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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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4772-3-PCT The invention al so provides a nethod of reducing the
concentration of a nmetal in an animal in need thereof. The netho I iy §ES
adnministering to the animal an effective anount of a netal bindi ng “pmé
having the forpula Pl - Pz or a physiol ogr cal | y-acceptabl e salt thereof.

The invention also provi des apharmaceutical conposition conprising

aphar maceuti cal | acceptable carrier and the peptide Pl - Pz or a.

physi ol ogi ctalswrai@ﬁ@mb sanang physichegicabfunctions.derdidingaibumin’s ablrlmetnforndmetals

Phat has, begh i BoTLRR O ARTRAR A90R 4 ol Bedidy BBIEARNPSRET i ng

t he pept i debilirubin, pzscatvengt HO candholttersP, See, £g.; HakhwEll ah& GXaeridgXadrzh. HPzSch@ﬁz Xaal

X Hi 3 | ycine. . al anj Al

val i ne (v abgtnRedst st (ealy MGl il e Reelrers Bt sty o sbho e
(Thr), asraa(rrpseg st@h;dJ(B&ﬁ& czzasp@rs@glmnﬁa%n)s mbm@am@sy%ﬁpﬁ@ewk, Am. J.
glutamne (dn) ySi ne Qg droxylysrne(l—lyr?i . hi'sti di ne (Hi's),

argi ni ne (A@@’f"’} &%Hlﬁ? % @?9%}1 SHYIR eontans seopbinetal biedingaites inshidinggrg |
trypt ophan e(tﬁ{em-ten?&fﬁg enrem (e%))ar mé{ﬁtﬂ‘ﬁcﬁﬁ‘g s %@re}a Qrbuaurama&«gx ' LRET | ne

(HVB). Xaa, is preferably As G u, More prefera
Asp or G u.anNpoving rseiler%lmn}m%&a]mbﬂ ngb\@ﬁmthQch@) Ging, NifiDaand- ZaeMraino ‘daﬂs

e, 1o, peer s iR o el mlfpo e Bl Bogll ol PR

Ser, Asn, 10zBioblein,, 28j 283028 \BI8MNRredkpetaf. cBiadHex. J(ﬂBZ 119 -2A6 §199¥R Masddih et aber |

O e B B AT sl e U R B S, o

preferably fhysi blmlﬁga@és mer@rayl ﬂﬁ;-fﬂlglpafﬁlﬁtyd\l-tdﬂnﬂﬁi shﬁé prdﬂuée&'re@ralﬁlﬁls vﬂﬁ&fc@rsa:bl y
0-10, nore preferably and rmst prefera preferred

eibodi ment , e%%nSrVéégrﬁag&ﬁ%alérmt% Sifgi rr&?t%rl&yc}ée lefatrsm OBEhﬁ rOOf st hmrdana sifgsen it

i's present, rektid ifhd BahRteAsdtidn ofAIRiE ARFMcrifidif AR AR 8&i Mark 8t aK8Bbonel S
or both. I\/bst%referablg all of the anino acids of Pl, other than (3-A a,

are D aanind aX7-440,(1880: HalliwgH e¥ by Fear Racrsli retielonndnd é@é’F’"éri@g@fl the
am no aci dSCBJ Nyadwdt &d SutnBs 2 M H0pRAE tz a§1 % of
~the amino acr s o %Z I'so Da?r‘l1 no aci a3 élzl/bg? }f)e?le qu é?%
am no aci dsQuinlapzt doJafH@lr@stramzmStacBﬁ§ll-l6h4 a38her pr ef er red errbodr ment, at
| east one am no Pt.and/or Pz is substrt
substi tuent ¢ hatDoohts 85 ol iRl <R it 4 ot hirdersmistme peve
al tering thshoshinik¢drenfits Pit habdon mr}onmltthzit albmnﬂq is{dn)l igncs,estoptotsetite it aitnal

protects the tide f L ol yt y

Dl bering PhgoliecE5oalismeris Ghinkertn 5 BRE M, S os YRR Bt o
i's a non- pegtal. dBrasz&saglmvmﬂrmzf(mej, w@tnahttlgempzvem:wurgﬁprap\sessiwembrahdty
of the peptide to bind metal io he invention provrdes anot her net hod of

reduci ng t hECBLARYe! d{aﬁ?é"’éyBlReﬁF{OP‘( %{’ﬁménﬁ”rép 22-394 (&8%od conpri ses

admi ni sterjng t oviie &NitRdve Ao BhiLH N 1@ unﬁfl n?-caﬂ&%ﬁlteglg's&%dﬁg fhapt i de
s (MBP) having attached thereto a non-p eg) rreta - bi ndi nz%gfunctl onal

group. The steayatioh athxaigeddeptts. des iRt hraﬁyﬂ .l Plpisiali 276, 9T HHE98 not
ust P, -,P h o

'Jthe darrage é‘g%%-) @ela% |dr€9f§u{n§1§éégg%lra%%¥dé T IHSE %%g%v%%ggﬁ&% rom

an ani mal . Héurts dldemhuqbrmrﬂmﬁmaemngwﬂhamtsrpng’usebmmn}muhmm foolf‘gwtb’ fwthvm

sol ution copt ai ni effective a nt . of

havi g at ¢ SERRH PRGBSI, Ghe gt TRt ocingy whet rrtiost "Pil i LEBRRFE SUHon The
Jinvention pesiifiagaldtainhed sévefahaﬂkaﬁ&rsr(m@luﬁﬂ, ATP[dRicoa68d) hiiddynoic aid)aTiiet al
i'n an animal in need thereof. The neth conprlses admni sterin g%? tge

‘ani mal an ePRIASTSESaFHETHSTSE the enbancsysa ﬁaﬁwsl wdbral e, Wﬁgi 1tathed
thereto a;NaRsBEMchA Gincii®l almRiRARg: JrunslovQNRhrt SO using cABBplefi¥ SIHitioAs

al so provides a pharnmaceutical conposition conprising a pharnaceutically
accept abl e eentiniag albprtinavareisedtidbiisdiontnopsm berecasphimays g abumir Reefhe frdl et o
ainon- pepti fyuncyim, i des
2 kit For roangrRhel RS, B, T BhR F7R RLsoTIF R (B} A BlpPELl,
been renoved froman aninmal. The kit conprises a container holding a

nmet al - bi nding 20 peptide MBP having attached thereto a non-peptide,

met al - bi nding functional group. The invention provides yet another nethod
of reducing the damage done by reactive oxygen species (ROS) in an anima
The met hod conprises administering to the animal an effective anmount _ 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 netal ion, and L

is a chemcal group which is connects the two P3peptides through their, . . "
C-terminal amno acids.” In a preferred enbodi nent,” one or both of 3%%20“
P3 pepti dessrizgr€; . The invention further ,provides a nmethod of reducing.the
damage done by RO S in a tissue or an organ that has been renpved from an
animal . Thi.s_net hod. conpr.| ntacting the tissue or organ with a.

sol ution cojsﬁfrgf }rﬁ’f“%g"’ém ef%i‘??? &§9Qn‘6‘ttﬁ4tt%?}?mt He apethen stifiynbitaniy ppefipsed ohéthdi mer

of the 3o foardioplegiaddlutiohcontdidng albifnih RRMH RLAY a hod of

reduci ng the concentration of ga_ _rretlal in agéﬁgﬁ}ls?rééﬁlglhﬁ'lé\%g%ef%%?% F e

met hod conpPB¥Ed drsrhitier aeticarjainios elhemmn Steer ctah, Bdsadol. \Res. BTOAN010f 9dshe

met al - bi ndigGed8Rhd; | e, of & aP3 - L - P 4172-3-PCT ¢~ 3

0 MAR ~OU4 The | nvéelﬁls.’ciug};nﬁgl ﬂs’é(;;t‘f)dr’%\?’uf é@é’%gugﬁrae? A SsTHded hatalbhmia %ﬁ#% been

conpri si ng shoywhdr hacettivedbt yardiopettinl eTKs3r forheradebdt he MWLM oPLBHNGi

pepti de di . formula.P3 - L - P3. . ddition, the invention

provi des arEE{dfoﬂeg}raQrglem et 1 5@%@“%&?@@@0 H&ﬁl&fg@@e@@s@%ﬁ% apql the giskpassasiagpdn

t hat has beeth themewédicbd pradadts.ani mal . The kit conprises a contai ner hol ding

the netal s bindin tide dinmer of the formula P,- L - P3. In addition,

the invention pF 16’8lllyg Oag‘baé‘a{"iuaé“ﬁa%ﬁc}%ﬁa%twe@ Srapantipxppnt, jpizas alsp begn reported

physi ol ogi eatdhyeeeepiallearsdl fnic 0BT @1 & aftt t 4PN ' id of
%5351 ociubl%nebgl mic &} & aft Gilﬁaﬁ 4%“%1)/88(?%%

P,, other than (3- is a D-amno _acid. “Further provide e rnvZntion
is a pept! deuliladithgauthess fogperulate that albumin legkingthrsiugls the Misgiptea blopddedepirad| e
“salt theregf celdiedisd t&ntg }: ' f, P.. and/or Pz is, .0 .
substituted 3\? th (I%ra%rgrga egt?a?%suen 0%&?@%&%@5@%% fnﬁ%ﬁﬂﬁ’ f‘%‘f th?t%}’fs t he
peptide wi titfdraseddairoductipmofishperenide antop ixgbspBpsible fdyithecbatioamksis efigurofdl darBiage
substi tuent eptide fro roteolytic enzymes w t hout
al tering t?}%éégﬁnﬁkf}?{@g@%}rgﬁeﬁlgﬁ?@& C’Kr]frlgf1 ?alfroggg%e,ratgf d%gasesa substituent which
i's a non- pept i désnoted dovdthedfi-tagnifialimetal-tindibg gteoofe tena hibinAiks Ehas HidheatRblyl i ty
of the p ' bi | i.ons. lLn addi.tjon, the inventiaon provides a
pepti de ﬁg%rg@gh(?ﬁgn # oE r @E'I gﬁﬁis@s %@v,e %%&%41 ‘Tﬂe”iS‘ggP" aé‘g&egf:?ei’i%l&“g‘b%(‘iﬂfm%{nd Pz
ils a pepti ldh(l%)eqmﬁz I8 - hihdiad ATIN) irrsﬁﬁhatslbleeinsmt{ﬁéwSeQﬁ.gQHHE&r?iniﬁzfzi)ﬂdir,)D(@ag [ L e.
n particul gr y. t oW n guences: aad) m Xaa3 Hi s
Xaa2 XaaS, %a‘%%g&n Qgiﬁﬁﬁ@a(ﬁe é&gyﬁfwtﬂ% ‘%i% e gsdeipg gresen i A pReigA) m
Xaas Xaa2 M peptidéiehich ¥aadret NIt tAONAGmaAGHs th HEMInG tesilud e 18t ARsEbR A twdHZ
and mis 0-5. The invention also provides a netal-binding g(gtgl)ti de MBP
havi ng at t dEAEEPBERAPELDNIGOGBH 590 o Fe priferd andrarsaAsr-{diengRFulb d 75l (1 Tdup.
Finall'y, 5 hgu, ﬂié@m@lmnﬁ'ﬁﬁ‘ﬁgféeﬁeéﬂg%%@de's WeAleNEa REP1TsAfn el RESis Q{X\aﬁxﬂ%
formula P3 - L - P3. BRI EF DESCRI PTI ‘O THE DRAWNGS Figures 1 A-D.
For nul as ofeciderespb eptingle Sis p sAHarfprd and Garkpropey. [hemiRes., BO.slR3wBA§I993). nfhs 25
of possi bl N j 2A- B ] i . . hesi s
o tor vat (oo p D' okl B K REn Qs pRoUEHTEY 1k AR R R ol P ATION
wi t hi n t he oiaif ik aitofgelriof theetet -ITH, Fhaytwoepepiiie mitrdgdss,cnd en IBidefolguiteg@B).
Fi gure 3A-B:_.Eoryul cl ohexang di am.ne deriyatives. .30 Fgures, 3CD:
Schemati c |S<'§1181r & a%"?l g@&n‘%ﬁ%@%@% e@%af 8%“5‘%%%@%%%1 G er‘ﬁr@%&‘% %‘Léﬁ(sar’é‘lfc “t he
t.et r apeptzs dehedsResABO, 188 9 30§199T)SEQe-tRAidNGodds of thi thude@mdkio akbids afibtacithe ATCUN

.tetraacetic acid derivative of the.tetrgpeptide a Hs Lys [SEQ | D

NG 1 et e Sl e o U o R G peng o atids hedr Bese
bi spyri dyl ehlyNasinifal d@fidowdids ¥8y Ao HabCarl iBliARSHH thél BindBP othése Hietal loyis e&EQ 1 D
NO 1]. Figures 6A-B: Fornul as of rresoporg)grl n IXwth (Figure 6B) and

wi t hout ( Ficgwidar®ng and $skarddaseClam. Rew 30 123-R0JUP¥)oRal et ke Byps. Toxicol.,
rm sopor phy r1i0[‘9d6>-(9 lqle(rl bé(ﬂt iF&ein&anE,hﬁe geﬁﬁén@? 8P{hle gﬁte@ﬁiﬂal%e@al-'ﬂhﬁﬁr{gys?te of human
| 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(ID), in addition to the four nitrogens provided by Asp Ala His. See Harford and Sarkar, 4cc.




[SEQ ID NG 1]. Figure 7: Formul as of nonosaccharides. Fig 8 D agramof a
par abi btic bl ood perfusion systemin which an isotated heart iglferf,ueed in
t he Langendorff node with blood at 37C from a support animl o
species. | wonkirgures 9 Diagramof the treatnents of isolated perfused
hearts with drug and saline in the parabiotic blood perfusion system
|IIustrat ed g 91% i(ggﬁges 10: Graph. of contracture versus duration

i schen a ’g"rﬂt ) haussagi ety Fiocheat 28, 233-183841984); pnrsSadisn et
contractur edldg{,,l N9BibSehe @ 19@_25@9954 ood- perfused rat heart nodel
illustrated in Figures 8 and 9. In Fi gure 10, -o0- is saline control, and
-0- is drug. isThe Mﬁmlmmlf@ﬁalpﬁqn tolund JefOthevmtraliyecboemdmggztocﬂms@eqndeeaannms,

(LVDP; expr on asel i ne
val ue) ver s%sﬁsng)ur ati of Q)% lﬁgﬁgpg%fe&%{ %I{rﬁihéﬁog\’f nfpaﬁl sm%??e‘%f& }Wﬁge“ﬂ Asp
D-Ala D H ssyﬁﬂltyaedo&eep@gtHarﬁudlmﬂSarhaedwé‘hw oa‘es.uma-mot(twmmwﬂalp@hwsed

L2 ™t "L L BB 10D HEES. § PGy DGR BB
l eft ventrigéedandsgdtamedbet/inbynas 186 lﬂuﬁl)mm)coﬁﬁﬁfeﬁéé%fﬂv@%lc@ﬂal% peptldes
reperfusmn show n he effect of the drug D-Ala D-H s D Lys

post - i schenftd PFE & besn renppipgbtq WH@“H?FQS‘@E %@Wﬁg é%pl'r)hftﬂlﬁlé)ar&ee Fﬁ@tﬂi# et

Il lustratedyin Fb&UB%%heSn angl s (19923%9&%‘%%1 P1 FndheOBipchehh '%459%3913%2(’199 'S
saline control, and -o- is dru ug. Figure 13 : ﬁ 19 eart’rate (expressed
as a perce n@%@’éﬂ Bir repertedS AP gt dtyphese; qq{nebxesrﬂtlilomocmse frafsaﬁlcaie wmchuler)lageer sus
“duration of i S
D-Lys on olgl?{g‘l %&ﬁl@y?ﬁgﬁg@&e&%%h?g &Ifor fgm% %a%t(ﬁ"rl Ioo er’f uSedP;ée@ht
heart rmdel (199D U8l el o Ghem Reki @mrcels 18, 91641219199*7) |UedaetaﬂeE’repRﬁdeal(B'fnl Med Fi wr e

ressure (ot EETEl A e 8P g S oUE 36. PraD ST PS CRIF s L

basel i ne vaBzusaemvessms dopat noa cafsequeney it Haiteen Bpoikesttdithe a8b{seedmedfr ttdhe
drug D Asp so a D-His @gé ys.on post-ischem c recovery of Perfu5| on
pressure 115 r dtVFfée 558 paperAddickelin e re afiaiytabls tp thedindingef GudDrpd @3 tog and

9. In Fi gur £T&YN-cotainidgSprstdihé QEICE%EJS@'{C prédflion@f ddrdagfHoUite raalcANY Soe Hafro R
G aphs of absorbance at 532 nm A5322[9 vVersus incubation time in an assay

for the prAdRISh 45F Fhedr 8251 3% A4R- X0 @997irBatieals £hamm pRes. Toxigaboh0pAted%nl v, -
= copper a r r S yS
[SEQ | D NO rqgw,) C%llﬂ%ﬁgr{gﬁ%};gvcgtl’%gg?%%té‘? ?@B%*ét %%"?Z%Biérﬁreg't‘%gwéf“ liﬂé
= tetrapept$Hé997ho 'ﬁﬁéﬂnw@g ef&et;pbdv@d(orw\a@beqmldedf@oea@w -gointagning peptide )
In Fi gur r o a
ascor bat & (Fas P PRE] o cARGNCREh At o ok AL ARAM AL TR Ty e

i nhi bi ti on NHafgdsndSmicetaatkheon Reet30a[8plt30d BN - Asp L-Ala L-H's L-Lys [ SEQ
I D NO 1]) - copper conplex at a tetrapeptide/copper ratio of 1:1 in the

xant hi ne oxi dase assay for superoxide disnutase activity. Figure 17: G aph
of absor banSIEMMAISBQ)mE%mXTm sus time in an assay for superoxide

radi cal productl n. In Fi r scor bat e onIy = copper and
ascorbate, ~ FERIRTP eaa(ffthﬂégfa Tpdugig eq dopg y eagiits PRYRRRSPEiSS
copper ang @@mhbai@nﬁﬂem&ﬁaﬂ&d &, ﬁ%@ﬁ&ﬁmis@ehhgt&he dnithaan effectivé 8hsRpeRt | de,
copper and ascorbate (tetrapepti de Eper ratio of 2:1 ). Fib: Cel after

el ect r ophorB&ipkbigdingpertide bayingghe f‘?ﬂv‘dﬁ ol %/QYBYSI%%%@UI'WCERWMEg%‘“rﬁ’efﬁq’fasm d
DNA (untreated M&e

Lane 3 -17 p.g/ ?ﬂlq{atgl{vgé% DNA anailzaﬁ%rﬁs\% %fglédeﬁ? Ialz\ij@ %é%né@y@OMn%%&

pl asmi d DNAoraBOEganMaah@@p@atepvads&oﬁoa:mm Cﬂz,s mauhdd e@AprishA ctoatacfaqgelprttnssee

(L-Asp L-Al Hi SEQ. I etielo [
Lane 5 -17 &¥ wslth SIG%&JLBR%W scor‘ga? 533\#, Cﬁfpg Shogog[i)‘%gﬁ)p M
tetrapeptsodm:cépﬁablesfaatth@edfetrapeptl de/ copper); Lane 6 -17 ug/m plasm d DNA,
2.5 mM ascorbate, SO pM Cud 2, and 50 pMtetrapeptide (1:1 ratio
tetrapeptide/ copper); Lane 7 - 17 p.g/m plasmd DNA, 2.5 mM ascorbate, 50
p.MCud 2, and 25 p.Mtetrapeptide (1:2 ratio ao tetrapeptide/ copper); Lane
8 -17 pg/mM plasmd DNA, 2.5 nM ascorbate, 50 pM Cud 2, and 12.5 p. M
tetrapeptide ( 1:4 ratio tetrapeptide/copper); Lane 9 - 17 pg/m plasmd
DNA, 2.5 nM ascorbate, and 50 pM Cud 2 (positive control); and Lane 10 -
DNA Iadder Fi gure 19A: Formul as of peptide dinmers according to the
invention."Figures 19B-C. Diagrams illustrating the synthesis of peptide

di rers according to the is invention. DETAI LED DESCRI PTI ON OF THE
PRESENTLY- PREFERRED EMBCDI MENTS i The i nvention provides a peptide of the
formula 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 peptide
sequence that bi nds tran5|t| on_ rret aI |ons of Goups 1 b-7b or 8 of the

X

- o 1 T



11 of RGOS and/or the accunul ation of ROS by these netal ions and/or targets
t he danage done by ROS-that may still be produced by the bound 8el MAR Q084
to the peptide itself. As a result, the damage that can be caused by ROS in
t he absence*@dt*A%e bi nding of the metal i@ns to P, is reduced. In
particular, P~ binds Cu(ll), N (In, Co(ll], and I\/h(II) with high affinity.
It shoul d, therefiigientdsh n_reduc t.he damage
caused by the production azsr?%?tgcc%eﬁﬁ%m@%%g%ﬁéiugﬁg&%gﬁcemm%%Pt‘é,% 4Rl eeBimal |
P,, Xaa, issttheeef; Epeingthodmempriseaadministeniogto tipragfneil abdﬂ;ecweamoandfa?ﬁaaﬁ is

t f ; ; d Asp Al a Hi
and Ap A a b oo pye Kb b REpRb?, b G S PR - Erratebicquchesbr b, 2
Asp Ala His Lys I@E@ehtﬁbd‘d@ojﬂowdésmwTﬁacHht&al @mbbtetldnc&nﬂﬂﬁﬂgf%ﬂhﬁﬁgéﬁﬁ%f?
n.serum al bum n necCessary t he

the N-ter | bi n site o

hi gh-af f i gg&%{‘gﬁﬁwﬁﬁerﬁg%ﬁ%ﬁt de hd Zl\‘ﬁrC’ngysml%ﬁld“l‘_/sﬂéceﬁﬁbleﬁééﬁeﬁe@%orted to
contribute to tHeatditieh, 0@ iBfenfidignevidRbadt fbrqgéilc;n% tﬁemaﬁm ddae b}q{ggrm PRAUENCES
for P, nay be prefe %d for use in animals other than unans

(Xaad)", wh&r éﬁp éa& PEIERYY dAoRGn 4Bl g kit comprivesp0ntaintBlding the peptige (n
> about is 2O)p,. the peptides will reduce the damage done by ROS
extracellularly. Smaller peptides are better able to enter cells, and

smal | er pepti dedn égrforn effor e, be used to reduce the damage done by RCS
both intrgcellularly X I r pepti des are al so | ess
-subj ect to proteol ys|P§igexl'aﬁejr(éed?fc;)lr%eolrydlei%l ,H§%?3ér Iy nis 0-10, nore
preferably n is 0-5, Paﬁdxmht preferably nis 0. A though PZ may have any

sequence, PZ pr re ) e |ch i nds _a_ zo,
transition net algza% ?‘k’ a%fe{le ‘?léi 24 mgﬂﬁaj}q)é\:’gc?% ‘é ‘1?‘?“?‘5?3@?) BB 58Dt i de
t 0 penet r at &reppink (Fimh@panescm(ndppaspmgﬁh(ﬁsay gletamiid BRYER), gRitAhine (G)NgsiAd! €

to cross th d b ain ot her wi se stabilizes or enhances
t he perfor n@é S‘ne@}é’ys é {I%@%@eﬁr pine ({A1g ) opithing (Org) phenylalanipg(Phe)

N-t er ni nals yeginer(@e),ofypophir b)) cyasie@ ya)) miHi @i (Vde) w&a&a@m@uﬁ&eéﬁé e

wi th high ﬁ{}{lé’ql?%/ f.or g%ﬁ)% ag’?l ckel Msuch as rat or bovine
serum al buni >} (R3Ha PreLE & & AL PHY! St%%%’”é@ﬁﬂ%d@%%éﬁﬁ%@&el\’{qﬁ%
sequence ofpraferhﬁ)moi{ermiselsys domain 1 of these al bum ns. The sequences of many
pepti des whi ch %%gzp“ﬁﬁ gl ndl site for_transition netal ions are known.
See, e.g., 8 %Al’lxb ZLCB’QE Ser, Hg1Aspp Asn, ilg 630, 5 Hylys, A6, 4981,
4,767, 753, OmBhEk, 693 TrAC JMJZQHM% 8 Prles

5,118, 665, 5“?20 8%3 r1f51 ?35 SeanE Jo 40 feéd@é% %%gva@%‘g%e’%? Set, Asn,
5,177, 06120 ¥leb His g3\ 5Wsezpr5%@‘bly§<a3m Aéméfal &b 431, 81 HMSB EBn588; pufrably
5,550,183, %, %131131“ g}ﬁ\gg PR rel:-ferZé 861,139, 5,891, 4l8,

5,928, 955, an 017,888, PCT app I ca |ons "94/ 26295, WD 99/57262 and WD
99/ 67284, Eur ope%ﬂ@z P&ﬂbrﬁla MebILiys Are.dPmaAsR 68y, Asayplnordip, ateferatiinbysy.

Chem , 17, 1630- ueta., Inorg. Chem, 17, 1634-40 (1978),
Chakr abarfl, Pr %ﬁe‘dggisgéﬁ%??@%?aw- 63 (1990), Adman, Advances In Protein -3
0 MAR 2004 4172-Fedligih it 2-100gmefstably,0- U2 motedirerably DO 23d mEo pelfdrableo. aI N B

08 2 T gl L 0, S Tl

J.. Inor g Esp:ebmmlsaﬁannﬁo?aald~®re€e1&9ﬂ)he Dladlmoatida Xaa Eﬁseerﬁaaﬂlmaltp@feﬂbly
5? ggl (1995) an TI BS, 20, . 280- 85 1§95) Ueda et al Chem

Phar m BuI | 8 aygo 8&1 5(2 9%1) othgp, fhiag fsplag are D @mﬁ agigdss  Inranqtiacs| preferyesl

906- 91 4 (19&1190@5&& aBleasibne of HRAMindRRis oFP@ﬂ%?JLhan Bmalsglﬁm&%ﬁ&@%& at1&RCh et

al., Chem Biol £, 549- 60 (1997) owaI| k- Jankowska et . al . norg

Bi ochem , 68% 9fthogning agdsof Prare als B-amiep asigkskdost pmf@rablméﬁthmno acily of

1'23-130 (gQg@b_,{K@%Q&gS et al., TIBS, 23, 19798 (1998), Mynarz, et al., ~

Speci ation 98: tracts, httu://ww; atlL

euszeged. hu/ ~spdo@81ﬂmnp®fehnﬂ9mmd1m¢rm1a;lemoheAhmkmnidolf/BIIaed/mlBﬁscsumihmdwﬁh I 2,

241-53 (199 ci ence, . 332- 343 00

may compr i s ¢ R Lttt Bergree S e L e RS BTG SDeR R -

t hese pept i bied meWhamsPd) acopstitieesthat preteetk e pegtidgfrem tpegtedlfticpmefmssatitiypuhas a

sequence which includes a short spacer sequence between P, and the netal

bi nding site of PZ, so that the netal-binding sites of P, and Pz may

potentialty cooperatively bind nmetal ions (simlar to a 2:1 peptide: netal

conplex; is see Exanple 10). Preferably, the spacer sequence is conposed of

1-5, preferably 1-3, neutral am no acids. Thus, the spacer sequence may be

dy, dy dy, dy Ala dy, Pro, dy Pro Ay, etc. . In particular, when PZ

conprises a netal-binding site, it preferably conprises one of the

foll owi ng sequences: (Xaad4)m Xaa3 H s Xaa2 XaaS, (Xaad4)m Hi s Xaaz Xaas,



The invention further -conprises derivatives of the peptide P~ - Pz, whether
conposed of L zo am no acids, D-am no acids, or .a:conbination Ofanﬁb_-MﬂPan
D-am no acids, which are nore resistant to proteol ytic enzynes, re liprd
sol ubl e (td"étff‘ifw the peptides to nore readily penetrate cell menbranes
and/ or reach target organs, such as the brain), or both. As illustrated in
‘Figure | A affering t@#bi d I by the.arro
wi thout alterin the@ﬁeo?gf {O];)t?lﬁﬂrlnlreltgl lg)ﬁﬁg'%?%ﬁ%o tl‘ﬁ’?g{&ﬁmg r}'onlﬂegna% Bf%an be
substi t ut e@métngg“aliqy@ﬁ% gn_ouerthazlmnrowsmeabélﬁdeﬂt}nsepdpedmrbaid mé&bhsof zs P, can

be substituted n be modi fi ed
in ways sinmil ar%%g},%glg{és rgglg%%flg& et]mdlf"?refi ! etﬁ% aﬁfg g Y%@gé"ta&ﬁ?mlab
pr ot eol yt i Themethnésymprizesadiiipstetingod tbhimalan ckiedite afbun€efa nkt@al Binding peptide

h | k f b
2t ome. . art (VD) PRiH RS B RoPy et e i iiped hetmbisup Ancas apdBEbe an

aryl or hebpeptidaBpP ﬁl@ﬁbahnjflrﬁfgall’cﬂldhg@eptzder hdt@sst PTJ'E% term™aryl" neans a
conpound cont ai ﬁén’?h t one aromatic ri n% phenyl, naphthyl, and
di phenyl ). The t&% Vﬁ%@?@F@lﬁfﬂg{PW sheaetacranethad rwq@sz@thﬁ damageeb?g@ boRESdf t he
Tings cont gitBsie@P&h SHgaiMbEhadbRNS chf PfroRY oA Qlal Th%%%ﬂ&ﬁ not
substantially. decreasge t he aabl | i ty Vg rOP, tgmbl nd neta oﬁg{pﬁ%éswﬁa‘gﬁ%ul ar,
the abili tﬁ‘eélfss‘ibor Prgathividee @bﬁp@@owm@%ﬂqcmmwyf arsetal-lﬁntﬁng\MBtuEOﬂEP

4172- 3- PGy, thetedd ﬂ&ﬁg; For instance, sone of
. the substi tﬁvég(%la, seuc &Eatgagigﬂp ultd%/lrh?égtba dﬁ’"{’&etow%gooﬁ 2 (see Figure 1 C
R is n-butyl) Thoumvehtiongredadse atxdmeramdthqdlctfyectmhngh}m qmpﬁntrdmonfm’fra meEklah ahons,

such as co tive.effec al k

Substitut | gﬁﬁ% mql tflé}ecgh'?ihf_' xggllijo% ci%e.yses acfrﬁxms enag )?I g%/aé F%%E%S?F Ve aount qfong
chain al kyk n(@ebdmdufg ﬂ@tldammMQ g3chsd thigteth sn@ﬂﬂm@ﬂﬁ@ nietabbiddigt futtiofdne
pepti de acr %ﬁ | i pid nmenbranes. As noted above, nethods of synthesizing

. pepti des b;elo 1id phase synthesis are well known. These nethods can be

modi fi edit o preplrigventien derprovades yﬁ&rrﬁehﬂwh:al d@nﬁb@hﬁr&%m};ﬁsﬁg ﬁﬁﬁn&&aﬁ&lﬁ t he
derivative of P{?}lllustaated n .Fi Slﬁg ein R is can be
prepared adSFPRUEFFEFAGdpReel é}ﬁ‘rllﬁg {148 P@ﬂ?%att?ﬂ‘edfl}?éet‘équme%% melplarent
“represent s bindigFodcyioRdl gfergl N and RP is a standard i o carboxyl protecting
group. As illustrated .in Fig 2A, octanoic acid (freshly distilled) is
treated with dr ﬁ?)‘%erﬂ“ﬂ’éalf%r‘l’% akﬁﬁorﬁ?ﬁb‘@ﬁﬁ@r@fﬁmi‘&eﬂ&*ﬂb@fﬁ%@natﬁﬂée fos@Tr e i s

heated to a@ouis bOEnRed h&atanaﬁnﬂahathet@m%fpﬁﬁééraecoﬁﬁfneﬂhMHé & metal-binding
a- Bronpoctanojc acid i s obtained as a colorless |iquid upon distill atl on.

Ami nat i oR® BFPIR MBY Bavingatiached theeetn @deqaydfamemwgmg fenctienadiereiel an armoni a
solution to sta f r

amno acid is oggez;?ﬁeélgg%ﬁlge %ﬁ%??rwﬁﬁ%%uﬁﬁ%g&ﬁb l%{‘iraf’tyIrrr%eétgtl}]anojfgg i
washes. O &gssies ROY)énasiapintabThemethodomprisas adhiaistteisg to e aniptal weiffestive eneunt
Dform O [ | kyl K r an be
prepared i Irglleg nﬁg Fr%’%itr[\l xjg}?t \Q@%%e?a?tg f?dﬁl% aﬁéurﬁelﬁi’yhe% il 81%{ %‘@e tﬁ%gﬁle of

deri vat i ve differgdt andib upﬁtplhdct which is cdpabje p£bindily amktehm and:L 1s lashq:uﬂn@n glopup whmh be

pr epar ed |IIutrat I n. F 2 i he re
t-Bu is t-6 8o efts %f If“rsé i%r% QLBVTB“H’H? 8? "i‘“\fgd F‘é’g?ﬁnﬁem °§ean
al kyl , ar ybrmthbﬁmem@PWepﬁxhﬁusbe prepared in the manner i I | ustrated in
Figure 2B. Rz c be -NH Z, -NHR-, R .(see_Figure 1D),
wherein R- is dLhSmggption fpfherprovides agne é’é’fil %@P‘i}%gsth%‘gq@%édﬂ}e a8sYfe

| ast step @fareogmm 1RDBRE rRARREd Slen 8y MRS ThisfRia@ ol ?ﬁsaee&ita&kﬁgﬂénssagoved
- fromthe resin by methods wel!l known in the art. Substitutions with RZ do
“i's not sub$f e with §seletionsertzining an effsicliyaamaynt gf themaetalibindingmentideidimes of thy
addi ti ON 4o Bodiy EZ}can be substituted with non-peptide functional groups -
that bind netal i’ons. *These netal -binding functional groups can be attached
to one or nore Mmlogammsv@és amélopefrbﬁlﬂi@,gthd‘lldn(teh’&atroa&ﬂimétalgn pepinde

derlvatlves wi LI Sess e . or nore Slt are

‘nmet al ions, flenedéh eci%’lg"ﬁ {no %conﬂmﬁ?f r(%a“m %ngp? Bj@a%cgve%f?o c%:{(i}gally,
t he bi ndi ngymal{bmd&ﬁgg@pﬁ&edimekdfydle%nwasP,alc-dnsequence the ability of such
- peptide derivatives to bind netal ions is inproved as conpared to the
.correspondi ng unnodi fi ed peptide. For instance, the peptide derivative can
-bind two ©f the same type of netal ion instead of one (e.g., two Cu(ll)),
~t.he peptide derivative can bind two different netal ions instead of one
type of netal ion (e.g., one Cu(ll) and 3 0 MAR 2004 4172-3-PCT 15 one
Fe(l'll)), or the peptide derivative can bind one netal ion better (e.g.,
with greater affinity) than the correspondi ng unnodi fied pepti de.

Met al - bi ndi ng functional groups include polyanines (e.g., diannes,

o . o o o " o o T o "~ AN I T 7 o 1 ™A1



-al kyl - CO pepti de, -ar»'y_l -CO peptide, -aryl-alkyl-CO peptide, or
-al kyl -aryl - CO-pepti de’ (see al so Figures 3C-D). The other R4 J8yMAR 2004
same or may, be -al kyl -COOH, -aryl-COCH, -aryl-al kylzo COOH, or
al kyl - aryl -“C&Ff™ Derivatives of the type8shown in Figure 3B will have
several netal binding sites and can, therefore, be expected to bind netal
ions nore readi Tyeinhaniohhgo pkﬂﬁﬂdbfatphérﬁfa@éﬂltlélﬁ&ﬁﬁﬁﬁnof wrﬁﬂf'ﬁmg aﬁﬂﬁn&&uﬁ(ﬂﬁy—

o

presence of the cycl ohexane functionality, the conpound ssess

i pi d-1i ke ateRihlecaies prdhevmehbipting petige fimer tﬁtaﬁéoa@ulta PacL oBs li pi d

menbr anes. ¢! agARg, M AbABadRNAXAL Y BF rQhoihPihe BERL:U65. BIRGER 4 flygnt T on
can be prepared by two zs disti rout es Irst aree
condensat i owogan thathas bé¢edednyeied fromlap wethab he kiticrptgirises a(c@e'emEn Igplding Ge G;etal-n
Figure 3 1S ZV:L).. nunber ,of dehydes (al kyl and aryl) react
readily wgtq?gdéxéﬁcqegﬁ%x%ﬂ%r (ﬁéem%r%&af) rLog%)rﬁ tenperature, forming an oxine. The
oxi me can be re(ﬂrumiadlom' thdsﬁns@ﬁbmmoﬂdescalpy;drde hbxngm&ebnﬂlmrblmr@pnﬁmbgﬁdauﬁs to

give the diaci er atl e. The arbox noi et bes ar ted with the
free anino ?é’g?ﬁge %IWF’FFSE%F 6¥‘B’Eea8{de°(f pOtheY @‘?Qgﬁ’t’ sgnino acid.

cycl ohexane di anruﬂleerqﬁbwai Iby&h@ﬁnvteﬁt%npﬁpd ipelRide TA®in %enﬁ@rf@lmmwpﬁ -, @rdirect
al kyl ati on Q}ﬁocess which is i1llustrated in Figure 3 For exanpl e,

cycl ohexané sialpgippilyascentably et thetent BY}{?FFHééTe{ePSé oxe iR 2t W& Py BBt Bedst i ¢

acid deri 1V3§Jbéﬁ%ted-r\bﬁ1% ﬁ@éﬁ%ﬁenmhﬁﬁdr%es@ﬁe%p%ﬁﬁpmfy%@ﬁ&Eéi)ti‘ﬁ@ fyfndup Gitdrir@heam No
. groups present in carboxy- protected Pl to give derivative. In Figure

3D, RS is Hbaityeifetorhind met@ 1@5,@;}@ szb@wenmhazpm@gmqr@p@mqmotewwImnm H,
t he derivat id
the deri Vesmg,ﬁg%&ggg éﬁsetaggisef B %‘B&qug{aﬁ)loﬂf APHAE st wBA DREYL G0 RE

bi ndi ng ex geqftﬁlriemnsg fmavtebnalrmlmmhmknpmms thewbiliy eStbepeptide todiiwbmetal iofs. t hi s
group does not r. Y.» Of, the whol e
nol ecul e. Hovvevgfr§l X‘?‘%‘ﬁ"‘gg’%gl%‘g%%g’p&%bﬁ%ﬁ 1E %hgph&%@? ﬁg’%nul%lﬁécﬁlz Wherem P
hydr ophobis cdefinedapdve pid B, iisc pedm;asmhenrg whpmmomimsesﬂnb sdquencenfa maﬂmlmdmglmy :

int hayv { d t
target 11 selBRtOHRe LB PR Bk SSTRET (b FBr PRGNS of |
di am ne pepﬁhstaa?deu @wah)ymasu&w}gsxk@,o@()teax)mﬁaa;mwﬁﬁs,d\eﬁﬁmmgdm&m}Ncﬁamd

Addi tional suita ol yam ol yam ne derivatives and net hods of
attachi ng tH&Red eﬁé%? g%‘ I\Eﬁea"g E)l' ed in US. Patents Nos. 5,101, 041 and

5,650,134. O herrha@{vy@tmnm@solpeov@deehaiear Bindid béptilde MBI hatink agdth@ithert1d appt | des
are known. See(_:i g%_b@g S. Pa,tents Nos. 5,422,096, 5,527,522, 5,628,982,

5, 874, 573° RERHIG TS BELMUPETZRBPI i cations WO 97/44313, WD 97/ 49409, and
WO 99/ 39706. |t Fisliehé ink&@00 pivales e ﬁl'e!aﬁinnﬁihéféﬂae BingofttRe ABh@h Pj-qnsp,. and
the affinity for copper is particularly high is therefore envi saged
that a peptide having a vicinal diacid functional group is will be

extrenely egtggthpeerPTIRG oF IHNPBRAG NG t abl e vicinal diacids-include any
1,2-al kyl diactd, 'such as dracetic acrd (succinic acid), and any

1, 2-aryl di aci d. Eitusesddi-Bo Fomlgsof @franen@deﬁ@ptAl@Hmdaﬁ[m Hbéé@tlb@ovwrtgtpomts

di acetic c ﬁg“(ﬁ diacid derivative (see.Figure 4). This can be
conveni en %/&é)ésgoé?r%) ﬁcfﬂby reacting the am no groups of the resin-bound
peptide wth ahdlipgesPat-BdSewetaticdiagrinds Qfehegpynthtmmfdam\atmes ofithi tktrapeptide Asp
benzyl oxy. caledns HaBfedbafad iR e e Porh iR b Ek Lty 1B
unreact ed ngigid ZBYs by washing with solvent. The fi nal product is rel eased

fromthe resin be hydrol ytic cleavage. Qther diacid derivatives of the
pepti des of the it EEHap CYCIOWG%C {igming dedgHEEsranner .

Pol yam nogol ycarfigyyd ycepagiidsaae & thebtls BELyEBhafe disHED AT aRPBARRe and -
iron. Suitable Zs polyam nop oa ca?ég f}rg aemsds y?%r rraekllng derivatives of

t he pepti de@trafeptlmml&dérﬁwbﬁ [§EQIE@{ b]ds of attaching themto peptides are

described in U. e 5 1 tion
WO 93/ 23425. See%—%ﬁgg—t?}; %Uﬁ%&ﬂggg% %n?z%o. a%gd ‘%ggatg"ég’§% %ﬁﬁ%@ﬂ%ﬁ%@%ﬁ%%@
derivati ves[$@IaNOol]i ncl uded in the invention. Suitable vicinal

pol yhydr oxyl s include nonosacchari des and pol ysaccharides (i. e.,

di saccharide, trisaccharide, etc.). 30 Presently preferred are
nmonosacchari des. See Figure 7. The nonosaccharides fall into two maj or
_categories - furanoses and pyranoses. One of the prine exanples of a
furanose ring systemis glucose. The hydroxyl groups of glucose can be
protected as benzyl or labile t-butyloxy functional groups, while |eaving
t he al dehyde free to react with an am ne group (e.g., that of |ysine) of

t he ~D ~i~t~ ruu~t 4772-3-PCT 17 tetrapeptide. M Id reduction/ hydrol ysis

mmw




To prepare the porphyrin-peptide derivative shown . in Figure 6C, the
carboxyl groups of so nes,oporphyrin I X can be actlvat ed and cgogpMARj Wk n
the am no groups of the peptide enploying standard solid-phase peptide
synthesis. “ffpi"€ally, the free anino grogp of the Iysine residue of the
resi n-bound peptide can be coupled with carboxy activated porphyrin

nucl eus. The COERERTHoRfiula ofh R MAGIAAM AR s EOTd 1ol RERAUGD ARAR P

cl eaved off_the resin using standard rethods. This net can be useéd’to
synt hesi ze @F@e@l‘p rphyrr n derivatives of peptides of the i nvention. O her

o popt 1 dos. ar e HRRR bR TR e rEoPAR B AF R e Rl Rsred

O her por pta/duné mgtatlios Mmcr ocycl i ¢ chel ators t hat coul d be attached to

pepti des are knewn 422,096, 5,527,522,
5, 628, 982gl 5, es%%ﬂﬁ&?%%gﬁa%gﬂahm‘g@engee@ © ABHPPRISE Peina lafgis Lys
97/ 44313 anSEQIDAVO3N706. A variety of additional netal chelators and
met hods of attachin roteins are described in U S. Patent No.
5, 683,907. 10 D—#ﬁﬁ%@ EHEW%?Bgm%WEm§H%MH ‘to bind metals, including iron.
Sui tabl e dit hi OGMHDﬁgraanéfar@kdbﬁﬁtc@?Joﬁ‘{n@t%s‘i’d%ssgﬁémwglhf%ﬁ@h Il%)gd;edg‘%?tt he

i nvention are described in U S. Patents NOS 747 and 5
Hydr oxy pyr i REGHE ithe Lapaepdqef argde pah Bloot "¢ et asenpert agjmial efshesame species.

hydr oxypy i doneg; %_195{ nt.i on

.are descrll bed i n1 . g%rgel%to gﬁilgésé%%ﬁgﬁ?ésgﬂ%lﬂ%g%g@%&gg%gﬁ%gg dsla éh

‘applicati o@%%b@@i@@ﬁsmttﬁmﬁmmﬁcmmﬁm¢ 8le netal chel at or S ar e known

in the art or t t i ng.chem 0 unds to
es ar eﬁl \Acggﬁﬂ{(ac% 'J%psq§ Ltlo?t %%glbe gal}o%%l toﬁ'p ggﬁ

protei ns and pep nown 1 n e ar an i de
met al chel dDofsp R-dla lhéilpﬁﬂtwhmsonﬁacmraeimngedtenmnmbWoﬁtpbﬁus‘ehmbelmlrrlodbln t he

art. See, hos. en SCr i uch tachrrent
net hods. 23”%3%3%#18%%“%%% e%:?a e ﬂog 8?)??“%8{1%@ %dl ng
functionab gr ouféucolil: dsrigh (Efﬂdfa@hmdletdmsﬁﬁﬁ)pﬂﬁeﬁre@VBPéﬂpfh@:ieﬂgs Pepdchtige (VBP)

in the sa ner ast e The resultin i de
derivati vggth % EIRE AT ﬁx%rﬁgn 8?‘33 @}“ﬁ%‘feaﬁus B’i“ﬁ “rngrTﬂﬁ fbﬁ%‘&hﬁ%ﬁ%ﬁ%@% n
‘addi ti on d:fclhddmgDeﬁt@lD-hld'[dH‘@&yi(ﬁlpbﬁt-lh@&nml?édbf/&&aﬂlVDPhBEeKlQJH— fagedf r om
2- 10, rmrelgref ra Il a’?%I% erably MBP cont ai ns one or nore
D-ami no aci ep]rl‘gffétegﬂtn%} 8Py %h Fﬁt??o aci ds 25 of MBP are D-anino
aci ds. As desarosbesFhrva, -d-iesasaosansiesdabmBayugret al - bi ndi ng peptides are
known. These pe%tl des and geptl des corrprlré;sag‘yt he met al - bi ndi ng sites of

these pepfides & Yeotricle ed Preseire AP et sap Gyatiqropt
peptide P, repé?ﬁtswﬁ)@l{dvr){ t|h<Y @@ec@éf th@&ﬁ%Dp%tD A RAVIDIGs o sRfscHFRfiErecove

net al - bi ndrn functiona @‘group attached to the peptide can be prepared in

the sanme wefd-VEDRjadkq blp p%rﬁevérat }éﬁaﬂd@dﬁkﬂéltlﬁni?@é inFigpep B eadd.P* indicpes pZo The
invention & & IH'i-‘%edﬁs-cﬁl‘%E?ahmP& dé diners of the fornula:
P3_L-P3. P3 is any peptide capab "a metal ion, and each P3 may
be the same or M@aph@m%(pxmserr@b h percamtrgaofitise Zz)-rnmutepnrlatepneeticmr ably
3-5, am 17 R

bi ndi ng pepl%g%l(Flg val@% g%@%u%ggﬁaﬂgg\éﬁmﬁgﬁmmngcm ﬂ{r;‘)”rC 2/2 % 4%?]5‘3 %célao Sne or
nore of theD+ipt ai prishidtirgnis ieb@@ryaff hedraste upﬁpb]lod@perﬁﬂbdﬂaﬁwgh medelillisBatedin be
substitute scr hed .above fo If‘bg and P2, i nc] udi n Wthogiagﬂan pepti de,

e

net al - bi ndrc-jgtémfsu ona‘lndlﬁ?tf"ﬁﬂ)—(os eddi Hr IyRRef9 Olﬁ@)d'

peptides are prgigrabd: YGMﬂﬁUﬁﬁiﬂﬂlM{}ﬂéssuB(eWse@ﬁQp&éﬁﬁng SBhéMNYmaftkde-aci d
sequence subpstituted s . with _a non-peptide, netal-binding functi onal gr oup

as descri bedtcRisaien hagelise a%lrl@éretsrfélur?epa p{spestaing shosaahe stegt offthedru

Pref er abl , peagh. IB@DL]%s@Hpééﬂ%Hl%{ré febtved, o@s&atlohbfagthﬁ%m@h&&i&r&m%ha@h
unsubsti tuted tide ‘conprising a peptide sequence which bi'nds netal

i ons). Nbstmp&aéflglﬁtaaitd/m F@meesd%rangat hlE;gurt: e -P3isgelingpentiad, apd -@-iis drug.

t he' di mers have SE0ue ly,
Pi - S- P). P,Ftlrg.tere o1 I%ﬂg%ga%hggf absoﬁ)fac{a?t 53fr1m qAéﬁ) veE \t,)i\i_lig&%ll)a gp g%%g%b

t he C-ter m foakhegmrbdation bfihphoxyhedicks. IrLFrgmye lbe lwas:hﬁmccmly, @r ougppahamh
can. connect the two P3 peptides through their C-term nal am no acids which
i s physiol ogically-acceptable. By "physiologically-acceptable” is .neant
that a peptide diner containing the linker L is not toxic to an ani nal

(i ncluding a human) or an organ to which the peptide dinmer is admnistered .
as a result of the inclusion of the linker L in the peptide diner.
Preferably, L 15 links the two P3 groups so that they can cooperatively
bind netal ions (simlar to a 2:1 peptide: netal conplex; see Exanple 10). L
is. also preferably neutral Most preferably, Lis a straight chain or

£ ol s
branctred=—ctrar II atkame UI atkeme— CoT dtre—cont-atnt g romt J.U, pTreTrTi ou.ui y

o~ o~ o o oy o B ~ 1~y ~NI 1 o~ 1™~ I 1™ 1 1™ 71 1™y



sol uti on of 9-fluorenyl nethyl oxycarbonyl (Fnobc)- and

t-benzyl oxycarbonyl (Boc) - protected D-Lys (Frnoc-D-Lys(Boc)-Ch)y (R rtﬁﬂﬂ e)
irt dry dinmethylformanm de (DVF; 100 nL; dry argon flushed) are added

but ane- 1, 4-gi.aptme 1 and 2- (1I—I—benzotr|?_@ole 1-yl)-1,2,3,3 to

tetramet hyI uroni unt etrafl uoroborate (TB O S mol e) The solution is
stirred for 36 hours at room tenperature, The bis- & rotected lysine 2 is

i sol at ed byPSFIeah AhT Hrepabradndsiiréra kitis b4y RE P, Gprest W)@ﬁ%?*@ée of
ethyl acet (ﬂe%/aﬁ@i)hb@‘li@perrIﬁ@onQQ%Qt@tréﬂeﬁﬁfe C%Pbe?aﬁ&b‘gébr@it@(%r E&tlﬁé/ﬁ%ﬁtp&n io

protected lysine diner enpl oyi ng classica él de synthesis hodol ogy
(see Fi gur ef29B) . In/ﬁmtrhéiB mptCPM@f ahdrrseorbajihende Beatshiapseiidd, depphrandtabporbate
s_equence s synthesized as follows. First, a

di fferent p%g%%m'&%@? sllsrﬁtelg?i&ngr 4 is synthesized by acylating the two

anm no censers offiguplpeGagh oebnifisiéien FrguicenctBiEtios etrapdptide Chastir-herL-His al .

o nat o rEE BRgTamoBeairo andes fie Sharpkiscosan it 0 oty G the

\Amlﬁt hodol ogyoﬁ@segias\g@hﬁ)hmpﬁ@pidk dﬁmdt'aﬁﬁcuﬁt}(Alsee Fi gur e 195:) WhPeptl de dimers,
wher e eac pept| e has the seguence H s an ere L is a Zo
gl yceryl ester, fagmebé %‘?Ph?fégqoi@ﬂc A%&UPW@WSAO é‘sﬁn’%‘b@t*}sﬁ}h U Stne- 1

2-diols of rfaattmtc@uzndnn I Figiieq 7 M0 Daschitale 8L, ®R=icSpRardlakiokbat, Aaar tétmpegﬁ&
commer ci al Is&faval A l'ysine diester 8, wherein Ris metJ can

prepared & Itmlmﬁéa%s‘hemvgtﬁf"& HyBP: 1Dy soppesandrasesabaisteirapentid OHPﬁ’tfétl‘[Pf
‘Lys(Boc) - OH. )2&%55%113{«:9@! arngla&%{l?te(( Apeitide/ ¥ erq§tg>0&zfll>ushed) i s added

3- et hoxypropane m dazo 15 Mol e). The
solution is sti erG@@ﬂhmlmgomrqs@@ﬁDM treatpdénm varignewaykh darsoll vidhte/mis

ol ut ton | SIEEUR AR ek DA Bk Eule™ By BRI T, AR B gy

sol uti on, amgmbglasmidWNAan2EmM dstrebetd; Henes gbhigiml @Easerid DNAJR S edM esgerbate,

magnesi um_s (re f th n | I I idue) .
The bi s- pfo#dect edueqliim%ga@”l AR d?@ldA% if[iglaseﬁléﬁ?%ﬁs&sEéﬁiglﬁwl zrl r%‘lo?i ca
‘and el uti ontewagehtide/ctpperp I ané 5 et hy/mbtiashad BNap?. lﬁatmhscothe Joapd Cd€Lcnd®00 O i s
t hen prepar

nen, Bt 5 GO AR a6 B SLPELSSeLhD® ol 5 SR slun Slasaieal

Phyfl 3' gg! C&b?}&at&Cﬁﬁ;Wa@l@z,&ﬁdl 56 p}sﬁ tetrij@ptidt (&ll—ﬂatldﬂd!trlagepﬁ@ef]mpémtsllﬁfea alxso
I NCl ude Int | nventl on: SIO |1 C ta ts I ng .
convent i ona’llg/ﬁ’(gﬁ laspud P%Iztss gh "%f\éacg’éﬁ Va2 2§ ﬁ‘?éﬂttpﬁmﬁe gggiwo

4772- 3- PG} %&aﬂeﬁﬁd@/&dﬁ?é&aﬂﬁn@s agj t.%%m(p‘iééﬁﬁ'd BN ADY 8 60 hcorbhte, 50y ey, and 12.5
.sul furic, phosphoric, nitric he like) organlc acids (such as acetic,

propi oni c, éMc@F?’Re@Udi;(%éﬁt’iode“%’ﬁéélF/ C@Per)acrt*arné i pe/mlplgsig PEA, &5 M|
gl utam c, bgragBhe, anddbi Ry Chel, (RBsvE ttﬁmbt)k@]h 19he NASESA(SMaeh as the

hydr oxi de carbonat e or bi carbonate of phar maceuti cal | y- accept abl e net al
cation). The salﬁseaigépﬁmahedfnentl#ch@meeﬂor%qoth@emweﬂons e.g., by
neutralizing th

met al - bi ndi ng c%ﬂgﬁl@?l&@ Pﬁu%Hl}ﬂns\c}ehrlﬁao can lus\gefég?t trggcﬁdengdtgnt%%e
done by RGSinwention. r educe excess netal ion concentratl ons in an animal. To
do so, a netal-binding conpound of the invention is admnistered to the
animal. Preferably, the animal is a mammal, such as a rabbit, goat, dog,
cat, horse DEThAmDED DHSORERTIOWOEOHEge fornms, nodes of adm nistration and
dosage i o appg%gﬂqrpﬁﬂmmﬁm(}mmtmds of the invention may be

determ ned enpirically, and making, su ete Skl |1
of the art. It hhe1BEaHoR Efﬂﬂéestat?ﬁt’“d&ﬁggti ?%@Pfa\?enﬁo%é{;%% ga%ﬂ 352 to
-about 20030”%%»%@%%)@@,, ag{ HIBRUM deliled oD PUs aﬁQtallfonKng pEgiEE sequence

preferably about 20 ng/ wever, it is understood by those skilled in
the art thathat hedsctmgen a:ntahnns ofiQroupy &b-Jb o & of therReripdie Thideifelemasts AnCIBfiAgl ng
conpound e di S n gihy 1S
of The di sesetort Mgt BRA RS, A Sk Cobfe A MECH| BB ml oS RALILY
excretion ofAs} $teand ®ivp ollrdindirge! cetakibnsdry Potnhtbme(tter, esltens ot pIEYeInt,S) thelpraglpctign of
any other drugs being adm nistered to the animal, the age, size and species
of the animal, and |ike factors known in the nedical and veterinary arts.
I'n general, a suitable daily dose of a conpound of the present invention
wiil I be thEt anount of the conpound which is the | owest dose effective to
produce a therapeutic effect. However, the daily zo dosage will be

determ ned by an attendi ng physician or veterinarian within the scope of
sound nedi cal judgnment. If desired, the effective daily dose may be

adm nistered as two, three, four, five, six or nore sub-doses, adm nistered
seoaratelv at aDDroorlate |ntervals throuqhout the dav . Adntnlstratlon

—'e
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bi nders, such as, for exarrpl e, carboxynethyl cellul ose, alginates, geI atin,
pol yvinyl pyrrolidone; sucrose and/or acacia; (3)~ hunect anti m

gl ycerol; (4) disintegrating agents, such as agar-agar, cal |0u car bonate
potato or t@apkega starch, alginic acid, rlertal n silicates, and sodi um
carbonate; (5) solution retarding agents such as paraffin; (6) absorption
accel erators, such as quaternary 20 ammoni um conpounds; (7) wetting-agents,

such as, f o RESAwe{os the@gsuppulagion 8HBOS Bidhegs petel iens andfes troestscthadamage sqne by
\absorbents, S )

o or ot SRoy el Ay Lokl st Benk B EnchAts G LURGL RO S SHOR B3

sodi um | au rd,atnagq}hatamebe camstd by ROG e tbhetce of the bmding oﬂtﬁ)e) metaihmsrtmg mxgeutes I n

t he case of d ti,ons
iy arso odREERath il EhGD R chlrhsh M BICH SRR, Fbo ST TR e
may be errplpaytedlaﬂg eﬂfechbemSechng ttlesiemgea:eﬁheli\ay the piodh®@idn gad Atirul&aRIPRES

usi ng such exci ﬁ%dt i | actose or mlk sugars, as well as high nol ecul ar
wei ght pol JRYCADREE f¥ftols and the like. A tablet may be made by

conpr essi on or 'lﬁpﬂ’lg)(ﬂﬂls(?rﬂist ﬁe@tabMA\ép 2 08809 brefRity AaCA8 KOS, Ys thddeeQiBHt S-
Conpressed tabl ets may be prepared using binder gfor exanmpl’e, gelatin or

hydr oxypr opsi e PIE@FTF@JFE‘(%@}C‘?S P piefatila Hisapd Agp pladiis Lyp Pilke,

di si nt egr anijod fpperferea@m fancile 08l 1 M5t s gtsy[eebqbeNerlg Ce5ad ke the

sodi um car boxynet hyl " cel | ul ose), 'surf ace-active or di spersi ng agent. Mol ded
tabl ets n*aymtienm@euwe ﬁﬁﬂlQ:N #grntnnl metal-hindigisiée afhuhinrerum albuyninnesessiry farghe

" powdered c REE i nar 04
7o b oy BeR taB(?iB? it it 9! "{}lgll‘}’f’jL‘%fg’gggrgg‘t&élr‘i?r‘gé°8t“bﬁﬁet9th%ﬁ’d%‘%

phar maceut i Qfahesezmmpbsnst fodkis sitf Qthre squersesnfor Pmeyﬁ:ta poeferreifotusa & ahirageether
capsul es, and granul es, may optionally be scored or prepared with
coatings an s}h such as enteric coatings and other coatings well known
i-n the phar nacetPEtﬂXhqu,rWhﬂthﬁag igudirty. amideacideyg ndb 8-0 0t eWhet mrisllageg >saboats t 0

Gsi ng. 1 of Ddheseabie il Sy irat it Meads st by SR R s < 0

pr 3 )/i de th &bdﬁ?] elﬁtattene hﬁm&llﬁﬂ’ljgﬁﬂldeecanpﬂlhﬂefoa@? wa?fo réice the e@nagle um:w RES .
and/ or m cros ere They nma sterjlized by, for exanpl.e, tion _
through a bt BiRed Tivlaely o ﬁ@gerceﬁleb: #ﬂ%@épmer lsgiess ﬁ&pecarosaoa Yiidnal |y

cont ai N opartetafbrdJinAYE pleferMEn TRY-10Embre Refe@PRASisto-Hhntl hadst pReyabiehease the
active ingredient only, or preferent] al Ify in a certain portion of the
13

gast r oi nt estitipaeh Pp atatv haye eRsoseargge. o proferably Semarses asamicase. Wiigh i) binds g

embeddi NG, CRMB@S th@41S (23/% q@d&atbbttetouaagnde ned YeienPoH ‘bﬁg%{)tfdesdd hrhaneesand
waxes. The active in enf can also be in mcroencapsul ated form Liquid

dosage f or MBCRpANeSag oatfmfhtaaet etsmr(e 6+ 1 breablotesorsa dhy Weoditen brvienitaré#)
i ncl ude phaétﬂa%euttaaﬁt%%r?%ﬁ mmnéeo@ae eﬁ'ﬁcﬁ gﬁ?étﬁér%tﬁ’P 29 4td s,

suspensi ons, sSyrups an Fn addi tion Ive in 1ent, the
Li qui d dos a@ethcmm}ml myemnfeatrwemhmg adiN-goning] metaitbinding srt@Wltlsleeh afﬂmm°er art,

such as, f Oy pgé&%ﬁﬁ) Ln%kel)[l\%tc]? bs lﬁfmaﬁbﬁg& b%gllng & Al rﬁbl}'t lt}lezcla }?egeerpl %0@%

emul si fi ers, as e i sopropyl alco car bondt e,

et hyl acets apeendebwmlgt hawel th@quhe;ncé)ﬁhpyﬂoxmmmﬂ,m p bf)qhysteet’oemgtsy col,

1, 3-butyl ene eg ol, oils (in artlc cott eed roundnut orn
germ olive, Fquﬁwegm Pifles) %IC%IB?%’I*‘ Tt’gﬁtfaé’ts Pwétﬁllc YR

pol yet hyl enﬁxoelnycheSe and 4 qiatemsmdsm egz 8383 4qt51 N, mdsar@54,amtsorw1<,tweas753

t hereof. zo Besi des inert ~diluents oral conpositions can aléif?bq%l ude

“adj uvant s shEH.EY, Wk iME agemy, %‘Pﬁ?@?t 9:1%9%‘%05 SiBfPendilal Sy

siweet eni ng, 5 {4y 19)G4 389] 95HN1911, PE{F7UWEL NG, z@mdszorsawss@t i5\888 B4 Y, M43, 816
-Suspen3| ons, |n ad It on tO the aCtI ve CO ounds cont ain sgéé)en |ng

agent s as%o 5,538, %a@ﬁ%lS?etStﬁQiyﬂhtSe@Oﬁﬁési k1P, %86;1@11581 58915018y &R

o ohvar ot GATRER, PER oS3l WG MRELBCIPIAN D BRI A8 RN

met ahydr oxi oni't agar-agar and tragacanth, and m xtures thereof.
For mul at i onSppﬂxf:attohezmﬁarnmem alqﬂorngsllw 1@68—3@’(190&)eBDswetrvﬂ i lporgf Gkem.ect al

or epared by TLEPRA0 RESD AR R RGO LA (CHUE RS A0 Thobie o ror e

suitable nonirritating eXC|p|ents or carriers conprising, so for exanple,
cocoa butter, polyethylene glycol, a suppository wax or salicylate, and
swhich-is SO|Id at roomtenperature, but liquid at bodytenperature and, -
“therefore, will nelt in the rectumor vaginal cavity and rel ease the active
conpound. Fornul ati ons of the present invention which are suitable 30
MAR 2004 4972-3-PCT 24 for vaginal adm nistration also include pessaries,
tanpons, creanms, gels, pastes, foans or spray formulations containing such
carrlers as are knomn |n the art to be approprlate Dosage forns for the

r R



so pxopyl ene glycol, palyethylene glycol, and the_like), and s Wl&e 004
m xtures thereof, vegetable oils, , such as olive, oil, and inj & @

organi c esters, such as ethyl ol eate. Proper flui d|ty can be mai nt ai ned,
for exanpl e#7#fcthe use of coating materials, such as lecithin, by the
mai nt enance of the required particle size in the case of di spersi ons, and
by the use g}, s4 t1a8t 0 78: ONPOs| L i ons
. may al so contea?nbfagfuvatr?% (199%@5@@%@5?ﬁ”%‘g@"?ﬁegceuﬁuzflsl@ ge%{g%ﬁfsa ‘and
di spersi ng AGBYB2S, 39{48W3}3Reganb@zrﬂte&vr3ﬁabl@zstmommc$tude, R2sTH7NB1 §1BIR Ne8a

such as sug odi u chlo n ke in the conpositions. In

addi ti on, ?atc??o‘ﬁg chgaﬁgfﬁ'eﬁﬂt’l F%O’f%tﬁgé‘ﬁ)e? <hBt J’E?n%‘f"ﬁfé‘ngl??i/‘é% BoP -y be
br ought abogpggymgraﬁ TIBS Izuszs@rssqf99ageja5§et\abl@zbmdﬁizﬁyz BRBABPISo ($9iBh B3 as

al um num nonost erat e and cases, in order to pr oI ong the

ef fect of sact@hfdem Resi onéféélltoa?ﬁ%‘?lf‘él%?bﬁalteh@ &heroRes. iToricals 10,885 al ﬂQ%)r om
subcut aneougoffet M EhAYAGM i Haolel RBY), RBwal Dl Ak Wike B SCHONPhLENGH B, 95“9
use of a liquid suspensi ol of I ne or artaorp 'ous erial’ havin

poor wat er %o(10%1)] Harford FeSarkat, dcofChazbsRmpBO 023-030 ¢16%Y) Jrince ¢t TIAS 2B IPS- upon

its rate of jdi ti whi ch pon i stal .size and
crystalli ne9€o?r?n®8 tfé)’frlﬁlé%f tvefly, del‘%’fécf{}azf%’sogg ‘gf‘u}}o‘f“‘a el Yo jate b
parent eral | g@@mumsséoes/edstﬁﬁmarmmaammn Srd. Bwtedmszs @b, 24 ng3 gr99s)uwlamadi ng
the drug in a ect bl e_depot forns are made by formn

hi cl e,
.m cr oencaPsth? g n’ﬁfel”f ‘gfé@c’bf t”:f’?e "ér@go% PRETRFREaabr e9u8icy REPS o8 (ore
pol yl acti demgﬁj_y@&xggkdsggtheged@mbng on the ratio of drug to pol yner, and
the nature of the particular ymer enployed, the rate of drug rel ease can
be is controlled. mSPBBriYs aater?éwbmmnedé@ﬁaaafmably@m /seavence yyhich nstudes a
pol y(ort hoeglogrsfacePRGudded y&@&%ﬂ Eﬂﬂﬁéietaﬁﬁﬂﬂﬁg s!lfglo?ﬁt ahh& leah llﬁlttdlﬁg‘k?tegr e
al so prepared by entrappin I posones or m croenul si ons whi ch
are conpat i difeang R.mappefynti Emeraflwg’hmqremla@%ﬁlmﬂmma%ﬂ peptidsmbtel eomplex| | zed
for exanp lelp@t %égsg 5
formul ati lcgn:réeetrr%g(f/l&1 B 1 eis)%%tréegg; ?u&tr Q%E%reégé%ﬁ% % (gl pgég‘lar%ﬁ%lcdm arialners
for exanpl eaming aad*plmms tizersghacer alqsenccamdy eeyly H@ly §ily IGidAlarlyg Proy GihiPioiGlg ete.
ccondi tion requi rﬁa'ﬁgm‘%lmy w%:\en Pza‘c%C égﬁ ﬁtal-bmedn%sés%%o %retlerag%ﬁ)mﬁggerrs o5 of tIxe

exanpl e water for “Inj ection, aneous
i njection sﬁ:lllutsnngrs&mss(ﬁsqmﬂgapﬂs Wdag (maenaﬁeﬂaaiz Koay) Xae),| X, Boaydbs s,

granul es an tabl crlb oV not ed abav, have
been report g 10 (% %éaaﬁgfaéﬁsméﬁ ﬁa3 ?@g?ﬁ“ aefgg?e%(sﬂ’%vga &o ﬁ(ra?dse pre%& ly
condi ti O ns) 186 ThévKis amindavids Remk shc@dpddeﬂbqué;ﬂ:e b&@@engi? %déﬂ%&)ﬁ brllir_dlﬁlg,r SBOL,

Aust . St ohs ) Si,C i

Phar mac 0I 6P t@ﬁ?ﬁz@%‘ﬂ@@@&; Slfézﬁ?gh%ﬂd ameyY C@Herﬁtwgi @mdsaﬁtg 101?5%41??% 121
(199S); Ker prefikabiila neuti@abdindfacld fe ,the%a‘;ewaﬁgmagap 1219(9@)9 anRn$RASRIhal Y Bk¥d NY -

or caused by excess netal jons are al so known. nmet al - bi ndi ng conpounds

of the i nveRtf-eHiR-ARLIEERY Q%OI’[LW&&%W%IPW&@PIY@?ES%Céiag'@fé%Saa]ﬁ% Ac{cieri ons
and ot her drseaheryansh G99k 805 sisfotihi 30130 Ghn e s 1 AASIchAR. FRNRLS

play a role. Specific dise ses and c tions trea

met al - bi nehi rRgotaskp smessuly subivetuierfonghe frerNterminatidNHh @bithe ATEPT matifhr Yhudifot r ess
syndrone, a 1 . i DXRES nility and

| mpot ence) , ﬁf flle\‘t Illg%o%lg%%ﬁ Rgaﬁl%g???ﬁgﬁe 1%?&%1 ggﬁbca#c(?ag] (e.g., kidney,
l'iver, colon, anﬁmdmmnm&qxdsoﬁﬂtdpep@:tenwib&L a@reinb atids, Ddama«gmdsaoma@bnﬂ;jmtion

iOnizing 004 4172- 3- P radlat 0 radi.ation tu s),
ehront Cgr alisRehraao; 4 bAS ahe G- A £ by i Bappinb 3 Bre R arep it
(di abetic r glid)Respt foyp-ALNAbst slefeBEEall df&ﬁ@h@%&d@é@,,@@fef@m&m M3 DCAhiAG
di sease), eye di seases cataracts, central artery occl usi on, benig

monocl onaP® 3aMERR Wyfera&m%%&é&%af thejagian avids T 8mgre Deampni s isiimand mas Péﬁ#%tth{ on
| scheri 8, neRBl &S bind kB 85 are PEMER AHLE AD- a&a@ams,arégr@@ﬁe@ﬁagaa%atdeye
di seases (e Al'zheiner's 8i sease, amyotropic |ater scl erosi s
Par ki nson' s Cmt@@agé) almlllotacgﬂsear% ch@ﬁaetsﬁOSProfaﬁldH%emﬂﬂnes ueheast thase, that would be
pancreatitis, peripheral vascul ar di sease, pul nonary enbolism rena
di sease (dialysis patients), reperfusion, shock; tissue damage occurring
upon adm ni stration of chenot herapeutics, tissue damage after surgery
(e.qg., transplantation surgery, open heart surgery, and any surgery where
t he bIood supply to a tissue is cut off, and surgical ischema to of the
limbs (tourniquet injury)), toxic reactions (e.g, herbicide poisoning,
transition netal (copper, cobalt, and nickel) poisoning, carbon nonoxide
poi soning, and antibiotic toxicity), traumatic crush injury, and Wlson's
di sease (congenital high |evels of copper). Specific ischem c conditions
. . N C b .

I ~ 2 o T L R T - -~ 0 - = Y T o
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0 MAR 2004 4172- 3- PCT..27 Cardi ac bypass surgery Transpl ant atifﬂ ggﬁgm
(both the donor organ and the recipient of the organ) Surgic i ema of
the linbs (tourniquet injury). A conpound of the invention is preferably
adm ni st er edd2pP@phyl actical ly. For instadce, a s compound of the invention
is preferably adm nistered prior to: and/or sinultaneously w th reperfusion
of an i schel g, tdSSunQumBidARoK 6f Pe pefide oy at snimpldinstudiierhvrean 6 erY! 8 t h
angi opl asty or treatnment with clot dissglving dru B 884 HRSMEf D-

~ pl asm nogerpresentiivan groised oEEn @@ﬁﬁ%‘é‘”&ﬂﬁf Ftéc’t“rcgf’tlalénnn%z?e %%{i)kr'rpoaﬁéi@ olf ?ﬂqus
i'nvention shaul d.be | Jpued et 9kilid oP@E b&sidefo birdnmeta idnsyindelieg thesdilne
been achi evaélﬁ?ogcllc%v?oglﬁrk)?&la corrpléﬁn_d o? the i nvention should be
adm ni stereptpﬁﬂét@rbiﬁdxo@pdmmmafﬁ@tyto surgery (e.g., open-heart surgery or
surgery to transplant. an organ i Ri BB hdthod@Mal REGWTh HepatHopinsahice; he

begEr oL R pRl B

conpound shoul d ra lod of tine after the sur(%gdrx?ﬁ Qs
anot her examglp@ptg@fj RiRay tatditiog hamimm asidsaPiamo aids HFFIRIIEROL Hé i Yenti on
can be adm nistered to a patient. .pr I Y6 18 ShthRsiSfkihodss Suaaslet i on
(e.g., cereBRBOASER BIY H’%@’ﬂ l?fdoer’ Sﬁ%&%ﬁ%@%ﬁ%@&u sgﬁfgm a) while the
patient is Ee%ﬁﬁ@%staee WeAUGOSA ih e atnaitidnde thoset diseribryn Memaligidipdaiem: o
w Il be protected during the tine it kes to .di hy a@ndhth s, and
treat nent vvﬂiphpiﬁ!lid&ﬁsrem-é&ﬁil ﬁ%@t%%ﬁ?ggﬁr&go%sfed%ﬁg%%ﬁtm:@# may al so

pr ol ong |t 206 I%B_iﬁ&g ﬂ%’sc)ﬂﬂa%@étﬁb, bdnek. hieTpddes] 4(898g); Stexdutiand ¥eyng: Solid Phase

ti ssue plas a

noge trvator for cerebroyvascuyl ar, i k- 0 Proteins,
admi ni steredj@g@ﬁﬂ@ﬁﬁ(ﬂ%ﬁ)ﬂéﬁ-P@f@&ﬁﬁoé'}’éﬁc%hﬁ%%mﬁt et Bepoeins |

admi nistered at. the,ti a ' { 15 dcSonen4l R Te Ptk Irdd.twobRagpy2Y7e3%]. |
radiation f Fé‘%d.,tvaﬁ&ppgf‘”g??g?@g%‘éd%Bne marrow transpl ant). Zo Péﬁggmund
of the invertémen SeanisaPslishPetentid 84 Mdsymiesit ofFNPGAETREBHISTY SUT T er edylbl unt
trauma. In particula a,.co : esieidueh TR tomain nely Lbainogcyds.
benefi ci al iH’?PY“?eéHla?'hﬁsyﬂgﬁmg%%Q%ﬁ Flen%‘?ggpéroﬁ]mnul tiple blunt traune who
have a | ows aﬂ(&!dmbihahwmme&bdmdiStuitmob'@é%s:f’%ﬂ’iﬁﬁr’tdﬁg’te”ﬁagef} APBum n 1evel
is a predictor of nmortality in such e e ¢l I Srakdry Marddal, Cold
patients suf‘f‘/é]flfl}‘i’dmfl?@ﬁﬁﬁu%(efer%?‘e lﬁt%%%lfg%f?%u%rtgmg{%ﬁdi ed. #}%&e’&ﬁ'\tﬁ ents
were adni ttegpr;n% Hidi6ori Ry QISE2y,Saamemkienalt, Mifledutsr Sherdrgs hA HESBPPOR IBERVEY, CO
in 1998. Two groups of patients were matched by a trauma surgeon by age,
injury sever Spljngsl'é@b@,](&$§§9)'and type and area of injury wthout know edge
of the al %mg ! SY}?éiﬁvde‘ﬂfi%ﬂ ﬁﬁhﬁ%bhﬁfﬁeﬁeﬂ@a@egoﬁh@em%oﬁmﬁwr Sqmlic’ﬁz ;’f i
patients o died, and the other grqup .was..conpas : EVRE sorefr@idtaid ng
t he mat ch, 2 heimdnidsd-amingReidhion2 ‘Foé‘&é"aé‘o%frléarrle ralglgr\llogJ ' ?%%1&1%/%6 medi cal
records by an indepen ORSRE UEIH solabld (tohRlowitieureptides dy wlote refdily peoerls cell
groups were oP'¢onpar ed. For the 17 survivors,. theb g{aq@siﬁﬁ%&g{g&&ﬁi £1Ams
3.50 + 1.00 giestibranBoandfdnecativtapest ramsSughas thh B, PHEMéan & tl;xg]b u;d ?iévelt_ was
2.52 + 0.73 g/d]l. T 9% var.i hB aRbWils Witholt altesisgihe e i ,ingaﬁb}ﬂctoﬁe
p- val ue was- %%dmo‘{}g%%)?}:ﬁ%ﬁ%%%é&é@%ﬁ?gr val O. 3422 a9 A0EL) e nar-CoBHOVAR
2004 4172- 3- REP, Angatthalas Prpmhedsbstifuted i catpRAS A F H“Wa@%‘ iven al one jtlo
reduce the damage done b . AlLter hvek t1heD ¢ PrRabe dndifitd inlvays similar

i nvention éaﬁlﬁ@tﬁﬁsthﬂt%%?tﬁéf“ggﬁ%\hﬁl@ﬁfﬁrsele rgd?z‘é&;l scave[ﬁer Siuble. 57 €€
radi cal scavepgefs destrtssd e, sarpelte®s imdber reistani temateolyts HIPHBE, MGi° RS

per oxi dase, ebsel en, gl utathione, cysteine, N-acetyl cysteine,

peni ci | | am nekotlal | opurinol, oxypurinol, s ascorbic acid, a-toco%g_r%{?ol,E

Trol ox (wat er-sol Ltglcg%ge- § QEOMREKRN dr brdndhedlanhainele] containige Fem 4 (bl g atoms,
protein, fenozan, probucol, cyanidanol -3, dingrca r toRe vt ey
enoxi pi ne, di arettthyterns (Al Xinglades dheck %ﬂﬁé?"é‘.‘e“sg ,Caneﬁéé’?"% agaa‘?pgjtheﬁ Met hogf
Enzynol ., 233, 601-6 e(tergngg@,g ShohSmpotnd cBatginig@ least orfelayesia ringth gy PREEDY .
6, 205-228 i"lé@%r.mg‘?‘h Bhodnds of t he i nventi on can, ’i?f COUNSE: ol o thelthgs
gi ven al ong Whightisil andaiphetyilerpitam “heteroarylyi RS BbHeli YTOHS (6. gil, d)ﬁi@nsultihg _
to treat diabetes). io The netal :bindi g DR sorRfdotnbesubstueially darragsh

al so be used CONRBYHOREP THE® gg%afeé)’(]ggfe@b;ﬁ%%_i nati g,s e or O‘Q}Ql%gh ity has
been renoved f50m SPp, & bif@hetallonsd dn goticulanehe b3l af yto \"aéi?lpple%mcon acte
with a solution containing an effective anmount of a netal -binding conpound
of the invention. Many suitable solutions are known. See, e.g., Dunphy et
al.,, An J. .Physiol., 276, H1591-H1598 (1999); Suzer et al., Pharnacol.
Res.;, 37, 97-101 (1998); Hisatom et al., is Transplantation, 52, 754-755
(1991); U.S. PatentNo. 5,710,172. Effective anounts ofthepeptide to include
in such solutions can be determned enpirically, and doing so is wthin the
skill in the art. The harvested tissue or organ may subsequently be used
for transplantation into a recipient or for research purposes (e.g using

—a—perfused—trer—to—screendrugs). 1ne 1 nvention further provides a kit for
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~a 3 0 MAR 200e 4172-3-PCT 3 0 nelts between 43-45C (Ph.D. Thesis,3 B MAR 2004
Newman, University Col lege, Cardiff, U K. ,6 1994). The

traps- di ani nocycl ohexane ( 10 gm) was t hen suspended i n anhydrous tol uene
(30mL) and “t&éF€d to 5C in an ice bath, &@nd bronpacetic acid (8 gn in
toluene (25 nL) was added dropw se. At the end of the addition, the

reaction teRpPEsAla @RS sBbstitfiohd RPGnsanck, g&?%gﬂ%e %%%tg@rﬁﬂﬁéhagsqxgbﬁtﬁr as

further S hours. Tol uene was evaporated, and
1, 2- di ani notgdedresezhvn 2dseedagire | Gdk.ds nvhstyblsl}@xﬂ@ilnbﬂemdlefaxfmméﬂwpepﬂcblfuene

to give a 0 ield r h L zed

spect rosco\ggééélﬁ% h%lalg ?5(%ﬁ§érf%use?n- ecl)nlﬁig e @‘9%%1&%1 a%élc% ‘g)p Itl?t‘}?n@gg%qne 1
(20nmg) was 2s{rguenti@)dwitinaidyl, hBtervhyl, anailcwg&ham edeE(dbwﬂﬁh&daﬂ)oRatompshould

1, 2-di am noc cl oBexa #@cet acid % 0 foll owed by addition io of a
m xture of § 9‘%8 ﬁ@e ¢ SO VRICRTHRE TBTU- (4 equival ent). The
resin was shakerAsfnetredafwu&n%dboﬁpn@esrz@iglpeptldeilbgeda1ldpﬁa@eslyﬁtﬁésns Aegeln@shed
V\/ltth\/FfoIIovved(é% zoand partially dried. Hydrolysis of the
resin |inkagessipeh P%‘Peetaowe% PRI P etdﬁﬁvwgﬁ Soup g Fesd- o Rorsrale
with TFA (SildermatNeof PTMRstRAS iR FIRR 1RSRAERHS] 18041188 BEfteird dbs DM atl DR,

washi ngs were conbined with TFA and concent rated under vacuum The residue
(cycl ohexarféghradfn i tigue Afethe icHiptical lement mpresenys the nolymeimeguped Ris aendardRs i s

was c of
Totrapept da po ARG sRRRCAL IR PR Dar PRk (el ToaRE/ Gl
Exanpl e 1 (+2ith dryprowsise @Usw%uadlosphomﬁl%ndt)mmwmh@@dm a&oue}aﬂé@md
(10-fold) i The Q refor
>0 48 hour (Si%%?art ﬁ%&%ﬁxagrg%r fgf h(burs oc §1l€818¥)\$ ca%];dels ?ﬁ&ngcﬁas@c&%%ﬁﬁwg upon v ed
by fil tratidstillaterd Ahﬂrmatroasftxhehmmoammwmdﬁya@bﬁn"gdﬂehﬂd&ﬁﬂabymﬁﬁlﬂa@ﬁuﬁnﬂ.)

Partially ied. r further..treat nent next .st age.
aror ys! s BrEeh el f RN bEs TR pertthi SRR it e i
reacti on praghciiuiblomideAthhRlanolvakte}.. Cldskieal kdSlutlonsahsie piat tht édiradvgtivdighed
with DCM The shin re conb ned Wt FA a oncentrated under vacuum
(v 010 S0peureriaoms odhet CslafeRn e By Aoh Bl g o RS bE RS HEL B od

by spectrorm&;{nbf:ﬂmmatgadﬁplg@@g\PLE 4. Preparation of Mesopor phyrin | X _
Tetrapeptlde The resi n-bound tetr(gpe%ilde ared_in Exargle 1{@&& rTI%,)
suspended i n DVER @&ifien tedprivpibeadd PRt g*o‘gsvrﬁﬂ% PRETPR Ryiik Bhemek 611 1€ aci d
(10 pnol e; Arepanad=d ilGisHRd in'Fi m €in Pilre 2D PEPIEONRLE r&m addistig1,ahd Bzis

m xture of diiso rop | am ne uival ent) and TBTU- (4 equivalent). The

resin was¥ s‘??&%@én %@Qﬁeszf 148 a9l ?461 réeteroapt can?eareagfe% néPFarPrB‘é‘Fr The
resin was V\{ﬁﬁ&&%d\/ﬂl%&m.f ol | owed by DCM (5x3nL) and partially dried.
Hydrol ysis of the resin |linkage was effected by treating the resin-bound
reaction productRyeen he THH 5( S‘rﬁ:IRpENERx)z, -QRe or Bsisee RigaredEPaviaren Rafgdefined = 3
p MAR 2004 W ; £

washi ngs \T\/eafbgz%oﬁpo?ﬁaegag ‘Es:ag%g r at la}gé?ﬂlﬁaété{% m #ﬁ%p %h?%?ﬁ"e ore

t et rapepti die pémxdmlrangsre'démm the Eslgby meB s wedldnpwn irf thegt. tﬁnbsié'moanébﬁf@H ive
HPLC (yie ruct by spectronetric met hods.

This pr océd‘ﬁfgéu@c?gﬂu%g'%grgﬁset Jmfﬁeg?"z m%fxﬁ%% °¥‘%r phyrin-peptides, such as
nesopor phyrin s haéditbrd, BJaaﬂB;i:aﬁ'ﬁésﬁbsﬂn&aimwﬁﬁh@hﬁmﬁfurﬁnapagra\ﬁpsdmﬂmﬁd metal

Tet rabi spirj dyl et hyl Tet rapenpt de The resi tetrape t| de r

Exanpl e 1 (2985nifjesivmstakbiafion dugtiond! ERI?PSGB"E‘L g‘?%‘? PR ikt

br onoet hyl pye Bsbaa@ aﬁa&eieesmﬁ,g})eptm@aéwms Hall pRvsbdayr bR sa@mua& meaapame of
pyridine io he resin was shaken for about 48 hours on a ro]ler.

The resin mbz@dmam@éilw,tma@mntwpb@w@a sigyproxiied bs,P3 Apd, optipnplbi g dinging gt the
unreact ed, an r t dsmliysis -
of the res Fﬁﬁlgﬁg Ie)2 \A‘g‘?‘sggﬁ? qglt% }écgdﬁgggggg?%%h%&rdgg?ﬁ%ﬁrﬁﬂ rnéactl or:
product wi thn;iﬁ#bd(e@momp&ehr@) theTt:rarresmdmg wagodifipd pentisd. divd inwenpe dhepentde

DCMTFAmx ure.. e _wa |n

under vacuu “?H 059}’ g&%’%?%g RS ?’é‘%‘\éﬁ?‘?‘(ﬁ‘gtg%gdrfpggﬂ Ve (?@unﬁﬁmé%éﬁven in
Fi gure 5) wdaivativé dan®thdawo afff&enpmeqaam&stmsmdld%(étmuém%@n%g & ugbrpét ur e
was confirmed by spectronetric nethods. This procedure can be applied to

ot her heterocycles, such as phenanthroline and rel ated nol ecul es. zo
EXAMPLE 6:..Preparation of Aryl Derivative of Asp Ala Hs Lvs [SEO ID NO 1
1. A derlvatlve having the forrmula shown in Figure 1B, wherein R is
phenyl, was prepared. D ethyl acetam domal onate (10 gn) i n anhydrous et hanol
(100 rrL) was added to a slurry of sodiumethoxide in ethanol (5 gm 50 nl)
and heated to reflux for 30 mn. The product was cool ed (10C) and reacted
wi th ethyl a-bronophenyl acetate (5 gn). The reaction~was allowed to

LR T N L Y 1 —— M T o T Y I I T N 1 o

epared in
groups o



3 0 MAR 2004 417Z-3-PCT 32 DCM (3 x 2 m). The tetrapepti de derivative was
i solated by careful hydrolysis. Stereoisoners of the tetrapepti de3d vieMAR 2004
separated by preparative-scale HPLC. EXAMPLE 7: Inhibition OF The
Generation O ROS s Bv The Tetrapeptide Asp Ala His L~-[SEQID NO- 1], A
tetrapeptide having the sequence L-Asp LA a L-Hs L-Lys [SEQID NO1 ~
(the Ltetrapeptide) was obtained fromone or nore conpanies that provide
cust om synt ¢neSe@llofor pepeptifederivativd aad bing oAastaltibn I8een(e. g ewith GEBer aGRTiySYis and
Bowran Rese er:ch.e Th%. %g Sﬁ@r epared by standard solid phase synthesis
net hods (se 3?%813%5%;) © ?l.e PP e ability of the L-tetrapeptide to
inlhikbit t he gﬁnaﬂahli-lﬁﬂ%iﬁé ﬁR@or\hﬁ@ro’hﬁirﬁﬁd&%o@?&ﬁéé @;agd ﬂigmgi,ttﬁﬁﬂlﬂg@ e@.r).dl

W kins, Biochjm._ Biop .. Acta, (59, 3 8:4 1983). an leeseman et "al .,
Bi ocher J, Suiishls disgiags e@de ﬂé@%ﬂdwgﬂm H’rﬁf,eraéy@mdlawaewlmﬁ ekliogntgins
causi ng t hey.gengbatdians of o or Q) [ Rei, Galefeid N=2-168 HuBAs1E ¥RGidS REs 1,00de The
hydr oxyl radicals attack the sugar 2-deoxy-D-ribose (the sugar residue of

DNA) to probZréeldiznaigns preferably henzaes dipminey fgivelnt-diaminobengens Srisablecdismings
L deh Nt Gret bt L vi ol
ik ohr omegant e PO RACHL LR Erofe dhar Yetbidfs Al fhingdl 3. ©

Thus, the atsshedntaing af cEBM atems. Sreferadnthe rysliodlkanhdian matsg &-digminocylcohexane
2-deoxy-D-r} Thg ay was performed with and without the
L-tetrapeptécgpg&l% ee}Hr’?aengigl ts are summari zed in Table 1. As can be seen from
Tabl e 1, when t heparit@tdppefeted diawhie iprl 2sdiahinatyclobéxahg (Fagir¢scdrep).i Hrvidos
‘ratios of 1:1.2 and,1: th .adation of 2-deoxy- | hose was .i nhi.bjted
by 385 and S5bEs ey G Burbr G2t HERE A Comong L bR P FRrBPE L ¢ e
?ﬁMgr ﬁczi gtz [ ?na @f_lc_loﬂc)&ﬁe xmm_ﬁiaerdeb@aiea%yg@y gig,gxwre PYRIisG3tigine) bRk ko alvadeslof metal
ra-peptide t nnPer cent i ) i
| nhi bi ti on%%-r FES%EP%@?@{F&‘%@F%%&‘F ly poedgpregole gpino acids and peptides,
~38Cont r ol OshbRird0thQ0thd Gol&iuleaRe Aty Ay 26; Q48103 20idS) MHhiAh aaRHANaBIRS
al so perforsrred,usj ng a tetrape_pti,c?geﬁg%i rllcg@?,he sequence Asp AFg Hii;y;1 Ell_ys
conposed Bf CRF4INAGORRPRBICRCT ! it priges inaprepresaess. IPhRiapinosydelisapeimescasa
obt ai ned frQMRRLEMHo HRARpal g?bu?,td\%c@%&tﬂz §2mSiintion cah &%‘&E&I&&e&etﬂ%% _
rovide custom synthesis of peptides, including Ansynth Services and .
The pepti de3Bvaeheps M igp atabipnandafdeasonsdlild phase synt hesi s net hods (see
Exanpl e 1) Theiabl=ya0f, 5ihen. rapeptyhdent.oqhnhi i1t becge | f
ROB nas 1 estod o0 HEAAL I TRy R AR R btk Al LECO BRI IR
229- 43 ( 199Bigure@3C-EX)| Yhe @heriR, manbeithe scoardyiney e tatkyWe PO Hataxd o QQH shmyhalktle
generatio | _kadGals. in. - . I i T ge of
usi ng asc%r glbg'ilgg{agléffﬁg{l ggjﬁfﬁ#ygtﬁ%agﬁﬂ% %%(hlxﬁgml@g% %%’?Qg;s}éaggﬁe?%\égg%t% does
not i nt er f ebieding sites eidvan, tagsfanesbefekpected td Hidhil rastslagnswivreohadily thaothetuhsbstagted Wi t h

per oxi de. The.. oxyl ,radjcal s attack the sugar 2deoxy-D-ribose.lto
D oduce T aBREY < ol lTRE Bt R B BRI s oS RR P A erahy e
\tj\ﬂath uponbliﬂsie-li&eldlhdr%mmﬁé which bziithalit_bi:rm_uspbx;t lac&@sisdipiéi)?fié@hlﬂ&e? pi nk (r:]hr onogen
ich can be neasur spectrophotopeitrjcally a nm us, t
absor bance at 5£Y°|L@F¥a§eélal%%fs‘{‘]}%at{¥1es ?tr Ef&f’éetjé?}ﬁhﬁ “‘Z@’H@Bf?lhﬁﬁrf’ﬂ?b%&y two
Est abl-i shisngis@rtiotRt. ThHeEkdInveRes iA%iaR0RIGsAh Fith HNAERYdAbIl W bypsudtida (ské I st
step in developing this gr otocol . Fist, a constant Cué,l ) concentration of
1 OpM was uEieHre3ss indFigwre 8RBz i3 apayl). demwpber plaldnhydss Glley F%%ﬂry.lwﬁ%é%fl%wﬂbn
found in th : aﬁfeodr ' ' ed with
concentrati g}ﬁs %agrglea%\&}g?? %gg?ng&gﬁg%gnggé@%%ﬁ %@ﬁe'a [ ﬁg}ggc@g&ﬁqﬁu%dhe
ascor bi ¢ achaliwnbomhydride wideresebic wasdiBaE te igivei the diapit dga"oeéiVP-h%hPrﬁ@boxyl
absorbance at.532 nmand still fell in the |i . I r |
at | ascor bi cmé’éei%as %8%85%0%9 %‘héh egrlfeeea 1° TR P %%Eﬂf[%ﬂ% %%'p %}Q%/\C%g ‘i‘?ds%]géa §/
decr ease b chyshegatyldidnside dabatips eshnpdpliye. dTte seeond sany hiacliractatkytatidu plocest f ect
as a hydroxyl . radical generat t low concentrations i ~nd an.anti oxi dant
at high con(‘f’@’rﬂlﬂ%p}lﬁﬁ?%l ’igH’ﬁ%bh?Br eé‘F‘B‘P]én‘é'ﬁ]toF‘Bﬁﬁ l%’ﬁﬁgﬁ"te?tﬁgfvﬁﬁ TOSPeEn (1)
and ascor bi geid gile the dideti @dcidUariGativ¥. CTHARED S5 Abiletiedaihdnatactel @vith the free amino
D-tetrapeptide. Briefly, the D-tetrapeptide was pre-incubated w.th 1)
for 15 m nuBEYPHPresEbE EopEPrtssicd Fpfa gre the deatify Iégt%‘Feﬁa%%ad? OT FRE was
done to permt the Dietrapeptide to hind with the Cu(1T) and therefore
inhibit ROS generation. As can be seen fromthe table, when the
Cu(ll):D-tetrapeptide ratio was between 4:1 to 4:7, there was little to no
i nhibition of hydroxyl rad';ical generation. Wien the ratio was 1:2 or
hi gher, there was total inhibition of hydroxyl radical production. 30
MAR 2004 4172-3-PCT 34 TABLE 2 Cu(ll): D Tetrape tideCu{ll) (NM Ascorbic
Acid NM D Tetrapeptide { M A532% I nhi bi ti onl: 0105000_
0.7674:1105002. 50. 7512: 11050050. 7431: 110500100. 7514: 51050012. 50. 7892: 310500
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EXAMPLE 8: Testing of .Asp Ala Hi s Lys D Tetrapeptide In A Lan~; endorff
Reper fusi on Mbdel Bl ood:perfused hearts were prepared essentialdy MaRi H04
previ ous studies (Galinanes et a 1., Circulation, 88:673-683 (|993); '
Kol ocassi de¥7%tPcal ., Am J. Physiol ., 268 H1415-H1420 (1995); Hearse et
al., J. Mol. Cell. Cardiol., 31:1961-1973 (1999)). See Figure 8. The

pr ocedur es j | . l.ow. l e W r rats, obtained from
Bantin and %ﬁ%ﬂaeﬁlﬁ%ln%?g rﬁéO gqe?&ceb%tgg\éa(r}l\é\éeu%%}%ﬁr I%IC%E g‘hi’fﬁgﬁ‘% Ufpécétz?a&%y%%e
care in congstivaiince swilt 4 estess, bPmithodsphedisknotvn g e raatt Matal ABidiRlexSednfnts have
formul at ed igéﬁfétgﬁh donal Soc{)et%/ f&é Medi cal R%Eearch,an the "Guide for
the Care an & of S RTSOY POSRRTE R S'grﬁ‘r‘%‘%’ﬁ? BY by & braringan thhaptaldgediegry of
Sci ences, angaqybifi the Mholymblreuld)S Héfeh@N@lesd Bfubd WoSRl Qfhet Biatd R (NiE e
PUbl'Cat'Oglar'éb' %}5- 23}; revised 1996). Support rats (300-400q9) were

anest het i 2 WHAPRAPIEHVdroPRidntdspadipetBeRthe Biystiycttgnd ihis map ertivnomeakd affecand
ant i coagul adeR1ivird & theR&iE Ik 4o i - +.Jhe . ri.ght fenoral
. vein and |eft r%"em)ral. ar t'e%ngfv%é%{éya{é%%g{sogﬁg%ﬁ%ﬁgﬁfilthzgdeitvsvgsé'gﬁe{é%ogﬁﬁmqp
cannul at ed YaE&dhrisyntheinpfisharaing peptida déreatves using frecthiev diayines descrité ab@kur n
and supply of bl . : HSE . extracor.poreal .circuit was
est abl i shed, pr i%glo\%lmgtsﬁﬁ&eﬁg%m ngﬁﬁ%%%@l%rs“faﬁltvﬁiaé}d {h"%r"ﬁa'ﬁ“%\@a frem
Ltd., Ayl estbweptidesidye desdritwelsinhBSnPatemtedNob.0f,1A15041 adt £650(134 N )0Oth&@f golRmine

connecti on he i.sqlate eart. Thi.s period s to ure that_ the
_prining s%l%’?lla{c?ﬁs S\}\l/étgbq%%éauaé’ RS eilfpot“ﬁ‘e\ggT’(‘f(?d ng PHasNpspbta= %4t and
that the erﬁ,iZ?eszp{j @WSQQS,SWB,SBSTaﬂd)BQPG,E@ff&cﬁQ@TfﬁEpﬁHati&i@'W)blm/@lSIEOWbai ns
20. 00 g sucgl ti erage nol ecul ar wei ght 30, 000), 3.65 g.

sodi um chl oﬁ(@gb&mﬂgg*gf%gg%@{ecti on to 500 nml (electrolytes nmol/500 m:
cations Na 77, anisofsl idowadharviddhal diailis bifklit0 ek iR AdiSthO GEELE f(HQBHYer ar t
an additional ,7-8 m of blood froma rat of the sane strain was added to

the cent r al Patisdlrly bigh. Itiviherelperenyisagsd &gt aPaptas having asigippbiliacid Binctingal spup

adequat e ;5 URIbY e@ferii PP cElidih Atal birkiifl. WORaEONGinA TR a3 1Rkl 27 LNRKANRSH ME “tA

when bl ood was not recircul ated but instead collected for a"2 m n period.
peri st al ti cSUpupsrigactis adhCMInipaid, 8yl apnd.2tapddieddd on the arterial outfl ow of
the support rat gRdyfilPWoliy AU pdRg Xt CRIAMWRPIiakE G4k to MBSuck AERAS €d
gradual ly over 10 mn tégoa&ve}l ue %f 2.5 M %r% n. T 'S 91r aﬁueﬁ [ né:r case
prevented tdrsivaivsiser Riguretder Thi$ cap beennyerdentll accomplishued b veactivg thermé grdupsof | ow

rate of 2.5 m i .| i . . ed
through a cuaeraR PR pRRSRuRThRR R RR: FIEGE Fbac S b RUEP
subsequenb| gr ajelogtnatdectic aaiddieriedtive (eegl, bebzylapyastet)y Sokid phase syetbeicvoecedwesd
filter to the, venous i-nflowline. of the.suppor ni AN, air-fi]l
syringe abo?/nélb]te e 05'51 rq‘fﬁrérle%c\r{]\édc%aﬁennu sé)yggglénc? Vggl Sgivggthgg?é%%%o%%lgﬁ%yra %ed\?ﬁ I'ch
served to daepsihydgidolysit clemage. NOhardiacki denivpives sithepaphidshf the oavemted casba
consequence oé .tp}% contraction of the isolated heart and the peristaltic
action of ~tR&UMS. 52 PR Pport animal was al l owed to breathe a nmixture of
95% OZ + 5% COZ HdatriiipoBcbiyNedmids ik kickaro bibdHetalhack dscoppeaheirva Sunatast ed
to maintain bload p0z and pCOz within the physi ol ogical range. B(a(!jr}/th d

t enper at utsePNEEIRIPEIPPC atidsior repkneggemyatives ofthe gs o e igvention and methods

ther most at i gald¥ieOMtnb beHidBeAt 4BGriRadn W PARSST §.8078535hMd 8,656,¢34knd
t hernmoneter. Bl ood pressure was nonitored by neans of a pressure transducer

attached toPERepglicaigon WO 93/33425. Aee 2jspdd§uRatent Nansdib¥¥s were connected to a
MacLab (ADI nstr b A, MR I | Yokt 4ahhat he
.experinment. Bl oggE g’%gp?lm&gi(%%?va%‘)&? *@%@g@?ﬁ &Oﬂgf: tﬁ%&ﬁa)rﬁs&ﬁtglmect rolyte

| evel s ( Na+polifiydroRgiz inpludé modvsacshapiderand pdysacebarilenni disaceluribe frispesharivle, sfonor

heart was_attached to the extracor.poregal..circujt and at, i

exper i ment’. %ﬁﬁ?’? PiBm%ﬁr?@Ei&r&??oé@S%‘f af‘&eg’ g%?&’ | ?Té’lr#h,e mnginﬁ?ar?ﬁhr#l Qe%%fr}?tg of Bg]gﬂor
bl ood (fronagetiber fuddnosts ahd pyramues. Wreaifille pitficcetanmpies ofis Gdamase repsysteads so
as to maintain the volune and stability of the pre atiLon.. Addi ti onal
heparin andgpepseobbaBiiogHeaues ‘éfggﬂﬂ‘ieﬁf”g‘?eé’@ﬁ’t‘?dr?ﬁgerfzﬁagori%ﬁettf Ay ?"é’?‘g}c\g%?a} as
required. TordusQhati 1AGAE S alRBFd Helo fedcf HiB24 aBlind\@SuBes thaesfilysit) vi the

di ethyl ether and anticoagul ated wth heparin (1000 | U kg intravenously).
The heart was then immedi ately excised and inmmersed in cold (4 O

Gel of usi ne.. The aorta was rapidly cannul ated and perfused in the
Langendorff node, (Langendorff, PflugersArchivesfur die Gestante

Physi ol ogi e desMenschen and der Tiere, 61:291332 (1895)) with arterial

bl ood fromthe support animal, at a constant flowrate of 2.5 mM/mn. After
renoval of the left atrial appendage, a fluid-filled balloon catheter (for



3 0 MAR 2004 4172-3-PCT individual heart. The two-tailed unpaired Student's
t test was used for the conparison of two neans between groupgi AM ~
difference was considered statistically significant when p < (B Rfsopuud
reasons of q,ual i ty control and to al'l ow appl i cation of predefined exclusion
criteria, tH&SYabili ty and reproducibill’7ty of the system were nonitored by
nmeasuri ng the bl ood chem stry (pH, p02, pC02, haematocrit, Na+, K+ and
Ca2+, gl ucogmpemide. bﬁlﬂe&dunﬁorﬂqﬂidlyarstpiréchacésummmao@harﬁacpbpt'ﬁlu gpovativea rothal

(i medi at el bef re . perfysing a donor heart .and at the end of each

exper i ment g}ﬁﬁlﬂg ‘H éfé@%ﬂéf%ﬂ e‘lpéfﬂaeedénﬂ’éﬂfea}“grthat there were only
m nor Changes I Bi Mldtﬁ}dﬁ?ﬁn@&@i&hﬁ&ﬁlaremﬂtb formgtrédp@bmpleRdslvath dpRlhitsdtan
condi tions applled in both study_F%éou ps and that all values were within the

accept abl e ipfiy $hsp aéacked to themeréide:thie fuggiiong] greumpyeddrrpedestditioaglcheltmgsitest ¢ he
support ratgs: Ah8 iR A Rudifk chaRk. erté b1sfy§1d9l@ﬂgﬂﬁn§§ﬁ@ of thd¥8li e 3%539%11& HI%LYS

significant differences between the two s roups at t asel i ne

readi ng. TdBE@ IB NDdwes shbwn int Flleldré Snet s an@CIBﬂt%f%ﬁtl tbanpt%bﬁﬁ@g@nm'gy biethiseen
groups at i rior
Po the | nf darsEiEe desiFe o 0 Ao BRLRBY B BRSO R ERL ARy gkl
pressure. 'E:Iepltsde fTbe prhﬁ%onbﬁ@sbrspyrﬂyjpﬂ&ﬂ@pm detwatrvetslhmessbmd ymllms with the

val ues were UpS t hat were
to become & ?Fés %ftodhatc}do‘%“éfﬁtlé! é&laﬁ% ttwroeagfnéodgwﬁ%s ng}jg ECE%WP% d1$ *giend ghc *heni a
caused cag Sdiier amygfmmmmmalbr@ﬁmmhﬁmem gNett]lib tetaar djb@tﬁutadus@sﬂe defivdtival | y
-in the diastolic, state. er, as jsche devel oped ime an.
et onse | RSB oo Bl BeE S RIS P e Bt
contract ur efouaim Hy%l[ga%g@ofmﬁ@grbd@ﬁfr&ﬁﬁhetr% devel oprrent of ischemc
contracture in each.of the stud %rou ps is shown in Figure 10. As can be

seen from Tabl e @ena{lﬁé‘ﬂé‘e\’/ﬁé‘lﬂ@hﬁd’e reydicsprpaundcapghle of binding diyalsatmetal ions.
indices, algioualoliNeliSivhiives QFeGHhERECEn BE sittebieftin! tBe 38hAMakder By #00 11R0 %0
contracture in the drug treated group, which is suggestive with protection.
Fi gure 115 bMspyvidviethdapmeflpiesvisor the mean recovery of LVDP (expressed as a
percent of baseld, Hﬁyﬂﬁ&r%ﬁér@& V&@&mpdhnaééomﬁ)l all nwﬁgmnétaﬂwon%w%apyﬂr&hd s
evident that hearts’in the saline control group recovered sl ow

poor |y, suchadréryele bapablaeftandingsp metels. Homaichloroppdlandeqrtns Aprimsxamples
only 15.3t g}gggn n
-the drug gr%%f)%{ogg:}g ote]pgsdwrrrlo?arnlelﬂé g%lyg: % %thﬁeg go(%élF elg%pg‘%gg&’r gﬁ%s,o}() ™
9.3%. Fi gdﬁtg%&-ﬁovvhemhélsahsﬁhhim@ is/éﬁriyeefrbmmemhend bdstbegreohseiveditogrossserd

di astolic_pressure in.both s
r eper f usi 8nSpe‘flﬁ ﬁgwfof%oﬁ'ﬁ%r B tH %&o eve s °ofF eﬁr’_}{?ﬁégthnlnrgggﬁj Itwfa gld%ord om t he
contract ur ea pdtplohingeptileapsihtive pcbsaegsmg sdvamhsnas foe binding bﬁcdppm{sde Gmre(ffﬂ)t he

preinterventjon conirol val ue. ver no

LVEDP nor e "ciiﬁ‘ftlf’fi‘ltﬁ ﬂf’;\ HriE 8 ‘B%ﬂpﬁ“\gf e Wgﬁaztoha‘%mg’é anﬁm{‘hné arfl ne??(l)nt r ol
group, the @irddepti®bowh i Figuré6Q hiaf proaidt a Bindidy €ite/for metal’d oM%Rh'a’xDﬂ)@péUtKé}e& PCT
38 tinme point studied. This wquld be consi etent w th the enha Cﬁg recovery
seen duri ng“?%%?%@%l’%hxnﬁ"??@ cOfPRIgS-gP BHBCUI%, FarAsaralayAe G %P4t es
obt ai ned jsNcdpdRasiAd sl ik B8 bérBhyrBinOsBusti tiicHBipleR & stBIMEY UythdTingidsde drdups.
reveal s that these two groups were essentjally identical éllS 0

versus 127.9nthepasigofthis m@mwﬂflﬁpﬂ?‘bﬁﬁ@mmhﬁé‘t%@?mﬁ@F Vﬁ‘i“é?s“é‘ih‘ideb%rl ng
the 40 mn OHRShand
the val Ues SHAEfstis? ReRS kAl o ANl S kio R A R s RS
the 40 mn ccemde:fw&ﬂd)hestelmlmdbytthw&ahmdaotﬁcm@wp@l s, the mean val ue at the
end of reperfusi n s

? i L SeR t i r ile
that of the drug Y gﬁﬁ?‘)@l?y% Ifepg%eoé'f “fetstlgwrf{e}lPﬁ%'F gr@\é/en(?fagér)?gl 1%%%) *Thus,
al t hough iohﬁle%%bﬁﬁ?nﬁ I{ cadibe getiverad et doaplbewimmmmgmgisoﬂme ppeide epglefiongi on

period (which js cgnsistent wt opser cardi oprot ect.i on

‘changes did Stﬁ’éﬁarq'sé’aé‘ﬂ? e RERtide %‘gﬁes%l ‘?ycg‘ﬁgée arﬁ*ﬁ%gﬁ%&?ﬁ%ﬂesly%lfe)r?sh‘%ug O%tlﬁ? ot
study indi cak® 4duad peptifle &a%e b&;?ieam chb&@@c@@&e‘dlpagﬂyﬁ@hudneer The chsdensikion Hi s
Lys appears to have significant and substantial protective properties as
assessed by an approximately three and a half (3.5) fold (15.3 ~ 3.2 %to
50.5't 9.3% enhancenent of postischem c functional recovery. The magnitude
of protection is equal to sone of the nost powerful interventions studied.
TABLE 3 Corrposition of the bl ood perfusing the isolated donor hearts Val ue
prior to attachi ng donor heartEnd of experinentlndexSali ne

Control Drug*Sal i ne Control Drug*pH7. 29t 0. 017. 26t 0. 017. 33t 0. 027. 31t 0. 02pCQZ
(rmmHg) 60. Ot 3. 267. 7t 2. 257. 6t 4. 965. 6t 4. 7pOz

(mrHg) 230. 6t 14. 8281. 7t 23. 2241. 037. 2252. 3t 33. 9Haemat ocri t

(9627 5t0 927.31.826.81. 727. 0t 1. 5Na+
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TABLE 5 Baseline left _ventricul ar devel oped pressure (LVDP), heart rate and
perfusion pressure in‘isolated bl ood-perfused rat hearts befdgeg MARI

i nterventions Control values (t=20 m n aerobic perfusion) Subsequent

Treat ment k¥BEPrmrmtg) Heart Rate Perf usilgn Pressure G oup (bpm (nmHg)
Saline Control 177.3t10.6 236.6t17.9 94.6t7.5 Drug* 177.2t5.6 257.3t29.7
99.67.3 Al _values . are expressed as nean t SEM There were 6 support

ani mal s pePYPYBR be %aﬁﬁpﬂgégﬁeﬁgb“%ﬂ@d@wgm@%y@s maBE cgn e hiss to
“contract ur @ﬁﬁ(dsiﬂ@o@@r}mlgﬁhyﬁﬁd%%ﬁ@ésmf%@ﬂtﬁeiéﬂl% hsGhgem aContracture Group
I'nitiationTi nme-to-50% Peak time-to-peak(mn)(m n‘% mrHg) (m n) Saline
Control 9.2t 1. 69ten switable ggrppyranspnd gnagrosyBidrobefatomsland nietipd$ o HaticBing thehit (3. O

2o o, Pritel HERR RS UPUSE SR AN 1e0R8 ha Sl T DRGSR
Testi ne of magjecylia chdlajors ¢t ¢quldibeBttaihad togehiides areloched. el MR L 0dnENeal

i schemc inf i y_ St ts. ( -300 g, Charles
Ri ver Labor@ﬁ? %??625@2*?2%252%83@%’ %)%ﬁllgggﬁfé%r(ﬁaé%@%? é&P BRisations Y r oke,
8:1-8 (19867/44103and &0 8p/39706. Cereb. | ood Fl ow Metab., 12(4):62l-628
(1992)). Animalg were allowed free,access to food and water before surgery.
They were anest‘aé’laflﬁt@d’?\ﬁﬁl‘ﬁﬂo@ %aﬁ egaﬁ‘?féﬁ%‘g mefgdnpleatiaphing themate paeteing e ned

With 1.0% destriBbinal DIFARAENS.5,RO%ONZ/ 30% OZ usi ngwa face mask. Rectal
tenperature was_pmai ntai ned at 37C during surgery using a feedback-regul ated
~water hedting shegrarpapstes areknpwetoRindmeite incidiigdton. Swiable ditkdcarmmaterior0/ 64N
aquati c bl aakial dedvalildstdthelpaptitRt bf 68 inv &R bR Qgh. ' 1485
have shown thatE rect aIs angpggta“i@n terr%ne,ratures ar eel en%'%%p{swi%%%g%z
after isché a94%/6hi s nodel (Chen et al., J. Cereb.lood Flow

Met ab. , 12(4) : 62 ' ter t ith
r’red?c al g$ aZtJe slljl?'c?%gﬁ)g& ?03%% %{5 a%-ggg(gﬁ!ﬁl??y alfef ﬁ%‘gﬁi&og{' ﬁ%bl\é\%%%%g&&ﬁ !,ign&gor:‘,\gr
measur emenmalsing Beat vesad € papiitich bitbdingergios arealescaihet! infibS farpntsaiosve9 12, MBS
cannul at %dJﬁg’lédﬁé&f"hg@ggragglf%%é"?@d%f%??g}m t hrough a subcut aneous tunnel

and exited throu neck. bl ood gases were neasured in
al | ani mal s bef Additiomdinad-peptidd sathiehdlaors Breknowicin ériag oswilldpe dyveldphd Méthdds

conmon carotid.artery.was exposed at.its, bifurcation. A.4-0 nylagn. suture,

weh 1ts t ohrer i Rt PR R Ehink o ndhades G Ragmi ot aflerd RuRlingo
mm ( dependnagpaide etabetehwdrs © thegiegtide} of tholvédtien &xtitiinthé skilhindhd die Sestegr, nal

~carotid artery and then through. the intracranial carotid artery until the
tip occl udi&?s%/?l © Sr?lggﬁb%vf dfﬁggwga'éﬂh@%%ﬂp&?ﬁ%qstery (MCA). Animals were

tﬂen al | ened tOAathbe apﬁré%mdaﬂﬁa_bxhp@iﬁae, nﬂt’al_%iﬂlﬂmglﬁ&cﬁéﬁﬂaﬁgroﬁ@%oﬂdﬁg atatieq,

t hey were re-anaest I zed, apd intra-arterial sutures were awn into

the externdl 2R Bﬂe@ig’r“é@ﬂ}’.e tﬁﬁé?%%? . ?)F?énerﬁlﬂ’ﬂ‘freasﬁf‘qyﬂetf’(?e@ ItPlu's Zo\r,iﬁ’e

ani mal s r eciibBshepAdd dtivANSI R doBtathDhOs nre MERL Hid dhgFHR A6l £RBPINAIdItRE dr Ug

(D-Asp DAla D-H S D-Lys) in vehicle over one mnute. The identity of the
drug was uittdhometalrkindipgsite eEMBP cFreferablyeMBE cantaigs frora2d Qegre preferadly -3, aping
supplied tqg.: Fﬁﬂgr _ 1 . i
phosphat e %ﬁlg%]g)rr éefg%glg I ne,oagl%lé»% 4(5,}9{82.)?] \itavgl?{ o;%t@ g?’gﬁﬁﬁréfgl%ﬁy glg%mTék?gh%ércf}g was
det er ni ned of WBParddp-eminpiacid.| As dggsribedabpysd, the sequensseof mpnyjmetal-bin¢ingepptides are
ability to f I, adi f Lo jvR Vit [ i l e
7 The st oSRSUET bt R84 Bunuly® Rbliale b b 5200 RESELERGR R, HARD
quantity wapsepadtimihs sanedajsas gésvbed atlosdonfeplde B/ H.gDeryativésefehrede pdptiddse

i ntravenous adm nistration of .the drug or vehicle, the.nylopn sutur S
et at of e SRS RERL D pE PRGRAatr e e s b B R IR on
of the MCAsah&QapisMBictibéRaRVY RE daivaBReaF pdpiils Byepous i nfusion of drug or
vehi cl e over one mnute. At the end of the second iInfusion, the nylon

suture wds i nedbaiEgtionase sepvides Retrk-bindivs eeride dunahef thadareyaal | ow f or
reperfusion. Also, aptgr_phe second infusion, the animls were

re-anest heti zed, and the cannulae were 3 0 MAR 2004 4172-3-PCT 41
renoved. The aniPgislagy pratide capable pfdinding athesiliorh ereaghalyaray bathssame preliffeiente

al | oved freg pgc §f%ratoR/ JoRBths %ﬂ‘é, %?Fefergﬂ g8l éni‘ﬁ@ﬁgdy?s%&gibp@é@(l@, mebgheni a
and before Sacrifirce. ‘A neurological exani nation, as described in Zea Longa
et al., Stroke, 20:84-91 (1989), was adm nistered at 1 hour and at 24 hours
after reperfusion. Scoring was as follows: O, normal; |, failure to extend
contralateral (left) forepaw fully (amild focal neurologic deficit); 2,
circling to the left (a noderate focal nuerologic deficit); 3, falling to
the left (a several focal neurologic deficit); and 4, no spontaneous gait
and depressed | evel of consciousness. Twenty-four hours after MCA

occl usion, animals were anesthetized with ketam ne (44 ng/ kg) and xyl azi ne
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4172-3-PCT 43 TABLE 9 Body Weight 3 0 MAR 2004 Treat ed*Contr ol Ani nal Day
CaDay 1Ani mal Day CaDay: 1#1300272#2300251#3300266#4300256#5295256 (]EEAAR 2004
~#6278230#7295255#8300250 * Treated with D-Asp D-Ala D H's D-Lys‘a

i schem a surgeryr One day after ischem ajsurgery TABLE 10 Bl ood Gases And
Bl ood Pressure 10 m nutes before MCA occlusionl0 m nutes after
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Acet yl at ed- P 5 Lys au
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pepti des, includin er VI C @ Re ch.. The
.ot her corrpoundscit e%thé’%%veﬁrughﬁl s It)f%%t %X%O %(9?;%% Cat ar?’j{)e frgl gnea
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O Hyd | di Pr od he hyd dical,, i ly t t
Feact i ve. o GBS Re st TRER Sy PEPraRe i lhf BRCe papi)® RS
energetic, &hdingdthylatkeAnid ndtdosdicto m&nmalr(mamhg HRUrBand tigE©fdan torvaﬁcmqu)epnde

toxicity of hydr ogen, per oxi de a er.ox radi cal due _t eir
conversi on ‘élﬁlef‘ﬁégﬂw aF?SB’éOEtB im flonﬁfd lé‘%ﬁ’elr %F?%F‘%(ﬂ’%%ﬂ Pﬁeg alfy L
directly GOmEtHeero Pgﬁd@%ﬂﬂm&yﬁ cbaﬁizlrﬁﬁ’lely‘%irﬂ i idHRRaRHANG 2951 Fepadd:merl
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converted i fRPIPhEcHyareieyO)- rlaﬁlabsalpre\ﬁrébl?t’ H@%F]eﬁ\fl?ﬁﬁ PreEARALY: bris aﬁfﬂﬂﬂ""ﬁ%‘%%ys
require a t4anskd-tbigih ABIR bor alRétehesitfic COHINLIMg GOHGVOTY, Bre@eﬁ'ﬂﬂﬁﬁérﬁ 88, calbif atoms
Handbook O Oxidative Metabolism ESA I nc. 1997) ). is al so known that
copper, in (g -GHes&HbE ot -GEEEGHro-CRCHNGERY yd‘tCéiGH Pia Pty elic afigge or
fol I owi ng rﬁ%&{e'r&ﬂlu Gﬁﬁ?@ngﬂ%@e&eﬂreﬁ%%&n?g6 d%ﬁ%ﬁ%%?sc@F%%éZi?A’“co%Qdﬁnd*‘ .\

dehydr oascor ba Eq
2H+ ~ Cuz» E,)m@rablﬁqttawaydt@a%bmmfm Qridelindage. Suchinkers g pagipulglepyeipmedet -

., F 1 : -
comounds. | 1apig By Bl ffhopniiondho Inebesick et T3 er R AR chllini LS
tested as destmgbecniamifgihétencyihealime widic (s, Figirod BAnsonBiooplyy%, DAsadaD.),

759:38-41 (19 Br.i ef I. nd ascor Ci d he
gener at i on( B‘F?eﬁ%?ﬁ’r%&%m?%é& ??““)e'f‘%eh d’eoxyrﬁb%lsaem%asp rgfﬁ%%%e%&gy&hﬂ%é
hydroxyl raglycaylsestet {sep FRRENIIA, &bmp@.kﬂd)st brefostaalx \.) Rds en tiylporady centaining,

Upon Che EBFRTUI RSt OBRP 1P THP e oTRA) kgt RULCH 1 W PEHY BhBgen

whi ch was measil BeaISHRCHERPARER 6REAE bieadrhpatible, 23 thepaptidtlditbers @Aasbeniaamenﬁt
532 nmis a neasure of the damage tq deoxyribose and, therefore,

hydr oxyl r agidialargotusntitiesn By Toiogrmmpable: s meapidhat g pertisieidimer somgiping Fhe(l%efrm
KHZPO4 buf f @bes nB er géé@&dgs'ujaﬂ@gld B8 dub hﬁhé ﬁ:ﬁ&rﬁ%%m mﬂu&g 4 Rimaa}

buf fer al one wer dl to test tu final concentration of zZ was 1
O-M . The tesanctrgdmﬂewhmhehepﬁpummrs ihtargdaut es at room t enper at ure.

Then, 0.5 _nM asc ffer er
vere adde® to ea @{ﬁa‘f’és(’?%f'glbeélzmg & BF Wdaﬁgm%s e %WEM ?Pbg %éﬁ%%g%é

t ubes were iQagthiaii@shifoicids (frowttedby Batiodskhdploteytinglgrogps ofell kndr( iwthe)arty Bthe n
50 MM NaOH and_1 ml of co tr aceti.c aci.d were.added t.o_e

Cube. and t REO PaBEURS 56 SHHERLY i AR PO D RGO G Creg s pERER biithe
After the tgglthdidhpmoas maRltetbebtde diler Nut es, the absorbance at 532 nm
was read. It was found that the tetrapeptide L-Asp L-Ala L-H s L-Lys [SEQ
ID NO:1 ] caused conplete inhibition of the formation of hydroxyl radicals
in this assay at tetrapeptide/copper ratios of 2:1 or higher. _
Tetrapepti de/ copper ratios less than 2:1 were ineffective. The results of a
time course are presented in Figure 15A. As can be seen in Figure 15A
copper and ascorbate (no added peptide) produced TBA-reactive substances
qui ckly and reached a maximumin 30 mnutes. The tetrapeptide at a
tetrapeptl de/copper ratio of 2:1 prevented all formation of TBA-reactive
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pKa of 6.0. Therefore,.:at a pH of 6.0, histidine is only able t Yo
of the copper. The other 50% of the copper woul d be unbound or |oosely
bound to t HE2+RATr apepti de by the other a2fi no acids and would, therefore, be
able to participate in the production of TBA-reactive species. Histidine
and several peptédeganse apeptidstingtic vehetervact feptidedmas the sgjutico Asp m@rféstmtaedbe at
1:1 and 2:1 peptide: copnqer ratltgls1 for their abl|lﬁétt i c)ub|t cid
production SWWVS‘?BXWu ingppateted Lygingg to 5%686{%%6 §1Rg! siRims &8 yFét"“é& '
aspartic achm@if x@%m ﬁ&n&f@ﬁoﬁblh@Eéﬂn&&lkecﬁﬂbépmdaﬁ}hldlew&eeﬁm@ﬁei OBt Mate
results are presenfed rn Table 11. In Table é‘ﬁ the %i h|b bllon 1S the
percent dechitbieedipmingphare epalsble CEWP@H of Bt fiéﬁm%ﬁsc?ﬁ’é ieeT tbf/s"‘feﬁé’y
absor banc one. can be seen fromthe results in Table

11, the pgp Jth dQEnML etllﬁ%% di ne |n t he second and third p05| tions gave >95%
i nhibition at aFﬁr ihstoeqe thdéympbeprl fiigwe 1QB) faa hetpaenarad s folipss. o ystirred

pepti de: copp nef f ect
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provi ded sonme protect at“l‘% gou 47% a d ab % nh| 'rlta'Z@@ 1-y1)-1

respect i veldff, %ﬂdteﬁoub ‘(?‘PEBf’l i ht Brirgdice v e
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_peptides. Histidine alone at a 1 histidj ne aggﬁ EIW 8VI ded. Some
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hydr oxyl r arfON ATV bdeiing di Bhsﬂﬁ&i dBedDfpdiy she
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137:119-124 (19 LR L8s HENL b b
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this assay, sjnce cat Iase br [0, t r 480
agrees Wit ha‘Eﬁ‘ﬁé‘f’}t‘Hﬁg BPIBHEF K %%e\}'d % Sgesagga }gag{bg)ré}e%glntf‘s}o{%ﬂ %C?ngﬁcll on
of the pi nkoghoermomno\Wmen))! Maed, tRASPmhinddr af theldignd acld/ssif @E@erndiig gmploying

tetrapeptide at a tetrapeptide/c er rati.o o ent ata not
shown) . As SHwiaFr papBdesyniiesis WF%‘O(?OE LN glf’ﬁ@e@%t?érd“%%s(?

participate in t%tla@d%rg %@Jeleeaﬁpebgddqsa@mqmw axp/marmsmm wﬁemxses a
experinments show that dro peroxi de is _an_ ipportant q'gc%glr SPEP t7he
f or mat i on2oglyedrd eht;zmc@x eﬁl@éps followss. (Thg@rsubsstiufedpropans: A7 PRBEE 1Y
Conpound (Rat | 9 Ri1aBR2 ANyeate dedtdr BdRRMET
onl'y (buffeR? EN s %}gglggggpglgm@%ﬁﬁe (PRI s
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Al a0. 04093° SHpRET 8 ﬁf‘es"k‘zj/%‘ﬁ 656%@8‘5 n Vﬁcﬁ i{é&@"@‘ﬂ{ﬂ éﬁkx‘ﬁ[e%% etg’ C
Val 0. 63316. QbduorHsSvalied viRecity aeid calptar (0 %), by ters NNWHCGHI sphmys, asélaga@ with
Val 0. 6922T. 5Ala H's Arg Phe Lys] copper (2: 1%As a Hs

(1:1)0. 751* Wasssthensheotapaic layery EisA B MRgRoEiE: ‘§ére‘é‘°‘éalr£ﬁs‘¥‘e PiRivesagale |
L-am no aci oeRed B 84s 26l By MAsmchrom&tbgaphy dver Glida BBEQ
DNorD SO bgRusy RldubP s prdlelled B Exarple 7. 3.0 VAR 2004 4172.3. pCT
48 B. Assa~reliimn vﬁﬂnanmmdﬁ emvbamtafaé@ﬂ@@@) Rbe petidsy dipe SBYRICRARIH VX
di‘'snut ase : 8 WRiERehSadiogh ¢B PRmtID)f OF
the breakd vmoeeﬁef‘rﬁ@n% rgf’m 1051n§g1)%%lgﬂlfe§6% ogen per oxcl)ggg@ﬁsf%l ar. to
Equation 3). deggmysa%gﬁballylecoeﬁﬂalé hﬁmfbl&ml@aldmdmgsdmmm@w spénsludediptiza s
assayed for activity in the assay descri b din Qi RAGENAS
found to havievegae Fhysielgsl 'ag‘}‘?B’éH aﬁﬁ*ﬁflg FReT {1&%15&“ 0 1<§)éségsr’ %%Iﬁéélsng si nce
SOD actual Iy converts superoxi de radl cal into hydrogen peroxide. Hydrogen
peroxi de can then be converted into the hydroxyl radical by reduced copper.
There are reports in the literature that copper conpl exes have SCD
activity. Athar et al., Biochem Mdl. Biol. Int., 39(4):813-821 (1996);
Ciuffi et al., Pharmacol Res., 38(4):279-287 (1998); Pogni et al., J.

| norg. Biochem, 73:157-165 (1999); WIIingham and Sorenson, Bi ochem

Bi ophys. Res. Com"run. , 150(1):252-258 (1988); Konstantinova et al., Free
Rad. Res. Comms., 1213:215-220 (1991); Coldstein et al., J. Am Chem

Soc , 112: 6489- 6492 (1990) This fording is not surpri si ng since SOD itself
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3 0 MAR 2004 -a-PCr SO quantities of the enzyne catal ase that can el ate
hydr ogen peroxide. In ft_,he brai n, however, catal ase activity |33r{)'-3 m
be minimal. Halliwell ‘et al., Methods in Enzynol ., 186: |-85 (1990).
Therefore, the brain is a particularly vul nerabl e organ during periods of

i scheni a, 41t& copper is rel eased due t®! the acidosis that acconpanies

ischema. C. Protection of DNA DNA strand breaks vverg nﬁasured accorg(l ng to
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valine, | euegdaize prisipesies i dhe aaipaly ri’é‘8 h{‘?ﬂ%&é 1??8%1’!1@5&% eldghg%h ggterg}sagya?{stg%e

gl ut ahm c ac Sgnemg' ML ATHIERaily Ho3k BEa cdmypﬂ»wuﬂ 116 pregent imw&tuod iwikk be thatomiuneof th
ornithi ne,

henyl al ani ne, tyrosine, st ei.ne
a- hydr oxy metchmpaed iwhich ixthg J0vest @S?Eff‘?‘@ & ngot‘h“ﬁeeat% 5?‘?“}}8 eff?cgtsa]it{%géwér gldrﬁHne
. Or NI LN NGy (BSRAGAY B ACtbshindl byl AHCndlAd physREARK aabm@na@ Withintheiecope of sound
trypt ophan; any amno "acid; and n is 0-100;

physi ol ogi caxhdd;palamtg:prtnatif desiged, the gﬁ@flgq)ciallygosemé b?ﬁéjc“i’fﬁ’dt fffiaﬁwé)r thres Qb
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i sol euci ne; Aduigiomatioa,of ﬁempmequndsbaﬂ@gﬁ mtmt}?éf»lﬁﬁﬂ@ﬁlaﬁ‘éptah]ieé‘fsf’msﬁg agfyieved.

a- hydr oxynet hyl seri ne, IR L KARAl bk Yortnmpy 5.
The met hod of C iﬁ’ﬁ?ofnwgc}s ?t%e ”%éeﬁﬁﬁgeﬂg%nqé tEné acl dfeatl ut am cIb aci d

ar gi ni ne, royahysiiabiyont bydd&ﬁnnsmon,mwmgsra@y,ywh!erec nivegieallyparepially (¢.8-

| euci ne, isoleucine, threonjne, serin H@én'fl!s b@@ndn e
or a-hydr ox}ﬁ@%"ﬁ?‘l"@b’r‘i‘lﬁgpméhﬂ %&%“tﬁ’@%}&%‘ﬁ’g&aﬂ%w&ﬁe met %ﬂérl}? et Claimb ﬁ
wher ei N Xaa, trdnSaeRRRH ihirferdallf) uwacaéwa@mnat@w(mhhdmazccaly and suhlinggally). The

gl ycine, valine, threonine, serine, }Z%IH ro;éalgglt hyl serine. 7. The net hod
of Claim6 virefempdrontzaof dministEation ate ?rﬁlll i Yhydr oxymet hyl serine. 8.

The met hod of Ol Al ARSI Torkaflal kaABeainid idbraad ieaion heatinisivsd o

Thé method of d al é 04 43(. 3- PgZST ojnS
The net hodsoflosd, AiisgrePranlees sinministet the mou&i&s Eml?émi?é‘f"ﬁ’ﬁ SR (RORE O o 1y

nis 0. 12 thod .of Claiml SRS sS 65 nRtaliBinding omgoungl or
sequence. 13,'1[1[11@]_ng f?‘fB&alocToméPSétlmnglslg wﬁé‘?vee?ﬁmlgzmggrsprl ses one of the

fol | owi Ng SegiEifBas of (Kad4)tion as an active ingredient in admixture with one or more phannaceuncally-
| s, drugs or other materials.

acceptable carriers and, optionally, with one or more other compound




Xaa3 H s Xaa2 Xaas, (Xaa4)m H s Xaa2 Xaas, (Xaad4)m Xaas Xaaz H s %agmm)rm@}/
(Xaad4) m Xaas Xaaz H| S,.. Wherein Xaas is an am no: acid having a free
side-chain -NHZ and mis 0-S. 14. The method of O aim 13 wherein Xaas is

Qn or Lys.*#8PTThe nethod of aim1 whgtein at |east one of the amno
acids of P ~ other than (3 alanine is a DDam no acid. 16. The nethod of

. Clairn 15 aneheamer)(aalbel"scoaptﬁbla'rihﬂm SEcE cfbeiﬂgsomgatiézlemn&nhmhamgdqdmnts ofitht: h

Xaa, and Hi .aci ds. Th t ho 16 _wh A
the’ ani no. SETORSSR SPLAGEHBIO e fmd EHTE e SR eTH e
aci ds. aci dg theldt. TRegap@éR ﬂﬁfro@e@wmm@wmcﬁd tmasmp&&% efthterpeesa;m no

acids of PZ are D-amno 19. The met hod_ of C m 16 in at | east 50% of
the ami no aBYepHonyre feymulaed ftophapacspficatiyaccrripble, S@ﬁe cqBvepfinnabmsthogs

| east 50% qfholvh® @%e@sﬁﬁ'lﬁﬁle% B, @QeRQhﬁEFoHQP%&rma-E%zcﬂmcmgeso‘c any one of
Clains 1-20 wherein the animal is in need 0 he peptlde because of the

need to reperf u§émaﬁat10§§:¢féhﬁléthlméatthfobﬁ@&ws“ﬁ%%| prigythe form of pppsulg®t hod
of Claim?2 r I f.eni m a
ohd the | oI BiID, il SRROR, ek th bh Pthiod ] GESEALOHAR HEs oE AR

met hod of Glgataws Hquidiveragioil-ibwateani wetbr-inildighidegnigjorfsy mswﬁuiiovml erras
ischem a and the . ischem c,tissue is d in the heart t 24,
The ot hod TPHIES GR35 el sk R sRab FR AR el ob el ERlhediley LRE &k Bl

r eper f usi @ ncontainifg dpadtieuaingd mhduit sfapenpaimd ofithe pleteat invetion itsuaslactn/e inggredient.
.conbinations thereof, w 25. The nethod, of any. one of ai 1-20 erein
‘the ani mal ‘E§°rPPP“ﬁ88ﬁth8PrcF‘H’é1"58%@3?%58&6%@’8?%%888& ggﬁua"?'roéﬁ ~~~

1. 30 MR 20o%éleaaoﬁgaGEnﬁﬁﬂB&ve&mfdiefaruadumﬁuaﬁ&y(cmﬂe@fablasmm&ddgezﬁ)
wherein the.animal is in need of the peptjde becaclidﬁgl S sg}éferln froma
neur odegend?OéﬁdFVegfﬂi‘%%ﬁ‘éthe@Fe) the, active ingesdient is FrYe W opgiepperpagyigil o n

the pepti deacb@ptéb@”@aﬂ“leg §1c8 9s PERRIY A S dalchin pk%ﬁpha@‘&d?&%ﬁ%ft&ffolgvﬁhmﬁ7

wherein the peptide is admnistered to an ani nal exhibiting, synpt

possi bl e el enextsaterasushsasieaichss. dactyspurBice 2lgpssi Bomdeh pagd/or %eraﬁida?%. l e
the animal gdepse L9 ag 9 il czggoxy;ﬁla@xyl@?ﬁlﬁ&g Q&n&é@géﬁt&7mﬁlﬁyl%yﬁ5‘lﬁlme

peptide i s adm ni st ere n"animal prior to surgery, during surgery,
after sur gwosmdmmmﬁdﬁ]lmmcmrsws glgeproly4pdisintemratingsieents, SFPMADAREF ei n

the surger ycagczmg%ﬁgbn% ottaéé taq,g aft%{c%%}%%a{d E&ta?]l{ ﬁﬂ:’éﬁk aﬂasoamnwa%ﬂaté )0

t he ani nal e net erer’n t de is adm ni steéred
to an ani nadolyionoetatding aghintsf iseah #shparaffiy; (@Lﬂhsqirgtl@la@cca ramis,tweha@ﬂuataWr

radlatlonthera ar. e f

Clains 1- ’ﬁo"‘%‘%r e n s ‘I"{H;’smone %ﬁgﬁ%ﬁ aglr:%l a%fo %{mﬁ%tﬁ%g{jfl%htoggg C%MQI? Eer&

subst i t uent mbiaterdtd) QS)aBﬁ)elsmtszaclh asphapli dnil berttynieiclay () Ipbmanid,esuvh zts hnimlcalcmm
t -t

altering the ability of P, to b), a

protects thEPHEHTA eST“PbﬁIr‘?abarteofo %?%@ﬁ%tﬁ?gsss “P%ISWIS%? fa:lan nralx ae%”ﬂ ty
of Pi to bi&d(I®talorih@®ipents.Oh tHe@hsedf Giphisids] thlbletﬁbndthlshxepﬁarﬁammapmntposieons
met al - bi ndi ng functignal group that_ | nproves tge .ahi | |t¥l}%¥7 }pg%#lﬁe to
bi nd net al aRise cgmpri FRARSASENS Polis CHmAOHBoRge P& 18 d
of the pegt mQSﬂQﬂwsmequemﬂ?capﬁ&duﬁ@g UG AREs aamcmgecdammceugwssasuen axhighr gan
of the aninmal. 34. The nethod of Caim33 wherein the animal is suffering

from cer ebrm&s@mvﬁi@tﬁelﬁémlmemoksﬁédﬂ@éﬂi@m c tissueis located in the

Ut f or i ng. 11 om cAriics 2y kS PRARL ARErRlioFbanIiRg PGl D e UMAP beckaeD e

i.n the hear ingoflientse Goinpeessed 3Bblets heambe troepacsll Glizg hirder (fhre exdorple, heelgbdper de

i:s adnini st E}Ed?oxygrop ehlol Ee‘ﬁ%gg)uﬁd) caht, inert diluent, preserva’uve disintegrant (for example,

E 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.




si mul t aneously wi th reperfusion [
€| , after reperfusiaon, or corribi [
thereof. 37. The nethod of C aim 32 wherein the ani mal i sr |r Irlbhggfjll‘gﬂswﬁ% 2004

pepti de because of neurol ogical tra : daim wh

\ ause rauma. 38. The nethod of ' i

;gﬁrggg”gkejgé.tg.!p& need of the peptide becamse it is sufferi nga:‘ro?r;za e
_ g ative disease. 39. The nethod of C aim 32 wherein the péptide

i s adm ni st i .
2001 d' : ts S ; ?dY T%Ié %%EXSI’ &%Edg?e%dslﬁ iiosiig?iQngé ofthe phaiE9&Ri cal ebmpositioks ofthe present_

. ! ! 1 o 0 NAR \t' - -
o of g famudSuhareies irosupspieraciEsa Y SPRPEL P At e i The
car di oyascu?oégggségaé}?%{u%po Sqlsgxllt? '(g gﬁ%‘?ﬂ @?tg&lbcgi{ﬁndg§gblemmjiﬂﬁ@hmc@ﬁcal-
of 1 ai M SOuetigit Mrnpepty e st stieteEoTde Ve FROLR P Y e
J nyg, , after _surger i
L Ot i s S B S,
' go Cpu% ecﬂe@g&lrElIE%e§fbﬁ_l§#¢therﬁ&ym’€i’matrim81‘lmsmes @dé?rmiggm%ﬁféggﬁﬁ%y t he

peptide is admnistered to an ani mal i ot
g R R
T HO0oH TN APy Ok Bpe i e e e o okdrapesiign fhot et wrease e, R-
e R LT
_— .L...l._._ + Jogra @1&%&@5&&19}2‘@; .@rglb@'\(/iﬁl%f/?ﬁl.ﬁésiﬁoils ?hi:ch cr«g} be;uied ipclude polyme.ri.c.
1 7 ~; ' . Substances and waed] The AdV2 iR RENt eap aisode MRISFHF; iated fomd o S I
CO | NH H3C-GH OO wherein: (R s ap o %M@%&aﬂ‘ =S H2N- CH

NHR,, N(R,)Z, - Giguid gpsags fori torls%lias d auo;]l{) % the Qc?m%tﬁxhﬁﬁ efathyy InverioniiscludiH2

. ) y \ -pe T hi X ]

f u,{nct I onal %}Bﬂf?acgﬁﬁcﬁmﬁa&aﬁﬁabﬁin@lsﬁmmsﬁ@ggwlﬁgms, q%g%q;ls, gﬁsp&%xlogé, syq{qps%hc'ﬂ Hixirs.

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




a non-peptide, netal -binding functional group. 4s: The net hod gf ﬂARi @044
wherein the animal is in need of the peptide because of the ne cﬂ 0
reperfuse an ischem c tissue or organ szi he animal . r ., ..... oo

Ao~ ~ PPEST CH2C02H H2N-CH €O 1 a~~z-s-pcr 56 3 t~ MAR 2004 46.
The method of C aim45 wherein the animal s sufferin r v, ul ar
i scheni a arfdr véginal admigisiretion; adsojaclpde RegREese HTPR™Y RE 07 e%" gaglegﬁéﬁg{]ﬁ%f& 47.

The met hod | WS bR RatRE a3 Bre KBbwi B theldrf @rbeagprbprtaa. car di ovascul ar
i schem a anfgg?‘f%ﬁ#g}:cﬁgﬁﬁggt%sue iéjl Located in . the heart of the, ani matl. 48.
#p5p iy 2o

The method of CllmismgedGmatienths tapicaler trmpdarmal afRmisfFion LeSP B

reperfusion, sinultaneousl it f usi Rhd QE1sI PRI Phtokss, @ops and
combi nat i onSIPHREPEEFS: ﬁ@?y%ﬁgmnie}ﬁﬁg%%%f &‘S‘dmg%’]?ﬁtg \%hg.r'ei n Ihz) ani mal i in
need of t heppanit dEehetausmpoindren el migeduider seaiipepnditionywithyp pharpeqsyiicay-

C aim44 wherein the animal is inc.need j bagaege it is
suffering f?%?ﬁt%blﬁ‘@m%ﬁg%&a&?:b%er ioggrgéeelgngi ih}éﬁqngt ﬁ%d of Caim44
wherei n the peptideiitses Hastes bramdandreels mal aattdioh hgditi@rio ampralvaeaRonG pt
Gaim$S 1 wherein the peptide is admnistered to, an _api IRidb 0 nth
synpt ons of mms@h@@?@@?@&r%‘%@@ﬂ%“ﬁ%@ﬁ% eg?tso?ﬂsp%%xggh@ﬁggéﬁ%cgv&; cul at

i scheni a whiLig, L. A0k RIS mYRhaGyBisagiiasasbentditesTSiiciowtic oib aofl 7igk orife, 511
wherein the peptldee I'S a’&)m' niStered to an animal prior to surgery, during
surgery, af tixtussithgeoly, or conbi nati ons thereof. 54. The nethod of C aim53
wherein the surggry,is - Ui A&diNorh a Sorideiidoftils ihveatisr kxuiierdgsudy gan
into the aninal .P%%qerslaﬁgppﬁé{sﬁgﬁfog@d ai r§1°51_ {a/\/ne,rrgi n the e.ﬁti de, is_. es ~
adni ni st er eds lh@owalasilicklacipyalumrintmohydzaride: calsium HisatstARd PRFFTIAGP PRI AR SH
therapy, after _radiatjon thetapy, or 18t LRbs, thebely. phfellahize suwt hod
of any one & Bes; ﬁ’@’s%mfﬁ \Mewgé’rr%%éncaglt @ cggxsﬂt gne am no acid of PZ idts

subst i t ut ed chiokdTlubhy@ocutims kid rendtild iratbstimutaddudrecarpars, TFHEINIARE BIGRORPSt he
peptide without altering the abili P i pREab cbfiled @Bllvedy of a
substituent that Tﬁnéc:eé‘f}gspaf S %Vﬁté%éi&ierdoa%v%{r%% e(g?pfti c %r?zymss Wi thout,

al tering theyaBblddlof tHefinventidrto kerbddyresuah dds@geipmmsrcmqbqm@d%léhsﬁql’flﬂ%rﬁ"éspﬁﬁli“%h
is a non-peptide, netal-binding functional aqr | fGh Ca36Sard dMtorbdiiki ty
of the pepti%éﬂ@@“ﬁwrﬁ%ﬁt‘é‘ﬁaf’%ﬂ%‘? g%%e’*hegg%o#{ﬁg%fgg#méé ai'm 32 wherein at

| east one a%;nfix G a0 R bEFptich caRHASHE datt bieslbanistdto (rayease thedbutof the @PFAPRURA RCTOSS
increases the lip i

ophilicity of the pept] ..t hout. ..al i Lbdatdorof
P, to bind rtbe aqin-ﬁgung%te efisychflux sazhs %‘Eﬂ{eg F%%ﬁﬂ’%‘fl%‘é‘% é‘e“ﬁq%g%%lg‘?% ’g‘ghi?ﬂ?% m
proteol ytig cg%yeys W diRuhd Bl 4 Riynie mktii caRell i ty of P ~ to bind metal ions,
or (c) a substituent which is a non-peptide, netal -bindin i anal...gr.oup
that increases t Rhamsiceuticgl esmposiEopept el eRUGR r‘?Hlt?]Pzet gqr Ra%rr%{se;%. % mg%u%gsd »
of reducing the dannge,dang Qzém S8t | 0¢ethe XM @R 0iS A8 CoodtbidaREB) withn oae tarswaw or
e

an organ t hat°™Fas” been r enov rom an ani mal conprising contacti
ti ssue or or glaAmadettically-screptable nster i i REomicn AUSAUSePT BOR-FIHE nffﬂl%ion%f&%e]}o%gﬁ de

having thef gl{SSéﬂSi%ilS or én%?lszlfng’s_, IoDrC;IEerWQ %5\9&'16?5' which Iy be reconstituted into sterile injectable

25 solutions or dispersions just prior to use, which may contain antioxidants, buffers, solutes which

render the formulation isotonic with the blood of the intended recipient or suspending or thickening

agents.

Examples of suitable aqueous and nonaqueous carriers which may be employed in the

pharmaceutical compositions of the invention include water, ethanol, polyols (such as glycerol,

30 propylene glycol, polyethylene glycol, and the like), and suitable mixtures thereof, vegetable oils,

such as olive oil, and injectable organic esters, such as ethyl oleate. Proper fluidity can be
maintained, for example, by the use of coating materials, such as lecithin, by the maintenance ofthe

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

\\\\\\




Xaa, Xaaz H s: or Xaal.Xaa2 His Xaa;; P2 is ~Xaad-m 3 0 MAR 2004 P~ m%;
Xaa, is glycine, alanine, valine, |eucine, isoleucine, serine, ngﬁ!(RnQ
aspartic acid, asparagine, glutam c acid, glutam ne, |ysine, hydroxylysine,
hi stidine, 4f diPﬁT ne, ornithine, phenylal ahine, tyrosine, tryptophan,
cysteine, nethionine, or a-hydroxynethylserine; Xaa2 is glycine, alanine,
~3-al ani ne, val iThese doamoiiMS niaselsecmitanmadjmnﬁsmhas mtﬁng\ageets, easisifiying ageatsi d,
~aspar agi ne, tam c-acid, dr ox ine. histidine,
e o RRTaE ofihl g1 AR Mespbls s Rter oRE Bk, S af s ot

met hi oni ne, chivride; didhe KeTat ty kegpdsiiiins. Xaaaidﬁt&ngbmmng@l ab@dn@ﬁdsm@f thUﬁJJdcfh%Ie

| ysi ne, arginine, t hi ne aspartl c acjd, glutamc aci.d, aspara ne,

gl ut am ne oPhaFP%FB‘t‘tlfﬁﬂ‘Jﬁﬁn mgx hgjbrp ﬁlipubk?ﬁth%méleflﬂn ofagents;whish drlaygbsorgiion guch
physi ol oglscglawmﬁ@rﬁ%agg@tew Leidther eof . 59. The method of C ai m 58 wherein
Xaal is aspartic acid, glutam C acid, argl ni ne, ‘'or a hydroxynet hyl seri ne:
60. The n”et hod dn saneasesSn®rden trnsolAnadhedt] chofgldy\@g Hés, degirablei tp slow e abspaption

| euci ne, i e
or o Dy xS bcRARAE o Rl Ao, ATRR I ona P AL R YR

| ysi ne. 62. aIi'cmd :mspdmsldn of crs’z!tahmn cﬁammtpdaowirmtefahhavnrg paspaaten solubitityd , Thg kamt fimi ¢
aci d, arglnlne dr Iseane i ne alanlne val i ne,
| euci ne, iso 8?nn°e %m om neepen PPRES ragesﬁzd?sﬁﬁluﬁég”%& ﬁ’?ﬁlﬁ} {187 d?? %?FI%? 'ne
or a-hydr mxgmﬁlmzb smdrymuuwﬁnﬁ(a@l&m&vély,slem@ed H3orptdtof aphlenerallj-adhiaisterda2

.wherein Xaa, is aspart acid or Iutamc and Xaa2 .is al ani ne,
glycine, vafTgE ac‘fq%? #‘ﬁ dllss?%l?’inﬁ I sugpenging ‘g&%/‘rnﬁﬁl"ﬁ)}'glé‘%lf’l ne. 64. The

met hod of O ai mlﬁﬁctumerdepdi fS@as2art Snadk &} f3fmink HhieRBhIAESUR matrices of the drug in

a- hydr oxymet. hX' serine. 65. The nmet hod of C aim 64 wherein Xaa~ |s aspartl C

aci d and Xabigdsgradale pplymers sughpas nﬂﬂaﬁ@fweagufoléeaﬂfps@% ety qfgireg tpo.
67. The methpdngf alg e rﬂaﬁl@e M‘ﬁl’é aglc{'g/l&ifRﬁolgmé' -ﬁhﬁle%hﬁ@r&g refdadl &An6l

wherein n is 0. erreto Cl ai m 58

wherein PZ ‘é@#ﬁuquesEéafm!?SaIOf bpfher rbgods@q@ékc@olmrs méudﬁep%@rtb?eswéu #d69
wherein PZ jﬁiﬁ%&ﬂyaﬁées?mbes& xhjéétaIEIQ'f&ﬁiMé’t‘iQnsS&‘a UG Spar W&%ﬁ?&e § haaz

Xaas, (Xaa | S Xaaz Xaas Xaad) m Xaas Xaaz Hi's "Xaa3, Xaa4) m Xaas
Xaaz Hi s, emes Oxaa@rowsulannsaﬁhlﬁmmaw:slwmb@dﬁtxsw Eh@@sethldp mateNplycaand m

is 0-5. 71. Q&ﬂg@% \Mg]x epledbgki aZQnﬁﬁ'&l Q'b?ttgfﬁgﬁtéﬁing‘lﬂeror Lys. 72 The

net hod of alm east 0 am no acids of P 1 other
than ~i al ani ne bemﬂaamsmyhcprdsent?@nuﬂihéomtmuid dofe sGhled quntaihensiferexpmplxaal
|saDamnoa|d no
acids. . 7 1 am%u ainﬁ 81&?5 %nsddm I%e sglée% V\PI % yopl’nhz d]concﬁlg?rhrequm %glnl}é aﬁlt?c%n%lgﬁ{g

ot her than (taalahqmd oarriar, ﬁorl@xamplﬂwmﬁfodmjecﬁ&q ﬂhedmelyhmdr wfus€] BitemptRansbies ei n
at |l east 50% o0 anm no aci ds of P of
& i oSt opiShion SRR Sshes rd e ere LA S0 E oYl S TP B,
77. The et thedypeidedctibédabéde.wherei n at Least 50% of the ami no acids of PZ

are D-amno acids. 78, The nethod of any one_ of C ai 58-77 ere| n t
ti ssue or organ |%n°ct‘°rdaar?§’b€f’§rqse‘3"? h‘?eBr%B‘?”ea‘ﬁ OplAY APl A gRARESHY M?BSW h
the sol ut i;0paRfhLaISak NEAndhRAPLLHY. CBBII0L, 11,997-999 (1992); Florence, Aust. 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




79. The nethod of any.-one of C ainms 58-77 wher ei n-at |east one a@i{jnMARCI(BY
of P, is ”~ substituteéd with (a) a substituent that increases the
I|poph|I|C|t of t he peptlde without altering the ability of P~ to bind
metal ions, %ﬁ Ta substituent that proteé®s the peptide fromproteol ytic
enzymes WIthOUt altering the ability of P~ to bind netal ions, or (c) a
subst i t uentradipficneigs redistion-of &mardechronie aantlpmaionydifesss tirbasis, olmipdistaad,

i nproves t n .hod of
Ot 55 et il RN i Sl R Bl e B2 SENGH O]
bei ng cont gegedeatdradss, t ¢eatrslo by oamcmsmn ,abenigy mdsmdpﬁmt gadﬁnolﬁihy, Tane nmeduned of

g f‘l. Tr 79 an éenlgpatlgﬁ)A Q%%}g%&%i%ﬂ%‘ﬁagp?ﬂ l?g}(x_vg'frx}g %’%{)])Qstlc (ﬁsea?es neurol(fglcé]_-turalllma, 69
, [0 . .1 5 neurodégenerat®Ve difeased te/2; Méﬁeﬁ@dﬁe&e,%o@@ﬂélateral Relelobis OiktiAdd s CH
COINHIH3C—CHCONNH\N/ H2G i HH COOH ' ~"~' ~.' r~l.,~t ia

a
~~ ~ 0, disepprapylifiplesplerofis. exy senile dementia), panciegtitis, pstipkoral Mﬁ@flwweasﬂpulmnaﬁ
aI kyl, aryI Hal; nd
k e 1§xﬁexte§£1Qﬁ§e¥4e (d@@sg%ahélts‘) MégerﬁlsMﬂRsho& (Fﬁsllé dat 3 2%004r]§ ypo ?s H
a non- pept |adénmm19n oﬁﬂhﬁmthganeummsmémaﬁeeﬁ@smw g mmplaatagqawwrys enget her

foorm a non aim
81 wherein h,?ﬁfg t?ﬁuaggtgfr?}lsor% %e%lggﬁé%ﬁ%ﬁlytg% HSFJE 1s§cﬁ1t %%Fﬁndagﬁgﬁlgsr(ﬂ{)el ng
cont act edo vafths linibe (mmimﬂuetomuxyb))n!pam rdactgpns (reg, perpicidd eois@Bng, Fimnsition trhtati(cu;fpeany
one of d ai 8-77 erein at Jeast one_am no aci d.of..PZ.i. ostLtut

oo ay o SRR AP BhRednd kbR ing MR pF ek, fter Ry Bt B ARt

wi t hout al tigjuiypand Wels@ts didebss (ej‘ngdfﬁ.ltalt high levels bfdodber). Bpscifi¢ b?cheauswmattmﬁmﬂt

that protecfs the tide from teol C en t ho altering the
abilit y of Cf!%eaieatfs‘i?t%ge@mg&}e‘?%ﬂ i %‘}’I Shdg g F’tvﬁfémm’ 8h isa

nonpept i de, net denbil@ivogs g‘yu;eﬁtlgcﬁaﬁlb group that increases the ability of
the peptide to bind petal ions. 84. The nmethod of Caim 79 wherein at |east
one am noacid of PzBrain SGsEY3 $iFF SHESH t h

Hyperthermia brain injury

Perinatal hypoxia-induced ischemia (“cerebral palsy”)
Spinal cord injury
Stroke (thrombotic, embolic or hemorrhagic cerebrovascular ac;cident)
20 Transient ischemic attack
Traumatic brain injury
Cardiac ischemia -
Acute myocardial 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




1(a) a substituent that-, i ncreases the |ipophili ciLy of the pepti MRoO
altering the ability of 'P, to bind netal ions, (h) a substltuentd‘:flq\,\t’ﬂ'\R 004
protects the tide from proteol ytic enzymes without altering the ability
of P, to bi ﬂﬂ’%r‘éfal ions, or (c) a substi2fuent which is a non-peptide,

met al binding functional group that increases the ability of the peptide to
bind netal ions. 85. CArdimtbypabsetrgergduci ng the concentration of a metal in
an animal in need thereof conp risin tﬁ stering tqQ the aninmal an

ef fective amount of r?PéBlPIi‘?i TSR, Sb? glefdlﬁP?ﬁj’F%naﬂ {hgzecipient of the organ)

~' e~~bV. ! ~; .'"~~ ~Surgical ischemia of the 3nibp (tMRARqEQ U@y - S- pcr 61 : Pl - PZ wherein:
P~ is: Xaa~ Xaa2 H s: or Xaa, XaaZ Hi s Xaa3; p2 s ~Xaa4~ mXaa is glycine,

al ani ne, valine, A rermequad of the gverfiqnigprefeeblyrrdminiviered Aopkylaciisallyr Fpuinsteice, a
aspar agi ne, c@hﬁ&m&h@@eqmgé M&@%lglsdmlmééfeegmor@(yﬁwxﬁxﬁan@&m %ﬁ% Hii\Eon
argi nine, ornithine, phenylalanine; tyrosin trypto g é)

met hi oni ne, Ofgn ischpyigrtisRyerae Otaph &eg.i privr tocadidr smu@hwuﬂnmthmomaty dr Freatiani ne
valine, |eu a |c aci ra

gl utam c acﬁiciﬂ@lb éh§s%lv§r>$cdr{}$s s&:ﬁ épﬁu%élgsrnuﬁ%ﬂ %cetlva P écouése &Flgﬁ%ﬁp ﬁ%} gfl a
or ni t hi ne, \pimwhdabﬁutw mpntianshsmld (b;e‘commp‘tmhamﬁnmysﬁtenenﬂier Pepetfisioil i€ beddr

a- hydroxyrret | serd.ne;: . Xaa3 is 1 ne, si ne, r |ni ne,
or ni t hi ne, az%‘ q?i%mgléﬁl%lac&m??ﬁ'l%ﬁ‘id?‘}&nmﬂ’s%ﬁﬁgsf ﬁ%mnbsltelﬁ?da%oﬁ? during

t rypt ophamn; sufgay (&.§., apyn-Bedr eurgéry tir @mgi:qn td Srafspldd0;anObrg@h into an animal), and

. physi ol ogi C%Hiﬁi-éaccept bl e salt ther% 86. The net ho§ of Claim 85 wherein
Xaal is asp %?jl omarmd shevld be sonjinpedfor a periodhidimnndfive theyreani fs.

87. The net fithepéxaldphd ﬂbﬁ)@hym{cﬁﬁrﬁmﬁﬁﬁﬁod 8 cPLahDEE théinhiBE can b8 hiiiBistered

| euci ne, isol eucine, threonine, serine, asparagine, nethionine, histidine

or a- hydr ox{PniPRANE PFSSERIng gWMplms ofet ISEFiPUS FCOTY IR B, afTereyascuesdsrhpmia or
l'ysine. 89. cJﬁ@vﬁ@ilQ%h&ﬁm)@blﬂle@ﬂe%éuéﬁlﬂgfe?cbﬂo &@105& Sie 8RATH] Iﬁﬂg&é}' thg e C

acid, arginine, or ah rox%; 'serine, Xaaz is glycine, alanine, a i ne,
| euci ne, 15stilbiserdieste Pﬁ@e 1t§9é<F$tﬁélagwpwchmmi@wnﬁs@nﬁir@ﬁnmmthﬂlsme@ﬂ ne .

ahexei n Xaat oS LBR T Ay TG PR e MR H Sl B

gl yci ne, va&dnmelstrattmneﬁmsneplammgeve actiyatonfohgaleboovpseildn yacheria)ven bddmirfiktered.

o hyar onymet Ry Sar R S, $RAdi 8 A Gioh MRS AR B o fmeiapatintie

aci d and Xawzamisgataditinethe@8y (e'lgq,eadmtdn(fok aahmG @ipnioBte amec BIATIOW trmssptantlo 94

The nmethogd of C |m85 ei.n P :
The mot nott of ohPeRHERE R Ro AR 38sG B TR r bP s HEERE b o
~~~al 2 ﬁat&laSIna)artQu}ar acompo}dncBofthe‘present mvéhtl,oﬁmaybevery"beneﬁmal in$reating patZes1

4172-3-PCT 3 ~~4 m X~3, H1S_ Xa H1S aas,
(Xaad) m Xaa S RERB P STLPLE RS TehRh WS iR 218" ABuDLIIEN SHHGH B oot & g

am no aci d fealtighiRlelélea dqteor@habﬂ?amﬂhlaua ieits] Mo specififly, 3 éﬁbislﬁﬁ‘éimgf

Cl ai m 95 wher elﬂrllﬂ;l(aaes is pg n or 97. CTEelemet hgds%fl d gl 'ﬂ}gg wher ei n

| east one offommrltinls blantiapma were smdleét?hsﬁe RaHems Yera pdmittpdtothe infensive cprg ynihed; d
98. The npt MQdIQIH&ﬁm rbe%zerij@ liﬁs@sm gfoﬁp%f?étﬁﬁls%rﬁﬁét&ed%é&du&a@ @ no
acid, or both Xaa, and His are D-anmi no acid ) aim 98
wherein al | bypgget llmalrxamvmyamr@l@S@f arfd-typstané aree pbinjusy withouh knnwledee ofshe plbysin
acids. 100.,.The gL gh%gg@f o &b&B s c\éﬁ%s%h Br @l pzlu%f'i‘é Who 9 %Qafnd h@%th%&?p /& ds

‘of PZ are D-am no
composed of survivors. 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).




101. The ‘et hod of any one of .Clains 85-100 wherein at |east orﬂeﬁam\mcqggz,
aci d of P, is substituted with (a) a substituent that increases the
1i pophi l'i ci ky2dcrt he peptide wi thout al te2[| ng the abili ty of P, to bind
metal ions, (b) a substituent t hat prot ects the peptide fromproteol ytic
enzynmes w t hout erin abi it ons r (c) a
substituent whic mgm%bn gthte Hﬁlgnn%&aé'lbelﬁwﬁal ?Pﬁe fOJE%U[CF 8}‘?éilam§$eo‘ff eéhgps.

i nproves t hAltadniathuet}y thef co&ﬂ)feumfgpiflthlﬁnb@atxbh Reh BBEAEn in comb@iion WHB.“iEd eadimat hod
of Claim 101 wherei, nﬁm(eh%a1 %ne of the. foI | owi ng formulas: i H2CO2H i HCOzH

H2N- CH H2N- 280 N scgygnepst. include ﬁumxeis fisiutasepjptnjese. - glyrathionm

- - HZC CH Plrotidd¥e, ‘ebééleﬁ:@ﬁfhdﬁo eing;Nchoetyéysteine; pefiicilfamine; all5 unrgl
06952 G~~~ ~ ~ ~.. 2001 "MAR 2004 7y CT 63 CHZCD H Hzo{(]}gl}irm NH

| H3C CH eoambvmldm temnéemﬂﬂirm@@m:rsel@m\mmhe@m B-rpzotemC fathtacio tiding

O (o) AN B ooy SR sy el B B el [

‘al kyl, aryl $u1®p<1dhfm1éptbansy.b’ee é. g~Das-etd MethodsFnzymol5 033, 601-0101994); Btohs, SoBaszx 0
MAR 2004 Rz NH2, NHR -

non- pept i decll’ L/aiohy haﬁ”'ﬁ“’f%%@%&%%ﬂ?% Tgﬁﬁogﬁpbweofvﬁﬂnﬁ?a&‘?‘iﬁlﬂ’poéc?‘gﬁeﬁlf?er
form a non- pegivérmgongveitiodtaddiarddheigpidsifoiet divamadon@tionsle. g sulinib Geatatadbeaes)of any
one of Cl ains 85-|00 erein at Ieag’;sthone am no aC| d of PZ is substituted
with (a) ¥ substedasi-ing sopepws alths eention easstse be pey tagpdyen the dapige dane

Wi t hout al t 8y RO itk Elﬁss@@bhbF%&ithﬁsb&ﬂr&i&gdﬁs&%ah@ﬁﬁ  Td 8 s02the UbsE bwﬁm
that protects thet5(§)e tide romg oteol ytic enzynes w thout alterin
C

ability of B copigeted Wob aeplytion cdiectiveameunt af gaprtaliiinding qoelpaund of the
nonpept i de, ;{Bkifh: mmlsagaﬁwm&tm@a}e 1&59«1410 s%@aetgd'ﬂs;{pgaea yhe radi Lt Yo 79f

the peptide to bind nétal 1ons. 101 wherei’n at
| east one aHilpd-HEIW 0PIPZ Suserstjbelt, |Rhatre4t0{mlﬂdq 37, 97-101 (1998); Hisatomi et al.,

15 Transplantation, 52,754-755 (1991); U.S. Patent No. 5,710,172. Effective amounts of the peptide
to include in such solutions can be determined empirically, and doing so is within the skill in the art.
The harvested tissue or organ may subsequently be used for transplantation into a recipient or for
research purposes (e.g., using a perfused liver to screen drugs).

The invention further provides a kit for reducing the damage done by ROS in a tissue or

20 organ that has been removed from an animal. The kit is a packaged combination of one or more
containers holding reagents and other items useful for preserving harvested organs. The kit
comprises a container holding a metal-binding compound of the invention. Suitable containers
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%

""""




(a) a substituent that~increases the |ipophilicity of the peptide mtﬁﬂﬁtmﬂ‘t

altering the ability of- P, to bind metal ions, (b)-a substituent t‘hat '

protects the, peptide fromproteolytic enzymes without altering the ability

of P, to bind netal ions, or (c) a subst4t uent which is a non- pepti de,

met al bi ndi n%'%uncfti onal group that increases the ability of the peptide to
0

bi nd met al “i'on &) fp0E) min W aterpioan! agkisei Althe med efahaprsiodohesdbyent wesctiives,
oxygen speghfthe (B@Pval Qva%d%gbﬂu'gﬁ!ialﬁmf DM&Q&ﬁaﬂEﬂl&bﬁEﬁM&@ . 4 D8 Af! @l an

effective anount of a netal-binding pepti 1avi ng attach thereto a
non- pept i dainhyasingest iasraied tp henifor thereattiogr Shgresia 08s swithlen wish BYF (of ). ZhaC105

30 NiR 2007 . CopeOh Ry R Stetoh B e s sl B P e

cont ai ns  doispBrdpdainioe aqBdseqli®8lenthe amet hdd 16f-behadé tiiakolB,1-¥1)062, 18- 107

wherein the am po, aci.ds of th ept. re Dam n cids. 109. A_net hod of

reduci ng tﬁeéraﬁlﬁ b’éonﬂgﬂtgtrwo?oggrg{e%gi@?%591““@[5@{589 RRERY2SS akintf‘?@é‘f}'ég%r an
organ t hat hbas, dne ee reRHoy ek hoddrabyand ihkyde baef. | AitRgend QP thaCleting IME whi Ssue
or organ w.th sol utiqQn containing_an effective appunt of a netal -bindi ng

~ peptide ha\‘?faliftj’gaﬁnfiélﬁq'féﬂn Preveshe! withBN g OQE, Thrsohiton Patiiraged aptihs beeds
group. | 1QereRi@hsBiRodCH (3 &hahm ﬁ}@“prd%&?igg%h%uﬁ Qﬁh@cﬁﬁéeﬂtig@ré%&nﬁaéké?&véwﬂa 2-10

am no acids. 111. The nethod of Claiml erein the peptide contains from
3-5 ani ne® eibgads wesesuspepdedipPMEd Agtinagreleeied (enzyiogy) derivativaoffigidisiett mmelehni no
- acids of thgspeRYI B DEY;:AG : ; equgi:
-concentrati 0?1 of nfgfo zﬁ ﬁ;%%ggﬁ‘%ﬁ&ﬁ% r?p}jar%éﬁsf ﬁléreo %g%?n}%??s@%gﬁlogﬂ&ﬁ%e

admi ni st er irgsip was shaken fom kot 24chousf dnd dteirsastienroenitored by sinhrgtriakeshiAt thiernd ¢felps | de

havi ng attagck to. < i - B ] ti.onal..gr o 1
P gt S TR N G BT SR T
aci ds. 115 bridfipednedtihegerole sGkam of rittdgenhnd sispentitibinpitpigenicatarort HIMIS Froeoed- 5

i ids..116. T h f d.aj 113,114 .1 wh in t i
o2 o ehalie FRBATBABRG Bo ML O Sudb et 38 SRSPEDabhEoERL P
damage doneqiiyalémn Clthe Ye3inOxas glekers foe s oas24( HeQSS) andiheaBactitn fiBhitod@l Byrthesdintgydrin

adm ni sterin 0.t he i.mal . effective. a nt of a t al - bi LN tide
G of 1 00 A g fs B Period ik Wk hiatiEa S S by s wiiheg sty BB EH
differ ﬁnt _ amld Bo& pﬁ)td@\?ﬁé 'glﬁga whY caRfillly rﬁrﬂ@@ﬂ It@gggé the itdﬁfdiééiﬁd@?\diﬁa @dhths ﬁ:@m g L
IS a chem cal ,group | C connects .the two ,petl es throu thelr .

C-t ermi nal 28Migblo @stgfﬁ mpgle/gTibhe rpgin hwdéﬁmmpa%s%ﬁmém?wg‘@%wa%wh
cont ai NS ,@+AhRHCER: R (BBA) dhll Yras SHARen 181 T uRf AdhSdnfothik pAh&, Ble RindYdringast

one P3 is P,, wherein Pl_is: . Xaaj XaazH s: or Xaa, Xa.az H s Xaa3; and
3 0 MaR ~a@ave ublypcaerpinticgme sheqtlerss ofjihg tqtrapeptide Hor the resjm lp jpae cfreypsiafses,

I sol euci ne ,4§i8bA @PS%G\}?V?%MP to PR A cblefatAGhratedF RASOL MR peg{idgf?cml fhe 3ind,
gl utam ne, lysine, hydroxylysine, histidine, arginine, ornithine,

pheny! al aniRseovalypf 3EAmbtedeaey pressyteenye thy totrapoptide (A DhasoHiAgalt apd was dried under
Y dr Xy MRROP S S8 o698 ol P ELse BN WRG ph3a8) AN B ollddAGeq »

| euci ne, iso i ne, e, threonine, aspartic - acid, asparagline, glutamc
aci d, gl ut apgchremetricsnatiends.hydr oxyl ysi ne, hi sti di ne, arginine, ornithine,

A g? ﬁ;élr gl( 3 P :,] gte hy% Iﬁgoef ea%{&%gl%r% %F Fie tetr%gesptﬁgé Hibe Er@%ér@ Wil Fanndl. For example,
use of D-amino acids in the peptide synthesis forms the tetrapeptide containing all D-amino acids.

Also, combinations of L-amino acids and D-amino acids can be used.

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




" Xaa3 is gI yC| ne, al anine, valine, |lysine, arginine, ornithine, answ
~acid, glutamc acid, asbar agi ne, glutamne or trypt ophan. % nmet hod
of daim 119,.werein Xaal is aspartic acg%I glutam'c acid, argl nine, or a

hydr oxynet hyl serine. 121 ( The met hod of aiml 19 wher ei n Xaa2 is

gl yci ne, ala euci ne,. threonine

aspar agi ne, Stbﬁmgﬁrf# %El(gﬂ ﬁdﬁ‘?&ls J}rﬁgl %Y@TIWQOQE% g%rdlfflgf PHB- Tast hod
of Claiml tsvherichcldaaand (30 émmﬁmenﬁﬁendlwﬁmmt&&en%%m dndcodled to
wherein Xaa, .S aspartic, acid, gﬁutamc aci d 2/ng‘lne or a

hydr oxymet h%/pé%?ril athy aa,b rP’é“OifF cid8 emm) igiqlpeme ( veas added dropwisei 4tthewndi ne,
threonine, srapd ARItiASHRTABLHS nﬁsesahfr@@wﬁ

a- hydr oxynet hyl seHL ne, arnd 1Xaae?) is lysi nelsemos%o@h%gnkg At i %enaeramre ioég
wherein Xa & 5h@lHaﬂfqh@naWﬁ@VéW0r§¢dJmﬁhQR -trerisd 2a¢1dni)(aa@0h@<aa¢ dimietieacid was

gl yci ne, serl The

net hod of gr%%ufg% %}q{é#@%ﬁo %}9@ afdz]ilr?ﬁ Sggéj{y%r Al eBIOduC?waS Gibiacrbiised

a- hydr oxy neiytspttmosdope. métGils. The net hod of Claim | 25 vvherel n Xaal is

aspartic acid a Xaa2 is ani 127. e t f daim rei
I egst one ani noqg‘sfeam'z?ouﬁ‘é 9%?3?8&%% o in %ﬁaﬁﬁgﬁr}ggéj‘%g & aﬁflﬁﬂ?nﬁﬁ}lﬁaw:e@ﬁé
The met hod mﬁw@}matmmmfrmsn zadmnmtayhbhmmcwddam Q(fm@‘fol@ivl%@b fdu@lon

alanlne(g_re D-anl.no aci .129. The nethod of d.a vvhereln bot h P3
peptl des 4r¢apuxture gfiiseprap egrLy ’53%?9T§1V (\ﬂﬁ%‘f“‘éﬂl??‘)a@ h¢ 188 PrapHakea o

-acid of P3 dbsutsisén 4 WIRE Thinl 18 résd) wa ARG WAMBMF folladed BEHERSER3th D and
lipophilicity. of theb§£t|de without altering the ability of P3 to bind
met al i ons, Pty dried; JEyqrelysn of the esindinkace vtas efferteddwftenting the reinhogrdishstione
enzymes W t Hoaict il i a

substi t uentﬁ}v\,hl E:h I'S A@ixcl)lh?gue)p?%ﬂgwﬁgsgféat&&éﬁawag}e?;%ntghdgga egrggohﬁ'%g%ﬁ

i nproves t hom@lied with TBA atl‘h@np@pﬁedimdpwammdThg‘paﬂuel(wnbhexaneﬂm@etﬁﬁﬁmlﬂe 3
0 MAR 200 n am no
acid sequlé%g&l\%%glc%bﬁsﬁ%&ggtﬂivﬁ%ﬁee wﬁi‘hasafﬁ?%ﬁ%%hlt% ?'CEF% CE&H‘?E §xbl ndi ng
functional gr oup to provide the netal - b| ndi ng capability of P3. 132. The

met hod of 3:%73 Er%.i&&flieﬁ'a yée etr Ce%3%c1 The nethod of daiml1l 17
wherein L |s a’s = al kane or al kene resi due
cont ai ni ng fr omThe iBincaubdiatrageptide prdp3réd m‘Exampietlr(mkng)‘wﬁlmbmd&dSi&DMIéqseﬂr) L
contains 2-8

b of d
cyclic al kane%er%te‘?mf@ ﬁcgﬁft(éﬁ}%?@gchl‘of%ﬁ? dg}etf?ﬁ’lng enf%’ém%[f%lgpeﬁ%[“ﬁiﬁ of
C ai m 1350 wsoaisiifollowedibyelicatng3o BO‘ICaﬂoba)ﬁrtaérQlﬂﬁr MwasTﬂ&ﬁloﬂﬁﬁyﬁﬂtrﬁifon Ghatin 117

wherein L is.a nitr al kane .resi due. 8...The
mothod o s i 9o G E rollonaa B BEREE Gl et R e v et civaevtn
117 wher ei Nfukthdrére/m@htif B Mibxt 8§ HydrbASis o%é?@ilﬂﬁi&a@é whRHEGEIY tiehith

ROS)
done by reactive oxygen_ speci n atissue or an orc?an t hat has been

renoved fr offuBfhreafHRearods %‘FASS%rﬁfgbt%e%nhw sepagied apd wrshehwith PG o

sol ution comeaevaamﬁ e@Jnilﬁﬁéd'v&i&I@?M@&on@éntﬁteﬁ%&'rv&hﬁlﬁ'(ﬁ&d P&k} I B priaams of
the formula: P3 3~ wherein: ana acids. each P3 nmay bé the sanme or

di fferent25aﬁf@’mu§%"0@épﬂ%\€e@maéhhﬁ%?t%la?s&ﬂséemnbmaﬁlﬁﬁ@da metal ion; Lis a
chem cal group which connects the two P3 peptides through their C-ter mi nal

am no 141. The method of O aim 140 wherein each P3 contains 2-1 O ami no

aci ds. 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




142. The method of O atm 140 wherein at |east one.P3 is P~, \M?rﬂeM ARP2004s :
Xaa, XaazHis: or Xaa., -Xaa2 H's Xaa3; and Xaat is: gl ycine, i'ne, valine,
| euci ne, isgleygine, 'serine, threonine, aspartic acid, asparagine, glutamc
acid, glutam ne, |ysine, hydroxylysine, Blstidine, arginine, ornithine,

stei ne, nethionine, or

phenylalanlne t rypt ophan,

a- hydr oxyne”Yﬁﬁ@?dé%‘ﬁOIiM;gaAa‘?l’ﬁt‘ge 2, @T%%hﬁwaﬁm%éwemsombla?ﬂ@éConﬁarhtramé under
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cyclic alzkaampletien (Pdé),cand exdess sodiuforetiox Rle Qvas acdmlizedtvatisdilute acid. The triester was

extracted into ethylacetate and, upon removal of solvent, gave a viscous liquid. The crude product

was hydrolyzed with hydrochloric acid (100 mL) and decarboxylated to give phenyl substituted
aspartic acid (10 gm). The N-benzoyloxy t-butyl derivative was prepared using a standard reaction
sequence. To the resin-bound tripeptide (Lys His Ala) prepared as described in Example 1 (20 mg)
30 in DMF was added the N-benzoyloxy-t-butyl aspartic acid derivative, 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
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sequence.. 198. The co osition of aim1 erein conprises one of the
fol | owi ng seétghleqhgcég) n&yempgp@dqqﬁgeﬂ(gﬁg Dxtgtrapeptide was pre-incubated with Cu(Il) for 15

minutes at room 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-téuapeptide 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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~CHCO2H HzNFicgylation\§§:673- 683 (1993) Koloca331des et al.,, Am. J. Physzol 269 Hl415-H1420 (1995)
Heayse et al., J. Mol. Cell. Cardiol., 31:1961-1973 (1999)). See Figure 8. The procedures are
described briefly below.

Male Wistar rats, obtained from Bantin and Kingman Universal, UK, were used. All animals
received humane care in compliance with the "Principles of Laboratory Animal Care" formulated
by the National Society for Medical Research and the "Guide for the Care and Use of Laboratory
Animals" prepared by the National Academy of Sciences, and publisehd by the US National
Institutes of Health (NIH Publication No. 85-23, revised 1996).

Support rats (300-400g) were anesthetized with sodium pentobarbitone (60 mg/kg,
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
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or a- hydr oxygieihy) S8bfusie® atik a8afwWad fpitilyhiflated add perfuldin el atfenddrAinBag 14
wherein Xaa, is aspartic acid or glutamc acid and Xaa2 is al ani ne,

gl yci ne, vallipgenderhy Rsenserchives fun@ie GestamteRjihiadiasiades Menssken and derTigge, 6TR|1 ki t
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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
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| mercases. CRAUDCAGSH P nks RSk Bl ol B s ReieflT i gl o
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o () & susTRENIER L Ao Rl ALl A8 B iR G R B 5P
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oo TSR Bl S el SR e A
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i 5 e Do Serppiasy Bagion v e RUNIRRSEREH 0O N N -
--H2G- CH N | H @00hhig) whost {dent§ was unkRowd to e researchers perfdhiiA MR experiments, was
the tetrapeptide D-Asp D-Ala D-His D-Lys. The tetrapeptide was supplied to the researchers by
Bowman Research, UK, dissolved in saline at a concentration of 16.7 mg/mL. It was infused as
supplied without any dilution or modification. Physiological saline was supplied by Baxter, UK and
used in controls. Fresh solutions of saline and the drug were used daily.

Drug or vehicle was infused into a sidearm of the aortic cannula by means of a peristaltic
pump (Gilson Minipuls 3), set at a constant flow 0f 0.25 ml/min. Since blood flow through the aortic
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
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Figure 11 shows the profiles for the mean recovery of LVDP (expressed as a percent of

baseline pre-intervention values) in both study groups. It is evident that hearts in the saline control
group recovered slowly and poorly, such that by the end of the 40 min reperfusion period, LVDP
was only 15.3 + 3.2% of the pre-intervention control. By contrast, hearts in the drug group
recovered more rapidly and to a greater extent (50.5 £ 9.3%).

Figure 12 shows the absolute values for the left ventricular end diastolic pressure in both
study groups during the 40 min period of reperfusion. In both groups, the high levels of LVEDP
resulting from the contracture which developed during ischaemia fell with time towards the pre-
intervention control value. However, the drug group normalized their LVEDP more quickly and

more completely than that seen in the saline control group, the difference being significant at every
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P, has one of the follow ng fornulas: CH2CO2H ~CHCO2H H2N-CH _ H2N- CH cO CO
NH . NH | HewicHapepeatgpraverogs infysion 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




NH N NH <~--H2C-CH N [7] ~~~ --H2C-CH H COCH H COBH R ~"~, ~a: ' ~sl e,
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: HI%F(? élzllZ;_gm_HZI W%]V\J\inlelg\ﬁﬁi_@ | gsre 1as%heg11ekaﬁj befgxieﬁ?cngg? IX'I'E“P@ oggp&;rcammuqnsas

-NHz, - NHRt des¢d{biRd jrzZea1ORga et alt, SRoke, 2184-91 (1989), was administered at 1 hour and at 24 hours

after reperfusion. Scoring was as follows: 0, normal; 1, failure tb extend contralateral (left) forepaw
fully (amild focal neurologic deficit); 2, circling to the left (a moderate focal nuerologic deficit); 3,
falling to the left (a several focal neurologic deficit); and 4, no spontaneous gait and depressed level
of consciousness. .

Twenty-four hours after MCA occlusion, animals were anesthetized with ketamine (44
mg/kg) and xylazine (13 mg/kg), both given intramuscularly, and perfused transcardially with
heparinized saline, followed by 10% buffered formalin. The brains were removed and cut into 2-mm
coronal slices using a rat brain matrix (Activational System, Inc., Warren, MI; a total of 7 slices).
The slices were then embedded in paréfﬁn, and 6-mm sections were cut from the anterior surface of
each slice and stained with hematoxylin and eosin (H and E). Infarct volume was determined using
a computer-interfaced image analysis system (Global Lab Image system, Data Translation, Marlboro,
MA), using the “indirect” method (Swanson et al.., J. Cerebral Blood Flow Metabol., 10:290-293
(1990)): the area of intact regions of the ipsilateral (right) hemisphere and area of the intact
contralateral (left) hemisphere were determined for each slice, the former was substracted from the
latter to calculate infract area per slice. Infarct areas were then summed and multiplied by slice
thickness to yield infarct volume per brain (in mm?).

The results are presented in Tables 7-10 below. Some of the data are expressed as mean +
S.E.M. Continuous data were analyzed by repeated measures ANOVA and paired or unpaired two-
tailed t-tests with Bonferroni correction where appropriate. Non-continuous behavior date were

analjrzed by the Mann-Shitney U-test.
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a~hydroxymet hyl serine; Xaa3 is glycineg,glaanine, valine, lysine, arginine,
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317. The peptide of Claim316 wherein Xaaz is al anine, threonine or

a- hydroxynet hyl serine: "318. The peptide of Claim 317 wherein Xaa, is
aspartic achdsatyd Xaa2 is al ani ne. 319. e peptide of Claim S&ﬂ MA& %
is 0-10. ss 3 0 MAR 2004 4172-3-PCT 32 The peptide of Cains 319
wherein n i's 0-5. 321. The peptide of C ai m 320 wherein n is 0. 322. The
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D- am no 33&%%‘3%%6 BA% tDLgﬁe of Clainms 311-330 wherein Pl has one of

“the foll ovmbrm,efd@,rjﬂéha&em,as rggyNAt~ Q04 4172-3-PCT g 9 b R~ CH CO2H H2N- i
H CO NH H3C-CH CO N NH H2C-iH H COO H CH2C02H H2N-CH CO | NH | HgC- CH
CONNH ~~~ --H2CGCH N | .-H COR2 CHZCO2H H2ZN- i HiO NH R--iH CO N NH
~~H2C-CH H COO H CH2C02H (R3)2N-CH CO I NH |

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
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of Claim 332k\é§ere| n P%S(&,g?hone of the follow ng sequences: ~~4~m X~3 H1S

Xaa2 Xaas OBCHPRICE! 8 5, iy opRueried-ino theshydzeny] rapisal ingthe Fepton teagtio. x~5
XL Hs,r Wpétﬁw@@)’eq%ffb B @aRGtiodmetal, such as copper (Acworth and Bailey, The Handbook Of
Oxidative Metabolism (ESA, Inc. 1997)).
It is also known that copper, in the presence of ascorbate, produces hydroxyl radicals. The

following reaction scheme has been suggested:

Ascorbate + 2Cu** - 2Cu* + dehydroascorbate + 2H* (Eq. 1)
Cu* +0, - O, + Cu?* (Eq. 2)
Cu* + 0;" +2H" -~ Cu** + H,0, (Eq.3)
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




Xaas is an amino acid"having a free side-chain -NH2; and mis 0-5.0 MR 200k
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. 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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inhibition).
Catalase has been shown to prevent hydroxyl radical formation. Gutteridge and Wilkins,
Biochim. Biophys. Acta, 759:38-41 (1983); Facchinetti et al., Cell. Molec. Neurobiol., 18(6):667-
. 682 (1998); Samuni et al., Eur. J. Biochem., 137:119-124 (1983). Catalase (0-80 nM) was,
therefore, tested in this assay, and it was found to prevent the formation of the pink chromogen (data
not shown). This finding suggests that hydrogen peroxide is formed in this assay, since catalase
breaks down hydrogen peroxide to water and agrees with Equations 3 and 4 above. Catalase also
pfevents the formation of the pink chromogen when the L-Asp L-Ala L-His L-Lys [SEQ ID NO:1]
tetrapeptide at a tetrapeptide/copper ratio of 1:1 is present (data not shown). As shown above, at
this ratio, the copper is still able to participate in the redox reactions to produce hydroxyl radicals.
Thesev experiments show that hydrogen peroxide is an important precursor to the formation of the
hydroxyl radical.
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a Amax of 560 nm. It is known that copper inhibits xanthine oxidase activity (Konstantinovaetal.,
Free Rad. Res. Comms., 12-13:215-220 (1991)), so all experiments containing copper also contained
ethyienediaminetetracetic acid (EDTA), aknown copper chelator. The EDTA-copper complex was
tested for SOD activity and was shown to have no SOD activity (data not shown).
| To perform the assay for SOD activity, 0.1 mM xanthine (Sigma Chemical Co.), 25 pM
NBT (Sigma Chemical Co.), 50 mM sodium carbonate, and 1.2 uM EDTA (Sigma Chemical Co.),
were mixed in a cuvette (all final concentrations, final pH 10.2). The reaction was started by the
addition of various amounts of a tetrapeptide-copper complex (tetrapeptide/ cdpper ratiosof 1:1and
2:1) and 20 nM xanthine oxidase (Sigma Chemical Co.). The tetrape;;tide-copper complex was
prepared by mixing the tetrapeptide and copper (as CuCl,) and allowing the mixture to incubate for
15 minutes at room temperature immediately before addition to the cuvette. The samples were read
at time 0 and every 60 seconds for five minutes at 560 nm.
The complex of the tetrapeptide with copper at a ratio of 1:1 was shown to have SOD
activity, as evidenced by inhibition of NBT reduction (see Figure 16). However, the complex was
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ajc 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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14. The method of Claim 13 wherein Xaa; is Orn or Lys.

15.  The method of Claim 1 wherein at least one of the amino acids of P, other than -

alanine is a D-amino acid.
16. The method of Claim 15 wherein Xaa, is a D-amino acid, His is a D-amino acid, or both
Xaa, and His are D-amino acids.. |
17 The method of Claim 16 wherein all of the amino acids of P, other than $-alanine are D-

amino acids.
18. The method of Claim 15 wherein at least 50% of the amino acids of P, are D-amino

acids.

19. The method of Claim 16 wherein at least 50% of the amino acids of P, are D-amino

acids.

20. The method of Claim 17 wherein at least 50% of the amino acids of P, are D-amino
acids. » '

21. The method of any one of Claims 1-20 wherein the animal is in need of the peptide
because of the need to reperfuse an ischemic tissue or ofgan of the animal.

22. The method of Claim 21 wherein the animal is suffering from cerebrovascular ischemia
and the ischemic tissue is located in the brain of the animal.

23. The method of Claim 21 wherein the animal is suffering from cardiovascular ischemia
and the ischemic tissue is located in the heart of the animal.

24. The method of Claim 21 wherein the peptide is administered prior to reperfusion,
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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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

N

need to reperfuse an ischemic tissue or organ of the animal.
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49. The method of Claim 44 wherein the animal is in need of the peptide because of
neurological trauma. .

50. The method of Claim 44 wherein the animal is in need of the peptide because it is
suffering from a neurodegenerative disease. 7

51. The method of Claim 44 wherein the pei:tide is administered prophylactically.

52 The method of Claim 51 wherein the peptide is administered to an animal exhibiting
symptoms of possible cerebrovascular ischemia or possible cardiovascular ischemia while the animal
is being diagnosed.

53. The method of Claim 51 wherein the peptide is administered 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 cdmbinations 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, methlomne or oc-hydroxymethylsenne
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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75. The method of Claim 72 wherein at least 50% of the amino acids of P, are D- amino

acids.
3 wherein at least 50% of the amino acids of P, are D-amino

76. The method of Claim 7
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 act

) a substituent that increases the lipophilicity of the peptide without altering the

substituted with (2)
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,

ability of the peptide to bind metal ions.

id of P, is

metal-binding functional group that improves the

) 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, 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 Xaa, is an amino acid having a free side-chain -NH, and m is 0-5.
96. The method of Claim 95 wherein Xaas is Om or Lys.
97. The method of Claim 85 wherein at least one of the amino acids of P, other than p-
alamne is a D-amino acid.
98. The method of Claim 97 wherein Xaa, is a D-amino acid, His is a D-amino acid, or
both Xaa, and His are D-amino acids..
e 99. The method of Claim 98 wherein all of the amino acids of P, other than {-alanine are

D-amino acids.

)

100. The method of Claim 97 wherein at least 50% of the amino acids of P, are D-amino
acids.

101.. The method of any one of Claims 85-100 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 jons, or (c) a substituent which is a non-

o ions.

|

\

|

\ peptide, metal-binding functional group that improves the ability of the peptide to bind metal
| 102. The method of Claim 101 wherein P, has one of the following formulas:
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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.

' i 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
l oy 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 funct10na1 group.

106. The method of Claim 105 wherein the peptide contains from 2- 10 amino acids.

: BN .
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or an organ that has been removed from an animal comprising contacting the tissue or organ with
a solution containing an effective amount of a metal-binding peptide having attached thereto a non-
peptide, metal-binding functional group.
110. The method of Claim 109 wherein the peptide contains from 2-10 amino acids.
111. The method of Claim 110 wherein the peptide contains from 3-5 amino acids.
112. The method of Claim 109, 110, or 111 wherein the amino acids of the peptide are D-

amino acids.

113. A method of reducing the concentration of metal in an animal in need thereof
comprising administering to the animal an effective amount of a metal-binding peptide having
attached thereto a non-peptide, metal-binding functional group.

114. The method of Claim 113 wherein the peptide contains from 2-10 amino acids.

115. The method of Claim 114 wherein the peptide contains from 3-5 amino acids.

116. The method of Claim 113,114, 0r 115 wherein the amino acids of the peptide are D-
amino acids. )

117. A method of reducing the damage done by reactive oxygen species (ROS) inan animal
comprising administering to the animal an effective amount of a metal-binding peptide dimer of the

* formula:
Py-L-Ps
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
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is a D-amino acid.
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.
ituted vith (2)

130. The method of Claims 117 wherein at least one amino acid of P; is substi

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 peptlde 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 jons.
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each P, may be the same or different and is a peptide whichis ¢

and
L is a chemical group

acids.

which connects the two P, peptides through their C-terminal amino

141. The method of Claim 140 wherein each P, contains 2-10 amino acids.

142. The method of Claim 140 wherein at least one P,is P, wherein P, is:

Xaa, Xaa, His: or
Xaa, Xaa, His Xaa;; and
Xaa, is glycine, alanine, valine, leucine, isoleucine, serine,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine,
phenylalanine, tyrosine, tryptophan, cysteine, m
Xaa, is glycine, alanine, B-alanine, valine, leucine, isoleucine, serine,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine,

phenylalanine, tyrosine, tryptophan, cyst

threonine, aspartic acid,
histidine, arginine, ornithine,

ethionine, or a-hydroxymethylserine;

threonine, aspartic acid,

histidine, arginine, ornithine,

eine, methionine, or a-hydroxymethylserine; and

-
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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.




" 10%F%-&! %9 .
k,’&gﬁg Ei) 91000/64*‘:8/:‘:?)() - 8; DvazZ: NA4! 10108! 109 & () - q8! 1006+ 4 AR 2004
Lo i her (LOUR (RU& () -al yz{_?NAg) 10108! 109 g

Oé‘gff‘o%g %25"3‘ ch: }8%2 E) q8! 10%'\’*& (;\% @1A4?|1(1)8§§05%2?*28l()10$§05%2?*28l()1
0% & () - 48! 1078 1 A e R P B Tk e () 3t
Cqsl e 8ot qgﬁv@gw?&(%)Q%}Qw&() q8! %o:m;v& e (1 Joht 461 Tove & )
opsgt i 1o i ot bt e oo 1ove i
MO B U P s e ot
0% & () - 8LdAsR* & () - qcGr48! 109 & () - q( 8! 109 & () - ?8'()103/2120?5;‘8910%%‘

0#3 o 0
8 500t 6T AT e SR SRR, L 8 07
t!8!109 0 1 100
TR fg%ﬂg@&«of%@ggwwma@w e e )
10#3t | 88! 1094+ & 163~ 8/ &r?d}lc & c&ﬁgﬁr l&oﬂq&afﬁré}gérﬁﬁmﬁ&eéc}ﬂﬁreem48l
- q8! 10%%%@%&@&&&&%@&&?@%%&@%3 12?@?*& é) q#Bt I l 048 0%?*&
(%g*Hg“?;lO" oo T ()08l 10%e g () a8l 100 (). q#3t'8' 10(%R*&( 8|
R & () 23“ 8E@gg<048| 109R* & (8! 109* & () - 8! 10%R*& () - qq8! 10%R* & ()) gl 1100
1 10%?*2‘() (8I igoﬁR* %, gCHNOPQRNDO48! 10%4R* &#3t | 8! 10%4R* & () - q8! low*g 0/0
" q8! 109R* & q R & () - q#3t! Rowx| } _C048! 109R* 8! 109 & () - q#3t ! 8! 109 O
$-109R& () - g}liﬁ%OW& i qgr;ia%?*& oL SR q . ()
oo (0 B R e o
sf)lowcy“;‘axgc%[svggf 3{)2}/10%3(0&() 3J 3f)109@% T& ()-3 3f)10% *(] & () -3
00 ) BRI b et o
}30) 10%H e 3 31) 1090 (K () 30 109% ! (1& ()-3
1 109" & () - 4y [:vT3  *10%"& ()- | (Z10%"
1100 ya' )2 : 10950y Bt dRIRA oS et R Q’I?Mm(*m%f v ()-
E 182@, yg ()- "1Q%. vk dgthod of@ﬁl%/l@&ll(eyem gt leasthgg{yglﬁé?@%rexp I)ﬁflsoo |[:vud
S &'(%) {NOT%NM 117%2% /g,yloé iy 'Q\lo%’ y& ()-f “1110%'y & )(/;& V-

T 100 , W'y | va 0 :
B R e 0 Sa D 2 iose0s ()
ESyso 10%8( e& () -XBEjs" g%%eségn%?v(’ lﬁgg‘ ibdeipe SX% ell&{f‘l s{e)lﬁcA Bstidepicoelac).

+ ,10 s () Pgi‘gg/%% &%\’%d’%; 1%%]%%}5% lykih&o hﬁdﬂ%y&/s@a,. msgygel 2@;@@%1(31%%‘(1? ()'
BTO 01/(')0;/6 & () ?H@?l@mﬁﬁ(e 1p@¢ine, tm@mflgf?}’é (n? r@}{uo e,‘%b&)hydrg?nethylsenne
()- 2! 10 ?afls(g%;‘{fﬁ’&% [9 aﬁé@%lme heuBing )solehcmw&l&'&(r;mnqq afpartlc acid,

| [:vU4 L310%
"10% &
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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 d-- - -

hydroxymethylserine.
167. The method of Claim 165 wherein Xaa, is glyc
methionine, histidine or o-hydroxymethylserine.

ine, alanine, valine, leucine, isoleucine,

threonine, serine, asparagine,
168. The method of Claim 165 wherein Xaa, is lysine.
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178. The method of Claim 163 wherein L is neutral.

179. The method of Claim 163 wherein L is a straight-chain or branched-chain alkane or
" alkene residue containing from 1-18 carbon atoms.
180. The method of Claim 179 wherein L contains 2-8 carbon atoms.
181. The method of Claim 163 wherein L is a cyclic alkane residue 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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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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R, is an alkyl, aryl, or heteroaryl;

R2 iS ‘NHz, "NHRl, N(RI)Z’ "ORl, or Rl; arld
: - '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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211. The kit of Claim 210 wherein Xaa, is aspartic acid, glutamic acid, arginine, or -
hydroxymethylserine.

212. The kit of Claim 210 wherein Xaa, is glycine, alanine, valine, leucine, isoleucine,
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.

15. 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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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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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.

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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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, leucine, isoleucine, serine, threonine, aspartic acid,

asparagine, glutamic acid, glutamine, lysihe, 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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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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303 The peptide of Claim 302 wherein all of the amino acids of P, other than B-alanine

are D-amino acids.

304. The peptide of Claim 288 wherein at least 50% of the amino acids of P, are D-

amino acids.

305. The peptide of Claim 302 wherein at least 50% of the amino acids of P, are D-

amino acids.

306. The peptide of Claim 303 wherein at least 50% of the amino acids of P, are D-
amino acids.

307. The peptide of any one of Claims 288-306 wherein ét 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.

... . 308. The peptide of Claim 307 wherein P, has one of the following formulas:

Rq <I:H2002H
H2N—C':H (I:O
- “NH
| R1"—CH
HsC—CH |
I (o70)
7 |
N NH
)\ N (—B—H o—CH
e d e
N COOH H COCH
Aas,
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clezoozH C|:H2C02H
HzN-?H (R3)2N-c|;H
(l:o CO
IIIH r%u—:
Hsc*-?H H30—-(|3H
<l30 co
N "\ “:‘”
QN—)—HZC——CH ( H,C—CH
N
H COR; H COOH
R
(IJHCOZH CI:HZCOZH
HgN—CI:H HoN-CH
C|30 (IZO
IIJH rilH
H3C—('3H R1—?H
Cl:O (IDO
- NH N "NH
|
{ Yo { Yot
H co H Co
l!lH rilH
c:sH—(CH2)4NH2 ?H-(CH2)4NH2
CO,H COH
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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 (c) 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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CH,CO.H (|3H2002H
HzN'“(I'JH (R3)2N"?H
cI:o ' co
tilH t!lH
]
H3C—C|)H HzC—CH
?o <|:o
I
N NH NH
{ Yot [ Moot
. 2 ?H HoC—CH
H (I)O ' (I;o
h"H l!lH
- . CH- '
- i (CHz)aNH, CH-(CHa)N(Ro)z
~ ORy COLH
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:

Rq (|)H2002H
fHeoH HoN—CH
H2N—?H ?O'
1 \H
NH R—CH
H3C——(|)H So
co .
| N \ ']‘H
P’ \ " (lHZC—CH
k HoC—CH N |
N I H COOH
H COOH
CH,CO,H (H2COH
HZN_?H (R3)2N—CI;H
co
CO |
s "
| HsC—CH
H3C—CH |
| (o]0]
N N -
N NH 7\ |
7\ I 4 H,C—CH
H,C—CH N I
N I H COOH
R H COR2
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Ry CH,CO,H
?HCOzH HoN—CH
HZN—(I3H co
¢ AH
NH l
ch—(l:H R1—CI;H
L ;
N P
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H co H CcO
e rin I!JH
- (|3H—(CH2)4NH2 (::H-(CH2)4NH2
CO,H COLH
(l:HZCOZH CH,COH
H2N—(|)H (R3)2N—CI;H
CcO CcO
,LH NH
H3C——C:2H HyC—CH
: ;
( \ TH Z_}—H c—z:
H,C—CH NT
_ & e
rLH "
- CH-(CHa)N(Ro)2
' CIIORZ COMH
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
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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 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, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,

" 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.

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.
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ABSTRACT

The invention provides a method of reducing the damage done by reactive oxygen species
(ROS) in an animal. The invention also provides a method of reducing the concentration of a metal
in an animal. These methods comprise adnﬁnisteﬁﬁg to the animal an effective amount of a metal-
binding compound as further described in the application. The invention further provides a method
of reducing the damage done by ROS in a tissue or an organ that has been removed from an animal.
This method comprising contacting the tissue or organ with a solution containing an effective
amount of ametal-binding compound of the invention. The invention further provides novel metal-
binding compounds, pharmaceutical compositions comprising the metal-binding compounds, and

kits comprising a container holding a metal-binding compound of the invention.




<110>

<120>

<130>

<140>
<141>

<150>
<151>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<400>

SEQUENCE LISTING

Bar-Or, David
Curtis, C. G.

Lau, Edward

Rao, Nagarajo K.R.
Winkler, James V.

METAL BINDING COMPOUNDS AND USES THEREFOR
4172-3~PCT

PCT/US00/26952
2000~09-29

60/157,404
15999-10-01

60/211,078
2000-06~-13

6

PatentIn Ver. 2.1
1

4

PRT

Homo sapiens

1

Asp Ala His Lys

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

2

8

PRT

Artificial Sequence

Description of Artificial Sequence:metal

METAL
(1) .. (4)

copper, nickel and other transition metals

METAL
(5)..(8)
copper, nickel and other transition metals

VARIANT
(8)
Xaa = Orn

2

Asp Ala His Gly Gly His Ala Xaa

1

5
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B <210> 3
S <211> 12
- <212> PRT
<213> Homo sapiens

<400> 3
Asp Ala His Lys Ser Glu Val Ala His Arg Phe Lys
1 5 10

<210> 4

<211> 11

<212> PRT

<213> Homo sapiens

<400> 4
Ala His Lys Ser Glu Val Ala His Arg Phe Lys
1 5 10

<210> 5

<211> 10

<212> PRT

<213> Homo sapiens

<400> 5
His Lys Ser Glu Val Ala His Arg Phe Lys
1 5 10

<210> 6

<211> 12

<212> PRT

<213> Artificial Sequence

<220>

<221> MOD RES
<222> (1)

<223> ACETYLATION

<220>
<223> Description of Artificial Sequence:variant

<400> 6
Asp Ala His Lys Ser Glu Val Ala His Arg Phe Lys
1 5 10




