf L

is. also ararpfﬁﬁaﬁt}mnrﬁ%ﬁﬁésmsmmﬁé&tex%ro@pérmmhpﬂe&u&mmb erﬁbalr-ﬂh% -
branched-chai n al kane "or al kene residué containing from1l preferably

from2-8, capdsdHlustrasedsinfFaguges 8 an¢PzIn Fig@pHEGHZ- is sal@ezopMrGHAd ; -O- is drug.

- CHZCHz ( CH3) CHz
L SHECHE( OB) G gy, Rt oo A0 s AL S8 L8k iy
conpound zofobihe, prpduetion abhydradyt sdiceld froFiguield 5By Bveassrbatfe caly, #n+ depper aidage.
Such linkers are particularly preferred because they inpart hydrophobicity
to the peptide diners. In another preferred enbodinent, L is a

ni t rogen-eont ai ni ng heterocyclic al kane resi due (see Figure 19A, conpounds
D2, D3 and D4), _ preferably a piperazide (see Figure 19A, conpound D~. In
anot her preferred enbodinent L is a glyceryl ester (see Figure 19A
conpound D5; in formula D5, Ris an alkyl or aryl containing, is preferably
containing 1-6 carbon atons). These preferred |inkers L will allow the two
peptldes P3 to bind netal ions cooperatlvely and are bloconpatlble and the

pele te—h Ilb'l S Ldn be—meacde—east y allu | ] | ctl gc qualun LI CST By

o T T] o . 2 1. o L, o - . M " a1 1,



is tenperature. The solvent is renmoved in vacuo, and the residue is

di ssolved in ethyl acétate. This solution is washed with citrfq) qmRd 2004
solution (2%, water, 0.5 N NaHC03 solution, and again with water; then the
organi ¢ | ay@izsbsr dri ed over magnhesi um s hate (renoval of the sol vent
gives a pale yellow residue). The bis- pr otected lysine 8 is isol at ed by
f1ash chromat ography over silica and_elution with mxtures of

eth
acet at e/ metHHRE. 4 epintide Tafirok-Ade b-4lis hidps prichit B 1) B‘PﬁpFlrt@d§§P°rbate
protected |ysgl tlgé/gafpeﬁamll qy')@igteﬁ;ipaﬁtﬂe k)pfﬁ‘@ﬂfdsgﬁbaié/ @tlge/%;m%ﬂl ogy
(see Figure 19 siol ogicall y-acceptabl e salts of |- b1 ndi ng
conpounds afe:Ql sleltlgu;r 11.1 c? rr@ommearr @?rlibart@ﬁld By tsirenieptides adHpyr aud geqottatsl e
salts incl toxrc salts, such as salts derived . 30
MAR 2004 4%@% ée%@%%@%dfg om I n rganr c aci ds (such as hydrochloric,
hydr obronsc, sulFiguré g: (ﬁﬂa;ﬂsq;ﬂq%rmltibmmh varsus comntranhe teltrapeplide (dr,ga:rﬁ -alacHiks

Uartarte, arery 0GR BreoBih Zhmes als FEGrerboe Sirhot o pf fd)hipe Hbe

(such as t heidayelissai ﬁesupeakiaeaamata@eracbmqar bonate of a
phar maceut i caII -acce ot abl e ITE catrg ‘ét‘ The salts are prepared in
Fapspr atq

convent i onal ; Gragho Feyp 0N EETTUS e &Sy Lo SHREr 4,

conmpound vvrrtatﬁca r@ebﬁtm F%ttah‘ztlndgceﬁaeemgoua@oﬁter 4ra@sdofABN N -OR ERPridRe
used to reduce the damage done é})R@ or to reduce excess netal ion

concent r atf i &rAsp IrrAémLéhr kdiys [SFQ HONGe ). sonpet and-asranbhtnetrpenside/eprer ratinel
1 nvention |6 Adl Rirlelia c%pgextm géaaramlaeu Sliahbratd\ o2l M 1S a

manmal |, suc orse or human. Effective dosage
forms, nodes of Eaglre 18: sGﬂaﬁcmiﬁcamhoeb@sa@BNAdmtwdum@OﬁewaIShémvﬁalr1 Gusg/ml

Corpounds, Sl e ph Gk LAR TR erdoh 4y MG SRS ol sy pdc iy . puch

determ nations 1s W at an
ef fecti ve dogmijgasnsid INaaEtfolmMastabad) disne 2007 u@mk;gasnpd BNey, 25 mM fiscorprtabout
10 to about g, r.ef er ahl Qut

under stoola Oltllgusééz’ af%g??(}'tﬁl&teu atbd %t% lﬂ' ﬁg e[EE%uﬁ\tIOV\})I(“%aUO

with the pan'etrapepﬁcﬁrcolpspéralLabe mdlhgg/mmmnudtDN@mlsmdscotbhe i1 &8€l,0nd 100
condition t everity is .of,th

S e e r conditiqQn
“routes) of @E‘?ﬁeﬁ?@t’t‘% &oln rat‘?ﬁ%“@%‘t@%?""@?cr kech- dff“g Wg p@&’ﬁﬁo@ﬂ b%
dgr ation Ofa(ljshdﬁﬁat% Lﬁ)attmmﬁclnz,tahﬁso dBniteiripepade @rlyratd tqaap@n?rgmﬁbap ngane 7 17 .
admi ni stered t e.anim teag ize pec the a ,an
li ke factork¥ E‘ﬁ@ﬁ/ﬂﬁ"‘i‘%% %M&FCO \?é r@?rﬁ@ aa# ?g tﬁf’ﬁ“&@?‘%{a&{mEaaﬁO
sui tabl e Qa!e{ﬁ{pegﬁwcdﬁ)e@ I%E@OWLC% fplztshﬁ‘d PRBSE B InM i8¢6Bhte,F0 UM ChCihend 1zad
.amount of the conpound which e | owest dose effective to Br oduce

t her apeut i cH¥f EBeRePtifo (et &tio tetrmpertideicorren; dedsde W HEmY PlgBib PR ndd
att endi ng phySihek 3Mmd30 p\MftﬁC Gﬁ)@ftﬁ@cdﬂtr%ﬁ‘ e{tdtﬂaae ﬁpmﬁAqtddaound medi cal

judgnent. If desired, th ffective dail y dose may be adm nistered as two,
three, four, fi \@&TQ&AOFOWNO@EBU%@% a%@rﬁlmﬁf@tt@rléﬁnéi@par ately at
appropriate integ 398 Aol ddy ©apPound
shoul d be conti i 331&1?"(;0 an accelgit;gg% trhgg (;lrlbtégg(%? %ﬁr evea c'Itheill?gcorrpounds

of t he preseimventivuenti on may be adm nistered to an animal patient for

t herapy zs by any suitable route of adm nistration, including orally,

nasally, rectally, vaginally, parenterally (e.g., intravenously,

i ntraspi nal DETAITED &BSCRIPTION O THEUbcut aneousl| y, or intranmuscul arly),
intraci ster RESEMTLY@M@RMUMUMMEWHI aI ly, intracerebrally, and

topically (including buccally and sublrn re er ed raqut of
adni ni strati on atge IBY"&PP‘}W&WSC%WP%%% aﬁ] ]fzelblrli %fsgyaf"g
et al - bi ngj %%”Wﬁ%ﬁ , HdB&E Hre de%’l&f‘a{bb%" P Qa%t@-@ﬁﬁﬁlg%ﬁfrd@ﬁqﬁéhce
alone, it is preferab e tb i ni ster the confpoun as a pharmaceuti cal

fornul ati on tl(atbnqlﬁimntsmlommetarﬁhes qf Kaeupa teib Pt thediepedic & rﬂdmf elgmepidinelHiBEt i on
conprise a | ~bi L 0 ng
active ingr ggrtcg)hgr Mo a mB)%,EE&iF’IgE \%ﬁi{% &gr& F%ﬁ?eaﬂ{i)ﬁgﬁggg%ﬁ?%glﬁ%g%glg%t abl e
carriers andys, Sinid®bal The bindiriglof matal ions by, exhibtits Gre., c@nmanmtsvenmthgsfoérm@t’ her
materi al s. 3 0 MAR 200 4772-3-PCT 22 Each carrier nust be "acceptable" in
the sense of being conpatible with the other ingredients of the formulation
and not injurious to the animal. Pharmaceutically-acceptable carriers are
wel | known™in the art. Regardl ess of the route of admi nistration selected,

t he conmpounds of the present invention are forrmulated into

phar maceuti cal | y-accept abl e dosage forns by conventional nethods s known to
those of skill in the art. See, e.g., Rem ngton's Pharnaceutical Sciences.
Formul ati ons of the invention suitable for oral adm nistration may be in
the formof car)sul es. cachets. DI IIs t abl ets Dovvders qranul es or as a




4772-3-PCT 23 The tablets, and other solid dosage forns of the

phar maceuti cal corrpos1‘t|ons of the present invention, such g

capsul es, pills and granul es, nmay optional ly be scored or p gp fed wit h
coatings ang.,spglls, such as enteric coa1 i ngs and ot her coatings well known
in the pharrraceutlcalforrrul ating art. ey may al so be fornmulated so as to
provide slow or controlled rel ease of the s active ingredient therein
using, for WR&FANECr Hiparasyitioppf REB by theeemrial isnwandfer vagey thgdma@pdmellvns to
.provide th

and/or m c%@%ﬁ%ﬁ glgy EQLQ@&% d‘p‘{egfg& ?tl%ebro ?H]gléép%yg?%? tt]aé ﬁ%% 4 ﬁo | on

t hrough a thmthacareb%uamedgyRDSmethe ab?heseftbc)blpdmg @ﬁtbenaetaﬂagnsat B,ds xramded)nal |y

contain op hat , t e the
ot ve i noraaP iR ARG SAR Y cREp Sh fetBPAS Bl BT it e

gast r oi nt egfaiticalarly efatiye mptduoing ItHeylamag:e daimeabmb pgoedctim AftAccuriiaial e R OSf
enbeddi ng np05|t| ns ghlch can be used include polyneric substances and
waxes. The cf‘PPRFéa‘i‘dﬁ‘Q?l"e? ent can also be in mcroencapsul ated form Liquid

dosage forns folnplRha, AHDsYreferatlyiAQH, )Qﬁﬁlgﬂgstﬁﬁ@ém'ﬁﬂﬁ Al XA & hoVR 0100
i ncl ude pharmaceuti cal | y-acceptabl e enul si ons, ni croenul si ons, sol utions,

suspensi ons;¥Sshgghe pAGTed F%P‘i’@esq fR, addispiAdnHisgngd hep éé%ﬁﬂ?éﬁﬁ@@e@%ﬂtl t he
Li qui d dosqqsstfp%f%blm £QMnR E‘fPﬁ‘s’r&sp%é HENT ﬁEG‘T?‘W 175 AY5 @6h 113 ik iR art,
such as, for exanple, water or other Ssolvents, I"'ubi I T zi'ng ‘agents an

emul si fi e gninypERsegyense hfylllel‘&lte@@mllmetalemdmpw of hlmestrstum adunyih nesessiyy frathe,
“ethyl acet t

T, 3" but I eniitsr R hafl; GAR A ool 19608 Een BEGRN RGBS e bt
germ ol i vesf thrasnetal iandtosigs sitee Chhdrse)quex@bybet’phqy lteeirerfefmdcfonisanydmradls:oxhai

pol yet hyl eng u;(nols and fatty acid esters of sorbitan, and m xtures

t hereof. zo e inert diluents, the oral conpositions can al so include

adj uvants suc h EP§ 1s\/(ﬁhﬁ,,}nnghagﬁ las, is amahﬁﬁd acidepdaricl0-4 06 pWiﬁeH mg lzﬁm(mbsabout

Suepensi OO BEME v R ihonBE G kSRS TRnE RRE) SohlErd Eiahsitrmg

agents as, afdeto extereplls andniuixfeptideslcansthaieRad, b usad abducSthe fahagodyRbIRIOSNEe

sor bi t ol a d sor bi est r st aI line ceI | ul ose, al um num

met ahydr oxi éh lrﬁféﬁ%ﬁf aﬁﬁﬁﬂe’iﬁéﬂ aﬁaal ePiden TR 2lsg degs ﬁ’i“%l‘i%?"e%m‘teﬂ]éﬁ“éof
For nmul at i onphegfforehi mhﬁe@whh@mlo cxﬁaﬂaqﬁéﬂeﬂaapsa Rf0-4 ,N8d infbée pleteddblyf B%s Dect al
or vaginal adm njstration may be presented as a supp05|tory whi ch nay be

prepared by Houh&: &1 have Avt %eqﬁeﬁ?;c?u PERLerably CABIPTLSSY @rieRusACEVRIRD Hhdinsts arpr e

sui tabl e ﬁ%&ﬁbﬁ aﬁetﬂg(gxlglhgaepﬁo%mo{o SRGRdGhS a6RAPS &b Qﬁptxcﬁotof}féﬁetﬁ'ai%aégl’ll e,
cocoa butter, polyethylene glyco a suppository ‘wax or sal |c¥ ate, and

which is sonfmbraresasdr reasherest msees (Bat ta baahleitozross Giyenddurin grien.1d3)
therefore, whdly s@';ﬂa&hkéé o? b&ﬁ{l&g hféfs&x%rm‘éﬂ&' e ggﬁt vdm ’ g&'héfr @iﬁle& h& @:Ct ' Ve

conpound. Formul ati ons o e present 1nventl re suit

MAR 2004 49mQNSerPﬁIral Sefjuénse Ofﬂag@tnaha\amﬁnnm-snnlaalmmtalézixslmglsmwmldegf;ﬁéﬁrsmfpres

t anpons, o I 0 gpeSuch
carriors acnpa apfBiRe, AT AR B BB R AR S AREALIIO%S]

t opi cal oz papadrsﬁaﬂdrhhveaﬂsmquesmas altapproxinfatedy Mnrqmom:ﬂmes’e atblaimsgnsi nvent| on

i ncl ude powders, nt ment tes . lotions,. gels,.

sol utions, patche€ Se"{‘%’ﬂ‘ﬁ%o mygentlaﬁaﬁ&%%cgmpﬁﬁé Hrtéﬁg%e tt%tﬁaﬁl&tiﬂ‘gmﬁﬁvorﬁear m xed
under sterikdywaonskef é. Qnsj S/\Apta&ne man mmt umal hy4,a;gsssmsebd BO®AL,r4,87,75and
with any buffers 4@@@ | ant s he oj ntments

“pastes, cr ehfi0.6H 90%%%7& %059r5t§8a§dp¥ P%Qa ft blsaWSaétl?Q/’é?’leoH}éz?ﬂa of

this inventsegs %ﬁx@ 488 S 5 5§P<7ﬂ 31 A TRIs 2@@@32/%1@52833'99 sfsaé 543, o 43, 8100X €S,
-par af fms, star¢ t fagacanth, 10l oSe derivati ves, fyco | s,

et hyl ene
AR L PR LI AR Y L S N A
t her eof Po S | S
Chventton SO R RETIRIR R 0 SRS ] S8, kDo Brrab BN ¢ %
hydr oxi de, amlicatlom327i63cBippin eaanld ok \Gheind d7 06084 (1078 Batsurted, pbrgt Rbew,

subst ances pr |t|onal cont ai n ry. .propel | ant
chlorofluoraﬁ é?%gaiﬁﬁﬁé%g ’J%%F 1§ﬁsdb§fgfﬁﬁgﬁ)ﬁ§gh%é§# 6ﬁ§ﬁL§ﬁ%W1as
butane and propane. is Transdernmal patches have the added advant age of
providing controlled delivery of a conpound of the invention to the body.
“Such dosage forns can be nade by di ssol ving, dispersing or otherw se
“incorporating a conpound of the invention in a proper nmedium such as an
el astoneric matrix material. Absozption enhancers can al so be used to

i ncrease the flux of the conpound across the skin. The rate of such flux
can be controlled by either providing a rate-controlling nmenbrane or ao
dlsper5|ng the conpound |n a polyner natrlx or gel Pharnaceutlcal

T — e — e — _ o . T



io crystal size and crystalline form Alternatively, delayed agﬁ)mtRi ?ﬁnl{’f
a parenterally-adm ni'stered drug i s acconplished.by dissol ving

suspending the drug in an oil vehicle. Injectable depot fornms are made by
form ng m ct&Sfeapsul e matrices of the diag in bi odegradabl e pol yners such
as pol yl acti de-pol ygl ycol i de. Depending on the ratio of drug to polyner,
and t he nat ; i f | & t f .drug rel ease
(2an be 1o conTy et M B R T R B 8 R T i

pol y(or t hoeBERY, 35,3048 (199], RepancddirdeRdv. Bioplot Bibmplestah) 22, 157rag1l(pdo3nnRdar

al so prepared, by entrappi ng £he drug in Jiposonmes or m ¢croemnul sions which
are conpati B1%’ %il'f‘ﬁg‘bgiﬂ&e ’S:’§U§2.3-3ﬂ1@9é4ﬁ]' \Jé?ffaa?f)ﬁle ﬁﬁ%ﬁwﬁfé’ogé‘#doéss?%qrﬁ i zed
for exanpl e(199s), Rédah I7aB5,20, 2801834 QIR URALSQL. | @Her hRNBAL, 48] 150€91-(19938 Bal
formul ati ons ggy}ﬁbe presented in unit-dose or multi-dose seal ed containers,

for exanpliestazd- arpRaseboxiaat i 165914 4147yl sbel., Shee.digs. iTvienly Yo PhI-R1 Hea),
condition rRadidLneron! Mol 15340\ 19000 k8Lt Bnpl i LiGL ) AlLBORL] G 10507
exanpl e water for inj ection, i diately prior to use. enpor aneous
i nj ection s® (1P9DHEarfomdlarsifepen gicoGemeRes H30, PR p3r @O 7T /Romrsdt el 778S, 2096+ S,

granul es ang, t S t he type . desgribed abgye. not eg bg‘ve ROS have
been reportg% ?gégglt)’ay@gy%jzbré{tfo‘flé iWeR VKT e?‘g o‘ﬁg\%f%cé%ls Ty e
condi ti ons. szBeel INhiRB98/Rewr/miPadr htmlGad ditkén, Mblec. H&cHAO9 15,29033 (196YoWaRGE,
Aust. NZJ. Op& hlgrl mol ., 23, 3-74{%}@%}2{{); Stohs, J. Basic din. Physiol,

_Phar macol 1, €t@l, ZigtsinSaience, 9o g32-343 {200 P-apsy comprise the sgguensg pf onexns more af thy |
(199S); Ker me@LbiAding sitBAF thesk Jepiidds. 25, 200-209 (1996). Diseases involving -
or caused by excess netal ions are_al so known. The netal -bi ndi .ng.conpounds
of the invention %b heompasss e getal-bindingsije, df prefpmably has aseqacnse whigh énsldert 4 ons
and ot her di3RagRs: RRSLEORMN L P te HBLOH Obo thkrdShdthiC

play a role. Spgci ﬁ‘i g‘geéll seases énd tcor_ldi ti%dr?gst%fgg?zéﬁ%gtw t ét‘lfdﬁagndﬁgtﬁtg

net al - bi ndi ¢ esthoanpetewially properatiehtbindmétpldons duimieris 22:F peppide- metel gpmpiest r ess
syndrone, ,.ag , C ' i gn, i Lty .
Tpot once]” RreRPPEALY PRIGES R SRal P AILEN Ok BN Syl
liver, col oamingpdddridius)he spagecsenumermsy s Glyebly (g Glydalndy Poa Gieliol§ty, etc.

‘i oni zi ng 30 R 4 253-PCL radi ati.on.(e.q.. radiation.of tu s),
chr oni ¢ gr anul onat iy ShAEE ol dn i e d 1 pRbR PR b S

(di abeti ¢ r filowoygatduences:diad,) Kachs &aa X0 (B, HisKasg Hed, ([Xes,s| XaaXea) [Ty

e i A S eSS0 B 0 e

i schem a, 2n&3pThsXas; aslimesideformachorSpagg Sahericé BétWeen, P, andthemhedBgeiieg st o¥ e

di seases (e_g.,, Al zhei . s. di sease, otropic | ateral sclerosis, )
Par ki nson’ _sPu%OS‘B%t_éé% RG] PipPe &S |°§?p§1%§¥ T FORERATVEY PEERtR dgns, and Xaa, s
pancreat i ti srefeR®ly Phrafrallamirasdeid (e il (ROAGR paipthPDNRAA, i RRRdcHAd HaB@h free
di sease (dialysis patients), reperfusion, shock; tissue damnage occurring

upon adni fi gff-gha sprefpay Oneerd yemorerreferablyQra. SpsMagferdand 2arkagdogLrhgm.

(e.g., tran t a4 ) N S [MAVIR re
the bl 00d ShBBLY Lo B0 eg e g B e M B S B st bl AP
| i mbs ('t oer repetestto syrcensipjly subistiniedorthaes Mterminal GVH, o€ tho IAJICHRN motif.ohlusgior
transition c - i Ggkel i i carbon nonoxi de
poi soni ng, gﬁ%@fhé‘i E)tg(%ﬁilg b%%)??‘éliat?g%gggﬁg&ac@%r[égﬁ H?%fou'r y, and Wlson's
di sease ( congeni Tlad antingbridsanf dhegpeptidecmgyrrerD)-amibp ecidd, Deanise fuidy, or cavndirtations

and di seaseg tregtable with the netal-bindi .C ounds..of the ijaventijon
e e - cotieiar Dol bl ainn s pEP i RO ar e A y
Hyper t her i #id)leRédpt foPPLATY, NRSH proftadly, MeTereiamidoReids 6P, iofehtBaH RAls, e Debiind
pal sy") Spinal cord injury Stroke (thronbaotic, emnmbolic or henorrha

I C
cer ebr ovadc atgy Akoeralsrmbly sbent 70405 he fpinp 3eifaPeara Dramine aFidaRGIPY PEEARY
| nj ury Car digcs 3 QheY RidsPB! fre TLAGAL Akl DOLAEELIERN NS AN PREILIpesidS

ATryt111111aS Cardiac ischenfa after surgery Congestive heart failure -
Myocar di al ‘tettaining framinecdsisiyi ase prsigiant i¢i pyelaslati@enapas shehads theseHbef would be

Pul monary enbol i sm Surgery where the blood supply to a tissue or organ is
cut off Angioplasty 0 MAR 2004 4172-3-PCT 27 Cardi ac bypass surgery
Transpl antation surgery (both the donor organ and the recipient of the
organ) Sur-gi cal ischema of the |linbs (tourniquet injury). A conpound of
the invention is preferably adm nistered prophylactically. For instance, a
s conmpound of the invention is preferably adm nistered prior to: and/or
simul taneously with reperfusion of an ischemc tissue or organ (e.g., prior
to and/or sinultaneously with angioplasty or treatnent with clot dissolving
drugs, such as tissue plasm nogen activators). O course adm nistration of

—a conpound—of—tire—Trnventtor—shoutt—becontnuet—or—ea—pertot—ot—t+re—af-ter—
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Zo A conpound of the knvention can al so be used to treat pat ;ﬁ@tﬁ B,hgqnhpve
suffered blunt trauma. ‘1 n particular, a conmpound of the pres ﬁ ention
may be very beneficial in treating patients suffering frommultiple blunt
traunma who #a%ecTa | ow al bumin level, sinde it has been found that a | ow
albumin level is a predictor of nmortality in such patients. Mre '
specif i cal |ofeo dftrRRioRNumisitfation bge beside milit irphel (b}cmwngt}r“ﬁ@ﬁ@_wééld. be

st udi ed. ese patients were admtted to the intensive car e unigte Qf of1s-
" Swedi sh Hogpésestin abexpissd ,org@@p?rﬁmi@@éba*’r‘ﬁb“°é‘rc8ﬁ%‘smngr%ep§etpﬁg‘rrnt s vere rr%é}cl:hed
by a trauma _surgeon IHRLMGY oS @Y péptitly tobammeet4l iBS)inclading thygbditeefdhar ea
of injury mlﬂ%%f %"g‘gﬂ@ggﬁa@rof tﬁ?ay_al bgéngitn | evel s of the patients. One
group was cgsppesedinfcoppe vitithigrafBnifho died, and the other group was
conposed of survjvars,, Fall ow n Ay thiBodd il &Sdvatin deAntrHoninkeve] S
were retriseved fYGRPRIEES |"é\éelng?ge%§’rb§?aby yan‘i ndedpendent obser Vﬁ{’/, %‘ﬁd t he
al bumi n | evgl$egidet, Mrethepc@itainips Lweri® Bilscrpanoed!dsFyr CREIFFOI b s,
the nmean al bumn | evel was 3.50 .+ 1 LYl h&e dhtheat neihbds. \gudtatsle ed,
the nean al BoirorRcidevaey Y™ ?%Zfdiyégggargf%}d.p}fla'%repe& vaéyiﬁance vas  28. § and
28.9, res peﬁe%%ﬁﬁe)é,m@mntmwa-iﬂamwm,vm ifclad2BoyeobysrehsAfin Qdsakeld.ip :

) L

0.3462 - 0. ..~ 3 0 MAR 2004 72-3-P . . 1d$eafsdehe
i nventi on miylyheptidesy o 3&5‘@11éKatt?PyFuE‘éﬁf@g%Wgo%féi%é%%bl%gﬁbﬁggnpm%m =

Alternatively, 1&&@98@“9%9&&,%0&1&@; 1V E 894041 A¢ BB S Stayiatand ¥ ernectabidREAE o
with "freéd r-a’cﬁ cal’ “scavengers." "Free ra%’hc,)aég scgﬁ/%r%grﬁ" ét’;lfliﬂx*ﬁféProteins,
Super oxi de (eptidetSasthesis@96N)AS8, Pagnist s 1 e’ 9P &P A58; " ebsel’en, 7,577

gl ut at hi one, tejpe : Vs 15 dRSon ePAITh Theé Pordimedrd ed.| vop Aripndi7;
oxypuri nol , 3§‘§%/f€’8'81'21p@‘ 1f:#ycsia%,%t(gdjt%copher oll.l, Trol ox _(.wat er_l%gsb)“ﬁke?nativel the

a- t ocopher ol(1976).3es alsaPolish Pafeat 114 HdssatherinefiFGS SPULBIE PSR /A, p_ro"%col,
cyani danol -3, di mercaptopro | ool BEERBR AR Xiffiepeontalh nmy hyamino acids.

sul f oxi de, d%’?ﬁ“‘éﬁsﬁ’@?'ggs éi?lgegd%g.r?w%ggl et al. . Nethod En@/ntok. useg%‘gei e
601- 610 ( 3994 binbShTRVA methoBermil csuiBitilghostugl)s vesfors 3998 enisig, “58
(1995). The conpounds ofthg inv i.0n n, PHERBingdl4Tabbratogy Metvad |Cot
with st andar‘delilﬁ@m%aﬁ‘togeeaeﬁw latésgg%i"gv{og%g (e. g_fn,gai nsulin to treat .

di abetes). i S)pn?aéq{dgggrglhyt(w@j),r@nmm@uﬂdQ/Iaicfcuidné?ldm%n4 iLaperesr Yregs e Used
to reduce the mage done bqy% ROS in a tissue or organ that has been renoved
from an ani n8pringfdarbey, N¥;(19892 tissue or organ is contacted with a so tion
cont ai ni ng- an ef frp&tij%e%ﬁmﬁér cOthprisesiddiabtives ofdhamgpidsFh oPmuhesher pepaposed ot L-

i nvention. Many suiltable solutions are _known. e, :  ds. VA BPRY mBle rédistant AmM
J. Physi ol z, axzﬁu@,aciﬂs,slefamm@gés’e&@%)%}na%ﬁ%%r/méi‘dséla?‘f“?%%édrs’rracol " Res.. 37,
97-101 (1998) ; rH'eg%Qgéﬂﬁks @hore 1ibi@ sTILEB PlatOW el Eentides 2 mPBHeads penedeiE)cll

U S. PatentNS P8 , . Effective amunts of.the eg;t i[gsqnﬁs(&a%@gllp; e 14, I§uUch
sol utions carmelﬂemdmardmrmslh@rﬁ@w@%ﬁ}l?}}asélﬁd’rﬂ&’ﬂ‘g’o 0Ts wthin'the skill

|n'.the art. _'I(;heb har&éﬁ?&ﬁﬂw&é &H%dg{ategbgﬁq@aﬁwsﬁiﬁb)'ﬁealﬂﬁﬂgﬂlymbelb;g@@gmnon
transpl antati¥h°3L0"a reciprent or for research purposes efgﬁinalugb@gigf
perfused |i vey pl.ongafteealar, @ cayHe. subitittedrpy 63 Pens F aryt r B fdes a It flor
reduci ng the danage daone hy. ' L 8S BOD0 PO bt hatlifiadin wapssymilar

r emoved franPaﬁmhhﬁsﬁléﬁumﬁ‘ﬁéﬁ%%eétglggogggkgggﬁ séorrb)?r_lgti on of one.or. upre
cont ai ners h%qwggdgsgﬁggaﬂﬁﬁlwndalatﬂgmordrb&émtmmPlW%ﬁ"nzﬁP%%@P’{?iW Rarvest ed
organs. The kit conprises a container holding a netal -bindi ng conpound of
the inventionkotl8ui t abl e contai ners include-bottles, bags, vials, test
tubes, syringes, %‘Q\%ﬁw&&m%m@mmﬂmmmh@mmnﬂ@nm14%}”3?@8‘5’
contain other itens Ich are known in .the ary an i Sontaabih
from a comrer aidghe msnm’hi@@lﬂd%§tﬂ?§’r?d§{5‘i%df‘fmeﬁ] ¢ sgsc?:,qg&g%ygipr %Sﬁﬁ)]g.\gf s, errp?y
syri nges, tUbi“& e 130Gy i Shif @atoahd sakitriparicasetre arBMES SERRIPL E
1: Synthesi¥ of a~ept | de ASp A G H s Lys ~SEO | qﬁ'}iég 11,3 E%;esof@;&mge
descri bes t hepsymttynesisiphbnyin lhedermabeipioral TS 2 FVHE TS Fa§ >Z7 NO 1 ]
conposed of all L-am no aci %?’ us'#]élg}\I st@ng 8 sgRtitutoRidset spstartiedy decrease the

t echni ques. FiCPRRINS 099 FYAREH et yl'oxycar bonyl (Fnoc) - pr,ot ect e%lﬁglpafﬁgﬂm}
ester; Tol sul fagimglafPbeBM«D@etaHsﬂxsnIx(ﬁhrﬁcutmﬁh@%bﬂP%9%%it68W8ﬁ?p%”§l suspended in
a sol ution of pi peridi ne/dinethyl formam de (DWMF). (40% 3 0 MAR Z004
4172-3-PCT 29 v/v; 3 m) for 30 mn with occasional agitation. At the end
of this peri.od, the solvent was drained, and the resin was washed :
sequentially with DVF and di chl oronet hane (DCM 5 x 3 m). A ninhydrin test
was used to nonitor the reaction. The resin was swollen with DVF (~I nl).
The Cprotected t-benzyl oxycarbonyl (Boc) ester of alanine in DMF was added,
foll owed by a m xture of s diisopropylam ne (8 equival ent) and

2- (1H benzotriazole-1-yl)-1,2,3,3tetranet hyl uroni untetrafl uoroborate

(IBTY—A4—egthvatrentsy— e TesT T was shaken far about 24 hours, and the

T e - b res " Y M



zo 48 hours, followed-by heating to 60C for a further hour. DV wa%grﬂ VEGD4
by filtration, and the resin was washed with DVF fol | owed by DCM rrﬂ(
Partially dried resin was used without further treatnment in the next stage.
Hydr ol ysi s 46%3ffle resin |linkage was effel@ded by treating the resinbound
reaction product vvith TFA (Sni; 5 hr). The resin was separated and washed

wi th DCM ¥R sEbsFATBhd Etbr Wistalcel E&n@%&?ﬁfb@?ﬂ&{t@% e}éréq{afmt acuum

(yield 30% The pro uct zs (formula given in Figure 4) was character zed
by spect r orataghied tmﬂwdslsee@mwlg By:is phetyl slaquldincrodse maﬁtfnowyrptﬁj&m paptid¥ for

Tet r apept i e resin- d [ j

sus pegdgd gﬁet%ﬁﬁl S(Sg‘éllrlr%&gﬁ% (%l}reZ%{hggﬁg& V%%ﬁngcggg%r %% i Oupr nﬁ?%‘é?%%i%%‘) aci d
(10 pnol e; X @igwd BC)@NN}em arlyl Betgtongy], 6A) long@hdin lalkgiMaboun - Iédtditioh @tdonf sidvuld

m xture of djiiso 3‘% ya Ientﬂ?1 and TBTU—(4 equi val ent). The _
resin was’ SHaké&h f‘r&? fpezp 58% B¢ MBS kept in a dark chamber. The

resin was was heqks\ﬁbfehlaﬂa\/E xﬁ@lhdd@wﬁdntbaélzﬂgybﬁtﬁmsmsbh@ﬂdsmﬁ&md AWl in8fn.

Hydrol ysis of the resin I|nkage was effected by treating the resin-bound

reaction prigtfcRethpdsisapsanpdsfied topreppary thegvativey showpw Kigpey B-6dFarfgample, = 3
P MAR 2004 #9deivaiRel ptiuvasdiad rivhuten DG LA, M oyl &n b Tﬂt@pag‘é’ﬂ-ds llusPed in

washi ngs were conbi ned' and concentrateéd under vacuum or phyrin
t et rapept i dégyre dhnin Hege dénthe ﬁllllptlgilu?lém%)‘emsntbﬂnﬁ polymer esin s@rﬁp-lm gpalact i ve
HPLC (i 0 t

.This pr o?g%ﬁ?}g ta %% %g{a Et %E glflln eéig?iza rﬁ%é?a%%)r )%(:frngge&%tlﬁ H}?E anuc as
mesopor phyrwith &y broande fodpwedhly phobpbionis ES:MOEXAI\P@@WQB beptadd abzmt HIO°C and
Tetrabi spir e repared in
Exanpl e 1 (llfgyal.t ﬁa)aﬂy’nge g%%egfgﬁ ﬁfé(gns a-%\/E ?%&%Ba%w" golgtf%éécfao g%}ﬂoﬂﬁss 'quulg upon
br onoet hyl plistilldiiore AnAfatjpnbtheprombimidis whsevédiylatveihg by atilh endad dintrioia safition

pyrldlnelo 0. )epo ARE ken.for. ,about 4 naroller.
e oo n vassgamso, oo BBud, B oA B sa R et in st it R R S g 1 e
unr eact eds NAETRIS brofildt vitheretithhol@dshitn dB4ssiva easolmidrotietidids givertie @sireddpdeatlyy si s

of the resin |] e was, effecte treatln esin bo d reaction

o otuct vt (HTPACRG Qe Rtera ek BB b e GrlOL A s b oA S ety e

DCM TFA mi X&Qﬁ@rldlﬁs&ateﬁﬂhhgummshl ngs were conbi ned and concentrated _
under vacuum The ridylethyl is tetrapegcilde derivative forrrulla iven in
Figure 5) was pd?iag‘il'iéﬂllﬁl&ﬁieé‘r’f?n r patiipstrared mpigue JBe MeTSiE Byls PhgTg §g’rl?fcture'

was confi rr@dpabéaagmﬁﬁat@mtmg&e IRt thSre 2B) PSlyREOS BIYEeh, EBA lsha;u@mraha @dlst 0
ot her heterocycl es, such iwghenant hrol i ne and rel ated nol ecul es,

EXAVPLE 6° tEngfaPther @mveﬁrve preind fis ARyl argk or hgigroaryh canibe P’Lei?%fe‘ESE@IP@nRTO 1

1, A derivagugidaay ed e formula shown in Figure 1B, wherein R is
phenyl, was prepared.” D et hyl acet am domal onate (10 grr) i n anhydrous ethanol

(100 nl) was addedande aVHLur-NHRof- N, R e ohB(seeFighredDhaviksrein &, gmdefiged ni )
and heated f ed
o, o2t o9 Kot SRl 0L ol ML 98 GHE)E MR A0 e
proceed to ths pcmlﬁpiseemmdmm thy x;es1amzimebh0®s@ell§mdwu m the &b XSuligfityizons Wéthf édized

with dilute id T riest nto ethylacetate and, upon
removal of %oF besF?P“g‘@‘%?&re%“ s%’gﬁ% fﬁ(q?u e or % B ude product was hydrol yzed
Wi Lh hydr Ogh| or 116 addifich, P, 3&@9 , dxh be ﬁbﬂmﬁﬂbﬁﬂh@n-)pleﬁtlicﬁduﬂcﬁo@l gteugslﬂ&nl;ihd metal
substituted aspartic acj e enzoyl ox rivativ
prepared usioRy HPest @ﬁ@é?‘&d‘lnéﬁwgﬁﬁl %rBER?é:ﬁ%g ﬁdﬁ‘é ee(glni‘?r%(gﬁ‘?%mt%r?‘f?é f i de
(Lys Hs A aa)apsmﬁe%@dle@e%uﬁﬁg?éﬂtﬂa@eleﬁvanﬁg dBsebs drdQr Bk s mdﬂa%amsf

added t he N-benzoyl oxy-t - but aspartic ac derivative, followed by

m xture of binflisspetbipnait ?F@W@ t@ﬁp@ bipging mtgprg‘ﬁ@ed-mﬂ;and( @@&E@Wﬁ!‘*@ﬁ’t‘i}ng S*f"he
resin was.s a t

ot YRR P by AROk ok dadnced abil o SARICHBAKDEAE ol il fons s
was washed wgrbvedMs congaBENbd tﬂ'dqeor@@pomﬂm@ rnyadifidd aepisd, Egn dnstanee, e peptidiais hed

with 30 R 2004 |
derivative YA oI ] E&%@ofg SRR Odxgq ?,tfﬂ;gﬂ%gg@egoef-rgg% §drrtr‘xle($§%§) ﬁi,ﬁgepnde
t et r apept i dderivatiec eaﬁ}bardatvedxfﬁyenpmeqaabmtmsmdsﬁaieeypdl%lf @etabE)AKARL. Forig Cu(ll) and
Inhibition O The CGeneration O ROS s Bv The Tetrapeptide Asp Ala Hi s
L~[SEQ ID NO- 1 ], A tetrapeptide having the sequence L-Asp L-Ala L-H's
L-Lys [SEQ.ID NO 1 ~ (the Ltetrapeptide) was obtained fromone or nore
conpani es that provide custom synthesis of peptides, including Ansynth
Services, QCB, Genosys and Bowran Research. The peptide was prepared by
standard solid phase synthesis nethods (see also Exanple 1). ~o The ability
of the L-tetrapeptide to inhibit the generation of ROS was tested as
described in CGutteri dge and W1 kins, Biochim Biophys. Acta, 759, 3 8-41 (
mllull et a— BI"U'CI"I’E’I'I'I"‘&","‘?‘5‘2‘,""6¢1‘9-—6'5'3— X T ;
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Zo ratios of 1:1.2 and 1:2, the degradation of 2-deoxy-D-ribose was

i nhi bited by 38% and 73% -- respectively. Clearly, the L-tetrapeptf AR 2004
i nhi bited the degradation of 2-deoxy-D-ribose by hydroxyl radicals. TABLE 1
Cud z (M) HZ02 LM Tetra-peptide (mV) OD at 532 -nnPer cent

| nhi bi ti onContr ol 0. 12. 00. 00. 124Tet r apept {e0. 12. 00. 120. 077

~38Control 0. 12. 00. 00. 175Tet r apepti de0. 12. 00. 20. 04873 A sim | ar assay was

al so per f or erede@id)) vy the peptidedpreptivelan hid ongmethidoseterd e g.ewills gredibr fity) thys
conposed of QLI eDoargi nQ acid ngt.t etrapeptide). The D-tetrapeptide was

obt ai ned f r BT EREPBH NpPEodiRd BHiAR 2004 4772-3-PCT 3 3 conpani es t hat

rﬁvi de cugt om SMétb]lelﬁhﬁgg)Eurﬁ&Mai @ﬁ)ﬁ}cals inafnlduqsbry@nﬂmyergt,ﬂdiﬁﬁrnwé,Qﬁ%n%eg(ng‘B.
The peptide was pre.are y.standard soli ase. synt hesi s nethods (see
Exanpl e 1) %*H@gla&arm@fsa’rcl%dﬁégﬂﬁiygfwaﬁp@rﬁfg@%@aﬁﬁym%ws Whteriydpakdrrusinof
ROS was t §S3-g6lcaBori@sihs (%,@%w- (@0 - Wy wheRsh n L 2770). rR a5 diagifRe siso LS -
229- 43 (1995%. Briefly, (! %3 and ascorbic acid were m xed causing the
gener at i on bE-afdiamires, Prderrilubenzene damaas et ypdiamingberizens). Bhisabiaidiaminege of

USi g ascor Pige e’ A5 LALIOH Hi%ﬂirfég.e@ DRI Ml aled R e 8ghd does
not interfere %%%?1 St heérﬁassayg 1. e. IZIDH assay \fh?%ﬁ&?)géﬁb%%&ﬁé gg}é% W th
per oxi de. Téeh ¢optiongd-7 cabioneddnss. Ateffaaily thheyclicajlane Gidming is-1 D-diahinseyldohexane
produce fr Hea i\ng the fragments at | ow pH produces mnal onal dehyde
t hat, upona@ﬂggﬁaeg%ﬁet |lon%%)?f 2-thiobarbituric acid, yields a pink chronpgen
whi ch caniwbe neas partidulsbe plefearpd diamive it 1 j2ediithipogtlobS@ne (RigufdsliA -BY.hBrevious

~absor bance at,. 532 nmi sure of e damage, t - deoxy-D-ri bgse.

Est abl i shi nséudd?)stcleﬁi%@( %i‘?ging;ﬂg?% bi Oﬂﬁtﬁﬁ%é@ﬁgggﬁ’g%é@@%%&?%ﬂﬂ rst
st ag in deve&yg}m’hébgmg hiaﬁlir[deéﬁ@efﬁQE (Flig?igéBA, \ﬂheﬁ@m}?ﬁ ibl]iydi@déﬂbﬁﬁdls eoegBtylofiine@n of
1 M was use ased on thi eve ei ng the physiol Qgi cal concentration
found in th&%h reeﬂ&a&a@a@%%@aﬁaenémqef%!y“j#@éo BsQl 7 RiRC arigsgnd peptides,
concent r at | 9RWirgVBhEthY Md1Qdlel His QMBS hibP afSitRIbd &Bmol dofl6 AorrhiRP Averyl fifble
ascorbic acid concentration chosen was SOO ~M since it gave the nost

absor bancE #orEmion RemplEx.stiieh is prippe ingnank gespciie ds2-PEAGOCY I oheEIEPOPSHPY 2

at| ascor bi CreaGive amHIGERToRL RSP 1 ERA §Feﬁti*&@Bftﬁ%&%uk&%e%ﬁ%x%d.aséetﬁ@ﬂé’ _
decrease in_ hydroxyl radical’s presumably due to ascorbic acid's dual effect
as a hydr ox3®, whett Md$ a getrbioatand atdeast ewRadhcent rati ons i ~nd an anti oxi dant

at high con%gg% i@gf_lgeg{ﬁe, _mid&ﬁgﬁjdg _Q{,pglﬁﬁ%-'g%{&lﬂg of ! g%}g,ltr_ﬁgipgpﬁdef@é aSC)

and ascor bi trtratioh curve was est she
D- t et r apept Figures Be-Dof Ty othérR, Bay be the grapst dr dry haryl-€ODRE tamd t GRIOK -aiyl-akiylt | )

done to i oLt g} EORRY Ttk bAke (s QORRBAR 35 RO dlerapid. 120

i nhi bi t ROSbigdingsiees bmivan Aerefam, teexsetd td tindméthldotsatokereadiy dran the@nsubstituted

Cu(ll):D-tetrapeptide ratio was between 4:1 taq. 4:.7 here was little to no
i bi £ o' BPER S AftpRe PESmOCer e it Pdsiboay” FeEp ERGima il 5ep®
VAR 2004 4175 3BT 54 TABLE 2 Ut L) T et ranert Laaturi [y (N Ascor bi o

- 3- ; etrape. tide or bi c
Aci d NM).D- Tet r apfefstqhgans digminedenyat vramfla}m ?eaﬂiésts?@gmn_tw cad b pregarcd b o
0. 7674: 1195602ncpfdutes Trhe Kk 2RBREs idifidleoddddfi9A Aith 4Dl deh 1led b9 &3 (s8d 0500
150. 7744: 71050017. 50. 7371: 210300200. 02996. 21: 410500400. 01697. 9 EXAMPLE 8:
Testing of RgpreACainyigue ¢ Bpisteenrd) ebpyrafeer plaldehydes (allsh arst aryl) Rapeseips vidh
Model Bl oodg : rethiss sttihal j Y REBwith
Studi o ( Cal REREEE Qe Lo nPlaRRE B RERNNE T By Bl e BB o1
al ., Am J. sdiys ibotohydiXiBouridendierohid 20nditi@B5Y givadhe digcidtderiyative.] Thiigarboxyd| | .

Cardiol., 31:1961-1973 (1999)). e Fi.qure 8. . e, d i bed
S ot 1y bel BicuPLiE iR afekipd v the T ol frSynd prel B uPLARS M AT et
Uni ver sal 3 bfloherine ditseide ddvatianofitad seprige eTheadednd mauteis aalirectiaticytatiomp piosess €

with the "Principles of Laboratory Aninal e" farnul ated .1 he Nati.onal
Soci ety for "R HPStﬁéegé’é%@Hreéhd%P’f‘Fé‘ i‘ﬁ'gﬁl’g‘??‘ramt ‘ﬁ%m@fsére tﬁ‘gx’ﬁé Brogfo acele
Laboratory Afl v thdtiRRaE £ devvdtie TR mAkackardthdireaoet e R freaumino
publ i sehd by the US National Institutes of Health (N Fi Publication .
85-23; revi SEUPIDYER! ingiaphoyProtesicd P S0 vaho §FivREre 1 FERh R RedtRF £ Y58 di um
pent obar bi tone (60 ng~kg, intraperitoneally) and anticoagulated with
heparin (1000 U lcg intravenously). The right fenoral _. vein and |eft
fenoral artery were exposed by blunt dissection and cannul ated (18G and 22G
Abbocat h-T catheters respectively) for the return and supply of blood to
the perfused heart. An extracorporeal circuit was established, prinmed with
Gel of usi ne plasma substitute (B. Braun Medical Ltd., Aylesbury, UK) and was
mai ntai ned for 15 mnutes (mn) before connection to the isolated heart.
This period was to ensure that the prim ng solution was adequately m xed
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3 0 MAR 2004 4172-3-PCI 35 the experinent when bl ood was not reci rculwaied,jt
but instead collected for a 2 nmin period. A peristaltic punp (G 1psMAR 0
Mnipuls 3) was |located on the arterial outflow of the support rat and fl ow
t hrough t he#’&étPeacor poreal circuit was ipgreased gradually over 10 min to a
value of 2.5 m/mn. This gradual increase prevented the drop in arterial

pressure t : \Y; ed- Lf flowrate . of 2.5 m/nn had_ been
established i %M%@?ﬁ @%L{%F‘gaggg\?\%ngbep%ﬁ%%ae afﬁfig‘ﬁﬁrﬁd‘&e@ﬁ’ﬂﬁ? fazbopy e 4 ch
the aorta oferiviievepenfhusestctseby tethods wlkiktosa GueRtaky Maldiddaehesindd hay
returned, by.gravity, via a reservoir .and filter to the venous inf I.o_wei ine
of the suppoft ahiAare PIRiTRes ¢ 2PTengedy TS P R o s BRsPave esaring am iBs Befaldimding a
acted as a apagiyl dnhe wibrRM6culWN iHIWeS&! VR bRUFARREN A8E! ki 12NSoikde
per f usi on glzrﬁss re Wﬂf{iCh occurred as a consequence of the contraction of
t he i sol af d¥IFPREPRC FydPRalpeicpeding upen the substifuet, and hipmepin tTinchaye ppeffett
ani mal was @ldepvedofige HoIaldRr@s M HiS¥ed T Lhrough a 35%
Venturi face ma\s,\%j The fl ow'rgféﬁbmllggﬂdg jog%tt%ge{%%& ﬁ%ilﬁl[ggéaﬁgg %Sgc%ﬁtfs‘é{ﬁ]d
pCOz wi t hi nekdorshssyndesgpichiming pepside Butiptites mpieg tiewther daminst desirited abbvat

37.0 (~0.5) C | : i.cally-control l.ed heatin ad and
was ronit or ed b)?sy dgﬁﬁg%t% gllgjb%eﬁ)é)gjnone% ét}rd?p%%éng)éﬁ?‘éaélg ﬁsr"éld&}égwﬁ%‘ﬁfi?%@agw
means of a tprrepides ere desnstebdcierU.at Patedie dNob.05,101e04dr drdr 5,630,134 N€Othd polRE@ES UT €
t ransducers C ected to Macl.gb DI nst r.ument ustralia whi ch
PR SRPERY SlhshReRe” BRpAR SR e 800 &L oz Noeowiz2bt.

.Was run Clg)nctl nuous ,
hemat ocri t, 5,517,620 €5,628b82] 684,673y tagd 5SUEDS 4MNAPCT Kapplideaass) wof 94x8 15 uwpor t

rat were nopj d r donor heart was attached to the

extracor porﬁ_é%ﬁ@?’r%@ﬁ/ga?ﬁ@tgg‘?&the end of each experinment. During the course
of the experi Ment is wolINkdEWA BABAMS dREids 61¥arto AdeR0dors] aiMh@RGh e fordbpt id he
sane strain) were transfused as required so as to nmaintain the volunme and

stabi ity ot iarlypisialtat harforammiistacd fut 2 papes hayngdyiprahdistidfmriaskeraey e
admi ni st e eghiniveRrdnitly GRBfVeIH m@ﬁﬁtﬁﬁdﬁ?. ISuftshld REHAIERAds TRIbS Qlyal RakAahLig,

each rat (270-350 g) was anesthetized with diethyl ether and anticoagul at ed
wi t h hepar i fick apberelicpgid (sisriniagadotsapy 1.2anddiaedr t was t hen i rmedi atel y
exci sed and i 1 . 08 i ol s
cannul ated an_gnglrehr%%glgled;gri&%sso ﬁ?(eﬂ%: L%%%%é%# aﬁggew‘@‘ﬁgﬁgé% o%?étﬁg eFhakia

Pf | uger sAr césrivatsfesee HigoredpsThiswan bpbnpseraentlyinecodwlisited by traeting the ankéno groups ef

61:291332 ( i i.aly -0Mm: . anj \ :

constant f I Durertieotd gl ARl BBl s O 0, BHBRAE AN PRbjordibyRacia i
appendagey @ afHalogehatddlacan aoall deduative &t hetearyl{y@stet)h Solidkptwsr sgntbeticprasedyres t |
ventr I cul ar enz glsetr %llc;v%l %Ggrea(ljclteadsntl ?elr}a?s b?%%%ﬁ# itk sof\lfggt’. TRX ﬁxga!l fr];&{‘cﬁn%?e'aséd%&n

vent ri cul ar "deveT oped pressure) ettt ached 1o & pressure RPansaucer, was

i nt roduced thatsinttythylefytic viemtape. cOtherddiamid deeivativies of thepdptides oTthe ivaditionemn bwas
inflated with, water until a left ventricular end diastolic pressure (LVEDP)

of between 2% HASFHREDPYai ned. Heart rate was cal cul ated from the

pressure trace &Hﬂyaﬁﬁﬁb’p@@&a@ﬁbx@ﬁc&&l@h@kWntdei)iﬁ&Jineta(smaEﬁas ccﬁ}@éxfaudsirmﬂ Spitades ur e
was measured via a sidearm of the aortic¢ ca

. n of, la. ALl _ 3 0 MAR 200 |
4172- 3- PCF Polggnippnelyssrpeoif %@é%@@&ﬁ@?@%%@g Peridesotthe %@E%%n%mﬁ%ﬁs was
i

run cont i nUgta¥nib MHEMAH plitRie SR AECABLn UEX PaRBH NRAS BS7,39818d 5856103, ¥nd
assigned to two treatnen roups (see Figure 9; heart s/ group) and

6
aer obi cal | yPEE€mpplicedont WO BE32n freialse, 8. Katont Moy 3.4, ntrol with 2 nin.
sal ine infusion Vmp{)&% dYox he{?‘fva s Gredallh MERGOET 15’1?_' nddoﬁp%ﬁhﬁe Ricitsl 2
.mn saline infusion a e onset of reperfusion and (il) drug with 2 mn
drug i nf usi pelyhiydrosgiis aicktymmdsancharidesan@pdysaicharfsies (.. e.ddiedcchasidh tispeghiridacetcadr ug

was therefore trapped in the vasculature..for,the durati,Q . i -ng

i schenic ﬁ’eheﬁﬁﬂ?’B%?Wdéref‘%f’??ca?ﬂ%esi g?eﬁssl%%’]'a ‘;3tnl?‘1°em%ar(i%hea{:i degkauﬁlg%grg ?ﬁlﬁogn.
Hearts wer ecith@mics URi£6teednd Pyrafbses. rOmfof gheojrithe exaaipies fof @ furaroedudug systenius i ng
which tinme they were imersed in saline at 37:0C, |schem initi.ated by
cl anpi ng t helirdsseThedydiony eremmrieisoss GATPePEte st %B?W@rfag]ﬂ%mvl\@?o’ﬁy%ﬂghona?
diverting tBgubd QNiiBWAYink BHRMdehRIeifRe ket Wiah arlaCkolpe b thassmypiie) ofthe mal
via the bypass l'ine. Hearts were then reperfused for 40 mn, during which
time contractile function was conti nuously neasured. The drug, whose
identity was unknown to the researchers perform ng the experinments, was the
tetrapeptide D-Asp DDAla DDHi s D-Lys. The tetrapepti de was supplied to the
researchers by Bowran Research, UK, dissolved in saline at a concentration
of 16.7 ng/nL. It was infused as supplied w thout any dilution or

nodi fication. Physiological saline was supplied by Baxter, UK and used in

controls. Fresh solutions of saline and the drug were used daily. Drug or
—vehtete—was—rfused—-Ate—a—staearmei—the—aerte-carhula—by—means—ot—a——
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Figure 12 shows the absolute values for the left ventricular end diastolic
pressure in both study groups during the 40 m n period of rep i

bot h groups, the high tevels of LVEDP . resulting fromthe co IUa

whi ch deveI 9 ed during i schaem a fell with time towards the prei nterventl on
control valll&*However, the dr ug group ndrmal i zed their LVEDP nore quickly
and nore corrpl etely than that seen in the saline control group, the.

di f f er ence tdimpergids.i glnlidfrédnamdn/tazﬁroéysfsrpyoducék the iR s20Datidé peRid3 dBTRtIE8 (there

-poi nt studi ed. 5#51 g gﬂ}’ onsi stbent wi th the enhanced recovery seen
during repdtfase fihp‘t U5 SHP° DREREEHIAFSBHYSF the heart rates

obt ai ned in thepBspl d}@etmﬁmh@tergamparambvdnummaﬁorfgitewteka vﬁm@ufaenﬂzﬁetal
reveal s that these tvvod%éou ps were essentjally identical (115.0 ~ 3.8

ver sus 127 .1gnsy When gitachedig thepgntide; this finghigna! eroup Wéd tfevlfimctdawnﬁrcb%wgéﬁmr i ng
the 40 m p sﬁpamdtéhﬂatu&?g’aomrv@ebeﬁﬁﬁw@t deMvaaeettﬁatuap@pmt@ p Al HDEysAr sand
the values did not differ si gni ficantly between each other at he en

the 40 min [SE@éDfN@ﬂbw shewi sulFighmg 5s di isrpatidpaied bitsthe tistal yindimg\capagisy aftthtShe
end of rep n ile
That of ¢ ool iieddRe b gt By il BT CLAERLAR BB RaT 2
al t hough t hyeptidzl Mpmmatwnugﬂﬂsémdgﬂiﬂedlylwnhmmwatt\hlshnngshomt: sm)lﬂentteepmhthgm on

period (whic t he observed ion e
Phanges o dviorss Saian CISMath b B8 AT e ST YRRl ke P A BE R o
study i ndb Gattegatllyshtare redttddMethi2 b radetithigyiding topevelthesech-subktithedpdptideiefivativa. H s
-Lys appears_to have signif nt and substantial protecti erti.es as
assessed b Waatt?aﬁ%wmlel‘iﬁtyma&@%e%n ﬁ%‘}nfite(":?g Ei ﬁHtY‘? Tg 9‘9 thylpyriginge ¢+
50.5 t 9. 3%1@@&6@%%opfthdqg;&dcsﬁ&}gmeqegwnct| onal recovery. The magni t ude
of protection is équal to some of the nost powerful interventions studied.

TABLE 3 Conposi ¢ P@)‘t%n%‘rdtnﬁé* BPGFeFEAT USicAGPe e cmaste&ef Bigding Ayplepanstal n¢n| ye
prior to atfagdlinelisoaivaiislof EiheplidestRCbé BRIMLRLLHSAL biife manner as for the
Cont rol Drug*Sal i ne Control Drug*pH7. 29t 0. 017. 26t 0. 017. 33t 0. 027. 31t 0. 02pCQZ
( mHg) 60.0t@spyedylgthdaming derivetings. 6t 4. 7pOz

(mmHg) 230. 6t 14. biridn AR EHEHAGE ahd li

(9 27.5t0. 927. 3%%@31‘%3%8%?&7 %%él%p &ggnﬁégxﬁgs i% n HE T contain a tetrapyrrolic

( Mol / L) 146mR00c3¢ls eapable ofindingte greis4 Hepe,@hlgtophyll and corrins are prime examples of this

L e —

(ol / L) 8. 9FuleA-B; 9hdt M Btz OmS8d0otiOdeFory fem heme and has been observed to possess
saturat|0n99 6L.0. . 30. 198 t0Q. 1 Th

per group® AF ‘flhc ! %%%ac"é’pexpr %@%e% té‘s Qtrrr%ca %éﬁvwi?%ﬁle gwak{{%R%)' klg%wﬂq%
D-H's D Lysa porpl@nﬁ-ﬂbj@ﬂe%ﬁﬁaﬁ&&ﬁ%séﬁsﬂ@év&éﬂlﬁs for Badiak loﬁex)psdyrs(see IFlguretﬁG)séur e

and heart in the suypport ntrol .val (
aer obi ¢ per‘?qt.‘?&ant? t%ﬂ‘b’soi‘%deﬁt‘eta? “Fh%ﬁ% §?28 e’rgm‘é;’)eésa%t}f?sm?nﬁ%d %—ie()ﬁlt1 Rat e
(bpm G ouptefdleptid: s66Wh InHigR66@ haPprdPide ﬁb&d&g Bty mOls btHeBthén éi@ﬁerﬁh&eﬂy .
Al'l val ues areg expressed as nean t. SEM Th re \/vereag?égl ort. 2ma S.RET
group. * Driiepilies the parphymnanefal gomplex. E'S‘fgcu G E$ %“ contains

ventri cul grofign &lanadakh &8 ?Mﬁ@yrﬂﬂ\@?ﬁs ‘ﬁfércbmbl%k%sﬁliﬂliz&ﬂfyfﬂkbimmaz@é @oggsre in
i sol ated bl ood-perfused rat hearts be ore various interventions Cont r]#e
art

val ues (t=20n fierpasiepfihis @Mt@%mwyatshtbefébﬁm yipdeiraRentide deyyptiveyauih b

Rat e Perfus I LAPhE: the
236. 6t 17. 9 !é‘g’gléf‘{f%gﬁgr 1l 4o Bt B d0p o0 B ip Acleuad Pt e |
expressed asox@;ﬁanwbd&ﬁwbtaﬂihmdéywmsGmdaqwbmr@upanl mal s per group. * Drug was
D-Asp DAl a D}Hl BLE. 6] sche c

gl obal , zero flo ?rg?: t‘ﬁ”r%@fcl egnmva %Bg‘?rhl ?%dr:t &o%%@pﬁeak

£i me-t o- paakiesdpiphpfinix &amsbtgc)uvém ax)cﬁmhpleewﬁmﬂtemnoegraupk oﬁﬂnspépnﬁe ém@8l8yiag 3. 0
19. 8t b. 6Drug* 11.9t1.716.5t0.9 ﬁ‘i‘% 1.2 Al val are eﬁgfft%?ed
‘as the meanSendaioligRbase PRRtidEsYH Ear yeicpily, the figggming gigpp, %Suﬁr%é

D-Hi s D-LYS resin-#biA&s é%tlgganﬁgcﬁgﬁ%cﬁbowﬁtaﬁﬁ p@fphfﬁanﬁHl@an&chmnéanoﬁ\
Brain |Ischem a I\/bdef R 2004 Focal ischemc infarcts were made in
mature male Wstar rats (270-300 g, Charles River Laboratories) as

descri bed previously (Koizum et al, Jpn. J. Stroke, 8:1-8 (1986); Chen et
al., J. Cereb.lood Flow Metab., 12(4):62l-628 (1992)). Aninals were all owed
free-access to food and water before surgery. They were anesthetized wth
3.5% hal ot hane, and anesthesia was nmaintained with 1.0% - 2.0% hal ot hane in
70% NZ/ 30% OZ usi ngwa face mask. Rectal tenperature was mai ntained at 37C
during surgery using a feedback-regul ated water heating system (YSI 73A
rectal probe, Fisher, connected to a K-20/64N aquatic bl anket, Ham|lton
Industrl es, G nC| nnatl, O—l). Pr eV| ous_ studl es have shown that rect al_and
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Begi nning one minute prior to occlusion, animals received an intravenous

i nfusi on of vehicle alone (control) or drug (D-Asp. D-Al a DHigsgmM{siﬂﬁlln
vehi cl e over one mnute. The identity of the drug was unknown to the

r esear cher si7perdror mi ng t he experinments. Lt was supplied to the researchers
as a concentrated stock ( 16.67 ng/m ) in phosphate buffered saline, pH
7.4, and vvasdstoreg)i at égoc. The drug was determ ned to be biologically
active pri 8P°%P% 38 etfélea?j%jc O FSE 1R Biderd; pethedsy chue methed san &elivesl to
“formation iynihesize OthaSpoReS AR dbSFE JEXANRES f%heﬁb&ﬁgﬂo‘:k sol ution was thawed
jjust prior to use, and a sufficient quantity was adninistered to give a
dose of 20 ny/ kgthemsuitahle perplyits and andcrpcydigehelatorsaddinmeitetls af atoohiag teherodr ug
or vehicl ege I . i [ I o~0ccl ude the :
Fol L owi ng. Zre o B G R A AR Lo PF by el
repeat i nt pasiepxslis cheidtors thehcauld tetrattgched toyehiidss eredvewn. o8ve, d1g. [TULS Patbhts Noe end

of the sec I i t o) r i Lately |l ed back from
occl udi ng. SR REA SR B oo BT T S BRTEAR B v Pl snliammns WO

i nfusi on, ®Hé4HAIand MO @RBR706e- anest heti zed, and the cannul ae were 3 0 MAR
2004 4172-3-PCT,41 remaved.. The apimals were returned to their home cages,
wher e t hey vvereAé’IaI'lmg)g a&&%‘é‘lag%@ggh?%orf 384 meHdhak attaching them 1§ pReteias ewei ghed

bef ore i schewiivedan . HFheneNsa@ssooee. A neurol ogi cal exani nation, as

described in Zea Longa et al., Stroke, 20:84-91 (1989), was adm nistered at

.1 hour atfd at 2MithpEARAmAesare kpeRiobisinesials, Bebidingdronaiiitable flighipeeamaes for
normal ; |, whinh Uerdvalifes R PpERAbE B AYElRh ofd dldibed i%l&ﬁ@@éftek’cé'ﬁéé 4 34y 749

focal neurologic deficit); "2, circling to the left (a noderate fdcafl

nuer ol ogi ca’éﬁe'%’?@’%)l: 3, falling to the left (a several focal neurol ogic

deficit); and 4g.8 ‘?’Qﬂ b A6 I nsei ness.

Twent y-f our h_our}s’ ) g’f r@ér\[%%%g%% Iogcgi)&é% an?&ng{hgﬁ\ﬁoggeéugt\é@gth ﬁ%’? ?@gﬁ%ﬁﬁor

ket am ne ( ZdkingAeryjatizesch! shelpaptidee of thd Bivengiok gle, detyaibbd igili@ PatentsMNusUE 212, 1481 Y,

and perf eSS bl e inkhged saline, followed by 10%

buf f er ed%?%?drryl n. %ﬁg%@#ﬁﬂlga%%@%?%é%@gé and cut into 2-nmm coronal slices

usi ng a rat br aAdditreral non-geptidd metblicheiabrs Sekhen inkirert or Witlibe develdged. Meth@tsal of -

7 slices). e slices.were then, enbedded, i n.paraf F;m _and 6-mm secti ons were

cut £ rom i RLBees R P b ERE R S e R e b e s

and eosin fbh-peptidEdnetal cHebators toviad pepidenabthelaiatioh badthitstheigkilfin the art. See, e.g.,

~conputer-interfaced .j e analysis system (d opa] Lab | mage system Data
Transl ati o ,os%aItTr‘g%?%gaaﬁﬁﬁe, eff?%‘ﬁ‘és %@aa‘ﬁjﬁﬁ&‘&ﬁ OJSmat hod (Swanson et al. .,

J. Cer ebm-?l hlvbogls E.Inlq,\a/alb&é?m&,ﬂm%&i-&%ﬁdg%ﬁ(l-b&ﬂﬁ;)g)gcmcﬁ&m @?Qﬁﬁ@ﬁl@ betacted
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1. Inhibition O Hydroxyl Radical Production The hydroxyl radical is
probably the nost reactive oxygen-derived species. The hydroxyl TrargeMAR 2004
radical is very energetic, short-lived and toxic. Some researchers suggest
that the towizerery of hydrogen peroxi de arpd superoxi de radi cal rmay be due to
their conversion to the hydroxyl free radical. The superoxide radical can
be directly i r tion.
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copper, i n B peptidesaiererabll uasbaitited. @, mwam@@nmé@ly AXinb adidekyGalSsubstit@ed
foll ow ng reaction scherre has been su ested Ascorbate + 2Cu2+ ~ 2Cu+ +

dehydr oaséo nen-pepside. )ng tiQn. aggescrife d@b%v_ptc(lgawdez;lemql bindigg + 4+
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Then, 0.5 nM ascorbic acid in buffer and 1.9 nM 2-deqgxy-D-ri bose in bhuffer
were added $FrRkee peetExample il L§ﬁ%§°?ﬁéerﬁl§%?ewa}3 Mostasterghdy L4q 9 sraghbehain er
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was read. It was rapepti d Al'a L-H's L-Lys [SEQ

| D NO: 1 ]2ocEt)smcfe@blm*ptt®ﬂlgitpnBib)mqamfem armldeluﬂ@gqrﬁmldnﬂ@fs ampenﬂewégqun@smdal s

in this ass 2 :
Tet rapepti dé ngs%gée‘fhﬁga?ﬁgjd}q%gébg8§ﬁ§%hef?]§tid\%§ng&f nlg ect i ve hegl chtlalgl Smt’IsASo a
ti me coursea mgm—mmlmmgjheteroﬁ{cgualkarib&;emdlms(sw;aﬁlglbe lgéewmmmﬁlsghr B; asiaD,),

d d : :
e L
tetrapepti dglyceylster (sat [F(guﬁd‘ 192\ Zbomp@mﬁrﬂ)sedh ﬁ)hhulﬁ(b)snﬁtls am alis§] SFBAY] rcemteininge

subst ances. Int esti ngl tetrapeptide_at cop ragtio
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site-direct aef lny@gwwuwt By Kbigepmngtible bis mepes hat @ @eptids Cane SorigAng fheg
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20% These dJfitRetis W@t tdhake HBRApti®aLbre substances are still being
produced even in the presence of the tetrapeptide. They al so suggest that
the tetrapeptide is being degraded during the tinme course of the

experi ment... This degradation is nore than likely due to the formation of
free radicals in close proximty to the tetrapepti de/ copper conplex which
attack and degrade the tetrapeptide, with rel ease of the copper. Since free
radi cal s, such as the hydroxyl radical, are very reactive, they will attack
the first electron rich nolecule they cone into contact with, which would

be the tetrapeptide in this case. The effect of pH on the inhibition of
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f SEQID NO:1 * Data taken from Table 2 in Exanple 7. 3 0 MAR ZO%RZ 00k
4172-3-PCT 48 B. Assa~r. For Superoxi de D snutase~SOD) Activity Ik gme
super oxi de dismutase (SOD) is a naturally-occurnng enzyne which is j
responsi bl @7¢8rC7t he breakdown in the bod3 of superoxide to hydrogen
peroxide (simlar to Equation 3). Hydrogen peroxide can then be detoxified
by catal ase. SOBbM@Sanasaysille tigier adietecathypeptide thetha ssmyncd dsp AlddddLymncanthe
previ ous sectjon and was, found tq have n%r%e %data nott SlhOV\@;)'it}TeQi S rgcsglt
is riot suSPrPZRYDECHRISEEY SIS 1B RAve AP FEr R e O HA T A PR EY

hydr ogen perR¥hiést vyldids SeRRdRRiNe dentaBed ih peptide synaRyie(steigirad I9B-Q)e Many
hydroxyl radical by reduced copper. There are repaorts ip the literatyre
that coppemuitabpdianiags trapeaiisblp cammeipially or priable déat‘m’éefs.cf‘ng‘?ﬁé B eReizedy ol |
Int., 39(4); - : . Cuffi et al., Pharmacol Res., 38(4):279-287
(1998); Psod?le?lqoe%ts'ﬁécﬁw,(&%gé%nhor g. Biochem, 73:157-165 (1999): WIIlingham and
Sor enson, Bi och&m inBrogphtbe.lysResdim@ohiigure 188) dap: tpgpeppng 36 foipgys: To a stirred

I e L
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an el ect r orrogmdepresatureT fhe bigpipteteddysne 2ds 1saiatef By flash chromagagrap L&

Super oxi de ' .2‘6‘?‘9 OB ethhdol OTRE puptii@liniZ 9kid Hen 3d fréecheced
NBT has a ﬁ{i‘rrtgldfgcv(a;i#hJgl ngo(?f.gﬂ}%’tlai&s kn?_)wn t hat ié%plp_er1 i_nhi bi tsﬁlﬁga;rft hi n .
oxi dase act proiettyd [ykinn dinzen 2iemploaingtclasgical paptidesyrehgsis pethodategrigee Figrg ¥ 5220
(1991)), so all gexperi LS. cont ai pi GORL alspeda His Lys, b

et hyl enedi am net%o&féggﬁb%eé%ﬂ%%’ %’EBQ‘,&%Q‘ %Bﬁ‘ﬁﬁé\%sq%%%ger ché?at%r .ls ,hsecan ) ,
EDTA- Copp8r syafhiegikeadas frllsws. cRitse d differen$Biecist lysneadimendds syathesized Rhaw ltingie Mo

SOD activity (data nof shown) .. To performthe assay,. bVidsc®. 1
MM xant hi neX’(‘ GrRETER arﬁ?‘E?i?Z‘%fos. (poe @@H%ﬁﬁg‘% a?%’l g 8%‘2%‘?@%9 maCo%l)rl,AchO Sr?M
Sodi um car baaueas. s 1oy, IEPLA figtn oCtenbiiml sxsyitiersaiaions,
cuvette (a i nal concentrations, fina . 2)g reacti was starte
by the addi Steslardgeptids ﬁyaﬁléSI%\%fg_ﬂ$‘%°g5f‘° mﬂmla}é%tdrfaeﬁ?aes%%mc@b 1 ex
(tetrapeptide/ COppRHe Hfdhdrd Whede cdehlpephidt s We Retn2HAsVAlaaiis Dynandoxdiedal & a
(Sigma Chemical Co.). The tetrapeptide-copper c,or‘rggex vvaa (E.elpamed {:}% .

mi xi ng t heo glycerdestet, ceebespnthesizsp ey follaws. Ahe 32 bstYcLPPRRRF 1 9291 S OROLRYF & 1 o
i ncubate for, ' i ist t | IRy Ala8ley ADRiQ Bestd 8 Whetdin t O
t he cuvette%lé%el%%%g%ﬁfggglggm%%}cﬁ%ﬁgdéagg ever;/3 _GO%ecqr?ds for five
mnutes at B6B melyl, GEncbequemtedxes dollavse(seeckiswrpd §P)-ddovi tired spiglen af Feoe-Be i o

of 1:1 was shown .t ve Ly i NERALQY islaBiHaBLbL RS NBT
reduction 7( 3@%‘%@@‘3‘?@1@5%@&‘8%%%%@%’% %g Washé_a\}%’f"ag(!nr:IdNI%\Rﬁ'nZOCJ\)}?lf o
A772-3- PCT 492-&ibo@do 508o1#)i ame smidesde @6 franolie) eThehwplntisis stimseé fgr, 3 6psEsPt 6pPT CS

val ues (anmount that gjives 50% i nhibition). i NS84  ®fist he
~ tetrapept X &EHRENEE 0 PRI SR 15%%0["?‘%“6’1‘“’% ind\/}/gésg% lgﬁ%%%?%ome-aa\%aﬁgr%%%% @s
acti ?/i ty OI_( g%ﬁti&pfs viagllgéﬂ@ith J@iﬁ wieid isél%t_idn_f(a%),tv?maerlo-i N KdHGEDeplutide,-208 pgrén with
conpl ex did not interfere with xanthirie oxidase activi ur
product i on weaternthensthe ergani¢ laygs dii oygr Hﬁgneé‘c“n%ﬁ“fp%atél((\%@ﬁ‘é%&‘Rﬁﬁoﬁ&g{i%#g‘aP?llg .
39(4) : 813- 823 { 928, %Hig'm%%%@h IysinP’8a% (8GR UReRsh cHIShAdgrapty-oR8iTsiicOa8) .

e

This assay i's'simlar’to assay, except that NBT i s _not ;%rr%lsfntth
| nst ead, ur ieut@aivdth mix&s&axieﬂhybﬁcemﬁanhw@veﬂ'ge BePtide digieg isthen mye BLEC ¢t

was found that the 1:1.tetgpapeptide- . bRk temlranony. acid
product i on® tiifmi‘ite‘f/loyﬁff‘e 3‘“3:"‘6%8‘2’8@ lélg:glggr’;s oﬁ @8@9%&%??2&1 %%Ogdkgfgom%@ rgu;
Therefore, the 1:ThebBysidqeali-deepappaits citimhesl-birsngcompougipresoiisiudyd inthe
Since superoxide is converted to dr.ogen. peroxi.d 3 hoed
coul d hel p t@V@%B‘P-e?th%ﬁ%}cﬁn@"aF?Ptﬁ@%/“@f ﬁ@&?&&%veé’{“’“%‘r&ez’éé n??sr?ggﬁhfg%gﬁd% z
radi cal production. Superoxide radical production was neasured in solutions
containing the |I:1 or 2:1 tetrapeptide-copper conpl exes. The assay conbi ned
techni ques fromthe TBA assay and the xant hi ne oxi dase assay. NBT was added
to all test.tubes in order to quantitate its reduction by superoxide
radical . The sanples al so contained ascorbate and copper and were incubated
at 37C. At S,15, 30 and 60 m nutes, the sanples were renoved fromthe

i ncubat or and read at 560 nm The results are shown in Figure 17. In the
sanpl e containing the 2:1 tetrapeptide-copper conplex, NBT reduction

i ncreased over tinme and reached a maxi numat 30 mnutes. The sanple

contarntnyg—tie—t—ttetrapeptTde=TOpper Conpl €Xx_al S0 snowed an I ncrease I n |
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51 3 0 MAR 2004 VE CLAIM 1. A nethod of reducing the damage done

reactive oxygen specie€s (ROS) in an animal conprising adm nist@r Mﬁ{t 3““"%
animal an effective anount of a peptide having the formula: Pi P2~ '
wherein: P, is: Xaat Xaa2 His: or Xaa, Xaa2 H s Xaa3; Pz is (Xaa4) Xaa,
i s glycine*4F%Hi ne, valine, |eucine, is#leuci ne, serl ne, thr eom ne o

aspartic acid, asparagine, glutamic acid, gluta %/? i ne,. dro SI ne,
hi sti di né:orranglgmmendewcbhﬁhYérOCb‘ﬁ’é%W"’dP‘ﬁﬁmﬁesul 9? @E? Oﬂ%?

cysteine, rethionin Tyuchas chHXdﬂrg;fié!rﬁ?tsHaféuﬁ@fgm@hc Xaade, 1&g xﬁzﬂlcn@x’ta@d amiie,

"~ ~i -al ani ne,”'&81%% amds TS0 & RS eucine, serine, threonine, aspartic acid,
‘aspar agi ne ghgémﬁcajmmlasalntyhg hndthelilesor Hagesi(veh asthetrgraptdsssephonaty, Prslil‘fad?oﬁéte

ar gi ni ne, orni thine, in VI XSS
met hi oni ne,’f8P ﬁmﬁwlg%r% fs%er?e?arllégt}loﬁgsggl%gl tstg%‘%@%%gmg aa?%?{ne d\%glrlﬂneer
lysine, ag @lﬁlﬁyﬁmutrﬁfzﬁigtﬂliummwpﬁm of the annp:bun@]wuhm%d acid, asparagi ne,

glutam ne or tryptoph Xaad is anm no ac

physi ol ogi cal | y%@@p‘t%‘h?@coﬁﬂolmqo%g%é’gfm% euse Igedgc o‘s %réaggdofg\%\%g(r)gl n

;(aaTh' s as E&g& e uc'é%kééss b1t S8 e erGbns @1 Gl aRinee, Tofo , membbayctmg ¢'cyrlp&>emd ofe.
e net ho

Claim1l wherein Xaa2 is al ani ne i ne,
i sol euci ne;the twermnmadnseﬁtmé to the prgmaly P %Egra%&tﬂ? THmplds & WAL g Ba%? H8H,
a- hydr oxymef PV &%gréap%or or-[xk]ﬁ'laﬁmﬁc"?f@glv@fdoggélféﬁx& iﬂﬂ&’s&if&dﬁﬁ&ﬂs’ﬁraﬁ& hndsdasege 5.
The met hod B v5n

erein Xaa, Is aspartic acid, atamcg?ﬂ aki
ar gi ni ne, 1o camaingscforty maioy Faepounds, OfKEaQVqI@OIg‘ln?/)(:'i’erﬂ?‘enB}nﬁ PRBITICYIY} fqdoaking

1euci ne, i sol eycine .t hr. r 18 95 P 1B BBk dolahet Edone
of a- hydrox@‘r‘iﬁ%i| G % aggjdf%maﬁ

sine. 6. The method of k?(Eab %
wher ei n Xaaabousz ta&pamzo&mgxkgmdera@v apm@utaembamom pgstgreAgpligabout 2
glyci ne, val t hr eonj.ne ri.n d ount’will vwigt hod
of daimé6 eﬁﬁWS‘(‘éFé’z‘ ‘isgﬁdffg betho?{]sr@%??{%{ggﬁﬁgu%gﬁéynetuﬁ ‘rlserl?l?’ne 8.
The nethod gf &mmn?ewwrdmgmoﬁmindempm@am fiseaseirdongitipnybptrepled. hespVRE 9.
TherrethodofCIalmlwhrelnnls 40..
The net hott of therigpass OoraRAEPR; he Wuﬁegsg)@tl%m%itm%‘f% M@%fgg‘g%oéjogl%r%%%%ner ein

nis 0. 12. mmﬁrhaﬁsﬁ Bﬁﬁe géau]gl%tmﬁemﬁﬁasmm offZr dmgsmemgeémanm@thtloﬂm anmq#gh
sequence 13. The nethod 9 aim rein PZ co

fol | owi ng seghusiAe et speoiespf @ﬂ%é‘@gﬁtﬁr 3wnm( f? %Elﬁ%gg% Xaas
(Xaad)m Xaa%er?é?eﬁza Hhébléeax% ddRk of m-@omx%aﬂﬁe Piegent iﬂw&monwhlé bethat m‘ ofghain
am no acid

aving a free side-chain T
O ai m 13 whepmpeunidechi I%MQW%?dOE?’%ff“EBe tO‘Png“ﬁee"t ‘?f%r&p%‘?‘c Eﬁ%ect ﬁ%”%%gegﬁiﬁgiat
| east one ofy ahdptiysicharnr etapian méthinsthasdopani segn
acid. 16. 2Ql'hogapl’e %Qg?tgﬂugﬁﬁrwr?a&aﬁmer%l nySXaaI r| se .D- am no,_ac s a

D-ami no aci apedial degnhﬁn}(dédesmfrﬁalthﬂﬁgecﬁff%d@y SR meY he pqgainistered asfyo, 'Ill?ﬁeteho%t fiye
Cl:aim 16 vvher ein _all Qv B ttiﬁ&iava(ﬁm@dl@mmehﬁada D
anmi no aci ds. %@ 8. (S;I%I aC| g er%ggj‘%ﬁe Tret ﬁ%@ae(} aj m 15 wheraéu t

| east 50% ofAdxﬂﬂmsﬁxﬂom@f&relcdmp@de@EOUé{ﬂee @utiped gntilgn aqqeatafle FETBYRSH S A& 16
wherein at |east. 50% of t m SiBisterea fd AQnidll patibi@ foreiehupd of
Clai m 17 wherein ?cqn&?g{mps%@e r?% ﬁg‘!’egtr?ﬁm%%aygg?ds SFPZ are D-ami no&aﬁé The
met hod of »any agywitale r&x@bfalnmnﬂ&umMammdmgphéy,am%reﬁaﬂy,u peippllyparspierilE(e.2
peptide because of the need to re t}]én&\ﬁ ug{g@t@nﬁﬁ t he
animal . 22. %@’eﬂ%{sﬁo‘&“ﬂ’m@ K é?yef“??c?t GSQ nna IS su |an fro};n
cer ebr ovasculgtadhsaRedira Jikt@cdredlBidnd tdpicSB)t(mcludlng bestlband kaﬂl@gb’ﬁ g of
the aninmal . 23. The rrethod o? Claim 21 wherein tugl animal is suffering from
car di ovasculIacferrs%mmafmmﬁwopé@h@ﬁl%a“ﬁ%@q Y1 ocated in the heart of
Lhe ani mal | 24. Rt DG io/Chd . Bt ghuna e pemttnenon st

prror to reperfu5|o aneously w th reperfu5|on te erfu
or ' conbi nadhi slouse, ttlilsapreferfablem mmmethmmmn@ﬂs '1‘16%@’1%5 ECO%OS\?A%&? ein

the animal i %’hl 4 Qn%%geugzaltc%%p t | do% the invention comprise a metal-binding compound Or

compounds of the invention as an active ingredient in admixture with one or more pharmaceutically-

i i ials.
acceptable carriers and, optionally, with one or more other compounds, drugs or other material




because of neurol ogical trauma. ~~~ 1. 3 0 MAR.2004 4772-3- PCT(;S@ 200\
The nethod of any one . .of Cains 1-20 wherein the.:animal is in nee f the
pepti de because it is suffering froma neurodegeneratl ve di sease. 27. The
et hod of dM#*6fe of C ainms 1-20 wherei n22 he peptide is adm nistered
prophylactically. 28. The nmethod of Caim27 wherein the peptide is

. adm ni st er ethch carder nani beahccemhﬁldﬂiinthngerswﬁhemgsompatb&s&ﬂhh@oth@ﬁ@m’ddm&ﬁthlear

i schem a or. possi bl e, cardi ovascul ar. i en a eth ni nal

i aarosad” BRIHR R SR S Bt im e R et R R wriraleg (o
an ani mal pghiteart. 0 ReFGEEN of Heldolig oF dd@REsyrati@f marct@mﬂgebmpo@ﬁs eOtlipAatitoNs
thereof. 30. The nethod of Claim?29 wherein t e sur 1S open-heart

surgery or BYFERRIFC oA SR BN R GarCoPRIEDe f95a8 H y conygntiepglmetayds o g

of Claim Zﬁm\mﬁ&@mesetdirekln%pﬁle% K&, RYITREhSEBh 8 PAkPnRBuRRAI SBnc&! 1 OF T O
radlatlonthera%y 1ur|n radi ation therapy, after radiation therapy,
el

conbi nations th atl@goftmvme@waahhfom a@tﬁelseﬁtlm%ymmihefmﬁémmﬁs, at
| east one P S }
| ner cases {Heery Bl eths Foplaf pRhisidlald sHihoh b s pbl i ElbonkioP b o
P, to bind ayetwmbs hqmd,sqr a(mb)l—m-“@tcbst watueintoﬂtltmtd qmd@enst er dshae ejpapoi oipf o1
proteolytic_e s without alteri b|||t

or (c) a suﬂ?ﬁ@f%ﬁ‘gmg aWﬂe’?flﬁase sucéh aﬁ&ﬂlg%e Cenn 3 éﬂc rof)e Anglagacg;) qu%cciz olgéafé gr oup
t hat i nproveatatnig apipédetetryined arhduat cpfapbmplmmti ofdhe pldsamemaénnbmmn aldBe ni@n@hamet hod

.of daim 32 wherei he animal i.s in nee ecause of the
Teed o oo phnkdind ot (hE primel et ey 8RS B Samihaferdl buib AR RA R fle. 1o 1o
of O ai m 33 whengiohdibR g AP the saventfoh &5 bADadhiksRti6 (eh}fs(ﬂb!@&md{sqﬁlls amgsem a
and the ischemc tissue is |located jn the brain of .the ani mal gfﬁly

met hod of @oX{dsisazanmrsead the like). tha peiye lfigéedéeBYlF&Wﬁ?g‘“ﬂ%%ﬁ%’aPﬁupb%f&?&‘i}P

i scherni a apge eﬁ)fe daﬁféﬁemcﬁaidoaﬁﬁﬁn&a‘ie ér@ﬁi&k dj)HbS}BH!& , YRR nyodf tﬁeff&lltﬁﬁhg'f@i)
36. The netho Clai m 33 wherein t peptide is admnistered prior to

reper f usi @nﬁlless mﬁxteaﬁewgqﬂyaaﬁam@é%s ,LF§FTB?F’ ghireser mangifeh friorgiicigreid; (2)
corribinatig IQ!%@: ffor Sam U"@arﬁ@(tyﬂlgﬁt l‘eélhﬁgs@' aﬂéxﬁ%eé"'gﬁﬁ ol&ﬂﬁyl%h‘@l?doné s in

need of the pept ecause of neurol ogi cal trau e net hod of O aim
32 wherein Quhese@mdém#cams, (Brhumesetdntafsuchtag glyessel; Gdipateatating qgﬁnti;éucél@f 188147
froma neur cﬁlta{e tzﬁleér &astgx%h a]nghrﬁc el b&ga rpsthcgeg'aﬂa s%&mﬂb‘ﬁfb%hﬂe &ﬁe
peptide is a m n| s ere roph act 1 cal }~~ ~~526 ~~" m~~

~ ' ~~" 2001sodiitiontretaghing agents: sych, as~paraﬁﬁn, 6. ahso@u@n merattormsualmz-@amm5 4
40. The net hod of d a| P Qdnd cafi mal
e bi ¢ 1 18 SYRREAR-BrCRES A Aafs 00 b ol BB, R SR 46 B
car di ovasc uinasiostesaid) esmaasor%mtsesubﬂna kaolimaall bemodrewh:g @) Iab;mste,dsucm talh@cinmt hod

of Cla|m39v\/nere|nthe t|d to analmal 1ol
surgery, duf'fag® W}‘V %o Sa@&%&%@e ﬁ%’%]fiflrglﬁ’g %t?ieel?derg {urﬁh e%ﬂff
nmet hod of Gui(10)4dloMheigehts. El'ﬁﬁc%élbgﬁlpwlésfp‘talﬁlaemd]ﬁm the pher@edeyitia compogieons t 0
transplant an organ into the ani mal

f Cajm39 wh in th
peptide is Bavalicomprssbufferingaesms: Salid WPBF“‘?‘E?”? ?1381‘? r‘taﬁé?mﬂ?@oy iljfef:ﬁiﬁn ©

radi at i on,st ResRmMGharii f18 é@%@f)slﬂaauﬁh@;umlfpwntse@mMim@mugm%mmash@a
The met hod of C ai m 32 V\ﬁEI‘EIn P, has one of the following fornulas: ..~ R~

i HOO02H H2Nmglecwhm weighitipplysiBdensi glyqoloendhe likpc- cH \ H COOH i H2COZH H2N_ | -H
A tablet may be made by compression or molding optionally with one or more accessory

ingredients. Compressed tablets may be prepared using binder (for example, gelatin or
hydroxypropylmethyl cellulose), lubricant, inert diluent, presewaﬁve, disintegrant (for example,
30 sodium starch glycolate or cross-linked sodium carboxymethyl cellulose), surface-active or
dispersing agent. Molded tablets may be made by molding in a suitable machine a mixture of the

powdered compound moistened with an inert liquid diluent.
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Fonetoner b au Tt e R ATkt g mappapess s SR
grrs"t ?r:a | b: Qd: i%g%ﬂ‘gggmh?maﬁaggcsoupsulmpi Isrand g%@#ﬁ&énaé%@‘%lﬂ%zsﬁ&\%gé‘lr%&ﬁr v

i schemi ¢t egtiass @Pﬁ’ S}ez}g%u%?zg:el tgg% %?ﬁ;g%gﬁgdr SherlcBginge el k@/yﬁﬂﬁﬂf?ﬁ?hmamﬁcal-
FE R e s it 1

t Pe C: s¢ qu T'S@cti:vb igredionsthersRAF o8 f?’lrj?"?‘ﬁéé’%?%%%ﬁg?ﬁ%ﬂﬁ?%ghigﬁgﬁg@maﬁﬁnd
and the i Scﬁo\ég}g\rigé e dd1BeARleAR broffife, &bdrbelyinegmitrican lipgsagmes priesaHePsRISEh gd

mCc tissue 1s L t :
met hod of Chaiybe #&ilidedbsifes ezca?ép%%&%ﬁ&é&?@gﬁgﬁ%c‘en%fref“éﬁig%"l'i‘mhfsg‘*&“ﬁ“ﬁms—

o st on O e oo s i s
120 Of (e peptiesimoniisepofmbab ECE T GLNL (S0 I8 TELTEA o
suffering ¥ 1B g]ldega;%:g gﬂagg‘lé‘g gr{12(l=,‘nlrr1p§1€f‘S: géﬁgﬁgi“%f“’w&imp iwhith cireigangbinéldd polymeric
wherein the s@@ﬁiﬂc@ﬁnﬁ&va&dﬁﬂﬂka&t&ewqﬁqeg\ggéi aé%tjﬁeérgr]x?cg;&%ga%glﬂat% fonal M 44
Liquid dosage forms for oral administration of the compounds of the invention include
phannaceutically—acceptable emulsions, microemulsions, solutions, suspensions, syrups and elixirs.
In addition to the active ingredient, the liquid dosage forms may contain inert diluents commonly

15 used in the art, such as, for example, water or other solvents, solubilizing agents and emulsifiers,
such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl
benzoate, propylene glycol, 1,3-butylene glycol, oils (in particular, cottonseed, groundnut, corn,
germ, olive, castor and sesame oils), glycerol, tetrahydrofuryl alcohol, polyethylene glycols and fatty
acid esters of sorbitan, and mixtures thereof. '

20 Besides inert diluents, the oral compositions can also include adjuvants such as wetting
agents, emulsifying and suspending agents, sweetening, flavoring, coléring, perfuming and
preservative agents.

) Suspensions, in addition to the active compounds, may contain suspending agents as, for
example, ethoxylated isosteafyl alcohols, polyoxyethylene sorbitol and sorbitan esters,

25 microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and tragacanth, and
mixtures thereof.

Formulations of the pharmaceutical compositions of the invention for rectal or vaginal
administration may be presented as a suppository, which may be prepared by mixing one or more
compounds of the invention with one or more suitable nonirritating excipients or carriers comprising,

30 for example, cocoa butter, polyethylene glycol, a suppository wax or salicylate, and which is solid

atroom temperature, but liquid at body temperature and, therefore, will melt in the rectum or vaginal

cavity and release the active compound. Formulations of the present invention which are suitable




52. The nethod of Caim S 1 wherein the peptide is adm ni stereg ﬂ n'm“‘!
ani mal exhi biting syrrptom; of possible cerebrovascul ar ische Uo possi bl e
cardi ovascul ar ischem a while the aninmal ,js bei ng diagnosed. 53. The net hod
of O ai m 57" #E%ei n the peptide i s adni nlzjétered to an animal prior to

surgery, during surgery, after sur , .Or conbi natlons o e
met hod of cﬂmavmragacgmﬁéatwnt%@ 1§%JF% 2SS, BRSSP E ga%{e‘é‘g?mgsﬁ? ggw
transpl ant ap. QEA0C %mha%@law@m@mmm@@mm 51 wherei n t he
peptide is ‘admniste t

an animal prior to radlatlontherﬁxﬁ%/ tg}g
radi ation ther aﬁ;qsa@ffmms forabi tapicd nr ravadeapyl adminiugtion facrppR™ tplgg*ven
The net hod of 0 d ! soRftions) phtokesadiops afd PZ
i s substi tu‘f“élag‘?/\%cfvﬁd%fsa)sprﬁyss %lg'g ent:LS ggs‘éwﬁé&hs%&groga?g% The 11 ggphl | | c?lgt of
the pept i dejnwilidioUtheaktierdorgotdtematiel mikgd widersterilocasiivgnyiiag P‘?aé‘ﬁéce“‘e% Ya
substituent that prote ide fr %?c‘ﬂ Lydres w t hout
altering t h%?c%lﬁi‘q‘??aﬁn%fa‘“am{}’oang%ﬁ%ﬂﬁé’fgmg%ﬁgﬁé l-Q{atcyl)b(ea{t‘gas&ubst| tuent which
is a non-pepti deyherwﬁtﬁlmtbIp@sibsngreﬁrﬂmfdlgellsaiaygom;n, ip hdditignre p@%@gcqm@uaﬂwﬂ ity

of the peptide to bind netal ions t hod of £dafknat
| east one athisinveadqngexsipiqnss, §“§h§%‘§¥’4"¥‘§f’e§ﬁt@n E’% féwaxes ‘}{fl thent’ t% d

I ncreases t fih @lieh d@gpaamda&ﬁesymmues dlitiendid tpldand ziabpxife, gr of
P, to bind Q&%ﬁc{s@?@%ﬁ‘g, e%gﬁa}&g glﬁbé??ltuent that protects the peptide from
pr ot eol ytlocnmrtmysrésremfthout altering the ability of P ~ to bind netal ions,
or (c) a substit en& %a}ls?ax?%)ﬂ% Re@lilisifo 2 dRtpRlndvraM ingnfibnyetdimendd sugr oup

t hat increases t BT e peptlde to bind netal ions 58. A hod
of reducing ailbaoséamla,gmcntamé ahymmeah)tdroxed oRiphErsi %@W‘QQ° PQVIeLOrpugies or
an organ tha en _renoy, r | @A duSto@ryC @ftfpaltdntsn Gudhhes

ti ssue or or"g ﬁge% ts‘isf’ %“%‘331 ut |pr??'scg%]t g?nﬁérygaﬁgnc fective ampunt of 9&3 tide
havi ng the fcarofaﬂuamhydré&mnsmmmmummd hw@mcmm skelys bgfege angdpr

Xaa2 Hs Xaa;; P2 is. ~Xaa4d~m 3 R P XA&ing ics tgjuyg:lde@qery of a

al ani ne, vali ne TFaé‘Ef}?F‘H ait%hST Eﬁc:\{ﬁee ag&s)egr |d§%ntag[e (r?f;pénl neg calépartl c acid,
aspar agi ne, cgh?&ﬁi@o@ﬂﬁ(ﬁh@nn@ituﬂ&mmp Sublydisags, fommhwmwbdélssﬂYl%ldbﬁpﬁémg

argi ni ne, ornithine, pheny]al ani ne asi n S8 hd ast
met hi oni ne, %P@WWWW?F%‘EP‘?“H@%/ a ‘éenlgtsm gl yiépoﬁj a(rgl?{ne ~3 saolngrrllfne

valine, | euﬂge{{ﬁxmhéﬁhe%&d?ﬁwn%mﬁdna@s cah Bls@bniseEto uasqasmm&m@éﬂva corapqyad agPsie,
|

glutam c ac | ut am ne ysi ne, hydr
or ni t hi ne, pheﬂgﬂ Alba patered SUgh T SAmbe CO{“@GE{B%‘H rpr%x}dlfl gkeﬂ(%ma?}?%ﬁiﬂggmne Y
a- hydroxyf&?t& eSElol HEcormiRAR inSa fBlheek BRwixadr gelune, valine, |ysine, arginine,

or ni t hi ne, dJartlc acl gl utam c acijd, aragi n
trypt ophan; Xaa4 thrnmqwt@nh PRINRPSitigns %@mnmivg'lt]@n B{Sa%’leo?or apar%nle%’ adfninistrations

physi o 091 0l e Rt ADlro hhphlis e e Svenkibe iTeioatihatin Gl mEBruheree 0
Xaal is aspaﬁ c 2d {amc acid, arginine, or a h dro%%qet hy&s%sﬁ&?ﬁ
60. The net hpm:miceﬁ@llym@eﬁtab\lhestmlm isetemic P%leeﬂsy%ﬁ RE-ageai A0 T,

I euci ne, isol eucine, threanin R aGk B8 reddBitittedinbesterile ﬁtjewhbhae

or a- hydroxyﬂ’ﬁl’mﬂ"%?’i?{% S1gY, 8ﬁ'ﬁ§ﬁ§r\ggﬁde§§(§)’? C a|5,m SmS wher ei.n “_g%(aa3l

|ysine. 62,5 dgidiebhdisepfiorSljust midi8o wiewbichmxn entsis aniigidan BScf0 ‘Eﬁsl}‘t’he\‘m c
acid, arginine, or a h dr oxynet in e g BEthickalinge,

| euci ne, i sofade ﬂl‘f‘ef"“% 08 OF?éuc"g‘brstﬁ bIOO%aosfég?[gm:dg%lgklﬁg?hl %ur??éne Igh| sti dine

or a- hydroxyg%tngyl serine, and Xaa3 is |ysine. 63 The nmethod of Claim62

wher ei n Xaa s aspartic acid or glutamic acid and din th
gl ycine, valine, Exanemden ofesuitalls P‘ﬂ@ouso‘*}ngldmﬂ?gﬂ&‘ﬁ%%%)ﬁwe{ %\lﬁs e”%b@@ﬁlﬁﬁye in the

method of d ay %Hn%e AL g{g}Bo of the dhARfdIEInclLdY waer, athanml polyols (such as glycerol
a- hydroxyrret I?y serine.

nmet hod of Cl ai m64 erein i c
aci:d and Xa@?rdpyleat gllycoi,qnolyet}ﬁ&ne gibieoLrand the dike) and syit %ﬁ] X\%ﬁ%sﬁl %th‘%ig&ag@sﬂé

\?\;er llh ﬁ 29;[ Q%gchm;s olive on] agd\%}gctgolp o&m’x@ e9cex§ su@ﬁ -as -Ehf?l BRatB.0 Prefer Ghiityncay be

maintained, for example, by the use

required particle size in the case of dispersions, and by the use of surfactants.

of coating materials, such as lecithin, by the maintenance of the

\\\\\\




4ne. 3-pcT 5% 3 0 MAR 2004 69 The method of Cl aim 58 wherein PZ conprises a
net al - bi ndi ng sequence.. 70. The nmethod of O ai m 69 wherein PZ s @ ne
of the follow ng sequences: (XaaQ m Xaa3 His Xaaz Xaas, (Xaad4)mH s Xaaz
Xaas, (Xaad¥'fi*kAhs Xaaz H s Xaa3, or (Xad8)m Xaas Xaaz His, wherein Xaas is
an am no acid having a free side-chain -NHZ and mis 0-5. 71. The nethod of
Claim70 ~rher e|mleséa:aﬁppstxﬁsmagalshymtalﬂaijmhatsm‘hh@dfemﬁg @eausmnﬁllsﬁifym@egeﬁtsn at
| east one of .the am no al ani ne i

e O g ey AR R e DD R i R, iR AR leR oS erBni ol

D-ami no aci ¢hloridle, fidtthe Xheiin taadoﬂrbc&ltaahe Br aduitiva, poiddged abfdrpilditom®é hpsdtbfe
Claim73 Wn%eln all_ of the amg&é I ds of P, otherthan(3 al anine are D
ani no aci dsPhasaceytical o gy b proeghsp ut7bl thiarlesien ofragmisalichsday spsorpion siino

aci ds of Pas@g@@@m@@st@gﬂe%dgg{eﬁm The met hod of Claim73 wherein at Least
50% of the amno acids of PZ are D-am no acids. '77. The nmethod of Claim74

wher ei n at LeastIn 5umg eaes; in@rdgriosolaed heefict {2 dateeit B-depirabls taslpushe ap@rptitme
m_Et hod of epd}g Bgmgﬂf’%{l eo%?iir?trag;ﬂﬁgtﬁérnn Eéﬁ%n 'h§§1lﬁ§ ﬁg cg dso. the use of
tet Deing co e T ¥he so £ On

transpl anted | nto an ani ma ntact
cont ai ni ng & hgigpepdngion off Gystalltiee matnhnp&ioufmamal havmgcpboﬁlvmrrseluﬁﬁtﬂ Thedes & n
at | east on ) a_substi,t uent that

am.no ST e
i ncreases t%go n}ll%no%fﬁﬁ %%hen d?pefl ‘lilseupﬁ ?lra éildests%l\% n‘ﬁ‘ﬁ'?ﬁﬂwﬁl - {1ie d%m?moﬁ of
P~ to bind epitalsize mryS(tzbl)nea“oﬁluhﬁlltdrﬁameﬂy delagéd gds@rb e of aphrentpaij-adiginfsteesd
.proteol ytic,enzynes ut,.,altering the ahiljty of P~ to bind netal ions,
or (c) a su%%fstaﬁ‘é‘mpw\i#ﬁ% d|13§°1§mﬁ8ﬁg"ﬁ%"ﬂg’in§gh M‘&Imﬂf L¥8Flg functional group
that inproves tHgjeahbit idepot Gbrmish@e REMAE iGefobRing i niidrobRiapduld ABGicesS8r. thd eug®t hod
of Claim?79 wherein the tissue or or(gan is transplanted into an, anj mal

af ter bei ngbigdrgradetleaolmer sluﬂea%zﬂlﬂe Gﬁ'PeBE‘(Y&‘?lHiFnd)ePﬁ@“}ﬁe%’t fhg gatiogof drughte
net hod of q;@lyrﬁeﬂ Sndie rrﬁh:.'?e 53 mlaapartfaaﬁr 9$1yﬁaaee ﬁbize@vmqa&cyfmga&;ease dani e = _

~ | 2 6 95 ~~r.~c~'"_ pa X~ ~ =
e=~: ,r.:1 cqmtralied, Examples of othmr@dsgrmbleswomrswl%oaoly(oﬂbpﬂsmmm

HON- CH CO_' p%ﬁ%}hﬁ&@l@)twﬁaﬁlwfm'ﬁ%ghohs He H16Ftbared b7 ntrapifng e 'drag inl @@

liposomes or microemulsions which are compatible with body tissue. The injectable materials can
be sterilized for example, by filtration through a bacterial-retaining filter.
The formulations may be presented in unit-dose or multi-dose sealed containers, for example,
20 ampules and vials, and may be stored in a lyophilized condition requiring only the addition of the
sterile liquid carrier, for example water for injection, immediately prior to use. Extemporaneous
injection solutions and suspensions may be prepared from sterile powders, gramiles and tablets of
_ the type described above.
- As noted above, ROS have been reported to play a major role in a variety of diseases and
25 conditions. See Manso, Rev. Port. Cardiol., 11,997-999 (1992); Florence, dust. N ZJ. Opthalmol.,
23, 3-7(1992); Stohs, J. Basic Clin. Physiol. Pharmacol., 6, 205-228 (1995); Knight, Ann. Clin.
Lab. Sci., 25, 111-121 (1995); Kerr et al., Heart & Lung, 25, 200-209 (1996). Diseases involving
or caused by excess metal ions are also known. The metal-binding compounds of the invention can
be used to treat any of these diseases and conditions and other diseases and conditions in which ROS
30 or transition metals play arole. Specific diseases and conditions treatable with the metal-binding
compounds of the invention include adult respiratory distress syndrome, aging, AIDS,
artherosclerosis (hypertension, senility and impotence), arthritis, asthma, autoimmune diseases,

cancer (e.g., kidney, liver, colon, and brain), carcinogenesis, cellular damage caused by ionizing




.-w, 4172-3-PCT wherein: R is an alkyl, aryl, or-heteroaryl; 6@ BZMAR 2004
-NH2, -NHR' N(R)Z, “OR,, or R; and ~...~ ~"., v ~:e ~~ , ,,. ..~ -. .
, - W~ , (, 30 MAR 2004 R3 is H sa non-peptide, netal-binding

functi onal 4@%’8’6% or the two R3 groups tog&ther form a non-peptide,

met al - bi ndi ng functional group. 82. The nethod of C aim 81 wherein the

ti ssue or GRrGaPn (¢ gt rethialivn i tumprs)nehsoran sranilamhtons dissasd gimrhgsis,dPrpbics dideasd, t h

the sol utiagf Dk Ng,: i t ne .of ai s
5877 wher AR cR R S e oot N A P e et
subst i t uent(e.ghatataramty, eceaesl they | ocplmgibn,| bedigry mdnotlosal pgphmokethy tdnd uinacular
altering theg abil.ity of P, to Bi nd netal ions,e\ﬂfﬂ%. a..substituent that
protects t HEEPEBFP e SFPBIBRPESTYRIR: BRSME 1§ 4iSeB1es SRR HE TABNS | t y
of P, to bifGrof®deadrati@Escadds (4 £) ABhEHBSS Histt) lamhBiréific lafera sE1GRE Haki@on’s

met al - bi ndi png functional group that increases the ability of the peptide to
bi nd net al 4GAYS: MBlkpletHerofs prbEnilsHemsiphPagregffisy Reripher! vaseaadisease PAMoREY aci d
of PZ is sub@oli{di! RHalilehsellaBlysR patlRd)) fef&lsidnD Glock, VEERASRML BEcurring wpo

| i pophilicity of the peptide w thout altering the ability mg_P, to bind
metal ions ,ad(rwyst@tlgmbtp@m@tbmpevmﬁsw daraage sitqr e gre(stst - transblapiatipn wrasol gien c

enzynmes Wt ' il i.nd. i . )
SUbot £ uent g refery S By o ekl b bfiba Ripho 8 Bdle TRAPOE el efien?
i ncr easesio tdiéhedipibs (tbymojuettifjerypetokic dractioms B gy Uerbietda boisanieg, tr@BitioAmeet (eogbenf
. reducing the ncentration.of a netal in an aninmal j.n need .thereof...
Compr i ong DD ARCReReDRg R o et n S Pl PR bR BR R b et Beinert
havi ng t he ifjafyyadWilsonkatisease (congenital high tevblYof copper): Specific ischemic conditiofls and MAR

2004 anz-s-pcr 61 : Pl - wherein, P~ is: Xap~ Xaa2 H.s: or Xaa, XaaZ His
Xaa3; p2 i S‘Bsf%ﬁzf?—ﬁ?%ﬁ’}tﬁi%? ”Qﬁt‘i}%f"ﬁlé’,g °8Paﬂ‘f‘ﬁé?9'é}amvm°n|%ehe, i sol euci ne,
serine, threoni MRntradsRabld SsB@iisther@igpar agi ne, gl utam c acid, glutam ne,

| ysi ne, hydroxylysine, histidine, arginine, ornithine, phenylalanine,
tyrosi ne, Bt r ypt ophanBray Sehempealten 8B ni ne, or a- hydr oxynet hyl serine; Xaa2
is glycine, alanine, Hyerfleailh BRin iMfaly Ne, |eucine, isoleucine, serine,
threoni ne, aspartic acid, asparagine, glutamc acid, glutamne, |ysine,
hydr oxyl ysi ne, hi sti EFWFQQWWTIH@{CC‘B‘P%eWhée,febﬁﬁé?ﬁlyﬂ’ | ani ne, tyrosine,
trypt ophan, cystei nespﬁgltggg@igjupye, or a- hydroxynet hyl serine; Xaa3 is
glycine, alanine, valine, |ysine, arginine, ornithine, aspartic acid,

gl utam ¢ acid, aspar &gpke(threfnbatisndntholie pr hamgsthagip sevebroxersepldr sccigepani no aci d;
and nis Q-100; or a S i -acceptable salt thereof. 86. The

met hod onQO ai m 85 \/\h@%‘?iﬁﬂ%ggg‘bﬁ?gé%sparti c acid, glutamc acid, arginine,
or ahydroxynet hyl ser iTnaimagd braifhigjuryet hod of Cl ai m 85 wherein Xaaz is

gl yci ne, al ani ne(larc\i’i% fs&% .A_euci ne, isoleucine, threonine, serine,

~asparagi ne, nethioniné, histidine or a-hydroxynethylserine. 88. The nethod
of O aim 85 wherein Xaaf® myvcdryisl infarction ‘
Angina pectoris
25 Arrythmias

Cardiac ischemia after surgery
Congestive heart failure
Myocardial "stunning"
Ischemic bowel disease
30 Placental ischemia
Pulmonary embolism
Surgery where the blood supply to a tissue or organ is cut off -

Angioplasty




argi nine, or ahydroxynethyl serine, Xaaz is glycine, alanine, vali
| euci ne, isoleucine, threonine, serine, asparagi ne, nethionine, histidine
or a- hydr ox¥/Et7YI serine, and Xaa3 is |y<27ne. 90. The method of O ai m 89
whexein Xaa, is aspartic acid or glutamc acid and Xaa2 is al ani ne,

gl yci ne, valine, thrd&ardimdyypassugery or a- hydroxynet hyl serine. 91. The

nmet hod of C aim 90 rein Xaa2 is haine, t hreoni ne or . .

a- hydr oxymet hyl ser i ne rar§plantgyon SH@F’H’% O‘QFhedoﬁc?rroﬁg@fn%rrﬁmerﬂaﬁ@e P®aspartic
acid and Xaaz i sSuadiedliigaRemif3f thEMebBbRAYuAfinj&ypi m 85 wherein n is 0-10. 94
The met hod of C aim 85 wherein PZ conprises a_netal -bi nding sequence. 95.
The method of ClAFtHRANGREMDE inyerPndpreferablyadmitastered proghylastipadii For insenserces:

'~ ~~a | 2 Eor$hoandof Tk ifventions prefBrably administered prid to And/or SimuRaneous[y ¥ith repe 1
4172-3-PCT 3 n%_NAR Sy is phefShably Amipisiareldprd g dndfor 5”331595"?8‘15?}%‘%6 S
( Xaad) m Xaa8f axdschemniedisyg08 oraan (¢ Kamidy b dkos sikaikizndatdy with engidpiasiamsrehtsean

am no acid ' . - | de- 0.2 : i.S. 0:5~,96. The.net hod of
G 'ai m 05 wher oy ROl Ssfiaphhue bl Bebdiold Pt B SETREPLYR o
| east one ofontgeendiof the ireentits: shbul® berotrhimned foan peticd afitimeaftes répefbusion e basi d.

98. The nmethed o i m 97 wherein Xaa, J.S mnpo.acid, Hs is a D.amno
acid, or bo%%‘%%,ngﬁarmﬁiascoﬁl?%“‘%ogmeﬁ%‘}eﬁﬁ‘?’hsgf’%'%e eminssirzedprion fpngfor éntdfiem o8
wher ei n alol suadery e garspe®hei gg@y dP-sudiehtho tAadplant -aa! BN ArA &x@R, Nghd
.acids. 100. The, net hog of C ai r%q%é wherein at | east SO% of the am no acids
of PZ are CRImPisGRUQR|ofLhe cpgmpoundishauldbe gerfinytd R Pevied offtiney afterthegnigrnyp As
wherein at AaRagteQRlATpRPhALHE 28hinRtratich, $80asolhdis ARk W dnRok &h b8 a&HRRtdquent
that increases the lipophilicity of the peptide without altering the

abi lity of 1,2 P8uept REFSHEtEl SYmpHEs oy sericginisrditionofa g  Reiebrpvesudas tischemia or
peptide f rOéﬂrcﬂﬁ%ﬁf?&ﬂch&m@jﬁmmp‘éﬁéﬁgm&teﬁbHﬁéﬂo@&h& E@nd%h{a I%ig?fs Vgelfy, 15:; %agx@ntb' nd

metal ions, or (c) a substituent which is a nonpeptide, n

functi onal® YHOwpratersad duripe &o Eme itipkestbidiagrgge sich eonditinaptandiecatmenyivith thestetal- | . -

o 192 EgpuEtodoflo bR NEESIof R ARG R B [
Col N~ Nkﬁd?hmfkmof e plasniE@eht hator fohercti @Dk HCIBOAN canbdddmisistered. |
v 5. e B35kl R R e D RS i
~Rs) 2N- CH CO undédeb +4813tiGHthe @piNed. g réli@lnXbrGODHot-br@HROR2HbokiZ idathiv Gnsplahif |

R--CH CO H ~~-- %g&x;gojm o Befihvention can also be used to treat patients who have suffered blunt

89. The nethod of d ai-m 85 wherein Xaa, is aspartic acid, glut am'3:gaﬂ'm,2(ml,
n ’

trauma. In particular, acompound of the present invention may be very beneficial in treating patients
suffering from multiple blunt trauma who have a low albumin level, since it has been found that a
low albumin level is a predictor of mortality in such patients. More specifically, 34 patients suffering
from multiple blunt trauma were studied. These patients were admitted to the intensive care unit of
25 Swedish Hospital, Denver, CO in 1998. Two groups of patients were matched by a trauma surgeon
by age, injury severity score (ISS), and type and area of injury without knowledge of the albumin
levels of the patients. One group was composed of the patients who diéd, and the other group was
composed of surv.ivors. Following the match, the admission albumin levels were retrieved from the
medical records by an independent observer, and the albumin levels of the two groups were
30 compared. For the 17 survivors, the mean albumin level was 3.50 +1.00 g/dl. For the 17 patients
who died, the mean albumin level was 2.52 + 0.73 g/dl. The % variance was 28.6 and 28.9,
respectively, and the p-value was 0.0026 (95% confidence interval 0.3462 - 0.4771).




NH CH—(CHZ)4NH2 02H .~ 4172-3-PCT | NH | i H- ( CH2) aNH2 CORZ mQ'elMARRZ[]Ugs
an al kyl, aryl, or heteroaryl f~ ~a ~ ~~~ ~~~ ~n,. ? ~~~

0 MAR 2004 Rz.ifer- NH2, - NHR, N(R)2, -ORg or R; and R3 is H a

non- pepti de, netal - bi ndi ng functional group or the two R3 groups together
forma non-pepti net al di.n functl ona oup. f _any
one of O ains 85- e(me\Rﬁlér%déloh&atmvg%é&ma&Pg gévr?f‘%“%&fa Fﬂ’lgziaﬁnégecf? gY fthged
with (a) a sitksbtiveiyerte dolﬁqioundmaffeh?esﬁSerﬁxbﬁ chi pogith irpwnym@fuoﬁ RethPeRs kddfzal

wi thout alterin x% t he .abi |I% of P, tq bipd netal ions, (b) a substituent
that prot ect@ iR pept FEe2HFdnicprBeEd! Peivde shpawide dFPHBtH carlees iehipthines

ability of Reroti@ashehdleBl@hthioRd)systeRe, N- Q&etﬁcy%%%ehiéﬁl&ﬁnﬁ@&féﬁuﬂn%l @xypunnol

nonpepti de, mnetal -bindi ng functional roug i ncreases the abil of
the pepti de2iCBro a5, fpegpherghd rolaavater Fplablawtlaenpherp)) B-sarpiens iatwwexdémﬂm

| mereases | BT AGkf broBleol SySHRRAL Wb lob ek, bt chitihoe Sk o

‘P, to bind sefoaldejandsthefsbfeeae. g ubastet etluéﬁat}zowﬁw@mlorzzs;ﬁ@l 6 10 1 99 tSitahe, S Bavia

prot eol yti c gnzynes t hout i abillt taI i.ons,
Loy o subTRTER Marrast, € b p s T emhianal o it e Gridre §u
1 Pat id ncr eabfﬁlvéﬂlﬂo@)mkh it;;hdaﬂ;;l thdigpigepta gieento@namm (éTEt ﬁlktﬂhﬁﬂ&eatli%eteﬁ met Ihod
of reducing the e re ve OX e in.an ani ma
conpri si nf adni nﬂlﬂt“é‘?%ﬁ ‘{l"&?"to H‘éﬂ’e ‘é{ﬁe‘%‘g a&?% gﬂ’ffd‘tﬁF thg damage done

-met al - bi ndi BgRPSRA hﬂé’su@@ﬂér@ﬂl BithaShRA rdnlR e @ £0man ARiRaP e 4R, thABLAL obéRe NY
functional group. 106. The nmethod of C aim 105 wherein the peptide contains

from 2-10 affisqBteged gith agolution containipg an effective amountxf( matgh-bimiting compoundmithes 5
107. The mejhegioaf smtéb@@samg{ne IR &p@np%la% 'r edgg,olga%%m Arnom BrysioB780

aci ds. 108. The net ho Caiml erel h the am no acids
of the pept Hdé91aHé59|§aﬁl9ﬂ?9 daetset @logt’hamcm?i hied., G¥7, Bédﬂbl(h%‘?&) hHisdtlamagé atlone

Py teact YerRNARR.aRees S8 BRI, AGRNE £110%, AR LRlad R RN,
sol uti on cottiadlndengsuwh s@ﬁticmstrm\be damumﬁd eofplra;amsamd dohlgrsdnsrvgthpﬂpﬁkdhnﬁa\aﬁng
attached th 0 n n i £

met hod of | Gl ridte el B b el B Rk ekt FnbSo B e oict 70
111. The netdiedchofurfdses (a1g] hfingnperfised livieetopetn deggont ai ns from 3-5 am no
e St 2o are Trreuharke b8 o Rty o Dok g B RCa R o
~of metal ponofgan tat i ibednveMORM e HEMHmAOMRE ki iy WpRkHEed tehiRidtibg of Shetol erore
animal an effecti vcliaarmunt of a netal -binding peptide havi n% attached

thereto a n&YHEPE PamEFErEshts TR AHSE teah eesfynial P@?%Bg harvgsied opgansnekh§det of

C aim 113 Wosh#ses & BehtRRBHoEBhLLREBI-NRdiAE Sl oA R eATInd Suitdbldcontdiers
met hod of C aim 114 wherein the peptide contains from3-5 anm no acids.
include bottles, bags, vials, test tubes, syringes, and other containers known in the art The kit may

" also contain other items which are known in the art and which may be desirable from a commercial
25 and user standpoint, such as diluents, buffers, empty syringes, tubing, gauze pads, disinfectant
solution, etc.
) EXAMPLES
EXAMPLE 1: Synthesis of Tetrapeptide Asp Ala His Lys [SEQ ID NO:1]

30 This example describes the synthesis of the tetrapeptide Asp Ala His Lys [SEQ ID NO:1]}

composed of all L-amino acids using standard solid-phase synthesis techniques. First, 9-
fluorenylmethyloxycarbonyl (Fmoc)-protected Asp (v COO- ester; Tolsulfonyl) on Wangresin (0.6

mmole; Nova Biochem) was suspended in a solution of piperidine/dimethylformamide (DMF) (40%

""""




116. The method of Carm 113,114, or 115 wherein the anino acids gi:] t@ R 2004
pepti de are D am no aci-ds. 117. A nethod of reduci: ng' t he damage d g 5
reactive ox,,%??,g: ;Species (ROS) in an aninmal conprising admnistering to the
ani mal an ective anmount of a netal - bl%?dl ng peptide diner of the for mul a:
P3 L Ps~ %/n rei n each P3 may be the sane or different and is pepti de

which is cX¥fabm igr 3bmingyithe Caasi?éﬁlélglt?‘t?ﬁ Ahhg end ofghigpesiedhe salvegt wpirmmdeh

connects t by inaQedd wegp&s&e%ec}ulaﬁmgmﬁmﬁm &dtcﬁag&%&hm é@% Q? 1%; The

met hod of  aim 117 wherein each contains 2 amno a
et hod of @inhydrintest %@eétqmmtot@awctmne%emswm§quqeweh EM:R (~1 sal). The(ﬁaj

Xaaz .H' S a? a??t]%%?leg gi?en?ﬁ )Q’cﬁ}:gsﬁ?ﬁ% e)ae@gr of aigamnel}r/?ﬁ\/ﬁ‘ Was ad<f1 % 7lelowelczi)gr% 66 té%‘? t : (S:

gl yci ne, 'S0l euct ne. Sert fe, t Ar eomi
acid, aspadaigbpegpyghutiaei c(8aceqiuvg1a1tt}1mamé Ey(d e en hytdtansyd ysylr)e], 2,3,3-

hi sti di ne, orn nin si ne, o

cyst ei ne, FFZ?% @‘K{&ﬁ@lm’&? : P%&Bﬁ@ﬁ@ @S?Wlﬂent%a rpld \j’ﬁ%@?‘?@ P"&ﬁ?%e

(3-al ani nehoM@Jahﬂﬁle rE&ﬂGﬂa wes mbﬁ@kﬁwmkfmnmﬁht@t étithlﬁéi‘élhﬂloﬂﬂms ﬁﬁ@@-fﬁl‘gﬁ:w@éﬂ d,
aspar agi ne, tami c aci g m ne yS| ne roxyl ysine, histidine

- argi ni ne,. E}‘Fagﬂea’rﬁnﬂéhe rﬁﬂ%ﬁ’?‘? ‘é{?sg?ff ﬁ%ﬁﬁ{%‘ﬁﬁé’ﬁs é‘?@ﬁf ndibe beads

rnet hi oni NeuereBasBed Wit D@M(@Q@hﬂlh e'p?cﬁec‘aﬂ@ o&ﬁ‘@ﬁhé ﬁpéﬂtlﬁ@ ké@ﬁwa@kéhwv@@ and

val i ne, | y3| ne, arginine, ornithine, asparfic acid, g¢glutamc acid

aspar agi ! hedpasls arerarespspdad i BMEp Amino protecier (baumelomdtipmetive of dristidine (dromalekr ei n

5T (! e Rt fdda 30 el HEATL 6 S Hon AR Y Bty flao Ry BYBTOUTRL ML AE O o
| euci ne, i swinewasishaken fon ammmurswdﬂm@aca@pmm@mdbynMdrm@mt i thelendafithds ne

or a-hydr OéXﬁ%Bﬁlﬁ?{? grdﬁnefll%ﬁ the]‘ll% %B\ﬁ\%ﬁd%ﬂlg and Ddl\% ”M"e%felpgd ,Wia§

I'ysi ne. e ne arm erern I S aspar
glutam c a(bndf,ly @m@ malgmﬂecstreaan Ofyrdtragey med $ugpended mm;tr@@m—zatumtegﬂ)MF nlh'ptected

I I
e o ISR DPat 0P SRBin  GEBP g G5 RRAFHEPIBTu 41
The net hod equilvzﬂ]:ra) Mht 23invs @lﬁk&l f¥asbout 34 ReRRrditigs réatitn ﬁhbmgirwlﬁ(ﬂhehlﬂfyﬁdn and

Xaa2 is aI n val.i t hr,eoni_.ne, .serjne,

a- hydr oxy eisﬁ ylﬁtstggf’%e"f%ﬁgem? 2 GRS ajd the Frsingves \)Oﬁétfeg Wit JeME and DCM.

‘al ani ne, thheBat PR tRtin@ebXsWArMRBIR S Aegivd B9 tetr-E tigebdiad tdthe sl with 25
wherein Xaal is as(glartl c acid and Xaa2 i.s %anl ne. 7. Thi%rret hod of CI aim

119 wher ei i 0Ecq] 0adipe ofrdnmpieigo L BRerHn Brungtetigpepife @r?-éﬁm(ﬁm&} ) Was tegtedwith
D-am no agingfuoteiBetickRf (@Amq“@;sﬁ@fmmzm\mﬁﬁé é%d%fﬂlns%ﬁ&?tlﬁﬁlnﬂ?dxﬁh&és@s of
P~ other than (i-alanine are D-ami no _acids. 129. The nmethod of Caim 119
wher ei nboteAveEsPlpeenlergiadicating the releasg of thy frtrapaptifefiom theaps A SO PIGIHBTAIH at

| east one aAkiAGH HE3AVIY) HDNP 1508 hickidf 8 thefalelorl@le & tRMRBld D he tRAL

increases the |1 pophilicity of the peptide without altering the ability of
P3 to bi nd Reeoztl of dF4 at edyced prospusteave ibntetrapeatide(plbDies B A salt apdyyed deisd fndsin
proteol yti Qz g?%%"'v%p%'tho@st ?fd ‘P&dh@‘%yagbé K»th%( £8£v8§’3 clc’wl?ér Pt AREBL4 F?r‘s,
or (c) a sub uent non-pepti de, netal-brnding fiXxnctiona
group that spafcp'om\immdﬂmdabl lity of the peptide to bind netal ions.

4772-3-PCT | R 200 67 13
e o an anRE] of SRR i oo PR B8 e Bl fobupeaief BlotEe
et al - bi ndivsgoff DHagidot0R ilGhOpEPtiddsythesd fdand theteiRjeplidetontdintig anapahmb adngrs of

" P3. 132. The nethod of Caim117 wher.ein_.L is neutral 133. The net hod of
daim1 |7 AWferenhingtiqns ofl-ammgiagids apdRapingracisls £ae etdhai n al kane or al kene

re5| due containing from 1-18 carbon atons.

30 EXAMPLE 2: Preparation of Cyclohexanediamine
Derivative of Asp Ala His Lys [SEQ ID NO:1]

Trans-diaminocyclohexane was prepared by resolving cis/trans 1,2-diaminocyclohexane

(Aldrich-Sigma) as the tartaric acid salt. The R-trans isomer melts at 75°C and the S-trans isomer




" 134. The nmethod of O atm 133 wherein L contains 2-8 carbon at ogﬁnnm ?gglﬂ'he
"method of Claiml |~ whérein L is a cyclic al kane residue cont&inhing from

2-8 carbon aiopes 136. The net hod of d a&& 135 wherein L contajns 3-5
carbon atons. 137. The nethod of Caim 117 wherein L is a

t t [ I 138.. The t hod of C
Ly wher et vPRE R PELELOBN B! sl P st O Gl it Uikor P4 1141 & a
gl yceryl e Sﬁ&ﬁﬁ-dla&ﬁiﬂ)cy&om&mqio gh) wada bﬁbﬁeﬂd@@m@ﬁlﬂﬁﬁﬁl HRSe BYmI §akich Mlgd to
oxygen sp s (R% t| ssue or. an organ that has been renbved from an

ani nal rﬂ@%cﬁféc i 8 ) igriolpang &, mlai was a%fieéétqnwsenAt the end

cont ai n' ng (ﬁ'ﬂh@&fdﬁ%' ﬁh% r%&%%enﬁgraﬁlrmﬁé}alﬁﬁ '&fjﬁ(f"@ %1 tbl % $a
formul a: P3 P3~ wherein: ana acids. each e sane r erent

and is a pe@{tﬁqxéhwﬁs clielyese wagrybpasates, arbilthpcﬁ-rrgnsa Za@araﬂnocmhhex_anq: @acaucmasal
whi t Ct
TP rhe e DRES b AR EE PABLL SR IS B OB T ob Bl el oA

142. The netyrspettoscoficangthdk80 wherein at |east one P3 is P~, wherein Pl is:

i ne. 1 sol eudPhE st SRR PPl URD S = BSpRsOP RS Grdoam ¢

aci d, glut aammstréa;esmthdwdmw diahin6eycldh&dahelidtetic aardgm&a@%u&&eab&ﬁudﬁ%n
phenylalanl cysteine, nethiaonine

. h
a- hydr oxy'e r}reiw ?1 15°¥aaﬁ%ogﬁeggﬁvﬂ%n‘f)a§ﬁaﬁme(4 equyval¢ngly T h@resxvm shaken for

-leucine, i sbeiHéna scﬁret NEhen! {he QAT W& wRRRPK A DMICiHowabRADEY @ﬁzmgi dfgam ¢
“acid, glutam ne, hydroxyl yS| ne, histidine, arginine, ornithine,

|
phenyl al ani Bgall t/§1¥1ys g Iﬁﬁiro ly¥iy pt 16p Frai inkqes tvess fectaddiyiregtviabe regin-bound reacnon '
a- hydr oxy ”Bﬂrbddc%m TEA (R 5 b3 TRe MRVZQ0 %:égd@a%zaﬁgw@tﬁ DEMThE Fafll

al ani ne, - val i ne, sineg, argi'nine, ornithine, aspartic acid, gluta c aC|
aspar agl ne, coglbmeémth@%land mpﬁn@phéwdml%@mmrﬁhemwwclohe@l@ilMM@rampwel n

Xaa, aé%ﬁﬁ%& %1?&5‘1 %.]lxélﬂ gr%% I1§jH x%s@UhE&'a& ze8 %ﬁgw@x@a&éy Bk serine.

144. The met aaz I'S g ani'ne, valine,
| euci ne, isol eucine, threonine, erlne asparaglne met hi oni ne, histidine

or a- hydrox;gja%#@ eﬁ g %4% @ﬁ \ im142 wherein Xaa3 is
| ysi ne YESCRle s TGE 5 e?race? da is aspartic acid,

glutam c acid, mrmmMmmmuwebydhpmpmmMpm lr(@() mpes smsperglbglmlmel‘;? (5mL)

al ani ne, vallne |ne u thr. ne, seri ara

met hi oni ne, “Hi S%tl d e’bcrEéS 1@?‘85’ %ﬁ?@fmﬂag@aﬂﬁerfénémf Skglée? afg’gm‘é‘ﬁ??é‘&urf for7.
The , met h ozld zt&‘hqﬁ}safolltmzzékﬁbwmeﬁ@ t8 60%afor 4 RurtAshaiit immezhdrembval bytfimdtionaat theand
Xaa2 is al ani.ne, ci,ne i.ne, r | ne erine

2 hydr oxy naeH) Mes Feiied Vi g0 ket o CE Ceral o Pty Firberin s gsed aithout

al ani ne, t hfueBdBame#t @m@ﬁ@i&@t&y&%&w y&@éftﬁ&emﬁ Hikagd WEs eﬂ’@été’tﬂg't&fmr@ﬂ%réﬁuﬂ-‘ls

‘wher ei n Xaal |s aspartic acid Xaa2 is_al ani ne. 150. The net hod of CI aim

142 wher ei nPo%pd feagtian Pé?ﬂé“b?ﬁ%@“éé?‘ﬂho? hrp_TheRuR WehigRapigd a%m%d pigh RCM
D-ami no acithe vl'asll:ﬁi'z Mé}&dﬂ@&ﬁ&%ﬁ&p@ﬁ& Bt Gh ek PacBch (RE1d BHS). afﬂeg%dﬁ@c' ds

of P, other than -alanine are D-am no acids. 152. The net hod of aim 142
wher ei n bt ﬁom@la@mm ig Eiguperd was characterized by spectrometric methods.

EXAMPLE 4: Preparation of Mesoporphyrin IX Tetrapeptide
The resin-bound tetrapeptide prepared in Example 1 (20 mg) was suspended in DMF (5 mL)

and treated with mesoporphyrin IX dicarboxylic acid (10 pmole; formula given in Figure 6A),
30 followed byadditionofa mixfure of diisopropylamine (8 equivalent) and TBTU-(4 equivalent). The
resin was shaken for about 24 hours on a roller kept in a dark chamber. The resin was washed with
DMF followed by DCM (5x3mL) and partially dried. Hydrolysis of the resin linkage was effected
by treating the resin-bound reaction product with TFA (SmL; 5 hr). The resin was separated and




153. The nethod of O atns 140 wherein at | east one amino acid $)® ﬁgRi 2004
substituted with (a) ‘a-substituent that increases the lipophilYcCity of the
peptide without.,altering the ability of P3 to bind netal ions, (b) a
substituent that protects the peptide froh proteolytic enzymes without

altering the ﬁlbi l'ithhé of P3 to bind netal ions, or (c) a substituent which

i s a non- pethEREM ThA mustrg (rLivek ) dharagingsperekembinerand vensentratedainddri t y
. of the peptyasleint ahbI t i : Al 40. wherei n P3
iconpri ses an_ani no g%}?h Sé%agﬂﬁé@%%#@ﬁa%lg&gﬁggu lg SE% g’%sr’vg\nr 1? h&%g% ﬁ%nﬁgrﬁ%aﬁ?qivﬁe,
met al - bi nditRg-G (riedd $QGahl Thgsoentre wapeafitded ttspeqetmatrichnatiidng capabi l ity of
P3. 155. The ne i 4 erei.n i s neutral,.  156.. The net hod of
Cl ai m 140 wher ei‘l’ﬁﬁ%rq%&d% g%n?giasgel%ttwgﬁaleﬁzeoHh%?%ﬁ?ﬁﬁ&“dpe Fdgsnsush A4RRs oRfyphyTin

al kene r esildoéretaertraolacubgy. from 1- 18 carbon atons. 157. The nethod of Claim
156 wherein L contains 2-8 carbon atons. 3 0 MAR Z004 4172-3-PCT 69 |58.
The nmethod of Claim 140 wherein L is a cyclic al kane resi due containi ng
from 2-8 ca@XXWPBE 6Brepaithn of Metrdbaipigieafyl Ctabepide8 wherein L contains 3-5
car bon at ons. Iﬁ.g Tthmdéhod of Claim 140 wherein L is a )

ni t r ogen- cont ai NPHGSIADCRIYENAPEPtide RrRARdinExampig 4 (201eg) Was suseended in BRSPS mi) ai m

160 wher ei inftrédfedvit] R6hE&hARridkE 20 HiSe) et AR Ak sl bl 42 agmgéﬁ%@gﬁdi}lﬁ a

glyceryl ester 163. A method of reducindg the concentration o

ani mal i A° A@edphdhemssinwaphaken fagebeuhddtiovtsemiangllar o Thewesinmiasrahshedwisth DM, | ve
- amount of  a.gRdvak bR [ [ : L: P erein:
and aci ds. each .Pg nny&t’f?alpltE %&%gonvgmg? %%%a?%%%gg%rggn Cl;ﬂs“f)nedp e?h“é WHERY s
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whr oin” ondh gy o MR ek o bl P APkl Sl et R PEE TS

wher ei n at (1:4@gil)orkhe R@ashisgPyerewombiniet altt corentdaed, undeerdactris.. ThY piadylethiaa?

H s Xaa3; X is glyecine, alanine aline,. Leucine, isol ine,

ceri ne. i iandafe b ol olfiy o RS 3 SeciBing Giem Brear e PG aRR,

| ysi ne, hyd6oxXihk ggudae wak sdrifighathy pe@iofietit, méliddkst hi ne, phenyl al ani ne,
tyrosi ne, tryptgphan, st ei ne, hi gni ne, or a-hydroxynet hyl seri ne; Xaaz
i.s glycine, ala é’,mcsg- El i ,Pﬂgfa o qiler hetsoeydlis; sych g B}E‘/Fé‘?lﬁ@',"h%"e?qdrfélﬁted

t hr eoni ne, mag@aleki ¢ aci d, asparagine, glutam c acid, glutamne, |ysine,-
hydr oxyl ysi ne, histidine; arginine, ornithine, phenylal anine, tyrosine,
trypt ophan, cysteine; nethionine, or a-hydroxynethylserine; and Xaa3 is

gl yci ne, 2@l EXAMPBLE 6aPieP@atidn} iARA Dedik &1ivBIoR R sp AL i ﬂ‘lﬁE@%ﬁi ¢ acid,
glutam c acid, asparagine, glutamne or tryptophan. T . e met hod of

Cl ai m 165 wher efrfexaifveihaviag e fermulabpwn ingfiigire i cvhsediaiR, ipbgil, was prgpared.
ahy dr oxynetrihiesddidontdnarc e TR Badhs dhalf I0RL YDR8hR tgp%'al oF st ne.

al ani ne, valine, |eucine, 1soleucine, threonine, , asparagdi ne,

met hi oni ne,ethexise inkthanob(5 gm; hYuE handrheated tosefhixfer. 30imig.Slhe Produstmahombled(10CCAI m
165 wherein,, bt Sty Sh S romd i L2513 0, MAR 2004 7 i 1he nmet.hod of
& o m 165 ARSrael Sy S broniihban Rl oty R sbatty s Altiteg WS
hydr oxynes lrpinpletiom@4 h¥aead exessglogiamrathoxide arus Aestralizddiwith dilueiacidnEhe tiissdrenssi ne,
t hreoni ne, seri a ragi ne, nethioning, histiding or .

- hydr oxy S ROTEaRio R e St SPCTO RESoLvPHoEsvSA ISR ot e erudp Frofes
wher ei N XaayasihgdrabRed itk hpdzbdhldic adidll G0Int) & dbcabékyaaiZo ighre phaiyl Adstituted
glycine, valine, threonjne, serine, or a-hydroxynmethylserine. 171, The

et hod of GFRATHA 2P# 1 ey elibs NXaeazovlaxy &bl draivative mad prepriedpsing a standard reaction

a- hydr oxy n’%E%Béh&e ﬁio'ﬁ?ereérzgo%nglﬁ?peg?&er(ﬁ%%;ﬁfs A% gliegéérévf 2 MOEHET IR EXRRble | ©0 me)

aspartic acid and Xaa2 is alanin e het hod of Claim 165. wherein
at | east Jprie RMFemsaddaed th Nipenzoyleay-tbherhasphrtia beif iderévative, followed by a mixture of

diisopropylamine (8 equivalent) and TBTU- (4 equivalent). The resin was shaken for about 24 h,

and the reaction monitored by the ninhydrin test. At the end of this period, DMF was drained, and
the resin was washed with DMF and DCM. The solution was drained, and the beads washed with




is a Damno acid. |74~ The nethod of daiml 73 wherein all o i
acids of Pl other than. (3-alanine are D-anino acids. 175. The ﬁreq R@A@’OIPU‘P
Cl aim 165 whegnein both P3 peptides are P | 76. The nethod of Cdains |63
wherein at |east one amino acid of P~ is %ubstltuted with (a) a substituent
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“ability of ﬁ@é’t(% &rnfa pﬁgtt%{lrap?%‘ﬁg derpghivew dgéﬁt?q RreaeeTel hydrolypiaweaisonees of
. peptide erH@i@erﬁe?@dleV&ér@se%%iéH%? %&H@%tscﬂkmwg the ability of P3 to bind

metal ions a substituen ich is a non-peptide, netal -binding
functional group that inproves the ability of the peptide to bind netal

ons. 177, pHieMpREhOduRfiit 8t 6 e%’éfﬁ@ﬁékﬁog?’ comprises an am o aci d
sequence which is sufsti wled g S | - bi ndi ng functional
group to provide the‘“‘Lr'W?Lne al - br nd - 178. The nethod of
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resi due cont ai, ni.n %{5 -8 carbonatons. _182. The nethod of Cl aim 181
wherei n L cShded set bﬁs"*cséﬂ1 &7 metBofs (seg als0 Expmplad)-hod of Claim |63 wherein L

is a nitnpgen- cqnt @&mﬂyﬁgthbﬁtt&ﬁ@@;}fﬁlla kd&nﬁbﬁ@ﬁ%eﬁe@a“tioﬁ%ﬁogf;%s tediBasRIROM iRf
Claim 183 wherein L is perazi de. 185. The nethod of Claiml63 wherein L

.i's a glycer§Htegdgesnd WIH@SOB’M&F?’ Biyphysyotg.- 739 P8 111983 Bwd Chessprazneadle Biorken.
conp05|t|on i de

having t he Farony o pere el T £ k10, A0S B AR LRI G
Pz is ( Xaazr;tdlealﬂn a-Feponytge, redcony | Yrei hydroxyl raditatesttaviathe wegar E-dwmyd},nbose (the

i sol euci ~e, r I SP, m aci d,
gl ut am ne, SI“%% Hﬁ‘gélgu%?/%lr%@% ‘3'} rs}gOdu,%g %%é’%’ ?Acﬁ:'ng?eagn |ﬁ’n| %egn% or na:tt %IV procuces
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aci d, gl ut alsimage tol2yddorn@D-fiod¢.oxyl ysi ne, hi sti di ne, argl ni ne, ornithine,

e e ‘#%Wé@g%f&?%eg89&3@?$ﬁtﬁ%1?hvﬁ?ntgt?fﬁ9£¢$ i ey e PR ne,

orni t hi ne, iag Elﬂéu.l &s @6 bélseegiroth TaBlE 1 aﬁheﬁmﬁﬁ&ﬁ@gtldﬁvas9fe§érﬁ£ﬂ(]ihﬁ1)€tétrapept1de
-trypt ophan; Xaa4 f‘% gg%gl no. acid;, and n is_0-100;
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physi ol odf ¢a#9S,2ak ﬂ?a‘}egraflﬁé’ﬂl f2- def?:?’?'D Tppse (‘,‘V@ﬁff@é}?“leii &% 38%° adal3- 186
wher ei n Xa&espe&w%@p@letaﬂ?ﬂfé% t‘éﬁra;ﬁbﬁﬂe%ﬂhlﬁte@ﬂie@e bR IdeoRf-D-ribose by hydroxyl
a- hydroxynet hyl serine. 188. The conposition of Caim 186 wher®ein Xaaz i s
glycine, alafifde, valine, leucine, isoleucine, threonune, serine,
asparagi ne, nethionine, histidine or a-hydroxynethylserine. 189. The
conposi tion of Caim 186 wherein Xaa3 is |ysine. | 90. The conposition of
Claim 186 wherein Xaa, is aspartic aci EAB'g%/ht am ¢ acid, arginne,

CuCl, (mM) H,0, (mM) Tetra-peptide | OD at 532 nm | Percent
: ; (mM) Inhibition
Control 0.1 2.0 0.0 0.124 |
Tetrapeptide 0.1 2.0 0.12 0.077 ° 38
Control 0.1 2.0 0.0 0.175
Tetrapeptide 0.1 2.0 0.2 0.048 73

A similar assay was also performed using a tetrapeptide having the sequence Asp AlaHis Lys

composed of all D-amino acids (D-tetrapeptide). The D-tetrapeptide was obtained from one or more




or a-hydroxynet hyl serj-ne, Xaaz is.glycine, alanine, valine, | eug’ QeMAR 2004
i sol euci ne, threonine,.-serine, asparagine, met hi oniine, histidin
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aspartic acid z i s alanine osition o a m 186
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. Clainms 194 S I m.195 erein.nis
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of Claim 198 wherein XaaS is On or_Lys. 200. The conposition of Caim1$ 6
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acid, His is a Damno acid, or both Xaa~ an(%1 H s are am no amglsas
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conposition of Gb@bhs]ﬂlﬁfglopmmat(mﬂﬁ and ast@rbis ticid O¥icarftratibies vayihe Grsasterds dokloPifigar e

Dm0 i otpt. BHCs SRR D g s AR EE S e P R B0,

Clains 186- ﬂ@ﬁom@edle:bﬂcea&aﬂoa&‘sﬁndaﬁeheamdy({bmddnd)fmﬂ?),uncﬁ s:ugl)bs"met ast:(&slic\amﬂh
de wi t hou

(a) a substituent.that increases the lip h|I|C|t

S eri ng. ¢ EneEB i Ysre Pted 3 St iR R S o). The b Rabilrehgon
protects thfofeamas deoMM@mb@n @iv@ahe/inb & aBYdFHABSat\SB2 halhd adill RUIiMNGe liher abigd.i ty
of P, to bind netal ions (c) a substituent which is a non-peptide,

met al - bi ndi Iﬂ'ﬁreﬁ A @b’ﬁatprbﬁraﬁllqrgo?q?atgatioﬂigrg%fgrégm{ Horih there Yyascr St?aﬂéd‘?ﬁ’épﬁfq e to
bi nd net al y@ﬂ&? rgcﬁgals pTékﬁmﬁElW&b% 4sk&Bic Q<f1d'Qhﬁl éﬁ'e@ﬂa@ a WR6:81 fAdital ggh%&t&'aﬁo@f

fine followng formulas: ,, ;., ~=~~T-~ ~4~~~~ ~~ 1~ 1" G 30
MAR 2004 41@2@3@@9%@@442@399% Pm\gft&qnwrﬂhm | Rl-i H CO NH ~~~ -- H2C i H

COOH i f~?:~.f G m%ﬁdnggownﬁgn%r%%gnf ascotpR it a6 vas
H2C02H ~R3) 2N- i H-10 NH H3C- CH s

established for the D-tetrapeptide. Briefly, the D-tetrapeptide was pre-incubated with Cu(lI) for 15
minutes at rooxp temperature prior to adding ascorbic acid. This was done to permit the D-
tetrapeptide to H;ind with the Cu(Il) and therefore inhibit ROS generation. As can be seen from the
table, when the bu(ID'D-tauapeptide ratio was between 4:1 to 4:7, there was little to no inhibition
of hydroxyl radlcal generation. When the ratio was 1:2 or higher, there was total inhibition of

hydroxyl radlcal production.
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Support rats (300-400g) were anesthetized with sodium pentobarbitone (60 mg/kg,

%orcgtb

am n

intraperitoneally) and énticoagulated with heparin (1000 IU/kg intravenously). The right femoral

_ vein and left femoral artery were exposed by blunt dissection and cannulated (18G and 22G
Abbocath-T catheters respectively) for the return and supply of blood to the perfused heart. An

extracorporeal circuit was _established, primed with Gelofusine® plasma substitute (B. Braun Medical

Ltd., Aylesbury, UK) and was maintained for 15 minutes (min) before connection to the isolated

heart. This period was to ensure that the priming solution was adequately mixed with the blood of

the support rat and that the entire preparation was stable. Each 500 ml of Gelofusine® contains

20.00 g succinated gelatin (average molecular weight 30,000), 3.65 g. sodium chloride, water for

injection to 500 ml (electrolytes mmol/500 ml: cations Na 77, anions Cl 62.5, pH 7.4). Prior to

perfusing the donor heart, an additional 7-8 ml of blood from a rat of the same strain was added to

the central reservoir. This was to ensure that the support rat had an adequate supply of blood during




hydroxynet hyl serine. 2%2. The kit of Claim 210 wherein Xaa2 is I@:E’ARe;mM
al ani ne, valine, |eucine, isoleucine, threonine, -sérine, aspar ag' )

met hi oni ne, 4+hl:st+ di ne or a- hydr oxymet hyl g?ri ne. 213. The kit of Caim210
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wher ei nal | thefnobthfcaBicotirofied Iﬂﬁm% paffand®{dd Blonft18dby(d redd] ARG AL CB I3 A fre

acids. 227. The kit of Claim?224 wherein at | east 50% of the am no aci ds of
PZ are D- anV#omqnitored by meanscqfpspresspg trqrﬁéuq@t attaghedJogthenanterizl iher éillinprassuteeast
50% of the @dﬁ‘sﬂf&e@@s}egﬁoﬁﬁec? ét ﬁa&aﬁ Ql%g Aag%_lg) Qﬁicllﬂvgsxﬁ;x %g‘d&ﬂsﬁzG

wherein at | east 50% of the am no aci s PZ are M Nno acl
kit of any Wreaglthe szahmntzlibm% (N@nem@znpfé)t hdnesestit, giveosaaridelsctaadytellewéls @a*i s
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peptide wi thout altering 0 bin rreta i ons
substi t uent exmhan‘pqscacbtceuusarﬁheﬂpand IOﬂ each egparjnrent. eDirjitg the eungpmé $hamxpd:mu¢nt

<" & hompeptigum anputs gfdentrbiot ol dther o0 Bie s pn ey SRl iRt 1
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one of thefoll@vmnlgi ﬁ E% CNCO2H i+ H2N ' CH CO NH | H3C-CH CO N NH

~~- - H2C- CH "EEVOF LA~ e~~. 1 4172-3-PCT CO N

NH ~~H2C- CH N | ]}d1mheaft$ eachirat (270-3150 g)\Wsanesthetl?Kmth diethyl etheiamd anitdb#butated

~ ~r'''-ai e, a'.%~t"~) ~ ~L "i .3 .0 MAR 2004 CH2C02H
w1th heparm ( 1 080 IU/kg 1ntra\?enously3 The heart was then immediately excised and(%mmersegn

cold (4°C) Gelofusine®. The aorta was rapidly cannulated and perfused in the Langendorff mode,
(Langendorff, Pflugers Archives fur die Gestamte Physiologie des Menschen and der Tiere, 61:291-
332 (1895)) with arterial blood from the support animal, at a constant flow rate 0f2.5 ml/min. After
removal of the left atrial appendage, a fluid-filled balloon catheter (for the measurements of left
ventricular systolic and diastolic pressures, and, by difference, left ventricular developed pressure),
attached to a pressure transducer, was introduced into the left ventricle via the mitral valve. The
balloon was inflated with water until a left ventricular end diastolic pressure (LVEDP) of between
4-8 mmHg was obtained. Heart rate was calculated from the pressure trace and expressed as beats

per minute (bpm). Perfusion pressure was measured via a sidearm of the aortic cannula. All




~R3)2N- i HCO I NH IﬁH3C—CH CO NNH ~~~ --H2CGCH-N | H COO-l E]gMp(R’ ~7_[]&19; ~
., 5, r.:l;~,~ ...W=9Arn, ' ~CT~~/ 26952 =~yt9. )

20~ i ii.~lgipce " ~t.? . 4172-3-PCT 3 3 MAR 2004 -~s [ HZCOZH H2N_| H CO|
NHI H3CG | HCOy wher ei Nt NHR R is an aI kyl, aryl, or heteroaryl; RZ is
- NH2, NHR' NCR non de

t di
functi onal Ry oup)hréaF1 S'dtuﬁers s %ina?t%dqug)smaég?mewﬁ?}b?”ﬁ’? g‘“ﬁ I ‘B‘éoﬁ)lf dgroug the 9

_met al - bi ndiexgerfnet i onal group. 232. The kit of any one of Cains 210-229

wherein at Ieash*one mno acid of PZ is substituted with (a) a substituent
that increases A& BEBHi VFiEiT ?&‘R’H)flytaﬁégnﬁ pPi e trFATReRtt S aFRSelsesn gisure: fe 6

ability of HRartd/@oldi)asl eféﬁibﬂiallj' }Séli‘ﬁlsed(f&)ZO ﬁmﬁﬁbﬁd dyane c@rﬁ%imﬁfﬂﬁlﬁgélﬁe #AGion

peptide fromproteol ytic enzynes without altering the ability of P, to bind
net al i ons,mgiediiely pios oS mireasiod ofischemiaglus 2 mimge m@@onmamsemfmnﬁgxon

functi onal Ah QR h@;hz &ﬂg?ﬁ@qﬁﬁm\%ﬂ%@h gg%]ogtt) w&@%ﬁw oq%cﬁe%&eﬂﬁk

i ons. 233. Th am no aci d
subst i t ut edhesgfore t(@pedainshﬁb@sddan@nforﬂhaimaiﬁm pfths etssumgescheqnopénddi) cplusyt 201‘unt he

pepti de wit er abl|lt of P

subst i tuenti}?#&’fu%pr 8t die Seto EPEESIR de rsc‘)”ﬁreptgoﬁsélg’lea%@ tc?%éﬁ%g%?bvdb %eﬁ Sie™
al teri ng t Hechatid, duxymgof/m& txﬂnatﬁay ndrerimirgtsed Dmlmd)aﬁt 3(7E))°CaIs%hHm$1h whsi@itiatedibyc h
i s a non-pe tlde func‘thl onal up tgat in ses t

ability of ‘B%Tf ‘lfge%dli‘%? Ao ToRrveIB e | on

-conpri sing 1aombcanermcbe¢kt to@id duppRELBRAI ARA ﬁxe‘bg’;\;ﬁd’sé Eﬂie Q—Ihdrtﬁw%ft}féh*r?ieffddeﬂ%r 40
peptide having. attached thereto_a non-peptide, netal-binding functional

group. 235. mﬁ“h@“%r%%‘fﬁ‘%??“ﬁ?“@ f4PGHoD WS GRNEiPReUSYRRes Bt | de contai ns from

2-10 anino aci depe 3G, wﬁdaeldeﬁmp%g MMB ﬂgreéewcgé%%ﬁﬁ%gr&efemn%ﬁﬁsl%
contains from3-5 amno acid 3 0 MAR 2004 47 3-P 237 'I’he

conposi t i orfhgtetrapeptids D3isp Dzé@ DdHs Dderswihes eirepeptide vaasisHpliad iaibe speardeisdyt i de
are D-am nog&ahgsreseath, Uk, ‘%ﬁs%ol@&ﬁﬂhegk Qﬂae : Eore HAbDE 167 P19 Bwas infused

net al - bi ndi ng peptide Having attac eto a non-peptrde, netal-binding
functi onal ypplied withgg an%bltlmn or ngsfdifChisdon PR3 ggheat saline wassuppbipd byddaxteo hikednds

from 2- 10 artan Akdle: r2d0onThe drbhinflndl AR whgugiyn the pepti de

contains fro am no acl ds alrm 239 or 240
wherein the am Ayugor dbichf wastiefugdpith deidears ditiznvdonss conwsby @és offe peristaltic

conposi tion u?no rfellsésnl l\qglpuls@? tseatlat abclon AP How gﬁ)%S nﬂ?mlgl é’ﬂﬁce b(i)oodtﬂ gvtﬁrgﬂg%e%brtic
cannula was 2.5 ml/min, and drug infusion was 0.25 ml/min, the final concentration of drug delivered
to the heart was 1/11th of that supplied by Bowman Research. During the 2>min period of pre-
ischemic vehicle or drug infusion and at the time points indicated in Figure 9 arterial and venous
blood samples were collected, centrifuged and frozen for analysis. The infusion was then repeated
' for the first 2 min of the reperfusion period, during which timé the blood was not collected, but
recirculated.

Predefined exclusion criteria stated that: (i) support animals would be excluded from the
study if they did not attain a stable systolic blood pressure > 80 mm Hg before cannulation of the
donor heart, (ii) donor hearts would be excluded from the study if, at the 20 min baseline pre-
intervention reading, LVDP < 100 mm Hg or (iii) blood chemistry values were outside the normal
range.

Results are expressed as mean = SEM.. All recovery values are expressed as a percent of

the pre-intervention baseline value (measured 20 min after the onset of the experiment) for each

rrrrrr




P3_L-P3, wherein: each™P3 may be the sane or different and is a_ peptid
which is capable of binding a netal ion; and L is a chenical gr%tﬂp%i Zﬂﬂ‘i
connects t herzbwer P3 peptides through theiy Cterminal amno acids. 243. The
conposition of C aim 242 wherein each P3 contains 2-10 am no acids. 244.

The conposi;t i: } 42. i ne P3 1.s Pt, wherein. P, is:
Xaa~ Xaa, ﬁﬁ%ﬁagﬁkggga%%zéﬁll S g)(ag%eg S %gﬁ‘g%%é@s ‘.‘Ssdgﬂ’% ic%?a”é?%?f?“ﬁ%{neans
~valine, | eudeiween giospd. cAidiffeeenceswedsi considerdi senistically sigsifiedrt Wierg k d.05aspar agi ne,
iglutam c acid, glutam ne, |ysine, hydr | ysj.ne, hjstjdine, arginine,
~ornithine, phengPraﬂ_e%ﬁ?f’%%f:q“f‘% B%HHE%“?étt? %{%"o%ﬁé‘ﬁ,“%@él‘ efdi%e_,d SHreRHPB e, ther
a- hydr oxy metdbylitp@id reftodusaiidty b5th@ byt Rere RbAIRIrEELy méas@iRdthd Wood' @iy (PR
| euci ne, isoleucine, serine, threonine, aspartic¢ acid, asparagine, glutanic

acid, gl ut &frptOx1 Bpsmaacritiade 2 (1. secosp) and paseline cortragiilifimstionst pachinpert
phenyl al anifgnal (HrRdAdy bab%REGRRAS donYShealt ARy atTid éﬂd%@'e{b exfdriment) and each

a- hydroxynet hyl serine; and Xada3 is glycine, alanine, vallne, & ysi'ne,

ar gi ni ne, ceHbseAihsart. daplard fegealictbet, thepk ey aviat, changes i grch éndeg | masuredie or

tryptophan. 245 g iet | s ' 4 erejn_Xaal i spartic
acid, glut am ¢ arcl:'%r '!3‘ Sglﬁg%}%?llrﬁ%s?&g? R&an??f%?@fé%g?%ﬁg e aﬁ%{g.tﬁh‘gﬁes were
conposi t i orwithin th€aerdentaRl4 physivdogiiahraXgea Xhe sysgiliy presgire @lddwarhate of kel sapport rats

| euci ne, isoleucin hr eoni n serij ne, asparagi ne,. t hi oni ne, . hi stidi ne
or 5 hyr oSED D RORFbI s ASabe sof el e PO Figri oA GIEETenres FRRHLBETYG SedHa. | s
-1 ysi ne. wréupPERe 29 04n Yakdlde Jealflag. 80 248, The conposition of C aim 244

wherein Xaa~ is partic acid, glutamc. aci argi_ni ne, or

-a- hydr oxynet hyl gg&f%él}" é%ﬁét}‘??“%FWS}%_}ﬁc t&%feﬁeé‘zcesx}“_ﬁweﬁ’é%r_o @_&E’?hﬁé?d(’fthe 20

i sol euci ne,mibRERBRIpBFusiSiEIckiB@(i. e FEN PHAGD AR inflBbNb RS G veRic] inAVISP, B¥art rate
a- hydroxymnet hyl serine, and Xaa3 is |ysine. 249. The conposition of Caim
248 wher ei FKBEFUSIoR Pagssap Thusles 1eVIdP. te Rrineany endpeiptin diectuddicthe meanavabies were
gl yci ne, valne; 1o A8 17RLE 5 BEnmAE R THVEERX BN ¥ kSl biEsalifo@ntrdNBd
conposi tion of C aim 249 wherein Xaa2 is alanine, threonine or a

hydr oxynet Hijf&tEatade. 251. The conposition of O aim 250 wherein Xaa, .is
aspartic acid and Zdl i < : oL [ ;
wherein at |east 'gﬁﬁéa%rﬁn}é&é@@d Q&(;IF m%%%%ste%gésgaglﬁgn E%g a%?cr?gel&?cg og’ @hgréﬁ%ﬁg
aci d. 253. dmgst imtiahyds theidipstolid stagh. Zlome 25 2 vhieena¢ injuay develbpedvathdimero inprdagsin of

P, other t i .- i [ i . acl . e im
244 whor ei sk B REDFaR B ReAAR B b g, FRORAROAL MR ol
wher ei n at deeelspmen ef iachemic @uirattupd inachi of thewhigdy gioupsasishatwnlin Figlired 0s Absanibe uent
that incre Sc t he | hilicity.of the peptide without alteri t he

by ity of B TR BB b s b BTBLS Bettide il 8 shiualelergme
pepti de fr aviden@icfakrgid 10 delagyme -1 twitthctadk trethe dgg tréeddodp, Wiichis siidettivebi nd
nmetal ions, Qar bc%.a substituent which is a non-peptide, netal-binding
functional ¥t inproves the ability of the peptide to bind netal

ions. 256. The ®osm®©S$i tHoR 8 prédilad Mt 3 2nanh Rl ety BB LYDPIELHGSedPdd a3kt RR JICi d
sequence which is substituted with a non-peptide, netal-binding functignal

, ) peptl de, .
group to prig¥sliae PrerBteRsrEeLaluRY i te HpdusrouPe- It e vident thatheartydhesalingsentqlon
of daim 24@0%&%&{&%10‘»&#@%6@, such ¥t by DR R@IPAS 16 Bl veRrfuSioR b8 R4V DP
wherein L is a straight-chain or branched-chain_al kane or al kene residue
cont ai ni ng Wasomin 118 % 32koef the presintepsgtionprattob By sprtiash hedrtsdn dharirpg group
wherein L ¢ g;@i - . osition of Caim 244
wherein L irg a 892‘?"?%%&%%@9‘%%é’.g%g”eexgegg?%.}nafgn%g'r om 2-8 carbon atons. 261.
The conposi ti on Rigur€ll 2klovwa 6 abkdute ivaluds foothe Eitnentdedacemd ldstoli¢ prssiredd BothThe

conposition of Claim?244 rein L.is a pifrogen-containi het er LC
Koo oo Y RS St F AL IGREPA AL Tspereigh ST AR IoR e i of LYEDE
pi per azi de. redfiing FHA tHEITROSEE FRicR Hevelopbddidihg isbhanes felllwitiStirle @hwarie thel pre-

ester. 265. A kit conprising_a container holding_a netal-hbinding LB%)ti (ge
di mer of t h&tersption gpntrol veues Hywpyer, the dmg groyp pomagjzed their LVEDP more quickly an

more completely than that seen in the saline control group, the difference being significant at every




P3_L-P3, wherein: each-P3 may be the same or different and is a e&\t{\m
which is capable of binding a nmetal ion; and L is-a chem cal brﬁo&ﬁ h
connects trle two P3 peptides through thej r C-termnal am no acids. 266. The
kit of O ai*fit26S wherein each P3 contai ¥ 2-10 amino acids. 267. The kit of
Claim 265 wherein at |east one P3 is P,, wherein P~ is: Xaa~ Xaa2 His: or
: Xaadimexgin stranilsd XERi8 World de Repsistepisvid) ipe prhancedirepni ang seep diingaepdrdsion ne,

i sol euci ne,; ?n%r hreoni ne, aspartic acid, asparagine, glutamc acid,

gl ut am ne, ?y5| n droxyl ysi ne, histidine, arginine, ornithine,

phenyl al ani ne, tquoawmmp of ﬁlypeamhambtm'y@tiaﬂmeaﬁmbmaimmp anddrug, as shown in

euti ne, 1 Soren Lt kol mat s St Hore Sl Bl o355 s 5P Pt am

acid, glutamge, |ysine, hydroxylysine, histidine, arginine, or ni t hi ne,

phenyl al ani ne, tyrosing, han steine, r n t hi_ oni ne,

a- hydr oxymet hy| £&speya g hdhs Igeffgfﬂ«}r{wﬁ%meaﬂu&ﬁg 40\}%1P|f?¥§rﬁl?l%l’“ﬁ’é’d was

ar gi ni ne, %J&hﬁé}lﬂ%a@@ﬁ%tﬂ oS hith th&Vailed BldhoPdifteh sigAFRa%BHeRfen &lc%eaea f1e or
tryptophan. 268. The kit of O aim 267 wherein Xaa, 1s aspartic acid

glutamc adh%?ndaf@ﬁ*ﬁ i re}zyrfuaonpenﬁg,dpégbyﬁ@qq&rylssfé? mern, Va@égﬂheﬁﬁé ofgpperiyion) ai m
267 wher ei r\we?ﬁ@’;9 L. 3k ¥Ei e-nﬂér@éﬁ'ﬁ conYr@f Wﬂ.ﬁe thx erlﬁ'ug @%&L@M@&O% of

t hreoni ne, serine, asparadine, Ionine, histidine or

a- hydr oxynetsipyé-ntarvention aiae. Thve, alkthtpugbﬁhedahleﬁrfoz STugibrsied trbedaisr throughpst e,

. 271. The Ki r.ej: ' of

ar gi ni ne, or? egffu% oxy?r\gglh g:gl?glls?%i&ﬁh mﬁ%})%%%?%ﬂd 8‘%%5&’“3%%& %g?sﬁg% fbx

| euci ne, i sredohlstatm&al d¢nifancene, seri ne, aspar agi ne, nethi oni ne, histidine
or a- hydroxynet hyl ser Ki L 71
wherein Xaa, is gffé'flts gﬂ‘écﬁn@t %ﬁ“%’l‘du{a& %g’eésoélﬁe&%;? é Srfgsed a?%?agégép%l%

gl ycine, valisngs dppsa@Oti hive si@iifidass, ardr suasthytﬂt profecatd pltopertienes aRes3ed Bhank| t

of Claim 272 wherein Xaa2 is i ne, eqQnj ro.a met S

274. The ki¥PPE¥imRgtely W%@%@é@%@éﬁfﬁ*%?p% 0. Sa%%géﬁﬁ*y%é%%* post

al ani ne.  275chethierukdtibnd recolay.NThGHagMEIe B Prodictibrfid Sfuabid@oRebithe MOStGowErfil,
other than (3-alanine js a D am no acid. 3 Q MAR 2004 -4172-3-PCT 82 276.
The kit of ®feRiepiowstudisdrein all of the amino acids of P, other than
(3-alanine are D amno acids. 277. The kit of C aim 267 wherein both P3
peptides are P,. 278. The kit of C ainms 265 wherein at | east one am no acid
of P3 is substituted with (a) a substituent that increases the .
| i pophilicity of the peptide without akhperefig the ability of P3 to bind
metal ions, (b) a substi mproteol ytic
enzynes W|thout alterlnc('I %tlohpﬁeﬂ%g%g@%ﬁ?%Qﬁogﬁphéﬂﬁhe&ﬁinq or (c)-a
substituent which is a non- Yyt atsehing doReahg f unctindebexPyimsah t hat

i nproves thendski | ity of the SaémGodeolt 0 bi ndrugret al i Satne Coprd. TheDRigt of
Claim 265 wher el n P3 conpri ses2anoan no acisdo.sequences3ashozh i s &3t3802t ut ed
with a non- pewt, ifiexg)met al - bi ndo.og.of unct i oemrz2@r oup t 67.pfavi de t he6:4.7

nmet al - bi nd| ility of R30.6:238@. The 2k{ t100b C aiag g7 2wWher esnadaziss
neutral . 281Hae%ﬁ19 V of C ai gy 263 Wherei g; 4,4igs a st hagght - chai B7 8415

branched- chaj o a IE € or alkefg .03 146.2+0.6 145.70.2 146.2£0.5
K (mmoI/L) 3.3+0.1 3.2+0.1 4.2+0.2 42+0.1
Ca?" {(mmol/l.) 1.2£0.1 1.2£0.1 1.4£0.1 1.4£0.1
Glucose {mmol/L) 8.9+0.6 10.210.3 10.220.5 10.2+0.7
% oxygen saturation 99.610.1 99.8+0.1 98.7+12 99.710.1

There were 4-6 support animals per group. All values are expressed as mean + SEM.
* Drug was D-Asp D-Ala D-His D-Lys.




resi due containing from 1-18 carbon atons. 282. The kit of C aim 28|
wherein L contains 2-8 carbon atons. 283. The kit of Clair§ §eMARN04in L is
a cyclic al kangcresi due containing from %—8 carbon atons. 284. The kit of
Claim 283 wherein L contains 3-5 carbon atons. 285. The kit of C aim 265
wherein L is a nitrogen-containing het e[rAggé/gl i c al kane residue. 286. The
kit of Claim285 wherein L is a piperazide. 287. The kit of Caim 265
.wherein L is a glyceryl estex. 288. A peptide having the formula: P~ _ Pz
wherein: Pl is: Xaa,Ba¥elag sydtofic pressurXaed heXd aate itiths sifmaBbloddpetiGel ¥aa4) n; Xaa,
is glycine, alanine, valine, |eucine, isoleucine, serine, threonine,
aspartic acid, a -Re, } jd, } 1 ] oxyl ysi ne,
hi stidine, arginine, ornithine, phenylSPHRIVAKES §5)F AuyasEbicpeRUsPRnhan,

cyst ei ne, met hi oniSyeseagant Hedpentoxy met§plisEraspise (Mt | slegt §ai¢ e al ani ne,
~3-al ani ne, val i nesrodpeuci ne, isol euci ne, serine, threonine, aspartic acid,
aspar agi ne, gl ut aMatredonfol gl Ut am ne, TySidga+2.fydr OXYT ySioB&s+ol® St 1 di ne,

argi ni ne, ornithing,ephenyl al ani ne, tyrosigag.s§ryptophan,geystei ne, -

met hi oni ne, or a-m&mmmmﬁﬁm Xaa3 is
gl ycine, al anine, valine, |ysine,._arginine, _ornithin aspartic acid,

0l Ut am ©_achiyaes gt Bt oot sel o Vs s S8ed BB oy 2 no aci o
nis 0-100; and at ﬁeast one amno acid of P, is a D-amno acid; or a
physi ol ogi cal | y-acceptabl e salt thereof. 289. The peptide of C aim 288
‘wherein Xaa, is aspartic acid, glutamc acid, arginine, or a

hydr oxymet hyl seri ne. 290. The pepti de of*BEF&i m 288 wherein Xaaz. is gl ycine;
al anine, valine; -1 elelngq, 20k SHENS00ed LRESAIN Sy B8R ASnaBSRARATI N,
met hi oni ne, histidi nﬁe@ﬁre@n‘ié&(éﬁ’%%ihﬁﬁ_@(ﬂeﬁ%be rari ‘?nteﬁ\gmidn e of daim
288 wherein Xaa3 is lysine. 292. The peptide of C aim 288 wherein Xaa, is
aspartic acid, glutamc acid, arginine, ocCorahyeiexy-aeminde®Bitpertisiofaaz 1 s

gl ycine, al ani ne, sugtequens Tré@Het Ne, T SQUBRIGhTHY) L NN 628k R&le SCParflSon Pressure
aspar agi ne, nethi enrdupe, histidi ne or a-hydroxynet hyl ®en)j ne, and(met&B i s

| ysi ne. 293. The pepticd&rodf C al m 292 whes@0.8 Xaa, 28&6asparti c eds+d.50r
glutam c acid andp¥ga2 is al anine, glycimesse/al i nepstiweoni ne, sesdrise, or
a- hydr oxymet hyi sérine. 294. The peptrde of Taim 293 Wherern Xaaz 1s

al ani ne, t hARomiesere@xprasshy ey roeay FESENY [TEee were 6 s@@brt afilhels pergtougle of C ai m 294
wher ei n Xaa, Diug was pdsp PAla-Hig Dalyél Xaa2 is a.lanine. 296. The peptide of
Claim 288 wherein n is 0.-10. 297. The peptide of dains 296 wherein n is
0-5. 298. The peptide of Caim297 wherein nis 0. 299. The peptide of

Cl aim 288 wherein PZ conprises a netal -tigndisng sequence. 300. The peptide
of Claim299 wherein PZschonpednsatrongn®do mihef dabbl e iy isbeprénces: ~~4~m X~3

H1S Xaa2 Xaas, ~=4-m HIS Xaa?2 XaaS _(Xaad)m Xaas Xaa2 HIS Xaa; Q. ~~4~m
X~5 Xaa2 H's, wherein Xaas is an am no aci dchamxktog a free side-chain -NHZ
and mis 0-5. 301, The peptide_ of CraiIm 300 wherer g Xaas g Ogn or Lys. ,
302. The peptide GPUPCl ai m 288'“}5\?%‘? ei nrﬁ'ﬁf?é a q%ﬁﬁ:‘&o aci H’,?;T;]f)’%aki s a
D-am no acid, or ' eHds— — et ;~~ Y~
~''" '~ ~ ~ 5 2 QSsjineControt~ 5~9.&+6 ZOOS 15;1:0:5~; . ~; 93:#3:0, ~ | -198:06.G

4172-3-PCT 3 0 M%Rr’ 2004 84 30% Ilp peptjecggogf G apm 3Q2 wher iyl I of the
am no aci ds of Pﬁhep;han%ne*%me—ae&de——ﬁﬁ——ﬁe '
pepti de of al.m 288 i e 9 tde A Cids of PZ are

Dam no aci d&‘,ﬁ%ﬁﬁ%ﬁ X&ﬁ%ﬁgﬁﬁ%@i" ﬁéahf'%ﬁ‘gp(ﬁje\rﬁner gﬁgr? aﬁmﬁgast 50% of the

am no acids of 'PZ are Dam no acids. 306. The peptide of C aim 303 wherein
at | east SO% of the am no acids of PZ are Dam no acids.

Ty




307. The peptide of an? one of Clains 288-306 wherein at |east one Eﬁn,&gl’
acid of P, is = -. substituted with (a) a substituent that i ncrleAsMAR t

| i pophi li ci&y:9ér t he peptide without alt%ﬁlng ;~ the ability of P, to bind
nmetal ions, (b) a substituent that prote s the peptide fromproteolytic
|nd netfal ions, or (c) a

enzymes wt e
substi tuent%@ﬁhb Ji onal group that

i nproves the abiFbédl YscHefmlt E}ﬂ'arﬁl@metdiﬁa(fe(?n Biaﬁﬁ'e Hiﬁfea?lhs’éapﬁ% (270- 3% Chlxhéas %' de
of Caim3Q7 wherein P, has one of the follow ng formulas:

H2N- CH HAreberetogies) eplegeribedgee vious]y (K oigrrmi-et 2lgHpn. JGRyode SNHB K 9RE):; €hen #2C.CH N

|1 T R o0 CPR B 1y Sl e S e s n ARSI

H2N- CH CO Nwtir bpfoes-s@rge GO Thipy were antelgtim:tizetl WithB.CXoRaloREnCrICDAthdRMwGkinaiataineiH |

55 122 Wil SRR S g e

R~-CH CO gnaint&ﬂned at'37°0‘during smgery-usingafe/ea’lﬁlrck -regilated water Beating dystém (VS173A réhAr ;

~Y~~; ~~~ H2C02H H2N- i H CO | NH |
Hg G i H " 'probe;] Flsﬁer connected toa 1288/%4 %Zﬁau‘z’ bll:)emketI Hamilton Industries, Cincinnati, OH). y

Previous studies have shown that rectal and brain temperatures are identical during and after
ischemia in this model (Chen et al., J. Cereb.lood Flow Metab., 12(4):621-628 (1992)). The right
femoral artery was cannulated with medical grade silicone tubing (Technical Products, Inc., Decatur,
GA) for measurement of blood gases and blood pressure, and the femoral vein was cannulated for
infusions. Cannulae were drawn through a subcutaneous tunnel and exited through the dorsal neck.
Arterial blood gases were measured in all animals before and after ischemia.
For ischemia surgery, the right common carotid artery was exposed at its bifurcation. A 4-0
nylon suture, with its tip rounded by heating over a flame, was then advanced 18.5-19.5 mm
(depending on the animal’s weight) from the external into the internal carotid artery and then through
the intracranial carotid artery until the tip occluded the origin of the middle cerebral artery (MCA).
Animals were then allowed to awaken from anesthesia. At2 hours after MCA occlusion, they were
ré-anaesthetized, and intra-arterial sutures were withdrawn into the external carotid artery.
Beginning one minute prior to occlusion, animals received an intravenous infusion of vehicle
alone (control) or drug (D-Asp D-Ala D-His D-Lys) in vehicle over one minute. The identity of fhe
drug was unknown to the researchers performing the experiments. It was supplied to the
) researchers as a concentrated stock (16.67 mg/ml) in phosphate buffered saline, pH 7.4, and was
stored it at -80°C. The drug was determined to be biologically active prior to use by determining
its ability to reduce free radical formation in vitro as described in Example 7. The stock solution was
thawed just prior to use, and a sufficient quantity was administered to give a dose of 20 mg/kg. At
the end of the intravenous administration of the drug or vehicle, the nylon suture was immediately
advanced to occlude the MCA. Following the 2 hours of occlusion of the MCA, the animals
received a repeat intravenous infusion of drug or vehicle over one minute. At the end of the second
infusion, the nylon suture was immediately pulled back from occluding the MCA to allow for

reperfusion. Also, after the second infusion, the animals were re-anesthetized, and the cannulae were
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CONNH ~~~ --H2GCH N | H COR2 CHZ@@ablogigdNscale H i 0 NH R—-iH CO N NH
~~H2C-CH H CO0O H

Treated* Control

Animal Day 0* Day 1° Animal Day 0° Day 1°

#1 2 1 #2 2 2

#3 2 1 #4 2 2

#5 2 2 #6 2 2

#7 2 1 #8 2 2

- * Treated with D-Asp D-Ala D-His D-Lys
# Day of ischemia surgery
® One day after ischemia surgery
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CO wherein: R is an alkyl, aryl, or heteroaryl; RZis -NH2, -NHR' N(R) 2,
-OR, or R; and R3 is H, a non-peptideygie al - bi ndi ng functional group or
the two R3 groups together forma non-peptide, netal-binding functional
group. 332. A netal -bi nding peptide haadyn¢eignhe fornmula: _ P, - P2, wherein:
P, is: Xaa,XaazHis. or Xaa Xaaz His Xaa3: PZ is a peptide sequence which
conprises {Meagdyuence of a metal bi ndi ng @h{ra, Xaa, is glycine, ‘alani re,
val i ne, | eqglLne T SOIeUCTe ™ Sar e 1 T gonTTTE, db[qroll tTCcacTy e-grgH ne,
g| utam c a(_\t_a___g_l_u_t_arfi ¥1 I\J/Qi r,;DaYﬁ\,dr QX |'°\9'E]ah(3 hit &y i ne. ’era‘V I"‘lh ne,
om t hi ne, pkenyl al ani r:seo tyrosi @2 trypt cm]zan cyst @b@e met hzg{n ne, of
a- hydr oxymg %le Serin XaaZz 13 %I cr e, dtanrne—<t=—atantrne—pvatt+fe;
| euci ne, i $dfeucine QBQI ne nine. _a#partic ad 380 aspar d@Phe, gl utlami c
acid, glutawbne, |ysijnes hydr oxyhya ne, Riggtidine, |arginine, |grHithine,
henyl al anime,  TYTOSIN tTyptgpha—cysterne—nethiontne—ot
g hyéroxy or 29§n b | pfﬁ’ Y 4 9 300 v |t 250

4172- 3- PCT .3, dWm(DAS Aéols)ﬂhs is glycine, alanine, valine, |ysine,

i

ar gi ni ne, erad,ld IC a -glutam c-aci d, asparagi ne, glutamne or
“tryptophany @éda/my,5¢helng Liga! y- accept abl e salt thereof. 333. The peptide
of Claim 332 wherein PZ has one of the follow ng sequences: ~~4~m X~3 H1S
Xaa2 Xaas, (Xaad4)m Hi s Xaa2 Xaas, (Xaa4)m XaaS Xaaz Hi s Xaa3, O

TABLE 10

Blood Gases And Blood Pressure

10 minutes before MCA occlusion 10 minutes after MCA occlusion
Animal | pH pCO, PO, BP® Animal | pH pCO, pO, BP©
#1 7.437 38.5 117.1 96 #1 7.422 1402 130.1 106
#3 7.430 38.3 110.5 | 89 #3 7.423 40.1 130.1 98
#5 7.518 385 147.0 |98 #5 7.471 36.5 105.3 92
#7 7.423 334 97.4 86 #7 7.433 34.0 139.9 89
#2 7.401 355 120.1 90 #2 7.423 40.1 130.1 103
#4 7.440 38.5 121.1 93 #4 7.421 39.5 129.3 101
| #s 7.425 35.9 110.0 |88 #6 7.453 36.2 105.3 92
#8 7.417 39.5 120.7 |90 #8 7.428 36.9 111.0 93

EXAMPLE 10: Inhibition Of The Generation Of ROS

The ability of the tetrapeptide L-Asp L-Ala L-His L-Lys [SEQ ID NO:1] and other peptides
and compounds to inhibit the production of ROS was tested. The other peptides tested were: L-Asp
L-AlaL-His L-Lys L-Ser L-Glu L-Val L-Ala L-His L-Arg L-Phe L-Lys [SEQ ID NO:3]; L-AlaL-
His L-Lys L-Ser L-Glu L-Val L-Ala L-His L-Arg L-Phe L-Lys [SEQ ID NO:4]; L-His L-Lys L-Ser
L-GluL-Val L-Ala L-His L-Arg L-Phe L-Lys [SEQ ID NO:5]; and Acetylated-L-Asp L-Ala L-His

.
ase




~~4~-m X~5 X L Hs,r Xda4 is any amno acid; Xaas.is an amn ‘gg kng a
free side-chain -NH2; "and mis 0-5. 334. The pepti de of Clal erein

Xaa, 1S aspaflbieer aci d glutam c acid, argjnine, or a hydroxynethyl serine.

335. The peptide of Gl aim 332 wherein Xaa? is gl yci ne, al anine, vali ne,

or o hydr ovy e PSP R 8 Ry BIREE A B0 BN BR nestaitnrs ™
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' The peptide of C z’l m 337 erei n Xaal )I S gg%g)rtl claC| { gﬂl %%égx%caé%,gﬁl d
and Xaa2 is alanine, glycine, valine, threonine, serine, or
a- hydr oxymet hyl ger i ngp3d% ofiieBGPRidiS Plo@ialm 338 wherein Xaa2 is
al ani ne, threoni ne or a-hydroxynet hyl seri ne. 340. The peptide of C aim 339
wherein Xaa, is ThslpdﬂtXiYhaée&ldpmb@bls‘l@amostseaaﬂnemxmn-d&zﬂ\&d spebies. Tbgityidetexykdfee

Cl ai m 333 L 342. The peptide of Caim332 wherein
at | east o\:\%&ga?nhgr:vgég%?r eo?%ﬁ{eﬁla}ﬁ Fian (3-alanine is a Damno acid. 343.
The peptide of Gbme resSudchenstveggest thaitaedoxicBy of Hyd@pénperokidednd subeoxkide adibkl afsly N0
acid, or baqgth and Hi.s acids. . _344. Th ptide of C aim
343 wher ei n QD aquf: %héir ﬁgmgfﬁl%toatg? g%f%’?y?%ee geat - ]E}’r‘?a?ﬁpe(r%"lgq ‘gﬁ‘f’ﬂéa%}’%dﬁcélﬁ] no
© aci gs. ?4g.zcoiﬂftete%&ﬂh¢ Khelraxy! falliahliat A2 HAHRE MRdid r@ttléxﬁaaienﬁg%yggghg%%ﬁga%& 0
acids o am ng acj ds.

346. The péBﬁY‘g%geBPer@“QF %génW%#se‘ioﬁV%d intohe hytorybradicplariadhs Fratonaragiont Pz
are D am Nk palbwayd fehuird B @aR@Rininskeal %Lcﬂs%@e%e%ﬁvvmraﬁa Baiftl, h@a%dﬁ&%qf
the am no acids of Pz are D am no aci ds. he peptide of any one

Cl ai ns 332-@dqarixpMetablion BSéadc- Bi¥d)ani no acid of P, is substituted with
(a) a substituemt 515@510%%2@@%& mﬁe}grbﬂﬁ&r'!if bicGith gé , StbaucBe,yBRRYI SR tﬂQUt
altering the ability of P, to'bind nmetal ions, a substituent fthat
protects tHelleyspg regetionsehamsrhes besnyrgeestedizy mes WI thout altering the ability
of P, to bind NS, B ﬁ’ﬂposa i ch nonpept| de,

net al - bi ndi ng P%tﬁg(%r?%ﬁa§carou@+% |np%é(§)\§/$eé§en4{ Ighabl Iany of the peptide to
bi nd netal ions. 349Cu*l'h@zpéh’f1"@@“of Cl ai m 348 wherein P, Ba&)one of the

foll ow ng fornul as: 2 NHI R~- CH CO2H H2N-CH CO R2
'NH " ~--H2C-CH H Cm-| %2{?115%3'\?% go NH ( H3C q()l_%
Cu"+ H,0,- OH + OH' + Cu* ' (Eq. 4)
Biaglow et al., Free Radic. Biol. Med.,22(7):1129-1138 (1997).

The ability of the compounds listed above to inhibit the generation of hydroxyl radicals was
tested as described in Gutteridge and Wilkins, Biochim. Biophys. Acta,759:38-41 (1983). Briefly,
Cli(II) and ascorbic acid were mixed causing the generation of hydroxyl radicals. Then, deoxyribose
was added, and the hydroxyl radicals, if present, attacked the deoxyribose to produce fragments.
Heating the fragments at low pH produced malonaldehyde that, upon the addition of 2-thiobarbituric
acid (TBA), yielded a pink chromogen which was measured spectrophotometrically at 532 nm.
Thus, absorbance at 532 nm is a measure of the damage to deoxyribose and, therefore, of hydroxyl
radical formation.

To perform the assay, CuCl, in buffer (20 mM KH,PO, buffer, pH 7.4) and either one of the
test compounds in buffer or buffer alone were added to test tubes (final concentration of CuCl, was
10pM). The test tubes were incubated for 15 minutes at room temperature. Then, 0.5 mM ascorbic
acid in buffer and 1.9 mM 2-deoxy-D-ribose in buffer were added to each test tube, and the test
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Xaa2 H s Xaa;;
attack the dcxoynbose

When the tetrapeptide at a tetrapeptide/copper ratio of 2:1 was incubated for longer periods
of time, its ability to prevent the formation of TBA-reactive substances slowly eroded. See Figure
15B. Ascan be seen from Figure 15B, the production of TBA-reactive substances was inhibited by
95% during the first 4 hours of incubation. By 24 hours, the level of inhibition had dropped to 50%
and, by 48 hours, the level of inhibition had dropped to 20%. These data suggest that TBA-reactive
substances are still being produced even in the presence of the tetrapeptide. They also suggest that
the tetrapeptide is being degraded during the time course of the experiment. This degradation is

) more than likely due to the formation of free radicals in close proximity to the tetrapeptide/copper
complex which attack and degrade the tetrapeptide, with release of the copper. Since free radicals,
such as the hydroxyl radical, are very reactive, they will attack the first electron rich molecule they
come into contact with, which would be the tetrapeptide in this case.

The effect of pH on the inhibition of hydroxyl radical formation by the tetrapeptide was
tested at a tetrapeptide/copper ratio of 2:1. At this ratio, the tetrapeptide gave >95% inhibition of
the formation of TBA-reactive species at pH 7.0-8.5. These are physiological pH levels and pH
levels that would be expected during ischemia (acidosis occurs in ischemic tissues). AtpH 6.0, the
tetrapeptide was ineffective at preventing the formation of TBA-reactive species, possibly due to the

reduced ability of the histidine to bind copper. The nitrogen atom on the imidazole ring of histidine
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(RGS) in an animal. The invention also provides a nmethod of reducing the
concentration of a netal in an animal. These net hods conprise adm nistering.
to the aninmal an effective anount of a netal bi ndi ng conpound as further
described in the application. The invention fiu-ther provides a nmethod of
reduci ng the damage done by ROS in a tissue or an organ that has been
renoved froman animal. This nethod conprising contacting the tissue or
organ with a solution containing an effective anount of ametal-binding
‘conpound ofthe invention. The invention further provides novel netal binding
conpounds, pharmaceuti cal conpositions conprising the netal -binding
conpounds, and kits conprising a contai ner holding a netal-binding conpound
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asparagine, glutamine or tryptophan;

Xaa, is any amino acid; and
‘nis 0-100;
or a physiologically-acceptable salt thereof. »

2. The method of Claim 1 wherein Xaa, is aspartic acid, glutamic acid, arginine, or -
hydroxymethylserine. 7 ’

3. The method of Claim 1 wherein Xaa, is glycine, alanine, valine, leucine, isoleucine,
threonine, serine, asparagine, methionine, histidine or c-hydroxymethylserine.

4. The method of Claim 1 wherein Xaa, is lysine.

5. The method of Claim 1 wherein Xaa, is aspartic acid, glutamic acid, arginine, or a-
hydroxymethylserine, Xaa, is glycine, alanine, valine, leucine, isoleucine, threonine, serine,
asparagine, methionine, histidine or ¢-hydroxymethylserine, and Xaa, is lysine.

- 6. Themethod of Claim 5 wherein Xaa, is aspartic acid or glutamic acid and Xaa, is alanine,
glycine, valine, threonine, serine, or «-hydroxymethylserine. ‘

7. The method of Claim 6 wherein Xaa, is alanine, threonine or e-hydroxymethylserine.

8. The method of Claim 7 wherein Xaa, is aspartic acid and Xaa, is alanine.

9. The method of Claim 1 wherein n is 0-10.
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simultaneously with reperfusion, after reperfusion, or combinations thereof.
25. The method of any one of Claims 1-20 wherein the animal is in need of the peptide

because of neurological trauma.
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29. The method of Claim 27-wherein the peptide is administered to an animal prior to

surgery, during surgery, after surgery, or combinations thereof.

30. The method of Claim 29 wherein the surgery is open-heart surgery or surgery to
transplant an organ into the animal.

31. The method of Claim 27 wherein the pepﬁde is administered to an animal prior to
radiation therapy, during radiation therapy, after radiation therapy, or combinations thereof.

32. The method of any one of Claims 1-20 wherein at least one amino acid of P, is
substituted with () a substituent that increases the lipophilicity of the peptide without altering the
ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes
without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-peptide,
metal-binding functional group that improves the ability of the peptide to bind metal ions.

33. The method of Claim 32 wherein the animal is in need of the peptide because of the need
to reperfuse an ischemic tissue or organ of the animal.

34. The method of Claim 33 wherein the animal is suffering from cerebrovascular ischemia
and the ischemic tissue is located in the brain of the animal.

| 35. The method of Claim 33 wherein the animal is suffering from cardiovascular ischemia
and the ischemic tissue is located in the heart of the é_iﬁfnal.

36. The method of Claim 33 wherein the peptide is administered prior to reperfusion,
simultaneously with reperfusion, after reperfusion, or cormibinations thereof.

37. The method of Claim 32 wherein the animal is in need of the peptide because of
neurological trauma. \

38. The method of Claim 32 wherein the animal is in need of the peptide because it is
suffering from a neurodegenerative disease.

39. The method of Claim 32 wherein the peptide is administered prophylactically.
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transplant an organ into the amm
43. The method of Claim 39 wherein the peptide is administered to an animal prior to
radiation therapy, during radiation therapy, after radiation therapy, or combinations thereof.

44, The method of Claim 32 wherein P, has one of the following formulas:
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wherein:

R, is an alkyl, aryl, or heteroaryl;

R, is -NH,, -NHR,, N(R,),, -OR, or R;; and

R;is H, a non-peptide, metal-binding functional group or the two R, groups together form
a non-peptide, metal-binding functional group.

45. The method of Claim 44 wherein the animal is in need of the peptide because of the

S,

need to reperfuse an ischemic tissue or organ of the animal.
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53. The method of Claim 51 wherein the peptide 1s admmlstereg) to an animal prior to
surgery, during surgery, after surgery, or combinations thereof.
54. The method of Claim 53 wherein the surgery is open-heart surgery or surgery to

transplant an organ into the animal.
55. The method of Claim 51 wherein the peptide is administered to an animal prior to

radiation therapy, during radiation therapy, after radiation therapy, or combinations thereof.

56. The method of any one of Claims 1-20 wherein at least one amino acid of P, is
substituted with () a substituent that increases the lipophilicity of the peptide without altering the
ability of P, to bind metal ions, (b) 2 substituent that protects the peptide from proteolytic enzymes
without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-peptide,
metal-binding functional group that increases the ability of the peptide to bind metal ions. -

57. The method of Claim 32 wherein at least one amino acid of P, is substituted with (a)
a substituent that increases the lipophilicity of the peptide without altering the ability of P, to bind
metal ions, (b) a substituent that protects the peptide from proteolytic enzymes without altering the

ability of P, to bind metal jons, or (c) asubstituent whichisa non-peptide, metal-binding functional
group that increases the ability of the peptide to bind metal ions

58. A method of reducing the damage done by reactive oxygen species (ROS)ina tissue or
an organ that has been removed from an animal comprising contacting the tissue or organ with a

solution containing an effective amount of peptide having the formula:
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phenylalanine, tyrosine, tryptophan, cysteine, methionine, or o-hydroxymethylserine;
Xaa, is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid,
asparagine, glutamine or tryptophan;
Xaa, is any amino acid; and
nis 0-100;
or a physiologically-acceptable salt thereof.
59. The method of Claim 58 wherein Xaa, is aspartic acid, glutamic acid, arginine, or a-
hydroxymethylserine.
60. The method of Claim 58 wherein Xaa, is glycme alanine, valine, leucine, isoleucine,
threonine, serine, asparagine, methionine, histidine or «-hydroxymethylserine.
- 61. The method of Claim 58 wherein Xaa is lysine. v
62. The method of Claim 58 wherein Xaa, is aspartic acid, glutamic acid, arginine, or &~
) hydroxymethylserine, Xaa, is glycine, alanine, valine, leucine, isoleucine, threonine, serine,
asparagine, methionine, histidine or a-hydroxymethylserine, and Xaa, is lysine.
63. The method of Claim 62 wherein Xaa, is aspartic acid or glutamic acid and Xaa, is
alanine, glycine, valine, threonine, serine, or o-hydroxymethylserine.

64. The method of Claim 63 wherein Xaa, is alanine, threonine or a-hydroxymethylserine.

65. The method of Claim 64 wherein Xaa, is aspartic acid and Xaa, is alanine.
66. The method of Claim 58 wherein n is 0-10.

67. The method of Claim 66 wherein n is 0-5.

68. The method of Claim 67 wherein n is 0.
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wherein Xaa, is an amino acid having a free side-chain -NH, and m is 0-5.
71. The method of Claim 70 wherein Xaas is Om or Lys.
72 The method of Claim 58 wherein at least one of the amino acids of P, other than B-
alanine is a D-amino acid. , o
73. The method of Claim 72 wherein Xaa, is a D-amino acid, Hisisa D-amino acid, or both
Xaa, and His are D-amino acids..

74 The method of Claim 73 wherein all of the amino acids of P, other than p-alanine are D-

amino acids.
75. The method of Claim 72 wherein at least 50% of the amino acids of P, are D-amino

acids.
76. The method of Claim 73 wherein at least 50% of the amino acids of P, are D-amino

acids.
77. The method of Claim 74 wherein at least 50% of the amino acids of P, are D-amino

acids.

78. The method of any one of Claims 58-77 wherein the tissue or organ is transplanted into
an animal after being contacted with the solution containing the peptide.

79. The method of any one of Claims 58-77 wherein at least one amino acid of Py is
substituted with (a) a substituent that increases the lipophilicity of the peptide without altering the
ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes
without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-peptide,
metal-binding functional group that improves the ability of the peptide to bind metal ions.

80. The method of Claim 79 wherein the tissue or organ is transplanted into an animal after
being contacted with the solution containing the peptide.

81. The method of Claim 79 wherein P, has one of the following formulas:
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wherein:

R, is an alkyl, aryl, or heteroaryl;

R, is -NH,, -NHR,, N(R)),, -OR,, or R;; and

R, is H, a non-peptide, metal-binding functional group or the two R, groups together form
a non-peptide, metal-binding functional group.

82. The method of Claim 81 wherein the tissue or organ is transplanted into an animal
after being contacted with the solution containing the peptide.

;/ 83. The method of any one of Claims 58-77 wherein at least one amino acid of P, is

substituted with (a) a substituent that increases the lipophilicity of the peptide without altering
the ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic
enzymes without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-
peptide, metal-binding functional group that increases the ability of the peptide to bind metal

ions.

84. The method of Claim 79 wherein at least one amino acid of P, is substituted with

-(a) a substituent that increases the lipophilicity of the peptide without altering the ability of P,
to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes without
altering the ability of P, to bind metal ions, or (c) a substituent which is a non-peptide, metal-
binding functional group that increases the ability of the peptide to bind metal ions.

85. A method of reducing the concentration of a metal in an animal in need thereof

comi;i:ising administering to the animal an effective amount of a peptide having the formula:
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Xaa, is glycine, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine., arginine, ornithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or o-hydroxymethylserine;

Xaa, is glycine, alanine, 3-alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, omnithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or o-hydroxymethylserine;

Xaa, is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid,
asparagine, glutamine or tryptophan;

Xaa, is any amino acid; and

n is 0-100;
or a physiologically-acceptable salt thereof.

86. The method of Claim 85 wherein Xaa, is aspartic acid, glutamic acid, arginine, or ¢~
hydroxymethylserine.

87. The method of Claim 85 wherein Xaa, is glycine, alanine, valine, leucine, isoleucine,
threonine, serine, asparagine, methionine, histidiné or a-hydroxymethylserine.

88. The method of Claim 85 wherein Xaa, is lysine.

89. The method of Claim 85 wherein Xaa, is aspartic acid, glutamic acid, arginine, or ¢-

“ hydroxymethylserine, Xaa, is glycine, alanine, valine, leucine, isoleucine, threonine, serine,
asparagine, methionine, histidine or a-hydroxymethylserine, and Xaa, is lysine.

90. The method of Claim 89 wherein Xaa, is aspartic acid or glutamic acid and Xaa, is

alanine, glycine, valine, threonine, serine, or o-hydroxymethylserine.

91. The method of Claim 90 wherein Xaa, is alanine, threonine or o-hydroxymethylserine.

92. The method of Claim 91 wherein Xaa, is aspartic acid and Xaa, is alanine.
93. The method of Claim 85 wherein n is 0-10.
94 The method of Claim 85 wherein P, comprises a metal-binding sequence.

95. The method of Claim 94 wherein P, comprises one of the following sequences:
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wherein:

R, is an alkyl, aryl, or heteroaryl; -

R, is -NH,, -NHR, N(R,),, -OR,;, or R,; and

R, is H, anon-peptide, metal-binding functional group or the two R, groups together form
a non-peptide, metal-binding functional group.

103. The method of any one of Claims 85-100 wherein at least one amino acid of P, is
substituted with (a) a substituent that increases the lipophilicity of the peptide without altering
the ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic
enzymes without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-
peptide, metal-binding functional group that increases the ability of the peptide to bind metal
ions.

~ 104. The method of Claim 101 wherein at least one amino acid of P, is substituted with
(a) a substituent that increases the lipophilicity of the peptide without altering the ability of P,
to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes without
altering the ability of P, to bind metal ions, or (c) a substituent which is a non-peptide, metal-
binding functional group that increases the ability of the peptide to bind metal ions.
105. A method of reducing the damage done by reactive oxygen species (ROS) in an
animal comprising administering to the animal an effective amount of a metal-binding peptide
having attached thereto a non-peptide, metal- binding funcﬁonal group.

106. The method of Claim 105 wherein the peptide contains from 2- 10 amino acids.
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wherein:

each P, may be the same or different and is a peptide which is capable of binding a metal ion;

and

L is a chemical group which connects the two P, peptides through their C-terminal amino

acids.
118. The method of Claim 117 wherein each P; contains 2-10 amino acids.

119. The method of Claim 117 wherein at least one P,is P, wherein P, is:
Xaa, Xaa, His: or
Xaa, Xaa, His Xaa,; and




<vlM0/  #3]1 &1 10% $(V& ()-Z & 10% $(\& ()-Z & () -
@ 1004 5\ & (37 4010 5(1 3’<>#§&é???f§f Y £ (-2 1311 & 10% 8(1 & ) AR T
é?(i/"of/‘& §$ %\g‘(ggﬁ%zﬁ’& & ()-Z #3]18& 10% $(\&(}S (z) :&'210‘{’/& é\(/\ugpé) § @

" BKLMGK/ 40! 16565 pyringoplanips RlBRCin: istlsuEias (pTe BB RS RBG &7
LT T e it bt el i ol
2/(;&/ f< )S :Ilgt)/%t&nxlalamm%reﬁl(xg , 1y REGphan 1 Qg5 iRe, (ﬂ)‘ethli%%%’ é% Y%%%“‘Zﬁjﬁ‘? fsgs}n )()S 813/130% @
(371 Tom s 0% & it R i BOAB)ORY QUGN ik Ll et BicatO00 &
(). ) RE)TT10% & ()- ! 10% & ()-! 10% 11096 & ()11

0& ()- #$9z@adaém@/ &Stmwmt@me @yzv@e/a/bb&hwl@aniom o b, omitint

10% %& ()-9 0 W O% 8%4% 0%' et s e d
* -
C(iiiI]:LOO/zskg/hT&F 1 &y IBM P%DS yft@%e/o & ()°m151? fég/‘%y&o?yﬂ%lylze(% and .
@rfLO%&O ()-G Xaa* is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamlc acid,
1094 & 8 SsksgmEe R 1%%/‘9)@& (%@p@néo‘(yﬁfo& ()-51 10986 & ()- 5! 10086 & () - 5/ Ke5! |
" 510946 & () -5/ Ke5! e! 10984 | 100
& ()-50S3*!110984 & ()-5! 1096 & () - 5/ Kes!! 100/%& %) 5110086 & ()ogcl (12)0/85& éo(/?@

_508%1110986 & () -5/ Ke5! | 10986 & () - 5! 109 % 9 *
eS| 10986 & 0)- 5121)@%@(11;3:13':‘%%&1&% ef% a%‘?%dﬁ)‘%‘% %Q%‘ ké%l"{ 16
% & ()-5! 1%3;%%9@ 110086 & () - 5! 10996 & () - 51 10986 & () - 51 10986 & () - 55V ~sR

1%/ Y& 10% 0Ves$& ()- F 109" &
10%€$& () - % 109943t (The Brethod pEiglaizy 119 wherem)gaa,Z is ggcme alanine, valine, leucine, isoleucine,

1 10%$8&' () -!.109 180
)G\ e 105/& 10/@$&6@,§&g§g@§§e (etiohAeii§ dide dr BOYRRS Y}t I0HeSE () - | 10%$& (
11 10%3$& () - ! 10% SRie(hethddSfeBam )9 wherpgodapgis e &

10% ()-!10%$& 1 10%$&
;1093 (). 10588 (1100581 %elx?kw%@ég&@%'ﬁ&gmimddm&&sx%ﬁe S5
Y21 10% 0% 3& () llO/e$&() 1 10%e3$ % 1 10% &(
), 1 10988 Ol a@@%&&yleamemaqw{s HyciBYeBninevbas,  Jpudindg eIy e g‘“ SR
e 10%$& () - |1(3%a$& <'>§J 21 10% %ﬁ]ﬂ s bOYESEshr - | 10%$& ()-11

/a;a;$& g) | 10RAERETRS Me 598 ’(ﬁ %ﬁ%@)%m () Islotye$ gq.

G(\) 10%$& () - l1Q%¢$@he£alet}lbchkmmimvﬂzwmﬁinm%ws@m ghptanic pgl é}é‘g’é“e Sl 1
0/«I.al$& g) '100{e$& '10°/e$&r_h% W ; 2! 109 5?8 b 00/e$& O)-& s;
G\|1100/e$& (3lening gy gige,(Vplne %Wé‘? 8% 8R! ?‘}' ’fﬁ?ﬁé‘& ?5‘ '10%3$& ()- .1o%a$&(
) -1 10%$& () - ! 10%8$ 8 Kometiod oF CRMERM Lbeemhaah )is dlddoredgofipe ayu-kydroxymethylserine.

G!110%3$& ()-!10%$& ()-_?! 10%$! 10%$& 1 100
)-110%$&' ()-! 10%$& ()-w; ?! 10%$! 10%9$&(%) 'go/?/ig&(%) ! é?%sﬁ& ()-110%9%& (

G 1110%$& ()-! 1003 .
Rl R R R i)

9 P FA ne'%’é}’ 180 0
e$& () -1 10%3& () - L4 Ouep& () - 6<?@iw ; ?! 10%$! E%We$& ?) ! (1fO°/e$§ (?f GE) sI 10%

Jainiino ack
128. The method of Claim 127 wherein all of the amino acids of P, other than f-alanine are

D-amino acids.
129. The method of Claim 119 wherein both P; peptides are P.

130. The method of Claims 117 wherein at least one amino acid of P3

a substituent that increases the lipophilicity of the peptide without altering th

metal ions, (b) a substituent that protects the peptlde from proteolytic enzymes without altering the
nal

is substituted ith (a)
¢ ability of P, to bind

ability of P, to bind metal ions, or (¢) a substituent which is a non-peptide, metal -binding functio

group that improves the ability of the peptide to bind metal jons.
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hydroxymethylsenne Xaa, is glycine, alanine, valine, leucine, 1soleucme threonme serine,

asparagine, methionine, histidine or oc_-hydroxymethylsenne, and Xaa, is lysine.
147. The method of Claim 146 wherein Xaa, is aspartic acid or glutamic acid and Xaa, is
alanine, glycine, valine, threonine, serine, or o-hydroxymethylserine.

148. The method of Claim 147 wherein Xaa, is alanine, threonine or ¢-hydroxymethylserine.

149. The method of Claim 148 wherein Xaa, is aspartic acid and Xaa, is alanine.

150. The method of Claim 142 wherein at least one amino acid of P, other than B-alanine

is a D-amino acid. '

151. The method of Claim 150 wherein all of the amino acids of P, other than B-alanine are
D-amino acids.

152. The method of Claim 142 wherein both P; peptides are P,

153. The method of Claims 140 wherein at least one amino acid of P, is substituted with (a)
a substituent that increases the lipophilicity of the peptide without altering the ability of P; to bind
metal ions, (b) a substituent that protects the peptide from proteolytic enzymes without altering the
ability of P, to bind metal ions, or (c) a substituent which is a non-peptide, metal-binding functional
group that improves the ability of the peptide to bind metal ions.

154. The method of Claim 140 wherein P; comprises an amino acid sequence which is
substituted with a non-peptide, metal-binding functional group to provide the metal-binding
capability of P;. ‘

155. The method of Claim 140 wherein L is neutral.

156. The method of Claim 140 wherein L is a straight-chain or branched-chain alkane or
alkene residue containing from 1-18 carbon atoms.

157. The method of Claim 156 wherein L contains 2-8 carbon atoms.
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phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; and

Xaa, is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid,

asparagine, glutamine or tryptophan.
166. The method of Claim 165 wherein Xaa, is aspartic acid, glutamic acid, arginine, or &~

hydroxymethylserine.

167. The method of Claim 1
methionine, histidine or o-hydroxymethylserine.

65 wherein Xaa, is glycine, alanine, valine, leucine, isoleucine,

threonine, serine, asparagine,
168. The method of Claim 165 wherein Xaa, is lysine.
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181. The method of Claim 163 wherein L is a cyclic alkane resxdue containing from 2-8

carbon atoms.
182. The method of Claim 181 wherein L contains 3-5 carbon atoms.

183. The method of Claim 163 wherein L is a nitrogen-containing heterocyclic alkane

residue.
184. The method of Claim 183 wherein L is a piperazide.

185. The method of Claim 163 wherein L is a glyceryl ester.
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or a physiologically-acceptable salt thereof.

187. The composition of Claim 186 wherein Xaa, is aspartic acid, glutamic acid, arginine,
or a-hydroxymethylserine.

188. The composition of Claim 186 wherein Xaa, is glycine, alanine, valine, leucine,
isoleucine, threonine, serine, asparagine, methionine, histidine or o-hydroxymethylserine.

189. The composition of Claim 186 wherein Xaaj is lysine.

190. The composition of Claim 186 wherein Xaa, is aspartic acid, glutamic acid, arginine,
or a-hydroxymethylserine, Xas, is glycine, alanine, valine, leucine, isoleucine, threonine, serine,
asparagine, methionine, histidine or a-hydroxymethylserine, and Xaa, is lysine.

191. The composition of Claim 190 wherein Xaa, is aspartic acid or glutamic acid and Xaa,
is alanine, glycine, valine, threonine, serine, or o-hydroxymethylserine.

192. The compositioﬁ of Claim 191 wherein Xaa, is alanine, threonine or o-
hydroxymethylserine.

193. The composition of Claim 192 wherein Xaa, is aspartic acid and Xaa, is alanine.

194. The composition of Claim 186 wherein n is 0-10.
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204. The composition of Claim 201 wherein at least 50% of the amino acids of P, are D-

amino acids.

205. The composition of Claim 202 wherein at least 50% of the amino acids of P, are D-

amino acids.

206. The composition of any one of Claims 186-205 wherein at least one amino acid of P,

" is substituted with (a) a substituent that increases the lipophilicity of the peptide without altering the

ability of P, to bind metal ions, (b) 2 substituent that protects the peptide from proteolytic enzymes

without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-peptide,

metal-binding functional group that increases the ability of the peptide to bind metal ions.

207. The composition of Claim 206 wherein P, has one of the following formulas:
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wherein:
R, is an alkyl, aryl, or heteroaryl;
R, is -NH,, -NHR,, N(R,),, -OR,, or R,; and
l - 'R, is H, anon-peptide, metal-binding functional group or the two R, groups together form
a non-peptide, meta_l-binding functional group.

208. The composition of any one of Claims 186-205 wherein at least one amino acid of

Pyis substituted with (a) a substituent that increases the lipophilicity of the peptide without
: altering the ability of P, to bind metal ions, (b) a substituent that protects the peptide from
1 e proteolytic enzymes without altering the ability of P, to bind metal ions, or (¢) a substituent
: which is a non-peptide, metal-binding functional group that increases the ability of the peptide
to bind metal ions.

209. The composition of Claim 207 wherein at least one amino acid of P, is substituted
with (a) a substituent that increases the lipophilicity of the peptide without altering the ability
of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes
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without altering the ability of P, to bind metal ions, or (c) a.substituent which is a non-peptide,
metal-binding functional group that increases the ability of the peptide to bind metal ions
210. A kit comprising a container holding a peptide having the formula:
P, - P,
wherein:
.. Pyis
Xaa, Xaa, His: or
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threonine, serine, asparagine, methionine, histidine or o-hydroxymethylserine.

213. The kit of Claim 210 wherein Xaa, is lysine.

214. The kit of Claim 210 wherein Xaa, is aspartic acid, glutamic acid, arginine, or &-
hydroxymethylserine, Xaa, is glycine, alanine, valine, leucine, isoleucine, threonine, serine,
asparagine, methionine, histidine or «-hydroxymethylserine, and Xaa; is lysine.

215. The kit of Claim 214 wherein Xaa, is aspartic acid or glutamic acid and Xaa, is alanine,
glycine, valine, threonine, serine, or a-hydroxymethylserine.

216. The kit of Claim 215 wherein Xaa, is alanine, threonine or o-hydroxymethylserine.

217. The kit of Claim 216 wherein Xaa, is aspartic acid and Xaa, is alanine.

218, The kit of Claim 210 wherein n is 0-10.

219. The kit of Claims 218 wherein n is 0-5.

220. The kit of Claim 219 whereinn is 0. )

221. The kit of Claim 210 wherein P, comprises a metal-binding sequence.

292. The kit of Claim 221 wherein P, comprises one of the following sequences: (Xaas)n
Xaa, His Xaa, Xaas,
(Xaa,),, His Xaa, Xaa;,
(Xaa,),, Xaa; Xaa, His Xaa;, or
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226 The kit of Claim 225 wherein all of the amino acids of P, other than B-alanine are

‘ D-amino acids.
i o 227. The kit of Claim 224 wherein at least 50% of the amino acids of P, are D-amino
I acids.

228. The kit of Claim 225 wherein at least 50% of the amino acids of P, are D-amino
acids. ‘

229. The kit of Claim 226 wherein at least 50% of the amino acids of P, are D-amino
acids.

230. The kit of any one of Claims 210-229 wherein at least one amino acid of P, is
substituted with (a) a substituent that increases the lipophilicity of the peptide without altering
the ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic
enzymes without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-

peptide, metal-binding functional group that increases the ability of the peptide to bind metal

ions.

231, The kit of Claim 230 wherein P, has one of the following formulas:
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R;1sH, anon=peptide, me -b1ndmg functlonal group or the two R, groups together form

a non-peptide, metal-binding functional group.

232. The kit of any one of Claims 210-229 wherein at least one amino acid of P, is
substituted with (a) a substituent that increases the lipophilicity of the peptide without altering
the ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic
enzymes without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-
peptide, metal-binding functional group that increases the ability of the peptide to bind metal
ions.

233. The kit of Claim 231 wherein at least one amino acid of P, is substituted with (a)
a substituent that increases the lipophilicity of the peptide without altering the ability of P, to
' bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes without

altering the ability of P, to bind metal ions, or (c) a substituent which is a non-peptide, metal-
binding functional group that increases the ability of the peptide to bind metal ions
234. A pharmaceutical composition comprising a pharmaceutically-acceptable carrier
and a metal-binding peptide having attached thereto a non-peptide, metal-binding functional
group.
.. 235. The composition of Claim 234 wherein the peptide contains from 2-10 amino acids.

236. The composition of Claim 235 wherein the peptide contains from 3-5 amino acids.
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237. The composition of Claim 234, 235, or 236 wherein the amino acids of the peptide are
D-amino acids.

238. A kit comprising a container holding a‘metal-binding peptide having attached thereto
a non-peptide, metal-binding functional group.

239. The kit of Claim 238 wherein the peptide contains from 2-10 amino acids.

240. The kit of Claim 239 wherein the peptide contains from 3-5 amino acids.

241. The kit of Claim 238, 239 or 240 wherein the amino acids of the peptide are D-amino

acids. "

242. A composition comprising a metal-binding peptide dimer of the formula:
P,-L-P,,
wherein:
each P, may be the same or different and is a peptide which is capable of binding a metal ion;
and
L is a chemical group which connects the two P, peptides through their C-terminal amino
acids.
243. The composition of Claim 242 wherein each P, contains 2-10 amino acids.
244. The composition of Claim 242 wherein at least one P; is P, wherein P, is:
Xaa, Xaa, His: or
Xaa, Xaa, His Xaa,; and
Xaa, is glycine, alaniri_e, valine, leupine, isoleucine, serine, threonine, aspartic acid,

asparagine, glutamic acid, glutamine, lysine, hydroxyiysine, histidine, arginine, ornithine,

phenylalanine, tyrosine, tryptophan, cysteine, methionine, or ¢-hydroxymethylserine;

Xaa, is glycine, alanine, B-alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or ¢-hydroxymethylserine; and

Xaa, is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid,
asparagine, glutamine or tryptophan.

245. The composition of Claim 244 wherein Xaa, is aspartic acid, glutamic acid, arginine,
or o-hydroxymethylserine.

246. The composition of Claim 244 wherein Xaa, is glycine, alanine, valine, leucine,
isoleucine, threonine, serine, asparagine, methionine, histidine or «-hydroxymethylserine.

247. The composition of Claim 244 wherein Xaa, is lysine.
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248. The composition of Claim 244 wherein Xaa, is aspartic acid, glutamic acid, arginine

2

b

or a-hydroxymethylserine, Xaa, is glycine, alanine, valine, leucine, isoleucine, threonine, serine
asparagine, methionine, histidine or e-hydroxymethylserine, and Xaa, is lysine.

249. The composition of Claim 248 wherein Xaa, is aspartic acid or glutamic acid and Xaa,
is alanine, glycine, valine, threonine, serine, or a-hjdroxymethylserine.

250. The composition of Claim 249 wherein Xaa, is alanine, threonine or «-
hydroxymethylserine.

251. The composition of Claim 250 wherein Xaa, is aspartic acid and Xaa, is alanine.

252.- The composition of Claim 244 wherein at least one amino acid of P, other than B-
alanine is a D-amino acid. _ ) ,

253. The composition of Claim 252 wherein all of the amino acids of P, other than -alanine
are D-amino acids.

254. The composition of Claim 244 wherein both P; peptides are P,.

255. The composition of Claims 242 wherein at least one amino acid of P, is substituted with
() a substituent that increases the lipophilicity of the peptide without altering the ability of P, to
bind metal jons, (b) a substituent that protects the peptide from proteolytic enzymes without altering
the ability of P, to bind metal ions, or (c) a substituent which is a non—peptide, metal-binding
functional group that improves the ability of the peptide to bind metal ions.

256. The composition of Claim 242 wherein P, comprises an amino acid sequence which is
substituted with a non-peptide, metal-binding functional group to provide the metal-binding
capability of P,. ] |

257. The composition of Claim 242 wherein L is"heutral.

258. The composition of Claim 244 wherein L is a straight-chain or branched-chain alkane

" or alkene residue containing from 1-18 carbon atoms.

259. The composition of Claim 258 wherein L contains 2-8 carbon atoms.

260. The composition of Claim 244 wherein L is a cyclic alkane residue containing from 2-8
carbon atoms.

261. The composition of Claim 260 wherein L contains 3-5 carbon atoms.

262. The composition of Claim 244 wherein L is a nitrogen-containing heterocyclic alkane
residue.

263. The composition of Claim 262 wherein L is a piperazide.

264. The composition of Claim 244 wherein L is a glyceryl ester.

265. A kit comprising a container holding a metal-binding peptide dimer of the formula:
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P;-L-P,,
wherein:

each P, may be the same or different and is a peptide which is capable of binding a metal ion;
and '

L is a chemical group which connects the two P, peptides through their C-terminal amino
acids.

266. The kit of Claim 265 wherein each P, contains 2-10 amino acids.

267. The kit of Claim 265 wherein at least one P;is P, wherein P, is:

Xaa, Xaa, His: or g st e =
Xaa, Xaa, His Xaa,; and _

Xaa, is glycine, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, omithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or c-hydroxymethylserine;

Xaa, is glycine, alanine, 3-alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or «¢-hydroxymethylserine; and

Xaa3 is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid,
asparagine, glutamine or tryptophan.

268. The kit of Claim 267 wherein Xaa, is aspartic acid, glutamic acid, arginine, or «-
hydroxymethylserine. '

269. The kit of Claim 267 wherein Xaa, is glycine, alanine, valine, leucine, isoleucine,
threonine, serine, asparagine, methionine, histidine or oc-hydroxymeth&lserine.

270. The kit of Claim 267 whérein Xaa, is lysine. 7

271. The kit of Claim 267 wherein Xaa, is aspartic acid, glutamic acid, arginine, or -
hydroxymethylserine, Xaa, is glycine, alanine, valine, leucine, isoleucine, threonine, serine,
asparagine, methionine, histidine or a-hydroxymethylserine, and Xaa, is lysine. )

272. The kit of Claim 271 wherein Xaa, is aspartic acid or glutamic acid and Xaa, is alanine,
glycine, valine, threonine, serine, or ¢-hydroxymethylserine.

273. The kit of Claim 272 wherein Xaa, is alanine, threonine or «-hydroxymethylserine.

274. The kit of Claim 273 wherein Xaa, is aspartic acid and Xaa, is alanine.

275. The kit of Claim 267 wherein at least one amino acid of P, other than -alanine isa D-

amino acid.
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276. The kit of Claim 275 wherein all of the amino acids of P, other than [3-alanine are D-
amino acids.

277. The kit of Claim 267 wherein both P, peptides are P,.

278. The kit of Claims 265 wherein at least one amino acid of P, is substituted with (a) a
substituent that increases the lipophilicity of the peptide without altering the ability of P, to bind
metal ions, (b) a substituent that protects the peptide from proteolytic enzymes without altering the
ability of P; to bind metal ions, or (¢) a substituent which is a non-peptide, metal-binding functional
group that improves the ability of the peptide to bind metal ions. |

-279. The kit of Claim 265 wherein P, comprises an amino acid sequence which is substituted
with a non-peptide, metal-binding functional group to provide the metal-binding capability of P;.

280. The kit of Claim 265 wherein L is neutral.

281. The kit of Claim 265 wherein L is a straight-chain or branched-chain alkane or alkene
residue containing from 1-18 carbon atoms.

282. The kit of Claim 281 wherein L contains 2-8 carbon atoms.

283. The kit of Claim 265 wherein L is a cyclic alkane residue containing from 2-8 carbon
atoms.

284. The kit of Claim 283 wherein L contains 3-5 carbon atoms.

285. The kit of Claim 265 wherein L is a nitrogen-containing heterocyclic alkane residue.

286. The kit of Claim 285 wherein L is a piperazide. -

287. The kit of Claim 265 wherein L is a glyceryl ester.

288. A peptide having the formula:

Py -Py
wherein:
P, is:
Xaa, Xaa, His: or
Xaa, Xaa, His Xaas;
P, is (Xaa,),;

Xaa, is glycine, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine;

Xaa, is glycine, alanine, B-alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,

phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine;
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Xaa, is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid,
asparagine, glutamine or tryptophan;

Xaa, is any amino acid,

nis 0-100; and

at least one amino acid of P, is a D-amino acid;
or a physiologically-acceptable salt thereof.

289. The peptide of Claim 288 wherein Xaa, is aspartic acid, glutamic acid, arginine, or o-
hydroxymethylserine. .

290. The peptide of Claim 288 wherein Xaa, is glycine, alanine, valine, leucine, isoleucine, -
threonine, serine, asparagirie, methionine, histidine or a-hydroxymethylserine.

291. The peptide of Claim 288 wherein Xaa, is lysine.

292. The peptide of Claim 288 wherein Xaa, is aspartic acid, glutamic acid, arginine, or a-
hydroxymethylserine, Xaa, is glycine, alanine, valine, leucine, isoleucine, threonine, serine,
asparagine, methionine, histidine or a-hydroxymethylserine, and Xaa, is lysine.

293. The peptide of Claim 292 wherein Xaa, is aspartic acid or glutamic acid and Xaa, is
alanine, glycine, valine, threonine, serine, or ¢-hydroxymethylserine.

294. The peptide of Claim 293 wherein Xaa, is alanine, threonine or oc-hydroxymethylserine.

295. The peptide of Claim 294 wherein Xaa, is aspartic acid and Xaa, is alanine. -

296. The peptide of Claim 288 wherein n is 0-10.

297. The peptide of Claims 296 wherein n is 0-5.

298. The peptide of Claim 297 wherein n is 0.

299. The peptide of Claim 288 wherein P, comprises a metal-binding sequence. .

300. The peptide of Claim 299 wherein P, comprises one of the following sequences:
(Xaa,),, Xaa, His Xaa, Xaa,,
(Xaa,),, His Xaa, Xaa,,
(Xaa,),, Xaa; Xaa, His Xaa;, or
(Xaa,),, Xaa; Xaa, His,

wherein Xaa, is an amino acid having a free side-chain -NH, and m is 0-5.
301. The peptide of Claim 300 wherein Xaa; is Orn or Lys.
302. The peptide of Claim 288 wherein Xaa, is a D-amino acid, His is a D-amino acid, or

both Xaa, and His are D-amino acids..
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~ substituted with (a) a substituent that increases the lipophilicity of the peptide without altering
= the ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic
enzymes without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-
peptide, metal-binding functional group that improves the ability of the peptide to bind metal |

ions.

... . 308. The peptide of Claim 307 wherein P, has one of the following formulas:
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wherein:

R, is an alkyl, aryl, or heteroaryl;

R, is -NH,, -NHR,, N(R,),, -OR,, or R;; and

R, is H, anon-peptide, metal-binding functional group or the two R, groups together form
a non-peptide, metal-binding functional group.

309. The peptide of any one of Claims 288-306 wherein at least one amino acid of P,is
substituted with (a) a substituent that increases the lipophilicity of the pe;ﬁtide without altering
the ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic

enzymes without altering the ability of P, to bind metal ions, or (¢) a substituent which is a non-
peptide, metal-binding functional group that improves the ability of the peptide to bind metal
ions. ,

310. The peptide of Claim 308 wherein at least one amino acid of P, is substituted with
(a)a subsﬁtuent that increases the lipophilicity of the peptide without altering the ability of P,
to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes without
altering the ability of P, to bind metal ions, or (c) a substituent which is a non-peptide, metal-
binding functional group that improves the ability of the peptide to bind metal ions

311. A peptide having the formula:

' P,-P,

wherein:

P, is:
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Xaa, Xaa, His: or
Xaa, Xaa, His Xaa,;

P, is (Xaa,),;

Xaa, is glycine, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine;

Xaa, is glycine, alanine, B-alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine,-or ¢-hydroxymethylserine;

Xaa, is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid,
asparagine, glutamine or tryptophan;

Xaa, is any amino acid;

n is 0-100; and

at least one amino acid of P,, P, or both is substituted with (a) a substituent that increases
the lipophilicity of the peptide without altering the ability of P, to bind metal ions, (b) a substituent
that protects the peptide from proteolytic enzymes without altering the ability of P, to bind metal
ions, or (c) a substituent which is a non-peptide, metal-binding functional group that improves the
ability of the peptide to bind metal ions.;

or a physiologically-acceptable salt thereof. »

312. The peptide of Claim 311 wherein Xaa, is aspartic acid, glutamic acid, arginine, or «-
hydroxymethylserine.

313. The peptide of Claim 311 wherein Xaa, is glycine, alanine, valine, leucine, isoleucine,

~ threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine.
. 314. The peptide of Claim 311 wherein Xaa; is lysine.

315. The peptide of Claim 311 wherein Xaa, is aspartic acid, glutamic acid, arginine, or «-
hydroxymethylserine, Xaa, is glycine, alanine, valine, leucine, isoleucine, threonine, serine,
asparagine, methionine, hisﬁdine or o-hydroxymethylserine, and Xaa, is lysine.

316. The pcptiZle of Claim 315 wherein Xaa, is aspartic acid or glutamic acid and Xaa, is
alanine, glycine, valine, threonine, serine, or a-hydroxymethylserine.

317. Thepeptide of Claim 316 wherein Xaa, is alanine, threonine or a-hydroxymethylserine.

318. The peptide of Claim 317 wherein Xaa, is aspartic acid and Xaa, is alanine.
319. The peptide of Claim 311 wherein n is 0-10.
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320. The peptide of Claims 319 wherein n is 0-5.
321. The peptide of Claim 320 wherein n is 0.
322. The peptide of Claim 311 wherein P, comprises a metal-binding sequence.
323. The peptide of Claim 322 wherein P, comprises one of the following sequences:
(Xaa,),, Xaa, His Xaa, Xaa;,
(Xaa,),, His Xaa, Xaa,,
(Xaa,),, Xaa; Xaa, His Xaa,, or
(Xaa,),, Xaa; Xaa, His,«
wherein Xaa; is an-amino acid having a free-side-chain <NH, and m is 0-5.
324. The peptide of Claim 323 wherein Xaa, is Orn or Lys.
325. The peptide of Claim 311 wherein at least one of the amino acids of P,
other than B-alanine is a D-amino acid.
326. The peptide of Claim 325 wherein Xaa, is a D-amino acid, His is a D-amino acid, or
both Xaa, and His are D-amino acids..
327. The peptide of Claim 326 wherein all of the amino acids of P, other than f-alanine are
D-amino acids.
328. The peptide of Claim 325 wherein at least 50% of the amino acids of P, are D-amino
acids.
329. The peptide of Claim 326 wherein at least 50% of the amino acids of P, are D-amino
acids.
330. The peptide of Claim 327 wherein at least 50% of the amino acids of P, are D-amino
acids.
331. The peptide of any one of Claims 311-330 wherein P, has one of the following

formulas:
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wherein:

R, is an alkyl, aryl, or heteroaryl,

R, is -NH,, -NHR,, N(R,),, -OR,, or R;; and

R, is H, anon-peptide, metal-binding functional group or the two R, groups together form
a non-peptide, metal-binding functional group.

332. A metal-binding peptide having the formula:

P, -P, )
wherein:

P, is: ,

Xaa, Xaa, His: or
Xaa, Xaa, His Xaa,;

P, is a peptide sequence which comprises the sequence of a metal binding site;

Xaa, is glycine, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine;

Xaa, is glycine, alanine, B-alanine, valine, leucine, isoleucine, serine, threonine, aspartic
acid, asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,

phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; and
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Xaa, is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid,
asparagine, glutamine or tryptophan;

or a physiologically-acceptable salt thereof.

333. The peptide of Claim 332 wherein P, has one of the following sequences:

(Xaa,),, Xaa; His Xaa, Xaas,
(Xaa,),, His Xaa, Xaa,,
(Xaa,),, Xaa; Xaa, His Xaa,, or
(Xaa,),, Xaa; Xaa, His,.

- Xaa, is any amino acid;

Xaas is an amino acid having a free side-chain -NH,; and

m is 0-5.

334. The peptide of Claim 332 wherein Xaa, is aspartic acid, glutamic acid, arginine, or -
hydroxymethylserine.

335. The peptide of Claim 332 wherein Xaa, is glycine, alanine, valine, leucine, isoleucine,
threonine, serine, asparagine, methionine, histidine or oc-hydroxymethylserine.r

336. The peptide of Claim 332 wherein Xaa, is lysine.

337. The peptide of Claim 332 wherein Xaa, is aspartic acid, glutamic acid, arginine, or .-
hydroxymethylserine, Xaa, is glycine, alanine, valine, leucine, isoleucine, threonine, serine,
asparagine, methionine, histidine or oc-hydroxymethylserine, and Xaa, is lysine.

338. The peptide of Claim 337 wherein Xaa, is aspartic acid or glutamic acid é.nd Xaa, is
alanine, glycine, valine, threonine, serine, or a-hydroxymethylserine.

339. The peptide of Claim 338 wherein Xaa, is alanine, threonine or a.-hydroxymethylserine.

340. The peptide of Claim 339 wherein Xaa, is aspartic acid and Xaa, is alanine.

341. The peptide of Claim 333 wherein Xaa, is Orn or Lys.

342. The peptide of Claim 332 wherein at least one amino acid of P, other than B-alanine
is a D-amino acid. ‘

343. The peptide of Claim 342 wherein Xaa, is a D-amino acid, His is a D-amino acid, or
both Xaa, and His are D-amino acids.. v

344. The peptide of Claim 343 wherein all of the amino acids of P, other than $-alanine are
D-amino acids.

345. The peptide of Claim 342 wherein at least 50% of the amino acids of P, are D-amino

acids.
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346. The peptide of Claim 343 wherein at least 50% of the amino acids of P, are D-
amino acids.

347. The peptide of Claim 344 wherein at least 50% of the amino acids of P, are D-
amino acids.

348. The peptide of any one of Claims 332-347 wherein at least one amino acid of P,is
substituted with (a) a substituent that increases the lipophilicity of the peptide without altering
the ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic
enzymes without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-
peptide, metal-binding functional group that improves the ability of the peptide to bind metal

ions.

349. The peptide of Claim 348 wherein P, has one of the following formulas:
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wherein:

R, is an alkyl, aryl, or heteroaryl;

R, is -NH,, -NHR,, N(R,),, -OR, or R;; and

R, is H, a non-peptide, metal-binding functional group or the two R, groups together form
a non-peptide, metal-binding functional group.

350. The peptide of any one of Claims 332-347 wherein at least one amino acid of P, is
substituted with (a) a substituent that increases the lipophilicity of the peptide without altering the
ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes

g

ﬁjfﬁ’?ﬁﬁm [alZL .




30 MAR 2004

4172-3-PCT ' 94

without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-peptide,
metal-binding functional group that increases the ability of the peptide to bind metal jons.

351. The peptide of Claim 348 wherein at least one amino acid of P, is substituted with (a)
a substituent that increases the lipophilicity of the peptide without altering the ability of P, to bind
metal ions, (5) a substituent that protects the peptide from proteolytic enzymes without altering the
ability of P, to bind metal ions, or (c) a substituent which is a non-peptide, metal-binding functional
group that increases the ability of the peptide to bind metal ions

352. A metal-binding peptide dimer of the formula:

P,-L-P,,
wherein: A _ o

each P, may be the same or different and is a peptide which is capable of binding a metal ion;
and '

L is a chemical group which connects the two P, peptides through their C-terminal amino
acids.

353. The peptide dimer of Claim 352 wherein each P, contains 2-10 amino acids.

354. The peptide dimer of Claim 352 wherein at least one P, is P, wherein P, is:

Xaa, Xaa, His‘: or
Xaa, Xaa, His Xaa;; and
' Xae_l,. is glycine, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,
phenylalaniné, tyrosine, tryptophan, cysteine, methionine, or ¢-hydroxymethylserine;

Xaa, is glycine, alanihe, B-alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, gluté.mine, lysine, hydroxylysine, histidine, arginine, ornithine,
" phenylalanine, tyrosine, tryptophan, cysteiné, methionine, or ¢-hydroxymethylserine; and

Xaa, is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid,
asparagine, glutamine or tryptophan. i

355. The peptide dimer of Claim 354 wherein Xaa, is aspartic acid, glutamic acid, arginine,
or a-hydroxymethylserine.

356. The peptide dimer of Claim 354 wherein Xaa, is glycine, alanine, valine, leucine,
isoleucine, threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine.

357. The peptide dimer of Claim 354 wherein Xaa, is lysine.
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358. The peptide dimer of Claim 354 wherein Xaa, is aspartic acid, glutamic acid, arginine,
or a-hydroxymethylserine, Xaa, is glycine, alanine, valine, leucine, isoleucine, threonine, serine,
asparagine, methionine, histidine or ¢-hydroxymethylserine, and Xaa, is lysine.

359. The peptide dimer of Claim 358 wherein Xaa, is aspartic acid or glutamic acid and
Xaa, is alanine, glycine, valine, threonine, serine, or a-hydroxymethylserine.

360. The peptide dimer of Claim 359 whereiﬁ Xaa, is alanine, threonine or a-
hydroxymethylserine.

361. The peptide dimer of Claim 360 wherein Xaa, is aspartic acid and Xaa, is alanine.

362. The peptide dimer of Claim 354 wherein at least one amino acid of P, other than f-
alanine is a D-amino acid. ) _

363. The peptide dimer of Claim 354 wherein all of the amino acids of P, other than §-
alanine are D-amino acids.

364. The peptide dimer of Claim 354 wherein both P, peptides are P,.

365. The peptide dimer of Claims 352 wherein at least one amino acid of P; is substituted
with (a) a substituent that increases the lipophilicity of the peptide without altering the ability of P,
to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes without
alterihg the ability of P, to bind metal ions, or (¢) a substituent whichis anon-peptide, metal-binding
functional group that improves the ability of the peptide to bind metal ions.

366. The p’eptic!e'dimer of Claim 352 wherein P, comprises an amino acid sequence which
is substituted with a non-peptide, metal-binding functional group to provide the metal-binding
capability of P,. “

367. The peptide dimer of Claim 352 wherein L is neutral.

368. The peptide dimer of Claim 352 wherein L is a straight-chain or branchéd;chain alkane

* or alkene residue containing from »1-1 8 carbon atoms. A

369. The peptide dimer of Claim 368 wherein L contains 2-8 carbon atoms.

370. The peptide dimer of Claim 352 wherein L is a cyclic alkane residue containing from
3-8 carbon atoms.

371. The peptide dimer of Claim 370 wherein L contains 3-5 carbon atoms.

372. The peptide dimer of Claim 352 wherein L isa nitrogen-containing heterocyclic alkane
residue.

373. The peptide dimer of Claim 372 wherein L is a piperazide.

374. The peptide dimer of Claim 352 wherein L is a glyceryl ester.




