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| NVENTI ON  5The invention relates to a nethod and kit for inhibiting
vascul ar woperzpesstseabi ity and the edema and ot her advePse/Ustéieos@i2 hat
result fromit. The invention also relates to a nethod and kit for
nodul ati ng the cytoskel eton of endothelial cells. Both nethods conprise
adm nistering to an aninmal a di ketopi perazine (DKP) of formula | below, a
prodrug of such a DKP or a phaeReauNEar biacsspsabl e salt of either one
of them 10BACKGROUND The vascul ar endotheliumlines the inside of
all blood vessels. It acts as the |nterface between the bl ood and the

ti ssues and organs. The endoyﬂ% 5 per neabl e barrier that

mai ntains the integrity of t ; fpart ment, but permts passage
of watser, | 0nS]Jhesiﬁ%nkloff%l%mﬁmeﬂ%@raﬁdfﬁitQ‘@Mhﬁfmtﬁ@@a@@ﬂéﬁw}p@m@nﬁ&%ﬂitﬁt ed
manner. 15Dysregul ati on of thlsiprocess produces vascul ar [ eakage into
under | yi rigdithes anfdehcs gdvasse ¢ffagisdhateslt frem dfe sTheduintign elje relaleaty have
serious es

Accor di ngrgod bR BERG KRR TO SRR RO QRN e R USRI i ng
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barrier to yS|oIog|caI 20SUMVARY . OF THE | NVENTI ON The i nvention
provi des I&%@H sishddK P o aphagmacgytigally areentaetalt Geitherpe dshem net hod of
i nhi Bigt i ng vascul ar hyper per meabi Riaf RBUNIS edena and ot her adverse
effects that result fromit. The ises admnistering to an

ani mal i n needtcheseddr cadotbtfiwotinvethaimsidet ofail] tdoodradssale ktagsesihent, wherein

the active ingredient c ri ses a.25di ket opi perazin rodrug of . a

di ket opi pBIHBR ey Forathf RAPHGA TS LShIaCE Eﬁ% e%%@@%% GroRascBite of
t hem W“%fe%héhﬂl@@arﬁb#tﬁhﬂﬁhlﬁ%ﬁrﬁzth@ﬁm?%ﬁdr bhc LRI A cOm t, but permits
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passage of water, ions, small molecules, macromolecules and cells in a regulated manner.

15  Dysregulation of this process produces vascular leakage into underlying tissues. Leakage
of fluid into tissues causing edema can have serious and life threatening consequences in a
variety of diseases. Accordingly, it would be highly desirable to have a method for
reducing edema, preferably at its earliest stage, and restoring the endothelial barrier to
physiological.

20 SUMMARY OF THE INVENTION

The invention provides such a method. In particular, the invention provides a
method of inhibiting vascular hyperpermeability and the edema and other adverse effects
that result from it. The method comprises administering to an animal in need thereof an
effective amount of an active ingredient, wherein the active ingredient comprises a

25  diketopiperazine, a prodrug of a diketopiperazine or a pharmaceutically-acceptable salt of

either one of them, wherein the diketopiperazine has the formula:

O

R2
NH

HN



wherein: R and R2, which nmay be the sanme or different, each is: (a)a side
chain of an am no acid, wherein the amno acid is glycine, alanine, valine,
nor val i newoaemmizamosobut yri ¢ aci d, 2, 4-di am nobutyric aecwus2013450612

Sdi am nobutyric acid, |eucine, isoleucine, norleucine, serine, honoserine,
t hreoni ne, aspartic acid, asparagine, glutamc acid, glutamne, |ysine,
hydr oxyl )}’él?eﬁ%m' hi stidine, arginine, honoarginine, citrulline,

phenyl al ani ne Rlpanarwn%t&ww%b@am bY diPR}dMe calll ¥Pt OPhaN, thyroxine,
cystei ne, honocysteine, nethionine, penicillamne or ornithine; 10(b)R is

- CH2- CH2- CH2- (or @-@d@tﬁ(am-i)f a@HEminapdidt wg@‘cimethe amtm) atCErblsgtHycmﬁe akaninieng
nitrogen forns proI| eor{‘ﬁ%drox%{ roli eand/ t():l—g 5@7%5
- CH2- CH( OH) - CH2- and'Pudetierait mtOF‘Fé? W58E ’rldﬁaanP Ve ACE proI i ne

or hydroxyproline; @imiebatytehtivalkhdife, ¥olduchicdBothiring, QFindMddseanaci d,
wherein the anmino acid is one 150f those recifed in (a) and the

derivatized side cHhieAninasaspartic acid, aspgragingngluigepc g@ldLgiuﬁﬁé}mfad‘)ém@by an - NHR3
or -N(R3)2 group, VH}%IE P %Cglﬁfﬁﬁe’t e%lhﬁllge o%n ?gﬁtnn% ?qaﬁl 1{)}1 %glapafn?n or

unsubstituted al kyl, ocyt

aryl al kyl or heter Qﬁﬁmin,ophenylalanlne ¢ymalna,nrprIbhgﬁaujzrokmpJ @@&dleby an -0- PO3H2
or -0OR3 group, wherein each 20R3. may |ndeﬁendentl be a substituted or

unsubstituted al kyI onwﬁ$t@apw¢thlqaéx6ep%§ﬂ P@mewpl‘nlﬁm}q al kyl aryl ,
aryl ghkyl or hgjer z-éﬁlz- op TH gi{)(@ﬁa éﬁ? 8? e%@mh%m group,

wherei n each may i ndepen ent strtuted nsubsti tuted al kyl,
cycl oal kyl , het er oxd{dcoat ring mtrageyﬂ formad pepliac gt hychoyylpad)m;eland/ror RétierCHary|

e T e Tt s T A e

het erocycl oal kyl, &fjph en%ﬁl\@ }ﬂle oﬂ{%lr@f!%)‘éhd%ropa eroaryl; (v) an -SH
group repl aced by s ECH H?) 5 - CHz- CH( NH2) - COOH ;

30(vi) a - CHz-(cpr Obqﬂque’pilm:@bh sbcje ehairGy{ axHZino @cldawh@bi(m amgrooaepd is one
(Vi 15%an 1 wii oh 1 e e 1 B b e SEAING) 5 nal ogen.
| nhi bi tion of vascyiyin Wﬂél?gr@ﬁ? B@@&U_eh bk Yn ANEIRE Qir UIQ(R395 B8, lvméeéih k&
i ncl udes inhibition of paracellular-caused hyperperneability and
transcyt osi s- causedt” may independently be a substituted or unsubstituted alkyl cycloalkyl,
heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;
(ii) an -OH group replaced by an -O-PO;H, or -OR’ group, wherein cach

20 R’ may independently be a substituted or unsubstituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;

(iii) a -COOH group replaced by a -COOR® group, wherein each R® may
independently be a substituted or unsubstituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;

25 (iv) a -COOH group replaced by a -CON(RY), group, wherein each R* may
independently be H or a substituted or unsubstituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;

(v) an -SH group replaced by -S-S-CH,-CH(NH,)-COOH or -S-S-CH,-
CH,-CH(NH,)-COOH ;

30 (vi) a-CH;- group replaced by a -CH(NH,)- or a -CH(OH)- group;

(vii) a -CHj3 group replaced by a -CH,-NH; or a -CH,-OH group; and/or
(viii) an H which is attached to a carbon atom replaced by a halogen.
Inhibition of vascular hyperpermeability according to the invention includes

inhibition of paracellular-caused hyperpermeability and transcytosis-caused

2



hyper pernmeabi lity. Recent evidence indicates that transcytosis-caused

hyperperneability is the first step of a process that ultimately leads to
ti ssue amdoanpai3anage in many di seases and condi ti onsPCRaseridiosghy, the
present invention provides a neans of early intervention in these di seases

1 Ssuo arl OG- b g BoSE R e HaHE ey ion| R G sis e YDA Kot hod

of nmodul g ’tH%QirEt*’k@e;Pé/ffﬂ%é‘ésﬂl%uﬁfma%&?‘Péaﬁ?’ad @sucehd érghﬁ‘dﬁﬁag%‘”{h@ﬁdn The
met hod conprises adm nistering an eftective anount of an active |ngred| ent,

wher ei n tdn@aaecstamdeommg«v@d|PeqwrChngfp,rthse@saltdm%atlolppm@r®z amesangofpeasldr ug of a
di ket opi per.azi ne or arrracetlc tables It of eith eof
them 10 05 R eI G bR@liod SRR EE RERubrn Bohb et nebtwEs.

R2NH BN. . prevent thetissue and-organ damagBisedd ih thder ei n: Rl and R2, which may be t he
sanme or different, each is: (a) a side chain of an am no aC|d wherein the

am no aci d is Blwevmonalsamr%édesmauhpdaefmﬁéulaamgﬂp@ cyteskaietaniof obut yr i ¢
acid, 2, engbt%gfl%]%gﬁg Pl dn an?fﬁéld ’Th% 'ni;ethodjéo rﬁg%) %&ﬁ{m scferﬁl(él aq eﬂlegéflx%cﬂlgocl%né

i sol euci na O o euci ne, se honose oni ne,;” ‘aspar
aspar agi nd an@ttiveinpedaot, d:vhegémltl&mcnee mlgyesineme corhyﬁse@mdlkaa)piperahnatal di ne,
argi nine, honoarginine, citrulline, phenylalanlne p-.am nophenyl al ani ne,

tyrosi ne prwrygpébﬁdwtopew%% ore Phajrapesufiel lysRenially §%1éﬁ>ﬁféthemerﬁfdh¢rﬁe

peni giyl | ; 2- or -CH2-CH(OH)-CH2- and
toge?lﬁera[g\;t%ﬁ t %Eﬁ%%?{eﬁt% d}%e}rqa I%r%irugeg%%ogfrr%u%ol i ne or hydroxyproline
and/or R2 is -CHZ CH2- CH2- or -CH2- CH(OH)-CH2- and together with the

adj acent ring nitrogen forms proljne or|lhydroxyproline; or 25(c)a
derivative of a side chain of aR id, wherein the amno acid is one
of those recited in (a), and the dewN i ZpHsi de chai n has:

HN 1
R
O
|
wherein:
R' and R?, which may be the same or different, each is:
(a) a side chain of an amino acid, wherein the amino acid is glycine, alanine,
15 valine, norvaline, a-aminoisobutyric acid, 2,4-diaminobutyric acid, 2,3-

diaminobutyric acid, leucine, isoleucine, norleucine, serine, homoserine,
threonine, aspartic acid, asparagine, glutamic acid, glutamine, lysine,
hydroxylysine, histidine, arginine, homoarginine, citrulline, phenylalanine,
p-aminophenylalanine, tyrosine, tryptophan, thyroxine, cysteine,

20 homocysteine, methionine, penicillamine or ornithine;

(b) R! is -CH,-CH,-CH,- or -CH,-CH(OH)-CH;- and together with the

adjacent ring nitrogen forms proline or hydroxyproline and/or R? is -CH,-
CH,-CH;- or -CH,-CH(OH)-CH;- and together with the adjacent ring
nitrogen forms proline or hydroxyproline; or

25 (©) a derivative of a side chain of an amino acid, wherein the amino acid is one

of those recited in (a), and the derivatized side chain has:



WO 2012/ 033789PCT/ US2011/ 050612 (i) an -NH2 group replaced by an -NHR3 or
-N(R3) 2 group, wherein each R3 may i ndependently be a substituted or
unsubst i twoed12ai38389, cycl oal kyl, heterocycl oal kyl, aryl pcalusgéiaiogiel2
aryl al kyl or heteroaryl; (ii) an -O—I group replaced by an -0-P0O3H2 or -O0OR3

group, wherein each.5R3 y inde a s tut ed unsubsti t uted
al kyl, cycloal kyl, (Ret®ididy@TosRr ?4 @Rkﬂr;@fﬁ 2 HPYR: a’ﬁmms?c
het eroaryl (iii ) I@m%eﬂénﬁ@ﬁlf@@i ﬁﬁ)@gtu@dcﬁun%t&irﬂléﬁ 9@&%‘11%1 n each

R3 may |ndependently be a substit'uted or unsubstituted al kyi cycl’oal kyl ,
het er ocycl oal kyl , eheydrocyaldai,ldyé,rasyyl aliyphal deylalkyt ohlettevaaty| ; 10(| v) a - COOH

roup replaced b 4 ere |nd endently be H
group bl aced by g Cob Bud LBl S RGEE FOREE b FRE e v
aryl, sal kylaryl, arp Iﬁ!l}kiﬁld ndB@c f!ﬁ@@lmﬂsmtu(éd)or%ﬂsu‘tﬁl‘hﬁédoﬂpylr eRlcasd, by
_S- S CH2- CH( NH2) - or -S CH(NH2) - COOH ; 15(Vvi) a - CH2- group
repl aced by a - CH( I\hlqizé)TOCYGloaﬁiyl @y loMkylagi ouplalkl pi heteroarghid gr oup repl aced by

CH2- NH2 0 3 t
2ar bon atomO:epI ace§)b§| @;6@#1%0%8%9413 Cgég i/leﬁpl on%% ﬁJehre{egl} g%/cltl%?r}ﬁ 0 i

The kit conprises andipsedapiyperaaubstauted or unsubgtitodd ufkybfcyalodikkgt opi per a2| ne
or a pharmaceutically-acceptable salt of either of themto the 20ani nmal,
wherein the diket od1 ?If‘é?ca/fm&wh%ﬂt Heylirpil mylalkyborpatggoaryl;

HN.. g0 ' “(iv) a - COOH%ro& %epm@(li S&Q -CON(R"), group, wherein each R* may
independently be H or a substituted or unsubstituted alkyl, cycloalkyl,

heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;
(v) an -SH group replaced by -S-S-CH,-CH(NH,)-COOH or -S-S-CH,-
CH,-CH(NH;)-COOH ;
15 (vi) a-CH;- group replaced by a -CH(NH,)- or a -CH(OH)- group;

(vii) a -CHj group replaced by a -CH,-NH,; or a -CH,-OH group; and/or
(viii) an H which is attached to a carbon atom replaced by a halogen.

The invention further provides a kit. The kit comprises a diketopiperazine, a

prodrug of a diketopiperazine or a pharmaceutically-acceptable salt of either of them to the

20 animal, wherein the diketopiperazine has the formula:

O
R2
NH
HN 1
R
O
|
wherein:
R' and R?, which may be the same or different, each is:
(a) a side chain of an amino acid, wherein the amino acid is glycine, alanine,
25 valine, norvaline, a-aminoisobutyric acid, 2,4-diaminobutyric acid, 2,3-

diaminobutyric acid, leucine, isoleucine, norleucine, serine, homoserine,



Rl and R2, which may be the same or different, each is: (a)a side chain of
an am no acid, wherein the amno acid is glycine, alanine, 25valine,

nor val i newoaeem3smosobut yri c acid, 2, 4-diam nobutyric a®cCu/US2913/450612

di am nobutyric acid, |eucine, isoleucine, norleucine, seri ne honoseri ne,
WO 2012/ 033789PCT/ U 2011/ 050612 t hreoni ne, rtic acll d, ar agi ne,
glutanmic acid, gl uttBIFPRS, gspaifact h?/s@ﬁ‘@)%mey \%ér'lc AFid+ ¢lHaEn gini ne,
honmoar gi ni ne, citr llly'dkd);%zlys%e&ﬂl&hé‘rb!rgiﬁmephcﬁﬂaé?giﬁhﬁné’ﬁrﬁhﬁ@' ﬁ}fén fan@Ri ne,

trypt ophan, thyroxine, ¢ysteine, honocysteine, hi oni ne,” penici || an ne or
ornithine; 5(b)Rl |psam@HEh@§®rl@m@ tw’DSlnﬁ%BLp@iﬂ(h@]H)thﬂelzmea%dteu@get her with
the adjacent ring nitrogen for roline. droxyproline and/or R2 is
-CH2- CH2-CH2- or - %ﬁflﬁe—b mﬁnaeql%l %]in \Wi’ M%he adj acent ring

ni trogen forngpprolr'ng @Hz-h}Ef@K)LMOCHQ@H(@'H)(@I_)I? ad@képeaick wethahe 2 si de
chain of an am no acid, wherein the amno acid is one 100f thgse recited in

(a), and the deri vaﬂdmémrmgdétr@mfﬁrrhwolm pyy hyghioxyrplingrandier Rept 4d&d by an

-NHR3 or -N(R3)2 gr I substituted
or unsubstituted al(%ffc ¢ycl ?&Fk@ﬁq@ﬁ% o%@dctpgegﬁﬁ;l?@p%l?épﬁg%ﬁ@ar yl,

aryl al kyl or heter Qﬂﬁ’r@’ée,nfbtﬂls)prahne&'h}gﬂf@q@rdlﬁﬁlaCEd by an -0-P0O3H2 or -0R3
group, wherein each 15R3 may |ndependentl be a substituted, or

unsubst i t ut ed (&) ky|adeévé1llﬁaq’fi@ql e ﬁ@ﬂlb?%’émléalaklﬁllw arelp the amiag agidyjs one
aryl ghkyl or heter qafyd erec@ega'n) QARHUEHAHP:J Gl aRaALRY @ - OOOR3 gr oup,

wherein each R3 may |n3epen ent e a su stltut ed or unsubstituted al kyl,
cycl oal kyl, het eroc(y)chmdﬂﬂiygrouprqﬁlacedlbkythaNﬂR anN(lthkgrbummed:mem yI

B oneoH 9" 040, AEPLAEED Pl SN BBt dkaﬁ#yri Syt
L St iy s,
25(vi) a -CH2- group) raapDéhgdulbyepéaced?bn{/ WRPP-PQuH, @1 -QR{ @xdpp, wheram;each

15 R’ may independently be a substituted or unsubstituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;

(iii) a -COOH group replaced by a -COOR® group, wherein each R® may
independently be a substituted or unsubstituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;

20 (iv) a -COOH group replaced by a -CON(R*), group, wherein each R* may
independently be H or a substituted or unsubstituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;

(v) an -SH group replaced by -S-S-CH,-CH(NH,)-COOH or -S-S-CH,-
CH,-CH(NH;)-COOH ;
25 (vi) a-CH,- group replaced by a -CH(NH,)- or a -CH(OH)- group;
(vii) a -CHj3 group replaced by a -CH,-NH; or a -CH,-OH group; and/or
(viii) an H which is attached to a carbon atom replaced by a halogen.
"Vascular hyperpermeability” is used herein to mean permeability of a vascular
endothelium that is increased as compared to basal levels. "Vascular hyperpermeability,”
30  asused herein, includes paracellular-caused hyperpermeability and transcytosis-caused
hyperpermeability.
"Paracellular-caused hyperpermeability” is used herein to mean vascular
hyperpermeability caused by paracellular transport that is increased as compared to basal

levels. Other features of "paracellular-caused hyperpermeability" are described below.
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(vii) a -CH3 group replaced by a -CH2-NH2 or a -CH2-0H group; and/or (viii)
an H which is attached to a carbon atomreplaced by a hal ogen.

"Vascul arwbypeyqsamspeabi | ity" is used herein to nean per meahiskétpsei2 a
vascul ar endot hel i um t hat is i ncreased as conpared to basal |evels.

"Vascul ar h er bilit 30as, .used herein, includes
par acel | ul ar - cRAGER NEETR heyer fRimepis e (PR 6 81°8L eligas gnolecules

hyper per ngalijidsttfrough the 1nteP&1r(1@ﬁ1%1llillj{1§Jtloﬁ§ 199 H@MP&BQ% @fﬁﬁlﬂielhhlt ils baised
herein to mean vascul ar hyperperneability caused by paracellular transport
that is iendotbalbwud. as conpared to basal levels. Other features of

"paracel | ul ar -,cause per neabi ar.e descri.bed
232! 055 780PCH DB BN HETkS RS pLepl i F bR TE R BByl Deed her ei n
to mean tilipchroMBedmBility Qhuse@®B$ xraﬂwfremltﬁz& igi@rdakdd AcohlpaRdas bhdaelevels.
i nterendothelial junctions (IEJs) between the endothelial cells of an
endot hel i um ""“Transexipsiosis sisedlipseid thisan gragiubiranspyrt of sageapleratesiandt o nean
vascul ar i S reased as
conpar o LOUBELRATERG b D ERHEED B RSB RARADA! (iR IR C2000 B0,
active t readstheliimoDtihedeanmeb of titascyasuk"aee dexpabad tigow | ui d- phase pl asma
constituents across the endothelial cells of the endothelium O her

features of "t Baddgebsi ysedhaseigdarsfeniadhapleydvpund in a normalgissug on rga)" | s
usgd Iaer ein to ﬁlﬁﬂ% t (?nlhﬂ? Anﬂvs% U 18 SRk we%fbereauce()a&%ﬂor

10 Inh|b|t|ng, I Ahi % and 5|n11ar erns are used herein to nean

reduce, debayptor prevent. An anlnal is "in need of' treatnent according to
the invention jf the aninal esently has di sease aor di tion nedi at ed
by vaseul ar  hyWerHBRhBatt Tt Bt ey o FGRERond b i sease. or
condi ti Orbres,%htl@ﬁ% @dl@éa%g bﬁ&ﬁﬁiﬁtﬁdn@ﬁeélé’te&’%%l ShQR a3 H%brﬁerﬁieﬁ@ﬁ%ﬁ cARBIts

condi tion. di at ed simlar terns are used here to nmean caused
by, causicagy signvof Wchgl bscasxero@nbdioadorthas apasiispositioh ypdevstpreab i Idiseyse

DETAI ED DESEL]PTI ON OF THE PRESENTLY- PREFERRED EMBCDI MENTS OF THE

| NVE 8 endotheliumis a key gat ekeeper controlling the exchange
of ol ecul es fnadidthe Hldaadildrqeinhieirt LSRURIPRIBEMMMIF Yyl cdudngelnyoRay r ol s
the perneability of a particular vascul ar bed to bl ood-borne nol ecules. The
per neabi |dreracenkptesehye ypsoplar Wypdrpemeaifiiot hel i al

DETAILED DESCRIPTION OF THE PRESENTLY-
PREFERRED EMBODIMENTS OF THE INVENTION

20 The endothelium is a key gatekeeper controlling the exchange of molecules from
the blood to the tissue parenchyma. It largely controls the permeability of a particular
vascular bed to blood-borne molecules. The permeability and selectivity of the endothelial
cell barrier is strongly dependent on the structure and type of endothelium lining the
microvasculature in different vascular beds. Endothelial cells lining the microvascular

25  beds of different organs exhibit structural differentiation that can be grouped into three
primary morphologic categories: sinusoidal, fenestrated and continuous.

Sinusoidal endothelium (also referred to as "discontinuous endothelium”) has large
intercellular and intracellular gaps and no basement membrane, allowing for minimally
restricted transport of molecules from the capillary lumen into the tissue and vice versa.

30  Sinusoidal endothelium is found in liver, spleen and bone marrow.

Fenestrated endothelia are characterized by the presence of a large number of
circular transcellular openings called fenestrac with a diameter of 60 to 80 nm.
Fenestrated endothelia are found in tissues and organs that require rapid exchange of small

molecules, including kidney (glomeruli, peritubular capillaries and ascending vasa recta),
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cell barrier is strongly dependent on the structure and type of endothelium
lining the mcrovasculature in different vascul ar beds. Endothelial cells
lining thwonhcyweymscul ar 25beds of different organs exhiPbirtusgemosisuz a
differentiation that can be grouped into three primry norphol ogic
categories: sinusoidal, fenestrated and contj nuqus. Si nusoj dal

endot hel iNFAFCAT & eﬁgf%%qdéuenﬁacra%e TGOSt | DR GNEIS BrEYYFRLDY ar ge
intercel |tHin3cﬁa1ﬁf_?£!g[n'1 ,Ei&%ﬁfdr%cﬁ;é irgﬁﬁﬁlré}’h‘éalﬂgr BRERBNS IR MARE et afl J O NG foOr
mnimally restricted transport of nolecules fromthe capillary lunmen into

t he ti ssuwcaNepnolcd Net3a4730H108ksoi dal endot heliumis found in liver,

spl een and bo Marr ow. . Fenestrated endothelia ar haracteri zed by
he precence dromtpafndaskis® G mia RS0 B Let Bl T d0R AEURET oo
fenestr agnabthblidadicAamtefizaf byoth ifin@Rupel chesirgial adlPdossldpihaldse are found
in tissues and organs that require rapid exchange of small nol ecul es,

i ncl udi ngFnRPthaks/in(the bedsr yricontgulops envleithaliacendi Jongnjavs cagdethelswe foned asa
ta), 2 7 .050
Rl e e T S

di aphr agrsemeexes pif tHedtididye $gapilturyraticioeaschlairé, iy s@hding vada rectSg éarke bioour a et
al., J. Am Soc. Nephrol., 19:1463-1471 (2008). Continuoqus endothelia do
not cont aiCAsele HEIEH TARSCRIETY: AFyES-gai. (blosdieiing] basist) thebitd nusslsotendl 3¢ ar e

char ggt efdtﬁé?‘i'isﬁ%es% dg‘iyaﬂg S’F%HBBW endot helial cell nonol ayer. Mbst

endothelia in the bo are continuous endot helia, and continuous

endot hel i um i sErfdotirtial tansport ar @nndyouskaddthealium Cid bothobgliof ilhapenceal) ,

di aphragm duodenal. nuscul ature, fat, h t, sone eas of the kjdneys
(papi | | ar§™Hh 050HEBEPY PavE Mited fahsrg 102S B PEevs) o g HRDRIN S Ko s,

| ungs, ”ﬁﬁ@?étﬁiiv){y bARIYER SnddtRlaNEel s HhRREN TR inR@éndBBlelib Bletionk @IFgb @I Muscl e,
testis and 10other tissues and organs of the body. Endot hel i al

t r anspor tunpertebed conioususesndothebinuwacanotseandsmadfmoledulé¢sara trgespertad sense as

occurr.i ng. b racel l.ul.ar and transcel l,ul.ar..pat hways. .Th aracell ul ar
pat iy rePReR BT R Bl OB RREERery B SRS agderi o RS

i nt er endafifeRdrb@ks fheRa8sREE] CEIES ier ﬁihs@ﬂﬁﬂérl%hﬁ%h%éﬂt%@%@iﬁ@dm hel i um
water, ions and small nolecules are transported 15 paracellularly by

di f f usi ormeiRbraseehesaels salledmagpppiing; davarichhelsimur capshispptthpotganizangn off so
crosses t i . ien tr |.u

Rt er -t r ACHEIRLE bR b Ll B e o ERNIGRI TRE Kb lOR88ere - o
stinuli darrddilsiatpipstadiews pgaageet fld, iohs, nfuerdniel sculéshierse pyotopedndgptigaps i n
the endothelial barrier. The formation of these intercellul ar, gaps all ows
passade dlasmagogstitues betigen &kmné%fhﬁlé% celds ig.an ugrestrastedsyaniicg SbRer 20pl asna

constit Uﬁﬂlfi}a%eﬁﬁta?é‘gﬁﬁﬁ% E;Zpre E%ﬂiﬁ-yﬁdro&@cleé Sddnih AHY HALSILE é(;%%&tm h. This

par acel | dl ar-cau er me i'ty produces edenma an er adverse
ef f ect s tdvattuelnresvient demhdgy to @ssukt andordamage to ti ssues and organs.

The transcel | yl ar, pat i S responsibl or. the active transport of

macr onol ecul es,hestffglﬁcegl\éﬂ‘?%lpﬁtz‘maﬁl WHPWWE?E%F@S%HV%FBIES@PHQf across the

endot hel ialcr&BblcSuled sBEPAQERARIn 28l SFHL PlakMa PPotcihl, AORRY iR 8otheTA1Rclld, @aNspor t
of macronol ecul es occurs in vesicles called caveolae. Al nbst all continuous

endotXel ipodrayelfendidant troworobias, Thexttansport of megamolngolgs oeqwddinheisickes| ocat ed

In brain and; LRIAR. WhSH NBYRd B SRYTR AT avd hEARRENE Q8L dtac, except for

continuous endothelia located in brain and testes which have few caveolae. Transcytosis
is a multi-step process that involves successive caveolae budding and fission from the
plasmalemma and translocation across the cell, followed by docking and fusion with the
30  opposite plasmalemma, where the caveolae release their contents by exocytosis into the
interstitium. Transcytosis is selective and tightly regulated under normal physiological
conditions.
There is a growing realization of the fundamental importance of the transcellular

pathway. Transcytosis of plasma proteins, especially albumin which represents 65% of
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is anulti-step process that involves successive caveol ae buddi ng and
fission fromthe plasmal emma and transl ocation across the cell, followed by
docki ng awo 2b1e#i3am89wi t h t he 30 opposite plasmal enmma, whece/ush@10s06enl ae

rel ease their contents by exocytosis into the interstitium Transcytosis is

selective and tightl egul at ed under normal physiol ogical conditions.

Ther e i s PUTHGUPRY: ol bl in s A R rﬁ%@ﬁfﬁé gansrascpler
transcel | g#gfic ?«%E&& radithNBCHR DpREidRlAaR iBE&E@dﬂﬁansé%ﬁ&%%@dleniﬁ' bum n
whi ch represents 65% of WO 2012/0 5789PCT/U82011/050612 plasma protein, is
of parti cadathar ptasme protbiss abee tpaliltvslsaill inergageghe Bspuk arateinlventcantragemscul ar
oncotic pressure.gradi ent...As can be appreci ated, increase

Cr anscyt S pichh R it Gk S o BRRC FRisRb A ndelB0io A RER s wir)

i ncrease grbuciigS&dégapr ot ei n concentration of themwhich, in turn, wll
cause water to nove across the endothelial barrier, thereby 5 producing

edema. e densgy dipoprogsasr (L) nsc ¢pmirynsppiedasessengeibplod celdp Bicr oss

endot hel i.a] : ! t0Si S, i pi a8, ignifi t
“oreace TinsEioiS MhybbARREHEN Janit QulHREL M AR RoyfoPLOlIi 6OT,
at her ogenfs&dcsed akhie: inBlal aca iidthéregerietist Tac Sendoinnkidsah tismbendottictipped

within the expanded basal | am na and extracellular matri x. The
10subendsPAE! {rapPadi PR dieexpanded atal amign and cxyaselwlppmasra The f ol | owed by a
cascage Mefial GRipLSthiNG b ALAGT B Ay Solf i gnced
at hergscl%fg?%%/a?)c e 351?%0??56 balr ec'?lfe}%lgr?(g{j It"%&) g‘ﬁbd%cas?gonaoﬁey cac%rsr%dggyéed by the
openi ng afvehtEdsubimg imagstronetousqdatuedbingadiopa Psivgecedfaticibschenaticakomd are
Vascul ar conplications. are a hallm At the level of %grge

an

rk of di abet
vessel s, B3 QDS Q5casioq a%cenwams%%é%&r%&@@ ofIE 1 g CEsPIRF Hps ol

at her oscl Rt bl 6f PDPCRASILUMILN respect to microangi opathy, alterations in
the m crovascul ature of the retina, renal gl onerulus and nerves cause the

gr eat est nunbeYasgtlac¢amplesationsop b hebimpdord didbgtes a A¢ dretleval ol $irge vasselaasi ng
nunber, oft ig.vesti at i on} show tgat di abet es alfso g{%ec Sott he .

mi cr avasclf SPHPE *BRCIG RS PRI 40 4R LRI %SFEFTO Laraeesgy &1l af
muscl e, hegiett tobﬁi@fdén%@ﬁzﬂﬂy,'dk@@xioﬁﬁiﬁ&h@ﬁli@ﬁdésw@ﬂl@é ofctht Rétial re@@INMpl i cati ons.
In all of these vascular beds, changes in vascul ar perneability appear to

r epr esentglemeraiusriad kepks canse dicaeatpst nembiet ofedllinggal eppaplisatiensohut a I'n
conti nuo el ] . i . it

mmcr oot SR ingf fhogr 3 BYRGHERT MBSt ditho & MTes e

i nt ensi f im@tdvascubdtuterofiogendahhelsuel asaby ambaitdrar skin,akslp@ar inufdle,theart yrain

i ncreased transcytosis). and not by the destabilization of the IEJs. In

addi tVon, anfl{gnge ﬁ%}&ﬂ%ﬂfd&wneb@l}%cagﬁorapla%?% sin allpfithese wgsculie §edso£hanges br ai n,

have beeily &R Feml AnARALAA: ANobRELAASSHBITh: ShaRvaRbRIAS compar ed

to normal s, an cate teins, particula ycated al bum n, are taken
up by endbsfuetti@. cells and transcytosed at substantially greater rates

than their native formns. rther, increased transcytosis of 30
macr onol ecul cdngniytighs cedsthalyi el agrpsw&ﬁﬁltiy ?Pe?la%m fPaghaoectes
di abet es ;g APRSALS SQANRA iCSYIAQS byEdeBenkTicai @St thastddaiéas) and organs
t hroughout the di'sease if left untreat'ed. This edema, in turn, |eads to
tissde angsiorigahaniartidie. 8i wicteasedi triosadses and not ynihe destabibizationafidhsor t - of
macr ool geyl 3 have, heen GEPAr £didq dHRRLE SARLAR: tolf the brain, have been
reported to contain an increased number of caveolae as compared to normals, and glycated
proteins, particularly glycated albumin, are taken up by endothelial cells and transcytosed
at substantially greater rates than their native forms. Further, increased transcytosis of
30  macromolecules is a process that continues beyond the early phase of diabetes and appears
to be a cause of edema in diabetic tissues and organs throughout the disease if left

untreated. This edema, in turn, leads to tissue and organ damage. Similar increases in

transcellular transport of macromolecules have been reported in hypertension.



Par acel | ul ar-caused hyperperneability is also a factor in diabetes and the
vascul ar conplications of diabetes. The I EJs of the paracellul ar pat hway

i ncl ude twe 2atssmns j uncti ons (AJs) and tight junction®Cik3)L1/0Bcabet es
alters the content, phosphorylation and | ocalization of certain proteins in

both the AJs and TJs, ther contrihuting to jncreased 5Sendot hel i al

barrier per nei%riqeﬁg}lﬁr-causef E?R%%@ﬁ%blﬁtyolﬁ gl(sﬂé_fjf“‘&?rel&gﬁ {3984 VMg f or

further |dhiomidRf dabeel! PRKIF oflhepaf@bllid! seuFasiude AiSidtdedy (2009),
| i 335 27-40 (2009) ;

Simonescu et al., Cell Tissue Res., 3 van den Berg et al.,
J. Cyst. jEndsions (Alsy i tigh jencsions (A0 yiabatenatrs tie cantent, phgrehomytation Red . |

31:873-879 (2008):. Antonetti et . apt 1 ages .340-342, in Diabetic
et 1 nopat R 7O e Bpreseing T biythe ARG sofeeB? 5308 et noreReTer al
Current EygofResadatibr pd@adddiin@57 (2005), Pascariu et al., Journal of
Hi stochem stry & Cytochem stry, 52(1):65- 76 (2004); Bouchard et al.,

Di abet ol ogi a, Bunm@ITOfithe Hregnpyiscyssiohand forfirther|ipfosnation: yed Freels et dat i on,

80(8):1174- 0Qxz 4 M . nt a. alxel-agi .
0oL A RO TS Py RSP B AP RL8I Fos)
| nvest i gatanalen B28s &QB57. (hed 348 0f.19@9) 5153 19q 2068 )eViaki ¢t aPatisdrienRees., Pract .,
194: 497- 505 192)[8)88' Antonetti et al., Diabetes, 47:1953-1959 ‘199827, Popov
et al., AY3HAHePO): Antpmctig abgahapigd#) pages asf34atin &liabeticiRegitipritivon
Reseanch, . {:2:947 9 . s Higt 1 4] al ,

25 648, 66(3‘Yl fgoé'ﬁl?as%%‘%’sﬁﬁ”a%w&iﬁgﬁ) \’/gglcll:lhs 5%1 a%éggf}? ’?@%4%% Hehg (1993)
Cal dwel | 38948957 (OO®sPasgatin vieal Qitwtrhal afidistoshenisty SoCrtocl3B(G)y, SBARES19

1992) . hel i al t inf t.rat t j b
{ransryt o Q0GhaBpwdapt GlePiinen bty T I0RS 4502 bl dhot s >
Lr anspor Qe DY0ERANS-0fs4 PR0S ENERIER ol EBNERHSA g%m_a%zbgk&,a show a

remar kably high perneability to water and sma hydrophilic solutes due to

t he preséiicd 7632& (189)ePosicn gtal., Theofeondstmabon@nion! Imeastigartonb@9:¢0¥er ed by a

di aphr.a tions, of dot hel i ' ' f enestrae

el Udo e ERo Firb8iE: f AR B Pttt WA AT R BP s Sal e o)

gast r oi ntBRabidAl47MIS985RNDIRE PRhoVEN dl L Wbk BiubeBP] 34 285-B53 (19b®); Namapabi | ity
to plasma proteins of fenestrated endotheliumw th di aphragnmed fenestrae
does not rbeledcu/ivian Baseeisht TS A8 hMinaras ctrheHissedensus/gernal,

endot hel iy4m i agireq.f i.ncl 4hes gl i 30,.0f the
ki dneys. #hn%ewééégr{g?%arg%énesf %f’gogg%%fgﬁ% Cfgﬁ%qllgsl 1£9V@P ggfb@éldgv G e3}cocal yX
t hat ext emdsnesticarivhOph@nbedlr Bisud/fSer. nd3¢§): 50-0tald @992xei ve plugs”) and by a
nore | oosely associ ated endot helial cel h%tgur,face | ayer of gl ycoproteins.

Mat héffat i cal  difgioffsdal tymsperhi fcperpicdenaariars plp ogoust by fradschiose @8ncl uded
that the gl Bﬁ%&#lhﬁr g%%gh% h@litiGelehdot ea¥9g:ﬁ4@§ﬁ%%&%’§g’ 3894444250612

gl ycocal yx, "I nc g that present 1nt trae, Its associ ated
surface |faystraacEoustratéendokielin sh@ntiremardhbly highopcdtiatofitypb e apd sellns
within the circul ation nestrae in the glonerul ar

Loss of . f
endot hel i WHFPLL1G50 esfq}’t?ﬁﬂﬂfed’rﬁgnﬁ%g{)t@fsgffngﬁr%'t h proteinuria in several
di seases, i ncludiRgesth@bRY o nAGRBI BPESWRYoed By AMEPAARN. The locations of

25  endothelium with diaphragmed fenestrae include endocrine tissue (e.g., pancreatic islets
and adrenal cortex), gastrointestinal mucosa and renal peritubular capillaries. The
permeability to plasma proteins of fenestrated endothelium with diaphragmed fenestrae
does not exceed that of continuous endothelium.

The locations of endothelium with nondiaphragmed fenestrae include the glomeruli

30  ofthe kidneys. The glomerular fenestrated endothelium is covered by a glycocalyx that
extends into the fenestrae (forming so-called "seive plugs") and by a more loosely
associated endothelial cell surface layer of glycoproteins. Mathematical analyses of

functional permselectivity studies have concluded that the glomerular endothelial cell



5gl onmer ul opat hy, pre-eclanpsia, diabetes, renal failure, cyclosporine
nephr opat hy, serum sickness nephritis and Thy-1 nephritis. Actin

rearr angewormi12036789i n parti cul ar, depol ynerization of swPCceds2611l080632 have
been found to be inportant for the formati on and nai nt enance of fenestrae.

I'n support of the foregoing discussion of fe estrated endot helia and for
addi t | onaﬂtIYCf@ﬁlwolPﬁlafim%ﬁfla@é@els%fl CpesHac. N “S&ﬁ%OCbatedFﬁlﬁ‘fré%llayerF?éﬁ%m

Physi ol ., o288 BTsF IR t6@@@2%f plﬁ%{aaﬂrgm%lﬁ{m ‘%ﬂe onc%ﬁﬁn Opi n. Nephrol .
Hypertens., 18:331-335 (2009); Tchinura et al Soc. Nephrol.

19: 1463- 1471 (2Bo8) fenB%ttaleem ﬂ'@rgiommbh leodptﬁﬂriysm bas beerl@@mligo DB agspoRRY,; Toyoda

t al. bet 56: 2155- 2007 Endot | Struct
vl ved Y pEaiBen SRR me line s fe neaShatRt Bt B oredi ci ne
(ed. Air %Fodé@wﬁan?fd%@téémmwas dayctR%, 8 8isal faﬁ%‘i@rcbléwﬂ)or@l@@iz%hroﬁltﬂ@' QBRSEcU and

Ant ohe, uncti ona rastructure of the Vascul ar Endothelium Changes in
Vari ous Péknetsagpeitis andabfes] acphrigy, ATke repsep¢aent Baddn patticuler.| (eds

Moncada ap ol'ijh%gﬁatlo sﬂgfs cf l%éﬁsr t#a%g beBEfduh g ’t%lge gr@ortant %or thel':t%fj[ﬁ%}rot dnd!

transport tn-si nusm I'um occur s ranscyt osi's an rough t he

i ntercel Imzluﬁfmg&ﬁ%f(fenosweendot helial slits) and i nt racel | ul ar gaps
(fenestrae). Treatnent 20of sinusoidal endotheliumwth acti

filanment - di srUpsPmeroviigsicasrinmdisewsian o bacstehendatylic apd Bbrlaﬁéwéa%le in
the ngnbey oglfnl %éeeb Q‘L(flaett a4k eﬁ'# bp ﬂeﬁ’zgl ﬁ}%ﬁﬁp%mgﬂ @56t(

endot hel i a e actin cyto e eton er cytoskel eton 311ter| ng
drugs ha\léarblelmnroephr@wd @mncﬁqﬂgel thperdirand88B83$-386 (I(m%,sl'chmmra dthedyr, €f or e,

the f d t babl h t ant
Funct | on “UF- BaSenert a0 1ove et Kol esular psdrasieherte Bhes 1 n 1 ver
def enest raphOnTéy ARt Of lﬁzﬁﬂéést 582)1 55 W66 (R0D2Y e, AEARAMG Al SPudtlres

permeabil ity of the endothelium has been associated with the pathogenesis

of sever dhvelvekbis¥sscald Pemmdbilitohpagcs 6G9-68B nendafiahig! Bawtvdicogenéshisd,

h | hos fi , f : d
mot adoas e GHREIRCP Ry ColbRRes 20 Y SimpBisfae ol PIRKedt i ona
| nf or mat | YifastBRLury OK BF0V dsculMEBnd R liuntYDC RGREs in Wdrickrs Pa(hd@ipdds;" pabai2-

30"Endot helial Structures |Involved In Vascul ar Perneability,” pages

679- 688, ©ndbe Hetquklr Fridothetiiieil heds( Moncadarand Hogeh SpaagertYariagr Bedip, 7063
Canort 99 200y PR Bnpcr N KRR SRR ARl RIS AL b oges

Canbr i dgehe 208d91lulfrdaps (iarctnuthbligrslits}) Mot ﬂiﬂ‘acdﬂmdhﬁtgbpﬂ dfu{asfraepag“e@trﬁeﬁw The

Vascul ar Endot helium | (eds.. Moncada and Hi
2o12/28337059%?1@1@%@%15%Mh§&m% enfrhiy mgsms G0 iDdse - SubitihtBhescu and

Ant ohe, H'?g;flh%asy &ﬂi@%ﬁ%@ﬁ&t‘" gg%pg’fm&lbﬁmgaré r Hn oF ﬁ@f)&%g&}pmthghanges in

Vari ous Pat hol ogi es pages The Vas ium’l (eds. Moncada
and Hi ggsepd@}heha‘lgmmg\l@rﬂhagotuBartoslqol,etcﬁD(IGthor Brtesitlcamchlidiiss drug@haymlne&hl ve
Hepat ol o 244: 175- 1%1 (1996);

SKenpka deborfec o gtiea fiombers offores it s i e RisHimarcatial - Am 3.
Anat . , 170%‘[(%&@1&0%1)90&%%&1&015 the important function of endothelial filtration in smusodial
25  endotheluium. In liver, defenestration (loss of fenestrae), which causes a reduction in
permeability of the endothelium, has been associated with the pathogenesis of several
diseases and conditions, including aging, atherogenesis, atherosclerosis, cirrhosis, fibrosis,
liver failure and primary and metastatic liver cancers. In support of the foregoing and for
additional information, see Yokomori, Med. Mol. Morphol., 41:1-4 (2008); Stan,
30  "Endothelial Structures Involved In Vascular Permeability," pages 679-688, Endothelial
Biomedicine (ed. Aird, Cambridge University Press, Cambridge, 2007); DeLeve, "The
Hepatic Sinusoidal Endothelial Cell," pages 1226-1238, Endothelial Biomedicine (ed.
Aird, Cambridge University Press, Cambridge, 2007); Pries and Kuebler, "Normal
Endothelium," pages 1-40, The Vascular Endothelium I (eds. Moncada and Higgs,
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The invention provides a nmethod of inhibiting vascul ar hyperperneability
present in any tissue or organ containing or surrounded by continuous

endot hel iwmm202938mved above, continuous endotheliumis pPCEASRE11I0M61Dr
around, the brain (blood brain barrier), 10di aphragm duodenal nuscul ature,

descend iy RgAYFas By 2PUS: Bragave e Rutontybudeiort ERfahje Vircitvas,
retina (byaegaf Eﬁdld%ﬁéhulﬁﬁrChﬁf Ls ms‘iﬁ&llcﬁfsqiamb}%s@ pidld Ia-6b €l FaschPl |1 cal

vein and other tissues and organs of the b ef erably, the continuous
endot hel i kndotielivindt(cdso yhmhcadn and Riggsibgrinpe- ‘mr@gnBeﬂma?-@%)l Bragsandn¥isses or

tina. Th I i t I
yper ver et iy il ed i -Dh PUoRE K B bR ndt R I, shinded
by feBeStK@}hﬁl@l eQIaﬂOE)bﬁUeymes A$76198 ﬂQ(@S@y%lsﬁlﬂﬂf?@Etraat ag. engishehg.om.i s
present in, or around, the kldney (gl omeruli, peritubular caplllarles and

ascendlngMQdé%ﬁﬁecta) pancreas, adrenal glands endocrine gl ands and

intestine. Prefiar g{?%x%lb{lh?g{‘v@eg[}nrgéthéé §ﬁmﬁﬁ>|‘i't?&rge s &15'1) l#;%e{{;@%ea&%ﬁggrés@mt he

ki dneys, 20especi

Further, iaayy tdbsieas6rgah comahing Muﬁednc&td&@ d@nnﬂm ghdsthéiyper pshordbi l ity
can be treated by the nethod of the invention to inhibit the vascul ar
hyper per RaKs-IcPRinuogs spdaih dWEsis Presapt 18 RidiTeYen theibiin (leodibrayrbascn),

hyperensy; i?gﬁxg gﬁ@x{a‘P L&NAGte Sfa}]'l{éaﬂa{otrﬂecdgé oftﬂ@ﬁ&ﬁ%ﬁgyegﬁﬂaﬁgggp' I cations

of di abete I ng t ose o e brain eart
nesent er yrmcrce/lammtuneediesnmdng(@lsete;;lta)nlugel bdoods¥dssel g mchget inesenterg swess.and

or gans cont ai con nuo S or fenes t.ed endot Jlun1 ca e treated by
TR o AR (g o RER bRl Shie e I R Tich iy G B oo
accumul atdn@yrOfns bPlhcitdyh ?re?él@@l@df% REhtiRlous PRfshcl RELR 18I 868 in or around

at herosclerosis, and the followng: brain (accel erated agi ng of vessel

wal | s), Hh@bﬁm(hy@téwuﬁanﬂﬁdenﬁﬁnmyocard|aI f|br05|s diastolic
30dysf.uncti on, |abe ardlo opat neys eti c nephr.opat hy),
o 36 0s & o TR abSHR SRR n PhITEHD BB s ERHARS Y .
al terati gfsscf ins@yeikale d?lékg‘ﬂﬁrb%hbéuﬁﬂg’ 5t QlrR@hea byp@hegmtear&ldatmehmﬁc mneased
susceptlblllty to infections), mesentery (vascul ar hyperpl asy), nerves

(di abet i coiestabopatiRostrated endrihql e s nsescadianer apendd thededney (g@meﬁ'dpat hy) and

hypor per s SR OBl ST I Dbl AR by

(‘aut oi mmyfiedsand intyypiac ZP(eIﬁﬁBbllyn&H Ifd:na:stdz&a@acte)lﬁtelludi R ltedt ésundan theekidmdys bi t ed
by the nethod of the inpvention. is the nost common type of diabetes,

affeéplné”@@“ﬂ@§W?é?mH1QﬁE?g@§w“§hﬂf¢?§“@ﬁﬁhtnent especially the treatnent
of those wth lﬁfg bk, aﬁ& Hﬁéas% r cMdiforPhnE a‘%ﬁ%'sla's h?PQ’?w‘&Bﬂ ty) YL

di abet es (see be particularly b etlc
r et i nopatttoataddyahe HE:leIdg)f tlauisecroionld inhdneths vtakcmﬂarél&pﬂpemeabmty)XSMt ely 25%

of the estimated 21 m.lli.0 can h di abet t hough its incidence
ond proor bt Sndon LAt s hS AN Rl <D e AP Ao Rl aod preSeur o
control, nearlpy pahlcuraatth@oas%um Edplydeods 6 ARRL&QSintRIdl gl tHSscTehOM&In, 60% of
those with type 2 di abetes mellitus eventual | y develop di abetic

r et i Adpatheytt, Kidegye, lang mmntsnage@e@fretmaasi@tl@t@l muescion @lpatahcj' othThBssues 4ndst |
non 0 O SR LUORRD Dl s B SR 2559, Bl PSRRI, S
event ual lifvengiss eThese vascular complications include edema, accumulation of LDL in the
subendothelial space, accelerated atherosclerosis, and the following: brain (accelerated
aging of vessel walls), heart (myocardial edema, myocardial fibrosis, diastolic
30  dysfunction, diabetic cardiomyopathy), kidneys (diabetic nephropathy), lung (retardation
of lung development in the fetuses of diabetic mothers, alterations of several pulmonary
physiological parameters and increased susceptibility to infections), mesentery (vascular
hyperplasy), nerves (diabetic neuropathy), retina (macular edema and diabetic retinopathy)

and skin (redness, discoloration, dryness and ulcerations). Vascular hyperpermeability in
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cl osures. Neovascul arization is not a conponent of the nonproliferative
phase. Most visual loss during this stage is due to the fluid accumul ating
in the nmwol2a12/a3Bm9central area of the retina. This accecuiusteenseiz2fl uid
is called macul ar edena and can cause tenporary 150r permanent decreased

vi si on he eco age of dj.abet p is called proliferative
reti nopa;%r‘?fzhi @%HEIPHI}JZ t?y(%%ﬁ rfe e{}éé&iﬁteﬁ awﬁé nlaﬁvlteg

Unf or t un aéyeché’ mct¥dSF %’E’hﬂ”v&ﬁionn Q%éléciélih% rrhc?s%érﬁ&oﬁ @y’beQﬁ‘ dYEledes dﬁf%ﬂh 90-
because it can cause bleeding in the eye, retinal scar tissue, diabetic

retinal dé@hoﬁ@éhﬁs&omdgwamnmman<ﬁp@ndbwhhhchn@ahﬁd@u@emdeaﬂbasgd(ﬁhylon or

bl i ndness dena .can. a cecur, | 0 Ilfe at i h

B nbot 1 o b etin P SR S8 B 2 RER Lo Bl PRI LR R REL ¢ v e
four main typasiabétictcaRatts 198 UsaRat AMse FrEYTinBhek @at aﬁw@@pﬁrbﬁﬁma@é@ oFgM C
neuropathy, radlculggjexus neur opathy and nononeur opat hy. The si gns and

synpt ons Afthqestinsres’dl miber dperieyns wikedinbees. colirmightity pecidmcapabet i
h
et oty IR INONISS R s EURAETR Y Pl B franges

feeling, @hamtpw@mltppe paiabetabimiallisgd doidrgrer 60%of iEdss evithi typa/2 tinbetes miaBithd ght est
touch, nuscle meakness difficulty wal king, and serious foot problens (such

as ul cer ventHplbe devsinp, dighetis retinopa§y ad Helﬁ&ﬁf‘et"%ﬁiageépﬁ fliabefiGyrtingpatiyh olhice
neur gpat h?’rsta];l(f)r? Bfoshfér ealléhﬁ&ﬁ@ﬂf' idYRE ¥QYRr st %etans a@%éagggﬁl& {sc?slhﬁrat: gzgeart,

bl adder, [ungs, stonmac I nt'est’’'nes, sex or eyes, probl ens
in any oﬂnmhesemdweamka@nnm@ﬁdﬁyﬂﬁndanMQphexd@ﬂmemmewmnmyyﬁaksb call ed

di abetic ot rophy, fenoral .neuropathy or proxinal euro hy sual |y
o oot s rides Mot sbENBuodn Gt et sl oo hE S PR NS e o
the body. VlMM‘R)@?Hﬁtﬂ%aﬁlﬁystdﬁ%%&u%@@ﬁuﬁd%chﬁﬁﬁla@t@mﬂﬁé WRculhYRE 6@ltlaY aich an
arm leg or the face. Comon conplications of diabetic neuropathy include

| oss of |dfihisretiea.gThis roeenulitemtofdiuid in0allod mpoda78PERNISR0AYSO S0GI2aegs)
char gqt jOIntS ur i nar ract infection ur i-nar, |ncon i nen

nypodiyc s insbi Rt RG) 16 SCoatPReabltRas IERAPERaRre, ai gestive
probl ens (relifgrative tfop MY kAdis dhbAkichigad byl asidedalish Vel tometionsexual
dysfunctlon (e.g., erectile dysfunction), and increased or decreased

sweat i ng. Unfertungriclbethisedporna) mee weu leriaatipn aeebsory Wampgiag becayss Hoan |

di sabl i nQ; %fbslg r% 1n6{f19ieye retinal sc@r ﬁl&ﬁ% ﬁﬁ??gé}ﬂﬁfg{n{chﬁeﬂs it §”B&Bmﬁgﬂ§g ::]

cause of renal” disease 1n t a vas

conpl i Catdf(W'hlﬂf caﬁ}u abet @srdabat visibh ecbindnes. Vadutariddama capalsd acduesn ik t he
ki dney and reduces the kidney's filtration ability. Nephropathy is first
i ndi ted”BV&Fﬁ@eﬁbﬁﬁarance of hyperfiltration and then m croal bum nuri a.

Heavy 10prot e'[?l%étf% r?eﬂf’op%th?zrlg’grﬁ@ﬁioﬁesefi&?s' do hcé‘udne&edl Jetac trineR a?%_lﬁﬁl?de

end- st age renal disease. Typica bef ore any signs o nephropat hy appear,
r et i nopatrhyin tigss 0§ dabttyc ﬂmmpadlyagnushdal Renglathyr amtepxbramtneumpaﬁlgal I y

r ecommende atients th end-stage ren di seas |ab
S oo e Slknally SRR ohE o hr Sensand aRunemnel PETRERL 605

conpar ed jphEdpa@iy! dhe 2bst @(;rmtnbﬁ%?pe% d@ub@hyﬁé&opalmlmudeerﬁﬁﬁmsg Sk glchY
devel ops over years, and it affects nearly everyone eventually.

Uncorr oldbdidy hiyﬁf@i/peem of dmngmmé@tgegamrre(esp®kdllafm derfeauadess), tartnmho@ oens,
i sease, W aRGyTab i FARGTRV K Dk izl Suif B re BERGRN Ferory “of
under st angige@ wéstkhegsoalcfﬂi@ﬂ@smk@g séhddemehfest GoBrHRI(buch AuhRFQEF@I0as] S can
affect t hdeefocrglrltcl)ensaarn% bone and joint pain). Autonomic neuropathy affects the autonomic

nervous system that controls the heart, bladder, lungs, stomach, intestines, sex organs and

30 eyes, and problems in any of these areas can occur. Radiculoplexus neuropathy (also
called diabetic amyotrophy, femoral neuropathy or proximal neuropathy) usually affects
nerves in the hips, shoulders or abdomen, usually on one side of the body.

Mononeuropathy means damage to just one nerve, typically in an arm, leg or the face.

Common complications of diabetic neuropathy include loss of limbs (e.g., toes, feet or
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20arteries, the carotid artery, the peripheral arteries or the

m crovascul ature, and conplications of atherosclerosis include coronary
artery diwoase/3stshch can cause angi na or a heart attacPLrT/User1onsncy2

m crovascul ar di sease, carotid artery disease (which can cause a transient
ischem c attack or.stroke), peripheral artery disease (which can cause | oss
of sensitlf ’t‘ii‘a’fCBt ot WG PelODR AL TEONRSRe) hYRAEY SR Ur yshs.
?5Add'ﬁ'QH@kah§£%§ﬁ§e@&ﬁb&ﬂ@ﬂlmh98§oh$@%mﬁ@ﬂﬁ§&mké%ﬁ%ﬁgmﬁggﬂrd'ng_to the

i nvention include acute lung injury, age-related nacul ar degenerati on,

chor oi dalcosstenation,chorlsiadnauise argloroomnting), saxeplopaiogtion (alf.seagds cer ebr al

m crovascyul ar di sease, Eal§ di,sease, edema caused by injur e.g., trauma
or “bur ey Blaelid EEGerGRed SRS PG o Sf Pt PP ¥msat et cakage.
henmor shagidim SHRIGK palnfvll AigatERSSnSv0sH @, edema caused by ischem a,
30macul ar edenma (e.g., caused by vascul ar occl usions, post-intraocul ar
surgery (e.g. Diebetigrnephropathyes tap masyegrmmen spuseof crd-siage pinghdipgase iy the n

addi tion Iﬁﬁtetd@ﬁtegafl??s?éjve{&ulgf %ﬁ@é@%@im ﬁﬁﬂ ét§§ tﬁat(a?ﬁgts’th %181%1%&%0“%”! tis,
serum si ckness nephriti s an - 1T nephritis), nephropathres, nephrotic
edenmn, neppillatiecoiadidaseandeduapatdikidscy' Ofiigatiod abiligt Nepheopathytis Sissge edenma
(e.g., in sepsis or due to trauma), pre-eclanpsia, pulnonary edensn,

€. 1 S, A
pul monar yndiggted by hepppyaomentbepeiiltraiioneng thepseicrasHamgnuria- ddeavys ai | ur e,

et 08! GA8RR: 8hd 03 RETRETRNR iy ke Ak UEbRAORIHSART o dllcaseDr anch or

I'n occl usi , retinitis, retinopathies artherosclerotic
r et i nopatPypjically perforernsiy vezns of nephpatakhy, appadi etinopathyehasnspatshycensi ckl e cel |

reti nopat and, reti hopat of prematurit in addition to diabetjc
Feti nopatdyrons el BBRaLS wi Brgtarbmetsd pains ViR afaeoRpL esponse
syndr onesyi{eabdtRle to ldiHRER! 80t PRBLK PhHRt foy patfon@d Ifebévi_nﬁ%st%ﬁkﬁlﬁnt' ieakage

syndrone, vitreous henorrhage and Von Hi pple Lindau di Sease. In addition,
certai n ddgsompared wathreglt Hoder thesdont diakysieat nul ti pl e sclerosis, are known

to cauyse vascular hyperperneahility, and a diketopiperazine, a prodrug of a
i ketiopi per asi HERBRRGHREIAES Skt oG Rele 48180 LAFEE  ny R ie o

t hem carbvaﬁuan;f?emh@nﬁﬁﬂewﬁyﬁehkﬁsi&oimmmttﬁéiﬁgi 6scaibhiChdaltwpedbletad,ng t hese
drugs. "Treat," "treating" or "treatnent"” is used herein to nean to

reduce (vindpdipgbearpaltackagangystiviedicary fatusmstrokgu petipheral grtewedizgape. kidry a

di sease . ndi i.ncd udi o) I vent the
di sease g%ﬂ%%hﬁkpb§ﬁ$’é@g%ﬁ@éggﬁgéﬁggg?%gﬁ%a(%§§§§5P8%¥%%¥§£'osis-caused
hyper per neabi | Athyrosdeiiobi® afsordeteldpsgraguadty. a\theroseassit bat affdct theabbednryt eads to

ti ssue and organ damage in pany. di seases and conditions. Accordingly, the
preseéflt iAFERYitRFcaERtlAtEy the H%raw@raifm%ﬁs|0ytherﬁ1@Wélﬁwl@Hr% A4 hese di seases

and condi & .Qn | @l -t he
cﬁhﬁirf'n%at g%@ afhRfsEIBRNGSncl %émé%\f?:rga;ry ?M%? éi%ﬁ%h%h éﬁnQ}é&éé%'ﬂ%gltg

ti ssue an gan danmge seen in t n e, an ani nal can
treat ed iomEdhadkahok)upommady agerosdssulef discwse,ahrdtiderdisdiasss (vltick ondéausons

treatabl e accordi t.o the invention 20(those di seases_and conditiaqns
desor | bed GoRa) safertic ag ARV BTPHCY BRay KBE Ta PO GHARaRS
ani mal s WaRsikakeoaRE dddotiNsr Qbn tiQfuccHhEIhd RASIH RN to devel op, such a
di sease or condition prior to the existence of synptons. Early signs of,

and 25sk fact ckdditional dgeasbetmbcondiipes than sirobe Eertcdaacherdorrtiodhomiventanme wel |
o, 2 EREe oS0 BE LS S R R e
or condi tdo@dhaty misrevascular disease, cerebral microvascular disease, Eals disease, edema
caused by injury (e.g., trauma or burns), edema associated with hypertension, glomerular
vascular leakage, hemorrhagic shock, Irvine Gass Syndrome, edema caused by ischemia,
30  macular edema (e.g., caused by vascular occlusions, post-intraocular surgery (e.g., cataract
surgery), uveitis or retinitis pigmentosa, in addition to that caused by diabetes), nephritis
(e.g., glomerulonephritis, serum sickness nephritis and Thy-1 nephritis), nephropathies,
nephrotic edema, nephrotic syndrome, neuropathies, organ failure due to tissue edema

(e.g., in sepsis or due to trauma), pre-eclampsia, pulmonary edema, pulmonary
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prophyl actically). For instance, treatnment of a patient who is

di agnosed with di abetes can be started i medi ately upon diagnosis. In
particul awp 2di2ai3gtspcs shoul d preferably be treated w t hraTdisSk@tiopieper azi ne,
a prodrug of a diketopiperazine or a salt of either of themprior to any

30synpto of a.vascu] ar, conplication hei present, . althou t.his is not
usual |y pBesitgnsien, gﬁnﬁL@llﬂ@sfeﬂaﬁlae%mac@ﬂgﬂ%@@ﬁges;1; ﬁ%naﬁfQHSIt)we(ﬁ-gar e

di agnosed,fr@&rRehPileincbRERAL ¥ehttis, RtiRBRIhES (ShoMHI fBlcdiRat ed whil e
nonproliferative diabetic retinopathy is mld (1.e., mld |levels of

m cr oaneurtsapethynbypentensivetctinapatine madiztogelino8éy, Bickloetil cctRepithppad hy, page
9 (Ed. Elia Du D. ., Human Press,, 2008).. Such rl. r eat men Ll WO
20151 0357 8ORCHS R HEEEE D 5 B5R e et s wASRuER ateal SR TER R tacul ar
edena San@%@t&ﬁhw @slametitd répendetihMopRt NVIRSY, tindpliahteflehbreo AL eV dis,

reti nopathy. Al so, the presence of diabetic retinopathy is considered a

si gn t hatvapeukarleakage exralserne. aitreopsprmerhigsrndofordilpple lagdaxdiseaser Ing | |

devel op (aﬁaﬁiohd%erttaﬂla&%gs,ggé}ﬁ(ﬁﬁg dho é‘ﬂ&d%&‘gpé(t Ml‘ﬁ@fe”&‘éf&osﬁ@xr elin%%ng& géﬁ%@t or
reduce these additiona conp cati ons. course, nore’advance I'séases
and condivakaig Hypatpeanebilag,cinldardikasfiberaahe,angodiug dif alléicaspigaiviad s be
treated with beneficial results. However, as noted above, vascul ar
conpl i cathhgraacspiacabiyraspeniatle sl ofiitberone dfyhemecanbrpsed tapeduss this di agnosed.
Accordi _ngutﬁévantetd d& &feg{@g&pﬁﬁns%tﬁe&r&g | actically treat a patient who has

early signs of, or a predisposition to devel op, di abetes. The early signs
and ri sk 10f actloes,” dfrediype o2 “teainentdss usedlhackén foarmednntg regduse dsbolishat i s hi gh,

but not high enqugh to be classified.as diabetes ("predi abetes"),.

yper § ns TS Be e ASBRn otySET: e st BHEr e SE DB hingfhe
triglycerigas, oPiditel @WIfenSildorl doR@RLAL €i n, and/or low level of

hi gh-density |ipoprotein), obesity (body nmass index above 25), inactivity,

over 45 years Redfcentgryidenpaidinates ¢has treeysytosmrdaliyedHiypepeymenbildy abibe Eisst
m nority rac hi st o f. tatiopal diabetes, .15 hi.story of polyecystic
ovary Ssy i MR ey g tediors bkt simlee AR oBrdidRgryS 4pY ent s
wi th earlgngitighs Afcor@ihgld, Me@dsSMAaTdntion pkdvida\aheds of ¥, tdiakiohes can
readily be treated prog@ylactically. Simlarly, treatnent of a

1

pati ent hescidsscaios ghd sertlippnshvingtbedn isAudcodclaapr Bengptentially pigreditka el y upon
di agnosi §; rt ' Lcal dees. c - :
prophylaé#?c @ﬁ%g?%i%%&i%ﬁ@tgﬁg %?tgﬁé?ﬁggxbgﬁﬁﬁﬁﬁﬁ§%b‘ﬂg%&%ﬁﬁFg |%§'stion
t o devel apohyipenbdnst aie offhsHiséaet @r@nlvionhrpaitle asdoading rcthudie/cagen race
(hypertension js nore commpn blaqkig, famly history (hypertension runs in
f am 140es)(thosg disgaseyid emndioas despribedghovel activity, snoking tobacco, too

much sal ' in thg ARkl pRRkid kR POLASK H#Thinhi B0 HhRloarl Ak bkl Vi tani n
Din the diet, drrﬁnE\{er‘?lgbt 00 fuch aFcoﬁ%ﬁ,o %19 itevoeﬁs oefargt %élsso,’ certain
25chr oni gredsmhisttioans déelap, sudh ghiseiso besdrertain, probir ddb tices|stdace nbyynaitsmase and

sl eep ap and use of certai.n Hé/ S gF. ., oral cgntraceptives,
amphot ani Y, el sk FCif o AsDHsy AV riEnsion dng JiRsF BERIGRE Fe!! Tr eat ment
of a pati@RlvaiR trSatdbRYTAR QHinYMI %Jahi@&i_ﬁg RSE LeNPSibAs GaikkaBctoisahhed
i medi atel y upon di agnosis. However, it is preferable to prophylactically
t reat2Sa pariedmrior to the presence of symptoms of the disease or condition (i.e.,
prophylactically).
For instance, treatment of a patient who is diagnosed with diabetes can be started
immediately upon diagnosis. In particular, diabetics should preferably be treated with a
diketopiperazine, a prodrug of a diketopiperazine or a salt of either of them prior to any
30  symptoms of a vascular complication being present, although this is not usually possible,
since most diabetics show such symptoms when they are diagnosed (see below).
Alternatively, diabetics should be treated while nonproliferative diabetic retinopathy is

mild (i.e., mild levels of microaneurysms and intraretinal hemorrhage). See Diabetic

Retinopathy, page 9 (Ed. Elia Duh, M.D., Human Press, 2008). Such early treatment will
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30who has early signs of, or a predispostion to devel op, atherosclerosis.
Early signs and risk factors for atherosclerosis include age, a famly

hi story oVoaneum3ysm or early heart di sease, hypertensi orCThiSgh1obwhEst er ol
high triglycerides, insulin resistance, diabetes, obesity, snoking, |ack of

physi cal act.i vit unheal t di et h Ievel of Cr tlve roteln
The net hddoyfle th?ﬁoeﬁtrﬁbémq rPr?Vc?P“%H}anf“i ?f%n@a?élémﬁre%% f&]& a athyt {0
conpr i ses,gkive Td%"bbt”&re%ﬁol?«ftﬁ}eCMSMeth@@l%‘é@ﬁce%ff dﬁarae@&;eltmspatﬁggfs%@hﬁa&ed
wherein the active ingredient ‘conprises a ket opi perazine,” a prodrug of a

di ket opi weﬂlgzihaeotbﬁr ralcmatscrré@r@amp@aaticyts@éd@pttabmstspalwﬂl@ﬂev@op tree lbf t hem

to an ani mal f to inhibjt asc S5hy rrmeability.

The i ketBBFbETsTT Hesgary feeRobity dhonien) Rasbi st TR a: 0 Row
HN. . . 5. . .complications: Of course, ireAdvaneb@iRbdes Mid @nditidas thbhelvai@yarbe the same
or different, each is: (a) a side chain of an am no acid, wherein the am no

acid is gmv&wﬁ@Kmépéﬁmhges@Hvdﬂlhé“aﬁ%¥wéhb%@ﬁcwléﬁﬂhﬁlsobutyrlc aci d,
2, 4- di am nobutyr] & .26 S%teﬁ a§0Vele?I{?u&9QHItﬂéfl a%oﬁ?!ng '0ff eﬁﬂﬁ%ﬂﬁr apr%sseﬁ 81' ne,

norIeUC|ne Seri ne, ’ho

gl ut am c tand diabgbyits alriagnesedl )Pﬁdcﬁﬁhngiy dt Q)pyéfy@bl‘dﬁo pi’ulﬁltyladnm},y tEdagh patmﬁt
honmoar gi ni ne, citrulline, | al ani ne am nop henﬁlalanlne tyr05|ne
Fet

trypt ophalo has\rely sieas owgﬁér poglaﬁ%rﬁ)@%m figbet e RIHesIZHeriddisk| ani ne
t th
or Orl'@' kfla 81*5 aT ty{)@b d@be’[e% 1ncgf('?e s #gl'%cr fhafg'[g f}?ﬂgr Oxygﬁz?noﬁgﬁitgﬁ) e er

wi th the adjacent ring nitrogen ol 1 ne or R2
is -CH2- cﬂﬁﬁirfﬁ&las dmbetemareﬁidbad;”)ﬂﬂa)eriamdinbm@eﬁl&pﬂfrte\mmh dyshpldd]man(h[gh r| ng
nitrogen fo raline o y or a derivative of a side

Chat n ot RleRR ik M Sendbe et Bl e poligtarges ke o B Sl oa T
(a), and &eﬁﬁt@éﬁédp&‘&%fn? %eﬁtyd(%o%hﬁia@s 1|ﬂa§x alidvk 2§P 1naMH31t9 rd;);@p45’ SRlraseEby an

-NHR3 or - group, whérein each may | ndependently be a substituted
or unsubsnmkqu@dsamxﬁwnﬂyyﬁkvabﬁ#hbdhem@nomvuh@ahwynyOéggmmeakyﬂam¥L

aryl 61|5ky|hisc%5ryhoef1peo[yoc%t¥cl 6vary syndrome and diagnosis of metabolic syndrome. Accordingly,
patients with early signs of, or a predisposition to develop, Type 2 diabetes can readily be
treated prophylactically.
Similarly, treatment of a patient who is diagnosed with hypertension can be started
immediately upon diagnosis. Hypertension typically does not cause any symptoms, but
20  prophylactic treatment can be started in a patient who has a predispostion to develop
hypertension. Risk factors for hypertension include age, race (hypertension is more
common blacks), family history (hypertension runs in families), overweight or obesity,
lack of activity, smoking tobacco, too much salt in the diet, too little potassium in the diet,
too little vitamin D in the diet, drinking too much alcohol, high levels of stress, certain
25  chronic conditions (e.g., high cholesterol, diabetes, kidney disease and sleep apnea) and
use of certain drugs (e.g., oral contraceptives, amphetamines, diet pills, and some cold and
allergy medications).
Treatment of a patient who is diagnosed with atherosclerosis can be started
immediately upon diagnosis. However, it is preferable to prophylactically treat a patient
30  who has early signs of, or a predispostion to develop, atherosclerosis. Early signs and risk
factors for atherosclerosis include age, a family history of aneurysm or early heart disease,
hypertension, high cholesterol, high triglycerides, insulin resistance, diabetes, obesity,

smoking, lack of physical activity, unhealthy diet, and high level of C-reactive protein.
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WD 2012/ 033789PCT/ US2011/ 050612 (ii) an -OH group replaced by an -0-PO3H2
or -0OR3 group, wherein each R3 may i ndependently be a substituted or
unsubst i twoed12ai38389, cycl oal kyl, heterocycl oal kyl, aryl pcalusgéiaiogiel2
aryl al kyl or heteroaryl; (tii) a -COOH group replaced by a - COOR3

group, wherein_each y .5i nde be a s bstltuted or unsubstituted
al kyl, cycl oaﬁém Ticthed & £ RieBpR 15‘5@]9%% VaYoRIAF QYD era P GRS
het er oar Ya!d'nliniéﬂeili)l% an ‘e%e%%‘dﬁt seRl RA6d; er%i/ed"i’en't QNGRAXR: 440U Iih%g&’ﬁé‘r{te' n each

R4 may independently be H or a substitut unsubstituted al
cycl oal kydomphis¢ses dikytobipatazipic, a prodiyg eflakdiketogibsrazing bah pbram@peth@taléY0ar yl;

10 - SH
o b N e S SERRBCS g, o5 G el oT R i Bbie TR & - o o -
group; ( Wﬁkrpaméalﬁaug I PHP dikeRpaReZilRY oftieGnbR heve Be fEHRvidEif@hRUL; and/ or

(viii) an which is attached to a carbgn atom repl aced by a hal ogen.
15Most preferred are di ketopi perazi nes Gherein R, R2 or both is the side
chain of aspartic acid or glutam.g acid|for a deri vative of such a side
chain wherein the -COOH group i R by a -COOR3 group or a -CON(R4) 2
group, wherein R3 and R4 are definedyaboveNHX this group of conpounds,

and al ani ne (Glu Al a DKP or EA-DKP),
aspartic acid (Tyr-Asp DKP or YD DKP), f{lhe side chains of tyrosine and
glutamc acid (Tyr-G u DKP or YE-DKP) derivatives of the aspartic acid
or glutam c acid side chains of these four diketopiperazines wherein the
-COOH group is replaced by a -COOR3 group or a -CON(R4)2 group, wherein R3
and R4 are defined above. 25 Most preferred is DA- DKR Al so preferred
are di ket opi perazines wherein R, R2 or both are hydrophobic side chains or
hydr ophobi ¢ side chain derivatives. By "hydrophobic side chain derivative"

i s nmeant wihaéint he derivati zed side chain is hydr ophobi c. In particular,
preferred are di ketopiperzines wherein R_and/ or , Which may be the sane
or different, %é’é‘HR “5#@%%#’%@6@%? Ar Giff e&l%é‘iﬁﬁbls al anl ne val i ne,

norval i ne, a- , I

met hi oni ne, enyl 21 a%clr énh(eéngﬁéyi/‘llpatnlggﬁg%lagwh%ryé/frhotgiy%ﬂg% Wl %%ﬁ 13}1 O R is -
CH2- aiB2- CH2- and t ogahtieorvalink d—hnmrmlqohu@nb amdtiégbarmmbburt&s& achd;zri%pr ol i ne.
O this group, pref(grred are diketo ger i nes wherein R . and/or R2, which
may be the same or GHPHEPRNTLC agidclquqia e Cﬁleoﬁfer‘&Fg}hq%?n%?’ani ne,

valine, norvaline, (rRinBORPAYE SidaRptaginiQyiR0kAt 0337 89RGTALRAMLL/ 050612

hydroxylysine, histidine, arginine, homoarginine, citrulline, phenylalanine,

R:hal ns of tyrosine and

p-aminophenylalanine, tyrosine, tryptophan, thyroxine, cysteine,

15 homocysteine, methionine, penicillamine or ornithine; or

(b) R' is -CH,-CH,-CHj,- or -CH,-CH(OH)-CH,- and together with the

adjacent ring nitrogen forms proline or hydroxyproline and/or R? is -CH,-
CH,-CH;- or -CH,-CH(OH)-CH;- and together with the adjacent ring
nitrogen forms proline or hydroxyproline; or

20 (©) a derivative of a side chain of an amino acid, wherein the amino acid is one
of those recited in (a), and the derivatized side chain has:
(i) an -NH, group replaced by an -NHR® or -N(R?), group, wherein each
R’ may independently be a substituted or unsubstituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;
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| euci ne, isoleucine, norleucine, nethionine or tyrosine, nore preferably
al ani ne, valine, norvaline, a-am nobutyric acid, |eucine, isoleucine or
nor | euci rwo0 2012/033788ddi ti onal preferred di ket opi perazi negCaris2eihoseinher ei n
R, R2 or both side chains are neutral side chains or neutral side chain

derivatives. By "neutral de chain rivaiv 5i s ant that the
derivatized side cH# @ni-Oth@gep %plaCPg%;saPrbcPﬁ% Orp@gegwadw yrgin cach
di ket opi per zi nes V‘h@rrﬁh}nm@a AR bdRsubMuedd FRaMsRRHTRS! aﬁ@ﬁec Rioafliyfif er ent,

each is the side chain of asparadgi ne, glutam ne, serine, honoserine,
t hr eoni ne, tyr05|néwﬁmysmbmﬁedGmykmﬂqﬂmyhaﬁ&ﬂMﬂomhmgogwbup, preferred are

cach 18 [he side ohdlne SrOQKHPUGeiceg Pt ahoRR @i NGB Stih b ne.

A so greferred are ﬂaép@hmmreazswﬁﬁm‘e@@f ghdubBtutclR21Q1, dyelohikgr,e basic side
chains or basic side chain derivatives. By "basic si e chain derivative" is

meant that the derﬂvﬁ%@%@BMQWB@Hdhékﬁbﬂéfﬁa@ﬂﬁﬂoﬂhﬁgﬁﬁmicular preferred

ar e, ket op! per 2/ et S ARGHAL Py ORI SIS A

different, each is e side iamno
acid, 2,3-diam nObuh&/d’peﬁdmllyd),e H ysa mﬁ;stlimyeﬂr@xmlsly@tmmed dikglt eytilaudkylar gi ni ne,
honnarglnlne p- am _nophenyl al ani ne, orni t hi ne. this group, preferred

are dlketoplper2|né§“WWéF aﬁyhﬁnén@kﬂﬂﬂkﬁmﬁﬁ$%ﬁrWﬁ?oﬁgﬁthe sanme or _
diffapent, each is (ggggss@ &H}a\’eﬁla%d Iy-yldrnen I%Hﬁ) @b foRU Iyt ¢ aci d,

2, 3-di am nobutyric argl onDa I ne or
p- aninophenylalanlK§{20H@NHHECOﬁHéferred dlketoplpera2|nes are those

wherein R, R2 or the side chain g hi oni e side chain of
arginine or a deri \ﬂé{’cle%/ g{%@ggp@pﬁﬁbycﬁéilﬂ&f&%gq Bﬁgpﬁ»gﬂ)“& this group
is a di ketopi perazi®pg) %@H@(g‘fbl@lreblﬁcéd %Jl’@%éﬁﬁ'lg?aoéwahgﬁﬂb%d@d}d R2 is

the side chain of arginine repl aced" is neant
that, with referendeibomntHeviidrinattachofl tan cabmetoatioglasediby 28slogém, t he

spe |ed gro repl aced.by the other, speciifi,ed group. FEqr jnstance, the
o misa’of Ot nepuBraERHAE S Ron g AN RS nRR & o " B e FRE bR bR e nal
- CH3 gr ougpirsic b€iRlodgRAMIc tabideora(ddzivHitcsfaueh a tidedhdih ezhfeﬁzﬁMeacm‘oH he

resul ting derlvatlzed i sol eucj ne side chain, would be 30
- CH( CHg) -sopir ickprlaned bxs: -AiYPRegrour anp HEON(R Q. grorpaivieren R vad® 4/ ne si de

chain is deﬁggh?abovfe Colim gla)e:ﬂ of Qg&%g%? o) @%Pe%d are (ﬁlﬁ@[ &%zfﬁg? gbrgéjls?rg_'

atom then e resulting iva Ine side ch

Not e t hatth¢ kide shades @Prnapmlohmgland ahaineYAspi AdnDKH br IDAI-BKPD itlse sn@ep&lamd)fby a

chl orjine (or other Iogen% atom the resulthg side chain w || , Wth
®

the &Ml ord Wémé&ma@ HeHea -t RPIRP REELaPBEN thesige chagps of tyggsine an
2012/ 0337358&? H@%@%A%Bﬁ%r%ﬁ dltﬁ)gt e hafs @@yﬁﬁh@%@%m& i al ant that

portion o e anino acid atta 1 the common NH2- CH bone of
all of tH@yafilnwbKRcordSEIDISR )eshdaloovaivekof the aspartic acid or glutamic acid side

chains of these four diketopiperazines wherein the -COOH group is replaced by a -COOR?
group or a -CON(R™), group, wherein R? and R” are defined above.
25  Most preferred is DA-DKP.

Also preferred are diketopiperazines wherein R', R” or both are hydrophobic side
chains or hydrophobic side chain derivatives. By “hydrophobic side chain derivative” is
meant that the derivatized side chain is hydrophobic. In particular, preferred are
diketopiperzines wherein R' and/or R?, which may be the same or different, cach is the

30  side chain of glycine, alanine, valine, norvaline, a-aminobutyric acid, leucine, isoleucine,
norleucine, methionine, phenylalanine, tryptophan or tyrosine, and/or R' and/or R* is -
CH,-CH;-CHj;- and together with the adjacent nitrogen atom(s) form proline. Of this
group, preferred are diketopiperzines wherein R' and/or R?, which may be the same or

different, each is the side chain of glycine, alanine, valine, norvaline, a-aminobutyric acid,
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5i nstance, the side chain of glycine is -H, the side chain of alanine is
-CH3, and the side chain of serine is -CH2CH. By "hydrophobic" is
meant a swoeocdssTsoor side chain derivative that is unclr@T@sSd0o1at050612
physi ol ogi cal pH and is repelled by an aqueous solution. 10By "neutral"” is

nmeant a side chain or side chain derivative that is uncharged at..
physi ol ogFt&Re bﬁqlleucme nor%;‘z‘cmﬁaa}?f’@mi@ HeHREING fg?rﬁé’r%fuﬁlﬁgg’ %gm’%?ﬂéh%ai n

derivati ugr{diak, d- §mﬁ%h€y‘rﬂé%bﬂ rhahasdialcirysiRlpahcal pH. By
"acidic" Is neant a sidé chain or side chain derivative that is negatively

charged 15at ph@cbilmlad) pictatedphiketopiperaBpes' aik kydst thrermeantR ordathuidg dains

straight-cha nched h ar,bon, cont.ai ni 1 ,

o1 ef e abi 5 1Bl S ST PR P ro e ngu C G e (2HOMve

strai ght -i¢ hrbt tRAt the aaﬁmﬁgedw@éaﬁa@{m@u@anu@ Ytibelad peefRéPaB at ons.

By "cycloalkyl" is meant a saturated E%F|IC égrocarbon contalnlng at | east
@

one 20ri riketeniperzinenyhetsit Rl #ndiyy Ryt whishgnayt by @be serae bodiligrapsactPséher abl vy,
the cycl Oiﬁ# k%]a][? (ﬁn }15 %gl%nglu Inﬂge %Emﬁ{%f)l%ﬁge?%% %%e%ﬁ?ne tyrosme @?’steflﬁe or

"heterocy a cyclo avi ng one ering
car bon atrﬁéﬂilo@fneaf()ﬂtE@%to@Dpreﬁérrddl’lﬁﬁe ﬂik@’@)@lp’eﬁz@ﬂl@mréﬁy Réran@/or R’ andéior N.
"aryl" is nmeant an aromatic group having at |east one ar omatj ¢ ri ng

(e . 25phebR/thy same or diffgpent, gaghyjsghe side chaipah gepasagipguelutainiog) SSHEG Phg an H
replq@edtg%oﬁm>aryl (e.g., -CH2-C6H5 or -CH3CH(C6H5)CH3) By "arylal kyl" is
meant an aryl having an H replaced by a | ower aIkyI (e.g., -C6H4- CH3).
30By "heteroan&kbpnﬁmnﬂhnedﬂnumthah&wwn@mmmﬁ,dl(nﬁmdlmébahemﬁengmnarbon

o o ek bR hebS: TR PACHSE o SeRDh s, 1,
][rg: FE)?I/\A hgieglyg%ﬂgﬂts%geqﬁﬂaﬂglﬁ Jﬂas@@eln%’aﬁ%‘[aﬁalﬁgf/%gﬂ;ehtgfbﬁ(g{iitagg&ggﬂgﬁq%hgfemt he
" hal ogen"anid®r Réawhick ma(yrhertbe; semea@rdifierenty caohi in éheoridd ddime. cittelbheried i s
chl of I ne (F armnogutrylc a01d 2,3-diaminobutyric acid, lysine, hydroxylysine, histidine, arginine,
homoarginine, p-aminophenylalanine, or ornithine. Of this group, preferred are
diketopiperzines wherein R' and/or R?, which may be the same or different, cach is the
side chain of citrulline, 2,4-diaminobutryic acid, 2,3-diaminobutyric acid, lysine, arginine,
homoarginine or p-aminophenylalanine.

20 Further preferred diketopiperazines are those wherein R', R? or both is the side
chain of methionine, the side chain of arginine or a derivative of these side chains. Most
preferred of this group is a diketopiperazine wherein R' is the side chain of methionine
and R? is the side chain of arginine (Met-Arg DKP or MR-DKP).

By “replaced” is meant that, with reference to the formula of an amino acid side

25  chain, the specified group is replaced by the other specified group. For instance, the
formula of the isoleucine side chain is -CH(CHz)-CH,-CHj3. If the terminal -CHj3 group is
replaced with a
-CH,-OH group, then the formula of the resulting derivatized isoleucine side chain would
be

30 -CH(CH3;)-CH,-CH;-OH. As another example, the formula of the alanine side chain is -
CHj;. If one of the hydrogen atoms is replaced by a chlorine atom, then the resulting
derivatized alanine side chain would be -CH,-Cl. Note that the side chain of glycine is -H
and, if this H is replaced by a chlorine (or other halogen) atom, the resulting side chain

will -Cl, with the chlorine atom attached to the ring carbon (e.g., R' = -CI).
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Met hods of maki ng di ket opi perazines are well known in the art, and these
nmet hods may be enpl oyed to synthesize the di ketopi perazines of the

i nventi orwO3er/038789., U. S. Patents Nos. 4,694,081, 5, 81PCTAB2015/09802 112,
5,932,579 and 6, 555,543, US Patent Application Publication Nunber

2004/ 0024180, T .appl i gat.i ons. WO 96/ 00391 and WO 1097/ 48685, and Snith et
al., Bioorg. i " o i aino @,ﬂ? BIBYNL aupqriign 8 therapune geifh pidgched

di scl osurigs of which are incorporated herein by reference. For

i nstance, diketopi perazines can be prepared by first synthesizing

di peptides. The dipeptides can be synthesized by nethods well known in the

art using,L-am no i , 1 N0, aci or..a conbi nati.on,of D .and L-am no
IR s DN e s s 3 o s e S S el
di pepti dagstaicR, fkSRicaUainloRRl\R i e, ek sildk ¥hiih QFMuRHIEOWH S and #8Sidel ncl udi ng

Sigma-Aldrich, St. Louis, (primarily custom synthesis), Phoeni x
Phar maceuthp@gifseringys. | Bel nmont, CA (custom synthesis), Fisher Scientific
(custom s i s) and Advanced Chenifech, Louisville, KY. Once

the di peptide I's synthesized or purchased, it is cyclized to forma

20di ket opi per azy 18 drophbbict&mdat asidopiih dhside biyaif dvavdtet Yhadls dbmatdues.
For exanple, U S. Patent Application Publication Nunber 2004/0024180
descri bestt 8hywielRgigalgrt aydisirenehgd Ay g8 BaTPES SOIBHPRf | y, the di peptide is
heat in an 1,Ga1S il e i ; i.Sti i
Prefggably, tﬁ%gggggﬁi%hég vgﬁ?kf§m3§ﬁgﬁkgg? i%gg%§é3g¥§%%ﬁ%§%%8aéter, such
as acet onhysiologicabpHyl al cohol, benzene, benzyl al cohol, n- 25butanol,
2-butanol, t-hutanol,. acetic acid butylester, carbon tetrachl oride,

chl or obenzene BAWFISE BrAgenEy side %eaﬁé,ﬂdi,Céa-lei(iewaélrvs?h@éeﬁemsmvg SHPREESEt al |
di met hyl aggh@liologeltjif aci d ethyl ester, heptane, nethylisobutylketone,
3-pentanol, toluene and xyl ene. The tenperature depends on the reaction
speed at whi cBit tweidey/ab imeanti aonde clagsorpdidecehazmdbrontivddhat iy pegativelzabatgedpi ng
agent usgg. Thqrreqp fon is preferably carried out at 50-200C, nore 30

pr ef drabl®d PBYA8EE! PHhe pH range in which cyclization takes place can be
easi |y det er mme"diylt Ranek 8 9ftuskdd dt@ehht-Bhdil 8r BfahehddthyWidchrtdd \cantaaggous! y
be 2-9, preferably 3-7. When one or both of the am no acids of the
di pept i del-h&sarben atomsdprefoyahly 2¢d carbom atpes. ‘davent b/ megno@pareted s si de

chain (e.g., arti i d.or glytamc acid di tide is preferably
cyclized ngéiggg'élgarl? Be aﬁ%l%.@qmggﬁégntcoﬁgl.n% %géagﬁg.a&%ﬁpef |y, the dipeptide,
with WO 2012/B3%8RRET" SRR A :0fkdtdd tHdictiydercaidh Rosaindgxytlest ond

protected, is heated under neutral conditions. Typically, the dipeptide
will 20e HEw: erhdingrqonininipg at logs dhireecabouitomso Brefpyrblyethgisy gloatkylkgowtains 20C.

The solv il e 4L | solvent. For instance, the solvent may
conprisqu%rﬁ%é%ﬁgfa?gﬁgﬂ£g§'butanol, nmet hanol , et hanol, and hi gher

al cohol s, but Bwthephetyeloplkaiids arcanzeoictiwmibiyt hbdog s0¢ wembrouldiriag cdrbbuene,
benzene, or xylene). Preferably, the alcohol is butan-2-ol, and the
azeotr opiaéorE%Qéﬁll?f’)éh?nq %tjﬂtl?ﬂl éplaqfﬁjeb%@a{gi %@nﬁ?/ e'¥onti nued until the

reaction is cqgphgle, ﬁ@ﬂlt%ﬁ%}fbrﬁitﬁ?r GRS AGLRF FANGImEAPLE @% ly.
Typically, the dipep?%de will be c C?IZE b ré%luxing if fo%ea out 8-24
hour €5 prpdkeylabl y about 18 hours. Finally, the protecting group is renoved

aci ds, such adSCUNTRSL Smehfut et oky ity T s GHE e K ktkal i ne
bases,  _CH,-C¢Hs or -CH;CH(CsHs)CH3).
By "arylalkyl" is meant an aryl having an H replaced by a lower alkyl (e.g., -CsHa-
CHa).
30 By “heteroaryl” is meant an aryl having one or more of the ring carbon atoms of at

least one of the rings replaced by an O, S and/or N.
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such as potassi um hydroxi de or sodi um hydroxide), and strong reducing
agents (e.g., lithiumalum num hydride) should be avoided, in order to

mai nt ai n wbheochizsmPity of the final conpound. D pepti de®Craseoionssot i d
phase resins can be cyclized and released fromthe resin 15in one step.

See, e.g., 51. For stan the resin having an N

U
al kyl at ed di p(—:ﬁﬁ &l St%‘i’t“‘tegclﬁ(15‘311%11[1‘%&:l R}éﬁg}?&f‘é}ﬁlﬁw ?tHPE?gH@t RS BB Re/ et hanol in

the preseng&it@dnt@sicdd B6h thd ©118wingldbuPr -G e YEAM MG f1%ind/or adflogen
Typi cal ly, basic cyclization condi t| ons are preferred for their fast er

cyclizatiaemtines. To prepare di ketopi perazines wherein the amno acid side

h d d,. 20 d t
cynthests of b T eR: saan (et DupfresEmif op E¥hs RrdEriae leiis: ¢ ne

di ket gpi ppagkhies can be derivatized, as is known in the art. See, e.g.,
t hose references cited above. Clher met hods of cycli zi ng di pepti des
and of making Mﬁﬂh@dmﬁ peking iketopmeeaziasewre Well kisvmintthe i, @éﬁ dse mpsledlsi n t he

o evar o L OB.505 085 AL AT L AR, Shp 23 P et on

di ket opi Feitazd Nes 49910s0] ESIDVSMS@%HIQ]WE%I S“B%diﬁd 6,95%5M3, (DIS PAamtbe made
fromproteins and peptides as described in U. Pat ent. No. 732,403, the

conpl et e %@%@P%h?@lwﬁﬁ%ﬁqéﬁlb?fszqofl&WﬂH?Oatpgér %’@P%W%W ) 86&03% and W8 ¢ her
i ketop! RefAKSSHASHiHBay] Bikbe WIASILRSLOfg L e 2 0eT1d QDogRmcDe obta ned

comer ci aI rom e Ia or fl cals Pvt.
Ltd., | nd:omp(lebetihclosm’e@nﬁ wlymh heesinsgrporated herclingy rbfkrehcepl perazines include

al | possi bIe er.eoi so s t.hat can be obtain d ng the .
configuration &F“ﬂsﬁ"’élc? E‘E]F?;?R}H%Hme?ﬁ?a& CHETHAE ggg& 81%&6@%1‘16? n ot her

wor ds, t heydjikekial &nd%l HRthetindd Wﬁet‘%hs RO8RhOLE n{j!h@%}t‘%f %@%moaa%ld@el | as
all optical i1sonmers (enantioners) WO 2012/ 033789PCT/ US2011/ 050612

" Pr odr ug"D-peamsaads/orgorpdumdiontol th andlLeasime agils atdferecdome evlid-phasg (a

di ket plper |ne|nth| ase) in vjvo when s ug i s admnistered to
an a Sirddeme g et srur ol e i BID iR i

deri Vatl Vrﬁﬁrrle?&ﬂ; s‘Mutch Wu(ﬁﬁ@g%rﬁdlﬁldrf&}@tbﬁo@ﬂs EAEGrintiri¥y Y@ tdR s gﬁﬂ@ﬁs‘c}t e the
di ket opi per azi ne. npl es of EE)rodru 5i ncl ude esters.

physi ol ogﬁf@awﬁhaee@stlml%lryal Jment, Che(cyptrer ypihseip aATises Saigatifie odr ugs of
the inve i %(thé’él %ngﬁx %d'dhehﬁ%c agidgk, gy the invention.
Physi ol o |ca acce e salts Inclide Conven onal non-toxic salts, such

as salts deri \(elﬁbefth@mpblb’tﬁi’eg@@yrﬁh@med%r f)ﬁllctﬁalﬂsea,slt fsw@bbxédltmfdnm a hydrobromic,
sul furic, phosphoric, _nitric, and t li ke), organic acids 10(such as
acet i%8, ;ﬂﬂéﬁ%a@rém% uEhis Gpi be @‘P%’%’Ihﬁléed '@tae\éaﬂe&‘/ of tgghniquespl i ¢, tartaric,

citric, glutamg: example, U.S. Patent Application Publication Number 2004/0024180 describes
a method of cyclizing dipeptides. Briefly, the dipeptide is heated in an organic solvent
while removing water by distillation. Preferably, the organic solvent is a low-boiling
azeotrope with water, such as acetonitrile, allyl alcohol, benzene, benzyl alcohol, n-

25  butanol, 2-butanol, t-butanol, acetic acid butylester, carbon tetrachloride, chlorobenzene
chloroform, cyclohexane, 1,2-dichlorethane, diethylacetal, dimethylacetal, acetic acid
cthylester, heptane, methylisobutylketone, 3-pentanol, toluene and xylene. The
temperature depends on the reaction speed at which the cyclization takes place and on the
type of azeotroping agent used. The reaction is preferably carried out at 50-200°C, more

30  preferably 80-150°C. The pH range in which cyclization takes place can be easily
determine by the person skilled in the art. It will advantageously be 2-9, preferably 3-7.

When one or both of the amino acids of the dipeptide has, or is derivatized to have,
a carboxyl group on its side chain (e.g., aspartic acid or glutamic acid), the dipeptide is

preferably cyclized as described in U.S. Patent No. 6,555,543. Briefly, the dipeptide, with
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aspartic, benzoic, salicylic, oxalic, ascorbic acid, and the |like) or bases
(such as the hydroxi de, carbonate or bicarbonate of a

phar macewoDcaldog3maecept abl e metal cation or organi c cat ipomaSd@niosesd2 f r om
N, N- di benzyl et hyl enedi am ne, D- gl ucosam ne, or ethyl enediam ne). The salts

are prepared . in a conve nal manner ,0., by neutral. zi 15 the free
base f or %fld?ﬁealeaﬁr&?sﬁﬂcft pﬁwe%rﬁd,a@.h&ated%nder nﬁ@ﬁﬁ&% tighty Bypigally, the

di ket opi Repd#BGiRbe hoiBlketrdm BRSO Wdih PACKpRRAREhARIORE 1A Cf or Ml & |

or a pharnaceutically-acceptable salt of either one of themcan be used to
i nhi bi t vﬂmlx@m w;lbhfr @efrmhmlwmyFammsta@cen tl@aph@ntjmg:ea@fepm angthadihpl on
nmedi at ed b | a er 0, S plper Zi ne,
b odr g diieprsitislep ) SRt ibngBeobdisy By oL Ehra S PRaH FoaR

ani mals i rbo%ﬁf&n@(suéﬁ 2 RAL, belr @k esrablidhe). ti"[%fél‘ﬂbl?&he hl%ol@ol@ﬂﬁf@th 2-ciugll as a
rabbit, goat, dog, cat hor'se or human. MNbst rabué t he ani ml is a

human.  the azeAtraplk@p@pivsétrlaﬂlh@leoﬂ e eptineals pontallmi@ah ¢ gfachon is
di ket opi pg; ?ét?%nﬁ?fsuéhoﬁr%ﬁ &nl beo ete%n?&%r Sl gc %Iygycaﬁg %g@&@?ﬁaﬁe SO

ei t her one ‘hem TS used resen i hventi

i ngr edi endyclizeddiyi refuxting itefoli ﬁfdiut 8428 Mmdpﬂ'e&frajly absutm8aiouss. CRi)Ilia])l@'l,lﬂnd havi ng
t herapeutic, pharnmaceutical or pharnmacol ogical activity, and particul arly,
the ther dpeigeing grpmR S TaRattd Eam ttsff disptepipsEesInggile meaém tb? B3¢ Qfeterg bed

hereijg. Thg q&%a&cfﬂg r&h g sulﬂfrﬁq{r RLhak ta.Clld alifepREgsent

%Hfa &
invention as 'a carrier or as part gga carrier ste ? ég%arnaceutlcal
conposi t isaph aspatesaom bydtokide oesq:qilum by &oxRa),entl strbiugredﬁclﬁg 6gmBO(e. 30

6, 099, 85 7,276,534 CT a cat ons 96/ 10396, 06/ 3943, WO
50077 0oadubilndtsE ROl it b B FSardo mainian tay FHETTL R Beaase

forms, nqﬂ@%(% & ni stration and dosage anounts for the conpounds of the
invention (i.e., a diketopiperazine of formula |, a prodrug of a
di ket opi per aziDigepsides oradaboa splibphase phransrat batydiel yndotepediive tarasinof

h f he 1 /0 89P 11/ 05061 d d
St e g sbRe Sk s B f el NG o admer gt ioenee i e dRe g i N, " hose

skill ed idikfisted atipeptifatttddied domggadadBikBtuché bl toURhY/ ciahdl ih i ;ﬁ@gehb@w ar
di sease or condition to be treated, the severltéhof t he di sease or

condi ti orteetitieeid .l %) ooichumming {¢-at 6, Trmiealbubate eveligntiareonditons nent ,
t he |denta|ré e?grre%q?g ?‘%H%Stéjfng?ﬁza%gﬁ?“ Eadm nistered to _the ani mal_, t he age,
cies o e an

size and sp e factors known in the nedical and
veterinary artFo preparg@iletapliperazisasivitabdie titbnhiyio doiggidefchaing argduivdtial, t he

present invention wil| be that anmount of the_ conpound which is the | owest
dose 28f f €BRINQ acifl depyatyge eanbe yef é}b@ﬁtsl*/%th@w @E@e r thedipepldss Gpn d§sage

will be %h%ﬂ(n?eﬁ%ﬂd}&/ lférhl%(?gﬁghﬂﬁ? e(a'eﬁ{?ag%d Va%H?ﬁdWr{ e 321 ?bé‘ the

scope of soun |ca j udg esire the effective y dose may
be adm niesg. ethest mferenwos cmdfdreé)evefour f| ve si X or nore sub-doses,

ARSI RN R TR NG
response i $hBEhhRV&E be used in the preparation of diketopiperazines useful in the practice of
25  the invention. See, e.g., those references listed above. In addition, many
diketopiperazines suitable for use in the present invention can be made from proteins and
peptides as described in U.S. Patent No. 7,732,403, the complete disclosure of which is
incorporated herein by reference. Further, diketopiperazines for use in the practice of the
invention can be obtained commercially from, e.g., Syngene, India or Hemmo
30  Pharmaceuticals Pvt. Ltd., India (both custom synthesis).
The diketopiperazines include all possible sterecoisomers that can be obtained by
varying the configuration of the individual chiral centers, axes or surfaces. In other words,
the diketopierazines include all possible diastercomers, as well as all optical isomers

(enantiomers).
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In particular, an effective dosage anount of a conpound of the invention
for 15inhibiting vascul ar hyperperneability will be from 10 ng/kg/day to
225 ngl/ kgwoayi2/qsmber ably from 500 ng/ kg/ day to 150 ng/ pgram®go11/066:i:2
preferably from 1l ng/kg/day to 30 ng/ kg/ day. Wien given orally to an adult

human, the dosge W !, preferably be from ahout 1 ng/day to about 10 g/day,
more pref o abl JrRdEe dﬁe@wwco Ovr}%wﬁlgha@?aSS%%g%ayafeat dB8t 6 gl day,
nost pref grablivehife PSR Wid)in bﬁ/ofv&&lﬁ‘sﬁa%irodﬁ%qs g&ﬁ%er%@t@@?éﬁim&?f)o

20ny/ day, preferably given i'n several doses. The invention al so

provi des Rrodgmghobdisétopmpdiaraes mgludh dileyapskediatsclerivdtivanidot Wih bay goebl s in an
ani mal . %Ed[ul at.i o of dt.he. cgt oskel e{hogilﬂg n.reduce ]\éascql are od

hyper per HBEHBR §SC SHGd R EY IR &S RLE e AV RFmIB i ar M bt oo qfjpredrugs

per negbi lihéndbekaw basal | evels), thereby returning the endotheliumto
honeost asi s. Accordi nigl Yy, those di seases 25and conditions nedi ated by

vascul ar hyperBernhgsiplogiaallyagerpbable yabta péthe(dkaorbirgencsaand rrediges efitheases
and condi.tj on i . i bt Ve SO eat ed.
e Poredh AR 0 B EREHIASG YRR TRAN, LAl SR, B

at her ogenags micludt befivaacbed @shSoxic baltshashss sdlishiceistd frofm ihtigahic\aeids (duicker
failure and primary and netastatic |iver cancers. 30The nethod of

modul at i i YR CRIpFISshowirehremico sulgHifo PhPheNC, e8P sindghpHkYedreaififidst er i ng an
ef f egh ye(s@c'ﬁoa'ﬂ réEetQ:f p?)g?dnnifuﬁtgf?@itg?,réﬂo@%, Qéarfcﬁ)[a@]rfé,ﬁehic, ?art@fiQ,%t]l[’Ig, %gﬁaﬂlic

di ket opi perazi ne of phai maceuticdl |'y-accept’abl e t of
ei t her onspafictivemictslitHe, axdilwaiscorbieadd, lkatl dipd ey az baves (sackeat the sane as

i mal * AN O HBLHERGORLE ST PR R GsRERccepgple ekl calib of
2012/ 0337&?&?@ (44240 ddAQRAGRIR N N-diberEl o8 dn¥ @i BRRA0R 08 IhindTBAES Of

adm ni strati on and dosage anounts for the conpounds of the invention (i.e.,

a di ket opitipdensdiangnef Thersaltd are preparedrind cogvenfional didoeto pigpdyarimeiamig f or mul a
| or phar paceutical | y-acceptabl e. salt .of either one of them for

moqui'ae P H° FRE SEuiS D ol TESRIRRG LT GE bfifi nea ompi rically usimg the

gui dance 5pr ovAgigstedgbRicNa dikbtoppetiRBRIoS Faaeh DY, atphesag 5Kh lketpiperdAhe ¢ t

that the dosage anobunt wll vary with the particul ar disease or condition
to be trdamedalphe phamaceuticady-aeieptagloselio& ciheroppaf theancantisaisedigtiapid)t of
adm ni stratioen, | 1 i (Y y ot her
drugs bei‘%ééug%r%‘lly&%?@te lg#éeaghltg gltl(geo tg%? %EFS,%Q%GE %é%%?&gfnze gﬁatr(]ic}) svﬁg‘%%%g of the
ani mal , dngetpekredbélity 0MTs dsrowhe diketdpépen@iics ptodauitoriiagnadeatigallge ts. In
general , a suitable daily dose of a 10 conpound of the present invention
will 2Me taqsgrtaiie st 15éfimi%%tefé’éﬁ%%ﬁ‘&%}ncfﬁg%gffﬁ?émeﬁwﬁf%&giﬁé the gdpl e to

produce g, ﬁlgﬁﬁﬁﬂ%ﬁéﬂ & a,etfat)ﬁ@,tgoa , g?,%%f, ’h,oll'sla%r ﬂtﬁ]llz:lh% {Jﬁ;%@l%fe\ﬁéﬂ& tﬂ@aﬂﬁl ?fsm ned

by an attendi ng physician or veterinarian w e scope of sound nedi cal
j udgnent .a limabesi red, the effective daily dose nay be adm nistered as two,

three, four, fjve, six or no syb-doses, adm nistered.se atel y at

appr opr { at e i b ARFP RGBTt bk B0 O ARG T OPt BITEHA oL drpound
shoul d be, aRRMdeBUQUyUREJtalAO sACSERMBDLR JrRRRR ISR $n &6 Hr&¥R&dnvention as! N
particular, an effecCtive dosage anmount of a compound of the invention for

nmodul2at i rig achec mgrasisde| ehgiveohgredigot e hsedlhersan fosmedn 4 cayepdunddptidgng/ kg/ day
:)(r) ef2 grS agﬁ é( é%ﬁ%ipl%’i’r%;c%ﬁ 1Qalllyor E)Egr%a%(ojl%gﬂ:g{ akC%/Vl ﬁyantd%a%?c%la?lg{ &%/tlgearxpeug‘c)?t
pharmaceutical or pharmacological activity described herein. The diketopiperazine,
prodrug or salt is not used in the present invention as a carrier or as part of a carrier system
of a pharmaceutical composition as described in, e.g., U.S. Patents Nos. 5,976,569,
30 6,099,856, 7,276,534 and PCT applications WO 96/10396, WO 2006/023943, WO
2007/098500, WO 2007/121411 and WO 2010/102148.
Effective dosage forms, modes of administration and dosage amounts for the

compounds of the invention (i.e., a diketopiperazine of formula I, a prodrug of a

diketopiperazine of formula I or a pharmaceutically-acceptable salt of either one of them)
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20 ng/ kg/ day to 30 ng/ kg/ day. When given orally to an adult human, the dose

wll preferably be fromabout 1 ng/day to about 10000 ny/day, nore

pr ef er ablwotzhe/demse wi Il be from about 60 ng/day to aborCTAGR@1mEU6dany, nDSt
preferably the dose will be from about 100 ng/day to about 1200 ngy/day,
preferabl in several doses. The conp s,of th re ent invention
(i.e., %ﬁtgg}l%% FRRITIgH I wng hg epidanes rﬁPﬁﬂ%B@f@%ﬁI@ Sigod by

phar rrace%bs%%k lbéd%ﬂf%pafrtatﬁﬁteché%stage %oﬁﬁtt\mrvagf withefBp aimamaedls%ggew stered to
an animal patient for therapy by any suitabl € route o adm ni stration,

i ncl udi ngroodigioh yo basaed, yhe qsameuymértlad dlyea(seogcondltmmrdwemg(sb gf

intraperltoneall ubcut anequs r i.n |y t,ran dermally

|t r abul dBngRtn, BEREHRD Rl AR o G s R By
Gener gl | yadpiigk@Rfddad theSandmal, thRdige Nisd eI’n@tsE@élesf &rth@almnﬁl 20a%iRe @Jctéiﬁ)ﬁmt ion
treatabl e according to the invention e preferred routes of

admi ni st riathconedies! apd sgicrady agb. H suysds ardbledady dpsmd agbompesnégethgr e
oral ly, I f
preferr ecIJ;l %%ﬁfglgé%{onxx&m%%tfs@r a :a%)l ngﬁtgg@(?&%&{n% ‘%lgﬁg th‘? lsoggegie%&égﬁg %%Vr?dl tions
of the brtaipfodacea dictdpeytiatffcpaHentcesatieydailidstagpmefl et idedrmmedbalhy. WO
2012/ 033789PCT/ US2011/ 050612 Wiile it is possible for a conpound of
the preseHending BRYSIGAN PV B ng@a Hildhinihe dcanesd éoufldt medicy jedggneny| B
adm njpst &l 0e 1EOFRHNA A &sgﬁﬁg%%}hﬁﬁl&@}ed“aﬁw'tﬁlte'e%m( HRAPGR gI In%FQ . The
phar maceut’i cal’ conpositions of the invention conprise a conpound or
corrpoundssubfdo‘sdfseadmmesm&red)sepasatam a‘aa:pptrmatemgteetzhletiﬂroughoaﬁhe déyre with one or
nore 5pharmaceuti.cal acce rriers and, tiona wi th. one or
Tor ¢ of neMTEGgolinaS! P8 FGeoBR eHE b Brvati BReireaPIaEmomAe b

"accept abl.gicved) the sense of being conpatible with the other ingredients of
the formulation and not injurious to the aninal.
Phar maceut i callhpaawblp,t??@ltﬂfécum dasegsamewntnéh compoww dfithe heeatian forRegar dl ess
of t r out. n| stration I ec un r esent
"nversi on PP A SRt Rt T RRrety PSR EEs ame BBk age o ms
by converjrifenaly ﬁam@d%gh@fmg th 950 hipsiey/ &y, ﬁi@lsﬂ prefefabl ol T mgf@fiay@o 90,

ca

Rem ngton i s Pharnaceuti Ci ences. Formul ati ons of the invention

sui t abl e Mekg@prl Waghighicaordbi torenmdylt bempp, thedoseorithweferalpsha Bem apaethet s,
pills, tap I in an
Paueous. or sy AERUIELS bl AU eGReiEhoRTe 30 Bh R BoSHOREERIPE, | 0,70
emul si onsboar 6 @g8la@mdsbeldferhbly dlic dose wdll berﬁo@Samﬁlsﬂi)(b h@ﬁda@ms bbgntapod nert

base, such as gelatin and glycerln or sucrose and acacia), and the liKke,
each 20ont™g/ F‘Y\@’r%feﬁﬁblé’o%i’fé‘r%sﬁwaé’r%%t of a conpound or conpounds of the

present | nventiollnasaf A8 AL EHbEBE mody SEAPAKTGREcIGBBPUNdS of the

present invention nay also dm ni stere ectuary or paste. In
solid doseagethéberlmsllwifn anteaialy évhddudatioharf tior gltoskdletami @hreduconagfcokpsul es,

tablets ills ragees, powders ranul es ndthe

 nor od eroPpPeeab ARG T RS R e PP (e, @epPiy demaoastl

di ket opi nevAg)i Mheredl rét@mmy Me 'end(ﬁhélﬁfﬂ f&ﬁﬁﬁ@o‘sﬁ%' Ace&q ly’ﬂl@ﬁcﬁe dkhsc@f either
one of them "or conbinations of the foregoing) is mxe one or nore

phar riéceuﬂnd@andlyome@@fadlby V@marélwserp@mblé@y smhqjmamdt(s@t féoom) afidcal ci um
phosphat ngd/ or any ers.gr,_extender ch as
Bt ar ohas. oS hieRosdR oG iR mEit@0b0 asehi pvusrerhiafiyy B8 FREBE sl 5
bi nders, Ebtas pef(qrd@)amh@coﬁcﬁﬁmﬁaﬁwyglﬁghwl aﬁemgaie@isnat es, gelatin,
pol yvi nyI pyrroli1done, sucrose and/or acacia; (3) hunectants, such as

gl ycer ol aﬂ(eaqscmr@ﬁlmcggmxsl fgrosigehths, 11V§uéwela%1ﬂa§‘eandax§ﬁmary and Betasiagalibonat e,
potato or.t oca starch, alginic acid, certain silicates, and sodium

car bonate %E% solution retarding agents, such as paraffin; (6) absorption
accel3er at or s, Hitahethsd of modulating the cytoskeleton of endothelial cells comprises

administering an effective amount of a diketopiperazine of formula I, a prodrug of a
diketopiperazine of formula I or a pharmaceutically-acceptable salt of either one of them,
to the animal. The diketopiperazines are the same as those described above for inhibiting

vascular hyperpermeability, and "animal” has the same meaning as set forth above.
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30 quaternary amoni um conpounds; (7) wetting agents, such as, for exanple,
cetyl al cohol and glycerol nonosterate; (8) absorbents, such as kaolin and
bent oni t ewol2a12/038By | ubri cants, such as talc, calcium sPeafEsL@E1/0pBINEesi um
stearate, solid polyethylene glycols, sodiumlauryl sulfate, and m xtures

t her eof ; and | t th f | t abl et d
D1 15, & he. phaGESGUPESF TeORpBeRE SdTHay Aea apE SaeBtfer g agent s
WO 2012/ Q%%%%E&‘STJM?@%%%Q%%§9<Jerd§n§e@mesaftfbﬁﬂaa@faﬁméru@olf%r type may be

enpl oyed as fillers in soft and hard-filled gelatin capsul €s using such
exci pi entdkagpiperatios ef tormmdal llor surdrarmsacensgcaltdcoggatilg st crfcﬂltbcmrarof\lmrght

ol i ng_ Bt PGRAMEGE Tiehoskiciop s S ERUEY P Al Ga G e BN ossed

tabl etss rpRyviBed Rrgipaned uﬁéér%o@b? dese Gfi0ed AR Chat GR @fshde Shount will
hydr oxypropyl nmet hyl cel | ul ose) ubricant, inert diluent, preservative,

di si nt egrant With 8ie rexaeritralisoseioraonditian & by froated. dbeseyerityraddhe diseskedr sodi um
car boxy ”Etoﬂé{ tloﬁ eth% %%gg)) of a 1&1@&510%0 {hle (ﬁl {on%lf 0 et{resaltrﬂgntat%g n&entll[\{p#fdc}%%e

tabl ets nay ine a mx

powder ed mmfm@ug@d)emgl aitnﬁmetérw tb hheaarmmale tHe dgleg:utdjaﬂti%bdn%@ﬁthe Aienal, albet s,
and ot her solid dosage forns of the pharnaceutical conpositions of the
present ilA¢drePBknowildntheamerical aad veteupmay pes, Inganpiel, m1tgblaﬁar3ééoser?é9

opti qgal 'c)én%%g?ﬁf}fﬁg Péselﬂrlﬁ%ﬁ?ﬁv&@ﬂ“ogtl&?%bﬁﬂ%phar r@g@uh&wrf&f RS enteric

coatings an atlngs we nowmn 1 nt utic ornul ati ng
art. Theyoweyt dabsdfdvavé arprotiatcedhsmpasictabfett giove e, tbé dailyodosegmeilbbd ed

rel ease of the ive |n red ent. therein using,.for examl e, )

e o ot Rsary e P E b et A VA ertho b Bhin SeSats Boavidiacdifg desi r ed
rel ease ﬁ@érhérﬁ Iffﬁegﬁéd l%?é' éf%ﬁvé”'&él[y d‘(%é mab'&%ﬁﬁﬁﬁ&eﬁé‘&% %o ”EhFe"e%BF‘er €s.

They may be sterilized by, for exarple, filtration through

bact er | a -fnest sixor npré subt éqses,ﬁﬁmst@r@dpommtckyr% amplafltts mt@irytalsdlmahglwuccdm ain
opacr ent.s. be of a ition t

20actPye higr e EieA g o o rorRruPdBRTA B ey M St UBRERBAG i ¢ ne
gastroi ntepfcve®l tract, optionally, in a delayed nanner. Exanples of
enbeddi ng conpositions which can be used include polyneric substances and
waxes. The actlpwpartickly.cd ateetivadpsagsemeunt of a gpapeoencepbuinyerieprifor m  Li qui d

dosage f% 1&8{ & Wcﬁ%?@t&iéf‘é’n %){h%{r‘e g% 188&881”1@1? /R/d Jf;ht% Jpgvention

25|nclude ceu y-accepta Si ons, sions, solutions,
suspensi cmg/kg/ﬁyy,q@sfembﬁr £61>500 Sig/Kgrtdagdelil 50 ﬁrg/kgaddybmoarcpre&mhlmgbmdll ent, the
liquid dosage forns may contajin inert djluents comonly used in the art
such 28s, %/rgg/éﬁwﬂ%mgﬁ%f@w o¥ ey fHeen Qglly Engrsad UEtérumﬁnr %f.dﬁge ¥Yent s and

emul si fi rSferabHERL ﬂénfu%‘aopco @Fﬁﬁg% abdu® %M%/d%'z GRhel ef@rtaﬂ th&éﬁﬁs*%%ﬁt €

et hyl acetate, "benz , benzyl benzoa prop ene l'yco 3- 30
but yl ene t@lfymnlabomla)sng/ﬂay mabbhmﬂoarmg/dm tenspettratgy thentbnetvill bofrom ger m

[ i t t.r ahydr of I hol ,
ool yot nyhg YREeRE BitboRbl 2 Pt Gedeneh i SOREETaR s ot ur es
ther eof VD 2002/ 3RTRRRGTHSRQIcH OROR BesuremopfRFbifh bpRHhia £ he oral

conpositions can al so include adjuvants such as
prodrugs thereof and pharmaceutically-acceptable salts of either of them) may be

administered to an animal patient for therapy by any suitable route of administration,
including orally, nasally, parenterally (e.g., intravenously, intraperitoneally,
subcutaneously or intramuscularly), transdermally, intraocularly and topically (including
buccally and sublingually). Generally preferred is oral administration for any disease or
30  condition treatable according to the invention. The preferred routes of administration for
treatment of diseases and conditions of the eye are orally, intraocularly and topically.
Most preferred is orally. The preferred routes of administration for treatment of diseases

and conditions of the brain are orally and parenterally. Most preferred is orally.
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wetting agents, enulsifying and suspendi ng agents, sweetening, flavoring,
coloring, perfum ng and preservative agents. Suspensions, in addition to
t he acti weoizogrisalisent, nmay contai n suspendi ng agents Sa®CTiuseolgosoep? e,
et hoxyl ated i sostearyl al cohols, polyoxyethyl ene sorbitol and sorbitan

esters, mcro tal.line.cellul ose, alum num netahydroxide, hentonjte,
agar - agar andc\@ﬁ@&;ﬁm%{bﬁaﬁaaﬁp&lpau_vﬁsofﬁh%wé?nt invention lofyeAdnHYsK%n al so
provi des JhRr FacHtd-aat to%dﬂfﬁﬁ%’?e% tlﬁé’doh%&hﬁd fhox Pﬁa{rﬁf%é{ﬁf_&ﬁl_ Bfmikgoeye. Such

phar maceuti cal products include pharnaceutical compositions, devices and 10

i mpl ant s (CewpeditiorayT ixephaompeestitdl enmpositiodfdks inveRvar sayeist A campound or
formul ati ons ﬁqgﬂﬁﬁéitioqﬁ) f or iﬁtrao%%Lar.in'ec%fonth a _conpound or
conpounds 8Pt BV 48 AEHE DGR 1 HOTAYE Y8R 9ff 8hE el si ons,
suspensi %ﬁm&%ﬁﬁéa@l&%c%ﬁﬂé BdrEiSss At CERRRMNBY, &bth dricRP $RIFE StheMBShpsiRds, et C.
See, e.g U S. Patent . 6,060,463, U S. Patent Application Publication

No. 2005/dugri@eher arderty Hahspirics anisobe \aorauedy'0n dasonse ofebessnpl et e
di scl osurgg, inb MG bfhel ﬂ%%d?e%f&ﬁﬂe ?%%'la{?iog%n{i %BFiﬁlﬁgfo%s i @BE ahfiegance, a
phar maceuti ca ornmulation T70r 1'n raocuq ar njection y conprise one or

mor e conhandsceaficdlyeacceptelile cafictsiure alikad/h dnthelaith Rugerdddss 6Dthe route of
phar maceuti cal | y-acceptabl e sterile i sotonic aqueous or non-agueous
sol ut i onstdmipisiEEing; sslestedy the gpmBPWKLs of (s REpscHa Y BN & Foapuiassd @it s,

buf f gps, i g [ [ ' j ci ng
relle O B L S AR A LR A S
and n?naq?ébmfhea%rSagggﬁd%%??@omﬁfggmm?aufméf%@n@ﬁerab:y 0.?@@, gext{osF
in water (preferably. uffers, di S oxi de, al cohols_a ol yol s
(Such a5 glycdamalabpBpyt A GTyRbH BB LR AR EROMEY Tndh PGP ke
These congrogpdulQNSicARY, Al1S WA RIWIAILMARS ]élh %L%%bllﬁ_%n"&tatshﬁ%nﬁgﬁﬁ $n and

emul si fying agents 25and di sper'sing ageénts. addi tion, prolonged
absor pt i cquedfuston@onafeusbieidpramebaywitcadr Waterdmel liped smalgéns, ebaswn by

t he i.ncl usi on _of agents i ch del ay. absorption such as polyners and

Lo atP G e PSSt 1 e &YinBe SR st sl 3 Bt 8Py 1 e o
m croc ap?dﬁh%@ad?&) M@ﬂleﬁkb,&{a% cosifingfa ﬂibd&@ﬁﬁﬁéﬁaﬁhﬁn@@f ¥ B&H forid G as

pol yl acti depol y fycollde. Exanpl es of ot her blodeg{adable pol ymers i ncl ude

pol y( or t egwoeRds) of tROPIEHSAL dvgaEr @) angetiye ingetdjqrtadtqogpoyad gr compounds

pol ycapra i - 11Nk e¢t riul ations are

al so pre5&?%%8%§mgﬁsF%%%%%gyF%nggﬁéh?%&??%%ggﬁ%gﬁzcohggggﬁ&%f t he usua

i ngredi ents, dusbliddodippadrmstodyiic iphasiohdbi eyl eirdhisteforofcapsubsspabigtssi ons

whi ch are conpatible with eye tissue.. Degendlng on the ratio of drug to

pol yri8r  d¥lly. idieges. pawderss gpruley andidle kgl the grtaye garegieat (6 2 i pi d conponent s,

he m or coeeal P o e e s D RS 7 afe of arug.
rel ease frhemaricotiodiapsugshle milcofasthhesresotahen, drposbiresonsof thefaenting) | ed.
1s mixed with one or more pharmaceutically acceptable carriers, such as sodium citrate or
dicalcium phosphate, and/or any of the following: (1) fillers or extenders, such as starches,
25 lactose, sucrose, glucose, mannitol, and/or silicic acid; (2) binders, such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia;
(3) humectants, such as glycerol; (4) disintegrating agents, such as agar-agar, calcium
carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate;
(5) solution retarding agents, such as paraffin; (6) absorption accelerators, such as
30  quaternary ammonium compounds; (7) wetting agents, such as, for example, cetyl alcohol
and glycerol monosterate; (8) absorbents, such as kaolin and bentonite clay; (9) lubricants,
such as talc, calcium stearate, magnesium stearate, solid polyethylene glycols, sodium
lauryl sulfate, and mixtures thereof; and (10) coloring agents. In the case of capsules,

tablets and pills, the pharmaceutical compositions may also comprise buffering agents.
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The conpounds of the invention can also be adm nistered surgically as an
ocular inplant. For instance, a reservoir container having a diffusible
wal | of pwbyviang7sal cohol 5 or pol yvi nyl acetate and comlCaiuszelg/oso6ennpound
or conpounds of the invention can be inplanted in or on the sclera. As

anot her e a _.co und.or co nds f the nventi on n_b
|ncorpora§<°$gpqoﬂ)cp851&° "?%@wler Wl P2 DAy S &iulr:w%éofo Canergdiliod

pol ycapr %e%h%ﬁsul&%sﬁﬂg@u%ﬁ@idlﬁ%n@%b Qlcto@@bb’ﬁﬁlﬁ%h%aﬁé a@%e@,asm?éw&alebmgf i de),

or a lipid, such as sebacic acid, and be inpfanted on the sclera or in
the eye. Wiiglt riodyetisiedel glycbls aidberpké.shed with the ani mal receiving a

topi cal or Iﬁﬁ? biqutq%}IC nd usi ng. a srra1 |nch nﬁge behi nd t he
cornea. The FHORE LAYy éﬂmk Sef e Hpéﬁéﬁ)¢ﬁgop LYo BN ¥dbUPed to the
scl er 3. accesso?hﬁgt@&@ﬁ@uG@ﬁlp@ésséd‘ﬁblleﬂvrﬁ@ﬂ) cpaBd adif@bEcAES dXafipy, ed
topically to the eye, and a preferred enbodi nent of the invention is a

topi cal psekatives dydiossproppmseil cEBHOS 1tlblt!ﬁ3@t 1sFrodilugph Desarviebye.t o t he eye.
Topi cal p 9 i I g/eve
el ude SOEFRERLERanERIRRTLN GG, BYLHAROF b BRE, ik Blb S bty )G
oi nt ment scelldess), Quirfhce- ahtn& orlaadpefsﬁng\kgenﬁ MGlﬂza%la&mma{}’&f n&ﬂelby@raildmgsn VO
2004/ 058289, MD 01/ 30337 and WD 01/ 68053, the conplete di scl.osures of al

of whi ch yuiab lsercpicarair e peths PBV’dP@FiéP@ﬂ?%n woistspee Aithragingit Bavidns

sui t glgl e fiRkn@pplication to the eye conprise one or nore conpounds of the
invention in an agqueous or nonaqueous base. The topical formulations can
al so incl ude éﬂ&ﬂd@bﬂgﬂ@&nhamobddmmgeﬁnnmkﬁdnnﬁmhamman&ﬂcbﬂmcM&mumg‘agents

viscosity enhancers. .agents for adjusting an ntai ni n H, agents
Lo o L g RESGE SR nuo R R lut e Bheds sapi s p IR S Grhlehe By artthgeY PE" 2977

(preferablyreaed b#é?‘a&ﬁ'v@fﬂ &ﬁ)mgsséh%l%ﬁ@l@ﬁ @&hza?,%ﬁﬁ‘eﬁfc%oatﬂl I%H %{H%El c&@ﬁ@& 5
sol ubi l'i zi ng agen stabilizers and/or tonicity agents. Topi cal
f or nul at i voelEkmyirt labh@plmmaempllcale@tm@lntmg)am h&heymanplsp bp fasfranatid §0 &oAPri se

an a ptio [ _perne n nha pr o bsor tlo rmeati on of
he" donpathd e roaBhsS Rl AgpRERIIRL el BT S ERERBL RS RS by ckeni ng
agent or Mﬁﬁ@ﬁfdpylrﬁaﬂﬂ%ﬂﬁloﬁ&ﬁtvatﬁn%Qﬂ)@bhﬁ)n@io pragideand agirbecléRsi dence
time of a conmpound or conpounds of the invention in the eye. 30 See PCT
appl i cat irspEleyehonmdyoggnggces\ipespIB 38¢/ 0pAMCY¥Dhons 6 SbeBmare sisribized
absorpti r 0 e I rin
combi hat 1 Bh R Bl D RIPE HFh LBRUES SRR By PR TR AR g miR
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sal t t heriedfide polymeti¢c sphisthndessmdevdxes. mbhd &tiye ingyedienticamslso baspensi ons,

di spersi ons and droE%%.SU|table for treatnment of the eye can be prepared,
for exampl&OHEAISIEEGITiMg. di spersing, 5suspending, etc. a compound or
conpounds of tifiguieSYei fEFnd fr ara\r@&&hﬁhﬁrauw%hﬂ@%onipeﬁn@@m Bveher
sal i ne, aqueous dextrose, glycerol, ethanol and the like, to forma

sol utZson 1nduéq)ehagm@¢ﬁu@ﬁa1§uweptgblo mul foremiiqreemulsioas, phiutinas sutreasions,

formul ati on ma ont i.n m nor nDunt X|Ilar

L obat ancegTuodat 8RR, IR ki BReRT YRl it S fef B gent s and
the |ike,coh@in R¥amaLents @&hmah@a@b@hﬁthe aA fich A fOPAQANI, 3taer or other

10t ri et hanol am ne sodi um acetate, triet hanol ami ne ol eat e,

Aqueous s8gnisoypdutiiging depenaIdsmaul sifiptsapich ap @ﬁhyt @lé%hq%elmpr@;yltakeh@ye can
i ncl ude, 1%91%'o£ét @;g afetf egl;zgﬁalé)d hof YR 091{ é{g{@yleﬂéf ggrﬁcnbf)”s
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shoul d be | ess an 10 [tm nimze eye irrjtat sol utjons or
sesame oﬁs , g ycerol! tetrahydrg}uryl alcoﬁol polyethyiene giycols and fatty acE(i esters

of sorbitan, and mixtures thereof.
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15suspensi ons are used, the amount delivered to the eye should not exceed
50 pi to avoid excessive spillage fromthe eye. Col | oi dal suspensi ons
sui t abl e wonotrvmamspent of the eye are generally formed Pcomsadgnsqazticl es
(i.e., mcrospheres, nanospheres, m crocapsul es or nanocapsul es, where

m cr ospheres d. panos res are generally nonolithic particles of a
pol ymer matr i @qsr&w%%@ﬁn&%@e P REMRSYIESNS cgn@ka&&éme SSER S Steh B

ot her wi s&, G abned emMiflBigWnli RudPeRAiRS 3PN, 8% cABGnPANRGARS Wokstihe
formul ation is actually encapsul ated). The upper Iimt for the size of

t hese nmi qropanng aidagesesvailyoageBLA t o about 101A. Ophthal mic oi ntnents

suitable for tgeatnent .of .the include a.c ound, or co unds of the
“nventi on i n atagbrgsrn aedibaflheali RE R REMER SR riGEREM SRaf n,
25whi t5e P! fof bRdifle, Ah&QMHRENRbItORYIAcdhoR, PolydtietiiyéR&oftitol B §@big@oi ng, or
pol yet hyl ene- mineral oil gel. A preservative may optionally be included.
Opht hal micstegemcrogiystabing cebplose abmppwm neftalyeoxdde bprenitd egg-agghpsund or

corrpoundﬁba%catél&ggh@élﬁgﬁe%qh&g&pended in a hydrophilic base, such as

Car pobol ination of ethanol, water and propyl ene glycol (e.g.,
in a ratio of HH¥iADn2ON alsh p3®dédsl phagmagetidal pradabts asitdbyelfon xghteiday bkt ul ose,
hydr oxypr opyl cel | ul ose, hydroxypr.opyl nmet hyl cel | ul ose or, anmoni at ed

gl yeyr r hi¥Fnateh ph%ma%eél&.calmr%%@eme}a@? PlarBaegusicalLompepiEiphy dayest anday

opti gpal I; i . I itable for treatnent of the eye
are ??r rréﬁqua?/‘tgl ccl)ér{%gl?%?? 8Onm% Sﬁg ss\%g?{ﬂg%fsz gel -form ng pol yner, such as

t hose |isted dinweaastitdhifakeahitivgs égpentositions) fMOn2QAQS &3 Bj8IRCIT 4US2011/ 050612

vi scosity enhancers, except.that a.fornulatiaon referredq to in the art as a
byt ogel O TTPBIGE (SO HhE b o C e R SRSt SRITERSr T ea t o

as a "thigkenedns $aktéidsOfhpliles WHPRIMPL, 1ihesofRBlhaSked OtcS Weh egg.,etfj.csr. med
hydrogel s, a formul ati on may al so be prepared so to forma hydrogel in situ

fol | owi ngPatqmpNoc 6068:463.dJ ShBatewteA prisgatiorgubdicatian Np A008/040 15550 anGPCT

.b i d . .
: ehoriar dbglicitsn 370 Bhs By ol SRR L B T e kAR AR Brd BBRG hereibogy

fluids. Biyoermartl Pbeinpahye phathbuticaPitulabibs f@iaRaicular injedtiodenacr yl i c
acid polyners and copol ynmers, N-isopropylacryl am de derivatives and ABA

bl ock copempise enoer @eledoapeuRds Afdhamycifiapyicembingiipe & ithosaweordnal |y

f d " POl X e ' d 10
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case t he sugfensioas bogmulsiors) ogedawcdithin antipodaiedulfetse siepeatincageasi cl es
conpgsed of alternating. aqueous conpartnments and |ipid bi]ayers), Eye drops

can B8 f ShiskFHRB AR ¢ VATFOGUSYIFECIHE BB S ydwonics! $3i ng

Examples of suitable aqueous and nonaqueous carriers include water, saline (preferably
0.9%), dextrose in water (preferably 5%), buffers, dimethylsulfoxide, alcohols and polyols
(such as glycerol, propylene glycol, polyethylene glycol, and the like). These
compositions may also contain adjuvants such as wetting agents and emulsifying agents

25  and dispersing agents. In addition, prolonged absorption of the injectable pharmaceutical
form may be brought about by the inclusion of agents which delay absorption such as
polymers and gelatin. Injectable depot forms can be made by incorporating the drug into
microcapsules or microspheres made of biodegradable polymers such as polylactide-
polyglycolide. Examples of other biodegradable polymers include poly(orthoesters),

30  poly(glycolic) acid, poly(lactic) acid, polycaprolactone and poly(anhydrides). Depot
injectable formulations are also prepared by entrapping the drug in liposomes (composed
of the usual ingredients, such as dipalmitoyl phosphatidylcholine) or microemulsions
which are compatible with eye tissue. Depending on the ratio of drug to polymer or lipid,

the nature of the particular polymer or lipid components, the type of liposome employed,
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150one or nore dispersing agents, solubilizing agents or suspendi ng agents.
Drops can be delivered by neans of a sinple eye dropper-capped bottle or by
nmeans of wopbhe#ssmIbottl e adapted to deliver |iquid conPemus2adnopsisze by
means of a specially shaped cl osure. The conpounds of the invention
can also b lied topically by neans of drug-inpregnated solid carrier
that is mr@é&a’feﬁﬁf ﬁmraw_ %@pw%.orﬁlawﬂar%ﬁa%C?%@%&pﬂg}cgﬁtﬁ tg? Fcpiediso by

di ssol utigR,Qr ﬁ&h%&l@%&ﬁ%ﬂle@,fmfcﬂ%pﬁ%é’ﬂﬁf Mpd@él’?i%&a%’be‘)cronﬁ@m.nat' ons ther eof
Several matrix-type delivery systens can be used. Such systens include

hydr ophi | i ¢ sdfftte coopoands dféhs mychtinragnbbdd admisisateddurgicdlytasen deslar ed
conpound .of . the_invention, as well, as bi odegr,adahl.e o ol ubl e, devi ces t hat
need not ‘B@EEyal SRdeer resr el o TRn Pevies 2YERRHEudh oB PerieS Ll

i nserts cahohRiB0aRAse dn®toriiind@Hoatdhe oSS AMESof MdinveatloP andie
tolerated by the eye and that is conpatible with the conpound of the

i nvent i onimpkeated; ig of gn ke sethne.nAs peather cxgiple. & apapedey comppwils of ke are not
limted t. .oyl al ] - f polyacryl am de,
et nyl acr yer St b Hisp BoFa e ok B HERE BE n P BLL BRE el B ELY | s or
pol ysacchaiydp®lacsanehp@g(ghyvotit yacid)psBgRcti©raokl, polk (dnhedriddhesr atliidsuct

topical adm nistration (i.e., not to the eye) or 30 for. transdernal

adni ni st rEaPERAsICGICIG dRd BN DS iwplapted anifhesrled e imibe sae Pwmdrerssallpr ays,

oi nt ngnt s, : QA Bn; j , [ : s and

[ nhalrrgnt :(l.ccéﬁﬂéﬁ%%cti i“\gl%lql ngrlglg%)}eéﬁggﬁl'gyagtgéé% ifglé&ﬂh@%?legg %@Pgﬁ%%%@??i ons with
a phar maascision alddy balcioé plicadolrecac diheingatrix antteminértaintiirdmgh tleriacison apdopel | ant s
whi ch nmay be ({)eq[Hi rgd. The oi ntnents, pastes, creans and gels nay contain,
in addi t QTS ReSEERi ve i ngredi ent, excipients, such WO

2012/ 033789PCHHISIALLLARATIR A% AN AODMARRLAREA foRldily &) 118 cyWaxgs.
paraffins, starch, tragacanth, cellul ose derivatives, polyethylene glycols,
si | i conesy proienednimbedimeni bf b envaoiian istegbpicalmhaphansusdl dempexition stitablkes

t her eqf Powders and rays .can ntain, in additi.on to active.

 nor 9 erp Tk ATEinIRE S rfetieer RbbRaBeure ) BohapE: babRo iliianse
hydr oxi dehe 6@ i@tlbe SollitiGRl Q8paRthng, HSHYashsdBropOVEE; hPdroftlX bl 6iBtrBénts. hese
substances. Sprays can additionally contain custonary propellants such as

chl or of | UBeohgd ot dletranNoand07:82aeid RCT appiirstippuVéy2 5e8P.08Rs, such as
but ane a I v f

orovi di ng EaReT AN 200 RO TR R IR b LB RBRAAR AR D8R ooy
Such dosdgecif by ifecacc.be made by dissol ving, dispersing or otherw se

i ncorporating one 1Q or nmore conpounds of the jnvention in a proper medi um
such s an el é%qp&%?qr@u%?élpm &ulwanfeefpr alicatinotofhe Y RIAITE 8RS OCRATI so be

used Lo IQRIBHTE I fheitidHin 8 EOTROUA AGEAR Dokl CTIRkb ficaTORmARIGCT Such

flux can be contro ei ther ‘providing a rate-controll1 ng nenbrane or
di sper si ngntahe indugroabsdptinn anlpokymprermedtianenbanaged, thidgked mggrgentapvrisgsiag ed
solid carrier (e.qg., dressin can.al so be used for tqpical :

i ni ot LS. 18R AUBTIECH o Gl BIERS P tr-adopABSET 8PP o 1 or
adm ni st rakdseR, Pitsdriftdleatsubcthts] Bigkbd kats Br&abil Qb dilASHIorfddy stk bkl on.
For administration to the upper (nasal) or |ower respiratory tract by

i nhal2dt i cgents hdispsormoagedts, sflubibeing pgems,istabiliees aodiov éomieht dggnigellopiseked from
an insufflat " nebl{lti) zer or.a.mor &-sg}gri zed1 Bagk @r at her conB/eni ent nmeans
of del i vePIAY*A2LPEL O ABPUT IOpFQ G v PA PRAVREY FRYPESHE 1 EQ L08R t abl e
propel | arfergegidnanh&di @yremoetd dokstptionst atidf dfahé esapdunarod Feipantls

di chl orotetrafl uoroet hane, carbon dioxide, or other suitable gas. In the
case of @Pfphewentiondatodhbe exond/ardhigherpeagamt or WasosHE coleaneethafds cappble

B i st 4TSl he e Elim o FEL SR BRI ooy of (L AL ARR B DSe < e
f or m30f &BedPCTrgppliestion W O2084105828% WOWASB03 BT xndW D OE6805 3T engdarpounds  of
absorption/permeation enhancers include methysulfonylmethane, alone or in combination
with dimethylsulfoxide, carboxylic acids and surfactants. Exemplary thickening agents
and viscosity enhancers include dextrans, polyethylene glycols, polyvinylpyrrolidone,

polysaccharide gels, Gelrite®, cellulosic polymers (such as hydroxypropyl
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25t he invention and a suitable powder base, such as |actose or starch. The
powder conposition may be presented in unit dosage formin, for exanple,

capsul es wo 20eva3sisdges, or, e.g., gelatin or blister paeks/usecamosdsizh the
powder nmay be adninistered with the aid of an inhalator, insufflator or a

nmet er ed- dos For ntranasal adnlnlstratlon nds of. the

i nvent i or{n?fﬁw%\@ cartereat ~eRIHYINg POk (Syeh %%Q%Y@Ffdﬁé Lf}émFliS@é| d spray,
such as byrJIRaRR) ogowﬁymédhel afatﬁdaﬁlraﬁleqhwagalt%&&ﬁed dose inhal er.

Li quid sprays are conveniently del'ivered from pressurized packs. Typical of
atom zers are Ithladldosetg@rfem (e(Qsotutiopy, saspgnsibol, Id&pamomak@dmpsmgebldr ops
may be f ueous nonaqueous ,base o (ofe) r|S|ng one or
Tor e di <6 SRty R B RS, T SR R SR AR o
2012/ @33 H@RGANISA0 LLLANRHE oPEORS0 AR obﬁhedﬁsl’dn‘ﬁ@ﬁ afla bohiereansh @§ T i npl e
eye dropper-capped bottle or by neans of pl astic bottle adapted to

del i ver |axauply, woier.caline, @leions §extweréamolo¢th@nosl pad thellikg, wHapad selubeur e.
Phar e o TRGRURY e ALt eR: SRKGRLA A0 LA ARG L0Y lRSLERLGr &1 S
adnlnlstra 1"ons ounds |on I'n

conbi nat Irﬁlﬂomﬁlhutﬁmﬁf@d’n mroauaharymﬁsuhc&aédcmammgableauﬂilgzﬁng £ehBpt oni ¢
aqueous or _non-aqueous sol uti ons, di Sp er si ons, Ssusp ensi ons or enul si ons, Or
sterile pohAefamgisents ay thsdikcetas ﬁ§%mPlﬁtS@‘élumrﬁ°6ta§?c é?rb%n MApRlavaLs e

sol Utll()onscrl aﬂdlérﬂﬁz;]fs(b:ﬁﬂr engt%fte Pﬂiétﬂ% o‘ia‘hnpé‘c?lzea%éhé&h may contain antioxidants,

buffers, ut es er 'the formulation’ isotonic with the bl ood 100f
t he |ntended rieqicpuestlutaoms sud pespdnsignsouitaie dhedrvatmenagétitesye Ausmelude, in

Ao S PRI N R
conposi t i Qs REfetBs éoﬂi’tﬁﬁ‘ El'll@ﬂdé)nﬁ)lnﬂﬂ? a‘@@ﬂt@ bnd %ﬁﬂ%ﬁ nﬁ'susﬁ%ﬁélﬁﬁ’sj, are Q1§éép 'Eheas
glycerol, propylene glycol, polyethylene glycol, and t ke),

sui t abl e pirtidesiess sheulddedes thaneld)emlabd) oniminizs ey@urrhatacm dtfrsa/letwmsl ar and

i nj ect.abl e organic est such ol ea per f | ty can be
B AR T,
by the n&ka&gnamggbgéﬁbﬂﬁhéggylred particle size |n t he case of

di spersions, and by the use of surfactants. These conpositions may also

contain adj uvdrmllei élnﬁpa@sw@twh@e dydrregnent 08 hel oyF RiA geg el fesncdritpm
di sper si ’}Qlcgo}‘éiﬂ ckes c§| ¢ m&’%‘cﬁ?sga' btﬁmgﬁ)%t {]Qbilni?c&&c%;)élﬂ% &Hﬁnbéag {;‘é %h%?ee”t S

such as sug e '¢o Ions.
addi ti on mmfcfsbtmgﬁdldabaogmlbtds rare)genbfmﬁymmmﬂabbmlpl&abfrapeltymeﬁaiatrimm may be
brougwt about by the inclusion of agents which del ay ab orptlon such as

al umiZfum Wyeb dedpapdatignds feppid: AC SOFl?Fds%%t pryd¥sconfayicgy e pot proI ong the
ef f ect Ofml%r&%’éi’lles atnd'nﬁn&%?élﬂ@sbchg f&&uﬁtﬁﬂ’l%%ﬁu%%ﬁh‘téﬂ?{p? rdrug from

subcut aneous or 1 ntranmuscu I njection acco by t he
use of alhmqﬁndhsmzpeﬁﬁﬁﬂmnmﬁﬁmny$masanmSgnoaMnmpﬁmus naterlal havi ng poor
wat er sol ubili

.. The rate f ab tion of t drug .then depends upon its
Fate of i ssol SRTGHT BHcn o RaP R OrE B 6T g ST BTPE CAng
crystal | idagoRhd8 ofdhd a&aatdnvlﬁlaﬁ,apﬁﬁbay@@aa@mmslraﬁem oi® liquid lanolin,
parenteral | y-adm ni stered drug i s acconplished by
25  white petrolatum, a combination of two or all three of the foregoing, or polyethylene-
mineral oil gel. A preservative may optionally be included.
Ophthalmic gels suitable for treatment of the eye include a compound or
compounds of the invention suspended in a hydrophilic base, such as Carpobol-940 or a
combination of ethanol, water and propylene glycol (e.g., in a ratio of 40:40:20). A
30  gelling agent, such as hydroxylethylcellulose, hydroxypropylcellulose,
hydroxypropylmethylcellulose or ammoniated glycyrrhizinate, is used. A preservative
and/or a tonicity agent may optionally be included.

Hydrogels suitable for treatment of the eye are formed by incorporation of a

swellable, gel-forming polymer, such as those listed above as thickening agents or
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30di ssol ving or suspending the drug in an oil vehicle. I nj ectabl e
depot fornms are nmade by form ng m croencapsule matrices of the drug in

bi odegr acsibl2e12p3B38aer s such as pol yl acti de- pol ygl ycol i decTDspen®dsosg2 on t he
ratio of drug to polyner, and the nature of the particular polyner

enpl oyed, .the rate of dru reIe se can be_control | ed. Exa of other
bi odegr addtPEtHFIREHS KA that e Lee’z*@ai/ 64

pol y(or t hogis418) 5ds AAREhR sx&awm ﬁﬁ‘*ﬁﬂﬂaﬁ@ﬁQ%Hb&‘loeéétaa%l%k&féﬂﬂkﬁléﬁérp&s are
al so prepared by entrapping the drug in |iposones or m croenul sions which
are conpaubfsinsioni frhcddayt tbissgugreforimed hmqiregtlabi formulaben alay ababelpecstal i | i zed
for exanpl by filtrati.on through a bhacter.i ret filter, 5The
for mul at 1Bi G bR L BB g ey Budh e alei il wifdS: ner s,
for examb@peraftPdb@schitchiyicdkén @adregmhdbtﬁuﬁxe&adleum@nhmp&sibnez’ed
condition requiring onlg the addition of the sterile liquid carrier

¢

exanpl e vl;mdéqgeismrsuph\pw pplacqdnfrseitagtariyh brdyofuids lﬁ@éomEétWV@ﬁ@dbet

o anul s aRar L PRpSATcRRRENTIC AR S B SRR ely SN SHHE B o
formul a |der1&at}i)\?'e@dﬁdl aBX bvckicésilpneRef ahyac okidtandptavylendbxrie

pharmaceutical | y-acceptable salt of either qne of then% may. be %Fven al one
to treat (Gomcaadadlyseicesdin 15 RIoxANMSTSy idAg 2vaikeble undenip F%@Wﬁ@éﬁi nae or

dySfQBCtHﬂﬂnﬁﬂvﬁhﬁkl &9 el eton. Alternatively, the diketopiperazine,
prodrug or salt nay e given in conbination with each other and/or in
conbi nat i on wiRrbfeoné dopemione amtl{]msomalemtwﬁnh saserthd fodmubpsios id dnalulsed f or
treating tq% gjsease or._condition, For g ge t he di ket opi I1pera2|ne
prodrug oY itHiRHPEsNes (BfcrpcopignicHcles 8?’%‘8056 plgryatingAQUERUS FOBIRBRCRIS: h

(i ncludi ngqsipibiaRRYuUs!Iy with), or after the other treatnment or drug. In
the case of anothér drug, the drug and the di ket opi perazi ne, prodrug or
salt, may be dehrei dioist @névd fommléetpamtﬁl@npﬂqammee uommbowdqmelsm P@nprisng as
part gf t he sane phar naceut ﬁg ‘ﬁ i nvention als rovi des
kits. >Th eonﬁuof élloé%ﬁk???rélgg é‘g%%tsali“ “r%oa}g&Ptr%Sr 8“5&6 PRREPLY ‘iOR%C ornul a
|, a prodicligerth 8 @anObf @siRpds RO PcE-ahpcd doRRUIral reeap@bf a plastd bdige of
them The kits may further conprise one or nore additional containers each
hol di ng cvepted théslveplidiad cantars deapvisgiyyemeais of @épi:maltmanei Hegsc.of the

i nvention. Suitab I th a
ot t1'e wi ih a Hrasep IR e fbiRilaR sfotenwnlift b B bEFlHE it

j ars, neliuprap@nsd spiad ketisr thet ig mseﬂaﬁmtwﬂlefege I Dn@ ﬁ&;‘asecls gpagrelly eﬁf@:ltéd)phane
or another materjial), . s rlnges and tubes. The kit will also contain

i nst rdct .hyresspawoa@ﬁ]bmegqsroaq fabe pAlYIRE OgnRYE- G CPBPEAIARS hEiealr IRy B sal t

and, opt '@ﬁﬁh ltyllae &&%e&%ﬁlet@ﬁlﬁ Ri 6o RidAersudh Hﬁ?erﬁﬂn%ﬁge ﬁ?{lc%? hie §o% Bodthe

met hods nventio e I nstructions my, nce e printed on
t he pac kdgmsrag ik ghatel errveakwingigh therdesiygd amxypdued pf thetiectnonn aas lvedbleds

30attached to th e. cont ai n S |nted n a separate
sheet of Tl st salbiseiagam G i bty SR HES PR BT 5 hol di ng
the cont afees £oaﬁb1%yulaemsérercah ne Tc%%@sed%flaﬁ% deé?ﬁdaﬁb'[bes&%ﬁéﬂ tﬁar&aﬁ)oenay
wrapped in, for instance, plastic shrink The kit may al so contain

ot heR25rmttelerai¢dsbywhic shic andthihiowampatitlpavithrthe atndpqmdcﬂf theaipvérdioddbitistel e f r om

a administered. Such substances include, but are not limited to, poly(vinyl alcohol),

polymers and copolymers of polyacrylamide, ethylacrylate and vinylpyrrolidone, as well
as cross-linked polypeptides or polysaccharides, such as chitin.
Dosage forms for the other types of topical administration (i.e., not to the eye) or
30  for transdermal administration of compounds of the invention include powders, sprays,
ointments, pastes, creams, lotions, gels, solutions, patches, drops and inhalants. The active
ingredient may be mixed under sterile conditions with a pharmaceutically-acceptable
carrier, and with any buffers, or propellants which may be required. The ointments,

pastes, creams and gels may contain, in addition to the active ingredient, excipients, such

30



WD 2012/ 033789PCT/ US2011/ 050612 commerci al and user standpoint. For

i nstance, the kit may contain instructions to help a patient nanage hi s/ her
di abet es WO 2hp3818ensi on. As used herein, "a" or "an" mepamgISena/os061nore. As
used herein, "conprises" and "conprising” include within their scope all

Snarrower terng, such "congisting essentially of' apd "consisting of' as
2l t er nat i SENEH 30 HEFHDIOfly R SpYass AR AT e 5sP BB GARASE her e n by

"conpr i $%¥iv%véé%%tﬁﬁ&ﬂ@§lycdl§! sTIRGAEIbEROMERS, Giicic 6AASLRIINAGIRTKEN bRl | Y
of', this phrase limt's the scope of a claimto the specified steps and

mat er i al snmhdes thowef.t Pawdaipandospraymtoen canthip, @f ddddtontth themsive ingradliensy el

characteristics of,the jnvention.dis Icised her ej n..,The, basi c. a,[nd n(f)vel
T0char actBRPLTTRCh s BrioSs 1o0gy i, 20 AEEMuR s iy SBleTgR sligfigy o
hyper ger ri@hRinkiilé ow 8 b hakiugy IThhae SYBs0Rke. 3pPaysQhn andigosdtyh@htaad cel |, or

both, in an aninmal. Addi ti onal objects, advantages and novel features

of the prastennry pipesildngnsugh s cljewdiverciygwcathong and vedade griubptetttedn t he art
by consi ti f owi - bk I LES
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det er m nexdvheagf dfgedvidinglednitR datelivegng esvagicneds & thelvehtiorc@dl the Bsdyst ance
(TER) of human renal gl onerul ar m. crovascul ar, endotheljal cells (ACBRI 128,
Cel | SystBifB desngs dpans GR beanade byidisolying dispersEie of SICApisE incarmoEtingmng| ogy

20Resgar Cd?n{lcﬂé E&&g&ﬁv)dF oftekh&fion WY prdpe Pk iiubRkudiBR At Fo‘?né@?csmﬂﬁ?sur ed
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using th ectri -substrate i npedance sensing ( ) system (ECl SZQ,
obt ai ned rhatomal ApybisopdoBicniphnyais cgr) alsd bbuBdvie lidcreast theplhex @l thetoopaind] at es

8WLOE). Each wel | the pl ates was coated wth 5 iug/c fibronectin in
LSS by ARG 15 BaR ol T St HEOBT gt PReiet feteng
i ncubat i NGntH8inp hanftal O8r BPeMBitHiheoinPodn i ﬂd?ﬁﬂ@%&ﬁx}% L. Gge. The 25

fibronectin solution was renoved, and 400 gl of EGW 2 culture nmedium
(Lonza) viewrepadied solod emobr (wed |a drifdsengdcan elso henssddontepsrbainipistrhgor=Cl SZO

syst and werg el ectr.icall tabiliz The. 2 di.um was._aspirated and
ool dded i tn GEngeut Bt tielR o R ot i AT R SRR R e
vel |, Therphaffgiond Sor REANAGHSEaton. HIE adInARisY & @BWApE (haabkali@def or 24
hours in a 37 Cincubator with 5% CO2. The 30 EGW 2 medi um was aspi r at ed

and repl dewdraigry fragidty ighalgtiors, thesdienmanngs efithe mventiasdire gepeniondy delivesed pl at es

ncubat ort an iyl B ARt AN PP YRR G eI IBLRE 0% °7C
pr epar ed d&iidenigaredrosol sprey.i Pressugized pdoks egyicoipriad & suithes prepdllanosgebunds

were then added. to W) 2012/ 033789PCT/ US2011/ 050612 appropriate wells at
the 2811 dwa}ﬂgromffvﬁroreﬁh%ntrw toreffuorompthppgs dichémaptgiplpaspethene. sHBornFa (1

ng/ m) (Siiga8e or gﬂeﬁsm{i{a%fei ?&E@ﬂ?ﬁ%,c@@o%&&ﬂﬁ Je?cfsop,Qheh&Hﬁgc unit may b& Nt he

gl oner ul ar endot hel'1 al cel 100i uM DA-DKP al one showed an | ncrease of
ECI S as aenpaiired bygprovitimgat vadvetteldeBva taan¢tered aatwont 5. 0 hours, reachi ng
significance and. per si st.i urs, .after treatnent.

Wiil e not si g?élfq]fﬁgfﬁgf)?%%:aﬁmyné aionpy 1nﬂgatfioonr or?igsur%ﬁatlon, the composition may

take the form of a dry powder, for example, a powder mix of one or more compounds of
25  the invention and a suitable powder base, such as lactose or starch. The powder
composition may be presented in unit dosage form in, for example, capsules or cartridges,
or, e.g., gelatin or blister packs from which the powder may be administered with the aid
of an inhalator, insufflator or a metered-dose inhaler.
For intranasal administration, compounds of the invention may be administered by
30  means of nose drops or a liquid spray, such as by means of a plastic bottle atomizer or
metered-dose inhaler. Liquid sprays are conveniently delivered from pressurized packs.
Typical of atomizers are the Mistometer (Wintrop) and Medihaler (Riker).
Nose drops may be formulated with an aqueous or nonaqueous base also

comprising one or more dispersing agents, solubilizing agents or suspending agents.
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an ability to prevent sonme of the TNFa-induced drop in ECIS. Exanple 2:

Ef fect of DA-DKP on ECI S Assays were perfornmed to determ ne the

ef fect ofwDARODKB3™M transendot helial electrical resistamrce/USITERNS®I2 human
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as described in Exanple 1, but using 96-wel'l nultiple electrode plates
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permneabilized using a 0.1% Triton X-100 in m nut es.

wer e therglymcnepropy\]@n@ glyesl, Bﬂyvﬂlylhnqgl@c¢lAa@BS,e hétﬂ)d ambsmtabkwrmaumemo d| I ut| on
a hal | nvi t r.oge added to the ¢ to stain

Por " M8oaMhatabhiate b, M4 kRS Dy R A et b b P ded® A |

wel |'s vverf&ollgéiemldi@smdmtrMnﬂamwSfoweidanph@w the DRSS cb HeRrikls, flBpavas added

to each well and the cells were observed and phot ographed using an inverted
mi cr oscopecithéi.iyy the mamiRnenerof(thx B30rehBYUYIesizeti the caygpf dispersions, and by

2012/ 0337 50612 The retinal endothelial cells treated
wth DA-6&%a§ﬁg§§%g%%&gd di ffuse nenbrane f-actin staining at 15 m nute and

at 3 hours. WrThesd dmapa@litivne mastal@sontaibedjsvaney sich @aewettingalgknts,i mes, with the
nunber of cells exhibiting stress fibers and the thjckness of the fibers
i ncr @8si b s2eRfsnd SESPEBIng agshiss It oy eﬁpﬁeéeﬁﬂéal@éa oklediqtenis i per

formati Orhgéﬁtgdslugﬁ Iglé 51%3135 &ﬁl’ﬂﬁ% lo?lfdetaﬁ'ﬁ tflé Hl@éﬁl tﬁ@g?ﬁﬁbls?cYOnINﬁiia(ﬂﬁtl&Pt h tines.

Cells treated wt one S omed actin cortic ngs, at 15 m nutes and
3 hours. pmloﬁ)g@l aineemadn bbthenhjacellc pherncortieaform mgsbabroightrbouttysthand 3
ant fug&tlon in

hours. %s n e-1 phos hatg} |.ays .a ver ort
the. T or meff BYOARE SR GHAADEY BPoRAEkRas HoH B o and ge
constitutive qhgaﬁk lcales 1Hré>¥'c1lerft$‘§qtol fiag bitbdiat eanid) @ iPHSRAbRAS kR, Bed
barrier function of the vascular endot hel |un1through its
25  absorption of the drug from subcutaneous or intramuscular injection. This may be
accomplished by the use of a liquid suspension of crystalline or amorphous material
having poor water solubility. The rate of absorption of the drug then depends upon its rate
of dissolution which, in turn, may depend upon crystal size and crystalline form.
Alternatively, delayed absorption of a parenterally-administered drug is accomplished by
30  dissolving or suspending the drug in an oil vehicle.
Injectable depot forms are made by forming microencapsule matrices of the drug
in biodegradable polymers such as polylactide-polyglycolide. Depending on the ratio of
drug to polymer, and the nature of the particular polymer employed, the rate of drug

release can be controlled. Examples of other biodegradable polymers include
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effects on the actin cytoskeletion. In particular, S 1P is involved in the
formation of cortical actin fibers and organi zati on of the adherens
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reverse endot helial dysfunction and restore barrier function. 15In this
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with 1.5 m phgsphate buffered saline and were then |ysed wth 100 1A G.I SA
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transferred,.to new tubes and pl ac ack on_ice. i gyot.s of. each. extract
were r endPUHing BFC PHEOROSA uB g iarie g Bt G SRS OHR U She SUARC
protein cRARERE ALl@BFiNS b6 Lik10dihR 1A a Bitde WB aRKbFREbBa VI 4ISed at the
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GLI SA5as dwytlenaldisgrs phaesmmdialgss, rags, mhbulizegparksts<agpimiadd of ik pkaské, tpaper,
cellophane or another material), syringes and tubes. The kit will also contain instructions
for administration of the diketopiperazine, prodrug or salt and, optionally, the one or more
other drugs suitable for use in the methods of the invention. The instructions may, for
instance, be printed on the packaging holding the container(s), may be printed on a label

30  attached to the kit or the container(s), or may be printed on a separate sheet of paper that is
included in or with the kit. The packaging holding the container(s) may be, for instance, a
box, or the container(s) may wrapped in, for instance, plastic shrink wrap. The kit may

also contain other materials which are known in the art and which may be desirable from a
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The results for the passage 12 retinal endothelial cells are presented in

Table 1 bel ow. As expected, the active Rho A levels induced by thronbin

wer e ver ywbi2gte/03i8b of the test conmpounds inhibited thePChruseditosienziuced

activation of Rho A 20The results for the passage 8 retinal endotheli al

cells are presented in Table. 2 Pel ow. As expected, the actijve til)?tﬁo A level s
h

i nduced BPMMRFEALIK WSt Harinointh Fghinstapge. gic MiHaay eQytaip SrsyGHRRS 1 BAIPK t ed t he

thronbi n-J.aduGReha86 hisat 1RBeERf o cfensio®BLE 1 Treat nent Mean OD Percent
I nhibition vs. Untfreated Control "Percent Inhibition vs. Thronbin Untreated

0.455 --- --- AQ@icd MeDin, DKPor0'aB8Medus. GR or-mord.. 0i uM Dexanet hasone 0.428 5. 83

As used herein, "comprises" and "comprising” include within their scope all

5  narrower terms, such as "consisting essentially of" and "consisting of"" as alternative
embodiments of the present invention characterized herein by "comprises” or
"comprising”. In regard to use of "consisting essentially of", this phrase limits the scope
of a claim to the specified steps and materials and those that do not materially affect the
basic and novel characteristics of the invention disclosed herein. The basic and novel

10 characteristics of the invention can be inhibition of vascular hyperpermeability,
modulation of a cytoskeleton of an endothelial cell, or both, in an animal.

Additional objects, advantages and novel features of the present invention will
become apparent to those skilled in the art by consideration of the following non-limiting
examples.

15 EXAMPLES
Example 1: Effect of DA-DKP on ECIS

Assays were performed to determine the effect of DA-DKP on transendothelial
electrical resistance (TER) of human renal glomerular microvascular endothelial cells
(ACBRI 128, Cell Systems Corporation (exclusive distributor for Applied Cell Biology

20  Research Institute), Kirkland, WA). Electrical resistance was measured using the electric
cell-substrate impedance sensing (ECIS) system (ECISZ0, obtained from Applied
Biophysics) with 8-well multiple electrode plates (SW10E). Each well of the plates was
coated with 5 pug/cm” fibronectin in HBSS by adding the fibronectin in a volume of 100 ul
per well and incubating the plates for 30 minutes in a 37 C incubator with 5% CO,. The

25  fibronectin solution was removed, and 400 ul of EGM-2 culture medium (Lonza) was
added to each well. The plates were connected to the ECISZ system and were
electrically stabilized. The EGM-2 medium was aspirated and replaced with 200 ul of
EGM-2 culture medium containing 100,000 cells per well. The plates were reconnected to
the ECISZ0 system and incubated for 24 hours in a 37 C incubator with 5% CO,. The

30  EGM-2 medium was aspirated and replaced with 400 ul of fresh EGM-2 culture medium
per well. The plates were reconnected to the ECISZ0 system and incubated for 6 hours in
a 37 C incubator with 5% CO,. Solutions of the test compounds in HBSS were prepared

and placed in the incubator to equilibrate. The test compounds were then added to
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--- 10.0iuM PI 3 kinase inhibitor LY 294002 0.370 18.70 --- 1.0iuM Src-1

Inhibitor* 0.349 23.21 --- 0.1 Um Thronmbin 1.013 --- --- QA Unl Thronbin
+ 100i uMWO2DKA3078952 --- 46.82 0.1 Unm Thronbin + 1. OipaiBexassishasone
0.826 --- 33.48 0.1 UmM Thronbin + 10.0i uM PI 3 ki nase i nhi bitor LY294002

appropriate wells at the following final concentrations: DA-DKP (100 uM) (Sigma) and
TNFa (1 ng/ml) (Sigma). ECIS (resistance) was monitored for 90 hours.
In the glomerular endothelial cells, 100 uM DA-DKP alone showed an increase of
ECIS as compared to untreated cells starting about 5.0 hours, reaching significance at 12
5  hours, and persisting for 35 hours, after treatment. While not significant, DA-DKP showed
an ability to prevent some of the TNFa-induced drop in ECIS.
Example 2: Effect of DA-DKP on ECIS
Assays were performed to determine the effect of DA-DKP on transendothelial
electrical resistance (TER) of human retinal endothelial cells (ACBRI 181, Cell Systems
10 Corporation (exclusive distributor for Applied Cell Biology Research Institute), Kirkland,
WA). Electrical resistance was measured using the electric cell-substrate impedance
sensing (ECIS) system (ECISZ8, obtained from Applied Biophysics) as described in
Example 1, but using 96-well multiple electrode plates (§SW10E). Also, several does of
DA-DKP were used (0.5 uM, 5.0 uM, 50 uM and 100 uM). DA-DKP gave a dose-
15  dependent increase in ECIS (TER), with 100 uM giving the greatest increase.
Example 3: Effect of DA-DKP on Actin Stress Fiber Formation
Passage 12 human retinal endothelial cells (ACBRI 181, Cell Systems Corporation
(exclusive distributor for Applied Cell Biology Research Institute), Kirkland, WA) were
seeded into 16-chamber glass slides coated with 5 pg/cm® fibronectin at 5000 cells per
20  well in a total volume of 200 ul of EGM-2 medium (Lonza). The slides were cultured in a
37 C incubator with 5% CO, for 48 hours with daily medium changes. Then, the test
compounds (DA-DKP, S1P and TNFa), diluted in Hanks Balanced Salt Solution (HBSS;
Lonza), were added to give the following final concentrations: DA-DKP (100 uM)
(Sigma), TNFa (1 ng/ml) (Sigma), and S1P (1 uM) (Sigma). The slides were incubated
25  with the test compounds for 15 minutes or 3 hours in a 37 C incubator with 5% CO,.
After this incubation, the medium was aspirated, and the cells were fixed using 3.6%
formaldehyde in phosphate buffered saline (PBS) for ten minutes at room temperature.
All wells were then washed two times with 100 ul PBS. The cells were permeabilized
using a 0.1% Triton X-100 in PBS for 5 minutes. All wells were then washed two times
30  with 100 pl PBS, and 50 ul of a 1:40 dilution of rhodamine-phalloidin (Invitrogen) in PBS
was added to the cells to stain for F-actin and left on the cells for 20 minutes at room
temperature. All wells were then washed two times with 100 ul PBS. Then 100 ul PBS
was added to each well and the cells were observed and photographed using an inverted

microscope using a rhodamine (ex530/em590) filter.
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0.685 --- 58.73 0.1 Umn Thronmbin + 1.0iuM Src-1 Inhibitor 0.534 --- 85.85
* (btained from Signma. WD 2012/ 033789PCT/ US2011/ 050612 TABLE 2 Tr eat nent
Mean OD PeEoOcerto3Brshi biti on vs. Untreated Control PercentPCirrisediioswm vs.
Thrombin Untreated 0.102 ---

The retinal endothelial cells treated with DA-DKP alone showed diffuse membrane
f-actin staining at 15 minute and at 3 hours. With TNFa alone, stress fibers were seen at
all times, with the number of cells exhibiting stress fibers and the thickness of the fibers
increasing from 15 minutes to 3 hours. DA-DKP decreased the stress fiber formation

5  and/or the thickness of the fibers caused by TNFa at both times. Cells treated with S1P
alone showed actin cortical rings, at 15 minutes and 3 hours. DA-DKP seemed to enhance
the cortical rings at 15 minutes and 3 hours.

S1P (sphingosine-1 phosphate) plays a very important function in the formation
and maintenance of vascular endothelium. S1P is a constitutive signaling input that

10 facilitates the organization and barrier function of the vascular endothelium through its
effects on the actin cytoskeletion. In particular, S1P is involved in the formation of
cortical actin fibers and organization of the adherens junctions. Depletion of S1P leads to
vascular leak and edema, and S1P can reverse endothelial dysfunction and restore barrier
function.

15 In this experiment, DA-DKP exhibited an ability to strengthen the protective
effects of S1P in retinal endothelial cells. DA-DKP also reversed the formation of stress
fibers induced by TNFa. Diffuse perinuclear staining is seen in cells treated with DA-
DKP alone.

Example 4: Effect of DA-DKP on RhoA

20 Remodeling of the endothelial cell cytoskeleton is central to many functions of the
endothelium. The Rho family of small GTP-binding proteins have been identified as key
regulators of F-actin cytoskeletal dynamics. The Rho family consists of three isoforms,
RhoA, RhoB and RhoC. The activation of RhoA activity leads to prominent stress fiber
formation in endothelial cells. Stimulation of endothelial cells with thrombin increases

25  Rho GTP and myosin phosphorylation, consistent with increased cell contractility.
Inhibition of RhoA blocks this response and the loss of barrier function, demonstrating a
critical role for Rho in vascular permeability.

This experiment was performed using a commercially-available Rho activation
assay (GLISA) purchased from Cytoskeleton, Denver, Colorado, following the

30  manufacturer's protocol. Briefly, passage 8 or 12 human retinal endothelial cells (ACBRI
181, Applied Cell Biology Research Institute, Kirkland, WA) were cultured on
fibronectin-coated (1 pg/cm?) 6-well tissue culture plates using EGM-2 culture medium
(Lonza) for 24 hours in a 37 C incubator with 5% CO, (30,000 cells /well in total volume

of 3 ml). Then, the medium was aspirated and replaced with Ultraculture medium
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--- 100i uM DA-DKP 0.110 -7.88 --- 10.0iuM PI 3 kinase inhibitor LY 294002
0.056 45.32 --- 0.1 UmnmM Thrombin 0.561 --- --- QA UmM Thronbin + 100l LLM
DA- DKP 0.\802012/03370. 04 0.1 U nl Thrombin + 10.0i uM Pl 3 lecmasseotitiobich t or
LY294002 0.433 --- 27.86

supplemented with 0.1% fetal bovine serum, L-glutamine, sodium pyruvate,
penicillin/streptomycin and ITSS (insulin, transferrin sodium selenium) (all from Lonza)
to serum starve the cells and reduce the background level of RhoA. The cells were
cultured for 24 hours in a 37 C incubator with 5% CQO,. Test compounds diluted in HBSS
5  were placed in the incubator to equilibrate before addition to the cells. Then, 150 ul of

each test compound was added to the appropriate culture wells, and the plates were
incubated in the incubator for an additional 15 minutes. Then, thrombin was added to
appropriate wells. After 1 minute, the cells were washed one time with 1.5 ml phosphate
buffered saline and were then lysed with 100 ul GLISA lysis buffer supplemented with

10  protease inhibitors. The extracts were scraped, transferred to microcentrifuge tubes and
transferred to ice to preserve the active form of RhoA. All extracts were then cleared of
debris by spinning at 10,000 rpms for 2 minutes at 4°C. The supernatants were transferred
to new tubes and placed back on ice. Aliquots of each extract were removed for the
GLISA assay and for protein determinations. All protein concentrations were within

15  10%, and the extracts were used at the achieved concentrations (equates to 15 ug total
protein per well). The GLISA assay was performed using the reagents supplied in the kit.

The results for the passage 12 retinal endothelial cells are presented in Table 1

below. As expected, the active Rho A levels induced by thrombin were very high. All of
the test compounds inhibited the thrombin-induced activation of Rho A.

20 The results for the passage 8 retinal endothelial cells are presented in Table 2
below. As expected, the active Rho A levels induced by thrombin were very high. All of

the test compounds inhibited the thrombin-induced activation of Rho A.
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0.1 U/ml Thrombin +
100 uM DA-DKP

0.377

40.04

0.1 U/ml Thrombin +
10.0 uM PI3 kinase
inhibitor LY294002

0.433

27.86

Example

S

Effect of MR-DKP on ECIS

Assays were performed to determine the effect of MR-DKP (a diketopiperazine

wherein R' in formula I is the side chain of methionine and R” is side chain of arginine) on

transendothelial electrical resistance (TER) of passage 6 human retinal endothelial cells

(Appplied Cell Systems Corporation (exclusive distributor for Applied Cell Biology

Research Institute), Kirkland, WA). Electrical resistance was measured using the electric

cell-substrate impedance sensing (ECIS) system (ECISZ0, obtained from Applied

10

Biophysics) with 8-well multiple electrode plates (SW10E). Each well of the plates was

stabilized by adding 250 ul of 10 mM cysteine (Sigma) in sterile water to each well and

incubating for 30 minutes at room temperature. The wells were then washed two times

with 150 ul of sterile water to remove the cysteine. All wells were then coated with 10

ug/cm’ collagen by diluting the stock solution (0.5 mg/ml Type IV collagenin 0.25%

15

acetic acid (Sigma) in sterile water and adding 150 pl of the resulting solution to each

well. The collagen solution was incubated on the plates at 37°C for 120 minutes and then

removed. The wells were washed two times with 400 ul sterile water to remove the

collagen. Next, 400 ul of EGM-2 culture medium (Lonza) was added to each well. The
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WD 2012/ 033789PCT/ US2011/ 050612 (ii) an -OH group replaced by an -0-PO3H2
or -0OR3 group, wherein each R3 may i ndependently be a substituted or
unsubst i twoed12ai38389, cycl oal kyl, heterocycl oal kyl, aryl pcalusgéiaiogiel2
aryl al kyl or heteroaryl; (tii) a -COOH group replaced by a - COOR3

group, wherein each R3 pay. 5j endent|y be a substituted or_u ituted
al kyl , cﬁaﬂaww coprstel By PO RAY SRy Wt Ripp gty Sbred k%engﬁm
het er oar yihediuthiwas adpitdlddhAHepldBed G Rh 306 IQNE@M-%Qﬁéh%dQI&H@?tﬁ%@ ein each

R4 may independently be H or a substituted or unsubstituted al kyl,
cycl oal kyl00,008tcelopsrotdlal Kglplatas yere reddapketed fo, tha EGIISL Kk yyistenr atbinewnlesdedy| ;

00, RSB, £ SPLAREB i 315 TR SR AT Bt
groups; (Vr'b'ﬂ)lc@ witBo@ L PMIEGRIP? aglede Medaim. Chize hiks Qlerdrecédicbit@imeup; and/ or

(viii) an Hwhich is attached to a carbon atomreplaced by a hal ogen.
152. The nE¢Ivdd sptcrgaail mcubeiié fati nhaquieingnd halingubaton widedo 6102t heolutions of

di ket opi i r . LS e or
condi ¢ ones) SRS B HBSSIIe plepaREII B hife RLSRARCR Bhtfhedl BET o2
wher ei n aelricompbuiral wasthed added tolap@bpipatp erctz atnde follawingfing oohca@lationss

commenced i medi at el y upaon diagnosis of the disease or condition. 204. The

met hod ofMBHAKM(OmHendi IR0 HA®). diSledEsissincelonias pwipredios SOAeew ar
compijpcati on qf ol ARRLISdoelHI A HBAS M au@b@\»@ﬂwl@ bGvgamcul ar

conplication is edema, accunulation of l'ow densi I poproteins in
subendot hat¢reade is &S as emopdred ot edrcatcl ecliscireing 8i shouatt bdwes,dicedmagi ng of

vessel walls.in the brain, cardi al edemm, ocardial fihro
i st o | HEEFEHERR Liasbtine AP i) SO ) Sy Grssamet B E1g)
devel OPMEINT drélupt he ih%&%%r@tecﬂfo@%ﬂeﬁlam&w the e;@ﬂetfi%{eﬁh!ri@d}ﬁh%f one or nore

pul ronary physiol ogi cal paraneters, increased susceptibility to infections,

vascul ar shgmpieegncasgain at gboat hekemns.ekgr, thelpAbdt grouped nopat RY;2%habetiec macul ar

edeny,. di abetic nephr t di abetic retinopath or ., redness

i scaPor dna PORBAI8 Beckrp EhrBE bRtk PRECLRY e th RSRBE RLtontodr i m
S wher ei moufe rasasiay lsihi fEan®y 4t@Bbutd3 Hosirs dedhe increase pérsistidicforktedaiafierd ai m

5 wherein the vascular conplication is diabetic cardi omyopat hy. 8.

The net hod th cxpeamens Ineddidom thand) yMsgrovmshosveds bried elegaiansingpsagiancec
neur opat ., 5_s hours.
Example 6: Effect of YE-DKP on ECIS
20 Example 5 was repeated, except that the diketopiperazine used was YE-DKP (a
diketopiperazine wherein R' in formula I is the side chain of glutamic acid and R” is the
side chain of tyrosine). In the retinal endothelial cells, 50 uM YE-DKP did not show a
significant increase in ECIS, but 100 uM YE-DKP showed an increase in ECIS as
compared to untreated cells starting at about 6 hours, becoming significant at about 12
25  hours. The increase was about 20% at its maximum. At around 28 hours, the resistance
returned to the levels of the control, but increased again beginning at about 29 hours,
reaching significance at about 33 hours, and the increase persisted for the remainder of the

experiment.
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WD 2012/ 033789PCT/ US2011/ 050612 9. The nmethod of G aim5 wherein the
vascul ar conplication is diabetic macul ar edema. 10. The net hod of
Claimb5 wvenreizn3stse vascul ar conplication is diabetic reCirmspatloyeisll. The
met hod of Claim 10 wherein the diabetic retinopathy is nonproliferative

di abetic i hy. 12. The nmethod of Claim5 wherein the vascul ar
conpl!caf$€#¥f§£gté%¥gﬂk nephr opat hy. 13. The nmethod of Caim2
wherein the dijseasey ﬁ{etlfdaf‘tf#iﬁﬂi%ing %a?elﬁla@%%@rp&’rkl{bﬁbﬁ%i 1N AN MimBAGH hSed

respiratory distress syndrone, agé-related macul ar degenerati on,

at her oscltkeresii @mmuhogoiddahisedegty the homuil dh effsctiveommmat 9f an astisvascul ar

di sease, .cerebr Ihnicr vascul ar gis ase .diagﬁ%ﬁsr Eal.s di sease fedena
caused byngfﬁﬁw‘@w SN C 4SS RIGIT T AP TYP & ARSHIRTE AT MY aPt Yascul ar

| eakage, IRABKIpOBLLE 0BNPEMMaBKRRANRRSIcPRAbIC!shM P BitKR DS thev) dHeFEn tHeSChem a,
macul ar edema, nephritis, nephropathies, nephrotic edema, 15 nephrotic
syndr one, dikdepibgrazing hasghg folloveng fpreudie t o edemn, pre-ecl anpsia, pul nonary
edema, pul nonary hypertension, renal fan ure, retinal edema, retinal
henorrhage, retinal vein occlusion, retfjnitis, retinopathy, silent cerebral
infarction, systemc inflannato§¥zrespo se syndrone, transpl ant

gl onerul opat hy, uveitis, vascul ndronme, vitreous henorrhage or
Von Hi ppl e Li ndau di sease. 2014. The Claim 13 wherein the disease
or condition is a macul ar edena. 15.| The method of C aim 13 wherein
the disease or condition is a neur y. The nethod of C aim13
wherein the disease or condition is a riti nopdhy. 17. The method of O aim
1 wherein the animal is in need of the HB5di ket opi perazi ne, prodrug or salt
because of one or nore early signs of, @ a predisposition to develop, a

di sease or condition nediated by vascul ar hyperperneability. 18. The
nmet hod of Claim 17 wherein the disease or condition is diabetes,
hypert ensi on or atheroscl erosis. 19. The method of Claim 1l wherein

t he vascul ar hyperperneability is vascul ar
wherein:
R' and R?, which may be the same or different, each is:

10 (a) a side chain of an amino acid, wherein the amino acid is glycine, alanine,
valine, norvaline, a-aminoisobutyric acid, 2,4-diaminobutyric acid, 2,3-
diaminobutyric acid, leucine, isoleucine, norleucine, serine, homoserine,
threonine, aspartic acid, asparagine, glutamic acid, glutamine, lysine,
hydroxylysine, histidine, arginine, homoarginine, citrulline, phenylalanine,

15 p-aminophenylalanine, tyrosine, tryptophan, thyroxine, cysteine,
homocysteine, methionine, penicillamine or ornithine;

(b) R! is -CH,-CH,-CH,- or -CH,-CH(OH)-CH;- and together with the
adjacent ring nitrogen forms proline or hydroxyproline and/or R? is -CH,-
CH,-CHj;- or -CH,-CH(OH)-CH,- and together with the adjacent ring
20 nitrogen forms proline or hydroxyproline; or
(©) a derivative of a side chain of an amino acid, wherein the amino acid is one
of those recited in (a), and the derivatized side chain has:
(i) an -NH, group replaced by an -NHR” or -N(R?), group, wherein each
R’ may independently be a substituted or unsubstituted alkyl, cycloalkyl,
25 heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;
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30 hyperperneability of a continuous endotheliumfound in, or around, a
brai n, diaphragm duodenal mnuscul ature, fat, heart, kidney, |arge bl ood
vessel, |wogpixessmsatery, nerve, retina, skeletal mnusclePCTRiSR010/05G6e5t 0 S.
20. The nethod of Cl aim 19 wherein the continuous endotheliumis found in,
or around, a brain, gear

| un ner or ti ) }
2012/ 033789PCT/ US2di /aGSé@l ou feplacﬁggy g %’é}t’sﬁ‘gdﬁ '&Cﬁ’%ﬁuﬁa WheiRigsarlh t he
vascul arhyber per maghihy fMchhaUARCH. @guﬂgmeerdr&ruﬁﬁﬁm&uwa@ alangs! rated

endot hel i um found in, or around dney, a pancreas, an adrenal
endocrine gland or latﬁrocrytcwthyhelryl alkylar}QZdryfﬁﬂa'l mehdtodant; O ai m 21 V\,her ein

the fenestrated en o t.hel i i s foun 5 23. net hod of
any one of Cainms 1+ Dod \&@55%{ OHp I°P G%Pyﬁogpgﬁf - ?hﬁéel%ﬁaéf'l;ﬁ?&ayasparti c
acid gr glutam c agh éféﬁd@ltlQQfelaVs%bétif@te@Br ﬁh{iﬁlBstﬁuétid Xm@bl@awpr ein the -
COOH group is replaced by a -COOR3 group or a - 2 group, wherein R3

and R4 are defined k@gerq)qyctgaaqyﬂnagyl al EMmeyl#B?Yh@Hh%WO@Yél m 23 wherein R is

h
of aranine or tyroare COOREuPleofletd BPLCARIR Dy B SRl Al RefiB ST

si de chain of asparihdépeaddntly b&l}ﬂomsutﬁtlﬁllftﬁl arivgdsutshiaitel dkylatyiaieyl, 26.
The nmethod of any gne of Clains 1-22 wherein R, R2 or both is the side
15chai n of net hi omlﬁ:ger@qycg}aaqyllna@él alkylaryl aZYlalth@r lilﬁﬁrﬁw »of Cl aim 26 wherein

R t he side chai &gt | QO g| ni ne.
28. 'Sil'r?e met hod of (Oglgone (é%%uapﬁce V\/nder EI& d??gitaoﬂgl g%%l ne,

prodrug or salt is GdrChi(NHe-€0OdH al | y. 2029. The rret hod of any one of
Clainms 1-28 wherein the imal is hunman. 30. od of nodul ating
a cytoskel eton of dNVeht %ﬂ‘?%reﬁléi’?ﬁ?yn 2 A HQH AT & t’%ﬁﬂ)u&dm ni stering

an effective amount,gf aaG}E%¥du‘b%ebIQQJdQHJ @@Hz Nﬂ‘z"o?h UCHEL@}FQEO'uﬁeadthQr edi ent
conprises a dlketop|pera2|ne a prodrug of di ket opi perazrne or

phar maceut i cal | y- adeeptabevhsel i adﬁclﬁdﬁmeparbbnameplﬁccdlby ahilogén. vvher ein
the 21§d| ket OpIZK.)er aZILhe m@tﬁod opélalrn lthereln the animal is 1n need of the

diketopiperazine, prodrug or salt because of the presence of a disease or condition
mediated by vascular hyperpermeability.

3. The method of Claim 2 wherein administration of the diketopiperazine,
prodrug or salt is commenced immediately upon diagnosis of the disease or condition.

20 4. The method of Claim 2 wherein the disease or condition is a vascular
complication of diabetes.

5. The method of Claim 4 wherein the vascular complication is edema,
accumulation of low density lipoproteins in subendothelial space, accelerated
atherosclerosis, accelerated aging of vessel walls in the brain, myocardial edema,

25  myocardial fibrosis, diastolic dysfunction, diabetic cardiomyopathy, retardation of lung
development in the fetuses of diabetic mothers, alterations of one or more pulmonary
physiological parameters, increased susceptibility to infections, vascular hyperplasy in the
mesentery, diabetic neuropathy, diabetic macular edema, diabetic nephropathy, diabetic

retinopathy, or redness, discoloration, dryness and ulcerations of the skin.

30 6. The method of Claim 5 wherein the vascular complication is edema.
7. The method of Claim 5 wherein the vascular complication is diabetic
cardiomyopathy.
8. The method of Claim 5 wherein the vascular complication is diabetic
neuropathy.
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R2, which may be the sane or different, each is:

10

15

20
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30
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9. The method of Claim 5 wherein the vascular complication is diabetic
macular edema.

10.  The method of Claim 5 wherein the vascular complication is diabetic
retinopathy.

11.  The method of Claim 10 wherein the diabetic retinopathy is

nonproliferative diabetic retinopathy.

12. The method of Claim 5 wherein the vascular complication is diabetic
nephropathy.
13.  The method of Claim 2 wherein the disease or condition is an acute lung

injury, acute respiratory distress syndrome, age-related macular degeneration,
atherosclerosis, choroidal edema, choroiditis, coronary microvascular disease, cerebral
microvascular disease, diabetes, Eals disease, edema caused by injury, edema associated
with hypertension, glomerular vascular leakage, hemorrhagic shock, hypertension, Irvine
Gass Syndrome, ischemia, macular edema, nephritis, nephropathies, nephrotic edema,
nephrotic syndrome, neuropathy, organ failure due to edema, pre-eclampsia, pulmonary
edema, pulmonary hypertension, renal failure, retinal edema, retinal hemorrhage, retinal
vein occlusion, retinitis, retinopathy, silent cerebral infarction, systemic inflammatory
response syndrome, transplant glomerulopathy, uveitis, vascular leakage syndrome,

vitreous hemorrhage or Von Hipple Lindau disease.

14. The method of Claim 13 wherein the disease or condition is a macular
edema.

15.  The method of Claim 13 wherein the disease or condition is a neuropathy.

16.  The method of Claim 13 wherein the disease or condition is a retinopathy.

17. The method of Claim 1 wherein the animal is in need of the

diketopiperazine, prodrug or salt because of one or more early signs of, or a predisposition
to develop, a disease or condition mediated by vascular hyperpermeability.

18. The method of Claim 17 wherein the disease or condition is diabetes,
hypertension or atherosclerosis.

19.  The method of Claim 1 wherein the vascular hyperpermeability is vascular
hyperpermeability of a continuous endothelium found in, or around, a brain, diaphragm,
duodenal musculature, fat, heart, kidney, large blood vessel, lung, mesentery, nerve,
retina, skeletal muscle, skin or testis.

20. The method of Claim 19 wherein the continuous endothelium is found in,

or around, a brain, heart, lung, nerve or retina.
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(a)a side chain of an ami no acid, wherein the amno acid is glycine,

al ani ne, valine, norvaline, a-am noisobutyric acid, 2,4-diam nobutyric
acid, 2,3woRdi2zznsBmobutyric acid, |eucine, isoleucine, necrTaseéNO5063Eri ne,
honoserine, threonine, aspartic acid, aspar agi ne, glutamc acid, glutam ne,

| ysi ne, hydroxylysi |n| e, ni ne, C|truII| ,
phenyl al ani ne,21p: arf ﬁbﬁ@?gﬂéﬁpﬁ@’ Fhd% s ?%F@ﬁﬁ&?ﬁbﬂﬂtw%%lcﬁé _
cystei ne, h&g&'ﬁ@ﬁﬂ&%ﬁ g%f a @é“rfe@tké?éd &ﬁiotlf%ﬁﬁhl%hﬂl@iﬂ BfarBlind rarldufhi&'yn@ ankPlB) R i's
- CH2- CH2 - and together with th eajacent ring

ni trogen aﬁlcadmabraolendmrma glayldroomyprtcﬂtmne and/ or R2 is -CH2- CHz- CHZ or
- CH2- CH( OH) - CH2- dj li
or hydr oxyr ol e e el ks et viRets MRCR R et AR b G B b Bl o "

wher eisn thignegm no acid is one 150f those reC|ted in (a), and the

derivati zed side chain has: i) an -NH2 gro gzr gl aced by an -NHR3
or -N(R3)2 grdidp, wHsresthodatHyRBLICRA| aimgdpBhwbereinR b efbds thewtdsd or

unsubsti tclﬁgu% f%%]géa)glc acq¥ %lr gl% alﬁyl!: ’acﬂ%& g‘ird%f; ¥£t v%e_l?lf @{éh a 888 !slilan"f‘wg&lgﬁ{ %l

aryl al kyl an -0-PO3H2
or -0R3 gﬁ(oopl gmﬂprsebplamlddy aZQRSORﬁgrdupdeae@dNQRf)y ghﬁpﬁwhﬂb@tlﬁanti&d‘ or
unsubsti tuted_al kyl, cycloalkyl het erocycl oal kyl , aryl, alkylaryl,

aryl al kylargfe H@Eié‘#é)‘bpw “(iii) a -COOH group repI aced by a - COOR3 group,

wher gipn each ”ayrﬂeflﬂ@cpﬁc{‘ﬁﬁéfa i 2@%1%{(8# RS E% fhid CHTIHE ?ﬁ%ﬁﬁ&d i &d al kyl,

cycl oal kyl, heterocycloa aryl, ary aryl a eteroaryl;
25(i v) aglﬁéﬂht zgmdmpdﬂ?ép)dmeenﬂetayalaof@@slﬁﬁ@)fzwgsmup V\/nerel n each R4 may

i ndependent |y e H ybst i

ot oy otueronl i@ e eBQet Gl 39 aerdtl R s e B el inarfsi 03

group remﬁg%mecléuﬁo%l@( NH2) - COOH or - S- S— CH2- CH2- CH( NH2) - COO—l
30(vi) a -CH2- group replaced by a -CH(NH2)- or a CH(O—|) group;

(vii ) a - CH3 gifoup ThephetbedobanysoneOHLEINHE 1622 ‘ah@@ﬂZR]OR gr botp;is thedider
(viii s. attached to a carbon atomrepl aced by a hal ogen.

31. Thlg m@ﬁ@%ﬁeﬁ]ﬁpﬁn&%ﬁr%ﬁ ein the nodul ati on of the cytoskel eton
i ncl udes i nhi @7t i omiRfm@kéd Bf SlaiB 26 Whcheh R & thekideRhain of methionine, and R?

is the side chain of arginine.

28.  The method of any one of Claims 1-27 wherein the diketopiperazine,
prodrug or salt is administered orally.

20 29.  The method of any one of Claims 1-28 wherein the animal is a human.

30. A method of modulating a cytoskeleton of an endothelial cell in an animal
comprising administering an effective amount of an active ingredient, wherein the active
ingredient comprises a diketopiperazine, a prodrug of a diketopiperazine or a
pharmaceutically-acceptable salt of either of them to the animal, wherein the

25  diketopiperazine has the formula:

O

R2
NH

HN
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WD 2012/ 033789PCT/ US2011/ 050612 32. The nethod of C aim 30 wherein

t he nodul ati on of the cytoskel eton includes causing, increasing or

pr ol ongi myotzhe/derseat i on of cortical actin rings. P83/USTHg/0pstihod of
Cl aim 30 wherein the nodul ati on of the cytoskel eton includes inhibition of
RhoA. 534.The nethod of any one of Clains 30-33 wherein R, R2 or both is
the side UHEFR of aspartic acid or glutanmic acid or a derivative of such a

si de chai n wheglejy I{Zh%hlch%‘begﬂhg'éﬂnbér&1%%&1@%%1%& a - COOR3 group or a
-CON(R4) 2 group, wherein R3 and R4 are defined as in O ai m 30. 35.

The nethod of (@ ai m Sdb Waard an FRhinp scidhehgicighe haine asid mghaind, elaaimed or

10gl utam c acid, and he side ch e or r.0Si 36.
The s of G ar mAEe ielylfR e Shot PRl el AL AT a ORIV BT 23 . ang
R2 i ssthe side chaidlaffnoBh@ft BEd, leucine, 30lcutiir, H&Iléiﬁﬂleoieri@E)/hdh'ﬁ%eﬁﬁe d ai s
30-33 wherein R R2 or both is the side chain of t hi oni ne or argl ni ne.

1538. The met hod of tmteanmﬁ%pwaéra@ﬁnamragmet gﬂ@tamlﬁémérglmn@me W16 oni ne, and
R2 is the side chai dpcfx.y sg{enhlggdl C: aégAm\lﬂet hogﬁig?élhﬁlen&truﬁﬁ)e?hegyltal%tlnﬂl%[
r’ug-of a di or’a

hol di ng a di ket opi p&raZzi opI pérazi n

phar maceutical | y- a(}j;erntn@bh@y&ﬂdtﬂm@ftyrehlhﬂefyp&fphhﬂﬁhyro&ﬁhd A0B{dnd, nst ructi ons
for admnistration of the diketopiperazine, the praodrug or the

phar maceutical | y- aé@@fﬁcém@eé&?t@oﬁl&lepﬁm@} AL ORBERIRE c or di ng to any one
of Cligi ms 1- 34y Whelil% Nchh %H% (‘éﬁt QL @ﬁr %ﬁ(@‘ﬂ)"@ﬁz-taﬂﬁ 1§ S bth e RZNH

M B adj a.c.el.lt.ring nitrogen forrns prohne or hydroxyproline and/or R* is -CH,-
CH,-CHj;- or -CH,-CH(OH)-CH,- and together with the adjacent ring
nitrogen forms proline or hydroxyproline; or

(©) a derivative of a side chain of an amino acid, wherein the amino acid is one

15 of those recited in (a), and the derivatized side chain has:

(i) an -NH, group replaced by an -NHR® or -N(R?), group, wherein each
R’ may independently be a substituted or unsubstituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;

(ii) an -OH group replaced by an -O-PO;H, or -OR’ group, wherein cach

20 R’ may independently be a substituted or unsubstituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;

(iii) a -COOH group replaced by a -COOR® group, wherein each R® may
independently be a substituted or unsubstituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;

25 (iv) a -COOH group replaced by a -CON(RY), group, wherein each R* may
independently be H or a substituted or unsubstituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;

(v) an -SH group replaced by -S-S-CH,-CH(NH,)-COOH or -S-S-CH,-
CH,-CH(NH,)-COOH ;

30 (vi) a-CH;- group replaced by a -CH(NH,)- or a -CH(OH)- group;

(vii) a -CHj3 group replaced by a -CH,-NH; or a -CH,-OH group; and/or
(viii) an H which is attached to a carbon atom replaced by a halogen.
31. The method of Claim 30 wherein the modulation of the cytoskeleton

includes inhibition of actin stress fiber formation.
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25R and R2, which may be the sanme or different, each is: WO

2012/ 033789PCT/ US2011/ 050612 (a) a side chain of an am no acid, wherein the
am no aciwoiei1gizgmspne, al ani ne, valine, norvaline, a-anPowitseduabyreiz aci d,
2, 4-di am nobutyric acid, 2,3- diamnobutyric acid, |eucine, isoleucine,

nor | eucine, e e porERe] oE han RSy hG PR B ol R i ne.
homoar gi nhARdesdalifité, llh&easnrg@@f&%hgi n%% foRnABNARBANYI ARdNid}g, tyrosine,
tryptophan, thyroxine, cystei honbcyst el ne, nethionine, penicillamne or

or ni t hi ne; (b)33R| |Ble-nmﬂﬁect]aﬂcﬁiﬂﬂSOMherdﬂﬂﬂw@HQdmaum-thamosk@@mmer with

t he adj ace nI% ]31 tré'%l% n,forms proline or hydroxyproline and/or R2 is
-CHz- 10 B OH) - CH2- and together with the adjacent ring
ni trogen for ms34Ior ol THEn &ho YO OHRPIC1 A Ris 30L33(Wherdind€l RY 8t bUE ithe didei de
chain of an amno acid, wherein the amino acid is one of those recited in
(a), and chhia of@sparte heiar gluthanie keidior Balstivatpic)of apch awide gbmpyhm@m heed by an

- NHR3
substi '? trJt e(g{()ﬁsgrg I rgﬁa%e\’éfpaer e'(&)ﬁﬁﬁgm gl oarﬁéﬂ(ﬁﬁégﬁou %%@f a}%d aryl,
al kyl ar ylare adsf‘j/ﬂedbkyﬂ Ctiimi3@t er oar yI (| [ ) an -CH group repl aced by an

-0-PO3H2 or -0R3 group, wherein each i ndependently be a substituted
or unsubstit ut¥d aIWImeté%P%(élaW 34 VH@ff‘é#i Bcwhééxdwham@f gparti a6 el y| |

%g'rg:oﬁy' 11‘&%\11%&&& QR R2is t%g%lde aﬁo’f%e%%g ihgpl aced by a -COOR3 group,

I ndependent be & substituted or unsubstituted al kyl,
cycl oal kyI héi6er oCMteI mahdxd/bf Ckarry 35 vatlckaih & yd the aidy lchikylf agrartieedodd, @ad y| ;
(iv) a p rep ed by a -CON(R4) 2 group, wherein each R4 may
i ndepend el—‘FhG}'n %taai%%e“ tuted or unsubstituted al kyl, cycloal kyl,

25het er OCyC| Oa_.j7kyl ,T&rrﬂétho@l)ﬂ’(éﬂ'{/lad'&lo’f @il 8kl Wﬁ’érellﬂﬁleR@@f Udth I8 t‘ilg)sld@n - SH
group replaced by -S S CH2- or -S-S-CH - COOH
(vi) a @Ihzmcgfrrmlknonmploaa@dnw a -CH(NH2)- or a CH(C]—I) group

CH3 d/ 2
S0V "an H i e Tan g entlte 373 ehnbn Bt SprA Aty P g en.
40. The Kiif tRfsidd iafh FArhipeei n R, R2 or both is the side chain of aspartic

aci d
39. A kit comprising:

(a) a container holding a diketopiperazine, a prodrug of a
diketopiperazine or a pharmaceutically-acceptable salt of either of them; and
20 (b) instructions for administration of the diketopiperazine, the prodrug
or the pharmaceutically-acceptable salt to perform a method according to any one of

Claims 1-34, wherein the diketopiperazine has the formula:

O
R2
NH
HN 1
R
O
|
wherein:
25 R' and R?, which may be the same or different, each is:
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or glutamc acid or a derivative of such a side chain wherein the -COOH
group is replaced by a -COOR3 group or a -CON(R4)2 group, wherein R3 and R4
are defi n®020p/13878¢1 ai m 39. WD 2012/ 033789PCT/ US2011/ 0B0®AB2011/05061241. The
kit of Caim40 wherein Rl is the side chain of aspartic acid or glutamc

acid, and R2 is the side chain of. al anine or rosine, . . 42 The met hod
of Claim 41 wH8lei rf fic fer %ﬂﬁn&r@o orid Wﬁ%{ﬁlﬂé@%ammoecgkﬁscg}ycgm YIS ¢ he
side chain of al ani\Bgno43rHigie Kd-imBfoibbalyfk 38 AW 8L BiRinBbutyRRaQl, B9t h is the
side chain of methionine or arginine. 44 Thekit of Caim43 wherein R is

the side chain of mhahinohityas aciddleRin¢,dsaltveing derlaicaicnseoine dragnavenes,

threonine, aspartic acid, asparagine, glutamic acid, glutamine, lysine,

5 hydroxylysine, histidine, arginine, homoarginine, citrulline, phenylalanine,
p-aminophenylalanine, tyrosine, tryptophan, thyroxine, cysteine,
homocysteine, methionine, penicillamine or ornithine;

(b)  R'is -CH,-CH,-CH;- or -CH,-CH(OH)-CH,- and together with the
adjacent ring nitrogen forms proline or hydroxyproline and/or R? is -CH,-

10 CH,-CH;- or -CH,-CH(OH)-CH;- and together with the adjacent ring
nitrogen forms proline or hydroxyproline; or

(©) a derivative of a side chain of an amino acid, wherein the amino acid is one
of those recited in (a), and the derivatized side chain has:
(i) an -NH, group replaced by an -NHR® or -N(R?), group, wherein each

15 R’ may independently be a substituted or unsubstituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;

(ii) an -OH group replaced by an -O-PO;H, or -OR’ group, wherein cach
R’ may independently be a substituted or unsubstituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;

20 (iii) a -COOH group replaced by a -COOR® group, wherein each R® may
independently be a substituted or unsubstituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;

(iv) a -COOH group replaced by a -CON(R*), group, wherein each R* may
independently be H or a substituted or unsubstituted alkyl, cycloalkyl,

25 heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;

(v) an -SH group replaced by -S-S-CH,-CH(NH,)-COOH or -S-S-CH,-
CH,-CH(NH;)-COOH ;

(vi) a -CH;- group replaced by a -CH(NH;)- or a -CH(OH)- group;

(vii) a -CHj group replaced by a -CH,-NH,; or a -CH,-OH group; and/or

30 (viil) an H which is attached to a carbon atom replaced by a halogen.

40.  The kit of Claim 39 wherein R', R? or both is the side chain of aspartic acid
or glutamic acid or a derivative of such a side chain wherein the -COOH group is replaced

by a -COOR? group or a -CON(R*), group, wherein R* and R* are defined as in Claim 39.
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41. The kit of Claim 40 wherein R' is the side chain of aspartic acid or
glutamic acid, and R” is the side chain of alanine or tyrosine.

42. The method of Claim 41 wherein R’ is the side chain of aspartic acid, and
R’ is the side chain of alanine.

43, The kit of Claim 39 wherein R', R? or both is the side chain of methionine
or arginine.

44. Thekit of Claim 43 wherein R' is the side chain of methionine, and R?is

the side chain of arginine.
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