ADRENOCORTI COTROPI C HORMONE ANALOGS AND RELATED METHODS GOVERNMVENT SUPPORT
(0001] The subject matter of this application has been supported by a
research grant fromthe National Institutes of Health (G ant Nunmber N H
DK50870) and a grant fromthe National Science Foundation (G ant Nunber NSF
| BN-0132210) . Accordingly, the governnment may have certain rights in this

i nvention. CROSS REFERENCE TO RELATED APPLI CATI ONS [0002] Thi s application

claims the benefit '%ﬁE oasSer. No.
60/ 622, 436 entitl edqi rrpo&?ﬁw'éb? E:;a%ﬂ_l the Tr eat nent of

Premat ure Labor, Cushing's Syn rorre an I sorders,” filed Cctober
27, 2004, the entire contents of which are incorporated herein by
r ef er ence. G‘&@ﬁNW@ﬁtSﬁ:ﬁb@r[OOOS] The pr esent invention rel ates to ACTH

anal og conpounds, as s reI harna 05|t| ns, and
met hods OPI[)QQ%Ht ment . a(i '%PPF‘E%{Q"@E %%H?P%@
adrenocort 'rféédr&?ﬁ)pﬁani?rro%’ﬂ% naﬁzma: InsHiffted Of mya»thherrmrmﬁséf Rited by the

pituitary gla is believed to be a nediator in the production of a

variety of DIKEQ870yaodergrantifromtbediaiignakBciense F@NHQ@@%(Q@N Nambast i mul at es
th d I fin
gl 5cgcg???i\‘(ﬁsé@@gﬁ&@{aczr@r&h&@ ihlé dvterﬁl‘?"or co ??‘é’%%ﬁ“n‘g@?tﬁ rodents),

and has |i thié inveationol over secretion of al dosterone, the other mgjor
steroid hornone fromthe adrenal cortex. ACTH binds to the MC 2R
adrenocorticotropi c hornone receptor expressed in the adrenal gl and.

[ 0005] ACTHCRDs8HEFERENCE TO RELASERAPALICATIONSt Ui tary in response to
[0002] This application claims the benefit of U.S. Provisional Patent
Application Ser. No. 60/622,436 entitled “Compositions and Methods for the
Treatment of Premature Labor, Cushing’s Syndrome and Related Disorders,”
filed October 27, 2004, the entire contents of which are incorporated herein by

reference.

TECHNICAL FIiELD
[0003] The present invention relates to ACTH analog compounds, as

well as related pharmaceutical compositions and methods of treatment.

BACKGROUND
[0004] Corticotropin, also known as adrenocorticoiropic hormone

(ACTH) is a primary hormone secreted by the pituitary gland, that is believed
to be a mediator in the production of a variety of vital growth and physiological
control steroids. ACTH stimulates the adrenal cortex. More specifically, it
stimulates secretion of glucoeorticoids such as cortisol in humans (or
corticosterone in rodents), and has little control over secretion of aldosterone,
the other major steroid hormone from the adrenal cortex. ACTH binds to the
MC-2R adrenocorticotropic hormone receptor expressed in the adrenal gland.
[0005] ACTH is secreted from the anterior pituitary in response {o
corticotropin-releasing hormone (CRH) from the hypothalamus. Within the
pituitary gland, ACTH is derived from a large precursor molecule pro-
opiomelanocortin (POMC) that is cleaved by the action of specific peptidase



corticotropin-rel easing hornone (CRH) fromthe hypot hal anus. Wthin the
pituitary gland, ACTH is derived froma | arge precursor nol ecul e

pr oopi onel anocortin (POMC) that is cleaved by the action of specific

pepti dase enzynes. The effects of ACTH on steroid synthesis can include an
i ncrease chol esterol esterase, the transport of cholesterol to and across
the m tochondrial nmenbrane, chol esterol binding to PA50SCC and, hence, an

IE ng rease : nenlzyages.na'hemﬁems)ﬁl’lmnamdﬁemlgyngSIS%P%dg& a‘ﬂﬁiaé@&%ﬁda

ndocri nol o n rate r oac C ntific u | sShers td.
09004) ) " oo Bbiieaibrel Ssieiaah. e FansABIt i chPIRStaTR LG AR TESS 1oy o) dogen: &
enzynes and nﬁ%ﬁ@h&ﬁ&ﬁﬁenﬂfo%ﬂ‘é g abs@mmnghamsbsw&ﬁd Mence, an

hyper vascul ari zati on ul ar ertrophy rplasia. This
particul arl mqmwnepregn@miqm pesiictipre (seecuesay, ﬁcandc‘;‘arvvbéelueamsu r abI y

ted d f t t d
vecr et e o SoB AU N The0RRad hobldfp, BASBSIDRR gl o <10
agd is secr (2&01)) rSmlmmmeaCﬁbmmannncledeehe induction ef/sﬂer@ﬂogdlamega_

a renocortlcotro or non, coCorti coi i nvol ved in
car bohydr at &1 Z¥5P ‘acoﬁﬁ?fc\"élf ﬁ@%‘fﬁ & ¢ %Q}'@"%‘g an to have

anti-infl annﬂsmasd@nmrbheéeumdwypéﬂrdﬁmeér&ﬁﬁmtrﬁlasﬁu rTHIS lssbéﬁéélarlg .
excess, glucocorticoids, have been shown to damage t he hi ppoca regi on

of the ||nbn@ta§§fasmém1@|ﬂlomﬁélvnﬁrauexccﬁ$aACT§i ean be eadeattabibgﬁenet ov¥ermct i ons

such as | ea [%q{ Sapol sky, R M, Ann. N. Y. Acad.
Sci. 746: ZQQm%%ran >f'I[:nvvén, B. S. , Ann. N. Y. Acad. Sci. 746:134
(1994) . Fur[a086hor e, gThesierpid glocatoninnidisomioducsd by ddrenal dasviandater mrent has

hour of ogi calStEHESEIRIN il abBaAfuhfs, st SRRt ResPhi S iy et oot &
R, et al.,inAhelews ¥f plkeath a&enoco‘fﬁ@atﬁapﬁdﬁﬁ#ﬁonﬁ@m nr Glusabficeidss are

steroid horm)nes rel at ed s cturaII hoI e These hornones are
synt hesi zed®einye{eed iy earke %‘%@?%)P“gﬁ PHQ ﬂﬁ'@eﬁt‘?@hﬂpu%\%'a?%éh@é’"(e g.

corticost ergghyb, aﬁtftsﬁfnainﬁ%tamﬁéﬂlesl Ai5d bR AyHrSQSb RIS qg’ﬂ&ﬁe ; hyas weak

androgens and estrogens. The “adrenal function, 1ike that roid
gl and, | s lmﬂJ@SS,tQi'éCQQQﬂIWdS bave heemgb@unaosimgemjwmmamwsmt uitary

e b e

rel easi ng mcmwbamg Bndimembnt SeqdignSapolsky, R.INMRIANMN. mJAead ACTH)

Cynthosi < an bt {13601 and Wsiviedo B 5L Rt Y. AR, S50h #6188 bcis on

al dost er ong19yay, rﬂﬁ'ﬂférﬁﬁﬁé eélhé&tbrﬂc%‘ftﬂnéﬁn%t&hﬁw éfhd%f)elﬁl’ﬁ@néﬂﬁ erfl! and.

[0008] There is a need for conpounds that bindt H receptors with
reduced acthasdigesyshswrrts be coiinad wmwrgbde\alomenﬁmd aging@savelbas ineat

ACTH-r el at

response. aduoednl 85asdriuibd b wpiRSunRabasKale 5Bs, 4T HediSter B
adr enal - r el etlalgArse N.¥t Apae.rBdilr4s: 8@1@94) [0009] CUShI ng's syndrorre is a
di d f d t

cor t1 cost eXBHAT g per RALBPURIAIE RB SIS Raimates BRtAE B RMOdependent
or it may Rkeoldatsor THesEe RormSREE are 8yhibbRad if b adieAELES e armf

corticosteroid by an adrenocorti cal adenoma or carci nona. A common cause of

Cushing' s $igldiaihe glycesariedds (o.grentieastairidn), therpinpiplesstipids(e.ary gl and.
This el evalagihdiyfiv) 8 whffhd w%a:ém@aqgaha%@frbgm CPhd ¥dtehaP! 0duced by a
n | sease

pituitary adenoma (‘Cushin ut in rare instances has a
di fferent élllﬁlQSIIOOglgkeMnf%@‘tbym@andﬂsnmnmm@rﬁrQbmﬂhm production of

ACTH

Gushi ng 5 DGR AR e e tPrE] Y whetbride AR AR “redtl Fary
bancr eas and ot col e e o B G| T ng maj O 1ty of
ancreas a 0] ce IcCl (0]

?:ushl ng' s ¥H@ﬁ gei%a %@'Cmvé 'eaﬁlnaé'@fmﬁeﬁ}wg]m& ogjy to Zl
pituitary gh@nRmes a&ﬁm&aﬂko% iCnshthse %A@srm r8IE8Esd f6hA8 piftkaRt gai n,

central obesit steroid hyper secr etion, evated urinary cortisol
excretion, A@'é‘%ﬁfaatf@plc\h@&meggvhlt:%ﬁ@d@’t%&@k@@ﬂ@ﬂﬂﬂﬁba@q:retrom abot ence,

ment al status changes, nuscle atrophy, and increased thirst and urination
conpared to manmal s not suffering fromthis disease. Diagnosis and
treatment of Cushing's syndronme remains a challenge (see Qdfield, E W et
al., N Engl. J. Med., 325:897-905 (1991); Findling, J. W et al.,

"Di agnosi s and differential diagnosis of Cushing s syndrome," Endocrinol.
Metab. Cdin. North Am, 30:729-47 (2001); Oth, D. N, "Cushing's
syndrone, " N Engl J I\/Ed 332 791 803 (1995)). No nedical therapies are



syndronme. In experienced specialized centers, surgical resection of ACTH
secreting pituitary m croadenomas offers an overall cure rate of about 70-
80% but for macroadenonas cure rates only approxi mte 30% and the
extensive surgical resection required portends significant risk to
surroundi ng normal pituitary tissue, leading to partial or total

hypopi tuitarismin about 80% of cases (Simons, N E et al., "Serum
Cortisol resqriesselion gf Bas piremal eidcts Bhagaystb@he@yhldiis/db&easH), and:
, alam T. J. et al., "Transsphenoi dal

Neur osurg., 95:1-8 52 0l1); Ma

ni cr osur ger Ye1AHP fﬁhﬁg’!@éf&ﬁ*ﬁ e: A report of 216 cases," Ann. Intern.
Med., 109: (1988} | et i 17 Ldal
resection ﬁ@a%%hi ng' ?I&elrgggg Ee@ﬂﬁgfe?oe@? gép%sefshea?h%dctg ré??g’ﬁegg&?hsg

def i ni ti on with mdtced ctivationesitansicosteraid secraialy, fon exdmpleds tizat AQTHP93) ) .

Thus, there | . for a treatngnt far Cushing.s syndrone where the
source of A&‘ﬁ?—?‘%g’i"'@?@ﬁ%{”ﬁﬁ&@“ﬁ‘m%EY?“E"U?%#”"B?"’%‘%'@ﬂ%ﬁifesme t hat

i s effecti s arssultasfhypetseenstionaf cofticosterblt; ap@terain adréfalPidiaggounds t hat
bind to ACTH recePt ors with reduced activation of cortisol secretion can

al so be us&@USEPPT BIMYHER 18bAr.t r eat i ng t he hypot hal anus- pi t ui t ary- adr enal
axis for inpbogyti on of ' : S |

appr oxi mat rei?q 10% OF@S{W%}@?Y&%@%S?}%R eE}t‘ées t c? gsgﬁbgrfég%?ﬁal
propor t i on asrennaoriical secietionioficerjicasieroids tHyperfunctianCol thieddrenal@ortexThe

tributi I ' ' LAt ' i, dhoaod
mor bi i ty, ST 5 AR eERenGi R shiy bR ndfeh ot AT bR ous
abor Ei i on aﬁoda;@irmtaﬂ mﬁib@oidm&m?dﬂepngbﬂbammd _ 'al)or bardnmml l.dA_emfﬂ 63,
are desirable for man asans. atipon is desirably praqlaonged in order
foC (1) ko e prumtel COSMTs svaTion Riceasve prsucliolid ASETBc! dence. of
heal th conphd gialitaPy gledick ETHHS BRBVALCRN IBUBILFTACTH AP TR &Bbbl_ﬁltreafmqYﬁi'ﬁéﬂy) js’ educe
the tinme period during, wh premature infant, even if healthy,” mnust,

d h
because of Pradiicepdhy %gﬁ'—“érgl@ﬁgﬂ@mﬁ (Pushings diseaseds Rutiargreciasiances | t he
fact £y b T S 1 d that
ety | oals Blif@nPLéPay. ChanAgRsnkiime foadtind omitheprofudénd) | "Tmact
t he happi né§5 Himnda ladatiob ethey thdn theepifuiiaey glandrisi kneaeisvectopidhere is al so an
[ t jety f t bi rt .1 ncl udi t i et al
econoni o | FusarDs YR RG” ek of tSoin g ol Guriiniarasiay - ©
pr enat ur el garclridpdd bt thytdidl pheadisrortbtitathblisRt 6aNtUIRorSfahs OSt - ef f ect i ve

when the organi sms can be raised at_ high poq_ul ation density. However, anong
mamal s, f Bafcraasapdoat call sarcinemaat ihg lvegu(The ovarwhaliming majerdyott i on of

q D st ; | ) o . . red
mne. £ uncer Ao s g el i KRR G et B R [ Evel < of
adrenal st pigganhadenorea. iSympiese ob Cushing's synthiomiednslude weighttyaimr ol onged
stress and | ting in esirabl e.health changes, e.qg. decreased inmmune
function aﬁ@?ﬁgéggl&’ gitqzrﬁlel'\)fpgr%ﬁc&té% cleysiedu '?%'X Cl?&'%é??‘?%?@a

[ 0012] Var i mosn ¢aom avddkiness, fatiglicypibRache; dizablachss; afpbiencedrenifCTH | evel s,
for exanple through certain receptors, for arginine vasopressin (AVP). U. S.
Pat ent _ No. SIELUSSNANGES, MPER ARpNs, anshivereaseddbiss and rinstioseoptbased i n
vasopr essi {3 hARARIS hoPSURIRNG ffidm %%ﬁ’sﬂa%b?!}ﬁ%%rgfgiiét 8fd tregithaht gn of ACTH

rel ease. Conpositions to tréat ACIH-rel ate Ions that regul ate ACTH

| evel s ar €Curhing'asyRdrogig feraring aahedenge (sea Qldfioldar. W .ref alo NAENEL MC- 2R
br oduct | or- dbd;cap584ri e (100H: KRR, PNVC ST PEERSIECEN UFRRRL
el evat ed Alifidthdsissef Gushing's syndrome,” Endocrinol. Metab. Clin. North Am.,
30:729-47 (2001); Orth, D. N., “Cushing's syndrome,” N Engl J Med., 332:791-
803 (1995)). No medical therapies are currently available for Cushing's
syndrome. In experienced specialized centers, surgical resection of ACTH-
secreting pituitary microadenomas offers an overall cure rate of about 70-
80%, but for macroadenomas cure rates only approximate 30%, and the
extensive surgical resection required portends significant risk to surrounding
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SUMVARY [ 0013] Vari ous nodi fied adrenocorticotropi c hornmone (ACTH) peptides
("ACTH anal ogs") are provided that reduce or elimnate ACTH i nduced
corticosteroid secretion conpared to unnodified ACTH Preferably, the ACTH
anal ogs al so reduce the secretion of corticosteroid from adrenal nenbrane
in the presence of unnodified ACTH [0014] The ACTH anal og conpounds
preferably conprise at |least amno acids 1-24 of unnodified ACTH, wth one

or nore aninuematpituitar sissiatidarisg to FariaPeridtd hgbogituitamsaiirisbaiaBorscl ude
one or nore.am no,acid su tlit¥tiio or fruncation with respect to the
unmodi 1 ed BhGASRS ROITaRs M Bl 8- eI eOtERsapPRSR T irRFONEPIYAl s a

pol ypepti de t—ﬁ@-ﬁ:f&a@ SPna ai eiyd i Sgb4. | ] egugnce:

N- Ser 1- Tyr - ger - Met - GUUSP%?Eégﬁg’- ,B{r g[e%fééué&i/%%ﬂ&g%lg@' %W-‘ﬁc??@Lg's 5-Lys-Arg
- Ar g- Pr o- V&t 2b- W@nwhenpvdabmmswxepqrmsawgmms@s@A.ng@bom &-d u- Al a-
Phe35- Pro- 543 U-.Php30- Jd NO. . ; Lepresent the
am no and lggg%%lxénﬁ éﬁﬁ‘lgrr?éﬁ%g(ﬁﬁs%,g Jr‘%}é%'é@é? %%)Sl%(?gfalﬁlﬁgwﬁﬁf é(t,ﬁ{?’e. ACTH

anal ogs cafiTwnsephemgidalyeseciiopdn @lshirnys diseasaldmdatqutgbloderina\dongsgdne or

bstituti J difi i f the, :
N Ser 15y adhé BRfinBbn B BliddebRl RBRrRew Gt EPCSRRol S8 1519898 Lys- Ar g- A
r g- Pr o- ValZ@ukyseksls disd afticadA6r 4 BE@tmhEniNer C%)shinb@eéﬁld?bﬁ@%ffé?e rtﬁér esent
ul e.

the ami no and carboxy termnal ends, respectively, of the nolecul
Preferred A@qqqeaﬁfé}%'é-'d%ﬁﬁlﬁfﬁ&yna’tﬁ@hm@@awumgr aprfaciePia spurasdbatiises 1- 19

of hACTH ogiadvEh ; } t d residues 1-24 of hACTH or
MACTH, wi t%ﬁone‘ Orn%{:@s Q%Fé}c%reg%!'%k ngt)Hsé?ﬁ’att%ﬂ'ons. (0015] ACTH anal og

conpounds [#0jde comGmmphundstbai kind do AT HETEpters wdincredate®EQ | D NO. 1 or

more of ¢ naoP o SgRisclPedtelon Heh s e BEd, rioiside) WliedtHbs (1) 0"
reduct i on hypathalanagspituitargtadesiaeakis fobinitat 6@ 6B pra¥RIMY 1aber.| Préiéen pPr esence

of the ACTH anal og conpared to unnmodjfjed ACTH (2) reduction of
corti cost et?8PHOE ?é‘i‘?N‘BH’W%%?TQB)Wh@fgﬂgsiaﬁdt%trfﬂ@@%ﬁﬂzé of endogenous

ACTH and ( g)bdtarsel pr6sbriibn 3&3&#%5%.0?&&{ éﬁdm%@%%i&%% tion of

the MC-2R receptor "conpared to unmodified ACTH. érred ACTH
am no aci dT&@wanidutioshef lew birdr weigbt ko infantogoidality end ehildneddide one or nore

of the fol LGl = u it Wt} ] cid residues at
positions '%['?’%agﬁa@ ]%%ﬁg‘@?%gs?hg%@b%?@%’é@ﬁ%%@ﬁ@@ and/ or
pronot e oralyortior and pvemakirbilabibrngnd prolongihg bestationin hlimangeald® bfe am no
aci d residues LEEIPOSi tions 15- 1% t hat prevent or ant agoni ze e&zgn&ti c

cl eavage a#es(xrﬁg_ 9P HRY BRSONS. 3tesiation;is desigblppraiergest inpreer tno aci d
resi dues aaRoRidrb@Hbdsie HRiAS v b ((AFreAGI HRNAERGNES DE nagin COTPr | Se

adj acent am no acid residues wth basic side chains at positions 15-18, (4)
subst i t ut i enRlicatipns attending éfprematwielynbenn chitdandgi)deduse theeimat posi ti ons

20- 24 t hat : £l bstituti
of one o? pﬁ%@%“ﬁéﬁ%@ﬁ%ﬁggﬁ urgs'h‘%t%t’géo“sewm%%?o%k’ﬁ%ﬁg%Qﬁ# si In gnl o
ACT Hhanal ipe fuad v;ab?ig}mezceige emamﬂdhwyeam.gAEWfabidgﬁ ;Jf)(i) ﬁ\f&@iﬁh{j (i m(:;r irg;H
the presenge of .the ACTIH a conmpound, compar o an unnodifie
:ogpti del,O (‘%ﬁe@ il andd fiha cﬁ'ﬁ&%&ﬂf‘ 'WQ&W@M&T}?@%EB’FF’%&S’W nore ani no
aci d resi duetodytofieidrons), absirdbly Mpadtthy haspitédsaAd Neldh ds with

desired rel ease properties, or ( truncation of am no acid Tesidues 25-39,
with the RFoRsaaddelalyesdhaie i5c4sq a8 iMPactiony SACIR]Y fven BEaMBAIMIE t er mi nus of

t he nol ecy; ; REREH i ACTH
recept or slﬂgﬁz:sﬁ hﬁ@hé%ﬂﬁ%r@ t6 ?%g%l r ecgﬁg&%@@m%ﬁgﬁ@dﬁg menbr ane.
Mor e pr ef avhabarg deliverexCgndatly prasgaitiselpounds do not activate, or weakly

tivate, | i - d.l nhibi d t ti f
cinrod 11 ed0GFHogenou e SRty b be BlosbGRaER TS AR aCTH
anal og cotipporgmisras can bbudiscdae high poputation densitg) Howdet, dmbhgns or

truncation with, respect he unnodj fi ed human ACTH am no aci d sequence.
For exanpp@m@a!%g?)@s?qqﬁﬁ% quanily rﬁﬁ”‘?%'ﬁlr{g? eveneredugiien ey pepti de can

| ncl ude aaaRfel Sftod hélrhords WA detthd ibid'cdr8adlierRia8, Mol il N9 am no
immune function and decreased growth. A method for decreasing the levels

of adrenal stress hormones in these or other conditions caused by prolonged

4



[0018] a. the substitution of the Pro residue at position 19 of SEQ I D NO 2
with the amno acid Trp; or [0019]b. one or nore am no acid substitutions
of residues selected fromamno acid residues 16 to 18 of SEQ I D NO 2,
such that the am no acid residues 16, 17 and 18 of the ACTH anal og do not
i nclude any two adj acent am no acid residues selected fromthe group
consisting of: Lys and Arg; and the one or nbre am no aci d resi dues

substitut edy, és BAd frééuﬁlrh@ﬁ Axrﬂdés%éb%ﬁgﬁﬁh%ﬁlgnb %Zd@élﬁ% ef romthe

group consi s ing o Leu, &n ami no
acid anal o@ﬂtﬂmnr@cbsusaem;blhtgﬁ@dl%ﬂﬁenwp@ldcafscabe Nleéy’abiaotl onal ly, the ACTH

anal og pep can in¢jude at |east e no acid
with an al i de ch "’Wot'st" cgmp@ﬁiongr%g%%pggséﬁng{% @é&%&@ 'J(’?dg%l og
conpri si ng AQTHdels, mMaﬁilﬂe through cestaiNl repepiarsifontardinie vasopré¥sin r esi due

bstituted at 16, 17 18 of SE
]SIIZJ) iloI 2u ‘?’ aﬁtal Hny%:r%ﬁtﬁﬁt N%rrﬁ §§5:1%%aﬁ99 M%héq éq&gz@ 9 g ihe L@Poqr fhe sgquen(?e
of SEQID E%%nwfagggﬁééemfr%%éﬁe& SRR I cafi sﬁ.5h§tr¢rtmblr@§§|anéﬁef Pro residue

at position 2 1S stltu he amino acid Tip; the
am no aci dAﬁlTrpwease;nCQmposmeesgtcp tnewb‘\QTHsre@ée@@pedltwn@ﬁh\atﬁeguyatmp

consi sting I onpri se

one or mré%grrﬁ l%agc#&adsegﬁg?ll tu?crg%g Cg’la’%r esl Eégiﬁsc:e 1‘3836 g@ﬁ@gno aci d

resi dues 18Rtrecdptons, vWiiQ redudity or ehuﬁmatmgaQCTHendmmcmDobtem dues 16, 17

and 18 of the ACTH anal o o_not |ncl two adj.a

resi dues s@TQS’é‘PEB“ﬁP@WP%@?%?t&}ﬂ’ H?H'gt ax &'Qfﬁﬁ]‘ﬂF@ﬂ rabl Y,

the ACTH apaiepiheRrt i de i ncl udes the am no aci d sequence of SEQ I D NO 4 at

amno acid residues 6, 7, 8 and 9. The ACTH anal og pepti de can al so include

the am no acid sequence of SEQ ID NO 12 at ami no acid residues 15-19.

[ 0020] The ?bmﬁwom ment al so i ncludes ACTH anal ogs havi ng the peptide of
at

SEQ I D NG | east one ami no acid substitution, such as substitution
of an ami n[POA8]d resi Wadous muolified adrepecortigotrapic borBGN@IAGED) I D NO 1. The

ACTH anal o i also, nclu ,1l with at
| east one g?&fd%& (j'gp‘i-g\/ﬁ A Bcﬂvlffegﬁﬂgf'%?tfgggﬂ?m%ﬁ%é% substitution
of the Pr Omaeéealu@rﬁ@bsmubemnba miSeY tduhiodiifieidt ACTHe Risfergblgci d Trp or
[0022] b. one or nore anino acid substituti ons of residues selected from

am no aci dthecdCTtleanalens ajsq sediceshe sasrationof corfigestaraid Trom adkenal aci d
resi dues 180 ”Hﬁueg‘é'% &‘?é%ﬁ#{'ﬁamé@g@ not include any two adjacent

am no acid resi e group consisting of: Lys and Arg; and
t he one or[0®ddg am noThelAd)Tri-éanellwgscmmstreﬁerahlypomm‘lserat]eﬁa,st17 or 18 of

Mo vl o a5uS T o dreden AR iRl e bt Mord mimind Bl 0 an"al k!
side chai raubsfnﬁ%ahcrmemmnfam&qi[) bumammmel siesof mofeldmmo

nmodi fications of peptides of SE NGO 1 or |%£qu such th t t he ACTH
anal og pep@@@é“bﬁ’@ﬂ ?H@'W'HB viith EFSQ@‘EH@FG’E!% men AGH ani no aci d
resi dues Iamintacidisddls Og' qgnnﬂ%@?ﬁe@%n‘?érﬁﬂCTPﬁ%@ﬁol%Wﬂ19f‘hé§ ggne or

nore pept further conprises truncatton of am no acid

resi dues 28mi® arfid s@wipues inthe follnwing saauangepdiSealedYoPeshMatGiuNGis?0 are
part i cul arbie b BIGIF-1yeliQAhL B 2. ERAR ARG oV G4 A 2t on of
Pro-Asn®-Gly-Ala-Glu-Asp-Glu®-Ser-Ala-Glu-Ala-Phe®-Pro-Leu-Glu-Phe®-
Ac (SEQ ID NO. 1), where N and Ac represent the amino and carboxy
terminal ends, respectively, of the molecule. ACTH analogs can also
comprise compounds that include a peptide having one or more substitutions
or modifications of the sequence: N-Ser'-Tyr-Ser-Met-Glu®-His-Phe-Arg-Trp-
Gly'%-Lys-Pro-Val-Gly-Lys'®-Lys-Arg-Arg-Pro-Val®®-Lys-Val-Tyr-Pro-Ac (SEQ
ID NO: 2), where N and Ac represent the amino and carboxy terminal ends,
respectively, of the molecule. Preferred ACTH analog compounds include at

least amino acid residues 1-19 of hACTH or mACTH, more preferably amino

5



pepti de reduces the ACTH i nduced production of corticosterone by adrenal
menbrane in an in vitro Serum Corticosteroid Induction Assay by at |east
10% and preferably up to 100% conpared to the peptide of SEQ ID NO 2. For
instance, in a second enbodi nent, ACTH anal ogs are nodified ACTH pepti des
that function to reduce corticosteroid secretion by adrenal nenbrane in the
presence of the ACTH anal og conpared to unnodified ACTH [0025]1n sone

enbodi ment sacid hesideby 104 lof ANCTH of MATGTHAGIth anelop engrepirhit® doid an in vi vo
Serum Corticosteroid Inhibition Assay reduces ACTH i nduced corticosteroid

secretion HubgfitutieSt a 10% In a third enbodi ment, ACTH anal ogs are

nodi fied A ptide t i ; d"o%_'ﬁ? t £l tion by
adr enal neﬁépgﬁ'g in tflAeé-lg?éasr{enc E%@Bg%@iosglgﬁfg@g A &F%Od;{éﬁ r%srg%ﬁ{eee

enbodi nent SACTHegeen¢aoisS RO DN de SECHhEY NIO12 Iwitheonra of gwirastrdctielH anal og
peptide of SEQ.ID.NO. 2 with at |east on ] i St} jon, wherein
the ACTH ar’fﬂ?@&"%@&sitﬁ%t 'BPHEL POS 858?03‘? §Lﬁ1§cf§§0‘gfﬁ§e%€feﬁgectbb§ ID NO. 2
from adr enalnaiggb al furetipast ggi eedhictioh Bfcodicoberoid aseratidntly @drehal vitro
Serum Free Adrenal | etitive Bindin sal . For ex&rﬁgl e, IIEJ. 8 fourth
embodi ment ,MAMPFANGRYT greds,e@c:ﬁ&jitlpqe@@q'kégip@ é@ﬁprfa?@ge pnmgdtieton to bind
to adrenal @g (2 5&ficRoR off.%aﬁrboéﬁerbiaesegﬁ’éﬁéﬁ ByPE@Rhal Fgﬁﬁf)tfﬁéﬁﬁmhé w th

i ncreased rnding affinity and reduced e MC-2R

r eceg_t 0 (r]I cqipsenad ofendagenivds AG TACTM (Fringrensed MCfﬁbbiAdiDE ﬁﬁmwgzlgept i de
where the fefirededRaliferBTC:ER Sentttrbalen o PBARFRE TR T S0P

Conpet i ti veEx@inmples of pretared NOIH amiceacith substitbitorsb-foamaACTHReplogle bi nds

to the MC-2R adrenal. nmepbrane w th least. a 2-fold .greater affinity than

the pepti d&€°GIPAH s e PbU?f?Pﬁh?fﬁ_@O‘%moﬁvwgﬁ'ﬂPﬂﬁ° P1%1%4nal og

pepti de regugrRsarhing abfdidsididecbasitRfyati Pithad tohssivbaRs bATING Acilly sddr enal

menbrane in an in vitro Serumfree Adrenal | nhibition Asliha§¥'i t_For exanpl e,
Y

in a fifthPesitions Gehand/aorrerasis Fpreseise et Rinding (ks ieBfer oi d
i nduct i i.fd TH AL i i i The ACTH I
et ude peghe Hotelarffio SeK s SPariisiont 1S HE e pfevdtor 100 N bstor ong:

tion of corticosterone
by adrenal amagonizecenzymmticialeanagecaiShesenpdsitiansiB)esubistitutiontoftonerorAssay.

[0028] 1 n a sixth enmbodi ment, extended l|f-Life, ACTH S ar rovi ded.
Lot ooned naTeiammiEt Ace SERuesal boarions T Buls sudioatHe AGTHAdY fiodt
activity npaseeRgrisy adjBeesioiardl 468 rédlduls with basie®ida eRsihe bPpskifigiect ed in
vivo that is greater than a second activity nmeasured by the serumfree

concent r at ilBri S (4)kastitdon&r diuncation et erp ohmore amine goilaepidues at where t he
conct o |
Y1 et AR i A g

Corticoste rbition é and the activity is
measur ed bgubstitufiam of GerommBra:amini acid residues abpositionsi20-86ithaitresult Assay of

Exanmpl e 4..]00 a_sevent h .enbodi men th f reening ACTH
anal oge { hitt S ACT aRelpS YTy RgBRPs e cosBib e fen REARIRN P ng adr ena
tone are ahfemipzAgiinlgd prdaches of ieTACTHaInalsy cemnpbend temparsd orth
adm ni stered to,a patient tqQ assess in,vivo c?r t Hsone i nducy on.
unmodified ACTH peptide, (6) substitution or preferably truncation of one or
more amino acid residues at positions 25-39 that provide ACTH analog
compounds with desired release properties, or (7) truncation of amino acid
residues 25-39, with the amino acid residue at position 24 forming the carboxy
terminus of the molecule. ,
[0016] The ACTH analog compounds preferably bind to ACTH
receptors such as the melanocortin 2 receptor (MC-2R) in adrenal membrane.
More preferably, the ACTH analog compounds do not activate, or weakly
activate;, cells expressing MC-2R and inhibit or reduce the action of

unmodified endogenous ACTH.



[0030] I n an eighth enbodi nent, the present disclosure pertains to

phar maceuti cal conpositions conprising ACTH anal ogs, and the adm nistration
thereof to a subject in a manner comrensurate with treatnent for synptons
associated wth an ACTH-rel ated condition. The ACTH anal ogs descri bed
herein can be incorporated in pharmaceutical conpositions for treating
ACTH-rel ated conditions, such as ACTH over-expression in humans or ani nmals.

Met hods for [gogguci ng I HraRahisaiment vafses AGTIaphiay! unkRlcan _
conposi tions cont ai ni g_g t he ACTH anal ogs are al so aE(,row_de . For exanple, in
one aspect , NFBHASRNS PgRotrBINA Agjd gubsthutionss onleaneaiion Wi raspectisnibeunds
useful in b | AEFSACTH LA sdray L 3 I~Ssnovi ded.
[ 0031] The Alé‘?’ﬁk’gﬁ%fj?g con%gundswgnﬁﬁggﬁ%ﬁ%' irpﬁlo'f(%{eat | %béggﬁ)sdg%giea@

rel ating toconspdsisgan isudTiad AGTH analagpeptidectan inslysiers peptideohSEQ X i on of

ACTH r ecept C - . usef.ul . Legul ating

corti coster@@zg@ﬁr%{%%ﬁgg?%ﬁﬁ @@&(@%ﬁg‘% %‘%}ﬁﬁgggﬁtg{'iﬁ%o provi ded. The
AETH ana: og[_omspougds mian tbie sabsiitniion efmlé P rbgiemlb at(m@iﬁﬁnor%?FSE@t e}g L 0 ]
the regul atjopn of A evel s, for exanple to decrease the effects o ig

| evel s of A@F&qziwﬁgﬁ%ﬁﬂ'&”‘a\ﬁpéﬂﬂﬁﬁt aining a tonic state of adrenal _
function. Tig18FTH ana) 09 drBanbld AmoPadid $aBStthiioLsf @SR Relddied M €at i Ng
ACTH-rel ated conditions, such as Cushi ngaslag%ndroma, | mpai red | mMune

response asiremrasminp @cisk residuessiéioetd oinS O3 auchribattheiaminpacidbn of
premature | fy@r I = nj Ll - adr. axi s),
and relat eor%cg:%lglgtﬂéb%?éﬂpﬂ sg(;cr’]fethés'&p@?? E&Yx@a ouﬁ&%ﬂhgrﬂtélga%ﬂgé%*tepar ed
and adm ni sareinedcadicresichessi salected frags thesgronp \wonsisting of:dosearidiingg andn. 1 n

e on AFBong 098 bRl A BB AL BOBSE 4, BORUSE B, REBr PRy, 2o ="
agri cul t ur BEQND NQ!egre! §s¥léc&bd$mﬂi%8%rgi:|?\€¢@n§ﬁstih'g of LYePArGIGIEANGHENSI ti es.

BRI EF DESCRI PTI ON OF THE DRAW NGS | ( n the accorrpar_l%elP na@idravvl ngs:
[ 0033] Fi g. Alaj ¥ala Lgudighanthaniamgne geid anRaleg havingsin alkyside ehainteudur ed in

vivo af ter dewig! Cpfofdiy id ALTHATAToS BRhide ARG at RASCOIPAIL] 0 the

| evel of corticoOsterone ‘neasured m ni stering unno ACTH.
[ 0034] Fi g. Glyi er anajheraminoreid wilh arhalkylrside chaindi.ei, Yabtlauplie, amduced by

Gnmodi 1 ed Senp A B EPERIEY 4 ARy RIS BHAR RSB AT PSR on ot ¢ ne

unnodi fi ed oifeTAlg rasidué Babsiilitbdavdyawal sfithe amino acid positions 15, 16, 17
or 18 of SEQ ID NO:2. The ACTH analog can optionally consist essentially of
the sequence of SEQ ID NO:2 with the following amino acid substitutions: the
Pro residue at position 19 of SEQ ID NO:2 is substituted with the amino acid
Trp; the amino acid at position 15 of SEQ ID NO:2 is selected from the group
consisting of: Lys, Ala and Gin; and the ACTH analog peplide can comprise
one or more amino acid substitutions of residues selected from amino acid
residues 16 to 18 of SEQ ID NO:2, such that the amino acid residues 16, 17
and 18 of the ACTH analog do not include any two adjacent amino acid
residues selected from the group consisting of: Lys and Arg. Preferably, the
ACTH analog peptide includes the amino acid sequence of SEQ ID NO:4 at
amino acid residues 6, 7, 8 and 9. The ACTH analog peptide can also include
the amino acid sequence of SEQ ID NO:12 at amino acid residues 15-19. -
[0020] The first embodiment also includes ACTH analogs having the
peptide of SEQ ID NO:1 with at least one amino acid substitution, such as
substitution of an amino acid residue at position 19, 26, 30 or 36 of SEQ ID



[0035]Fig. 3 is a graph conparing the results of a conpetitive binding
assay for adrenal ACTH receptors for unnodified ACTH and an ACTH anal og
conmpound. [0036]Fig. 4 is a graph conparing the in vitro corticosterone

i nduced i n explanted adrenal nenbrane by unnodified ACTH, an ACTH anal og in
conmbi nation wth unnodi fied ACTH, and the ACTH anal og al one. [0037]Fig. 5
Is a graph conparing the in vivo and in vitro activity of various ACTH

agoni st co | ' fOEQN® activity of
R 00 AOTRR0vepI cassmb b eieperEsot ST

unnodi fied A 0038] Unl ess ot herw se
defi ned, alNO:fewtinkidebsioene gi:iherﬁ@llomnegaahm agisksubsirdionshave t he same

meani ng as nly under tsk;éb t to which
this i nvent[ﬁsmertai %‘s ?HB%gg@oﬁqg%? %HU? paglgéégtbrb(jocuneﬂ?lt

i ncl udi ng Ngh:irwith tbesaminiol acid avg ool . Pr ef erred met hods and materials are
descri bed bhel ow, although nethods and nmate QL. equi,v nt to
those descl99R& her ei E’ caRNB O {NOkQ ayne ﬁ@'dp?@é?'F@@nﬁp?f%§9V%sg?&?ﬁ

present i nyRp bffho eeé.a resialies 35 k®NS of SEEID NOA|, bach ienshe palimagdand ot her
references nentioned herein are incorporated by reference in their

entirety. Tesidues 15,1 and A8tai $sACTheralagsiodOldNdude, aay twe adjasenl e

Il Tustrati erein,
the term’ \éﬁwggdla%’('dgrggiggrgéﬁ%coﬁmﬁ%&@%%?%@%ﬂgﬁg &@le)hﬁ?i egg%\é?_ H') neans
t he pepti dehdronsronmope athine ecityresidaeastibstitutedodit pdsitiony16y| laher theit

stinmul ates al corte 0.,secrete f whi ch

nel p col | o SERIMACHAE sPRelElroR e gl HRERY b At SETHE e

cat abol i ze vay,Qlegi, e andWe! (b &ndtheearmirid acia andbginaling i killtyl sidbl anmat ion in
al l ergic responses. One such hornone is corticosteroid, which regul ates

met abol i snmcB@iNbar bohydrate, fat, and protein metabolism [0040] The term
"corticost gh@ig]" as U%ﬁﬁehﬁfe@éﬁbd ne*rmmxé@ebﬁa@é\m@mdelrﬁ@é’ﬁ@éme giorti sol

and the rodent “corticosteroid corticostero
peptides of SEQ ID NO:1 or SEQ ID NO:2 such that the ACTH analog pepfide
include the amino acid sequence of SEQ ID NO:6 at amino acid residues 15-
19. ACTH analog pepiides also include truncation of one or more peptides
ACTH analog further comprises truncation of amino acid residues 25-39 of
SEQ ID NO:1. ACTH analog peptides of SEQ ID NO:20 are particularly

- preferred.

[0024] In some embodiments, the administration of an ACTH analog
peptide reduces the ACTH induced production of corticosterone by adrenal
membrane in an in vitro Serum Corticosteroid Induction Assay by at least
10%, and preferably up to 100%, compared to the peptide of SEQ ID NO:2.
For instance, in a second embodiment, ACTH analogs are modified ACTH
peptides that function to reduce corticosteroid secretion by adrenal membrane
in the presence of the ACTH analog compared to unmodified ACTH.
[0025] In some embodiments, the administration of the ACTH analog
peptide in an in vivo Serum Corticosteroid Inhibition Assay reduces ACTH-
induced corticosteroid secretion by at least a 10%. In a third embodiment,
ACTH analogs are modified ACTH peptides that function to reduce
corticosteroid secretion by adrenal membrane in the presence of endogenous
ACTH.
[0026] In some embodiments, compositions are provided that include
an isolated ACTH analog peptide of SEQ ID NO:2 with at least one amino
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[ 0041] The term "about” used with reference to a quantity includes
variations in the recited quantity that are equivalent to the quantity
recited, for instance an anount that is insubstantially different froma
recited quantity for an intended purpose or function. [0042] The

nonencl ature "P(x-y)" as used herein, where P is the nane of a polypeptide
and x and y are integers, refers to an am no aci d sequence consi sting of

b0l ypept | adolueBTRRnT KRB RETH ibiid behud s B arkddisflaced
pol ypept i deepfidedf SEGBIB:NO 21&oanauimnabmembxanm Bhe peplide bindingeaindees 1

through 24 fromthe am ne n

Reci t at i on ggasu nr“éf’g ?rU"TThFE?%ng@?LE Rﬂ‘{%ﬁ%%ﬁ%&%@%@ﬁ%nd
mMACTH( 1- 24 xgrngré ﬂ?a%@ﬁ% emarnﬁi@qtsmwnaﬁ@ogé afhflﬂioﬂmemmhlqimrdes "aXxb"
where a an etter abbreviations for a S aners a

ré single-|
nunber, r efiatfunaiion tggmd ta adreadl AFTHeCaRPmR sargh@snbe?\(l 3RO s t i on
| n the un HPhE
- (vaor: E3oRmaieiay At haeRed Aot RbindRg B el Ruod abfiaRitie. |
been nodi f |m25yreeep’sirrcbmpar@j 1) tmm'aodrﬂedaﬁ&'ﬂﬂd Prefepalzly cthefAGHd Val ani no

acid at the 2 osition fromth o te and
substituti ﬁﬁag’gﬁzﬂmgﬁl% tﬁr&% "1"?1d grSBEaé’eo% ;5%@?3@ %%%nﬁ)ongc?ﬁgat the 30

posi ti Iont f raereﬂahm%rgﬂemhmme o nab@rrrmh@mmgs@am byaah yn vitrbe | .
nonencl ature "apxX- ere a nd. represen e-letter
abbrevi at i &@guméreaa/i\dr%lab@‘vpa?eah‘@ ﬁ"&ﬁ?ﬂ 335% ﬂlﬁ’ﬁio%r aﬁ&, @%Aag

substituti gﬂa@g d&ﬁggwﬁhm H‘er%hﬂﬁrenﬂir&ﬁemﬂmméaétlmﬁ to Y with

am no acid ana n&gunds i ncl ude conpounds conpri sing
t he ACTH sgma&awﬁmﬂythambe@eptl@e@ NQR- nodi fi cations that provide

one or nor t he fol r i tions:

(D) reductf%@-’éf cortlhigé\fpg% ﬁ@c?’gl ong %éeng:ﬁe%éﬁgrrg@ge%ﬁ%he

presence OfACt‘I'f}ﬁnéﬁiEetl@r@duwon@frpanedsﬂemumby)ddfenaﬂnmbtanezm andnluct i on of

corticosteroid secr t| on b r.enal nbrane in the.pr nce of endogenous

ACTH, (3) Vﬁ'@r%%l’é'@'ﬁ %@lﬁ&‘ﬁlﬁ'ogf/{m 05(%6?982?1 "88%@@ a reduced

activation em‘bog ACASTH 868k BoriiRgs eantredwvw.&oaérmdducﬂmwcm
ounds are el

anal og conp leved to act by binding to the nelanocortin 2
recept or ( NorRejfiedWk@kHyin sxpianiad figpuedn Ngr%xﬂﬁ%ég ﬁban@ogﬁmm bl ocki ng

the action_o | es of
preferred Rﬁﬁegﬁﬁﬁgﬁ%gﬁ%gﬁé h-{e]%ons p@r{cﬁi@ﬁ@@ reﬂél?gfeégé :)nrj m ACTH
anal og conagisasmantiiiranadn an mmtre Sérutrivred diremal lmlulbttmndk&sayncl ude: (1)
substitutions of one or npre a 0 acid resi 1-13 t hat
cgnselrvg !tm@% no ac?’ljﬁ sixth 6690?’?"6%%{ Sx@"aﬁaf@ff"@?&%g@‘é hgf&ée 8%rve MC 2R

bi ndi ng, (2ovidRp! Ektehi8d nafi-iRNACTH &Mil6gSBam Bedertliiedsischeingd fipesi ti ons
15-18 that "prevent or ant atggnr ze enzynmatic cl eavage, at, these gosrtr ons, (3)
r

substituti antmtry neesused iy mwt@ém qfé@f%&@“&ost%gidtqlﬁfﬂ%fe B18 that are
not char act | tution or
‘truncation” ﬂﬁ%qsgy e%%@‘%gﬁ%%c’g‘?fé IP' esi ugg%afﬁ%gﬁ%?@ﬁgﬁ%% 24 t hat
extend t hecemantratiohfof cofticosterdit eleteTed theainogiro ashvityuwiere thei i vivier

f bl f 25-39
Phat “pr ovi el mssaulen B ponRaRUGre Lt AdRot EorRheBR . "G, ° o)

truncati onyfpibifén A8sAEbEEXBApIEELANE thed, vitnd bbtivityds anéasured by i dodue at
position 24 fornmng the carboxy ter nln th‘é‘?"f 6t he ecul ACTH anal og

Conpounds Beomeifree Adrenal Castigqasigreichinh gAY éo‘b conpounds can
I nclude on@&g]m)re a&ﬂcﬁ.%e@&ﬁtﬁe%ﬁbﬁirnbkﬁ 'rﬁé‘tﬁoﬁéfdr@d:?ééﬂrh@ﬂomrth respect to

t he® unnodi human H am no aC| sequence. Unnodified human ACTH is a
pol ypept i denalbgs thaiaraaseivl inblacking exeesAS THWbilRmMeitRbiIGAfreR|uence:

N Seri

-Tyr- Ser - I\fé)tneéfﬁglﬂ grqyfgeedArVganPPS %9 n}%oggr F\P? pEﬁpa’f 1% Lys- Arg- Arg- Pr
0- Val2- Lysadainistgrediioca m&ﬁr&ssé&sanammpsﬁemdeeheml a- d u- Al a- Phe35-Pro

-L d Phe39- A SE wh N d_A t th
ameﬁo aﬁd EOQF-"Be Z)X)C/ ger mﬁﬁgﬂh ')"bgjg F%’%?e?rﬁsee@fed'?ﬂgg%lpgéééf rgzg_?H(l 24)
s Consefvwaehﬁéartd&?n idhd céfprisind ACTH ameloge)areiwedat es, incl uding

bot h human H(1- 24) and has the e tide seqguence:

N- Ser 1- Tyr a&awmtmthamf@@a@bm mra paanel comEansyrajawity tratpent_ Lys- Ar g-
Ar g- Pro-Val20-Lys-Val - Tyr-Pro-Ac (SE(; ID NGO 2) (as well as being identical
to the 1-24 portion of nurine ACTH (™mACTH(1-24)"), where N and Ac
represent the am no and carboxy term naI ends, respectively, of the

nol ecul e.



[ 0047] ACTH anal og conpounds can include at |east am no acid residues 1-19,
nore preferably am no acid residues 1-24, of hACTH (SEQ ID NGO 1) with one
or nore am no acid substitutions. Preferred ACTH anal og conpounds conpri se
SEQ ID NO 2 nodified by one or nore am no acid substitutions. ACTH anal og
conpounds i ncl ude conmpounds conprising the ACTH sequence with one or nore

structural nodifications that provi e or ,nore.of t f W _n

pref erred fAGWQW%@SEP@ﬂ@gI ‘@&I‘ anﬁ@{" ?@%@teéff’“ﬂg%"ctfﬁ% p@ﬁ"@@?‘@&&%t eroi d
ecretion ' 0 Pcdiﬁ’gi conpar ed

f o] unrrIDdi f@é&ﬁgﬁaﬁr?%%u&*%é@e@ﬁ?ﬁcostdea(rug)fibg secrgts lﬁigﬁé&? ad[rgnal

rr;a][ﬂ_:)r ane itreeﬁimg AQC&'H;rmae_dfcoa_diim?eueh Agﬁg'Eva(eB-)expmssmsmhlgmanR bi ndi ng

affinity with reduced activation of t - rece G red to

unnodi fiyedD"ﬁd‘,ﬂ’I[I!a §- OM@g'}qﬁL'*_rfPI' E[ﬂ‘ﬁ‘ﬂ"i}g ﬁ?ﬁf%ﬂ@@gﬁ@m{) é%%?%é@grrpounds have

one or ”D@a%ablaﬁti&aé JtiGHE é%téﬁiiﬁ%ﬂ#&ﬁmpéhﬁ@@stéreta{% provRgid.i ed

I
human ACTH sequence: (1) 'substitutions of one or nore am no acid residues
at positi ¢y ekanipe; inconeaspantymethedsifariscreaning axlaspef ACIkasalogs( 2)

substitutioon of one  or re amno acid residues .at P - 18 t hat
prevent ofOLGRIRSHNGE ug%&l, I?ﬁPE%‘%%KP&?&@%H@%‘% %@‘?ﬁ?f’hﬁ ad@a]r

substi t ut iyghe & &, nore amino acid residues at positions 15-18 that are
not characteri ze y adj acent dibasic am no acids, (4) substitution or

truncati off0@31bne or Tbe AGHH apaleg compounds saatbepdsaftl ivnseating24 t hat

d the, hal,f i f : jfuti
o of or abl JISeESREABo P 16y of AGTHe Shet A engBBhe Falndie .l 700" 25 50
that provipsiui&iioh anACTH fevspeoredsush tds ME-2RYleCorpoundsalidefllifbe conpar ed

to unnodified ACTH or conpared to ot her ACTH apal o corrpqunds.ééocgw] The
ACTH anal éegyeting capiopstasaighsensetian %Wﬁ@ﬁ’ﬁf%@'dggg Isi 38 PIBY PIYIE®S nul a (1)

bel ow. (] ; < B -
o cat ¢ ORE AT HoAaloR SGkibogaE Pl Almipbidigd o dRat Espilols gl

pol ypept i ¢gthe reilidtidn of ACTERIEwels for exeimplertoaiecodasehthe effects ohbighut i ve

At ached Ivelmel AR Iy Pt whlegnalniankie.a fonie Sile f dbrSalladtr.. °°' ©°
o 5 The G FPCarRAbh SBnfibs{iitis ARNRAE ftxamae, Aereatd) AeThed o1 the

carboxy term nal en represent’'s an amno acid residue
attached talatdtecorditions; sueh misr@usking’soByndrema; dmpairedritreaune (e3pSDEThe ACTH

I f f I I f bly, furth q L ' |
o1 coul o B Rl o SYPRESCEIN T eoicBsterid. Pclon SPGB Bbaf gof Ty

l _ ot enidoge L4 O OTEACT
and CAcy B e e e Gl o

five addi iri omalaspethvadousiACTH anatagsaare prepaechand iagimipisterediaiaa (1), with

a total of at |east 24 am no ids in,the ACTH anpal g
pat?ent to assess in Ullvo co {sone induction. Tn andthier a%pect, methods for

treating veterinary subjects are provided, such as methods for decreasing
stress hormones to benefit the health of agricultural and aquacultural species

grown at high population densities.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] In the accompanying drawings:

[0033] Fig. 1 is a graph showing the levels of corticosterone
measured in vivo after injection of various ACTH analog compounds, as
compared to the level of corticosterone measured after administering
unmodified ACTH.
_[06034] Fig. 2 is a graph comparing the in vivo corticosterone induced
by administration of unmodified ACTH, an ACTH analog in combination with
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[0052] ACTH anal ogs can conprise the amno acid sequence of unnodified ACTH
corresponding to formula (1), preferably including one or nmore amno acid
substitutions. Additional am no acids or am no acid anal ogs are preferably
attached to the carboxy term nal end of the (AA18)- residue of forrmula (1).
[0053] The (AA1-13)- portion of formula (1) represents a sequence of
thirteen amno acids of formula (I1): 00

_Adt ki _AA2 AA3 _AA44 Al KKAI K] la%h% ing the
unnodi fi edm@?ﬂlf@m%ﬁgcthwm@é%@wgﬁ@%?E*{ ﬂe seco% r o&v%\(‘;f '?'abl e 1,
opt i onal | yiHanghHEHNEd ATTH fandhe NCUI'HCanamghlsnbst itutions provided in the
third row of Table 1. The (AAl-13)- portlo lBtsédfled uman ACTH has

t he sequeni@9383r - Tyr - Bigk %ﬁ@@hﬂ%ﬂﬂﬂfﬁ@glﬂ %"qf'r W SRIRRIEVG,) (SEQ 1D

NG 3). Pre eﬁ@@l’ h
unnodi fi edéﬂaﬁ’@oyssas'asrsagﬁggnce H s- PheoﬁfgrypggbmsegQAFanN%@l?h)%%FﬁotnaleI y

subst i t ut ednaoglcompound. nore (D) amino acid anal ogs thereof. Table 1: ACTH
anal og am fb%a%fi' d SUbﬁgi. YL 00kaBh domipErhith&GT ViR EorféckterbAs indfsed 4

in explanted adrenal membrane by unmodified ACTH, an ACTH analog in

combination with unmodified ACTH, and the ACTH analog alone.

[0037] Fig. 5 is a graph comparing the in vivo and in vitro activity of

various ACTH agonist compounds in inducing corticosterone, referenced to

the activity of unmodified ACTH (i.e., 100%).

DETAILED DESCRIPTION
[0038] Unless otherwise defined, all technical and scientific terms

used herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention pertains. In case of conflict, the
present document, including definitions, will control. Preferred methods and
materials are described below, although methods and materials similar or
equivalent to those described herein can be used in the practice or testing of
the present invention. All publications, patent applications, patents and other
references mentioned herein are incorporated by reference in their entirety.
The materials, methods, and examples disclosed herein are illustrative only
and not intended to be limiting.

[0039] As used herein, the term "unmodified Adrenocorticoiropic
Hormone" (“unmodified ACTH”) means the peptide hormone produced by the
anterior pituitary gland that stimulates the adrenal cortex to secrete
glucocorticoid hormones, which help cells synthesize glucose through the
process of gluconeogenesis, catabolize proteins, mobilize free fafty acids and
inhibit inflammation in allergic responses. One such hormone is
corticosteroid, which regulates metabolism of carbohydrate, fat, and protein
metabolism.

[0040] The term “corticosteroid” as used herein includes the human

corticosteroid cortisol and the rodent corticosteroid corticosterone.
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AA- AAG- W AA5- AAL Mo AAl1l- AAl 2- M- Unnodified ACTH Resi due: Ser Tyr
Ser Mt Gu

[0041] The term “about” used with reference 1o a quantity includes
variations in the recited quantity that are equivalent to the quantity recited, for
instance an amount that is insubstantially different from a recited quantity for
an intended purpose or function.

[0042] The nomenclature “P(x-y)” as used herein, where P is the
name of a polypepiide and x and y are integers, refers to an amino acid
sequence consisting of the consecutive amino acids at position (X) to position
(y) of the polypeptide called “P”. For example, "hACTH(1-24)” refers to the
polypeptide of 24 consecutive amino acids consisting of the residues 1
through 24 from the amine terminal end of the human ACTH peptide.
Recitation of “mACTH? refers to murine ACTH. Notably, hACTH(1-24) and
mACTH(1-24) are identical peptide sequences.

[0043] The nomenclature “aXb” where a and b are single-letter
abbreviations for amino acids and X is a number, refers to a substitution of the
amino acid “a” in the “X” position in the unmodified ACTH peptide with the
amino acid “b.” For exampié, “(V26F,E30K)mACTH?" refers to a 39 amino acid
mouse ACTH molecule that has been modified by substituting a Phe amino
acid in place of the Val amino acid at the 26 position from the amino terminus
of the molecule, and substituting a Lys amino acid in place of the Glu amino
acid at the 30 position from the amino terminus of the molecule. Similarly, the
nomenclature “afyxX-Y8e¢” where a, B, %, d, &, and ¢ represent single-letter
abbreviations for amino acids and X and Y are numbers, refers to the
substitution of the consecutive amino acids “afy” at positions X to Y with
amino acids “de¢.”

[0044] ACTH analog compounds include compounds comprising the
ACTH sequence with one or more structural modifications that provide one or
more of the following preferred ACTH analog biological functions: (1)
reduction of corticosteroid secretion by adrenal membrane in the presence of
the ACTH analog compared to unmodified ACTH, (2) reduction of
corticosteroid secretion by adrenal membrane in the presence of endogenous
ACTH, (8) increased MC-2R binding affinity accompanied by a reduced
activation of the MC-2R receptor compared to unmodified ACTH. The ACTH
analog compounds are believed to act by binding to the melanocortin 2
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H's Phe kg Trp Gy Lys Pro Val Optional ACTH anal og Amino Acid
Substitutions (D) Ser (D) Tyr (D)Ser (D)Met N e

receptor (MC-2R), weakly activating cells expressing MC-2R, and blocking the
action of endogenous ACTH on the MC-2R receptor.

[0045] Examples of preferred ACTH amino acid substitutions that can
be used to form ACTH analog compounds with one or more of the desired
functions include: (1) substitutions of one or more amino acid residues at
positions 1-13 that conserve the amino acids at positions 6-9 and/or promote
or preserve MC-2R binding, (2) substitution of one or more amino acid
residues at positions 15-18 that prevent or antagonize enzymatic cleavage at
these positions, (3) substitution of one or mere-amino acid residues at
positions 15-18 that are not characterized by adjacent dibasic amino acids, (4)
substitution or truncation of one or more amino acid residues at positions 20-
24 that extend the serum half life of the ACTH analog, (5) substitution or
preferably truncation of one or more amino acid residues at positions 25-39
that provide ACTH analog compounds with desired release properties, or (6)
truncation of amino acid residues 25-39, with the amino acid residue at
position 24 forming the carboxy terminus of the molecule.

ACTH analog Compounds

[0046] In a first embodiment, various ACTH analog compounds can
include one or more amino acid substitutions or truncation with respect to the
unmodified human ACTH amino acid sequence. Unmodified human ACTH is
a polypeptide that has 39 amino acid residues in the following sequence: N-
Ser'-Tyr-Ser-Met-Glu®-His-Phe-Arg-Trp-Gly'%-Lys-Pro-Val-Gly-Lys">-Lys-Arg-
Arg-Pro-Val-Lys-Val-Tyr-Pro-Asn®-Gly-Ala-Glu-Asp-Glu®-Ser-Ala-Glu-Ala-
Phe®-Pro-Leu-Glu-Phe®-Ac (SEQ ID NO: 1) (*hACTH"), where N and Ac
represent the amino and carboxy terminal ends, respectively, of the molecule.
ACTH(1-24) is conserved in that the ACTH(1-24) is found in many chordates,
including both human ACTH(1-24) and has the peptide sequence: N-Ser'-
Tyr-Ser-Met-Glu®-His-Phe-Arg-Trp-Gly'°-Lys-Pro-Val-Gly-Lys'-Lys-Arg-Arg-
Pro-Vai2°-Lys-Val-Tyr-Pro-Ac (SEQID NO: 2) (as well as being identical to
the 1-24 portion of murine ACTH (“mACTH(1-24)"), where N and Ac represent
the amino and carboxy terminal ends, respectively, of the molecule.

[0047] ACTH analog compounds can include at least amino acid
residues 1-19, more preferably amino acid residues 1-24, of hACTH (SEQ ID
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(DGu Cys Asp (DH's (D)Phe (D) -p- iodate (D)-lInaph- Ala (D)Arg (D) Trp Cys
Lys On Dab Dpr (D)Lys Ay (D)Pro (DVval [0054]1n Table 1, the designation
(D) refers to the (D) enantioner of

NO:1) with one or more amino acid substitutions. Preferred ACTH analog
compounds comprise SEQ ID NO:2 modified by one or more amino acid
substitutions. ACTH analog compounds include compounds comprising the
ACTH sequence with one or more structural modifications that provide one or
more of the following preferred ACTH analog biological functions: (1)
reduction of corticosteroid secretion by adrenal membrane in the presence of
the ACTH analog compared to unmodified ACTH, (2) reduction of
corticosteroid secretion by adrenal membrane in the presence of endogenous
ACTH and (3) increased MC-2R binding affinity with reduced activation of the
MC-2R receptor compared to unmodified ACTH.
[0048] Particularly preferred ACTH analog compounds have one or
more of the following amino acid substitutions to the unmodified human ACTH
sequence: (1) substitutions of one or more amino acid residues at positions 1-
13 that conserve the amino acids at positions 6-9, (2) substitution of one oi'
more amino acid residues at positions 15-18 that prevent or antagonize
enzymatic cleavage at these positions, (3) substitution of one or more amino
acid residues at positions 15-18 that are not characterized by adjacent dibasic
amino acids, (4) substitution or truncation of one or more amino acid residues
at positions 20-24 that extend the serum half life of the ACTH analog, and (5)
substitution or preferably truncation of one or more amino acid residues at
positions 25-39 that provide ACTH analog compounds with extended serum
half life compared to unmodified ACTH or compared to other ACTH analog
compounds.
[0049] The ACTH analog preferably comprises a polypeptide
described by the formula () below:

0] N-( AA1'13)-( AA”)-( AA15-18)_( AA19)~ Ac
[0050] where N- and Ac- indicate the amino terminal end and carboxy
end, respectively, of the polypeptide, (AA'*%)- indicates a first series of
thirteen consecutive amino acids or amino acid analogs, (AA')- represents an
amino acid residue attached to the carboxy terminal end of the first series,
(AA'®"®). indicates a second series of four consecutive amino acids attached
at the carboxy terminal end of (AA'), (AA'®)- represents an amino acid
residue attached to the carboxy terminal end of the second series.

14



the indicated amino acids; Nle refers to the am no acid anal og norl euci ne
or another amno acid with an alkyl side chain; On refers to ornithine, or
anot her nodified amino acid with a simlar side chain; Dab refers to 2,4

di am nobutyric acid, or a simlar diamno acid; Dpr refers to 2,3

di am nopropi onic acid or another diam no acid, (D) p-iodo-Phe refers to
steric group such as a p-iodo nodified Phe am no acid; and (D)-1-naph-Al a
refers to t[o953] naph- nodi TheACTE)arslag afrformubec(ldpreferabhoturtier st eri cal | y

dified am i d. ACTH ds, t i pcl ude substi tyt | t
'he nmod { PEAPISERIE RIS GRS RREI B RiBaNeY SR FOBREPBRABIP | nol ude
one of the %‘@N@boﬁféﬂﬂ ﬁﬁl@heqmélggeﬁhmmiiﬁasée agdifAbPamAR OW a given

residue position inh Table 1. For exanple, unnodified ACTH has a 3 u residue
at the AA5 peids attaghed ieathearbayytanshi@c) ¢f fsmidad).| Mestareipiaba AG)H G u, Cys
o ASp resi gHaﬂo%é‘in[cRIdE a?ﬂ?tﬁgbf%g HAfthaPamiiiadid dftaliied aP AR AL " ° of

ormula (1) cah al'so i ncllde one or nore amno acld substitutions

cor r espondi pgrtibow ofMoraild(Ihdvithya setglefrat dsasd i2ddmineddiys ifrthbyAGTHal . in U S
Pat ent Nos. 4,485, 039; 4, 457,864; 4,866, 038; 5,731, 408; 5,714, 576;

5,049, 547: 3"49% 055; 4,649, 191: and 5, 674, 839, which are i ncor por at ed

herein by r;doggpnce. [ RETHI dflogs’éHrf @omprise the amino acid sequence of ) portion
of formula (I) represents an amno acid residue that is preferably Ay or

(D) Ay, aldmpedifiediaiH spiraspendingstadiapmmyla Gy Beaferabheinchidingenaor

) position : i ep lyr: i td i nof | og
conpounds, @Eﬁ}a@gﬁsﬁ&r@g %‘?’P f@%’o’?‘@dggéﬁgg@b %fragl %@?Q’?’i%ﬁ%’t@ ﬁ% ACTH
anal og conpareguefembliCatacheditathemarhdxyderminabend obihe @t ptresiduepf
endogenous fg\%l—, ng/ or MC-2R binding. [0056] The (AA15-18)_ portion of
formula (1) B? ents a sequence of four amno acids of formula (111):

(111) AALS_ABDS3AAL7 _AATh8(AATHp polifdrbeflBimuladi)trepreseintsiaseduénesiofhunan ACTH
conprises the se%ue,nce Lc#s‘-ngés-ﬁr gi-ﬁrg (SEQ I D NO 5), which includes four
adj acent anf'K§eRAYEO R eulgills chains. Preferably, ACTH anal og
conpounds i ncimde SARERAPLKATRAGRASE\SOA ATIARE. AP AR BRAU - ARFLANES i n

formula (I11) that prevent or antagonize enzyne cl eavage at these

posi ti ons. . ﬁ(ﬂ'—g ?ﬁﬁédé i [ tqution of
one or nor eﬂzﬁn&n@égﬁﬁﬁﬁ ﬁé{? oArrru aﬁ'nﬁ ?‘??%tg ﬁg ar eeéndg egﬂg}géél?%%ﬁ%d by
adj acent amowafdabbks 1 wptiorady ircling ood ar nwre Afinaadidgulsiitdioaspr ef er abl y

naL7 ands B FER Iy el Salen! T TR UReS bPaPbmar HBmAElB consisting

of : Arg, Alumdd ACTPrhathe ddifforbd SR THr-SeRM-GIONHisPhdIArg- TGN aci d
substitutions of residues AAl16- AAl7 1 8 of SEQ |ID, NO.2 or formula (I111)

are sel ect dysRretVal (GEQ IR NQiBhoPraie@ble iaifASAMS-AARAA UPAORO! t he ACTH

anal og do i Aadi i i 2 si.dues seal d from
fhe oroup GOmyIBFiDHER FiytBuRch SRR Bl eER P R A ous.
the am no dDiNR:4)yeptiomalhpsybsiitutedtwitppreaor adjrad@nhamino acidanaidgsr (i .e., an
argi ni ne ag'aceﬂt to a lysine or vice versa) or to thenselves (i.e., an
arginine a ”%(88 t to another arginine, or a |lysine adjacent to another

|l ysine) within the AA16- AAL7- AA18 portion of the peptide sequence. |nstead,
one Or—nDE the-amno-acids_within the AALGAALZ-AALS portion-are
subst i Table1uA¢HH logaming,acid sypstittionaf A 4 )anal og ather than lys or] Arg
t hat 1H$$idu9¢|n iy !\IAAZH S Aﬁ“hé AA%) | ARG A AT ARS- % 0 i all A‘Nbl cal
f unct difed 1 ) S6f o 1t i |0R" of Yor [ Tcosfer ai i sddPet (8B Hy¥adr&ndi " med arle in
the pr nce pf the AQTH amal og conmpared to ynnod|fieq ACTH, (j2) reductjion
of coft S e e T [SB)E& T [DYE: |CYBIGE 1T b is | T0JAPE S| TISA [T(DyTT B

endog EWACT%BG.M S)q )i n(:pj)emésgﬂ MZ‘?’ZR ‘S?Xﬁdi rg % HTﬁl tciy/g %[?b :{e)%:(ggal

act i vhirialen of | t he| MC- 2R re:é'btorc&’%omare@)'go unnofi fi gdsACEH. [For pxanpl e,
ACTH pveilodigid conpofinds can | ncl yd& Al a re&fiids supstitlyred for| the

unnod| ubeBIORITH r esi des al ong or hore |pgsitlionsiin flormila (I11)] AC[H
anal og conpounds ¢an i|ncl ugle rasi dug subsdi-t yti on) of $EP [D NO 5 | n
formua (111)[ of @y, lor apy arfino hci d|{@kth{an aj kyl %id chain (j.e.,

Al a, Mal—tetd—H-e—or—anr—anr-re—acid—anratog—tonprrstne Y -ateH—si-de—ehai n

such as Me). Also preferably, the ACTH anal og can al so include at |east one
Ala and at |east one Arg residue substituted at any two of the ami no acid
positions 15, 16, 17 or 18 of SEQ ID NO 2. Optionally, the ACTH anal og
substitutions at positions 15, 16, 17s or 18 of SEQ ID NO 2 are am no acids
selected fromthe group consisting of: Lys, Arg, Ala, GIt, Val, Leu, Ile,
an am no acid anal og conprising an al kyl side chain such as NNe, @ n, Asn,
G u, and Asp. Mst preferably, the ACTH anal ogs conprise an am no acid
sequence according to fornmula (111) selected fromthe group consisting of:
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Arg (SEQID NO7), Lys-Ala -Ala -Arg (SEQ ID NO 8), Lys-Ala-Arg-Ala- (SEO
ID NO9), dn-Lys-An-Arg (SEO ID NO 10) and Ala-Ala-Ala-Ala (SEQ ID

NG 11). ACTH anal og conpounds can al so i nclude the substitution of one or

nore ami no acid residues at positions 15, 16, 17 or 18 with an am no acid

or am no acid anal og having an al kyl side chain, including Ay, Al a, Val,

Lou, Ile or Nie. ACTH anal ogs include other am no acids substituted at one

or nore of Lﬂd&ﬁ;AAlf"SMTéble AlHe dbsignation (D) refers to the gﬁ)ﬁenarﬂi@ﬁiérid?ns t hat
preserve ohe of nore preferred biological functions of ACTH anal og

conpounds, theubdicated amincacids;iNa refert i feasmineAGi¢ 28aI001818HCHe Qe  ACTH
anal og co . I fk : { ' Aol retion
by endogenBiense i ARl Eén B biqb ERHR Lo herd & bifge Lhbfoter

f or mul a (| odifidesnimosacic withi ansimilar sideebiaih) OabhafeisdoCah dismireutyiiep or
Ala, but is preferably Tr Al a qr other . agi ' e

substit ut e8¢ toﬁﬁ’ﬁé"‘ﬁ'&éﬁﬁ"?"rﬁ&q"{"i TRFRTP &0 g@@%ﬁ%&@‘%@%%ﬁ&?e pref erred
bi ol ogi cal ahstA6 HRATINGTacki- (DY %@@Bhé@@f@wmﬁerie gebupsutines agdiedbi on of
corticosteroid secretion by the

d ) g “ACTH anal og conpared . to unnodified ACTH,
reducti on BRdiiedPhearineagidsand @)‘b%%&@%@r@ﬁ&k@ﬁﬂﬂém fiedve: 2R
bi ndi ng. Pyt PRSI (0 gy Ot her
than Proli L[g @%ﬁéﬂ‘?ﬁtou cg% @%ﬁ@%ﬁ&%ﬁw posi ti %@%ﬁgﬁﬁ?graggw, t heACTH
anal ogs i nctropeundsthahinviudecsubstiiyliona tie the unreadisiedt(Aé '{ on @fdset i on,

i nstead of Pro..... i H. i 1 and mMACTH,
conpr 1 se. auMBHiRd AReEH ooty RARa 4 SRR BREERal ALTH Babdidiing

f ]cgl | ovv: ng Abiﬁrf?agigbesﬁnidlc%taddb:elomPa(yri]\iamerfe(slaue)pdsﬁWQmTFEbleHerﬁou:al sltruct ure
of Praline includes a sjde- in t or i Sstructure.. Proline is
of ten founﬁxaéﬁplﬁh!é“%\?@?f@d '%‘ﬁiélhaf abéhf ‘f‘?sfcgﬁ%ré th?%o‘b%s.m%hltriqgaﬂt her ani no
aci ds whi CBptﬁ)h!afﬂ% ba! SUsEtituReE With iaV@)GIUNCYS r Repratieludin forpsthy agpt i des,
proline can exist in the cis-configuration _in peptides. The "cis and trans
forns are AGaH gnalegeddegunine aciolsgquense wf fqrmaya (Hcar alsp inglgda pRgal ogs

conprisin NCES ;. e I ; ere
(Anzo) " 1 songrd i e Wpdiulighetrfecarthg OB IEAIESSATERT
par ti cul ar digclpsed by HrdbpET bl. imdl S RataneNaoedi, 485,038AEHE7 ,804CTH or

hACTH( 1- 24 tid e - -19)- - .are sel ected
from E he g%’égg:%ééngﬁﬂg@gfﬁ4%@%46{%%‘é\%’%@f’%{rg = g)fggTr pl9- (SEQ
1D NO 12) ; 5 5 54 areVifiddindtaadd héfedr By Msfeddhce SEQ | D NO 13);
-dyl4-Lys15-Alal k Alal7- Ar 18- Prol9- (SEQ |D NO 14); -dyl4-Lysl5-

Al al16- Ar g1[p088h19- Pr oTbe (M%&: paptigyoof fesyula (Brkppaesas s 3/8ing agid 1 7-

No NG 1) e ANEetrly S or (Al sKAdnn b sfine cols TR e by
substituted at the (AA')- position that preserve desirable biological functions
of ACTH analog compounds, such as the reduction of corticosieroid secretion
by the ACTH analog compared to ACTH, reduction of corticosteroid secretion
by endogenous ACTH and/or MC-2R binding.
[0056] The (AA'®8)- portion of formula () represents a sequence of
four amino acids of formula (lil):
("l) -AA15-AA16-AA17-AA1S-.

The (AA'®'®)- portion of unmodified human ACTH comprises the sequence
Lys-Lys-Arg-Arg (SEQ ID NO:5), which includes four adjacent amino acids
with basic side chains. Preferably, ACTH analog compounds include
substitution of one or more amino acid residues in formula (lil) that prevent or
antagonize enzyme cleavage at these positions. Also preferably, ACTH
analog compounds include substitution of one or more amino acid in formula
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formula (1Va) or formula (IVb): (l1Va) N(Ak -13).(AA14) (AAL154

s) - (AA-19) (AA20-24) _ (1Vb)

N (AA-1-13) _(AA-14) (AA-15-18HAAL 9) (AA20-24)-Ac [0062] where N indicates
the N-term nal end of the pol ypeptide, Ac indicates the carboxy term nal
end of the polypeptide. The ACTH anal ogs of fornula (Via) or (VIb) include
the N-( AA-1-13)-(AAl4). (AA15-18) (AA19) as described wth respect to

formula (I 51 @weare%@cﬁ%&@&ea%dé%n; Qﬁuné’@&?ds%t@&éﬁ%?ﬁ@ dngide

carboxy en am no acl d sequence rormul a (AA29- 24)
portion of AAIP-nandAAYf-are ar&ie@dl;bbdeepm@‘ﬁﬁt@l%pte@ @ﬁhﬂ'@ @pupi ve am no

aci ds of faormul Aéé@

portion of Cﬁﬂﬁ‘ﬁﬁné Q&VHUAE%WS t que%MPe“%eﬁtWa| Tyr Pro
(SEQ | D NOséRctedfreinetha ifroup é&i’érbt&@d)fﬂérg;@ﬁ@o@lmnd Wal.ude substitution of
one or nore_amno acid residues in formnul gH&Vé ggﬂ rh%#llée serum half life
of the ACTEPQRA og. FdR 0B ASPPEL CBRA CAMALE AFANG el oot 2 sequence

cor r espondidyg ?&@ﬁ AAMTHAT_AXS d?fssof?béwcé\b%r%ﬁn&ﬂaa(ﬂﬁl é?é%%@c{ela NAHL9) -

[0063] Partlcu preferred ACTH anal og accordin formula (1Va)
conpri se tmtgbqaann@anmcmﬁdmeaznﬁ 7 end d8utthe AG ar)ralqgnio ntAngudal6- AAL7-

AA19- port preferred
conpound 0?8?6\&%0@4% S é%lﬁ%i%ag %ﬁ%@%mégﬁ H( 1- 24),
havi ng theLygandrNg INofer worgls, lﬁsonmcmwﬁaalbgs,ﬁheamMG acids Lys

Trp-G yl0 Pr o- Val = Irp-Val20- L Val - Tyr - Pro- Ac
(SEC) 1D N@@é‘) dgggqu%g;géacggﬁg%aéh Bf(i-e ANAIRUNG %@3‘?3&}" 9% eferred
ACTH anal Og/sﬁsywaélsefé@pétﬁitr@ﬁwwsqiéyaﬁfargima)a@racdm totndiHar! D NO 2
with al anine or glutamne substitutions of qne or nore,of f{he am no acid

resi dues a@rgidigpt PoHAdysing adjacentto@nother lysing) Jyithig ghe N‘ut‘%n "M\ t he am no
acid resid §ﬁ|€ﬁtoégﬂ§gbb§’c?bgsg&er%% Iﬁ@teﬂ/ﬁ?br%! o?ﬁ]o rohtlfi%) #inB&cidser exanpl e

-as describ tional analysis of evolutionarily
conserved wmﬂmeMﬁe%A ﬁ@eﬁpmlqm aradobstitutsid wibeny 36ing acid-c6 (2004) ,

which is allfnrllr%) 568 ana?og &ﬁe? JthanbL grf /?rrgetﬂgtept’o(}ldet Sn&BE lln otd & the
following preferred ACTH analog biological functions: (1) reduction of
corticosteroid secretion by adrenal membrane in the presence of the ACTH
analog compared to unmodified ACTH, (2) reduction of corticosteroid
secretion by adrenal membrane in the presence of endogenous ACTH and (3)
increased MC-2R binding affinity with reduced activation of the MC-2R
receptor compared to unmodified ACTH. For example, ACTH analog
compounds can include Ala residues substituted for the unmodified ACTH
residues at one or more positions in formula (lil). ACTH analog compounds
can include residue substitution of SEQ ID NO: 5 in formula (ill) of Gly, or any
amino acid with an alkyl side chain (i.e., Ala, Val, Leu, lle, or an amino acid
analog comprising an alkyl side chain such as Nle). Also preferably, the
ACTH analog can also include at least one Ala and at least one Arg residue
substituted at any iwo of the amino acid positions 15, 16, 17 or 18 of SEQ ID
NO:2. Optionally, the ACTH analog substitutions at positions 15, 16, 17, or 18
of SEQ ID NO:2 are amino acids selected from the group consisting of: Lys,
Arg, Ala, Gly, Val, Leu, lle, an amino acid analog comprising an alkyl side
chain such as Nle, Gin, Asn, Glu, and Asp. Most preferably, the ACTH
analogs comprise an amino acid sequence according to formula (lll) selected
from the group consisting of: Lys-Arg-Ala-AIa- (SEQ ID NO:6), Ala-Lys-Ala-
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[0064] In a third aspect of the first enbodi nent, the ACTH analog is
conprising a pol ypeptide described by formula (Via) or formula (Mb): (Via)
N ( AAL- 13) - (AAl4) - (AAL5-18) - (AAL9) (AAM 24) (AA25-39). (Vib) N (

AAl-1) (AAl4)-(AA [0065]where N- indicates the am no-term nal end of the
pol ypeptide, Ac indicates the carboxy-term nal end of the pol ypeptide. The
ACTH anal ogs of formula (l1Va) or (1Vb) include the

N (AL 13) A A8 (e By oMM IS ERHID e asacestoaRay psi

respect to nd further nprise rtion

attached t dDiNR:R)aGliokys-GitAng (SEQ 1IBNQH G @ng Aleghlarla-Ala (sééhfﬁ a (I1Va).

hetachod t OOHTIAACE B08GG Yol R RS oA A R e ST BEmAL HESHERS |
term nal emjorefarhine atid residucssat poskionsibal @M Dpr 1Evdth( sP2mirRPacidmar t i on of

[or Tl & e R 80 S i R ATl Eh o, V1285 ©f

- AA25- AA26 oIS - AAZTH Mielo g e s arfiliro vsids AG8&itaRedEt oRéDf rhGrs - AA3Y.
[ 0066] The (AA25- 3%_- ortjon f unnodi fi ed human ACTH conpri ses the
sequence ASHIG AA AA%'M,&B‘M ipgsitieps Hiad prpsente anery-meig-Arefer@diphe (SE0 1D

NQ 21). Pr %fc%@@éb‘fun@%ﬁ%‘ (ﬂ%@#'ﬂg aﬁﬁf&i@?{r}ﬂf@dd&%‘, gGGh ﬁ%?éietdﬂ@i&%‘o?f one or
nore amino acid residues tn tornula , or’'fruncation of one or nore
am no aci dcoricodtezsidfseorativhdycihe ASTH Baalognedmpadddd unmadifieal ACITH,, t hat
i de ACTH I ds with desi t i | ties.
For *exanpl ESUHORGHOARBREE srotsdnn Y arcooBas AR 4 BRI BE MR BN 1 o °°
formul a (Vblndim@vi ng t he unnodi fi ed ACTH sequence of SEQ ID NO 10,

optionally noditied by substitution of L at AA33 and/or substitution of
Arg at AA [Q8H7) Subsﬁ'h?df\ﬁtééﬁapomﬁﬁiogfﬂrgyﬁﬁ ng?ﬂ?@e'ﬂﬁ ARABROACH east one

residue i nréé?@u@ﬁa@% & s E’ﬁgﬂﬁg“cﬁ ARDNRES réf@fbHebenglaoe?N’a 8r 8inkf arfinb resi due

inserted in 1ts place. Such titutions may _ I'n accordance with
t he fol | owaeigsThdil carchasihstituted at H&Gﬁlﬁeg- posttionevkilenpreaenying eneor

characteri gt f . i Tahl ] 1 ds i y be
substit ut eﬁ*q;%%r%grrgp%ﬁé@{:&léﬂpﬁ@%@?@%{ﬂq%W%}%@ﬁp@%@mﬁmggrt @gr egar ded
in the grtre_a;mﬁzionsecm"cbstercs@bemiettiun bynise AA!IHHama_ldgang;f]Hrpdwds_ i ncl ude
conpounds with one o re conservative substitutions that retaij ne or
more of ¢ hanmocitied AlgT iy redupfieriolgeriicosTarolr Serarign By andPasRaUSAGTH 1)
reduction h isdiahd { 3 A Yyt presence
of the ACTEUSEME REIRRY, FrERTEL e AC LR ?%““2) poane el

corti cost eamind aeidothardham Prelihessubistindsthatihe (AN TheopitieseMaseof endogenous

ACTH and ( I ease glell .0l A pvation of
the ve 2r peteBbl HREACTH AR Rehle e aMipat Qi el fbNGfA PG t

(AA')- position, instead of Pro. Unmodified ACTH peptide sequences, such

as hACTH and mACTH, comprise a proline residue at the (AA'9)- position.

Proline has the following chemical structure:

D

7
3
B

#
HNL_
a

[
-
|

4]

Proline (Pro)

[0059] The chemical structure of Proline includes a side-chain that
forms a ring structure. Proline is often found at the end of a helix or in turns or
loops. Unlike other amino acids which exist almost exclusively in the trans-
form in polypeptides, proline can exist in the cis-configuration in peptides. The
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Origi nal Conservative Resi dueSubstitutions Al aser Arglys Asngin, his Aspglu
Cysser G nasn Guasp Aypro Hisasn; gin Ileleu, val Leuile; val Lysarg;
gin; glu Metleu; ile

cis and trans forms are nearly isoenergetic. Preferably, (AA™)- is Trp in
ACTH analogs comprising SEQ ID NOs:6-10 at formula (1ll), although
compounds where (AA'®)- is Pro in ACTH analogs are also provided.

[0060] Accordingly, particularly preferred ACTH analogs are modified
hACTH, mACTH or hACTH(1-24) peptide sequences where (AA')-(AA™8).
(AA™)- are selected from the group consisting of: -Gly"*Lys'®-Arg'®-Ala"’-
Ala'®-Trp'%- (SEQ ID NO:12); -Gly'*-Ala'5-Lys'®-Ala""-Arg'®-Pro™- (SEQ ID
NO:13); -Gly**-Lys'5-Ala'®-Ala""-Arg'®-Pro'®- (SEQ ID NO:14); -Gly'*-Lys®-
Ala'®-Arg'-Ala®-Pro- (SEQ ID NO:15); -Gly'%-GIn"-Lys'®-Gin'"-Arg'®-Pro"-
(SEQ ID NO:16) and -Gly"*-Lys'*-Arg'®-Ala'-Ala'®-Pro™- (SEQ ID NO:17).
[0061] The ACTH analog is comprising a polypeptide described by

formula (IVa) or formula (IVb):

(IVa) N-(AA1'13)-(AA14)-(AA15'18)-(AA19)-(AA2°”24)-

(IVb) N AAT13)-( AAM)-( AAT518) (AA19)(AAZ24.Ac
[0062] where N- indicates the N-terminal end of the polypeptide, Ac
indicates the carboxy terminal end of the polypeptide. The ACTH analogs of
formula (Via) or (VIb) include the N-(AA™'3)-(AA™)-(AA'*8)-(AA™®)- as
described with respect to formula (I) above, and further comprise the (AA224)-
portion attached to the carboxy end of the amino acid sequence of formula (I).
The (AAZ24- portion of formula (Vla) and (VIb) represents a sequence of five

amino acids of formula (V):

v) - AAZAAZTAAZAAZ AN,
The (AAZ?%- portion of unmodified human ACTH comprises the sequence
Val-Lys-Val-Tyr-Pro (SEQ ID NO:18). Preferably, ACTH analog compounds
include substitution of one or more amino acid residues in formula (V) extend
the serum half life of the ACTH analog. For example, an ACTH analog can
comprise a sequence corresponding to formula (V) of: -Ala-Ala-Ala-Ala-Ala-
(SEQ ID NO:19).
[0063] Particularly preferred ACTH analog according to formula (IVa)
comprise the sequence hACTH(1-24) with substitution of the -AA™-AA5-AAT-
AA'. portion of formula (lll) with SEQ ID NO:6. One particularly preferred
compound of formula (IVa) is the ACTH analog (KKRRP15-19KRAAW)
mACTH(1-24), having the sequence: N-Ser'-Tyr-Ser-Met-Glu®-His-Phe-Arg-
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Phermet; leu; tyr Serthr Thrser Trptyr Tyrtrp; phe Valile; |leu

[ 0068] Substanti al changes in function or inmunological identity are nmade by
sel ecting substitutions that are | ess conservative than in Table 2, i.e.,
selecting residues that differ nore significantly in their effect on

mai ntai ning: (a) the structure of the pol ypeptide backbone in the area of
the substitution, for exanple, as a sheet or helical confornmation; (b) the

charge or hyes-Gofidbisirry-Veil-Gipelysii-aegliga-Ala-The Val?-0ps-VailTsr-Fe6-Ac) the
bul k of the |8e ﬁ&l n. The substitutions V\@Iéh in general are expected to
pr oduce the(%E APNQ:20)2ige seiered 1o 8 ‘A T B §pePines Pafliouiaryepiefiersrd i n whi ch:
(a) a hydropyu ' : o [ for (or
by) a hydrogﬂmﬂ %nérlgé :cgﬁ@,ou@t-jgF?nﬁﬁgjéé%/sleﬂflfl%?@ﬁgﬁefahgﬁgﬁ%@ !’RW gvaI yl or
al anyl ; (b) with@laning aeglutamine|substituioss bEone ot mre of thecaming acidy ot her

PAS _. . . ) P
rainy or tsidielpOetohg b forlh 8P ARPBT iR EuRh R oiq Ablng Bef e
Chai 1 6., e A e e T or - Cor vy one bat. having a
ci'dechai . debesed byyCon otals NRAadanar apaiitis kol iR aRy SODRDYPUAT
functions oACAHEsRINES O EEPEBRY ERISEHMoR MAR TS Bo-BY200Y), WHitilY e net hod,

but are preferably assessed by perform ng one or” nore of The assays
descri bed biareiRorigsihgrein &y ref%wmastwmtﬁewecr eased ACTH Function [0070]In

2 5econd erppaf™nt . ARRRAADSS 61 heThe dhEAGRE RERCTIFBnble Unct | on

to reduce stero secretion by adrena rane | d2ence of
t he ACTH anedrogrisingrpgobeeptide desclitiacby AtiTidla (Va) st founular @/1b): t he ACTH

anal ogs is pref | Y, 5£hE0 _? ﬁ_(f b8y 90fE, 2054, MRG58 the structural
formul ae provid b% {[ﬁ% ;ﬁgéa1%g§at%iﬁ§)§%&g@ ‘e a reduced
ACTH- nedi at ed sddI®t iNGHf BRI 68 i b rone, f ot an‘b’ as neasured by

a reduction_in_the level of corticosteroid in the blood of a subject after

adnmi ni st er i §§68he AcTivReraINgndisaies thaandge-terrainalensl of themahaapiitle, at | east
a 10% 15% ROifdical% thdLehrb R Ueriiél oh8 G 1#9pBlypeptide. The ACTH analogs

of formula (IVa) or (IVb) include the N-(AA™'3)-(AA™)-(AA'58)-(AA%)-(AAZ>
2)- as described above with respect to formula (IVa), and further comprise the
(AAZ%). portion attached to the carboxy end of the amino acid sequence of
formula (IVa). Formula (Via) can optionally include additional chemical
structures attached to the AA™ residue, while the AA® residue forms the
carboxy terminal end of the structures of formula (Vib). The (AAZ*%9)- portion
of formula (Vla) and (VIb) representis a sequence of fiiteen amino acids of
formula (VII):

(Vl |) - AA25_ AA26_ A A27_ A A28_ AA29_ AABD_ AA31 A A32_ AA33_ A A34_ A ASS_ AA36_
AAZT.AAZBAAZ.

[0066] The (AAZ%)- portion of unmodified human ACTH comprises
the sequence Asn-Gly-Ala-Glu-Asp-Glu-Ser-Ala-Glu-Ala-Phe-Pro-Leu-Glu-
Phe (SEQ ID NO:21). Preferably, ACTH analog compounds include
substitution of one or more amino acid residues in formula (VIi), or truncation
of one or more amino acid residues from the carboxy-terminal end of formula
(Vil), that provide ACTH analog compounds with desired sustained release
properties. For example, an ACTH analog can comprise a sequence
corresponding to formula (Vi) having the unmodified ACTH sequence of SEQ
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85% 90% 91% 92% 93% 94% 95% 96% 97% 98% 99% or 100% reduction in
the serumcorticosterone | evels conpared to the conparabl e adm nistration
of unnodi fied ACTH peptide, as nmeasured by an in vivo Serum Corticosteroid
| nducti on Assay. [O0071]An in vivo Serum Corticosteroid |Induction Assay
measures the level of corticosteroid or corticosterone in the blood stream
of a subject. Mre specifically, the in vivo Serum Corticosteroid |Induction
Assay can ipQlode, bproridliyl mudified by epbstitlition bf Lynathaitandos suptiagion
endogenous ACTH Fro dguction was administered to a nouse subject, such as an
i ntraperitdi Aection of dexamethasone; second, after wai ti ng a
suitable p of ti AGA tion
(e.qg., 1. S%bgﬁo hou r‘?"bf gfutngégﬂéég%%géu%é @gﬁégpﬂ g%ﬂl%r??%tere(?qé gﬂl?%e nouse

by a suit atih é‘lemmmoacndaeQUwel has bgen raraenss] anst a giffsrantrasidue | nj ecti on;

d third, .aft f
Soti on o dferRei s BIARS, 50 A ARARARRE By 85 riddB i fcaadce e O\
subJt eglt and?ltﬁvﬁqg wal: zﬁvmnumdétstr?daoﬂhelgon@dmm the cﬂlarmtensmi 2dS15>1/ %I A kit
Sulta e ne (0] Suc as etirtrve r | Ol 1.N |
(1N, Cost dhavBiskein CRablec3, Shayye B a6 pHNcrs gy & RHRSVPO SOt
Corticost ero?igﬁ'\al AfHd 444 w?*ﬁ%?élteﬂaﬁ@%ndh at{eqaéaﬂd-éﬂﬂn@l@é bkcast eroi d or

corticosterone secretion Induced in vivo by a CTH anal og conpound was
conpar ed t@OUWaWUQﬁTmB@ﬂﬁl A%Tiéue@a@gsmmum‘!ﬁ ipeludacoOmpPPnEd unnodi fi ed

ACTH CO”"OWM oAk %%%H@:Bﬂé et %hﬁ@?&'oﬁﬁ%cﬁé oﬁfﬂ@ nistering

ei ther the ana 0g as oun gure OWs t he
results of fmﬂmemgapieﬁewedA(Il’(H analogtimlogldawunetumis [hdeducton mssays per f or med

ith mACTH( 1-2 ACTH | t est d toth
Vr¥|\=3t hod of EQQWB%@" sé%gﬁl—l%ﬁi? %’dee Jise esg}tﬁgﬂaoun se% ti gn wgre

i dentifiedahylo dred t@gnmoam&aem@m tawgﬂ@ctmldf@osﬁwmbm
radi ol nmunoassa | A ana yS| S on d sanpl g éol | ect eg ple hour after
adnmi ni st er isﬁ‘@(eil% aj memb '@tneA EFﬁﬁeGse@ gpeegRNqUs ACTH and (3)

dexanet hasglbg% R Fl\/lé%ﬁ%lrmugfaﬁlhﬂg HigUeBuded Lo aR0h ¥ e Ric-2Ar i ous ACTH

anal og pept! S expresse r cent 1 nduction of corticosterone, with
nmouse ACTHrdBmpttchm}%redIh@ugmdﬁieﬁOﬁ\@'ﬁUV\s t he percent corticosterone

i nduction 12 for ACTH aﬂ.gbrige sanpl es 14 of ACTH anal og Conpounds. The
percent of corticostero SfQuction 12 of ACTH anal og Conpounds in Sanpl es
2-10 are shown a of serum corticosterone
20 neasured for ﬁ?@g ; ed %&4;@“’94) in the in vivo Serum Corticosteroid
Adrenal | nducti &ieSiiay. ThEUBBHIYEPRS al nodifications and neasured

percent age reduction-in-serumpeasuwred for -Sanples 2-10 in Figure 1 are
shown in Table 3 Ael ow. Talsle¢ 3 Sanple Label in Fig. 1 Structural

Modi fi cation Arg lys

Asn gin, his
Asp glu

Cys ser

Gin asn

Glu asp

Gly pro

His asn; gin

lle leu, val

Leu ile; val

Lys arg; gin; glu
Met leu; ile

Phe met; leu; tyr
Ser thr

Thr ser

Trp tyr

Tyr trp; phe

Val ile; leu
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Percent reduction in serumcorticosteroid 2 20 (V26F, E30K) mMACTH 18. 3% 3 25
(P19W K21E, Y23R) mACTH 36.5% 4 .30 ( E30K, P36R) mMACTH 41. 5% 5

[0068] Substantial changes in function or immunological identity are
made by selecting substitutions that are less conservative than in Tabie 2,
i.e., selecting residues that differ more significantly in their effect on
maintaining: (a) the structure of the polypeptide backbone in the area of the
substitution, for example, as a sheet or helical conformation; (b) the charge or
hydrophobicity of the molecule at the target site; or (c) the bulk of the side
chain. The substitutions which in general are expected to produce the
greatest changes in protein properties will be those in which: (a) a hydrophilic
residue, e.g., seryl or threonyl, is substituted for (or by) a hydrophobic residue,
e.g., leucyl, isoleucyl, phenylalanyl, valyl or alanyl; (b) a cysteine or proline is
substituted for (or by) any other residue; (c) a residue having an
electropositive side chain, e.g., lysyl, arginyl, or histadyl, is substituted for (or
by) an electronegative residue, e.g., glutamyl or aspartyl; or (d) a residue
having a bulky side chain, e.g., phenylalanine, is substituted for (or by) one
not having a side chain, e.g., glycine.

[0069] The preferred ACTH analog biological functions of ACTH
analog compounds can be measured by any suitable method, but are
preferably assessed by performing one or more of the assays described

below

ACTH analog Compounds with Decreased ACTH Function

[0070] In a second embodiment, ACTH analogs are modified ACTH
peptides that function to reduce corticosteroid secretion by adrenal membrane
in the presence of the ACTH analog comparéd to unmodified ACTH. The
structure of the ACTH analogs is preferably selected according to one or more
of the structural formulae provided above. The ACTH analog compounds can
have a reduced ACTH-mediated secretion of blood corticosterone, for
example as measured by a reduction in the level of corticosteroid in the blood
of a subject after administering the ACTH analog. ACTH analogs preferably
demonstrate at least a 10%,15%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
reduction in the serum corticosterone levels compared to the comparable
administration of unmodified ACTH peptide, as measured by an in vivo Serum
Corticosteroid Induction Assay.
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35 (PVKVYP19- 24AAAAA) mACTH 51% 6 40 (V26F, P36R) MACTH 59. 3% 7 45 (P19W
K21E) r nACTH 61. 1% 8 50 (P19W K21A, del Y23) mACTH

[0071] An in vivo Serum Corticosteroid Induction Assay measures the
level of corticosteroid or corticosterone in the biood stream of a subject. More
specifically, the in vivo Serum Corticosteroid Induction Assay can include the
following steps: first, an agent to suppress endogenous ACTH production was
administered to a mouse subject, such as an intraperitoneal injection of
dexamethasone; second, after waiting a suitable period of time for
suppression of endogenous ACTH production (e.g., 1.5 —2.0 hours), a test
compound can be administered to the mouse by a suitable method, such as
intraperitoneal or subcutaneous injection; and third, after waiting a suitable
period of time (e.g., 1 hour) for action of the injected test compound, a blood
sample can be taken from the subject and the level of serum corticosterone
can be determined by a suitable method, such as a competitive
radioimmunoassay using '#I| RIA kit (ICN, Costa Mesa, CA). Example 1
describes a murine in vivo Serum Corticosteroid Induction Assay in detail.
[0072] The corticosteroid or corticosterone secretion‘induced in vivo
by an ACTH analog compound was compared to the level of corticosteroid
secretion produced by an unmodified ACTH compound by measuring blood
serum corticosteroid after administering either the ACTH or ACTH analog as
test compounds. Figure 1 shows the results of murine in vivo Corticosteroid
Adrenal Induction Assays performed with mACTH(1-24) and various ACTH
analog test compounds according to the method of Example 1. ACTH analog
compositions with decreased function were identified by measuring
corticosterone levels using standard radioimmunoassay (RIA) analysis on
blood samples collected one hour after administering the mACTH(1-24) or
ACTH analog compound to dexamethasone-suppressed mice. In Figure 1,
the potency of various ACTH analog peptides is expressed as per cent
induction of corticosterone, with mouse ACTH being 100%. The graph 10
shows the percent corticosterone induction 12 for ACTH and nine samples 14
of ACTH analog Compounds. The percent of corticosterone induction 12 of
ACTH analog Compounds in Samples 2-10 are shown as a percentage of the
concentration of serum corticosterone 20 measured for unmodified mMACTH(1-
24) in the in vivo Serum Corticosteroid Adrenal Induction Assay. The
structural modifications and measured percentage reduction in serum
measured for Samples 2-10 in Figure 1 are shown in Table 3 below.

23



76.0% 9 55 (P19W K21A) mACTH 83. 4% 10 60 ( KKRRP15- 19KRAAW nmACTH 100%
Reducti on of Endogenous ACTH- i nduced Corticosterone Induction [0073]1n a
third enbodi nrent, ACTH anal ogs are nodified ACTH peptides that function to
reduce corticosteroid secretion by adrenal nenbrane in the presence of
endogenous ACTH. When adm ni stered before or concurrently with ACTH, ACTH
anal og conpounds can produce a 10- 100% reduction in serumcorticosteroid

| evel s. Preferably, ACTH anal og conpounds provide a reduction in the serum
corticosteroid |levels neasured by an in vivo Serum Corticosteroid

| nhi bi ti onTaba§ of about 10% 15% 20% 30% 0% 50% 60% 70% 80% 85%

90% 91% r92%+93% 4% 9% 6% 197 '
adrr(i) ni st? ati orlsag‘PI ACT H al%ﬁé‘ini@w asu?tn%&@ N@%ﬁff@afdnvf\‘; Jﬁ%& {gﬁﬂ ction i

| dolicosteroid
Corti cost éroid Lnhibition Assay —sueh—as—the-—aseay destriog Eadpl e 2.
Exerrpl ary ACTH FZI’\F” 0g--¢.onpou mQ th i %6E1$0 Iiljl hbrren 8. {;Oduct‘r)on
i nduced by endod@enous ACTH w2 e i deinfR1EW 15 Z%F‘AE:TH'\ g-a 3Bp%es_of in
vi vo Serum Cortidcosteroid 1 nB@biti jn 301} AR LIAMACTH 5 | mq c4h5%e
admi ni stefed al &ne, prijor to3RACTH admi(PVKMYPIL2HMAAN cpncurr®@fly in
conbi nati on with ACTH. mACTH
) 40 (V26F,P36R)MACTH 59.3%
7 45 (P19W, K21E)mACTH 61.1%
8 50 (P19W K21A,delY23)mACTH 76.0%
9 55 (P19W K21A)mACTH 83.4%
10 60 (KKRRP15-19KRAAW) 100%
mACTH

Reduction of Endogenous ACTH-induced Corticosterone Induction
[0073] In a third embodiment, ACTH analogs are modified ACTH
peptides that function to reduce corticosteroid secretion by adrenal membrane
in the presence of end"ogenous ACTH. When administered before or
concurrently with ACTH, ACTH analog compounds can produce a 10- 100%
reduction in serum coriicosteroid levels. Preferably, ACTH analog
compounds provide a reduction in the serum corticosteroid levels measured
by an in vivo Serum Corticosteroid Inhibition Assay of about 10%,15%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100% compared to administration of ACTH alone, as
measured by an in vivo Serum Corticosteroid Inhibition Assay, such as the
assay described in Example 2. Exemplary ACTH analog compounds that
inhibit adrenal hormone production induced by endogenous ACTH were
identified by performing a series of in vivo Serum Corticosteroid Inhibition
Assays. ACTH analogs can be administered alone, prior to ACTH
administration, or concurrently in combination with ACTH.

[0074] An in vivo Serum Corticosteroid Inhibition Assay measures the
level of corticosteroid or corticosterone in the blood stream of a subject after
administering a compound having a first corticosteroid-producing biological
activity and a test compound. The compound having the corticosteroid-
producing biological activity can be any compound known to induce a
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[0074] An in vivo Serum Corticosteroid Inhibition Assay neasures the |evel
of corticosteroid or corticosterone in the blood stream of a subject after
adm ni stering a conpound having a first corticosteroid-produci ng bi ol ogi cal
activity and a test conmpound. The conpound having the
corticosteroidproduci ng biological activity can be any conpound known to
induce a detectable increase in corticosteroid production. The test

compound ¢ aneRfepftl AL ALHbrRBSRISiddledfldr. AT Ristbdmploady eanbeconpound,

i n conbi na ron w corticosteroid-produci ng conpound, and/or after the
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fromthe s I'eve serum corticosterone was determ ned by a
sui t abl e nsudhcak ama’spmmarmmmoassaymlr@ MhR8ddidGNuCoalg Mesa, Rl A kit

Vivo ser art8br OPEaSal SRS A RERe RLEY TSR GafiReHe PRl o ir trent

of the initdiboRSRRGPRIITIRPESMEaRIcETIet, douwatbby adotisiratiah ofdkeltestn t he

bl ood of the subject_in the manner. of s t ead of .adm ni stering
IsrbiPhibiAtse e

the agent €@MRRLSHHeINSNOMYHPYIEPHICOS ine in vivo
ser um Cort inGAAk Yodhdininiidtioh' f the R3fYSmpBUAG bl the h@.@i&@h@«ﬁ@-ﬂ es of

separate in Vivo rticosteroid bition Assays were perforned to
i denti fy ASFoHUGingloogspaLmak by ﬂlmf@iQWlmHRﬁ:lf!@’haﬂn ﬁ@#ﬂfﬂﬂéuﬁp'@éﬁctl on | n Vi vo.

The serum co t i cost

nmeasured a¥" &EPPBW p@%ﬁ%% dﬁﬁr maglggtr?g i?é(‘:)ﬁﬁ %‘

(corti cost gy pi@pBFirshiéeal m&@ﬁmdéﬁmeﬂﬁboae MBHdaaMrogaltmgatswabbound)
fol |l oned by subse uent admnistratio C.RET d%ﬁ |nat| n of ACTH
and the A@Qﬂ'oﬁlr%flftﬁge@foﬁ@@festsﬁ’é‘ @ﬂc{égﬁa%@ BIOCRGHON (69 ] the |evel
of serum corticosteroid neasured in Eye mce as a function of tine of

adm ni stration. Table 4 Conbined admnistration of ACTH and an ACTH anal og
i me Sanpl e



O mnutes 90 mnutes 120 m nutes 180 nmi nutes Vehicl e Dexanet hasone
(adm nistered to all groups) Vehicle 0 0 ng/nL ACTH mACTH( 1-24)

2.0 hours), the corticosteroid-producing compound and a test compound were
co-administered to the mouse by a suitable method, such as intraperitoneal
injection; and third, after waiting a suitable period of time for the biological
activity of both administered compounds to occur (e.g., 1 hour), a blood
sample was taken from the subject and the level of serum corticosterone was
determined by a suitable methbd, such as a competitive radioimmunoassay
using 251 RIA kit (ICN, Costa Mesa, CA). Also, in some embodiments, the
first step in any in vivo Serum Corticosteroid Inhibition Assay can be replaced
by a measurement of the initial endogenous corticosteroid or corticosteroid
level in the blood of the subject in the manner of step four, instead of
administering the agent to suppress ACTH production. Example 2 describes
murine in vivo Serum Corticosteroid Inhibition Assays in detail.

[0076] A series of separate in vivo Serum Corticosteroid Inhibition
Assays were performed to identify ACTH analogs that inhibit ACTH adrenal
hormone production in vivo. The serum corticosterone levels of
dexamethasone-suppressed mice were measured as described in Example 2
after administration of (1) ACTH (corticosteroid-producing compound), (2) an
ACTH analog (test compound) followed by subsequent administration of
ACTH, (3) a combination of ACTH and the ACTH analog and (4) the ACTH
analog alone. Table 4 shows the level of serum corticosteroid measured in

the mice as a function of time of administration.

Table 4 Combined administration of ACTH and an ACTH analog

Time
Sample 0 minutes 90 minutes 120 minutes 180 minutes
Vehicle Dexamethasone Vehicle 0 0ng/ml
ACTH (administered o mACTH(1-24) | 500 = 76 ng/mL
AT90-ACTH120 all groups) (KKRRP15- mACTH(1-24) | 175 = 27 ng/mL
19KRAAW)
mACTH(1-24)
(AT+ACTH)120 (KKRRP15- 51+ 8 ng/mL
19KRAAW)
mACTH(1-24)
+
mACTH(1-24)
AT (KKRRP15- 7% 7 ng/mL
19KRAAW)
mACTH(1-24)
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500 t. 76 ng/nL AT90- ACTHL20 (KKRRP15- 19KRAAW mACTH(1-24) mACTH( 1- 24)
175 . 27 ng/mL (AT+ACTH) 120  (KKRRP15- 19KRAAW mMACTH(1-24) +

[0077] Referring to Table 4, dexamethasone was first administered at
time = 0 minutes fo mice in five separate in vivo Serum Corticosteroid Assays,
as described in Example 2. In the “Vehicle” sample, the liquid vehicle alone
was administered 120 minutes after dexamethasone injection, resulting in an
undetectable level of corticosterone measured in a blood sample taken one
hour later. In the “ACTH” sample, ACTH was administered 120 minutes after
dexamethasone injection, resulting in a level of 500 = 76 ng/mL of
corticosterone detected in a blood sample taken one hour later. in the “AT90-
ACTH120" sample, the ACTH analog (KKRRP15-19KRAAW) mACTH(1-24)
was administered at 1.5 hours after dexamethasone injection, ACTH(1-24)
was adminisiered 30 minutes later, and a serum corticosterone level of 175 +
27 ng/mL was measured in a blood level taken one hour later. In the
“(AT+ACTH)120" sample, the ACTH analog (KKRRP15-19KRAAW)
mMACTH(1-24) (“AT814”) was administered together with mACTH(1-24) 120
minutes after dexamethasone injection, and a serum corticosterone level of
51 + 8 ng/mL was measured in a blood level taken one hour later. In the “AT”
sample, the administration of the ACTH analog (KKRRP15-19KRAAW)
mACTH(1-24) 120 minutes after dexamethasone injection resulted in a
negligible level of serum corticosterone level of about 7 + 7 ng/mL.

[0078] Figure 2 shows the resulis from Table 2 as a percentage of
the level of corticosierone levels measured at 180 minutes after
dexamethasone injection, as described in Example 2. The graph 100 shows
the percent corticosterone induction 112 for ACTH and four samples 114
described in Table 2, with the level of corticosierone measured for
administration of the ACTH 120 being normalized to 100%. Sample “AT90-
ACTH120” 140 shows the administration of the ACTH énalog 30 minutes
before administration of the ACTH, which resulted in about a 65% reduction in
serum corticosterone levels in blood samplés taken one hour after ACTH
administration. Sample “(AT+ACTH)120” 160 shows the concurrent
administration of the ACTH analog with the ACTH and resulted in about a
90% reduction in serum coriicosterone levels in blood samples taken one
hour later. As seen in the “AT” Sample 180, as well as Sample 10 of Table 1,
the administration of the ACTH analog alone again resulted in about a 99%-
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MACTH(1-24) 51 t. 8 ng/mL AT (KKRRP15- 19KRAAW mACTH(1-24) 7 Lt 7 ng/nL

[0077] Referring to Table 4, dexanethasone was first admnistered at tine =
O mnutes to mce in five separate in vivo Serum Corticosteroid Assays, as
described in Exanple 2. In the "Vehicle" sanple, the liquid vehicle alone
was adm nistered 120 m nutes after dexamethasone injection, resulting in an
undetectabl e | evel of corticosterone nmeasured in a bl ood sanple taken one
hour |ater. [MR0¥hEedugtiHn seswml cortigastaiona dovadsrimblood sanpkOtaenones af t er

dexamet hasong.j,Ni,e6t i=an, « ot ' . f 50Q.  76.ng/ nL of
corticost eroﬁgb'rd]i’gfégbt@% ivrre\ﬁg: |dg@8$é@%%ﬂ£9¥>§é@§wgﬁgpwg[ﬁ 21 ater. In the
"AT90- ACTH120" sanple, the ACTH anal og ( KKRRP15- 19KRAAW mMACTH(1-24) was
adm ni stered,at 1.5 rs after _dexanet hasone injection, ACTH(1-24) was
adni ni st er edAgﬁe'ﬁ?'rﬁl&ga Ggentor QHaéag corticosterone |evel of 175 27
ng/ nL was ne d in ainth RN &vBbdidee AOTR éi%gq(é é\b%odiki%qh@rx—i
"(AT+ACTH) 120" sanpl e, the ACTH anal og (KKRRP15- 19KRAAW mMACTH(1-24)

(" AT814") wakerilfiesihat fupetipn odeind éo adienpl AGTHeCepiprs, RGhrastheddCeaR er

dexanet haso bA4 | : i | 8 ng/ nL was
measured i nrk%c_gptc?g’ x}e@é&g?l?@&@gé@egéégﬁmgﬁp@bﬁ{q) é\m?'hggﬁiﬁé)éugg le, the
adni ni st r at i agiivetion péthadiB-2M atceptOreCRMPtrsd 16 KRARONIfietdUTHHL- 24) 120 m nut es

after dexa ne inj ' r ted in a neagligible | evel of serum

corticostemggﬁgvel ofﬁﬁ%@%}d ‘9&5#'5 ﬁ'&‘%ﬂqcowg]j?i%@ﬁ}rt@ afﬁ'gﬂ%lws the results

from Tabl e Znembearpes withh ageaiet affimity iiearebnddgeirusi TRTSRSNACTEY @hel Measur ed
ection, as described in anple 2.

at 180 m nutes t er .dexanet hasgone, | nj.ec

The graph 1G8¢ Eﬁ/\go‘?'ﬁ&aﬁ%t‘*eg}ﬂd'f&ﬂé‘gt'dé'ﬂ@Pdﬁé”tfﬁgﬁm'ﬁ'ﬁeﬂﬁeﬂ@‘r ACTH and
four sanpl eCombeliR@Binh | | t | ne
measur ed for _adls}n'e ni st rlafbi?gﬁd‘ éc?fa yte( Egggé?lezlgCEg%\dgﬁdn%%%@ ?g'gcﬁdg %%?%8’[%?
Sanpl e " AT9GUSPizeg-ableast2Nye o M\sTH hindingrioradrenal membiang prepaciionsrad og 30

et fon| SR By3He 100 S T b S OB BB o
af ter ACTH adurermirsterahly,ohCTBanzleg tomfour@s-da2 avd 6@-s3ous, 3-neoG@ocur rent
reduct; on 1 05 ToPOT (DstF ol 110bdl ralar U AAEFARCR BRARIORA hour
| ater. As sewmbranelmpiled foRhdiRa.A@sHwel | as Sample 10 of Table 1, the
adm Nl st At g TN AT Analog samponnda Jat bing 15 adrenal metrane it

a greater affinity than endogenous unmodified ACTH, and are able to displace

unmodified ACTH can be identified using an in vitro Serum-free Adrenal

Competitive Binding Assay (Example 3). Figure 3 shows the results of an in

vitro Serum-free Adrenal Competitive Binding Assay performed by the method

described in Example 3 using the exemplary ACTH analog AT814, having

SEQ ID NO:20 ("AT814”). The graph 200 shows the counts per minute 212

(CPM) measured by a gamma counter in adrenal membrane preparations

incubated with radioactive ACTH. A higher CPM level indicates the presence

of greater amounts of the radiolabelled compound. Column 210 shows the

background measurement without any adrenal membrane present. Column

220 indicates the level of radio-labeled unmodified mACTH(1-24) detected

after combining the explanted adrenal membrane with only the radio-labeled

mACTH(1-24) for 2 hours (no competitive binding). Columns 230, 240, and

250 show the results of competitive binding assays for binding of non-radio-

labeled (“cold”) mACTH(1-24) to displace the radio-labeled mACTH(1-24)

from the explanted adrenal membrane (measured in column 220) by
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100% reduction in serumcorticosterone levels in blood sanpl es taken one
hour later. The "Vehicle" only sanple is not shown in Figure 2. Adrenal
ACTH Receptor Binding Assay [0079]1n a fourth enbodi nent, ACTH anal ogs are
nodi fied ACTH peptides that function to bind to adrenal ACTH receptors,
such as the MC-2R receptor, preferably with i ncreased MC- 2R bi ndi ng
affinity and reduced activation of the MC-2R receptor conpared to

unnodi fi ed RoiipetitiNdBiBairg Bfrecssiere"Suth m@aRcmmhelamdaﬁhmemmaer enal
menbranes with a gr eater affinity than endogenqus unﬂ&d ep A%T?E and are
able to di sﬁ%@cﬁ%ﬁewm%mg Eﬁ‘?ﬁ adecreage; ip dhasigvahetradio-laiplas|

Conpet i tive \BA &g 0@3%?&1% m% nind hE TR BB IOERAARNES afrshAr abl y

di spl ace at Ieast 2 Tg‘t(to adrenal nenbrane pr cﬁar ations as
measur ed by membiianewiithr tOrdd miﬂ‘fﬁ@@ il &8I C@Uﬂ‘tﬁ&‘mlﬂd@aﬁﬁﬂﬁ' Hondsay. More

pr ef er abl y66é°t§arcl§48ﬁ‘r}?g%%\(@gﬁc}gqggaﬁﬁﬁgqﬂ)ﬁ&ﬂ {24 f)?lounc? to the radhd » 20-, 30-,

40-, 50-, great or epr ant ed
adr enal menmluﬂ exphasedadrenal mmﬂbﬁanechmdlr{gmmwﬂ%d”anam'gi(donpounds

hat bi nd t r_af han nous
Lnrmdl fi ed di?ﬂ]ﬂ@ﬂ%‘ﬂ@‘ %FEE?‘Q éﬁ}'ﬁﬁ {I"eg 8% gﬁr}%?g%%dentl fied
using an i nn'VAGTlQ(1524)L5’ﬁafdh@§ 160G Frddio-BRaRa bkplaeteBitentd rsmbrarixanpl e 3) .

Figure 3 shows the results of an in vitro Serumfree Adrenal Corrpetltlve

Bi ndi ng Assajiepeeniginingcrboxrlaatesdigngl qearmbranagrienataiianyyit 3000nM et t ne
exenpl ary %%ﬁbﬁ&ﬁﬁ%}“%gﬂ w oVElsNP o(laﬂgéi‘nACTﬁK‘ﬁ-zg japh 200
nmeasur ed Yy

shows the counts per a ganmma counter’in
adr enal nentetactedmxiparcaamicentaiion aiaolkdd MACTHH( hﬂ#b&dﬂﬁ:reésmlcateﬁ Rgher CPM

comound.  caPaReB 6P e RLeFiedep el EGTR 22 by dhe /R PRSI, cna

nmenbr ane pr#6enthe MOI2Rrecaplori ndi cates the | evel of radio-|abel ed
unnodi fi ed (1-24)_detecte te nbi ni t he. expl.ant e drenal
menmbr ane Wi ly thel PR H"‘IO(;%%T E‘c‘frr% % W%F' iRdirg
conpetitiveyhs @é@ﬂéd uSia l&ﬁ@sccaaﬂ(noﬁﬂdxoaxase%@?mwm Paldd s of

conpetitive bi assays for bindin non radlolabeled ("col d")

MACTH( 1- 24) carppalinshtieassiber oy SEQJD) M@%Cbmstmm theomACHTiH{34e expl ant ed
d I

?e(r:ggflors g@é@ﬂg%s({%a?%% ”@?éggé‘?@é%@ n%yane gﬂé{? caI?b%ﬁﬁam 230

| Pdl cat efm abndemgeﬁaemradtohlablgl@de?&m ﬁoaﬁat;piabagm mdxmﬁb?éld(cﬂn@@ﬂ;ﬂ(ﬁt igt (I?/ld
ter co e ra a e ant ed adren n

el d+  macTg) o e eganieeoae R R Ee (RPET BRAIn FUBTE 2N t he I evel

of radio- 1| ahghp&liv 10%#%@0%4& éd?f%ehﬁﬁt:@né SR (So1ohArEam, adr enal

menbr ane after add| ng and Col umm 250 i ndi cates

further remﬂﬁﬁ%(ﬁqhﬂmﬂ [245) evél‘lQQDan(@pbmaBES) e'ﬁh@‘rﬂ@fﬁ@imgd?V%{fﬁ ©hched to
h di | “ | d
hirena nerani-EBoBHA RS LdoRLII WEREaRGaR] B <ORATBIAgS " Thn ANt e

decr easi ng ihereebsd iidicadds a-disglatatdemEThi tadid)labled nACTHE -24Eby the

of the r aci GOCRATREA SeeRicelts e i ih a0 di AR T A AR VT or

receptor. [fH{fpéicHaed 'a'fﬁnﬂyttbcbuﬁﬂ?tdliﬁ?efefcﬁéna’ldﬁénmlrar@n‘ﬁew dbolr 3Biadbtng Assay
was repeated using the d" (non-radi o-| abel e )JA 814 ACTH anal o
h

conmpound d é’scf@‘idtigﬁa@fl t@EtjhletﬁaFéQ lgbelepl fACI(3r24) h d hedsrppged @ "'"%819 ums
235, 245, ?&ferééiﬁ%ﬁﬁr moﬁéafaefaf W:‘ré‘&e%usﬁl@‘% Rf or

bi ndi ng of non raal 0~ sp ace the radio-1 abel MACTH( 1-
24) fromtheceapiprlalndm aftinignal rrenbrane (measured in colum 220) by
conpetitive binding of "cold" AT814 at concentrations of 10nM (col unm 235),
100nM (col umm 245) and 1000nM (col um 255). The decr easi ng | evel s of

radi o- | abeImmaBdelevH@mdgaeombeundsanwtm| on of "cold" AT814 is
|ncreased |nd| cates a di s acerrent of tgsle_hlradl o- | abel ed mACTéé(il 24) by the

"col d" AT818083Hpeci 1 i da@fljth embodigant ACTH 7alps CoppoLAds c3R Pquss: * AT814

has corticosterone inductlon by unmodified ACTH in explanted tissue in vitro.
When combined with explanted adrenal membrane ACTH analog compounds
preferably produce a 10- 100% reduction in corticosteroid levels in serum-free
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an increased affinity to bind to the adrenal nenbrane that is about 3- to
about 4- fold greater than the radio-I|abel ed mMACTH( 1-24). The i ncreased
affinity of AT814 binding to adrenal nenbrane can be indicative of

i ncreased MC-2R receptor binding affinity. Testing of ACTH anal og Conpounds
in vitro [0083]1In a fifth enbodi nent, ACTH anal og conpounds can reduce
corticosterone induction by unnodified ACTH in explanted tissue in vitro.

When conbi neatedia: Prefesabiyi: AG Thinaley compbradepreide anedusiiondifrunds
preferably p C =~ 1009 ' [N CAr Ll &g, in
serumfree ée&rg'g'i%.n?qggsg ré’g"g'%@'??‘%%&fr%@nia’?o%‘ @c‘ﬁ%%%%’é’gﬁ (grrg%ﬁ?\é&l'aa?r eduction
i n the serunConicdstedd idbitioh Aesdysoiaiaoutri@ds,h§7a2004) 30% ) 40Be 6008 Fr ee
Adrenal Cortjcosteroid |ghibition Assay of_aboui % 15% Ve % 40%
50% 0% 70N Ret %‘%’% gg 095@&;16;2‘%%9%37?” %ﬁ’q S5t B89 o0y 969
or 100% conpgyog @r § Q0AMBrApAitab aamiNibirefioPei tnmddiféd ACTIRforidExanpl e 4) .
Exenpl ary ACTH anal og conpounds that inhibit adrenal hornone production

i nduced by dipapleredpramplaly AGTHeN2lag pemasundsthal infbi pdeenatTH wer e

denti 11 ed o ERE FaoR [AGLAD L Sl SEh UG AIAeRIRNG

Corticosterone I'n says, I'rect action
conpounds oruraabdifieal ACTH werssideniified Ipy pedienion a Jeties4if A vérd 8arupt separ at e

in vitro Serunt Eree Adrenal .Corti cast.eragid | nhihiti As re perforned
Lo 1 dent ty TAoaAdtend Sittieteerong kAP HRtRel e Rudoh il BRI B &
produg_tion imﬁmhnalogﬂmmnmsf gaﬂr}aﬂah @t_frtiws’cériomqirfedmtbm?s ms‘asu;I ed
according t procedure.o anple 4 in a serumfree culture nmedi um
~cont ai ni ng EQé?‘ﬁnt ed ady RS ?féﬁﬁggﬂ@ 153 Y@ %m#r‘f’@d’ls‘a@ﬂqy AT814 ACTH

anal og_( SEQddnid¥atetBid Inflbitforf Ry \@éredperSrmiiaTt idartinp AP ahalbgs 1/

each. Table 3 shows the level of "corticosteroid neasured in the serumfree
medi um i n a iRt AGThkNKHCEH edenakbharmmene prosyctien in dap: i IheseancenBatiomi bi ti on
Assays perf ' ' terone
avel s wer e SRedSoRsheGitfe RS uEraigdo o PRCSURSof ERAMDEITHEL T |
serum free SAOn-fredicultureamedame borntairting explantadeadrenal membrahd end i s an

average o iRgTRITAGTe, ARBLT aba P IRGRGHSRES LB R AimARdidrRgr o
ACTH and AT814 at 100 ng/mL each. Table 3 shows the level of
coriicosteroid measured in the serum free medium in a series of in vitro
Serum-Free Adrenal Coriicosterone Inhibition Assays performed using
explanted mouse adrenal membrane. Coriicosterone levels were taken at 2.0
hours after the adrenal membrane was placed in the serum free M199
medium, and each corticosterone level in Table 5 is an average of five

samples.

Table 5 Combined administration of ACTH and an ACTH analog

Sample 0 hrs. 0.5 hrs. 2.5 hrs,
M199 Medium Incubate tissue 278 mg/mL
ACTH in M199 serum- ACTH 600 mg/mL
AT-814 free medium AT814 290 mg/mL
ACTH+ATS14 (appliedtoall | ACTH+AT814 396 mg/mL
samples)
[0085] Referring to Table 5, explanted mouse adrenal halves were

placed in an M199 serum free medium (Invitrogen) for 30 minutes, as
provided in Example 4. In the “M199 Medium” samples, the adrenal
membrane was soaked in the M199 serum-free medium for a total of 2.0
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| ncubate tissue in M99 serum free nedium (applied to all sanples) 278

mg/ L ACTH ACTH 600 ngy/nL AT-814 AT814 290 ngy/nlL

hours after the initial 30 minutes (2.5 hours total), before the corticosterone
level in the culture was measured using standard RIA radioassay techniques.
In the “ACTH” samples, unmodified ACTH was added to the M199 medium,
resulting in a level of about 600 mg/mL of corticosterone detected in the
culture medium two hours later. In the “AT-814" sample, the ACTH analog
(KKRRP15-19KRAAW) mACTH(1-24) (SEQ ID NO:20) was added io the
M199 medium, resuliing in a level of about 290 mg/mL of corticos terone
detected in the culture medium two hours later. In the “ACTH+AT-814"
sample, 100ng/mL of AT814 ACTH analog (SEQ ID NO:20) and 100 ng/mL
of unmodified ACTH was added together to the M199 medium, re sulting in a
level of about 396 mg/mL of corticosterone detected in the culture medium
two hours later. Figure 4 is a graph 300 showing the percent corticosterone
induction 302 from Table 3 as a percentage relative to the amount of ACTH
310 measured in the M199 culture medium for the “ACTH” sample 310, the
“AT-814” sample 320 and the “ACTH+AT-814” sample 330, as described
above and in Example 4. The “M199 Medium” sample is not showvn in Figure
2. Referring again to Figure 4, the addition of the AT814 to the adrenal
membrane in the M199 serum-free medium permitted only a negligible
amount of corticosterone induction, and addition of the combination of equal
amounts of the AT814 ACTH analog and unmodified ACTH reduced the
amount of corticosierone induction by about 65% compared to addition of the

unmodified ACTH alone.

Testing of ACTH analog Compounds in vivo
[0086] ACTH analog compounds with extended serum half lives can

be preferred for certain applications. ACTH analog compounds can optionally
include one or more amino acid substitutions or truncations that can extend
the serum half life of the ACTH analog relative fo unmodified ACTH or ancther
ACTH analog. For example, ACTH analog compounds can comprise one or
more amino acid substitutions from the amino acid posifions 25-39 of an -
unmodified ACTH sequence that that extend the serum half life of the
compound relative to the ACTH sequence. Preferred ACTH analog
compounds can have a serum half life that is greater than that of unmodified
ACTH. The half life of ACTH in blood is less than about 20 minutes.
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ACTH+AT814 ACTHA1814 396 ng/nL [0085] Referring to Table 5, explanted
nouse adrenal halves were placed in an M99 serum free nmedi um (| nvi trogen)
for 30 m nutes, as provided in Exanple 4. In the "M99 Medium' sanples, the
adrenal nenbrane was soaked in the M99 serumfree nmediumfor a total of
2.0 hours after the initial 30 mnutes (2.5 hours total), before the
corticostergne level in the culture was neasured using standard R A
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life of the, n tive 1. di.fied, ACTH.or an ACTH anal og.
For " exanpl SYORCTMALRPE pEE Al Ao SANRS uhiiE o SR Ae B dpiag g
substi t ut i compbunts,i410, 420/436,c44D, A80] 460 Hh2H7E OFef albsovenWGITH i ed ACTH
sequence that, that extend the serumhalf life of the conpound relative to

the ACTH séﬂﬁ'@ﬂ&@.mﬁﬂr”@fjér thedn Aeva-polivily BgSdIBRpeHIREdsEthRADetacd of um hal f
|1fe that ERafipfid ehd'thaih L/idlachliny RER Mhddtflod ity HOmdiAbd of e of ACTH in

bl ood is | ess than about m nu ore, particularly preferred
ACTH anal oxa@psodndbe asisaaregyravidedlas d bargraphadi the "AGorikiosiéfoner 50

m nutes or gt EbR a0d MBEEMEE & & b8l BT R o RE MR 1841 e ACTH

anal ogs ar
sequence (SEQ ID NO:2). As seen in Figure 5, sample 460, design ated

"Ala19-24" refers to the ACTH analog (AAAAAZ20-24VKVYP)ACTH(1-24),
comprising a substitution of Ala residues at each of the amino acid 1 9-24
positions of MACTH. Sample 460 showed an increased serum half life
measured in vivo 462 relative to both the in vitro activity 464 measured for this
compound, as well as being about 50% greater than.the.in vitro activity of
unmodified mACTH. Furthermore, the in vivo activity of the (AAAAA 20-
24VKVYP)ACTH(1-24) ACTH analog 460 was greater relative to both mACTH
and to other ACTH analogs 410, 420, 430, 440, 450 and 470. These resulis
suggest that the amino acid residues at the 20-24 positions may play a role in
determining the serum half life of an ACTH analog compound. ACTH anaiog
compounds with one or more amino acid substitutions at the 20-24 positions

32



provi ded. Extended half-life ACTH anal ogs can be identified as havi ng a
first activity nmeasured by the concentration of serumcorticosteroid
detected in vivo that is greater than a second activity neasured by the
serumfree concentration of corticosteroid detected in the in vitro
activity, where the in vivo activity is neasured by the Serum Adrenal
Corticosteroid Inhibition Assay of Exanple 1 and the in vitro activity is
neasured by dfpQTH Bfs SeRielaky @reibaEbe Al exiiending ¥5d Ssrahtiham idisldivg idssay of
Exanpl e 4. [0088] Wi le am no acid substitutions at other positions may-

al so enhancAGETH anal og serumhalf life in sonme circunstances, certain

enbodi nent s i de for | i fi nal og by
nodi fyi ng or';gbg% nor e équngé(lgsggél%g Aad?ﬂ? %@5%%%%dsth%$cgﬁ‘slng@d§%w&¢ H
mol ecul e, i Ecidiglibstjiutiads kthairextexCinbe sergmrtealBlife svithogir agpreciabjyari ng the in

vVivo activit . bar nd in vitro actiyvity.(whi r,S).. Of ven ACTH
anal og corrpé%qég‘%"'ﬁ%ﬂ[mi%o&e%ﬁglyﬁfﬁ,reafg&’ tﬂ%&?gméﬁ%eﬁﬁ%ﬂg&'% Ptst&ven ACTH
anal og conp@Q@mi4 andlog, b8 measarétby i wiyo (Bxarmipiesyioeth uiionExahmpleng) hod of
Exanple 1 and the in vitro activity was neasured us nﬂ t he r}[:aé’hod of

Exanpl e 4. ﬁ?éax'%s@rt@(aﬂ@ep?wwééoa@ 'Bdlﬂﬁpngff%ﬁ”%?t s 94108 15-tdst er one

i nducti on” é@gi’riﬂﬁs&ﬁﬂl\@q"l—ﬁénélo@éﬂf@,'1!72;09%0,9#4?6)45@ér@tlmré%@@ﬂ(bhﬁﬂ’)e ,
sequence (SEQ ID NO.2). As seen in Fi gur'e 5, sanple 460, designated "Al ai

9- 24" ref er §1 Viyo eRd IMTire caTHEQSICTO op AgRVIRFYTALF AQT H 28plogsonpri sing a
Cetitut] . . . ) pri :
mACTH | Sarppeftpafrielitihoufisd HACHIN A, Sfedfidl), A6TH dndodd1Bies .| U0° 48

rel ative to(KtiA RTYA)MACTH(b24CACTHtanal6gl thet alemondirbted amisvitonpound, as

wel | as being.abaout .50% agreater than. the. in.vi ] tvity of unnmodi fied
PACTH - Fur t RV A% RRCWAR SPedibr tnafts: b v 118 ACT ' defod 42t
24VKVYP) ACTHI(K184,) RAZAIMACTHI§-245 AOTs agalegiirat depharisineged anbioviiromACTH and
to ot her ACTH.anal o

g{s 410, 420, 430, 440,450 andﬂg_o ese results suggest
Lhat  the anPhidRA Ihacyias isater 1A tsg SHOREINTY 675 AGTHATRIORISRIS |1
det er m ni nga (ReeR IR HBARMAETHI-24PACTR Afdiby 30l RndiRRMIEn ;A0 anal og

conpounds with one or nore amno acid substitutions at the 20-24 positions
of ACTH ar eagipity d34Ithal wap gedader iban fisn ¢voadlivitg432AGEHanaleg 40 1S e

i no  aci o S5 RICERRACTRERhUER paleb Bl AR SRR puly '

ap gr eci abl ya]}d*.tMy 434 iﬂa@ w@ef greziter thaefte ri:ab{jvpbamigmem agd g&mﬂ ianatldg:m erone
|nuct|ono,te anal O S neasur e I N V] vO a e . Lor In
Uer ot RSl A D 2T R analbe St dedne Sirataibes é VitBom
Substi tut oasiviy avAtndripdgReNimaR ksl yREHegoRAl 0gs 410, 420, 430, 440,

450 and 470 reduced both the 1n vivo and in vitro corticosterone induction
activity of the ACTH anal ogs conpared to unnodi fied mACTH( 1-24).

Speci ficall 410 is a (1(1 5A, R17A) MACTH(1-24) ACTH anal og
t hat demns#?rae?gg‘@@&?ﬁg Ftro activi ty 414 that was greater than its in
vihvo SC“ vi[0pod]L2; ACTH aas@lanth éhotinent( Kiditodsibr 4¢redhifid ACTH) ACTH anal og
that denonstrated,ap in vitro, activity 424 t S greater than . its in
Vivo act vidTomIhaere usal B 5ToKng eosse AR wall iy AREHIOS SHSMaACT anal og

that denpnsbpabraldas g:I;GViMéél.r Qafiels WOTH éﬁ&logﬁ%bn r8p&fidednd han its in
vivo activity 432; ACTH analog 440 is a (K15Q R17Q mACTH(1-24) ACTH anal og

that denon@dministered i@ A patienbioassess iy viye LorisanedpdugdioBat er than its in

Vi vo acti vi 2 and m : i ) : QEPFK = ACTH
anal og that[bﬁge nstrate éa_r‘@n |n|t8%€ﬁg&%%@?ﬁe{c§§a%ntﬁﬁé@%@s gr%oalt%‘é% than its
in vivo act(i&.i aptigebsrimeaniitzpdies) o fwni 86615I¢ compinaam $erwatasdhedbasis net hods

for screeni H_analogs. t hat are Useful. in bl.ocking excess ACTH .while
i nt i ni g B8 GHA A EOHCELrunaresFeRy 3 Falition bl BE SntReBRSRS A% can be
pr gpar ed asdliddnmte irAbeacsk. t PhéseP@iditial hibthsdesan bé lighng-biRling 888
i nducti on.

based on the observation of the products of the ligand-binding reaction

between the target analyte (i.e., a compound that binds to MC2R recepiors)

and a highly specific binding reagent.
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[ 0091] The specificity of nolecular recognition of certain conpounds (i.e.,
antigens by anti bodies) to forma stable conplex can serve as the basis of
both the anal ytical imrunoassay in solution and the i munosensor on
solid-state interfaces. These anal ytical nethods can be |igand-binding
assays based on the observation of the products of the |igand-binding
reaction betﬁﬁ%% the target anal¥ (i.e., a conmpound that binds to MC2R
receptors) a Thi ghl yiisperiain ins Qﬂcﬁﬁr ﬁ&eméag%ﬁ@alyteﬂoo@@pmm@wrmn

i nstances, akigH Aabbineraary tagei@(ﬂ%' H@ﬁn@l%@i"lggﬁsay%%'ﬂ Ptélﬁf{/cfgaﬁ@é @/“;r S are

applied to ligand-binding ass for “particu m}/ sens eni ng.
Apt aners ar eswsﬁyeesogeemngeakpmmergrarezrsmmmsgan PO deRbidquences with the

peci 1 o1 1y, ORI RLY LB a W e e el vlof syt o2 o
anti bodi es | moteculesi ieitly higth afflmg'rw&ispsd’ﬁn’wat'ﬁlesérhgan@-bmcﬁﬁ@ ded into unique
overal | shapels to foi intricate Igll ndi r;gg{)urrows for tgg t,arget structure.

Apt amer s ar eCH9pEHEiePH %sm;mgnorpﬂe PE5 edies B il diagipstias
systematic emhufsl o:rhég/faﬂelfaoedwsmnﬂqw&%rhn aha;%srtbqbfmrﬁmeé@rﬁﬁam ghptaners

may have advant ages over antibodies In the ease of depositing thenTon
sensi ng sur f 4FeWSs fgpthedaeget siiueluiey Aptanmergrarg idesiified byias is iljait het i ¢

h tentl
orer L han TARIEL o] 2 biotbiEg cypilby of el o BiSndifiRl i o Y
still questi@nighment (BELEXhy Aptanmeas mayhave 9degﬂs d\ar asmbedmsng the

anal oge w1 recelst EePuE RS e RBrins Rl iiRe' Moraetin. 5819 gje ey

ACTH- (21) pasptadaoibld bmheneambamm any quammes calbeit ihengifimity cbRsiER) -
[ 0093] Al ternati vel

tin echn be used to screen
conpounds or? ﬁﬁ?ﬂ%’éf?“[t@é‘?w%tﬁéﬁfh I &Wﬁs}ﬁ"dﬂﬁ?s“t@@ O(fé’g@ﬁﬁ que that is
based on t heopipRiANSd S| &ued@i@héﬂﬁl@rtﬁéysrﬁé %@tp'énfcﬂﬁr%z%s%féﬁb%&ﬂe\éﬁi

predeternmined for a particular substance, rou structural anal ogs.
Functi onal #pelicatiess in carmplax bislegieal mastices @-§L |lrtld|$ﬁtl"emeaA§3Tl'!sanaiogs

nmet hacrylic I ting |igand
to create | ?@e@ﬁgﬁﬁg&?@'rgg ﬁgﬁé&&@@%g]&egwrﬁﬁf@&é{ﬂ%@r i QQﬁT@rﬁl S i nduced.
During thi s ppsitions thattane paricetanlyectiVe imbirdirgg the ME2R).apped wi thin t he

| it | | f bl h by
Foversi bre, SR ent " aRPBIRNSARRIRCUS IR fReTpl Faapay Db Tone
tenpl at e nokgeeh@dnipotRrRet Mdthodd THat 'Rkt MTUPR Adtit. nfrhi%f nsteh?echﬁia%at eis

mai nt ai ned |n the r id polynmer and possesses a steric (size ape) and
chermical (sf@iisba @rmymmatﬁtloocn‘rmcéymaﬂosgrbemsdhaba@ salggtivelhor y f or
the tenpl at I Y. the tenpl ate
(=anal yte) &Aretdr-%%n{smoéecgl ic %r’;ﬁrcgllgﬁlé ﬁc ’ﬁ{aqﬁ cﬁ&\%ﬁ)d Sghﬁgﬁti body

i nteracti onFutiﬂth] Bad icorss- Itrtkmgmononmnd; otplasm:snatenassglsuﬂhr&sase extraction

and chromat gt ularly i i n n be e oyed as

nonbi ol ogi cﬂ]%ﬂ}ﬂocfﬁi’:ﬁ Cﬁ%@ saﬂ?r’%{‘?&f%&o'ﬁ 6%?%‘% |q 'BF'H @Xcg?says
During the geaw bweénérgl ifefaitioRs.0 SeBkEglicff) boiyﬁ:@rnbarbr@@maueédlg hutrients
such as gl u6ose are taken up and acidic netabolic products such as lactic

aci d are rePdERQHIS PPGRSS %w@ee%qunterwﬁe@mmwmnﬁbe fobmear rate are
recorded as m sur roundi ng
the cells (?IWW%?bﬁbM%rﬁ%&ﬁﬂeﬂ%m@ éﬁﬁ%c?ggféy%{]'%e)%% gt oxi n exposure
on met abol i eovelans a@Prthm%fiermWﬂpmpolymanmm the Erplate moledulsi | i con

Baxt o, 15 gttt ARE o QB kmoded b MmplesbibeRndT e o
col ony- st i npdlghengnd posmssﬁsgﬂﬂéné (sizs,Bheiped Bad Chelﬂﬁjw&ﬁdcﬁ&ﬂ
m cr ophysi onet r " Biochem stry,

an nse ol i gonucl egtl de experi nents,
31: 19050- 10@@'%[‘@3)0? ragniagy H na'Wmﬂaﬁ%@Kéh%f%P'ﬁﬁﬂ]h%asur ed

131- t
Recept . RoanoeSublF IRPAGICRELNHECINPS anDind e AT ARANE) i 4 X,
cyt osensor apesifil 9@1@@@ éhat obihs! @@igﬂl alaqd:pﬂdyctrasteran’n@nof silicon

technology i ence, 7 9 can be used
to detect rj;o?g?gul es tha %sf@gtnjf?éza@%&&q?%oﬁ%l%ﬁé @ﬁﬁ@’%@d

neur ot r ans whdreategraptyywhioléadany ismprinted polisners ear pecsdploged dshe | i ke. Thus,
t he rnicrophysionmetry nmethod can provide val uabl e information regardi ng
ACTH anal ogs that affect MC2R recepto# activity. [0095] Synthetic
conbinatorial libraries can be a source of diverse structures useful for

| ar ge- scal e bi ochem cal screening (Le., Sastry, L. etal., "Screening
conbinatorial antibody |libraries for catalytic acyl transfer reactions,”

C| ba Found Syrrp 159: 145- 155 (1991); Persson, MA A etal., "Generation of

_.:.::,:‘.



assisted | aser desorption/ionization tinme-of-flight mass spectronetry and
post source decay analysis,"” Anal Chem, 70(9):1847-1852 (1998); Tretyakova,
N.Y. etal., "Quantitative analysis of 1, 3-butadene-induced DNA adducts in
vivo and in vitro using liquid chromatography el ectrospray ionization

t andem nmass spectrorretry," J. Mass Spectrom, 33:363-376 (1998); and
Taylor, GW et al., "Excursions in bionedical nmass spectrometry,” Br. J.

Qin. Phar mpgap; ogf}éazla‘ija%rri'a%eé {P8Rbodi ﬁ*ﬁco?rﬁ’pf‘éiﬁ&@'ﬁﬁ{dnﬁg la§sa%r tDL?ﬁHQ’"” y

useful in prow rmati on about the nol'ecular wei @
conpound/ rmrtl&gmvth\mftaﬁypleai m@ag@aucelbmarmrlwtwnmmﬁﬂanﬁscwcbfaa ar ge

I I .
e s holeshe 3 B el BRI SRR o Rl ohffaecicnce
C(r)]rrpoundsdt ]E‘eibaSiCd éﬁﬂn}!&ﬁs 3y :mgmetmshme)chla@esmeme}abdﬂ;c 023 areaﬂecmrs]cfdnr ?ne f
t han unnodifie 0 can e step o
contacting 37 CHARGRSIN W@ﬁﬁ?%ﬁ@%ﬂ?ﬁfm ‘i@%—!”ﬁ@@ﬁﬂ&”"ﬁb‘f‘ﬂ@@ reeni Ircl)g
ACTH anal og §’@ MR Budrian, JENL it wi. OmwdrSemétbxrrﬁé&mdre%ﬂ Hxétaﬂmed

secretion of corticosteroid can include one or nore of the follow ng steps:
a. provi di nipte of prigary dinpesrmpahentiries:aaaplisader ohailieen BHaCPhYHIBMEENY;

cont act i ng. id\iedbiodyr FRdRAD 406 9ol 70 | oeafTRARIdr] BT camy kg an

unnodi fi ed pepti rising an un ‘Subsequent |y
measuri ng alsfmv@vedmgmmtaxgdeamaofopmgeu andmyeertmmdatmfmﬂmbnmalt he first

adr enal cont W L. h

contacti ngnﬁéﬁ&g@&’h Eﬁgﬁg TORE S ghgyﬂﬁgﬁ%?rg E'g aﬂ“a%%%%@@chuﬁ@e{gt@gmm si ng
t he ACTH ana;k;gw;m@ntd ”S%ibmh iy 31 mgemmd dogg4 mmmmem}mmwa,t i on of ]
corticoster secrete t he secqnd _adren ntacting the
ACTH anal o0 DAPaTEIBRIEIF R WIBSAS TSR 1o B e FTe es o0 JPItIELs o, d

secret ed wg.rbdrhm%?ﬁ%m@wem H@béﬁﬁ Fds, C@(1-4p:880 %73 @oggpaAabed; and e.
det er m ni ng whet her second compound i nduces’ | ess corticosteroid

secretion tMagoppell.filMtel@nPhereyiosenser mierahysieansiThiglegichde i s
preferably The first
adrenal ne aﬁgﬁ%%gfﬂgé%%%w g?e néE%'}' %2@(:1?;]12629% itioned within
a subj ect a‘rﬂtd:rm;brwsumne’ﬂ'yltaabemedﬁodertdzatmecﬂ:les that affebethesdiSethi n t he

bl ood of the subject (i.n vivQ ass tive the fi adr enal
mermbr ane arfd® [Seﬁg{e%eglﬂgeg&pgﬁ@ns%aﬁ%),saggwgﬁ 9‘[5! 5}#’5@3? F%ﬁ?\piq{@ %’EP[)] ect and
wher ei n t hehgGiReEMHUB! tHemRFopHYsIdnteXpy Aicthdl ¢dn PRARIY etluaifle SbHARdEe nedi a
(in vitro assays). Screeni ng ASsays conprising in vivo Inhibition Assay

steps or i regafding Wﬂﬂﬂp%mﬂtr&ﬁfﬁﬁ@ gpc@paﬁacﬂmh al so include the
fol l whi ch f. t | ft
ol | ow ng ﬁgﬁg 51 Orgcs t%@t@é@ &gﬁBlg?értTclE}ﬁl iBfed cgh Héeé sbproag&t%ﬁlg‘i’ée or atter

step (c) a aneously con second
adrenal nerdnueieesiuseiul for ldigesscatobijpehetricah scmepmgs(leg SasiryACTéf glept i de and

e o0 Samagh Lo RTEId ol oA e T BRIV LY Ly vy
t he second ragifma” mhrm s;hﬁ,@%b@elr@emmgg@s;‘ra?@rsgm MIPchugeaist eps of
perform ng one or nor
“Generation of diverse high-affinity monoclonal antibodies by reperioire
cloning,” Proc. Natl. Acad. Sci. USA, 33:2432-2436 (1991); and Houghten,
R.A., “Generation and use of synthetic peptide combinatorial libraries for basic
research and drug discovery,” Nature, 354:84-86 (1991)). Such libraries are
generated by a combination of solution and solid-phase chemistries and are
cleaved off the solid-support for screening.
[0096] Separation techniques such as liquid chromatography, gas
chromatography, and capillary electrophoresis coupled to mass spectrometry
or tandem-mass specirometry ¢reate analytical systems available for
structural evaluation (i.e., Hsieh, S. et al., “Separation and identification of

peptides in single neurons by microcolumn liquid chromatography—Matirix-
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ot her assays, including the assays described as the Serum Corticosteroid

I nduction Assay, Serum Corticosteroid Inhibition Assay, Adrenal Binding
Assay, or Serum Free Adrenal Inhibition Assay. Steps can be performed in
any order, unless otherw se specified. ACTH anal og Conpositions and

Adm ni stration [0100] The ACTH anal ogs can be incorporated in pharnaceuti cal
conpositions for treating various ACTH rel ated conditions, including

condi ti ons r éisgister laset desaption/ionjzatios itime-affligilHass spattraméisy ah@101] The

phrase "phar ' abl,e" "p : ' ccept abl e"
refer synony@%gﬁ%yfegb%/agg%%g&%@gﬂ Q{’%’"&g@%@%ﬁwkﬁﬁﬁr dosage forns
whi ch are, wTréiyakoves N¥opealoFQaaniidtive dhaipdis jof d BYBitadenslihdiiedl HRIA uUse in
contact with e ti.ssues o nman .bei ngs and ani mal s wi t hout excessive

t f_human_bei ng;
toxicity, ir F‘F'B'alﬂsdﬂ ,V’Vé’lqr@r’ﬂivll:}rq 'é%ﬁ%HQ%F_CGFOFBFWE‘W%@PQWP%T%orrpl i cation,
CoMENSUr at ejoHizdtion téﬁééﬁﬂﬁé&sesﬁ%hﬁéatéﬁ"ﬁW@fﬁeeif%.?%bﬁ&ﬁ%’%ﬁ apeuti cal |y

effective anpunt” of a conpoun an A anal og pept1 wth
respect to u§t998) anddavenG.W.«f &.s “Exsumsionminriometlical masgol ypept i de or
peptide in a i, © G, m, hi.SHey - ar f a desired
dosage regqi ng;ﬁéc,?ftgﬁ g&){:’h%rr' \sgt(ﬁe’ﬂ gﬁ%ﬁqﬁs 'a4mmé%gg%§§§h)lﬁﬁ% eviates a
synpt om anespegtrestnaisquanitulaiynysedul islprovidihhénfornaation Bboisastoleemar t i ons

according to pnically acceptable s dards for, the di sorder or condition
to be trgat e‘ggl tf’ﬁ% C@éﬁ’r‘?ﬂf'&@“ﬂﬁ? Bs ,{*}ére&r‘?dandapwgﬂeﬁ%@g@%m of ri sk
ratio appli clabjerotecutss, iEslaral pdssiad iestiract HFOhdith ASSUNihé 58&hendy. any

derivative tsﬂb?)r i)f (i.e ., treatment, treating), as used herein, refers to
and i ncl udest ?i? pr eventieilpds aiissmaningACT blanalpg gompsypriateitlentifh hi gh

| evel s of A@'@THQ@IQ%E% bl fﬁa@irﬁﬁ‘%b?@s ﬂg%%ég%iggeﬂ%ﬁgﬁ 59%@? o such

di sease or condition but has not yet been ving’i
i nhi biting tRemirarathengmmaeditied ABTHieESEQADNO2 bhSEQYID Néxtlcanof ACTH,

e.g., arrest; i . | ] evj the dis or .condition
eSori at ea wERdRtis SRETARORERlng 3h skl meihhfithe i GhaSET hoicdt ne

di sease or d\daﬂmoﬂ;smﬁscqe@m?g]mmarimg campasuﬁwt@% Idahts ' o@hﬁ)dri]!m@g wih
synonynous ere refer to ap organism preferably a chordate anima
such as a néﬁa‘fﬁed ?‘pﬁ"'@(ﬁuﬁ?ﬂ %‘?Ff@ﬁ%ngf?ﬂ@Qﬁteé)w EAndncléderene of aseefi ded i n
accordance \hé follodngsepent i nvention. Mammalian species that benefit from
the di scl osed ACTH anal ogs and nethods of treatnent include, but are not
limted to, apes, c®i Ppaidieee firsiadrgnabmembranmasd arsackad adrene

donesticated ani nal s ﬁ%}lﬂbra ets) such as dogs, cats, mce, rats, guinea
pi gs, and hansters. Fish species include sal non and ot her species used in

aquacul ture. [0105]@.heotiaciing ieTist atirehedmentiané arfirst corsetidierein to
refer to comprising an unmodified peptide comprising an unmodified
ACTH peptide, and subsequently measuring a first
concentration of corticosteroid secreted by the first adrenal
membrane after contact with the unmodified ACTH peptide;

c. contacting the second adrenal membrane with a second
composition comprising the ACTH analog, and subsequently
measuring a second concentration of corticosteroid secreted by
the second adrenal membrane after contacting the ACTH
analog;

d. comparing the first concentration of corticosteroid secreted with
the second concentration of corticosteroid secreted; and

e. determining whether the second compound induces less

corticosteroid secretion than the first compound.
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conditions, disorders, synptons or diseases that nmay be treated by, or are
responsive to, the regulation of ACTH nedi ated corticosteroid or
corticosteroid levels, regulation of ACTH binding to adrenal nenbrane, or
regul ati on of an ACTH receptor such as MC-2R, including certain

mel anocorti n-receptor associated conditions. [0106] The term

"mel anocortin-receptor associated condition"” is used herein to refer to
condi ti ons, vhéqm@aﬁiedomcvh;@@ﬁaéié -algron of a
receptor that hinds ACTH, and/or by P%gﬁgwgﬁgiﬁﬁbggél‘??% re[?gl:ddgfdével sin a
subj ect. An FEPHR MP4st-ed condition can include "M 2R associ at ed

condi tions," onditi ol i treated by
regul ati on o[fogtgﬁg NC_ZR'ﬁEngresgt'e@%r%ﬁTge{@;rg%%ﬁﬁﬁﬁéféﬁé@%%@%@ gd condi tions
can be treatmsdmbyans oah hg positione thinez eplject and theacor@Tikatiombbg t hat

results in .| eve f corticaosteroi cretion,conpared to the

| evel of co?ﬁ#@%@%ﬂﬁ gargé% hqqsgﬁe%wqﬁﬁﬁkﬁ)éﬂ%ﬁge jgct 6’5 197 555ays).

st er eoi sonerAlterhativedy, ciheripsinstirehdianbimbiad arsd tHe s&ddneckdrehaltrhi@mbrant i on,
i ncl udi ng enanti o[g%%iﬁand di astereoneric forns, are contenplated within

the scope of¥BRF® PIIAS SURIRCY ARG MNeLaiv iz FeprriEation of kerticerisseilds of
the inventi e nigdsurddin SERMHERe rﬁ@dié%hﬁﬁﬁé‘hééé\k}s?.h%cffergxﬁ%grﬁgﬁfs | somers, or

may be adm xed, for exanple, as racemates or Wi other, “or other
sel ected, stCOHWIsHEhiEr¥vo Mhéition Aasaysape s inviroeempstitive birslinglassayf i ed by

ot 1 hea by Ch DRACIEEDq R e tolRwihd B whlshds reforatiEBotiOHidl el Ton:

t he present inlpeckad or afipestepi(osandbefves stepgd):i cal conpositi ons conpri sing

ACTH anal ogs, and the_adm_nistration thereof to ubject in a ner
commensurate with tq'eﬁmahn_epﬂﬁgﬁ _ Cﬁﬂgt%ﬁﬁ%?’ﬁaaf%ﬂ?fﬁemfﬂ@rﬁ el at ed
condition. The route te entsrhpbsiabh e6mpasingehs AT paptids asgaied W th known
nmet hods. ACTH anal ogs can pe enpl oyed as part of a pharnaceuti cal

conposi tion i ncl udi ngSeCHLEaResIEOR BoMpUting e A EH aarlegeand The

phar maceut i cal' composkifpeRAfRidas %y 8'seLBAd coRBEALTR Gnal og of the

invention to treat a di sease Or CoO on associated wth el evated | evel s
of ACTH, may be for nuéertieosteraid seqrmigs oy theysenanidgdragalcoevibrarieconal sol i d or

i quid vehi or dil tS., | | as_pharnmaceutd cal additives of a type
appropri at efdtogﬁt] he md§8%e%(9’£§?%§'sﬂﬁi'wﬂga? gflqunof(qeg{ongweegr WO pi ent s,
bi nders, preiherassayesinclrdingiie asd=6/s debontss as e Shras CoriddigerbR t echni ques
such as thﬁ@e wel |l kno in the art of s)har maceuti cal formnul ation.

[ 0109] Phar n&CEGHPRAFSB6MAYM: Ferisogisrid Ithihondmsaynriegs! Biaeinge

admi ni st er efg IVsSUhi-g eeAa%E e MRS %Wf&ﬂ? rising

ACTH anal ogs éc%‘tlr’] be ad}r}l’;—nfélste_r ed !/nhl'ﬁﬁﬂioer‘g%il 0 'b?t‘%%bcut aén%ous, |nI ravenous,

i nt r anuscul &Y, ogler, unlesecotheavisalspeaifiedt i on or infusion techniques (e.g., as

sterile injectabl e agueous or non-aqueous sol utions or suspensions);

nasal ly, such as by inhalation spray; or topically, such as in the form of

a cream or ACTHraEwlogXBsnpositivregand Ndmiidsiratiohi ons cont ai ni ng non-toxi c,

phar maceut i -acceptabl e vehicles or diluents. ACIH, anal ogs of the

i nvention r&é@bbi/or ejg'}?plpe&”ﬂeaaﬂ Ri S/'er 'Fﬁ‘?'&’olr%tﬁf% ¥yiphagnacewical

i medi at e cohfdtighsO! fop X itRIMRE " wdRase ACTPEdIALE rc%na%ﬁs,orin%maﬁg@ed
conp

rel ease may be achieved by the use of suitabl e pharnmaceuti cal itions
conpri si ng CPREItiREF Felaird iogbe sver-vapiassiontal M Tidrn pelientscul arly in the case

st ¢ puloiOtEcc Ik Hitesd oo gima LR Sttt T e AL e o
in the foracoépiabledsieferssyridyitjuia tordigands,c materiaiyosompositorsy rarid/st ng t he
ccor di ng. E85Ragiia 65 re L HERBLGS Srtooet FhumEmedica) Samenhedabt <

conbi ned i foradsé xhusshtaétt With PRATSARRUGT Gallah BERRR! ARl ArfMEk! ffthyehi cl e.
Conposi tions which may be used for the prophylactic and therapeutic

treatment PXEFIRNS offXIGY, nifFitatineT Hallergicograspepeendsr afiien prclikenofor
appl i cati Oﬂoﬁr@gg@tﬁf cBRndheraBAhEh §354ddHabhy BEAGsRILfasal  or

transder nal
[0102] A "therapeutically effective amount” of a compound such as an

ACTH analog peptide, with respect to use in treatment, refers to an amount of
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[0111]"Carriers"” as used herein include pharnmaceutically acceptable
carriers, excipients, or stabilizers which are nontoxic to the cell or
subj ect being exposed thereto at the dosages and concentrations enpl oyed.
The phrase "pharmaceutically acceptable carrier” as used herein neans a
pharmaceutically acceptable material, conposition or vehicle, such as a
liquid or solid filler, diluent, excipient, solvent or encapsul ating

material, i rthelpahcbelpnd@mrrpﬂpﬂaemﬁ atprepedomh wtich, hm@ubﬁﬁm’nstemwanf rom
one organ or po |on of the body, to anot her or an or portion of the body.

Each carrier® siygd - kRgipen; (P @neh %’é‘ﬁ%% Chh@s fy reampal i ¢ BSRli t h t he
ot her i ngredanewa%soa SYRIGA Bichbldh atdhdiiBhl bF 36d el Hsdt T ciiaseand
substantially non-pyrogenic. Sonme exa materi al s whi ch can serve as
phar maceut i c@ndifioas caqsoeding iackinieally ampta:tée standardg dos  the udisorgler |aict ose,

I 2 t t h;
() ot ul ossniil°f betked] e RGeS G3RBHE) Bty A RESBAE! I Goe.
et hyl cel | ulbepefit/dsitratie lapplicatse 4o ehnmedidad Jrepimeler ed kagacant h; (5 malt;

6 | at t al 8 t d t
(922" 55 Mphe) L2 ook SR S GBS CPB . 1, ShgFERES, or

oil, olive aidatingp'=R Wdd hér@ﬂh Sr@fdagw aﬂulmcma@é g'))(ﬁé\lfé‘ltlﬂ?%ﬂls%‘ésérd?pw ene
egcoI (11) poalyols, suc sorbitol, mannito

pol yet hyl en&OQF‘S’}'QB |a68feq@§ede\yﬁfé?@h '§¥@ﬁ ‘of ACSkh fitord pegurEing iy achatignt thair at e:

13 sy pragny
gydz oi?ge; (15) al gfeﬁég&gagﬁq%%')‘ pyr 5’828 f regﬁm%?yﬂﬁgxh&exqu ?(‘)'ltj(r)nnlngm
sal i ne; (18)isRINoged 'as !wlmg itbB) trcnmt)ngethwﬂlsaae@nolcondmom gsisosiptent withuf f er

phar maceut | C" {65Pie, P ORGTER oA B shyBIGHBEA THER) TeRy e

conposi t i onglisefise her pomadmom asvoelhted withr dighonevealy rafga@iTH, &.95. cadsingiot
i nduce si gnl ficant tfa%perat ure el eva%Il ons when admi nistered to a patient.

Often, the PFHIETHPBY Iq“§e%ﬁec% EANOcarrier is an aqueous pH buffered
sol ution. wabl e Kaphli&itY ore%sabjBbeNAR Qéec%?r%ﬁyrﬁ@.@y ﬁéﬁanﬁl@@tr@fér cto
reci pients at e dosages and concentratl ons enpl oyed, and i1 nclude buffers
such as pholpapanisn.preierably aehurdaisrapimalsueh as a mamimsli iinersavian| udi ng
ascorbi c acg I h t 0 sjdu

pol ypepti des‘gecﬁérsg\t,\fgmﬁiﬁgu@ %g@érge{rsu[%o gmﬂﬁ%c%gﬁ}éhc% ‘c’)vitﬁlfrpgru %ﬁe%ul i ns;
hydr ophi | i cmpetht}orerMaaunah&rssp@ctlgythaybpyeﬁtcfmrddhe disolosea ACTHsaralogs no

d d t | har i d
o saconari and Bapiainal Fediert aeiide ut 27 naf s Jooanss. Aanneazees:
dextrins; chehgliahs, AGRaNS, %&fke% =) 6onﬁ4$ﬁéléte%i| aAftels (8¢ has) sagni tol or

sorbitol; salt-form ng count erions such as sod i um and/ or “noni oni c
sur f act ant s3% @S, seAl; VEEP@FH‘@"EPLQ.UR@QI pigsVepe herasterhy Figh sprciesiingludes f or

the ACTH a lr%%g a%l? nti onal means. However, if

al cohol |sr%segn| nthec rrll%&é%‘ﬁﬂ EP'%'%[ og should be in a m cel | e,

| i posone, dn1a5] r everigw' térnp AGTRl-relaieg raoneliifond cisatised hgreifi 1o hefdxCibH

anal og. Si mI en, t he ACTH anal |s b e carrier, and
the carrier’d" moéﬁ %grﬁﬁhsmgf@&s OE %?%gé?ﬁﬁlgyg’%?fﬁape&@ Yree2'Ef t er the
carrier hasesgonsie SeieWH réglllém?i dohea:tcvﬁnﬂédieeéd OoftfcobizfoidCTdt anal og.
The carrier [eferabl is steril or nore ACTH anal ogs may be added to

t hese subst®® teirﬁ'da VP!?JN‘&QPW'H{'CW AQTE' bipging ko Ackenal Aembigra. Qfpon i t
will be sol d i y 12 t at the
time the ngg%ng%ﬁA%QQna'lkgﬁgge%eg& %gggl %e%g mdt gﬁ i@*cﬁé g;?g?@m t he
ACTH anal oqneiapomttnmeemoamsqczate@cmdmms envi ronment for maintaining a

h I I " bout
Do ol odpfdelY Pl ThB efmP Rl RGeSy BEL AR Rlinaty 36 IS T°0! o
t helr ed_bet Waarem do refarftbgct:cg‘fdi%nét, hgéordérsa gmdl%eaﬁeg m% %a@bbé{iﬁ&?@ﬁy\/\?e?

i ncl udi n ues. 0 .5..7.4, 7.5 a ergpeutjc fornul ations
are prepgr E%gt}f%ﬁonsef(ﬁ é%f@pé?r %ﬁkbwgsmﬁiﬂﬁ}aﬁgmad%wﬁ CPH%’P@’Eﬁr@ﬁt havi ng
the desiregvpgrigeaokubiéictt Y Aht RCPPLIERBH coRtitieh ObaYi malud apieephabl e

carriers, excipients or stabilizers (Rem ngton's Pharnmaceutical Sciences
16t h edi t i 8asocigied conditiens, rygognditians, tdisortiersnast disgasad Ithatethayoberul at i ons

act i vy o Soiest bR P g KIcBRrtcoplor Kot SraBlv, MG A hidBcn:

such as dithiothreitol. The stabilizigg buffer also may be or include a
netal chel ating reagent, such as ethyl enedi am netetracetic acid di sodi um
salt, or it also may contain a phosphate or citrate phosphate buffer, or
any other buffer. [0113] The effective amount of a conmpound enployed in the
present |nvent|on may be determ ned by one of ord| hary Skl II |n the art.

o o a o o o, o v Y " o o o -



[0114] The determ nati on of the appropriate dosage or route of
admnistration is well within the skill of an ordinary physician.

Ani mal - experinments provide reliable guidance for the determ nation of
effective doses for human therapy. Interspecies scaling of effective doses
can be perfornmed followng the principles laid down by Mrdenti, J. and
Chappell, W "The use of interspecies scaling in toxicokinetics" In

Toxi coki netics and New Dru vel opnent | 6t , @faon
Press, New ?BP‘F!'ﬁ‘i@?Bé’,aané i%‘i??gggby WQ%&@WE&%I%OB&%P t?rﬁglﬁgc%lf\%e units of
ACTH anal og ghBply tABY rébiuR¥iifle reduced Il et tonieostersidisecretibnsapeparbdAGTH
anal og may be in the range of about 10 units/m taé)%?ﬁom 500, 000 units/m

t
of fluid inthalevelal cortieasigroishRacralinmpy epdoganous and oral passages, and
topically a | and bBis¥ d ahaBo@dR RRIMifIdE us?Y methoddbf 50,
60, 70, 80, T%‘i(/'p,ail]or 1069%?\%{9@%%5{1&? tghg‘i)ou_t (o), 000 units/ m_?@Represent ative
val ues t hus thencinvertiamoLlitcladiogu renasitiomerigoanghi igsiRreoRBOC uHPIRY, mare1, 000

units/m, 2,500 units/n.. i al. . 000 1A its/m,
30, 000 uni tQPWFWPé?i‘884‘6'T'BB(55“%%%?§$ of %'%P\é&grgg& }@‘??@'@‘?ﬁ%&oﬁgﬁr e to
the active MeTbompalnds wiithe inventlonf magnder exemplesilreedubsiaoiiallyr tieé oof of

active ACTH anal.og units per m . The formul atigns to d wel NyVI VO
admi ni st rat Pgwrd?‘g'“BFsef@'r &@Vyb%taémi"?(%q’ i%?‘%"%ﬁ?eéai Wé\%%gﬁ%%ﬁ ?’g'ms%"by
filtration LiHPUSHHiRbEEbBICH bicrabisamers "PhagRRal dunters dthe cofridumdsng
| yophi lization and reconstitution. Therapeutic c?grpgl tiQns herein

e i 85 Dot Lifor

general |y aidenified: doy ithﬁopées@ﬁhtiav%io"h&é‘f‘naaées. Olacte .
exanpl e, ancbﬁﬁ#@%’tﬁ}g%dém ebfpﬁ%% 1‘9'7?'!%@!&‘) Mendafidrapper pierceabl e by

a hypoderm c’i n nee anpl es of pharnaceutical
conposi ti onf0KO8kpr i si g aaGEightmaindasiimnant, uitle prgsest disdogsamRayiaing e,

conposi tions, providi.ng far the. t aj J.el ea t H I over a
desired tinBl é'?a}ct%'?’c%lonﬁ%lppggﬁégf o#é}ﬁg?éﬁgé a%%-rﬁ stgrn(jﬁll n, %’ﬁgi ﬁjﬂgct abl e
gel , coati nggmirsiraion mke_vﬁ@ba{c subjecti inla nﬂanfencesm_m%nsmm%t:aemth/’eeatment
conposi tions, or conpositiaqns for nasa ot her, i nhal.abl e_conposi ti.ons.
[Orlni6] I n soff %&%PFB%SS ,asﬁﬂcwéﬁ%"‘ﬁtﬁaﬁﬂg‘t\ﬁg—iﬁ'ﬁiaqﬁgnF?ﬁ‘@{'%'P'edTﬁ?/nﬁ%Hf% Suscul ar
or 1 ntr avenguhididheRioh Gih bd 85leB1H T R ook it dblvAALMGESC ATTH nalogs

adm ni stered ntranusnularly, intravenously, subcutaneously, subdermally,
i nt rader nal tan dre camployead | ahsparheofeaf phpomacguiisal jGereResiiNe INAWRIBSI &i on

Compounds. NG neAnzRretae  Spiely ofihe aiermelsnfied TolreS|es

sol ution, abdpiising atSeastene® AGTH apaldy ohtheoimventien dofiredira dissase wher e

For mul at | orooRslin S68eaataeNh AIPVRSAaT EAFOF To8Y o Iy fRC Lae

2 o < P BY, ERBRYEEEOh|linsP SO of I LaroRseor ssap aases.
well as pharmaceutical additives of a type appropriate to the mode of desired
administration (for example, excipients, binders, preservatives, stabilizers,
flavors, etc.) according to techniques such as those well known in the art of
pharmaceutical formulation.
[0109] Pharmaceutical compositions comprising ACTH analogs can be
administered by any suitable means. For example, compositions comprising
ACTH analogs can be administered by injection by subcutaneous,
intravenous, intramuscular, or intracisternal injection or infusion techniques
(e.g., as sterile injectable aqueous or non-agueous solutions or suspensions);
nasally, such as by inhalation spray; or topically, such as in the form of a
cream or ointment; and in dosage unit formulations containing non-toxic,
pharmaceutically-acceptable vehicles or diluents. ACTH analogs of the

invention may, for example, be administered in a form suitable for immediate
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buffered saline are used. Stabilizers include gelatin and al bumn. In sone
exanpl es, a vasoconstriction agent is added to the fornul ation. The
pharmaceutical preparations are provided sterile and pyrogen free.
General ly, as noted above, intravenous injection nay be nost appropriate.
Exenpl ary conpositions for parenteral adm nistration include injectable
sol utions or suspensions which nmay contain, for exanple, suitable

non-t oxi c, %’%&eeéraéh&&g’e%cer & Sor&kwle&ﬁ?bt%}]é%{sé@]o $80hded Fél'&%eﬁﬁmg itol,

1, 3-but anedl wat er nic sodiumc
sol ut | on, orachiénead bwtmabSe odim:pieblﬁ priproacewtical cgmpoditions p:end:rlsg'xgaﬁtmt s,

|nclud|ng sy cerldes att aC|ds ncl udi oleic
acid. d ycer'lR{?t}Ei é?%gr%ﬁ 8’(91 BPo;P&né’?F‘lCHf%fyl E‘ %o‘fﬁﬁ?r faﬁ’qt‘?}’ ilable
carrier for ms@acwuimc@e m@evﬁeyscgjdmas)rsuﬂbmﬁéﬁhs limplanes @ |dsnstio n

or sodium chloride injection, or other

sterile water for ecc;_Bﬁ

phar naceut i GHMPS: a he N abi @ngipasceisthedpwaitios may QISQ beadminiaigrechin the
concentrat i Ggfn e ifodorhds. 100% (v/v), 1.0 to 50% or about 20% DMSO, is an
aprotic solvent that can enhance penetration of many locally applied drugs.
DVBO may be [8il10] ed i Phermaceeicaht eempeositions mﬂWﬁln@rtfﬁoeﬁéﬁﬂchhahgde

i njection, ui d,
and used in coﬁ%:%%gj reg'?] ?gﬁ%ﬁg&%ﬁﬁ@h@gg&ﬂ l?%b e ve |EH"Z§§+ 2@0%\/

i ncl ude Ri ngeethedsolvheieby the AGTH emhbgsmbdﬂmtdmrednd aﬂmﬁnmmm adrmixturen,
particul arl en anlntrav nous sol ution is .prep .118 tior to, or
e et | e iliLS RepAafREEy SceRible catber aririery “Ctpanions whigh may

desirabl e f@e tubsd &SETtHeamabnﬁacﬂnﬁaha tRepakiid tréafrﬁeﬁtuhf:@ude% bPMET8 t

mai ntai ning a_suitable pH ramég§r he stabilizing buffer should allow f or

nge.

the opti mumAeti\anajo QJ?OVPR%U Andfamegns phapplisation (Hh BE an inikaiehlag

reagent, Su‘éarrfb‘i'sgéfe'ﬁ‘n %t%r%sb?brtr&ﬁ@de?ﬁ%’? ng buffer also may be or
c t a

i nclude a neta i ng reagent, suc S et yI enedi am netetracetic acid
di sodi um sal[@111dr it éﬁiwer@yamwedu herainpinckigieapharoracsuticallycagdepigitiat e

gﬁf/r (ra:)nrr;le-g'? ?H st héxé@%}gar?zl tggll&%l{fﬁﬁh%gcaﬁ%g’? @aﬁ{e g I* 8ﬁaﬁqtt‘lﬁ%ont ain

m nor amounbeingf egutsied thesetosaic theaglosagest amutmnbéﬁfatﬁﬂsampldyédl oThei ty and
chem cal stagl lity., Such materials ar non toxic to r gl ents at the
dosages andP E?r?@enpl?‘%rt’?%’ﬁé' "éﬁ"& FREEPIERIRY GaREeTIdeS hHFS r§ gift Ng8NHdsphat e,

citrate, Suﬁﬁhﬁﬁécfeutléélﬁié&e%%ﬂengé\@l&lt B&h 8516 PWE?'S&’S ?Fhfae%l gl ts:

anti oxi dants such as. ascorbic aci ow m) ecu ess t n about
ten resi due9l splid {ifrrpdiluan, excigient, mllv_mt g enaapasiating materiaddsyolpedtiri ns,

Such a5 pol GRS SF el e e BHARERE R 4R ol GROyhE e 2C1 &

aspartic acbddy,htcstand!tm oanarogi pomien obties dwelpar i Bach cdidarcahstises, and
ot her carbogﬁ:5 ?E’ ﬁ_&gdln cfellul ose or, |ts derivatives, .gl uc se,
mannose e'd SeN9e-9F being campalible yutt R Rgr S

al cohol s Suféhnélhtlﬁﬁnm& %juﬁbu§0fob"cﬁé’| atfeft! NAGd én@%@arﬂiéﬂ? n"o‘h ﬁr‘ép non
ionic surfactants such as pol ysor bat es pol oxaners, ol ene gl ycol

(PEG) ; and/3emgrRiamies el @aterala yduigh ean @etyamsSphaéngaceu y aqezemtabl@o 2,
CaCl2, and t%}é?ﬁe iucieo1@9%%@%5@%{1'“9@”5&8&“ 'gﬁﬂ:lgjse aa%%xegbggkg Zgijl Sion

refers to the i vel I'nhof gani'c Yand of gani
salts of trﬁarqinlesblsu.ioh(as) corhestarstal arsl qmtatbesﬂarcé‘pa(:ﬁdceltulma, uanhﬂrltsng t he

final isol d f t f th i, bi

enct i ng o SRR BN geredilth Baririmeli SiBloB) e e,

organi ¢ or dellalogaracetate] 1) powdésel ﬁégd@ﬁnﬂms)smeut t(B}Jﬁeliaﬂﬁ talc (8)
Representatiife salts i ncl'ude the - hy robrom e drochl ori de

sul fate, biSXGINQALE, SHHbESHERGOR huﬁeata@ sPPesiery wax%a&% oils| syel as
pal mtate, nﬁ%? Aat 1€ coltGhicRiCoil PEAFIBREE ojll 8654108 mphﬂﬁghﬁf ecorﬁcb':l '

citrate, funarate, succinate, tartrate, ate, at e,
gl ucohept orsaybeam ik dﬂ)ﬁ))ogblcels authl aﬂrQrbﬁylem@mod; (;‘sﬂl)t mlycais,dstxd:le as ke

Sor - o6 1. AP so by Rekull AmEShmkRe TR e or iR islon b of ¢ ne

present i nwme@lndrmuqumﬁam n1enager; (1 isuffkeingi atyenis) Guch 2l magesmand,

t hus, areﬁa of form ng pharmaceutically acceptable salts with
phar maceut f¥&f %@B@ﬁ%ﬂ%@xuﬁhgﬁ)@}gﬁm@%} erpyrganfreerdiept abl e
salts" in these instances refers to t rel atively non-toxic inorganic and

organi ¢ base addition salts of an inh bitor(s). These salts can |i kew se be
prepared in situ during the final isolation and purification of the
inhibitor(s), or by separately reacting the purified inhibitor(s) inits
free aC|d formvmth a swtable base such as the hydroxi de, carbonate, or

Y T T T 1 L T I o



of hydroxyl ase); b) derivatives of pyridine (SU-c series), e.g. netirapon
(whi ch suppresses synthesis at stage 11-beta of hydroxyl ase);c) substituted
al pha, al pha-glutaram des, e.g. am noglutetimde (which inpedes the

synt hesi s of pregnenol one from chol esterol through suppression of 20-

al pha- hydr oxyl ase and C20, C22-liase;d) steroid substances e.g. trilostan
(3bet a-substitutedstero id-3 beta-hyd roxy-5-and rosten-17-one), whi ch

suppr esses 39@&@016%%){% 18) ﬁiﬂ@@@@cﬂaﬁﬁv 5(1é) eﬁr@narcaﬁsl (20)epRbShatyo! - 3
p. 257); e) steroids of Zfl ronol act one re used as rapi dIy

di ssoci at i ngowifari salytipasanit 62 1); @beagoomccma al@@ubﬁtamgﬁ -employeddr4) ) ;

f t het |

show ng sped? T Teeatfls TorriBgndHe SN Tbarlh ¥ R AARBhIGEC ppmatgiity

p. 711- 715 ( 1eg0pysitons o thp quraspiisinvgpiEon aM:hQrIL-I merogeme,nn@ dﬁQnotmeﬂlae 21
1996 but t ful

gi tool) )I n ;J h%aﬁ"h%f?‘ﬁ?gégf%we &QW'?%W‘E’ ,r'yﬁmg egg«gg% nﬁ@%gﬁe .

receptor sysssiolo |6é48r3]a663ﬂy!aamalmﬁelca§ an aghéesunal piy E@ff@r@dsts@hﬁﬁmw th
bi oacti ve agents that sPemflcaII suppress the interaction of

gl ucocort i coMeFaRiRRIB FBY ARt PXARIPHISHY $labilizeisrare; nINOYE ta yeqipiasts phdlm (11

0,1713) - 11-[flssages and concen ratlons employed, and include buffer )
(Di met hyl am no) gheny f 7- hydroxy-17- Fi )[,)ropynyl )estra-4, | enl'!c -o'gr‘lse

whi ch acts dihaspbaist cs:it@tgfarg:l Gduroptdanist acidlsr aptiexdaetst lach:dmg:aspomtc

bl f Al I
of Now Yor k 28ola" nBRLlIRE \AGIGREDSoHAP A B! 7 ORBEkREP Soiporiflost J011 oS
is al so knmmommsa sumht aamﬂwalmgnm gmwﬁmuﬁgmﬁﬂmb) hydroptslicr oi d
subst ances St er oi d, Bi oc [

481- 4 108
hydrochl ori 3&%006?(3 yﬂf’ylpgﬂa[ﬁ"-mﬁ Iaﬁgng aeygslloézft@pg)x%%&grq%nva{l\%saverI na

zi | i dene) - 6s?lcﬁlat§ AsNeukird Sr 6mmerr@1mnds@@uhmwesn@usyccmed 8Adi thér aci d
(l\/bskovskava I\/Edl tsina, 1990, Receptor mechanj sns of the gl ucocorticoid

ef fect” by GarIRNYARAPR BIFudingglugpseomannpsa A sieting; Chelaing PEBReS by e
been used i pga EHTA Cédgaﬁegic'oﬂglé Ssﬁ té§%ahﬂlfi’é]§ﬂrc?blsﬁrtﬁt%§essa? forming.

nonpi tuitary Cushing' s -syndrome e case 0 epristane
ant i - pr ogesceupiegonaduean aar&qoh;lmcaudﬁctr incoiatjc stifattadisssech(ap TWEBNM g per

day) can be j vETPIRYA N, 8 S mat i.c |, | of ,strategies to

I ncr ease acﬁ%“gﬂg dg}g%e %P\Ssog%béacﬁﬁ'?fﬁ’fﬁpéh%a’&ﬁﬂgsﬁﬂm @gy%
effects, i mpidRAaciarddr bycepsehondlagaangpoHbwevem if BfcoteN & aBsBNh e new
anti hornmonal agents with greater potency and selectivity, especially in the

anti est r ogefeEied Hia AT sgaley shpdd bein a micelle, liposome, or a “reverse”
liposome, to prevent denaturing of the ACTH analog. Similarly, when the

ACTH analog is being placed in the carrier, and the carrier is, or has been
heaied, such placement should be made after the carrier has cooled
somewhat, to avoid heat denaturation of the ACTH analog. The carrier
preferably is sterile. One or more ACTH analogs may be added to these
substances in a liquid form or in a lyophilized state, whereupon it will be
solubilized when it meets a liquid body.

[0112] Prior to, or at the time the modified ACTH analog can be
combined with a carrier system, the ACTH analog may be in a stabilizing
buffer environment for maintaining a pharmacologically suitable pH range,
such as between about 4.0 and about 9.0, including a pH of about 5.0, 6.0,
7.0, 8.0 or any pH interval of 0.05 there between, or any interval that is a
multiple of 0.05 there between, including pH values of 5.2, 6.5, 7.4, 7.5 and
8.5. Therapeutic formulations are prepared for storage by mixing the ACTH
analog active ingredient having the desired degree of purity with optional
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[0124] The effective dosage rates or ampbunts of the ACTH anal og to be
adm ni stered parenterally, and the duration of treatnment will depend in
part on the seriousness of the infection, the weight of the patient, the
duration of exposure of the recipient to the infectious bacteria, the
seriousness of the infection, and a variety of a number of other variabl es.
The conposition may be applied anywhere fromonce to several tinmes a day,

and may be appléigpgically aac%'%gféb@rcérﬂ@%atﬁcfgiﬁﬁﬁfs:or%gﬁ%@%éﬁagﬁ’enrlﬂf]r?’%ﬁ@t for

days or weeks. " Any “dosage form enpl oyec m nunber
of units for Pharmaceniicrlaboiencesl6ih reglitionh Osalnderiid. Al 980)).0in thee farm ioie
units of ACT J i t i de . ef f A Ve t _,or dosage
of ACTH anal g’é’gﬁg’%ggefgﬁ]”'g ﬁ‘g& ggg@o ugb%ﬂﬁ{’ci%? 2%’5‘?%*2:%%? %’Eﬂ“'go, 80,
90, or 100 ualldw/fot themptiboum atbvif 06 HEACTHt saklg.oThe boffes mdyodonthih & r ange
of about 1000 pnits/m to about , 900, 000_uni ts/m , and from about 10, 000
to 10, 000, ootpifciieRpentrtch e idialet e ﬁfﬁ%ﬂ’?}'t%?ur}%f UFRIMAELAGF at i on
of tinme of expRRIY 6 MEREBhekirg)fodttintl SusH dsNbefidrRBianfinSichBBeAETit  Of
contact the carrjer allows the ACTH analog to have. It is to be renenbered
t hat the Amwsaﬁwnbgalwmsalgegnawmmalma@ sRhafecengivaia mhesphajienbuefier,

ef fecti venesgréﬁdy {p@rﬁ,ﬁg—,{ analog is in part related to the anount of

noi sture trappe y the carrier. The concentration of the ACTH anal og for
t he treat men01i18] deperideneffegiive ameubhiot er cahpouncheniployedeinbtheodreset t he

bl ood vol une 5 L0 vivo adm ni stration of..an ACTH anal .S

enpl oyed, HQY%@?%%&%% %%Uﬁwgdﬂyyo%P 0#%%@3%‘9@% aﬁtg/‘f:lae ?gfgﬁb"eto 100
rrg; tg/ gf sugcicmaggbmws i Qimﬁuﬁfs @Prtﬁe?mcgﬂannalt@g(stabwmtd @gj kig/ Slavy c%rp 10
ng/ kg/ day, dependi er e of adm nistrati on. i dance as to
particul ar d’&'g%lggé 'ﬂ%ﬂg&ﬁ'& ﬁB@ng&;_‘N'gltﬁ/B?‘i/d itergpenlioyh of saPideeiizaliis wel |
as in the |ithg'qirtfiéh of bxb&si#Bl diCthBacbidhiab Wbl ihfichbls bae@ﬂafﬂt QlsgzgM || be
effective for different treatment conpounds and different disorders, that
admi ni st r at i\ weighdtaf ifeoindividughnand athers gensitierationawithin theysoopeeski t at e
delivery in AN L er that 1o : [ .1.l.SSug.

[ 0126] Phar mr@%%telglcgpg@gbét i-gﬂés dpéér?@’lnﬁﬁsl{stgnoﬁﬂ% %jSFe"gp fé@ﬁﬁ' %t%bﬁ%pﬁ?par ed
in a conventAGHdlamaioghaiso depgndsidrhwhbiheadiel useris ¢dr ropindactit pugosesch as

- hydr oxybenzoat £s,,or stabiljzers such. as al kali jretal salts of _ethyl ene
gi a)r/n' ne %/et Bt @ea‘ﬁed,m%b%ﬁ"%‘é'y ﬁﬂ@ﬁobé"?&%s@é?r%\?rﬁ HG pereGnor

vessel s, i npRRdth&Mihe @de will bRN BErapBLtiS PlRboI Wheldie acﬁfﬂ?é"{ﬁfénggfgi ent s

injection may be |yophilized either with or without the other Ingr
and be sol uFRgimasyoii e Aiseuef e aprapnsiiagromayrbealneeded, suchdhal ysags may

P oonnee. - iash ol BB BBye dtlwdts i dohECHam, BRbE; & et itk pranell ' o™
nunber of ndutingghealaybeAny elbstge doansdmployed ashoplet pioviglet foe sAGTiHinaual og
across the cell msg‘or

ne. The, ACTH anal o n be transported in a liposoneg,
Wh G he ACTMERRLgnES ot ABTIE BROUTT b SBiees Cispadrh oo cissiA s
Simlarly, toscaittionsal Qhambchftidal campd¥rions df ths|drésent veMabH ARg! 09 can
al so be pegyl ated, attaching the polyethylene glycol to the non-active part

of the ACTH'#Naf@eendilg emiia partipulasuseoprvisicnedol Eetrsamplm whergsed to
transport tﬂ@@fﬁﬁﬁ@@i&(gﬁeﬁﬁvﬁﬁﬁoﬁ he t%‘ﬂe' agﬁﬁﬁéﬁ?& & 'ané'éljiéﬁt th'feat a

gl ycosyl ati on of anal og can be us 0 taréet pecific
i nt er nal i zaCushingsc@ndsemeoar pramaitind latwr, ekemplary elokage poridsidHoreanal s

cor tatn: ot fehlt Al QAR TN el Ao fod et BL Bk weldl Riaciva

ACTH anal b i g e o | iy S oo of (e
i ncl uldledl i ?Pfs'tﬁ‘éjnﬁ"‘_#l‘!ﬂ?ﬂ(ﬂ‘{"g?‘? cﬁ@%ﬁ?u%%ﬁ §aMyd) @cﬁltHPeﬁA@Pbﬁ@YexHi\ﬁilleh?s such
as cel | ul osgfidraidofethit e {%gie)gﬁﬁh%@é‘%ﬁﬁlgm Zflréocﬁﬁg’lu% ﬁ;&gﬁ%}a‘cygr 18y ghyons may

al so include an exci pi ent nmucosa r oxy ptopyl
cel | ul ose (Rartiyulangenpayng mayybe vatiag landeavill dapend(wRG vaseliofrfactordoxy

ngents o diAdRe M BuulE ) el MIHTE CEor BB Kbl e MeIBlg oo
934) . Lubr istaility, angl [odgtht of, adtiba\oi that cophmsuny g epécics ages bady Weighis may

al so be added far ealse of fabrj ca';,\ti on and use.
general health, sex and diet of the patient, the mode and time of
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[ 0129] ACTH anal og conpounds can be conbined with the sustained rel ease
carrier conposition described by Loughman in U S. Patent No. 6,893, 645,
filed July 15, 2002 and issued May 17, 2005, which is incorporated herein
by reference. Ot her exanples of sustained or controlled rel ease

formul ati ons and net hods that can be conbi ned with ACTH anal ogs i ncl ude
Publ i shed U. S. Patent Application Nos. US2005/0164927Al1, filed August 18,
2004, by Cheidiingtrafidn, raie2@p33Rictn?thiigl coRbiraiphe Her S%Y/ent%o%? iy Hay et
al ., US2003/0211966A1, filed Cctober 21, 2002 by Kubek et al .

US2003/ 01489%ufiularqongifioRovenber 7, 2001 by Sharnae et al ., and

US2003/ 0181 fil 0 h osur es of
whi ch are iigiﬁp]brat egﬂﬁgtryee:fér;h'ﬁﬂa rog'f g’feﬁ%e%@rgﬁg}% gér’l%agéet@ qjloﬁféso(?rfe 49
enbodi ment s, admioistratian Iiedwelélw'me theeskilreaft acoorstisaryi :almymaam ndinichal-a

controll ed rel ease polyner a an fectiv H anal o The
control | ed repBazEnBhniER Bt duHahEs shr' B ineinfin B erechBTsRY |

i ncludi ng a feeriman therapy. Mhitepdpeeies! scakng of @ﬁeeﬁuaeaose*émarcbetﬁeﬁdmﬁdr el ease
pol ymer can have a desired | evel of water sol UE '?fLéHaPH%'II ve mni mal water

sol ubi 1ity. folipvdeg the prigsiples; laidegeur by Merdgal T'Pl%é’éeknom
Lo one, ski of ofcrgpelish bkingp  toREalHENEP ) TxEBknbcl ailic i) ifugel | ng

agents frequent used in the cosnetic and p armaceuti1 cal 1 ndustrie

hydr ophi |'i c Davelopmanil ¥aeehiiad ajeBdsnPergemondiessogwi ¥erk 1299, pmme-e,

GRS 401 AR oF R AL A i LA

" KLUCELO' (AQLEﬂGGTIVe sirloninh 9 dosadeebi ACTbIr ari30dBhayzé @ tHel Bivgeeshatmungi es,

Wayne, N J. | 204 bout 4%
by’ vl ght ~ oft Sl i e SO g iRt R it e BT e dipesroppient "
conposi ti onaf thaane@at ane ofdl rpasrsagw aha nop;sﬁmwewanmsbm F?gg\t me,serang@out

0 5% t o about 2% ile the we ercent ran

KOG O vl ABat LRSS Sk B9 67 Do SR080t o8 I50 ATESII FlP@Haﬁo 9@@ aht

percent ran dF456d t ut 0. 5%
to about 4%6?%%139&%%@%%@%3§Wmmonéyg?i‘o'E’?/'ﬁFrﬁ?g acry I’| c acid
pol ymers t h800 amiis/gily &,000nenitsfmér 260 dnis/ixl, H:000 vaitshohetO, OWGGMS{TOI YyNer s

di ssolve in rand f cl.ear, or sl | y. y . Neutralization
W th e caus? DR SoB0R Gukht, ahasioidHl bigRE MiFe ARMeRY ik ce

tri et hanol agxpgssurertoother activien AGTHS egnalod(L UG- Gha Ysmﬂuéﬁd:é Uhes eeBipdy mer .

that is dispersed in water, and_forns a uniform ge conmp] ete hydration.

O her gel | | $RNGeGIaten &F jactive AL R RRIQe URls Rar - oJ@e EMUAtioss IguR  MVE/ MA
decadi ene chQspg MHE(/woP\.!l strQic YAFe" éféra%nygoéi'@r!ua?‘“?gnst ReTakily

[ 0132] Preservati ves al so e used In |s I nfiventi on and nmay conpri se,
for exanpl eaccaimaplished daP/d‘rltrat@nSthrbygrvvatejﬂe filtratiore membranesyirtioonr The

cont ari hat danSEg FaRATRACRE A e b BRE " SPEGRsk e SR By ety
growt h. So r@rmr@lwmqﬂamlnm afcahtamertHavmg avknilé accassqiart dor @mdwbpar aben,
propyl paraben,, but ar aben, | or oxyl,

sodlu benzoat e, Pl\/%\ll
Hydant oi n, 2 |igHRYER ?oﬁﬂ”lygf‘y a%a?'bé’ tgav'68t§s§ ORRPE PIgHREELIS Mo hexi di ne

di gl uconat g, p@aeﬁm@%‘gb{*@{ h&8gieher eof . [0133] Where sustai ned-rel ease
adm ni stratl on of an 'ACTH analog is desired in a fornmulation wth rel ease
charact eri d0188] sui t Exasples aefhpheimacewtical sompesitians ceerapdsingi A6 Her
requiring g a o} t he ACTH
anal 0g | 3 conléeqrp @ﬁ%@ﬁegmrﬁlg dé&ﬁbb&ﬁ&‘.s? coMposRERS aprotidhy OfdrOthe

sustained release of the ACTH analog over a desired time period,

compositions for dermal administration, an injectable gel, coatings for an
implantable medical devices, mucoadhesive compositions, or compositions
for nasal or other inhalable compositions.

[0116] In some examples, an ACTH analog may be administered by
intramuscular or intravenous injection. For example, the ACTH analogs can
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m croencapsul ati on conpositions suitable for use with the ACTH anal ogs

i ncl ude those described in U S. Patent No. 6,475,507 (filed Novenber 6,
2000) to Pellet et al., and 6,911,218 (filed April 20, 1999) to Ignatious
et al., both of which are incorporated herein by reference in their
entirety. M croencapsul ati on of reconbi nant proteins for sustained rel ease
has been successfully performed with human growt h hornone (rhGH),

| nt erferon(rhé IﬁNn')nlsﬂemda IdtMumﬁad;@MMnbaﬂﬂtz&boﬂlmw%uﬁﬂermé@

2:795-7 Yasuda, Biomed. Ther., 27:1221-1223 (1993); Hora et
aI . Biol Tec'l'??f@pé 'y)éjr%m?‘?@ﬁ? ‘8‘85‘*”0 el and, "Design and Pr oductl on of
Singl e | munjgagy] on Vausd NAgeckdld dedtipdifist | f?l@fé?é’d)l 9ty ere
Systens." | n[ Vac]cl ne Desi gn fo The Subuni tI and Ad uv%nt 'gl?"?’%ic and

Newman, eds,CqPPleAlfh PR LT Masy AGTH, arlajgg)corp;ppumigngxe wr@wmaﬁg& WO
96/40072 9 7a 0 134] i nhed or
contr ol re?/&(?@él%zérar ?2#’?‘@3% @atel? ta s%e ‘Es‘pﬁﬁ%n Ja% "[ég‘3e c%ﬁé" rog ?'yuch as,
for exanpl e, catebmalmmnmeofsptrapaseqowheraarrﬁranwscumpémleeﬁc)m ct@ruheicpmss or
provi de a | n on of ac .anal o units p but
over a | onggﬁg%% ?o%]erg%'et% gien, \ﬁf‘i’efsg Wf“ on gmay: %"%f‘seael §§§@ray&r rier
(such as, faddivespiop, isotanciol Q:hncmeluéiep%éi%m? dMlorRIeQ Viieharasd)l @Bnnitol,
concentration QI actlve (ACTH anal og) units per m but over a shorter

period of tiSRIohRRdlAGIA%E- ofn SoMe, €208 t'%Otﬁ'é'P salutigng sweh Gﬁrl%hqsﬁhaf@f tinme
of exposur e HigBpsAhd R neéa:] eseb késfs%&mag geéfﬁtﬁfrﬁﬁa bl sbﬁ.eto be

prophyl actic or therapeutic, a er vari a
dosages Wwi | |examp&9§pe@dmoqmsmqhne ageniu s t addsss ttanﬂhecdormldagmfrd'nel 4

times per d o] It| |l e we

| nf oot ons. Shaftfaddlifal bidbtdids O | BV d8Mel Call nidan HEES

formul at ed fGeEneralyi @sl nalepl abats, dntraenoeds| m;emﬂongnagﬁllde MWappﬁipriate?S such
I RER e %S?Mﬁdpé%pgﬁ?@nﬁiﬁr”b%a%gg? o BREHTRRI, e BB DA
mul ti | anel I b a CTH

anal og. [ 0186fibes ausgmm:ﬁemﬁnbwdma@wwa%xaﬁwpweﬁmam@ﬁ@ﬁ iGan use
a bi oabsorbabl e po such as y-lactic-coglycolic acid (PLGA) pol yner
f%\&ﬁﬁ%x amnt

due to its Bf ablety Sd@' $%Y@ﬁ3,oﬂuquﬁ&ﬁj@gﬂad@bl1e3 putapediol, es. The
d dat i d | d
QUi ckl'y v ¢ ReLRy HEGEr S ol ichy an S6ibhE SRR oHERD SoRRICFY by EFRr B9l Y mer
can be adj udispersingoor rvmttmglancx;i gazfpmdd@]eggntsg :mi.xdmg syvﬁ!@@t][d monveioght and
conmposi tion i "Co ed re g 0 i oagti ents from

| acti de/ gl @JQE)A%@G AGiISNNCBAIRG: Helt g G ﬁ%‘%?o ieiceyol (1,2,3

Bi odlegr aga)t;;bmpanéwe%rz}i dasthardiglyi aeémabWSéa?n@r whrmﬁrg@e&%ax g York,

1990), pp - 36] I n some exanpl e a therapeutic conposition

conpri ses a yﬁ%‘@)&df‘@%‘?@f@' SR Qm@@%uw@eﬂew&f@w fQn imjeciion, an sadivA anal og.
The nucosal i §fl %E | e, the
upper and I%Hvl\%ﬂrfuérqgg%?ir%arfo%/ dt%ﬁ%g{a ﬁg@“e ' @g%cggw k) }éd%ﬁyewé ' ?{%

vagi na, perfitmdioanchusgdoke:toncentraMnmefsOantb d 00U (VDY al”@?m\&ﬂ?/ for cibvolt R.

Squi bb & f | d
oo o car 2B ONROTH ¥ $U68E okt BB EDS anbanR, FbEtaon Fidimanar | ng
to the or allocallycplicticiveygss , DMIST nilyybé chillitad it stefle WhtdPeF i?i[j]&uutho.and

e

hydr ophobi ¢ _co ts eventually fall apart. In contrast, hydrophi lic
and hydr optf&9 ”réwo‘gﬁ‘&'i"i% infeciina, sireQer Rhimaseuiically, saceriable AAYSIUSHI e

copol yner. jhjetiorPalid, NAd d’se%‘lﬁ’v Frbﬁ@né BEOIPRY %@ﬂ r ' eThE §BAEk.
descri bes a bi oadhesive oral drug Ivery system nposi tiron i ncl udes
a freeze d@lsymgyligglede rﬁlRQ@rSeSQ’luH@m@ btffered soligiony apd ctmdm&ersbhljnbn vi nyl

et her/ nmal ej r an oi nt nrent base, such as
m neral oi %ﬁ a&n‘é’ﬂ%ﬁ ﬁgﬁt&%@%g""@"mgé’ﬁg‘%@s Pat. No. 5,413,792

(i ncor por af@ti8er ei nch)(Trrmf ' egregicihp tﬁneCtheSESTBIaamaogIlkepmrlﬁﬁﬂé&idrﬁé”rz

conpri sing aste |i e co g a or.ganosi | oxane and a

wat er sol u8§’§%‘%|' may; ke r?tﬁsg CgJFIQ g%r‘ sefAtabilizing buffaro by

wei ght T r oghdirdhriéntS niain@iising B s@:fhtﬁétﬁl-l’?aﬁ r?ﬁé%b;pr-in .ngest.ﬁ'ﬁ dr ug

5,554,380 clains a solid or Semsolid bi oadherent ora
delivery s§iowdocihn &mm#gﬂaaﬁkb{tfkéroﬂfheo‘i\CTi;B/gﬂdﬂghthagbuﬁerl reay thet ao

phases. i 2 t vol u of an

i nternal hyé’?%gﬁﬁe?‘@ggé Sﬁ%ﬁa%ssre&gnﬁ@h%{eol o?%%rﬁﬁﬁgﬁﬁé ggjﬁé% Plsé’g“ﬂf h%bout 23%
to about 75% by vol une of an externalyghydrophobi c phase, wherein the

ext ernal hydrophobi ¢ phase is conprised of three conponents: (a) an

enul sifier, (b) a glyceride ester, and (c) a wax material. U S. Pat. No.

5,942,243 descri bes sone representative rel ease materials useful for
adm n| sterl ng ant| bact er| al agents V\:hl ch d| scl osure | S | ‘ncor por at ed by

o o Y - Y




[ 0137] Conposi tions conprising an ACTH anal og may be adm ni stered by nasal
sprays, nasal drops, nasal ointnents, nasal washes, nasal injections, nasal
packi ngs, bronchial sprays and inhalers. Wen the ACTH anal og(s) is
introduced directly by use of nasal sprays, nasal drops, nasal ointnents,
nasal washes, nasal injections, nasal packing, bronchial sprays, oral
sprays, and inhalers, the ACTH analog nay be in a liquid or gel

envi r onment , insiude ahmeltalqunedamg rmm blieh QR ethgleneliiathineBstitdli® Uiy er si on
of the rmdlfled ACTH adm ni stered by the inhaler and

bronchi al spFiEdiug) FWSLR:{ Ht glsPl %@f gOoRGiMma Bnoganate L yeitsgiephrphpte bl The
nasal spray A& bhfled ﬂo%ﬁ@ xﬁ‘iﬁé B&rrigf c&h %R/é ) ﬁéﬁlﬁzﬁ @l‘i@lénvﬁ?ﬂnﬁﬁﬂopgwe Used

manuf actured b rreans wel | known in the art al ant al'so may
so that the A AP DY may reach further down into the bronchi al tract,

including in e lu r S a

i nhal at i gn adm nrst ra?ﬁgen I ngrpé(@ égﬁﬁﬁﬁg écgrit%ﬁ' h%r'; wﬁﬁ@ﬁ %98@{5\4&% n,
for exanpl e, SthdﬂnﬁngL@lstaﬁmeb thet ehhances wdt«aﬁb@ aneszﬂfrerﬂrcavembuﬁgbscstmh on
pronoters to [ice bloav ilabjilit er solubilizin

di spersing a@g{]‘? SsGth M ¢ ﬂ’ﬂge ka"cﬁm ﬁéh%\r osaﬁ§§3§ﬁ“@:o?&ﬂ§§%§rﬁfdﬁf§ f or
dermal adni nerﬁplbsaécu oand® lindlildh\blitte RNShPTas Fhobshdtar Euia?léeguélﬁha{lé &RY T er

for deliverin | east one ACTH anal og to or throug he skin. a%e node of

appl i cation & qnﬁleo perreraania agids ﬁ"cﬂ"@ﬂé‘@“@ amtww@nt%su@n psaseorbic ggids and
combi nat i ongoR rfeRddull’ e tC Qeés“%&ﬁeab&lﬂt e ‘?eé]@{.ieé)' C@%gh&e AN et

| i quid, an al cohol base a water solu nt ment
a nonaqueoudoollyad'@mmleb@setﬂpapmieferyanotem$ basle asasbkwndaﬂfumnn@ewtmoldr and

Dl et o o AR bR RN ReEidls Sk 4 So b HEV R EcREE i, e of '
de![| ?/eryt 01(‘j a![rmeo camds esuotloasaglutamlct aeidf liwpaﬂieuaci@ al(jieﬁdlnlan@é fhmeguzj is
no Imte O a S | Me-r el ease ul SOorpe
W e, and. cORaER e isBbendtes. Rost AUt AR Y158 iBpAnesaliose
bandage eit l@eitscuerrieaﬁnbes cg1u¢d§e0ﬁ?ar9{osbhﬁeﬁém§é &aaéktﬁh§ c@ﬁt Aztﬁgg@q gs nmay

be sold danp or E«@ wherein the ACIH anal og I's in yO orm on
t he bandageSUathas tAcwgsr %qvbplstquas manniieltoregar btt@lt oeumter ionasutheat ment

Qe st d 2ot "l BhE Sufdcrai®' St AL MINSobRRsHAIGRIRS Bat or
preservati vpslyeﬂwtaneeglwof 4EEGr)|‘t and,forqmdrma‘ceemcagygat%emaﬂﬁgéﬁtg ;éé 560
screens, or nt system at .

( Gshor ne) dﬁ@gb@ %tq{%rﬁé&&ﬁmé?‘?\i'g?entycarrl er conbi nations that can aid
in the expomee] of tehe kichmt OpitaRELEACEN aclslRhhRY s‘éﬁgpq'%réré% Qs

topical admnistration includes a topical "carri'er such as ast | base
(mineral oilelajelye aii-t EoXie| yraragmienand ofgarén]acid oaddisivanselis afhéhe

car borer  andBROTEY o a5 SBE AR ProbatO sl Y VP e Al 0 2
di ssol ved spl&tﬂeam ohthe mhrbltpe(sl, iot dnyaiepamtalyeead%hg dlpwlﬁéa emmm«syrﬂrﬁem i cal

has th
par 1 oul at ek ReBe MRS st Bl TRBRIe SN S ASOyAUEING ens s um

hydr oxi de ssaltuthue, formed O dRepresertame dealolintiuden wenp! ¢heﬁy%9r6n%émt' on of

the gel . ng(ﬁ rt uI arly, the har maceuti cal may i ncl ude” dapsone, an
antim crobi &S‘@f & ST, gyl %fﬂmﬁ’ﬁﬁ'@r yitpHepacetate; valsrates algaibar y

ratt 0 Of mpalidtay Ioteartd Ciohitnd)] BRAIIAY 18RS ORPoLBble) Godliate? Mrark 02401 L1

anot her exanpl e, -the invéntlon conprises carbo '80- 90%

wat er, aboutalea®, Armesajel spopinate, taticde, raptihylaiehmasylzeeglucatiepionae 3% t o

3a82/°oﬁ2ps°r%fb@ oogheh SliyGlihal®. saif e L RETF (565, friSemioner may
i ncl ude ' CEE@D&@ E{&Q??pfﬁharhacéauﬁlISalts" J. Pharm. Sci. 66:1-19.) In other

mat eri al ma%l ncl ut?j'eso {mzdro i desol-ution. Methods of Treatnent
ases, the Inhibi useful in the methods of the present invention may

v

contain one or more acidic functional groups and, thus, are capable of forming
pharmaceutically acceptable salts with pharmaceutically acceptable bases.
The term "pharmaceutically acceptable salis" in these instances refers to the
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[ 0141] The ACTH anal og Conpounds can be used to treat a variety of

ACTH-rel ated conditions. Methods of treatnent conprising adm nistration of
one or nore ACTH anal og conpounds to reduce the rate of ACTH-i nduced
adrenal hornone secretion, to mtigate the effects of high levels of ACTH
in patients or to bl ock excess ACTH while maintaining a tonic state of
adrenal function. The ACTH anal og conpounds can be useful in treating

di seases r el elativglyt pom-dexi¢ inosganicapgd csganic Hese additionmattsrad aponiibiter(so
nodul ati on rece I u - : | 0Q. cO unds
can be adm (rjl?rs]?ser %If% c?%tﬁr @é%%é%% ﬁ %&%ﬁe‘m‘ §Féadq'ﬂ$q @gﬁé‘gﬂf‘*’é’?ﬁq@ﬂ r#?BACT H
| evel s, f % ?mﬁimliento@tmtrmme(s),lm b;)féa:c’etrfatew(fj relaictjil‘ig:ctm'plmﬁeﬁ inABHdr(s .
patients while naintaining g.tonic state o repa nction. [0142] The
ACTH anal og BAIfJERT PHENT wain & shible Pasecsuhs g hVdiPade; FRDROE. P8I at ed
condi tions, sg&PoAsidYEliphanhasdiitalBccspiRble’ Reidl TaHBR, WAR RPIASNAS ofl
result of hypersecretion of corticosteroid, initiation of premature [abor

(for exanpl eVithya pharmaeeiticallynasceplebla arganielnsimaryasespndaiiid or dedieey
condi ti ons. rﬂin%f‘epﬁ?@%%tbntta‘ﬁ% | ARSI AT EhaRY W IsBE" R dEdtrPe”ﬂth[iwAB] ACTH

adm ni stered to a paflen O assess In VIvOo C I soné 1 nductr on.
anal og conp@Endiisnc potassiuminealcisme rmagnesitme and Adliinurprsadisc and tharikes i n

the pituitar I Jdn _conbination with high resqlution MR pi.tuit

mgl g ACTIPALREPAG L sidATHG ERiase uPbl it ot cPask aBiehREn wich
petrosal si nodudanplathgatningst alibthglaniingui t ehyletrediamite ACT Bthanolamine,

hyper - secr et ',on, re-operative pituitary tunor |ocalizatjon_ and

| ateral i zat idé?f ?Q&é”ﬂf‘%ﬁ Ptﬁe(ﬂ?z"é)' apd gihejike (sqyt fassaxanspley Bergapeh Al wit h
and without gg@fd)i cotrophi n-rel easi ng hornone for the differential diagnosis

of Cushing's syndrone," N Engl J Med., 325:897-905 (1991); and Findling, J.
W et al, E4@BEHinol Neiceiebly | phasnaceuticrl Bomudations ( 2o0pYiping Al AGTHGh 70%

of oipoiy e . _ J
bt onches. SOIKRRFAMRIRIY HRRHGRSP Hldtonduieeaiehe tholuhg AESARGIAL T,
about a thi egeofs, patitieflammiatorg Egentd, iandiviralageens, ¢Meoopbhresthdiic sigerds. al .,
A | nt Med., 109:487-93 (198 . [.0144]1 ACTH I I

pe- adm i ot LPEY [RSSHiRFS  NPbkByabtacaing,: (RGNS SR IREt o looraRe,
treat ment’ f godiné! MyecHIBARAE! LPBlonPie, | dyctdiifd MR/dréchivHdd dimethisoPuiln

pituitary-directed radiation to suppress tumor growth and hormonal” | evel s.
Radi ati on ehydiechlogige, ndibusainga dibucaing ohydrechipade,y duitambanpiciates @ndi mat el y

associ at ed w i1 g i i j rada,
Voot al . PlarioRho HbRlohiGHRE n BRCiBleal eBftortParoh £ Moo Bhediiblcn B Rt apy
i n the cont ebbuic®.0@50itd @abpuh8es) byaseiyhCoi theEtutalccompbsitiod.8: Ankbtifetics1993) ) .
Hypercortisogli,s cortisol ersecretign,. may .be gonpletely resol ved by
adr enal ect oMyl gﬁrbgﬁf@aFa‘P&%%{FgI"% DS rét%p%pf%xgeﬁwgn&ap n ‘gff%m) . but
this approagh W@egsoul @595 BpNeRgf, pituitary tumor growth, and is al so
associ ated with other_co-norbidity (see Trainer, P. J. et al., "Cushing's
syndrome: THERZby di r ReawspacauticalCompesitipng ram@&iso optigaally eempniaa ened i n
North Am , ; - 40190 : HACTH . .
. adm nister e@sf-ﬁ;%oﬁgﬁlﬁgf‘?loﬁ}&a\?\}'t%%dl cap ?ﬂ@r@%%ﬂgﬁ%ﬁﬂg%lg% Sroid

co- admi ni sthemanescdt wwrpushieyeladi.e.cinhinitorsof erzyrnes whiclyeaialyze sadots

suppress A i t.ulti .e.efficacy .was ,poor, .and .its use has
begﬁ di sco%?ﬂ%%g’? ?% %&8@1%3'5&){ %tg?cgﬁ 'ﬁqwom%deﬂ\@%ﬁpa n%IS’??IH&c%‘!P'I%%m ssion
of Cushi ngsrettiesari dn" JISiérgd BiobRem.,2931.893.801 @Wﬁ?-wﬁkhhwme_t hBe

anti f'ungal et oconazol e, F’r esses d;’%ﬁal cortisol biosynthesis, the

, ( Su .
drug does rBHOWIREE bi t P Hanyalives: ofgip gihane, agxa aaehenianoR, (wiveh
i di osyncr atdyppheRilsithe sYRMHISRESN stbidid hormhbSed &Ntk Sq6. 30§99, N.,
"The use of L%et oconazglégﬁas %an jsnhi Di thglr'mg'?_e ster o?ggg?o Jét’ﬁgnéﬁa Engl J
Med., 317: ®ihwirpndase)y . [ bl 4srivativesy op pyjdinaciEU-creeries) 6g. meitapenl by t he
placenta angnich suppresses synthesis at stage 11-beta of hydroxylase): c)
substituted alpha, alpha-glutaramides, e.g. aminoglutetimide (which impedes
the synthesis of pregnenoione from cholesterol through suppression of 20-

alpha-hydroxylase and C20, C22-liase;  d) steroid substances e.g. trilostan
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fetal nenbranes in substantial anounts during the third trinmester of
pregnancy (see Frim D.M et al., "Characterization and gestational

regul ation' of corticotrophin-rel easing hornmone nessenger RNA in human

pl acenta,”™ J Ain Invest., 82:287-292 (1988)), giving rise to an increase
in CRH concentrations in maternal peripheral plasma, particularly after 30
weeks gestation (see Sasaki, A et al., "lmunoreactive

corti cotropi (3 r ebetasdubgtitoid o Nsteroid Biterhytlras)¥e Mrogtgnp’rmm@)ncywrimbor
and delivery,” J din Endocrinol Metab., 64:224-229 g1987 a?g Gol and,
RS et al.,SUBArgssaseyal sogie- @%?quﬁt?(?'gwqﬁog%?%‘f’ AgShee teroids,

i mmunor eact i ter g fott Sl i I in
Endocri nol l\/‘)éjt]tgg lp@éaiplw%ogf& 1%&% SBiIr?ecenttgg%ngﬂglg Mgeg%g% usgétﬁd t hat
mat er nal pl depigly éiﬁsogla@ﬂgcml -Mireralospdiceidsi (PNAFeHSH 7H (4r pldBh14850r (see

Wl f t

abno(ramal prggnz Brff\?gﬁﬁgpgoé &ngeé%%nbgﬁgél%g a?%(%lﬁ%&%é%%r’r en,

?N B. I et al, me esﬂowutgespedlflq)b&gmmg pmpértres}ﬁoopha-lm@e;?(ﬂ £@Mrﬂne I
evels in a cat reterm st et ecol .,
166 1108- 1505 PogbT 15 B B PinlocBirauF tvPe RRR Hid,Saieng ot RSH of 1 o
the length gf h@ge)), @uma@pﬁype NG, Mem iHbréfoRe HeTdnVBhRhlly assful ayer in
those destined to give birth postterm (MLean et al., sup raé‘Y [ 0147] ACTH

anal ogs nay g€ l@stﬂ? invesiigationaet MR ilagiiopdaolisaues, cesitainit Poly ereptorg,
drugs to pog E@ﬁ?s | abor. Exanples of tocolytic drugs 56 i nclude R todrine

and Ter but al whi ch are bet a-synpat homi netic. However, in order to be
ef fective, tfma%%] dr ug &Gk tangdogs @BhbeGJpéldnalN adeinistereti owith tl:h@ad'tNleI onset

Cabor has begants i bR REsBL BnGies St sRe o B blucBESRBR RS

Sdn‘! ni st ﬁr ednm Hommohfevéc:ptorsalrmlmant V\oar)af rrll\ll|fee}1\‘ris.¥’r¢axhI {110y, iTB)l-J‘Sll l[m

uring the on a, hi 0 er.pre ngy, Jnorma

bot woen apolbrasiERRyTe BrendRarArBY- o0 SheUR SHEAY T ERi%a veeks)
the drugs cwmdm\&tyrvi\e%é@%@ %‘fd@uéééo?ﬁ‘do‘id Uisthdriaako ot 4 dbmplex
respiratory function, heart rate and general body nmuscul ature tone Dosages

often nust Msagrble einitietias mechaniargs ! ® qltt@ecwpo%effeozbf(Aunwg/ch
| ut T f t di
he onaet | of BB Rgaddifl OF SEQTVET 6T, piadRegrd CIUEBEAR BBl "

there i s a isealdof knowrewasta mhtragéstnmdgerﬁt(rmmtfaﬁ orrmawa)g prbpmtom:-e

| abor. Mbore nt | w trea and e e | abor are
needed t hat Sﬂ?@ao?u L é‘%‘*’rﬁ ?\!n%%@' %’Pde" f%@ ‘Ia[obﬁ%]aﬁégﬁee g.

enbodi ment , drfddrize ! ArdIatE t('aor!ﬁrﬁéﬁ\/eb%f %Bﬂu%cﬁmtﬁ@h hQiidi8dHERe

bi osynt heS| s of ACTH. "This nethod of treatnment can be used in conbination

with, or préafidenmt6 7idiriowad. B8 4"@#@%@@%”5@'&@) onPbf @ﬁﬁ\"ﬁﬂ@&)t iagid agent s

such as Met ?Q&Q’ y Xol i

adm ni ster e@x rEpé%\{é{ ﬁ%??t%hhtgggg%s I'ng Qfg‘%ﬁﬁ%@%@% Jq%mcod%ri ng

pr egnancy, éffﬂc’r’ébgnwe &)Ilkle\s)crﬂluaglucncorﬂchS L(erg:lé\ﬂgfem&lorhe)l‘ham beml (2005)
"The Hypot hal Ui tary-Adre na Axi s I n Pregnanc i

Di sease Det'é%etqﬂ l’l'?]caflr N 1O rﬁdﬂ%ﬂqrﬂ@eﬁ@ﬁ% V\()ﬁ régquﬁ%ygg%?ungﬁ eat nent

for this casgidiome, Iniheaddsy diMipssHsidrie (Poly BARRYI-SrogbSiePdrRPaicah @inti-

del i very, can i ncl.ude adm ni stration of _an ACTH pol ypepti de and/ or

Met r yapone, SlUFeQaiti¢Rid), nRigh &pses vew it $0 ol p?él @?@t &@nywbe htrfuirgdver se

effects on u off v S can
be adm ni st%@ggiyﬂg r yago%gfathto: gﬁbﬁ Sﬁn ft ﬁﬁgb 0s ﬁéﬁgggéggfgﬁ@m%%H
anal og corrpimr@a&m§YQ§Sere§anWcam@rumdepwmler&@@l is, tlﬁmrmpmrem

Cvel o of - AR oBRRCBRSBRY MR YevBIHarE o R, AR B s i o ' =

exanpl e as graaier ofpoterslyr adrefy stlectidity, easpetiblly symt liesi anidstiogehi cogri er oi d.
[0149]In ano her Q’?@ﬁ éi nmet hods for treating veterinary subjects are
provi ded, for decreasing stress hornones to benefit the

heal th of qmqul t ur iheadibiHAGaddge RtesS BF GhRsuris %mn@-tAém%n%g,Ui tion

densities. Conpositions conprising one or nore ACTH anal o s can be
adni ni st er &¢ @ @I%@Hmreoter@lmaedghagu&tmﬁ iraatmend wilt pmdemptarit he

heal th of %gg&%éégu@heﬁgf B AL fon, Yo ﬁ:@f‘éi’lteo? tﬂé%leﬂ \ b hS MrRRRULAL T ON

densiti es.
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[ 0150] The foll ow ng exanples are included to denonstrate preferred

enbodi nents of the invention. It should be appreciated by those of skill in
the art that the materials and techni ques disclosed in the exanples which
foll ow represent materials techniques discovered by the inventors to
function well in the practice of the invention, and thus can be considered
to constitute preferred nodes for its practice. However, those of skill in

the art shoubgosure bi thiet reaipibhie topities dnfectibuschacteria, trappedsisticest dfathgrany
changes can

b de in th i fic,enbod ment i di s¢l osed and
TP S0t a dBCB e ity 37 5 BUGDE! of SHBLYEGRIIER: THE SrGRRIED S| T and
scope of theaé;:%ﬁiwi EHhEYa fn® ohcSab WaVERN tihfeash /19 @nbnﬂayfbie%bmé (in

vivo) [0151] A anal ogs with reduced ACTH nedi at ed "secretion of
corti cost er ¢Pida SRAMKE Ipngbtars pedody Theussgaimay lastifer daysoosweaks. Any

cort Lot o . _ \ o -
S tuby ot - niloabe i RPIGRECYnd A FIBAYE Tor At HOAbLERRWARS S | 1
Corti cost er anidinhurduarmount éfstime. wahepeoricentratiomaxfoihei agtiviehanit lof ANCTH

thod. First,,two,t h- ol | e EVB/ N ni f | i
Tororoup. | abpiosRibfed I SEvIERDtA A cltaliS aipdiint o dhnast SLabiH 85aRG b 1 ©
PBS per nouseay S8 tinhe raige bbabsut 1dOL0! 80,40 BOEEO, Y30, 90N 8P 900 Umis/MgTH

production. See Haj os., GI et_&l ., .“Studies of the potency ofg&ol ypepti des
with ACTH alq RBRUIHID.QO00P Hait+{BY 0hsemgosiiordnd FANEIEOTAbSUL 1 8RR Mnite/mI pl asma
corticoster . i Y ' 7 Y : t al.,
"Mut at i onal waﬁg?ﬁﬁ‘gbg?’dg%rﬁ?ﬁ@'éﬁ%f@”ﬁ%ﬁ?ﬁfsgg@c@ﬂ@?m&%m@ﬁ Comp
Endocri nol , Theeameuntsol 20ty urdisdpeanpaand Jhe aluration "dbeliree opirexpgsure

Mai nt enance i ; r i

Pr Io- opi onel gﬁ@%@r @:’I M@Pre%ft 'g#ﬂ@ﬂtgmhe%ﬁgg%{r&n@%% ﬂ?%g%@%?%hﬁ‘gﬁi shed
onl i ne aheatheoAGTH anhalbghioulbaye.24i i2@Mbe enemberdu thatdhe AQTHr aaleged
herein b f ...[ 0153 d, . ninet dred twenty m_nyt
‘ater the HoleR et Sp SouihnaeY bRaosy pledbiance Sh e el °

bet ween t heasdlog ighirpdil @asd b tihe ahiddat otmbRMI ipsh &hieRr TREE oOf
several ACTH anal otg p%ﬁtl de conpounds (1 nL PBS/0.5% BSA), or with vehicle

al one (cont$¢¥Icenirgtian gf thepdelHognadpg fortthe reatmantiy deoepdankhupen feet i de
| d LS LGE el - i ACTH1- 24; 2:
V2oF. Esok. "Hen PR HE kg SRRAE EdheRime:, 1003 %6 VooF, Psor 7
P19W K21E;[0825P1 owWwWhdm\ inlefiw? Zidntinistrdicn\OKZHAACTH akBIRIgL B 4MBRYAL( AT814)
SEQ I D NG 20). ,[,0154] Third h | at I t it hi
| ess. t han 1OHTALEESRI AMQUGTSaEY: RRY EBreibort e Rglka 8 ubfp 10F tmaalet "
f 1 ash-fr ozegubjerd bdtig vRsighat or Bfe Welr iday 265 A 1 ?@VR{.}IM}DH heg{s\?&@g&ws

determ ned by conpetitive radi oi munoassay (1251 RIA Kit; | 2 Mesa,
CA) accor didfPengingnapam nifiea Eeuiee of sAdraipisirationtat iGHganeh @snite rrartiedar of

serum was =S -‘gggpg ; ' Leates:
results folrt%{%gg,% ﬁ @%ﬁ"g@r@egﬂ' e dggg\rl\ﬁ)og%ﬂ%&gg\%@“g% \;’)\@gsﬁ{neiﬁblen t he
graph of Fililgratureshbwisngniicipatedt thad sdifierpat demialgtions WACTHe adfectiva yior These

Cor t1 cost TR Bl ERE. Salbptyhite Al BT ebhiare SR BB TFFH L duced
ACTH nedi atimgeting rarle orgadf obltizede, for example, may necessitate delivery in a
manner different from that to another organ or tissue.
[0126] Pharmaceutical solutions for infusion or injection may be
prepared in a conventional manner, e.g. with the addition of presetvatives
such as p-hydroxybenzoates or stabilizers such as alkali metal salts of
ethylene diamine tetraacstic acid, which may then be transferred into fusion
vessels, injection vials or ampules. Alternatively, the compound for injection
may be lyophilized either with or without the other ingredients and be
solubilized in a buffered solution or distilled water, as appropriate, at the time
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corticosteroid can be identified by performng an in vivo Serum
Corticosteroid Inhibition Assay to test their ability to inhibit adrenal

hor mone production i nduced by unnodified ACTH The bl ood corticosteroid

| evel in a subject was neasured after adm nistration of an ACTH anal og test
conpound i n conbination wth a compound with known corticosteroid-induction
activity, such as ACTH or anot her ACTH anal og. The ACTH anal og test

conpound carbf eacmmai' L%dvé}ﬁcf:@é %ucﬁ%@‘fﬁé&%ﬂ%' Nod¥onibs, @inddthfr olbBR

corticosterol oduci ng compound e in vivo Serum Cortlcosteroid
| nhi bi tion @'@@}SOVWM @nmed accor di ng the fol | owi ng met hod. The ACTH

I t est le 1,
vere st od WU hai T AgipHEN, o8, AMRSG, B PHBes S Be iied I8 At BT ©
inducfed by uramplomngdh?_@fUTH [eheoy &dross thd m_ell _tm—;mlbnaee trfﬁmAOjTI—danallolg FVB{E
i rom our _cop , five.per grou e, in nt r aper ea Wi
degzmet hasoffén (6925%'? "i‘?Fg "E@Shg@?c"ﬁ%ug’gg‘ @Pgﬁéﬁfﬁ'@?f’a‘esﬁgs i th?ﬁppress
thei r endoggpessmés by I@fd?ﬂ‘\lfféc':mquds()l@%@ﬁpﬁﬁe ACTEL é{né@?(}ﬁﬁy fbenﬂf ad

twenty mnutes later, aninmals were inject ed subcut aneous bet ween t he
shoul der bl é@l\é%”swmﬁe% | dThy ACRdTRN2ie@ /e alset bﬁcn%véﬁiaﬁogﬁa@lwﬂgd@g (1

140.1 - PESGREMGRAG 1thB HAIAGKE RAPBPUPAETH aREO00 A ey,

[0159] Third ood was ect e
from a snmal hydrophsbisrmoélaculee camni bg used:ltcstsampomma‘ A@%‘hL analeg across theor ed at

-80C until I r{lc er S ' b npetit.ive

r adi oi mmnogég %%rg@% %ﬂ?ﬁ&r ihe g%sy%@pﬁgga&%%ﬁoc%¥ﬁﬁ8 L{S(?d tﬂe

man UT act ur etarget greiicindat élizaﬂo? o lopl ﬂwbgn%mbriaw mfrthmg used per has S ialy
sanpl e. were run upl i cat es esul ts are shown, ically
in Fig. 2, nﬁbe scri tfﬁ@teéﬁéﬁ/ga‘"f@rcof‘“@}%éﬂéﬁ][ GBI E@‘Ilﬁ W‘?ggaaﬁ%tency
of pepti desdé§|réﬁé”f§§%%¢taﬂ$ rABthoRIBNGf irddHABhON The CRCTI—F@W&RJQO'&% Bhth
native nouse ACTH bei ng 100% Conparison of corticosterone induction 1 hour

after the | @@mbjnegiwithea cajriartaysters suok asehpelymes faatravides fefoiustaioed er one
oS g o e ST gl PR M BB, N B BT 0T
sane tine agsaéde A6T H’na:lupledtmoeucrE)EmlealcmsAmaynhb ﬁghdmm@poem‘amlgmit n
vitro) [0161)]<CIp|en sas?uachogs c:vwllufcl:sel\;‘1 ?av:cel& otrypcglyetplyln ﬂeag {IGGO (Péasepéor 5 can be
formulations may also include an excipient to aid mucosal adhesion such as
hydroxy propyl cellulose (HPC), hydroxy propy! methyl cellulose (HPMC),
sodium carboxy methyl cellulose (SCMC), maleic anhydride copolymer (e.g.,
Ganirez), and agents io control release such as polyacrylic copolymer (e.g.,
Carbopol 934). Lubricants, glidants, flavors, coloring agents and stabilizers
may also be added for ease of fabrication and use.
[0129] ACTH analog compounds can be combined with the sustained
release carrier composition described by Loughman in U.S. Patent No.
6,893,645, filed July 15, 2002 and issued May 17, 2005, which is incorporated
herein by reference. Other examples of sustained or conirolled release
formulations and methods that can be combined with ACTH analogs include
Published U.S. Patent Application Nos. US2005/0164927A1, filed August 18,
2004, by Cheung et al., US2003/0125528A1 filed September 27, 2002 by Hay
et al., US2003/0211966A1, filed October 21, 2002 by Kubek et al. and
US2003/0148938A1, filed November 7, 2001 by Sharma et al., and
US2003/0181361A1, filed March 31, 2003 by Sharma et al., the disclosures of
which are incorporated herein by reference in their entirety. In some
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identified by performng an in vitro Adrenal Binding Assay. The anount of a
radi ol abel | ed ACTH anal og test conpound bi nding to expl anted adrenal
menbrane can be neasured to identify ACTH anal ogs with adrenal receptor

bi nding activity. Preferably this is perfornmed in a serumfree medium (in
vitro Serumfree Adrenal Binding Assay) [0162] ACTH analogs with the
ability to bind adrenal receptors with a greater affinity than conpounds

wi th known agihbtdimehis)da ngoragiliel i fcjedser efcatrabhly cdmpdsitioancahsmcliftle a
identified b erformng an in vitro Adrenal Co etitiv&l Bi ndi ng Assay,
wher eby rreaé'\%ﬁg ref¢age oly g énd &R ¢lieativg tof @n A& avgledadde ed

adrenal - bi ndichofeekad (olfmer AGH bol 8 WBRTUSAGIAHIE YAy AE?, BRAGRAN at1 ons

of non-radio-1abe ACTH an test conpound I n a_medi Uum contal ni
expl ant ed adreuding rie dissised levid coir erase dinkimgi moigliesnallTheresanteoied bietatiseg by

char act er 2 DSt NS o Bp O] By PR RARL SR, 5 vt YulfiBRl Waterin
i ndi ng by radiar abeLled ACTH was. meastr od | b conbnati 6n wiih addition of
an ACT ﬂ a%allgg&ﬁest CE Blﬁ{%%(ef‘ﬁ@n&'@?éﬂ@f %H‘B?%H?lﬁ’éed?hﬁﬁe [‘B?W@]t‘?he in
vitro Serumdneeskildr ANk 40NBRSH Ad %?dﬁiﬁﬂﬂionﬂn@%@womwéfdéhm&ﬁgé%or di ng

the followng nmethod. First, adrenals were renoved from nice, diSsected
free of fat fegHaNBLtUsed Hal the qasmedist andjphagmageutical Madusiresal 3hal ysi s

of evolutio L¥hine O : [ y 'g,rgcéo CEd N :12-16
(200Z) and ?gﬁf"em@f eﬁgﬁg?@gw%ﬁ@pgfdg&?g %ﬁ%@gl e ol %é‘[‘}frﬂ’ﬁeﬂ i ke
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forma nmenbrane fraction. "The fraction was re-suspended in suitabl'e buffer
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test conpou g ) anglag «gUC 1 20))
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conpounds can be correlated to binding affinity of the various test

conmpounds. [A18&Huct i cRARBOROL@AdE00Re gifanumereys gmsstlinkadoaciTacithal og
eptide te 0 1. 0di £at ji N d i ni bi-ndi ng to
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hydroxide, triethanolamine, or other amine bases. "KLUCEL®" is a cellulose
polymer that is dispersed in water and forms a uniform gel upon complete
hydration. Other gelling polymers include hydroxyethylcellulose, cellulose
gum, MVE/MA decadiene crosspolymer, PVM/MA copolymer, or a
combination thereof.

[0132] Preservatives also may be used in this invention and may
comprise, for example, about 0.05% to 0.5% by weight of the iotal
composition. The use of preservatives assures that if the product is
microbially contaminated, the formuiation will prevent or diminish
microorganism growth. Some preservatives useful in this invention include
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[0167] ACTH anal ogs that reduce or block the ACTH nedi ated secretion of
corticosteroid from adrenal nenbrane can be identified by performng an in
vitro Serumfree Corticosteroid Inhibition Assay to test their ability to
i nhi bit adrenal hornone production induced by unnodi fied ACTH. The
corticosteroid level in a serumfree nedia was neasured after adding an
ACTH anal og test conpound in conbination with a Conpound wi th known

cor | cost of g BAuRIIEN BRKickiborsUC BUBDAGEENCT MSABNACTHbcxRgkog.  The

ACTH anal og conpound’ ¢ ded before, concurrently with, or after

the corti codtenzonié, ppbtRMi ilydenieiouAdodp@rBaPlyin cCathaneatee rRfiassiea

Adr enal | nhibi | | ow ng net hod.
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transgeni 3 Bf Cdhyl DiskBS8CbAIRsbrier Pocifii r@g;%wﬁmmﬁlnoﬁyﬂefr@ ACTEH aamhl%hanced
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to the ”ﬂnU%aEééHs liyS bﬂ%ﬂﬂ&ﬁnﬁﬁﬁlmﬁanog&:mmwrmbﬁé Qhamrumewaﬁorused per
assay sanple S vvere run in duplicates. qqure i sp

resul ts. Exéfﬂﬁﬁ’\ir)ﬂn(@l&wﬁrt?edﬁ\d T rapt2A.i JohpsoB &t ks W%Meﬁ’rssi/ 7%5 78ﬂ
[ 01721 Fi sh Bl @, dac pRYITOShop! s7AADSR apioby, Mgt ot T m 21 ng
t 1 a conf oun

t he total I'Sh Tor comrerc pur poses i 3ed by
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fish attenpt to pana hr qni c [ ess . .

hypot hal amu “Pﬁ'ﬁﬁy/ﬁﬁ?@??%nys'qgim% &lﬁpége ?@@ﬁ?"@gt uMisTasRhere,  se i n
corticoster Sygteniss" %chbhef b@&@ﬁ FrhesSoBuhic\e@ld Adju@mit AbpﬁoﬁchaPowell
desensitization to corticosteroid and then a new steady-state with respect

to popul at i sndd¥awman, e%ni(ielanwv E’uesngNenésY@rk,aaPaé)t nﬁl?rt 439482: e W @n
e oaon " | fiosfes o SBRAR2, /O B¥RIBbORRY Sephe N SRALIAY oot on

[0173] The eéry ti'Sh can be m)ﬂ t1m rel ease
[0134] Sustained or conirol release camers can be “long” or “slow”
release carriers (such as, for example, certain nasal sprays, polymers, or

capsules) could possess or provide a lower concentration of active (ACTH

analog) units per ml, but over a longer period of time, whereas a “short” or
“fast” release carrier (such as, for example, a gargle) could possess or
provide a high concentration of active (ACTH analog) units per ml, but over a
shorter period of time. The amount of active units per ml and the duration of
time of exposure depend on the nature of infection, whether treatment is to be
prophylactic or therapeutic, and other variables. Thus, the number of
dosages will be dependent upon the circumstances and can range from 1-4
times per day or more, with durations from one day to multiple weeks.
Infections can occur in the skin and thus such compositions may be
formulated for topical application as well, using well known vehicles such as
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adm ni stration of an ACTH anal og of the invention, such as tine rel ease
admnistration froma silastic capsule inplant in these fish. This
buffering of the HPI axis should inprove survival and may facilitate weight
gain in hACTHery fish. [0174]Fish inplanted with either the ACTH anal og of
the invention, or ACTH al one, would be subjected to environnental
conditions that activate the HPl axis (i.e. crowding, shifts in pH built
up of anmoni thosediestctibed as).S. Raiepiara086,064 anda, 056,068, hiceles aﬁtﬁmdlﬂﬂ t hese

Geronstrat o FRRIAECHE 080 BB 50 OERB P LB EIogRe oL A TéaeRPE: | n

denonstrate

l'owering corfg18gpt er 0NFhd SUStametitteldash - forrN\KléﬁoﬂlsSoFir@sE‘?ﬂoténs éan fise a

conposi tion cor‘r[t))r|5| ng an i sol ated ACTH anal og ggé de or pharnaceutically
f

accept abl e shigbsaibabler polymaresiirhs ap dPolastisrms Ob‘é[ﬁcﬂjép GAdipsiyner t he
flo/rA\ImZJI 21 3A'A1 idéﬁi% %ﬁ%@@?ﬁdﬁg 8@‘1@96\5 of biodegradable properties. The

A22- A23- A24- degradaibnipsediicis A9 PABA, Sectid\l andaglyclia -defds, AS6h beuel&hrecPhe- R
Ad is

e e, IRl TSR, Mg 8oy 1 iy br S Beer A |2

Phe, D-Phe, darpbé adjuskitbfrom ﬁoﬁ’th@&@tybaﬂ éépending on its molecular weight and
composition. Lewis, "Controlled release of bioactive agents from
lactide/glycolide polymer,” in: M. Chasin and R. Langer (Eds.), Biodegradable
Polymers as Drul: Delivery Systems (Marcel Dekker: New York, 1990), pp. 1-
41,
[0136] In some examples, a therapeutic composition comprises a
mucoadhesive sustained release formulation and an ACTH analog. The
mucosal lining, as disclosed and described, includes, for example, the upper
and lower respiratory tract, eye, buccal cavity, nose, rectum, vagina,
periodontal pocket, intestines and colon. Orahesive® from E.R. Squibb & Co
is an adhesive which is a combination of pectin, gelatin, and sodium
carboxymethyl cellulose in a tacky hydrocarbon polymer, for adhering to the
oral mucosa. However, such physical mixtures of hydrophilic and
hydrophobic components eventually fall apart. In contrast, the hydrophilic and
hydrophobic domains in the present disclosure produce an insoluble
copolymer. U.S. Pat. No. 4,948,580, also incorporated by reference,
describes a bioadhesive oral drug delivery system. The composition includes
a freeze dried polymer mixture formed of the copolymer poly(methyl vinyl
ether/maleic anhydride) and gelatin, dispersed in an ointment base, such as
mineral oil containing dispersed polyethylene. U.S. Pat. No. 5,413,792
(incorporated herein by reference) discloses paste like preparations
comprising (A) a paste like base comprising a polyorganosiloxane and a water
soluble polymeric material which are may be present in a ratio by weight from
3.6 to 6:3, and (B) an active ingredient. U.S. Pat. No. 5,554,380 claims a
solid or semisolid bioadherent orally ingestible drug delivery system
containing a water in oil system having at least two phases. One phase
comprises from about 25% to about 75% by volume of an internal hydrophilic
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A8 is Arg or DDArg; A9 is Trp or DTrp; Al0O is Gy, Cys, Lys, On, Dab or
Dor; Al 1 is Lys, DLys or Ay; Al2is Pro or DDPro; Al3 is Val or D-Val;
Al4 is Qy; A5 is Lys, dy, Val, Leu, Ile, N e, or an amno acid with an
al kyl side chain; Al16 is Lys, Gy, Val, Leu, Ile, Ne, or an am no acid

wi th an. al kyl side chain; Al7 is Arg, Ala, Gy, Val, Leu, Ile, Ne, or an
amno acid with an al kyl side chain; A18 is Arg, Ala, dvy, Val, Leu, Ile,

N 51 33, PRS B51 ' r et Kongdhe SPPACHLAA IR B o Pt o o
Al a- Al a- Al avolumerbhanSdernal airopbpbicAstsies wiistein rthezaxternaibhydropbpbicr Asn;

phase is comprised of three components: (a) an emulsifier, (b) a glyceride
ester, and (c) a wax material. U.S. Pat. No. 5,942,243 describes some
representative release materials useful for administering antibacterial agents,
which disclosure is incorporated by reference. The dosage forms of the
compositions of this disclosure can be prepared by conventional methods.
[0137] Compositions comprising an ACTH analog may be administered
by nasal sprays, nasal drops, nasal ointments, nasal washes, nasal injections,
nasal packings, bronchial sprays and inhalers. When the ACTH analog(s) is
introduced directly by use of nasal sprays, nasal drops, nasal ointments, nasal
washes, nasal injections, nasal packing, bronchial sprays, oral sprays, and
inhalers, the ACTH analog may be in a liquid or gel environment, with the
liquid acting as the carrier. A dry anhydrous version of the modified ACTH
analog may be administered by the inhaler and bronchial spray, although a
liquid form of delivery also may be used. The nasal spray can be a long
acting or timed release spray, and can be manufactured by means well known
in the art. An inhalant also may be used, so that the ACTH analog may reach
further down into the bronchial iract, including into the lungs. Exemplary
compositions for nasal aerosol or inhalation administration include solutions in
saline which may contain, for example, benzyl alcohol or other suitable
preservaiives, absorption promoters to enhance bioavailability, and/or other
solubilizing or dispersing agents such as those known in the art.

' [0138] Compositions for dermal adminisiration of an ACTH analog can
be formulated using a carrier for delivering at least one ACTH analog to or
through the skin. The mode of application for the ACTH analog includes a
number of different types and combinations of carriers which include, but are
not limited to an aqueous liquid, an alcohol base liquid, a water soluble gel, a
lotion, an ocintment, a nonaqueous liquid base, a mineral oil base, a blend of
mineral oil and petrolatum, lanolin, liposomes, protein carriers such as serum
albumin or gelatin, powdered cellulose carmel, and combinations thereof. A
mode of delivery of the carrier containing the therapeutic agent includes, but
is not limited to a smear, spray, a time-release pACTH, a liquid absorbed
wipe, and combinations thereof. The ACTH analog may be applied to a
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A30 is Qu; A36 is Pro; and Ris OH or a pharnaceutically acceptable salt
noi ety; and wherein, Al6-Al7-Al8 does not include two adjacent am no acid
resi dues selected fromthe group consisting of: Lys and Arg; and the am no
acid sequence at positions 25-39 is optionally deleted said ACTH anal og
eptide is not

geP-Tyr-Ser-th-G u- H s- Phe- Arg- Trp- A y-Lys-Pro-Val - d y-Lys- Arg- Al a- Al a- Tr p
-Val - LysVal - Papdage ejfher(cirectly pr igoong @) the otheT nerriessp dbicthiamdagbs chay be 1

i ieS14T, .ArbN LtA m 1 Il t lea one of
AT and ad800s08me of adafnBRIRAG ACTH el i YGRS R 63 thepa
conposi ti on bAndags. mThjs wiethed of tdp@lieaiidmigSTbﬁi.t ﬁﬁ?gtﬁﬁe %saltﬁe/%@@mggkﬁg

' ' ' ' Corti t | nhj.bi ti on say reduces
AaTH | nducedietell B o f Goirs it Ghica cSpPPRlSRS T, CamPrive SeaBel | on
of claim1l, ahergiHiksabhicleTiHat Mg REPSI AR MhibkksndrO walgh %&é&&r@&nﬁ%es?

eptide of SEQ ID NG 2 from an adrenal menbrane, where said peptide’
Ei ﬁdi ng is n@ @r%‘fo%ﬂar% or enylsifisrss@niipxidarls, adn eeegensoapdta sblvenBondi ng

Assay. 6. T, hi | Clpam erel hd n eptide
b1 nds 1ot he M oRonant sftefl LU Rt #e’ate’g?ée%??b.a(%% ?_ﬁ%ﬁ?g?ﬁp ffinity
t han the peplimbenef diferand cagiercombinaliors trwiwasi aidoin thé eXpasore2of Weer ei n

id ACTH . ks du CTH. i nduced production of
sa1 o, ACTH analitfe BG4 8D AT 6B SR oS nctrasna
| nhi bi ti on Astpjcal clrriefbaclt agRiastitaes (hrpalthingelfed Wikmpayémyw.e' n said
ACTH anal og CTH- i nduced production of Corticosterone

i de red th :
by an adr enipqﬁ%jnb(raaa :Jgf?ejme’fa?m £t rtBeSEP’_ﬁm' r€QEREERE & Flearmaialegical Assay
by at |east cMpaeticiomauaiabé® 0.5% 1o dafibnibr Mﬁbbs&ffbéﬁ% oP{RAWG ! on of

corticosterone by an adrenal menbrane in an in vitro Serum Corticosteroid

| nduct i on Byewticab s dsterin il ia disagivad sigiei ard af mBIFQ) pabtiditate?.
state. The dissolved pharmaceutical has the capacity to cross the stratum
corneum, whereas the micro particulate pharmaceutical does not. Addition of

an amine base, potassium, hydroxide solution, or sodium hydroxide solution
completes the formation of the gel. More particularly, the pharmaceutical may
include dapsone, an antimicrobial agent having anti-inflammatory properties.
One exemplary ratio of micro particulate to dissolved dapsone is five or less.

[0140] In another example, the invention comprises about 1%
carbomer, about 80-90% water, about 10% ethoxydiglycol, about 0.2%
methylparaben, about 0.3% to 3.0% dapsone including both micro pariiculate
dapsone and dissolved dapsone, and about 2% caustic material. More
particularly, the carbomer may include "CARBOPOL® 980" and the caustic
material may include sodium hydroxide solution.

Methods of Treatment

[0141] The ACTH analog Compounds can be used to treat a variety of
ACTH-related conditions. Methods of treatment comprising administration of
one or more ACTH analog compounds to reduce the rate of ACTH-induced
adrenal hormone secretion, to mitigate the effects of high levels of ACTH in
patients or to block excess ACTH while maintaining a tonic state of adrenal
function. The ACTH analog compounds can be useful in treating diseases
relating to levels of ACTH, such as conditions responsive to modulation of
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9. The conposition of claim8, wherein A19 is Trp. 10. The conposition of
claim8, wherein the am no acid sequence at positions 25-39 is deleted. 11.
The conposition of claim1, wherein: Al is Ser; A2 is Tyr; A3 is Ser;
ASis Qu; A6 is Hs; A7 is Phe; AB is Arg; A9 is Trp; Al 0 is Qy;
Al2 is Proj A1 3is Val; Al5 is Lys; Al6 is Lys; Al7 is Al a;

Met ;
Al |

I's Lys;

ACTH receptors (such as MC-2R). The ACTH analog compounds can be
administered to treat conditions related to the regulation of ACTH levels, for
example to decrease the effects of high levels of ACTH in patients while
maintaining a tonic state of adrenal function.

[0142] The ACTH analog compositions are useful, for example, in
treating ACTH-related conditions, such as Cushing's Syndrome, impaired
immune response as a result of hypersecretion of corticosteroid, initiation of
premature labor (for example, by the hypothalmus-pituitary-adrenal axis), and
related conditions. In one aspect, various ACTH analogs are prepared and
administered to a patient to assess in vivo cortisone induction.

[0143] ACTH analog compounds can be administered to treat ACTH-
producing tumors in the pituitary gland, in combination with high resolution
MR pituitary imaging. ACTH analog compounds can also be administered in
combination with petrosal sinus sampling o establish pituitary-derived ACTH
hyper-secretion, pre-operative pituitary tumor localization and lateralization
(see Oldfield, E. W. et al., “Petrosal sinus sampling with and without
corticotrophin-releasing hormone for the differential diagnosis of Cushing's
syndrome,” N Engl J Med., 325:897-905 (1991); and Findling, J. W. et al.,
Endocrinol Mstab Clin Norih Am., 30:729-47 (2001)). Although 70% of
pituitary microaderiomas are successfully resected by transsphenoidal
approaches, surgical “cure” rates for macroadenomas are achieved in only
about a third of patienis in specialized centers (Mampalam, T. J. et al., Ann
Intern Med., 109:487-93 (1988)).

[0144] ACTH analog compounds can also be administered in tumor
treatments, including in conjunction with treatment for ACTH hypersecretion,
or in combination with pituitary-directed radiation to suppress tumor growth
and hormonal levels. Radiation effects may not be manifest for several years,
and are ultimately associated with pituitary damage and dysfunction in most
patients (Brada, M. et al., “The long-term efficacy of conservative surgery and
radiotherapy in the control of pituitary adenomas,” Clin Endocrinol., 38:571-8
(1993)).  Hypercortisolism, cortisol hypersecretion, may be completely
resolved by adrenalectomy (surgical removal of one or both of the adrenal
glands), but this approach does not suppress pituitary tumor growth, and is
also associated with other co-morbidity (see Trainer, P. J. et al., “Cushing's
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Al8 is Ala. 12. The conposition according to claim 11, wherein Al9 is Trp.
13. The conposition of claim1l, wherein at |east one of Al7 and Al8 is Al a
and at |east one of Al6, A1 7 and Al8 is Arg. 14. The conposition of
claim 11, wherein the adm nistration of said ACTH anal og peptide in an in
vivo Serum Corticosteroid Inhibition Assay reduces ACTH i nduced _
corticosteroid secretion by at least 10% 15. The conposition of claiml11,
wherei n the apndromeciThesapy alireetat aptw bienal 2B, Endet®ictdvietabb CliA

conposi tion rising. Lsol at ed ACTH anal og peptide or pharmaceutically
accr:rgpt abl e sﬁ%ﬁr gg%%‘?éﬁ?‘g)al d ACTH anal og peptide consists of the
formul a: 0145 ACTH analog_compounds can be admlmstered in combn o

Ser - Tyr-Ser-[ gi Hi s- Phe- ArggTr p-%l y-Lys-Pro-Val -G y-Lys- Rfy %\18 Al9

-Val - LysVal - Wk‘ 'P?@cﬁls’ﬁﬁ‘ﬂ@l% Muehaps cagsiminigirgiien /ﬂf&qujweﬁt@dmeammuheu du
- Phe (SEQ | Ds@i@iorﬁr?bg&ﬁlerd%bﬂ o AQJ@] réssLﬁ(ﬁTgﬁéé;cfrE@H gpt;l/aftm%élg#ﬁ@éﬁ \{V@Né Eys

d n, Asn, , an am no dw't :
Arg, Ala, G Wor\/aland Léls, usee, hab e besnn disBontindag @risgeranDno Tacied wili h an

Acp or “an et indyee (fissiongor nehingk, ise&Ser NoEngl f: Meid ©

Asp or an am
wher ei n, the2981’893>6a¢1917$91queﬂ|@&)@1h e | AntiiiSgallS - RelodtiRFoRNT stipisredsss t Wo

adj acent am aci d i Jues sel ected fromthe group consisting of: Lys and
ArJg, t he ani Qﬁll ‘E?ré@z&?ﬁyé’“&?s‘%dgﬁtq"dﬂgo% @'”@b pitHERR unatgrewdd:  and

sai d _ACTH an&l AgTPeSddregon Saﬁ@tldtosyncrahc hepatlc lmg/a fment imits Ats lopgter,
Ser - Tyr - Ser - Met - A u- Hi s- Phe- Al 13% Trp-dy-Lys-P a a-Tr p-
Val - Lys- Val -Usfr {§8€0S Aelrpsédg |'Dhrcuseof . ketqcpnaza@ aerqmsmlmbaor of siéraidn 16

wherein Al19 | aim 17 wherein at | east one
of Al17 and rédJétBn alt\qlgn (?&) gﬁlée%gtjgé?g Al7 and Al 8 is Arg. 19.
The conposi t[DMiG]of cI Biumnngmechy) @R @m be protdcekhyetheeplate@sdrid ons

9is T
25-39 is delfgt%?dmefn%Pan The-nC OSrTBStSanEIIalO rcl:m(l)(;un lsadm'l%gg i\pl% tﬁ I’g tn:]h']eétgr g

pregnancy (see Frim, D.M. et al., “Characterization and gestaticnal regulation’
of corticotrophin-releasing hormone messenger RNA in human placenta,” J
Clin Invest, 82:287-292 (1988)), giving rise to an increase in CRH
concentrations in maternal peripheral plasma, particularly afier 30 weeks
gestation (see Sasaki, A. et al, “Immunoreactive corticotropin-releasing
hormone in human plasma during pregnancy, labor, and delivery,” J Clin
Endocrinol Metab., 64:224-229 (1987); and Goland, R.S. et al., “High levels of
corticotropin-releasing hormone immunoreactivity in maternal and fetal
plasma during pregnancy,” J Clin Endocrinol Metab., 63:119-1204 (1 986)).
Recent studies have suggested that maternal plasma levels of CRH are
elevated in women with preterm labor (see Wolfe, C.D.A. et al., “Plasma
corticotrophin releasing factor (CRF) in abnormal pregnancy,” Br J Obstet
Gynaecol., 95:1003-1006 (1988); Warren, W.B. et al, “Elevated maternal
plasma corticotropin-releasing hormone levels in pregnancies complicated by
preterm labor,” Am J Obstet Gynecol., 166:1198-1207 (1992); and McLean,
M. et al., “A placental clock controlling the length of human pregnancy,” Nat
Med., 1:480-463 (1995)) and lower in those destined to give birth postterm
(McLean et al., supra.).

[0147] ACTH analogs may be used in combination with tocolytic, or
labor-preventing, drugs to postpone labor. Examples of tocolytic drugs
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21. The conposition of claim19 wherein at |east one of Al7 and Al8 is A a
and at | east one of Al6, Al7 and Al18 is Arg. 1/5 SEQUENCE LI STI NG <110>
Brennan, Mles B. Costa, Jessica L. Dores, Robert L. Hochgeschwender, Ute
H. Haskell-Luevano, Carrie <120> ADRENOCORTI COTROPI C HORMONE ANALOGS AND

RELATED METHODS <130> 12968/ 003 (DU 144) <150> US 60/622, 436 <151>
2004-10-27 <160> 21 <170> Patentln version 3.3 <210> 1 <211> 39 <212> PRT

<213> HOMO s@R|i@BS Ritodrine and Terbutaline, which are beta-sympathomimetic.
However, in order to be effective, these drugs must generally be administered
before the full onset of labor, and are of uncertain efficacy or safety if
administered after labor has begun. Although tocolytic drugs are sometimes
continuously administered at low levels to a pregnant woman, normally by
infusion, during the duration of a high risk period of her pregnancy, normally
between about twenty-eight and thirty-four weeks gestation (28-34 weeks),
the drugs can have undesirable side effects upon renal function, respiratory
function, heart rate and general body musculature tone. Dosages often must
remain low, such as up to about 0.1 cc per hour of 1 mg/cc solution
Terbutaline. The effectiveness of these low dosages in avoiding the onset of
labor is inconsistent, and poorly quantified. Accordingly, there is a need for
new treaiments and methods for treating premature labor. More importantly,
new tfreaiments and methods for premature labor are needed that do not
present undesirable side-effects.
[0148] In one embodiment, ACTH analog compositions can be
administered to reduce biosynthesis of ACTH. This method of treatment can
be used in combination with, or preferably instead of, the administration of
pharmaceutical agents such as Metryapone. Preferably, ACTH analog
compositions can be administered to treat incidence of Cushing’s disease that
develop during pregnancy, for example as described in: J.R. Lindsay and L.K.
Nieman (2005) “The Hypothalamic-Pituitary-Adrenal Axis in Pregnancy:
Challenges in Disease Detection and Treatment,” Endocrine Reviews 26:
775-800). Treatment for this condition, usually to prolong pregnancy or to
prepare for delivery, can include administration of an ACTH polypeptide
and/or Metryapone, which has been observed to be well tolerated without
adverse effects on maternal hepatic function or fetal development. The
patents can be administered metryapone to slow down the biosynthesis of
ACTH. ACTH analog compositions are pariicularly preferred when the cauéé
of the hypersecretion of corticosteroid is believed to be a result of the elevaied
levels of ACTH (presumably from a pituitary tumor in these women), for
example as part of a sirategy io decrease the synthesis of corticosteroid.
[0149] In another aspect, methods for treating veterinary subjects are
provided, such as methods for decreasing siress hormones to benefit the
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<400> 1 Ser Tyr Ser Met GQu H's Phe Arg Trp Gy Lys Pro Val Ay Lys Lys
151015 Arg Arg Pro Vval Lys Val Tyr Pro Asn Ay Ala Qu Asp Qu Ser Al a
202530 Au Ala Phe Pro Leu G u Phe 35 <210> 2 <211> 24 <212> PRT <213> Hono

sapi ens <400> 2 Ser Tyr Ser Met Qu H's Phe Arg Trp Ay Lys Pro Val Ay Lys
Lys 151015 Arg Arg Pro Val Lys Val Tyr Pro 20 <210> 3
health of agricultural and aquacultural species grown at high population
densities. Compositions comprising one or more ACTH analog compounds
can be administered in a method for decreasing stress hormones to benefit
the health of agricultural and aquacultural species grown at high population

densities.

EXAMPLES
[0150] The following examples are included to demonsirate preferred

embodiments of the invention. It should be appreciated by those of skill in the
art that the materials and techniques disclosed in the examples which follow
represent materials techniques discovered by the inventors to function well in
the practice of the invention, and thus can be considered to constitute
preferred modes for its practice. However, those of skill in the art should, in
light of the present disclosure, appreciate that many changes can be made in
the specific embodiments which are disclosed and siill obtain a like or similar
result without departing from the spirit and scope of the invention.

Example 1 Serum Corticosteroid Induction Assay (in vivo)

[0151] ACTH analogs with reduced ACTH-mediated secretion of blood
“corticosteroid can be identified by performing an in vivo Serum Corticosteroid
Induction Assay to measure the blood corticostercid level in a subject after
administration of the ACTH analog.

[0152] The in vivo Serum Corticosteroid Induction Assay was
performed according the following method. First, two to three month-old male
FVB/N mice from our colony, five per group, were injected intraperitoneally
with dexamethasone (0.4mg/0.1ml PBS per mouse; Sigma, St. Louis, MO) to
suppress their endogenous ACTH production. See Hajos, GT et al., “Studies
of the potency of polypeptides with ACTH action by a new method based on
continuous measurement of ‘plasma corticosterone,” Steroids Lipids Res
3:225-228 (1972), Costa, JL, et al., “Mutational analysis of evolutionarily
conserved ACTH residues,” Gen Comp Endocrinol, 136:12-16 (2004}, and
Karpac, J, et al., “Development, Maintenance, and Function of the Adrenal
Gland in Early Postnatal Pro-opiomelanocortin Null Mutant Mice,”
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<211> 13 <212> PRT <213> Honp sapi ens <400> 3 Ser Tyr Ser Met GQu H's Phe
Arg Trp Ay Lys Pro Val 2/5 1510 <210> 4 <211> 4 <212> PRT <213> Honpo
sapi ens <400> 4 His Phe Arg Trp 1 <210> 5 <211> 4 <212> PRT <213> Hono
sapi ens <400> 5

Endocrinology (2005), published online ahead of print February 24, 2005, all
of which are incorporated herein by reference.

[0153] Second, ninety to one hundred twenty minutes later, the
dexamethasone-suppressed mice were injected subcutaneously between the
shoulder blades with either unmodified mMACTH(1-24) or one of several ACTH
analog peptide compounds (1 ug/0.1 mL PBS/0.5% BSA), or with vehicle
alone (control) (0.1 mL PBS/0.5% BSA). The following ACTH analog peptide
compounds were administered fo separate mice: 1: murine ACTH1-24; 2:
V26F,E30K; 3: P19W,K21E,Y23R; 4: E30K,P36R; 5. ALA19-24; 6&:
V26F,P36R; 7: P19W, K21E; 8: P19W,K21A,delY23; 9: P19W K21A; 10:
KRRP16-19RAAW (AT814) (SEQ ID NO:20).

[0154] Third, one hour later, blood was collected within less than 1
minute from a small incision in the tail, and serum was flash-frozen and stored
at -80°C until assayed. Serum corticosterone was determined by competitive
radioimmunoassay (‘®I RIA kit; ICN, Costa Mesa, CA) according to the
manufacturer's recommendations. One microliter of serum was used per
assay sample. Samples were run in duplicates. The results for the ACTH
analog peptides described above are presented in the graph of Fig. 1,
showing activity as a percentage of ACTH activity. These ACTH analogs
showed less activity than native ACTH.

Example 2 Serum Corticosteroid Inhibition Assay (in vivo)

[0155] ACTH analogs with reduced ACTH-mediated secretion of blood
corticosteroid can be identified by performing an in vivo Serum Corticosteroid
Inhibition Assay o test their ability to inhibit adrenal hormone production
induced by unmodified ACTH. The blood corticosteroid level in a subject was
measured after adminisiration of an ACTH analog test compound in
combination with a compound with known corticosteroid-induction activity,
such as ACTH or another ACTH analog. The ACTH analog test compound
can be administered before, concurrently with, or after the coriicosteroid-
producing compound.

[0156] The in vivo Serum Corticosteroid Inhibition Assay was
performed according the following method. The ACTH analog test
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Lys Lys Arg Arg <210> 6 <211> 4 <212> PRT <213> Artificial Sequence <220>
<223> (AA15-18) portion of the ACTH anal og <400> 6 Lys Arg Ala Ala 1 <210>
7 <211> 4 <212> PRT <213> Artificial Sequence <220> <223> ( AA15-18) portion
of the ACTH anal og <400> 7 Ala Lys Ala Arg 1 <210> 8

compounds, such as those showing low activities in Example 1, were tested
for their abilities to inhibit adrenal hormone production induced by unmodified
ACTH.

[0157] First, two io three month-old male FVB/N mice from our colony,
five per group, were injected intraperitoneally with dexamethasone
(0.4mg/0.1mi PBS per mouse; Sigma, St. Louis, MO) to suppress their
endogenous ACTH production.

[0158] Second, ninety o one hundred twenty minutes later, animals
were injected subcutaneously beiween the shoulder blades with wild type
ACTH and/or test ACTH analog peptides (1 png/0.1 mL PBS/0.5% BSA) or

with vehicle alone (0.1 mL PBS/0.5% BSA).
[0159] Third, one hour later, blood was collected within less than 1

minute from a small incision in the tail, and serum was flash-frozen and stored
at -80°C until assayed. Serum corticosterone was determined by competitive
radicimmunoassay (2l RIA kit; ICN, Costa Mesa, CA) according to the
manufacturer's recommendations. One microliter of serum was used per
assay sample. Samples were run in duplicates.

[0160] Results are shown graphically in Fig. 2, as described above, for
the analog AT814 (SEQ ID NO:20). Potency of peptides is expressed as per
cent induction of corticosterone, with native mouse ACTH being 100%.
Comparison of corticosterone induction 1 hour after the last peptlide injection
showed that AT814 reduces corticosterone induction to 35% of that of
wildtype ACTH when applied 30 minutes before the ACTH injection, and to
10% of that of wildtype ACTH when applied at the same time as the ACTH

injection.

Example 3 Adrenal Binding Assays (in vitro)

[0161] ACTH analogs with the ability to bind adrenal receptors can be
identified by performing an in vitro Adrenal Binding Assay. The amount of a
radiolabelled ACTH analog test compound binding to explanted adrenal
membrane can be measured to identify ACTH analogs with adrenal receptor
binding activity. Preferably this is performed in a serum free medium (in vitro

Serum-free Adrenal Binding Assay)
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<211> 4 <212> PRT <213> Artificial Sequence <220> <223> (AA15-18) portion
of the ACTH analog 3/5 Lys Ala Ala Arg 1 <210> 9 <211> 4 <212> PRT <213>
Artificial -Sequence <220> <223> (AAl15-18) portion of the ACTH anal og <400>

9 Lys Ala Arg Ala 1 <210> 10 <211> 4
[0162] ACTH analogs with the ability to bind adrenal receptors with a
greater affinity than compounds with known adrenal binding activity
{preferably ACTH) can also be identified by performing an in vitro Adrenal
Competitive Binding Assay, whereby measurement of the reduction in the
amount of the radiolabelled adrenal-binding compound (e.g., ACTH) is
measured at various concentrations of non-radio-labeled ACTH analog test
compound in a medium containing explanted adrenal membrane. The
reduction in adrenal membrane binding by the radio-labelled adrenal binding
compound can be used to identify and characterize the binding activity of the
ACTH analog test compound. In a series of in vitro Adrenal Competitive
Binding assays, the reduction in binding by radio-labelled ACTH was
measured in combination with addition of an ACTH analog test compound to
the adrenal membrane medium.
[0163] The in vitro Serum-free Adrenal Competitive Binding Assay was
performed according the following method. First, adrenals were removed
from mice, dissected free of fat, and cut in half. See Costa, JL, et al.,
“Mutational analysis of evolutionarily conserved ACTH residues,” Gen Comp
Endocrinol. 136:12-16 (2004); and Weber, MM, et al., “Postnatal
overexpression of insulin-like growth factor 1l in transgenic mice is associated
with  adrenocortical hyperplasia and enhanced sterocidogenesis,”
Endocrinology 140:1537-1543 (1999), incorporated herein by reference.
[0164] Second, each adrenal half was placed into an individual well of a
4-well dish, one dish-per mouse. Adrenal halves were incubated at 5% CO2,
37°C, in 0.5 ml serum-free medium (M199; Invitrogen) for 30 minutes to
equilibrate.
[0165] Third, the adrenal halves were macerated or otherwise
dissociated using Dounce Homogenizer to form a membrane fraction. The
fraction was re-suspended in suitable buffer (Tris or HEPES). '2% Radio-
labelled ACTH (200 ml) and non-radiolabelled test compound (e.g., ACTH, or
an ACTH analog such as AT814 (SEQ ID NO:20)) were then added to the re-
suspended membrane fraction in an amount to provide a total concentration
of OnM, 10nM, 100nM and 1000nM of the iest compound; controls had no
peptides added. The membrane fraction is recovered and radio signal was
detected using a gamma detector. Reduction in the radio-signal detected
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<212> PRT <213> Artificial Sequence <220> <223> (AA15-18) portion of the
ACTH anal og <400> 10 A n Lys Gn Arg 1 <210> 11 <211> 4 <212> PRT <213>
Artificial Sequence <220> <223> (AAl15-18) portion of the ACTH anal og <400>

11 Ala Ala Ala Ala <210> 12
after addition of the non-radiolabelled test compounds can be correlated io

binding affinity of the various test compounds. A reduction in the radio-signal
after addition of ACTH analog peptide test compounds can indicate an
increased affinity for binding to adrenal ACTH receptors such as MC-2R, and
the ability to displace ACTH at the adrenal MC-2R receptor.

[0166] Figure 3 displays the results of a series of in viiro Serum-free

Adrenal Competitive Binding Assays.

Example 4 Adrenal Inhibition Assay (in vitro)
[0167] ACTH analogs that reduce or block the ACTH-mediated

secretion of corticosteroid from adrenal membrane can be identified by
performing an in vitro Serum-free Corticosteroid Inhibition Assay to test their
ability to inhibit adrenal hormone production induced by unmodified ACTH.
The corticosteroid level in a serum free media was measured after adding an
ACTH analog test compound in combination with a compound with known
corticosteroid-induction activity, such as ACTH or another ACTH analog. The
ACTH analog test compound can be added before, concurrently with, or after
the corticosteroid-producing compound.

[0168] The in vitro Serum-free Adrenal Inhibition Assay was performed
according the following method. First, adrenals were removed from mice,
dissecied free of fat, and cut in half. ‘ See Costa, JL, et al., “Mutational
analysis of evolutionarily conserved ACTH residues,” Gen Comp Endocrinol.
136:12-16 (2004); and Weber, MM, et al., “Postnatal overexpression of
insulin-like growth factor Il in transgenic mice is associated with adrenocbrtical
hyperplasia and enhanced steroidogenesis,” Endocrinology 140:1537-1543
(1999), incorporated herein by reference.

[0169] Second, each adrenal half was placed into an individual well of a
4-well dish, one dish per mouse. Adrenal halves were incubated at 5% CO2,
37°C, in 0.5 ml serum-free medium (M199; Invitrogen) for 30 minutes io

equilibrate.

[0170] Third, medium was removed and replaced by 0.5 ml M199
containing ACTH, AT814, or both, at 100 ng/ml each: conirols had no
peptides added.
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<211> 6 <212> PRT <213> Artificial Sequence <220> <223>
(AA14) - (AA15-18) - (AA19) portion of the ACTH anal og <400> 12 Ay Lys Arg Al a
Ala Trp 5 4/5 <210> 13 <211> 6 <212> PRT <213> Artificial Sequence <220>

[0171] Fourth, after 2 hours of incubation, the medium was removed,
pooled for all four halves from each mouse, and assayed by corticosterone
using standard RIA methods. corticosterone was determined by competitive
radioimmunoassay ('?l RIA kit; ICN, Costa Mesa, CA) according to the
manufacturer’s recommendations. One microliter of serum was used per
assay sample. Samples were run in duplicates. Figure 4 displays the results.

Example 5 (Predicted) Therapeutic Veterinary Administration

[0172] Fish hatcheries face a number of challenges as the goal of
maximizing the total tonnage of fish for commercial purposes is confounded
by the effects of crowding, and the spread of infection. In these
environments, fish atiempt to manage chronic stress insulis through the
hypothalamus/pituitary/interrenal (HPI) axis. In these situations a rise in
corticosteroid, is usually flowed by some level of mortality, a desensitization o
corticosteroid and then a new steady-state with respect to population density.
Ironically during these “adjustment” cycles an exiended rise in corticosteroid
levels lowers resistance to infection.

[0173] The HPI in hatchery fish can be modulated by the time release
administration of an ACTH analog of the ihvention, such as time release
administration from a silastic capsule implant in these fish. This buiffering of
the HPI axis should improve survival and may facilitate weight gain in
hACTHery fish.

[0174] Fish implanted with either the ACTH analog of the invention, or
ACTH alone, would be subjected to environmental conditions that activaie the
HP! axis (i.e. crowding, shifts in pH, built up of ammonia and niirates). Two
parameters that could be analyzed in these paradigms are mortality and
change in weight. Such parameters will demonstrate whether the ACTH
analog of the invention is effective in lowering corticosterone levels in fish.
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<223> (AAl4)- (AAl5-18)-(AA19) portion of the ACTH anal og <400> 13 Gy Al a
Lys Ala Arg Pro 15 <210> 14 <211> 6 <212> PRT <213> Artificial Sequence
<220> <223> (AAl4)-(AA15-18)-(AA19) portion of the ACTH anal og <400> 14 dvy
Lys Ala Ala Arg Pro 15 <210> 15 <211> 6

What is claimed is:

1. A composition comprising an isolated ACTH analog peptide or pharmaceutically acceptable
salt thereof, wherein said ACTH analog peptide consists of the formula:

A1-A2-A3-A4-A5-A6-A7-A8-A9-A10-A11-A12-A13-A14-A15-A16-A17-A18-A19-A20-A21-
A22-A23-A24-Asn-A26-Ala-Glu-A29-A30-Ser-Ala-Glu-Ala-Phe-A36-Leu-Glu-Phe-R
wherein:

Al is Ser or D-Ser;

A2 is Tyr or D-Tyr;

A3 is Ser or D-Ser;

A4 is Met, D-Met or Nle;

A5 is Glu, D-Glu, Cys or Asp;

A6 is His or D-His;

A7 is Phe, D-Phe, D-p-iodo-Phe or D-1-napth-Ala;

A8 is Arg or D-Arg;

A9 is Trp or D-Trp;

A10 is Gly, Cys, Lys, Orn, Dab or Dpr;

All is Lys, D-Lys or Gly;

A12 is Pro or D-Pro;

A13 is Val or D-Val;

Al4 is Gly;

Al15 is Lys, Gly, Val, Leu, lle, Nle, or an amino acid with an alkyl side chain;

Al16is Lys, Gly, Val, Leu, Ile, Nle, or an amino acid with an alkyl side chain;

A17 is Arg, Ala, Gly, Val, Leu, Ile, Nle, or an amino acid with an alkyl side chain;

Al8 is Arg, Ala, Gly, Val, Leu, lle, Nle, or an amino acid with an alkyl side chain;

A19 is Pro, Trp or Ala;

A20-A21-A22-A23-A24 is Val-Lys-Val-Tyr-Pro (SEQ ID NO: 18) or Ala-Ala-Ala-Ala-Ala
(SEQ ID NO: 19);

A26 is Gly or Val;

A29 is Asp or Asn;

A30is Glu;

A36 is Pro; and

R is OH or a pharmaceutically acceptable salt moiety; and

wherein,

A16-A17-A18 does not include two adjacent amino acid residues selected from the group
consisting of: Lys and Arg; and

the amino acid sequence at positions 25-39 is optionally deleted said ACTH analog peptide is not
Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-Gly-Lys-Arg-Ala-Ala-Trp-Val-Lys-
Val-Tyr-Pro-Ac (SEQ ID NO: 20).

2. The composition of claim 1 wherein A19 is Trp.
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<212> PRT <213> Artificial Sequence <220> <223> (P, Al4)-( AA15-18)-( AAL19)
portion of the ACTH anal og <400> 15 Gy Lys Ala Arg Ala Pro 15 <210> 16
<211> 6 <212> PRT <213> Artificial Sequence <220> <223>

(AA14) - (AA15-18) - (AA19) portion of the ACTH anal og <400> 16 Ay Gn Lys Gn
Arg Pro

3. The composition of claim 1, wherein at least one of A17 and A18 is Ala and at least one of
Al7 and A18 is Arg A18.

4. The composition of claim 1, wherein the administration of said ACTH analog peptide in an in
vivo Serum Corticosteroid Inhibition Assay reduces ACTH-induced corticosteroid secretion by at

least 10%.

5. The composition of claim 1, wherein said ACTH analog peptide binds to and displaces a
peptide of SEQ ID NO: 2 from an adrenal membrane, where said peptide binding is measured by
an in vitro Serum-free Adrenal Competitive Binding Assay.

6. The composition of claim 5, wherein said ACTH analog peptide binds to the MC-2R adrenal
membrane with at least a 2-fold greater affinity than the peptide of SEQ ID NO: 2.

7. The composition of claim 2, wherein said ACTH analog peptide reduces the ACTH induced
production of corticosterone by an adrenal membrane in an in vitro Serum-free Adrenal Inhibition

Assay.

8. The composition according to claim 1, wherein said ACTH analog peptide reduces the ACTH-
induced production of corticosterone by an adrenal membrane in an in vitro Serum Corticosteroid
Induction Assay by at least 10% as compared to the reduction of ACTH-induced production of
corticosterone by an adrenal membrane in an in vitro Serum Corticosteroid Induction Assay by a

composition comprising a peptide of SEQ ID NO: 2.
9. The composition of claim 8, wherein A19 is Trp.

10. The composition of claim 8, wherein the amino acid sequence at positions 25-39 is deleted.

11. The composition of claim 1, wherein:
Al is Ser;
A2 is Tyr;
A3 is Ser;
A4 is Met;
A5 is Glu;
A6 is His;
A7 is Phe;
A8 is Arg;
A9 is Trp;
Al10 is Gly;
All is Lys;
A12 is Pro;
Al13is Val;

65



15 <210> 17 <211> 6 <212> PRT <213> Artificial Sequence 5/5 <220> <223>
(AA14) - (AA15-18) - (AA19) portion of the ACTH anal og <400> 17 Ay Lys Arg Al a
Ala Pro 15 <210> 18 <211> 5 <212> PRT

Al5is Lys;
Al6is Lys;
Al7 is Ala;
Al8is Ala.

12. The composition according to claim 11, wherein A19 is Trp.

13. The composition of claim 11, wherein at least one of A17 and A18 is Ala and at least one of
A16, A17 and A18 is Arg.

14. The composition of claim 11, wherein the administration of said ACTH analog peptide in an
in vivo Serum Corticosteroid Inhibition Assay reduces ACTH-induced corticosteroid secretion by

at least 10%.
15. The composition of claim 11, wherein the amino acid sequence at positions 25-39 is deleted.

16. A composition comprising an isolated ACTH analog peptide or pharmaceutically acceptable
salt thereof, wherein said ACTH analog peptide consists of the formula:
Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-Gly-Lys-A16-A17-A18-A19-Val-Lys-
Val-Tyr-Pro-Asn-Gly-Ala-Glu-Asp-Glu-Ser-Ala-Glu-Ala-Phe-Pro-Leu-Glu-Phe  (SEQ ID NO:
22)

wherein:

A16 is Lys, Arg, Gly, Val, Leu, Ile, Nle, Gln, Asn, Glu, Asp or an amino acid with an alkyl side
chain; A17 is Lys, Arg, Ala, Gly, Val, Leu, lle, Nle, Asn, Glu, Asp or an amino acid with an alkyl
side chain; A18 is Lys, Arg, Ala, Gly, Val, Leu, Ile, Nle, Asn, Glu, Asp or an amino acid with an

alkyl side chain; A19 is Pro or Trp; and
wherein, the amino acid sequence at positions 16-18 does not include two adjacent amino acid

residues selected from the group consisting of: Lys and Arg;

the amino acid sequence at positions 25-39 is optionally deleted; and

said ACTH analog peptide is not Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-Gly-
Lys-Arg-Ala-Ala-Trp-Val-Lys-Val-Tyr-Pro-Ac (SEQ ID NO: 20).

17. The composition of claim 16 wherein A19 is Trp.

18. The composition of claim 17 wherein at least one of A17 and A18 is Ala and at least one of
Al6, A17 and A18 is Arg.

19. The composition of claim 16 wherein the amino acid sequence at positions 25-39 is deleted.

20. The composition of claim 19 wherein A19 is Trp.

21. The composition of claim 19 wherein at least one of A17 and A18 is Ala and at least one of
A16, A17 and A18 is Arg.
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<213> Hono sapi ens <400> 18 Val
<213> Artificial

Lys Val Tyr Pro <210> 19 <211> 5 <212> PRT
Sequence <220> <223> (AA20-24) portion of the ACTH anal og

<400> 19 Ala Ala Ala Ala Ala 5 <210> 20 <211> 24 <212> PRT <213> Artifici al
Sequence <220> <223> ACTH anal og U5
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His Phe Arg Trp Gly Lys Pro Val Gly Lys Lvs
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Val Tyr Pro Asn Gly Ala Glu Asp Glu Ser Ala
25 30

Glu Phe

His Phe Arg Trp Gly Lys Pro Val Gly Lys Lys
10 15

Val Tyxr Pro
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<400> 20 Ser Tyr Ser Met GQu His Phe Arg Trp Ay Lys Pro Val Gy Lys Arg
151015 Ala Ala Trp Vval Lys VS]. Tyr Pro 20 <210> 21 <211> 15 <212> PRT
<213> Hono sapi ens <400> 21 Asn Ay AI% GQu Asp u Ser Ala Gu Ala Phe Pro
Leu G u Phe 151015 2

1 5 10

<210> 4

<211> 4

<212> PRT

<213> Homo sapiens

<400> 4

His Phe Arg Trp
1

<210> 5

<211> 4

<212> PRT

<213> Homo sapiens

<400> b5

Lys Lys Arg Arg
1

<210> 6

<211> 4

<212> PRT

<213> Artificial Sequence

<220> .

<223> (AA15-18) portion of the ACTH analog
i <400> 6

Lys Arg Ala Ala

1

<210> 7

<211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> (AA15-18) portion of the ACTH analog

<400> 7

Ala Lys Ala Arg
1

<210> 8

<211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> (AA15-18) portion of the ACTH analog

<400> 8



3/5

Lys Ala Ala Arg
1

<210> 9

<211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> (AA15-18) portiomn of the ACTH analog
<400> 9
Lys Ala Arg Ala
1
<210> 10
<211> 4
<212> PRT
<213> Artificial Sequence
. <220>
<223> (AA15-18) portion of the ACTH analog
<400> 10
Gln Lys Gln Arg
1
<210> 11
<211> 4
<212> PRT

<213> Artificial Sequence

<220>

<223> (AA15-18) portion of the ACTH analog
<400> 11

Ala Ala Ala Ala

1

<210> 12

<211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> (AA14)-(AA15-18)-(AA19) portion of the ACTH analog

<400> 12

Gly Lys Arg Ala Ala Trp
1 5



4/5

<210> 13
<211> 6
<212> PRT

<213> Artificial Sequence

<220>

<223> (AAl14)-(AAl15-18)-(AA19) portion of the ACTH analog
<400> 13

Gly Ala Lys Ala Arg Pro

1 5

<210> 14

<211l> 6

<212> PRT

<213> Artificial Sequence

<220>

<223> (AAl4)-(AAl5-18)-(AR19) portion of the ACTH analog
<400> 14

Gly Lys Ala Ala Arg Pro

1 5

<210> 15

<211> 6

<212> PRT

<213> Artificial Sequence

<220>

<223> (AA14)-(AAl15-18)-(AAl9) portion of the ACTH analog
1

<400> 15

Gly Lys Ala Arg Ala Pro

1 5

<210> 16

<211> 6

<212> PRT

<213> Artificial Sequence

<220>

<223> (AAl4)-(AA15-18)-(AA19) portion of the ACTH analog
<400> 16

Gly Gln Lys Gln Arg Pro

1 5

<210> 17

<211> 6

<212> PRT

<213> Artificial Sequence



5/5

<220>
<223> (AAl4)-(AAl15-18)~-(AAl9) portion of the ACTH analog

<400> 17

Gly Lys Arg Ala Ala Pro
1 5

<210> 18

<211> 5

<212> PRT

<213> Homo sapiens

<400> 18

Val Lys Val Tyr Pro
1 5

<210> 19

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> (AA20-24) portion of the ACTH analog

<400> 19

Ala Ala Ala Ala Ala
1 5

<210> 20

<211> 24

<212> PRT

<213> Artificial Sequence -

<220>
<223> ACTH analog

<400> 20

Ser Tyr Ser Met Glu His Phe Arg Trp Gly Lys Pro Val Gly Lys Arg
1 5 10 15

Ala Ala Trp Val Lys Val Tyr Pro
20

<210> 21

<211> 15

<212> PRT

<213> Homo sapiens

<400> 21

Asn Gly Ala Glu Asp Glu Ser Ala Glu Ala Phe Pro Leu Glu Phe
1 5 10 15



