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TECHNICAL FIELD
[0003] The present invention relates to ACTH analog compounds, as
well as related pharmaceutical compositions and methods of treatment.

BACKGROUND

[0004] Cotticotropin, also known as adrenocorticotropic hormone
(ACTH) is a primary hormone secrsted 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 glucoéorticoids such as coriisol in humans (or
corticosterone in rodents), and has litile conirol over secretion of aldosterone,
the other major steroid hormone from the adrenal cortex. ACTH binds 1o the
MC-2R adrenocotiicotropic hormone receptor expressed in the adrenal gland.
[0005] ACTH is secreted from the anterior pituitary in response to
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




Endocrinol ogy: An Integrated Approach, BIOS Scientific Publishers Ltd.
(2001)). Subsequent actions can include the induction of steroidogenic
enzymes and conspi cuous structural changes characterized by

hyper vascul ari zati on, cellular hypertrophy and hyperplasia. This is
particularly notable in conditions where excess ACTH can be undesirably
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Cushing' s AT ed T mune ‘re
Sci. 746:294 (1994); and McEwen B. S., Ann. N.Y. Acad. Sci. 746:134

{1 994). Furthermore, glucocorticoid neurotoxicity and neurocendangerment

has been shown to be critical in neural development and aging as well as in
neurological diseases related to hippocampal damage. See, e.g., deKloet, E.
R., et al., Ann. N.Y. Acad. Sci. 746:8 (1994)

[0007} Corticosteroids are steroid hormones related structurally to
cholesterol. These hormones are synthesized in the adrenal cortex and
include the glucocorticoids (e.g. corticosteroids), the mineralocorticoids {e.g
aldosterone) as well as weak androgens and estrogens. The adrenal
function, like that of the thyroid gland, is under the control of the
hypothalamus (HPT) and the pituitary (PIT). When corticostercids (the
naturally-occurring glucocorticoid) levels drop below a setpoint, the
hypothalamus releases CRH (corticotropin releasing hormone) which
stimulaies adrenocorticotropic hormone (ACTH) release from the pituitary.
ACTH is a tropic hormone which stimulates the synthesis and secretion of




as a result of hypersecretion of corticosteroid, and certain
adrenal -rel ated causes of premature | abor. [0009] Cushing's syndrone is a
di sorder resulting fromincreased adrenocortical secretion of
corticosteroid. Hyperfunction of the adrenal cortex may be ACTH dependent
or it may be independent of ACTH regul ation, producti on of
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Cushing's syndrome cases in humans, however, trace their stioclogy to a
pituitary adenoma. Symptoms of Cushing’s syndrome include weight gain,
central obesity, steroid hypersecretion, elevated urinary cortisol excretion,
moon face, weakness, fatigue, backache, headache, impoience, mental
status changes, muscle atrophy, and increased thirst and urination compared
to mammals not suffering from this disease. Diagnosis and treatment of
Cushing's syndrome remains a challenge (see Oldfield, E. W. et al., N. Engl.
J. Med., 325:897-905 (1991); Findling, J. W. et al., “Diagnosis and differential
diagnosis of Cushing's syndrome,” Endocrinol, Metab. Clin. North Am.,
30:729-47 (2001); Orth, D. N., “Cushing’s syndrome,” N Engi 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 raies only approximate 30%, and the
extensive surgical resection required portends significant risk to surrounding
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" Transsphenoi dal resection in Cushing' s disease: undetectable serum
cortisol as the definition of successful treatnent,” Cin. Endocrinol.,
38:73-8 (1993)). Thus, there is also a need for a treatnent for Cushing' s
syndronme where the source of ACTH is a dissemnated pituitary tunor or an
ectopic source that is effective and does not pose a risk to the patient.
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make more probable a viable live birth, (i} reduce the incidence of health

complications attending a prematurely born child, and (jii) reduce the time

period during which a premature infant, even if healthy, must, because of its

size and viability, raceivé extraordinary care. All the factors of (i) live birth, (ii)

a healthy child, and (iii) a child that can timely leave the hospiiat in the

custody of its parent(s), desirably impact the happiness and well-being of the

parenis and relatives. There is also an impact on society from premature

births, including a very great societal economic impact in caring for children

who are delivered greatly prematurely.

[o011] Agriculiure and aquaculture can be more cost-effective when

the organisms can be raised at high population density. However, among

mammals, fowl and fish this frequently results in the over production of

adrenal stress hormones with deleterious consequences, including impaired

immune function and decreased growth. A method for decreasing the levels

of adrenal stress hormones in these or other conditions caused by prolonged
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certain vasopressin receptor antagonist conpositions for the regulation of
ACTH rel ease. Conpositions to treat ACTHrel ated conditions that regul ate
ACTH | evel s are desirable, such as conpositions that can bind to ACTH M-
2R receptors, while reducing or elimnating ACTH i nduced corticosteroid
production so as to mtigate undesirable conditions associated with

el evated ACTH | evel s.. SUMVARY . rious nodified adrenocorticotropic
hor mone ( AUESP andusetiting I"(“W‘*’%ﬁ%@ﬁ‘ %’%Sp?gvgaﬁ'@aﬁ {MW8Gce or

el i mnate g M&néﬁ@ﬁ&ﬁégﬁ@ﬂ'ﬁﬁt@%éﬁé@ doBRC4IS berdenabry, ed to unnodified
ACTH. Preferably, CTH anal ogs al so reduce the secretion of

corti cost dP812] f r om alrrinus compeaitienfandmelodsicandsr use tQigdHEeef i ed ACTH.

[ 0014] Th &y no acids
124 of LG Te e A R el R i Lo e The
ACTH anal c(chR)nmxSnHatemmq 638055 Milecbilaynd; 2086; retateatd thesugesefi t uti ons or

Unod 11 eaiiamiesRarersin bt AlRBo! fnoihear the RRUBRAR oo dues i
the foll omamHs@wa@aceorh#o%ﬂtmertr&amsom-réwwwrmdﬂsehﬂrggmate Ayl

-Lys-Pro-Val -G | y-Lyst 5-Lys- Arg- Arg- Pro-Val 20-
Pr o- Asn25-A§THAgvelsae desitabie, scaas. %@‘@*ﬂ?ﬂ&lthg Emﬁr*e AH MG phe3o- Ac

(SEQ I D r t erm nal
tnds respleriogte! fply ﬁé‘*’wﬁfgecu@‘fﬁﬁﬁﬁ%@ﬁgﬁﬁgﬁesgﬁeg%%‘@%m. e
conpounds productioncsaide tamiigate dadaarﬂbl@c@mtms asposialet withelevated  or
mdlflcatl‘%ﬁ@'@fﬁ the sequence: N Ser'-Tyr-Ser-Met-d u5-H s-Phe-Arg-Trp-
Gly10- Lys ye E%ly Lys16- Lys- Arg- Arg- Pro-Val20- Lys-Val - Tyr- Pro- Ac ( SEQ
ID NO 2), where N and Ac represent the am no and carboxy term nal ends,
respectlvel M!\ﬁ Ve nmol ecul e. Preferred ACTH anal og conpounds incl ude at
| east ani ARYesi dues 1-19 of hACTH or MACTH, nore preferably amno 5

acid resi qaggaf- 24 ofvmmeauflaa%nwomo@wmom@ AUTH) acid
-substitutions.” [0015] ACTH anal og conpounds i ncl ude con%eAGTs conpri sing
g

the ACTH m@eﬁc{eﬂ«% Hemnalage INwe previdegtthat redugeporglimin Hnor e
structural 'RE%SH b BétQEﬁd %Q&Eﬂéﬁ%pl-rh)a &Y f&ﬂﬁnrﬁéc}gﬂ@& AOH.! b?ef%r%'biﬁ"“ ng

preferred ana 0gl ca I ons reduction o
corticost eﬂnelm‘ﬁldcanalogsralswratdlcerihb secretion of corticosteroid from adrenal

membrane in the presence of unmodified ACTH.

[0014] The ACTH analog compounds preferably comprise at least
amino acids 1-24 of unmodified ACTH, with one or more amino acid
substitutions. The 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-VaP-Lys-Val-Tyr-
Pro-Asnz""-GIy-AIa—GIu—Asp-GIUSQ-Ser—AIa-GIu-AIa—PheS5~F’ro-Leu~Glu-Phe39-
Ac (SEQ ID NO. 1), where N and Ac represeht 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
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menbrane in the presence of the ACTH anal og conpared to unnodified ACTH,
(2) reduction of corticosteroid secretion by adrenal nenbrane in the
presence of endogenous ACTH and (3) increased MC-2R binding affinity with
reduced activation of the MC-2R receptor conpared to unnodi fied ACTH.
Exanpl es of preferred ACTH am no acid substitutions to form ACTH anal og

| ds inglhud f | | owi ng: Lt et f
ror 6. am nodarHoRuSY TR ie . WiRoRG orhereRb T %% s ot

posi ti ons &qiskimntibingr pronote or preserve MC-2R binding, (2) substitution of
one or nore ami no acid rgﬁiﬁd e 0Si. t] ors 15-18 th prevent , or

t t
ant agoni zel0Pfmat i ¢ AL Oétcgmfgé'@d§>6§’ QOWP?'@&SS‘EFS‘%‘WSE'?H fBh of one
or nore agphy %@gﬁ@%’f%l@“\l@q%r@mm No28nitehe bP eoré BRuALHA! anal og

does not conpris jacent am no acid residues with basic side chains at
posi ti ons moglificajionsithas rassitiin enec raerewdf thi ialiowingprefereebAGTHSt e ani no aci d

residues ab,.BASIGIOGAM raferithst (' reRllBAG BRI Wdeldd ) &irehlP. ACTH

anal og, (5 ion o nore am no acl d resi due positions
20- 36 t hat niepshriahe in theguredéiide ainileALC TH analogcrmeparetdo aomadifiesit er oi d

ti f | menb in the f the ACTH ar d
conpared +8CTH B idouriiel Sfeseiot St B abtarial BinTaBF WP E er by
truncat i onpRisePBE oPEnddidrRUSACTHaIL3Y iRBcdded MC-IR birdiny afidly Waht hat

provi de ACTH anal og conpounds with desired rel easela&)a%ertles or (7)
t runcat i onrasfucggiacivationof the Mln?dt repsptos compared ku ed AT H-esi due at

position 2 ' r ' ; - The ACTH
el og” conpSaibEIE s IBrERACTH Bl RSB LI RAS IO KGFEACTH IO

mel anocor t compousdsinciude(@ve- @Rnotenokilte &lowingsr() auwestitutianseof onefasr abl y, t he
ACTH anal og _conpaunds. do_.not _acti | I

expressi ng"MZ= g‘%"ﬁ%&‘”ﬂ{ﬁ?'g}‘?s&f h{’éﬁ@%&'ﬁ?é‘%@%'ﬁsﬁ “ﬁmeﬁaﬁ}‘n@&a?’ﬁe%ﬁ endogenous
ACTH. 6 [ Opddilioh$16® And/6t preiutdiorpréservealiCRR biGdiNg A(2) sapstitatigrooinds  can

i nclude one or nore am no acid, substitutions_qr truncation with respect to
the unnodPPe&d MARRNIDEREd RS eﬁ@tao%@?ﬂ%i%'é.s ifagt]prg)\(gmre, a conposition

conpri si ngaﬁfg‘dgg.;&tba%rﬁgmgg@{d@vlggﬁ%ﬂ?éébi;f&;t%a, (md@uw&uﬁorpspériéisr of SEQID

NO 2 with a ) | ow ng 'am no acid substitutions: [0018] a.
t he subst i tnare@miod acidgesidoes &t pasigons 1pdSisuchrihathgfAGHDaNAIPIIOe2 with t he

amno aci dng{ &Sm&[ise adjacent amino acid residues with basic side chains at positions

15-18, (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 of one or more amino acid residues at positions 20-36 that result
in an ACTH analog that reduces the corticosteroid secretion of adrenall
membrane in the presence of the ACTH analog compound compared to an
unmeodified ACTH peptlide, (6} substitution or preferably truncation of one or
more amino acid residues at positions 25-39 that provide AGTH 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.




[0019] b. one or nore ami no acid substitutions of residues selected from
amno acid residues 16 to 18 of SEQ ID NO 2, such that the am no acid
residues 16, 17 and 18 of the ACTH anal og do not include any two adjacent
am no acid residues selected fromthe group consisting of: Lys and Arg; and
the one or nore am no acid residues substituted at position 16, 17 or 18 of

SEQ | D NO sel ec dfromth rou con

Al a, Val, E%‘g{ﬁl e an&‘ afi Sﬁrﬁw 'at é{ E‘FQJ"I ﬁ%lgﬁ cQV@P”@%%@”chal n
(such as Mchide 6 biofdld um:ﬁ&@om\@iﬁbbtamd:momnmadenmﬂm fespbctce thé | east
one Ala, dy, or another _amno,acid with an E\La‘P cie chai n ., Vval,

Leu, |le, HAMogHedumaNAGTY 8FinoAsH SeauRncs, %@E%Pﬁé@%h as
Ne), and a&ﬁgﬁﬁb an%@iaférogmm Q@%E%éﬁdé é&@ﬁ\cﬁfdegdlfg\ec@rm Sfsthgpani no

acid position H anal og can
opti onal | ymﬁwlmatMMﬂeaJﬂﬂye igliowingaminpuacid substitaimms:D NO. 2 with the

fol |l ow ng acid t I | 19 of SEQ
ID NG 2 i sf@;@t i tuted Wlt%]h %ﬁhéﬁtgﬁ??lépg'& |g|l’ :?sﬁﬂe?#g)ogf%oﬁg@a%fiﬁt position
15 of SEQ I[PN®RAvitrstheelminbetid Tot he group consisting of: Lys, AI a and
G n; and the A H anaéog g@{tlde can.co

substituti resi Bues %Eloé%awwnﬁr | SBS%PB"S ?fe‘?’rsl‘}@&ﬁ nga 18 of

SEQ I D NO %on?&ﬁfhotib?& réd"&]éﬁﬂ of & bfiSEEBIINER2, Jéilchjtﬁat #BtmiRoticid he ACTH
anal og do not i nclud 3/ acent amno acid residues selected from
chﬂn L@gfﬂ'mk

the group tesidies 16 QGi'y.analeg de ast includecanysworadiaed®g pepti de
I ncl udes t si dues 6,
78 and 0B g sABflles SHRERER G 1R Slshih o WS Eh R, ST, |
sequence otheshae bbbt afhir acidiresidaes subsdiiiddes poSitian 16, [DOR0P ofhe fi r st
enbodi rrent udes ACT naI s _havin I D NO 1
wth at ﬁaﬁ?\ﬁh\aﬁ%sﬁéﬁiﬂs ﬁ%g{q%corgﬁwag&)&]gggﬂ@t of an

am no aCI dAn@SJéiu_eeLamemlén amintPacid Gnalky héafvnﬂ_ﬁa@hlk?ﬁﬁdé@h&ml‘@,l&h The ACTH
anal og peptide can al sg include the peptide of NO, 1 wth at |east

one of theasdliebviPatiPnalynbeAe iH ﬁﬁ'ﬁ@g ¢Rtidgan ’P@'Ggﬁ]at leastapR A&.ut i on of
the Pro reﬁlg'“l:?r a‘?‘?otﬂé?%'rﬁlhB'%lcfEPw@" subg}tyi SdeNiah (g’:cet di h_eelprrbng?am d Trp or

[0022] b nore am no acl I tutions resi dués selected from
. am no aci damis¢ doidsanbig conpriging 8ARIKYDsKe chairs suth asdlie); ard ahieast aci d

st dves. L ong g8l plerh B ST ot e g 8, Jetl e
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 1D NO:2 is selected from the group
consisting of: Lys, Ala and GIn; and the ACTH analog peptide can comprise
one or more amino acid substitutions of residues selected from amino acid
residues 16 o 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 8, 7, 8 and 9. The ACTH analog peptide can also include
{he 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




the one or nore am no acid residues substituted at position 16, 17 or 18 of
SEQID NGO 2 is selected fromthe group consisting of: Lys, Arg, Gn, Qy,
Ala, Val, Leu, Ile and Ne (or another am no acid anal og having an al kyl
side chain). [0023] OQther preferred ACTH anal og pepti des i ncl ude

nodi fications of peptides of SEQID NO1 or SEQID NO 2 such that the ACTH

anal og peptide acid,se nec at am no
acid resi dyest 1§h W@Wﬁ& ﬁ@e B@Bﬁ'% c&dgﬁhgﬁgpﬁ% Pﬁgﬁbglon of one
or nore pe Uﬁﬁrﬁh aﬁ@ﬁét%ﬂé'tﬁ%éféﬁé@ﬁ@ SRR Acke Substiutiorist on of anmino acid
resi dues 25 39 of SEQ ID NO 1. ACTH anal og, pept.i des, of 5%[!_:&) 1 20 are
parti cul ari0OP21pr ef er rad. gubstityfion gf ﬂ'@n%roeﬁ?%ﬁier@rﬂ"@“oph"@ tration of
an ACTH anﬁbopwﬁﬂcﬂﬁ)é hﬂﬁn&f}ﬁgfdeﬁg orhe ACTH induced production of

r

corticosterone by adr ane in an in vitro Serum Corticosteroid
| nduct i on j8923y by atbl eanre orlibote aminopraid subgiitytions efgesidoos seleaiedr ed to

the peptidg of SEO | D, NO. ACTH
anal ogs ar& ORHPP & @ﬁfu%eﬁqodggfi%@qpuﬂ@tfo%ﬁﬁo reﬁ%%g'%ggpl costeroid
secretion i@smmé@.elmh7rmmaaﬂhewcmanarogs@mnet ntluﬂbawcﬁw safjeieaty conpar ed
to unnodified ACTH. 8025 I n ? nbodi nent s the I}C}f{&ratl n of the
ACTH anal o@mingeaid irsidye 'ﬁﬁtea L %@WH’FE&OL"F’@BQQ QF yaq 9 87%n Assay
reduces AGH ofdXifBH: Affild 898 SldIdS & mmtéam ysiion 1825 R 1896 |Na third
enbodi nment , ogs are nodified ﬁg B des that_ function to

R e

reduce cor SEEOIE NOR i selectedifom the QQHE@QDS AYSi NQ’ EnpElsaldce of

endogenous provi ded

t hat i ncl uM@ﬁETH Iﬁs%ﬁgﬂ% anaﬁggﬁgﬁé‘zﬁﬁﬁg@ﬁg%{“@%&ﬁ th at | east
one am no &nalg).d substitution, wherein the ACTH anal og pept i de binds to and
di spl aces ptide f SE f.r o drea ne Th ept i de

bi ndi ng caﬁm&’%? rreasu tfg ﬁfﬁey%‘%f #eéén{ﬁ?é d’flﬁ?ﬁ%’gﬁ&: ive

Bi ndi ng Asggb‘nde%f SEQIONG: 1 darrBE:QflllNOlz Qjﬂ?ﬂﬁaﬂﬁi@tAC'PH'&rhamgid} glear e

nodi fi ed H that function to bind to adrenal. ACIH receptors,

Such as. t hipcudeabe pevapesk) sequease PLBER IR NP L ARV ACRIEERUSH o ng
oo 11 o4 S EaBH A Be0 e el e rmepg 0,
di spl ace aAQAR ankog furBie® dompyise? frinoation of amino acid residues 25-39 of
SEQ ID NO:1. ACTH analog pepiides of SEQ 1D 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 prefei'ably 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 AGTH-
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 isolaied ACTH analog peptide of SEQ ID NO:2 with at least one amino
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adrenal nenbrane, where the peptide binding is neasured by an in vitro
Serum free Adrenal Conpetitive Binding Assay. Mdst preferably, the ACTH
anal og peptide binds to the MC-2R adrenal nmenbrane with at |least a 2-fold
greater affinity than the peptide of SEQ ID NGO 2. [0027] In sone

enbodi nents, the ACTH anal og pepti de reduces the ACTH i nduced production

of corticost.erone, by adrenal eipan.in vitro Serymfree Adrenal
i bi 1 onigid sugsttibt suramaRE AT B BnalbeTesifls dineis P SHIEDRRET 8,
conpounds  g&idedst SFEQ IDTNO SR z@irénal Masrebizee. Pie peptiadbindity AGTbe i n

expl anted tissue in vitro. The ACTH anal o%s I ncl ude ige tides that reduce
the ACTH i measwgdhyi bt Yisa SerumdrrepAsiieadlfrrmpgtitivePIoAIg AsSak%r ERE in an in
vitro Seru h A e ] : i i ment
ext ended PaFREy B8 R ohbdlirent PRl S B AT AR,

anal ogs cathabfunctiemtd binddo agiserah WG sedapiers, sunht asthe/MGe2B tecaptdly t he

concentration of, senu orti i d. ' j L eat er
Chan a sochiateranl M Pofisetiac =5 BriuutEa i fod BeaudsiCadibation G 19!
corticost elgmggﬂgﬁéaﬁbedombgrégno;uﬁmmm AAtzin-yd , Preferablyt, tee AGTH \d/o | a(r:]ft ib v |t ty

I S neasure e.nmeasure er um Adr.ena r oi nhi bi ti on
Assay of CRBRPYeeplidgaan P@qtﬂ%‘pﬁﬁ%&%‘? P\H%Pg‘ﬁ?@*ﬁ«%im i‘@ié&% vitro

Serum Fr ee ' ' M BinHi ASSRY) 4. [0029] In
a seventh %%Qﬁf}%ﬁ@é'%%gﬁ'%gegﬁ@egﬁwyia H Q%Pg?q?kgf ar[e use%‘ul

i n bl ocki nGear-&ee AxrenalBompetitiverBinringrissayr drat preferablytie ACIH provi ded.
Various A ' ﬂ?m: | Si aljqent to
assess .n%ﬁ§5@%§ﬁ¢%§ﬂ1@sﬁﬁgﬁ%‘?@%ﬁdﬁg%] n %r'l-'% e‘ﬁ%ﬁtg ﬁb%ﬁg%gﬁ%int, t he
present di gedateraténityethbaitins peptidepbbEBQIBUNOC| conposi tions conpri si ng ACTH
anal ogs, a e admnistration.therepf subj ect ipn a.manner
comn;ura@%t h treftFAE e"@"ﬁﬁ?‘?@&%ﬁ%’#@"f@é&é ga?%%t’c{'ﬁ fepucgs tﬁ&TH—rel at ed
condi ti on. AGTS; iNGIEbRPRIdREEON BESSIiEERErdNe 8 ddreAal membrass Paindihed i n
pharmaceut i cal_ conpositions for treating ACTHrel ated conditions, such as

ACTH over - Wiipr3ssemdiree Adrenahinhibition Assawl 5or ®amplgsirfifthr oduci ng ACTH
anal ogs an | at | ARSIk | 0 ACTH
anal ogs arg@@@%@bsgggpd% @g&@?ggﬁ%e I n or?% C%?B:eo%%} Bﬁ’e‘? ?l%%igh%r
screeni ng anmbdified KCACTHegplantegdisstiein vitrop dinedAClidetndlogsminglide ki ng excess

ACTH whi | epggﬁdgg%g{ rré%u%g riﬁenﬁbTHt ﬁaﬁc&f pl%r&&ic%egf corticosterone by
adrenal membrane in an in vitro Serum-free Adrenal Inhibition Assay.
[0028] In a sixth embodiment, extended half-life ACTH analogs are
provided. Extended half-life ACTH analogs can be identified as having a first
activity measured by the concentration of serum corticosteroid detecied in
vivo that is greater than a second aclivity measured by the serum-free
concentration of corticosteroid detected the in vitro activity, where the in vivo
activity is measured by the measured by the Serum Adrenal Corticosteroid
Inhibition Assay of Example 2 and the in vitro activity is measured by in vitro
Serum-Free Adrenal Corticosteroid Inhibition Assay of Example 4.
[0029] In a seventh embodiment, methods for screening ACTH
analogs that are useful in blocking excess ACTH while maintaining adrenal
tone are also provided. Various ACTH analogs can be prepared and
administered fo a patient to assess in vivo cortisone induction.
[0030] In an eighth embodiment, the present disclosure pertains to
pharmaceutical compositions comprising ACTH analogs, and the
administration thereof o a subject in a manner commensurate with treatment
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[ 0031] The ACTH anal og conpounds can be useful in treating diseases
relating to | evels of ACTH, such as conditions responsive to nodul ation of
ACTH receptors (such as MC-2R). Conpounds useful for regulating
corticosteroid secretion or corticosteroid |levels are also provided. The
ACTH anal og conmpounds can be admnistered to treat conditions related to

t he regul farisympiemscssaciaied withian AgxEhselatacocanstiians EheACH mpedegsof hi gh

funct ; on. desiTibesi6Rl & be crBoriol iR phipBAadltiR! CofRbfiofhrd £
treating #édihg ACTH-eglatstcoriditiogs, stithhastACTHSOVErdEprégsidh ankumansai r ed
I mune response as_a result of hypersecretion of corticosteroid,

initiatioff amimﬁl_%nMQIh@d$ fgmrogu_gmg @Q'&H@r@log@a@%@sspc@ed
hypot hal mygs phd 4l ik Yé&ﬂpgﬁﬁbn@ébﬁiainﬂgqaé AHFDnG 'ér‘eoz(l]§? Brd\)ﬁzléﬁle.
aspect, various ACIH analogs ar € prepafed and adm ni'stere a patient to
assess | nFgf gxampld, iirs ont}e aspdci; methods rn%meém'n% arlass m;] ﬁ?m:)dnalbgs .
treating yeteri nar subj ect are provide uch_as nethaqas for ecreasl ng
stress ho%?&ﬁgﬁoQ%yWﬁ“tm H&h‘fﬁ%ﬁeﬁ_ﬁg%ﬂ whilg maamtaawagéa[%@(L tural
speci es Q{"%\ggﬁé‘f'aégh popul ati on densities. BRI EF DESCRI PTI ON OF THE

n

DRAW NGS he acconpanyi ng drawi ngs: [0033] Fig. 1 is a graph
showi ng t[0@313vel s ofThecACTEaalogrempmamsisroad benusefubirafreating nj ecti on of

various ACTH anal Qg,.co unds CO red tq.the |evel .of corticosterone
measur ed ﬁ?@%ewﬂg’#ﬂm@%ﬁ'& dfﬁ@i{hﬁ, ﬁﬁgﬁaﬁ@mg'ﬂf’ﬁﬁs’ﬁfp@?ﬂ‘.’e Yis a graph
conpari ng 133 VeV, r b'é";?’t% SN A i i of

unnodi fi eréfog%Tla{I!r,anadrf A,A{\:C]I"ﬂ rE';ina 05§|[ n co?%ﬂ‘r%’?ﬁ)fn% t rﬁltlossgé‘r,]é;r%ljlepl ed ACTH,

t he ACTH reguladingf eorticosiardiy seeredion @r carticostanoichiavels arfe alsa@rovidedi f i ed

, h | | one. i 0. 3 . ] h
fosul t o TS ACE arARRY Eomaoiss gad DeAphipfrarbelsd ok HRAHERRTRRIAY o ©
unnodi fi eg A& TEgaRtion b ACTHH I6vaas dor éﬁ_ﬁh@!&‘féddéé}ﬁéﬁé ﬂlFé effedtsiol higtor aph

conparing the in vitro corticosterone induced in explanted adrenal
nmenbr ane ByelsfAETHdE patieris whilezawrintaining g tonic stalewefradresal funelicrunnodi fi ed

Vivo and TH O 1S EnBlt AoPafttos e et 18t epuhplet Eb RIS AT MMalcing”
cor ti cost elated conditidne)sssh 49 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. In another aspect, 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:
[06033] 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 adminisiering
unmodified ACTH.
[0034] 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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the activity of unnodified ACTH (i.e., 100% . DETAI LED DESCRI PTI ON [ 0038]
Unl ess otherwi se defined, all technical and scientific ternms wused herein
have the sane nmeani ng as commonly understood by one of ordinary skill in
the art to which this invention pertains. In case of conflict, the present
docunent, including definitions, wll control. Preferred nethods and

mat erial s are describhed bel al tho net hods_an terial,s simlar or
equi val entunrgodified &G dhe 6@‘3‘%@%&&8@9’%@%@8&@% gﬁ@m'" o or testing
of the prR8{HMOJINENACTH, aflth® WO TH ahh@palodit ent appl i cations, patents
and other references nmentioned herein aré incorporated Pgépreference I n

their enti[0889] The Figk 8is algsapheempasng mﬂjr@Jéﬁ?rﬁf a£opIPeEINRed herein are

illustrati (feﬁq @ﬁ.’i% @q@l]hereln
the term’ Bﬁdﬁgﬁg% g@%c#&g%oéc(% cg Cég?%qof—b%ﬁggd unm% 1fre ACTH )
means t he gregltg dempounthne produced by the anterior pituitary gland that

el b col | JO0SRl he: 2crigr i Sroeh SRGlRalia 1% oAb ESHE A ARG ' "
cat abol i ZgnRipheAted adféhal hwleﬁﬂ:réﬁ@byftﬁfrﬁc)dlm ASTe)@n ACTH ahklognifil ammation in

all ergic responses. One such hornone is gpt_n_ﬁgsterm d, which regul ates
met abol | srﬁQiﬂb@éH%M%rL@ﬂpd'fﬁﬁAca-ﬁH apddhe palggiaialie, [ 0040] The term

"corticost %'7_‘}' as Ugfe( Qpl‘z 36 ﬁﬁ Eﬁk?rﬁ‘wpﬁ‘ﬁnd%%b%ﬁ%ﬁf gt d cortisol
and the r nt cortico er 0| cortic one ge The term "about'
used with varfausekCEHtagoaistcamppunds m:iindu@sg coalc\oa rong refﬁrermd@cu ted

quantity that_ ar ui va &, d ty recited, for instance an
anount tha %C%"ﬁ%aﬂg?’aﬂ?'fgﬁt‘ W{ﬁ?‘f et e rom a reci ted quantlty for an
I nt ended purpose or function. [0042] The nonencl ature "P(x-y)" as used

herein, where P is a polypeptide and x and y are integers,
refers to BETAMLED %%gﬁRiEﬁMnce consi sting of the consecutive am no acids

at pos'“ol',?m to pogjhrebse%thém)sé)aeﬂdé@ B tedpnRial 8Rd eaibhirt tahms For

exanpl e refers to the polypeptide of 24 consecutive anino
aci ds consusad hgrem haveathees@mwaﬂmgaﬁ@@rgmozw &ﬂmtmstoné bynNeeok er mi nal end

b bty TRRABT e85 et o Q| e foror FRIGIR. EfSBety biafb e ACT
present document, mcludmg definitions, will control Preferred methods and
materials are described below, although methods and materials similar or
equivalent to those described hersin can be used in the practice or testing of
the present invention. All publications, patent appfications, 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 o be limiting.

[0039] As used herein, the term "unmodified Adrenocorticotropic
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 fatty 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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[ 0043] The nonenclature "aXb" where a and b are single-letter

abbreviations for amno acids and X is a nunber, refers to a substitution
of the amno acid "a" in the "X" position in the unnodified ACTH peptide
with the .amno acid "b." For exanple, "( V26F, E30K) MACTH' refers to a 39
am no acid nouse ACTH nol ecul e that has been nodified by substituting a

Ph d | f the yal d af th ition fromth
am no tor WORRH of | peieRBiabaut dred SUBSelrarealp 2 iy tAlHAeRT o | n bl ace
of the G l\'laﬁﬁhé‘ﬁ’s nmﬁé%@ied@farﬁ(t\fmaﬁé @qu,él@m Wmeaqwranmytr@e;mdmér of the

Cc

nol ecule. Simlarly, nonencl ature "a(3yX-Y8 $" where a, 0, 8, e,
and 0 repirgianee sn@gt atds lnsubgta@tiaibwl ﬂ@mﬁpﬂaﬁ\r@ﬁ#eacqt@@t@rf@rx and Y
ar e nunber |tut|on of the consecutive am no acids
"ape' at p s'|n eﬂo%@%gﬁ?o&{}?rfuﬁﬁﬁ dm no acids "Seg." [0044] ACTH anal og
conpounds [0042]ude commmdnendatureéﬂxg/)‘t as usadhidrainowikered” i the one or nore
structural_ nodi |ca |on

pr ef er r ed "EEIRCLARPHEB Qﬁ ﬁﬁﬁaéa#n%\&%%'ﬁ%l@% ’?%S%E%Pf@ﬁ %?hlcg\rmt |ngost eroid

secretion ééhuéﬁé@ﬂ@hsmm@)éfetﬁé coRsédRive apHa0 aeids at i:tdsmoA@)l-toapwnm conpar ed
to unnodi fi ed ACTH, %j reduction of cortico ecretl by adr enal
AL e Tty

nenbr ane i(W @ﬂf@emﬁ de galladh Oy dirsexampterh %R bi ndi ng
ff t t
0110 LY SRR o hob Sl Smp R A r%‘:e sid?rggrﬁgler)e\?red to act
by bi ndi nghtought24 frerndhe aoring tersing endod pine hugran- 2&yH P@Qﬁ@@y activating
|1 f CTH th
NG 2R 1 oo dnaiaon S TARCERE TpReS T ik AR T NG AR I o O one

that can rhACUWﬂ-Z@afe)rd@nﬂ@W@ndéegqmmunds with one or rmre of the
desired functlons I n¢l ude

| ons _of one pr re amno acid
resi dues d0043bsiti on elnqrgeélq]fll ¥”r%0%)§lér“g?ée Briba 'a‘?irprﬁfeﬁ@ﬂlfsn})g? posi tions 6-9
and/ or prgaﬂbtrév;aﬁénﬂb?éﬁm@aé@s%ﬁdmrsdeiﬁgmbémrefemd A bubdtaitio obme or nore

am no aci resi dues at positions 15-18 that prevent or antagonize

enzynat i c arhisgagik “adin theh‘a%@%ﬁmmmunmgﬁﬁ@d%@w@@pwﬁ vithdhe or
more- am NG Afbthdidal < ¥BP o %mpﬂé(? 4\?2&?@3@6 TACTRR el 0do hfiSALET | 2ed by

adjacent SI € am'no acl I on or runca Ion O one or
nmor e am naneussl ACTH choksulg thabhas boes nﬁmmémby babstmnmrajPheanmeoum hal f

o more amnBRas PLERNAATRORY ol br S s FoR A mhing iR © O°
of the molecule, and substituting a Lys amino acid in place of the Giu amino
acid at the 30 position from the amino terminus of the molecule. Similarly, the
nomenclature “afyxX-Yds0” where o, B, %, 8, €, and ¢ represent single-letter
abbreviations for amino acids and X and Y are numbers, refers to the
substitution of the consecutive amino acids “ofy” 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, (3) increased MC-2R binding affinity accompanied by a reduced
activation of the MC-2R receptor compared o unmodified ACTH. The ACTH
analog compounds are believed to act by binding to the melanocortin 2
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t hat provide ACTH anal og conmpounds with desired rel ease properties, or (6)
truncation of amno acid residues 25-39, with the amno acid residue at
position 24 form ng the carboxy term nus of the nol ecule. ACTH anal og
Conmpounds [0046] In a first enbodi ment, various ACTH anal og conpounds can

I nclude one or nore amno acid substitutions or truncation with respect to
the wunnodified human ACTH am no acid sequence. Unnodified hunman ACTHiIis a

pol ypept i decenter (MG2R waakhoagtvaling gel essing ME2H. eadibieckingithence: N
Ser1-Tyr - - - 55 ReSH | -Pro-Val -G y-Lys15-Lys-Arg-
Ar g- Pr o- Vﬁ‘%‘ - L;ﬁgﬁéﬁ%l%&?o Asﬁaﬁg%c)%%r%c ¢ &:J-_Asp- A u30- Ser- Al a- G u- Al a-
Phe35- Pr 0-[08451 u- Phd3@mples SEQreprmidbACTH aminaaeid)subghisitiensithel ¢anc

( | . . gap

orecur o ST B MG PR banBaMs il Gne RERRFECLUE desifld 00,

K{lg r dilt e_SI_ : fun%ﬂmhsjdbinﬂe:b(dl) BubsiiationsCaHine ddhoenamiresadidh eegidypes e sequence:
er 1L- r- r- - . . e

5 H o PHROSIRTSIT 43 B3} ponesarahg aino apis &) oesitions 629 gnaiog promote

Pr 0- Va120- drisre¥ahve MC-2 Binfind, FEf2uiiNon &) ohgoridrb adinbeichp | dentical to
the 1-24 portion of murine A |'@§1 MACTH( 1-24) "), where N and Ac represent
B

the ani no residuesaspesitions APkl thahpreeventeaiageire engimealieclpgyagaiie. [0047]

ACTH I | i ) 2 | : ' 1-19,

O o or anl eSS RRSHANS BERutAutEPond GH AR A fReid gl TS - 10T e,
nor e ani nopesiiichss18:$8 thattdre moi cRastErized bp@tjacenidivgsicamipowacitis, ¢Hnpri se
SEQ I D NO 2 dified, b ] .acid titutions. H I
conounds. SHHERTIEN S tEbeRHSn BbARE PEMAE AR age BYBTR AROTRR ARe o more
‘struct ur al o4rghitlexintithe sekurathalifiiy ofike WCTH Gnalby, () Fubstietibelorow ng

preferred ACTH anal og hi ol ogi cal functions:, ﬂ_l%' reduction of
corti cost epeferablydracaiion gl 0ng & mare AR asid residues ahPRIEeR:2SB9 t he ACTH

anal og co i AR ; \ WaXe) oi d
secr etionn@?E Eﬁ')r‘}iedhéal ne%)ridalm cﬁﬁfﬁtﬁ Hgéﬂgﬁggggédo@%%p%’g%ﬁ?% ’ %\FC@—I and (3)
i ncreased WiicEwopioh dinine acid nesiduesi25iB9; withdbe anyne agidireaidup athe MC- 213

ana 0 corpRRILEh AT e SRl i o rolRE o ot B o

substitutions to the unnodified human ACTH sequence: (1) substitutions of
one ar nore_am no acid residues at positions 1- 13 that conserve the am no

aci ds at pBGiTH analog.Gpmpop stitution of one or

[0046] In a first embodiment, various ACTH analog compounds can
include one or more amino acid subsiitutions 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'5-Lys-Arg-
Arg-Pro-Vai®-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-Vai*-Lys-Val-Tyr-Pro-Ac (SEQ ID 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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nore am no acid residues at positions 15-18 that prevent or antagonize
enzymati c cl eavage at these positions, (3) substitution of one or nore
amino acid residues at positions 15-18 that are not characterized by

adj acent dibasic amno acids, (4) substitution or truncation of one or
nore am no acid residues at positions 20-24 that extend the serum hal f

lif ft d t f
one-or mon A oI oty anead apd BEibIbhE "sReBET AR M aliolod "acrie
anal og corgpsimdgicoln ?steﬁﬂedmomnohﬁieﬂ Byl érée crampes amlm@audrmdl f i ed ACTH
or conpared tqo other ACTH anal o (of0) oun 0049 he ACIH a

pr ef er abl W%W'P%SAQT%FQ%'QE qpoug §(',’Fq ‘Eﬁ}p? %B?WBT'%E”(J“'? bel ow: (t)
N-(AAL-13) A€ LoAA Rk Anel dihbre AfudiBPRIodianiGndNnar Brovide ohad cat e the

amno term nﬁ\ﬁ and carboxy end, respectively, of t pol ypepti de,
( AAL-73) - tpt cfathe@o!bwlms preferrd ACTH anale hl@éﬁlcé'cfh@éﬁ@!ﬁs \*é) am no aci ds or

am no aci ched to

t he car boxr?%pgﬁﬁa‘io‘%%%@ %‘*’é&gﬁ‘rﬁg{"??%“gzm%ﬂ%%@ﬁ bi n |ca fgs a
second serﬂquAG:sTH‘aﬁa)ogocmmp@-eunwnmﬁdmedammbl (a)tradummndt t he carboxy
term nal end of - res nts an_am no_aci §s due attached
to the car%’k?osﬁé'w%reé‘ﬁﬁ%ﬁﬁdf gnedh Ff@spreﬁan?%eggﬁl Gé?@%K%TH anal og
of formul anCHH 4 oe@zrrﬁi?éé{séwmsn birkd éﬁﬁrﬂ? withaBHhésw asfivatiohasiaes ol ecul e
attached to the c o] The ACTH anal og can

-Ac portion.
furt her mMQ:aarmwr@mpamtﬁ@mm‘ﬁ@ﬁa Ethed to the car boxy end (Ac) of
formula (I st pr Epgg At dﬁﬁf‘o jve
additionall?ogmyﬁo aci 35 ?Piay'ﬁ d aﬁeghe Alg% dlgltcd l%(%sq%r mul a (%) with a
total of amor@afstheIdlmgananbasidsuhshmtlam to tfmmmgdifl{éd(blsmaMM'Fl'Ianal 0gs
can conprise the quence nod nding to
fornul a (15294Y$EP: Z(HE IQsaﬁH@? e'%BFe g’ﬁﬂ} écéﬁ%éég%ﬁﬁféﬁt@-{%ﬁut i ons.
Addi ti onal {2Rah@oR&rds ties aﬁﬁﬂn@@cndghd osiibg6-9, @)substfutioaltfynetdrached to
t he carboxy termnal end of the (AA')- resi.due of for Iaqq&ﬁ]#. [ 0053] The

te

(AA -')- pdIore Bminer agid regiddes al pt??éﬁ!ﬂ i & DARIGRIT O en amino
?Z:A‘is Azfz A%giﬂmn %L%QVERE é‘Ahese Bosmon Ei)osukﬂltlu_tion of j 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 25-32 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 (1) below:
® N-(, AA1'13)-(A A14)_(AA15-18)_( AA19)— Ac

[0050] where N- and Ac- indicate the amino terminal end and carboxy

113)_ indicates a first series of

end, respectively, of the polypeptide, (AA
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 aitached
at the carboxy terminal end of (AA'%), (AA'®)- represents an amino acid

residue attached to the carboxy terminal end of the second series.
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havi ng the unnodi fi ed ACTH am no aci d sequence described in the second row
of Table 1, optionally including one or nore am no acid substitutions
provided in the third row of Table 1. The (AAl-1)- portion of unnodified
human ACTH has t he sequence Ser-Tyr-Ser-Met-d u-H s-Phe-Arg-Trp-dy-
Lys-Pro-Val (SEQ ID NG 3). Preferably, the AA6- AA7- AA8- AA9- portion of
formula (1] s the unnodjfi m rg-Trp- (SEQ
| D NO 4), &%q#ﬁnal |y subsﬁ'I &aﬁw@ﬂgﬁﬁgfﬁﬁﬁf@%ﬁj@h@@ Q ci d anal ogs
thereof . T@bin@nées é@ﬁlmaf@mrgen rolegaledattadbetlitt the oarbof(yéﬂd oRtred due: AAl -

AA2- AA3- AAl ; ND ARI AA12 U dified S
Tyr Ser Ve {AK° )IAFHPQOW :&F‘@Aﬁ-@ﬁ@"wf@né ghefdnclugde-fd dlﬂ%‘?ﬁ%‘@ nm)Op!tll)ﬁal °!

D) S D D)L
(55, (3 i ol plEiy A (O oy Wty ac (01

Substituti @naiomlnailaquatm@bof Weaaddlthm! ponlsq]amdﬂ aitaghed at ther¢ desi gnati on
(D) heter o pofighiis b b BSbraPbr of 885! UMM CLLBEINERR, [ e rofers

to the am ® hor cine or er amno acld wth an al kyl
side chai nanflog. refers to ornithine, or anot her nodified amino acid with a

iml f to 2,4 di b t d I
G o o acilOSEpr ; ef AT Gnai0gs GRa AP ARSEBINE AT FE BHUBRRSPhor i am no
acid, (D) @nh%meah@cwﬁf@fr 8ndih rtd:foramwm wsﬂéraﬂymdmdmgene@dlfled Phe
am no acid; and (D) -I-nap are ersto | - naph- nodi f1ed (D) Al a

ami no aci d mese agroe ksid %@@"M@Dﬁ-yﬁﬁ’ﬂﬂioﬂﬁb@“m aridser amineatid apalogs
conpounds t | 92% rtion of
t he unrmdFFgE(? f%%iﬁwj ase#%r%égltt@g ?%@I%ﬁ%%rhﬂﬁalﬁ Hﬁﬂetﬁ%g %ﬁ@anal og
Ami no Aci dommﬁa(mes I ndi cat ed bel ow a g| ven residue position in Table 1.
For  exanpl nnodi f i hkhas ..a t hat
can opti o Q‘Pﬁ"-’!j be sutﬁ\e @giea R?‘E"ﬁ"%f Lﬁfﬁ}'?@§8%$}§g§%é%§§%ée in
form ng an thineen amino acids of formula (f1):

(") _AA1_AAZ_AA3_AA4_AA5_AAG_AAT_AAS_AAQ_AA1O_AA‘I 1 _AA‘i E_AA13_

having the unmodified ACTH amino acid sequence described in the second
row of Table 1, optionally including‘ one or more amino acid substitutions
provided in the third row of Table 1. The (AA'™®)- portion of unmodified
human ACTH has the sequence Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-
Lys-Pro-Val (SEQ ID NO:3). Preferably, the AA®-AA”-AA®-AA’- portion of
formula (ll) has the unmodified amino acid sequence His-Phe-Arg-Trp- (SEQ
ID NO:4), optionally substituted with one or more (D) amino acid analogs

thereof.

Table 1: ACTH analog amino acid substitution of (AA™™)
Residue: | AR | AR | AR- | AM- | ARS- | AR | AA™- | AA-- | ARS- | AAID | AAT | AATE | AAT.
Unmodified | Ser | Tyr Ser |Met Gl His Phe Arg Trp Gy |[lys Pro Val
ACTH
Residue: .
Optional OjSer | (D)Tyr | (D)Ser | D)Met | (D)Glu | {D)His | (D)Phe | (DJATG | O)p | Cys | (D)Lys | DJFro | (Djval
ACTH
analog Nle Cys _(D)-p- lys | Gly
Amino Acid hsp iodoPhe o
Substitutions O m

naph- Dab

Ala

Dpr
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ACTH anal og. The am no acid sequence of fornula (Il) can also include one
or nore am no acid substitutions corresponding to M- 2R bi ndi ng sequences
di scl osed by Huby et al. in U S. Patent Nos. 4,485,039; 4,457, 864,
4,866, 038; 5,731, 408; 5,714,576; 5,049,547; 4,918, 055; 4, 649,191; and
5,674,839, which are incorporated herein by reference. [0055] The (AAl4)-

portion of f{o la (I resents an am acid . residue that |s.preferably
Gy or (D)[O%’iim alth gff&g? ﬁe'ﬁeé}sﬁskﬂ?aﬁi?i‘g’?) Eagﬁr e tﬁ?d@ifap?@lo raqf t he
(AA74) - pGRb idiEaibh 3imiRb SERIsY RidIRgérsab e Bmnogtidanaleyndriamine @f ACTH
anal og compounds, such as _the reductiaon of co|re%i coster_?ﬂ_d secre{ion by the

ACTH anal aogsnsainiae acid withian alied side hrigORgeieEde ariglive.Lapetiesn by
e”dogenouﬁyéﬁé‘h %ﬂ%@ racl%%?a*éhﬂﬂidrf&fiue {;Q&lﬁ,ﬁwaﬂ it '3 4 flaminbBhkyrien of

formula (1) represents a sequence o our  amno acids of formula (I11):
(ill) _AAid\ate: sinilar dishiino atide Dparafersite)2,3 diarnineprapionia@edidri ed hunman

ACTH conprj ses t Lys- Lyis- Akg- . Whieh includ
four ad acATen ARG pag: (rropaTe Rifi b didciol dih e bR, 0L B0
gomornd? | T??iﬂ?ﬂ@thesw’mﬁd a%dild;iawd (D)P-Ima@hemamﬂeﬁs mﬁh:mol-mpml mc:ﬂtf:aﬂhes in

ormul a at. prevent or_  antagoni ze .enzyne cl eaya ese

posi ti ons. (DA aﬁ?'@%éﬁ&b%?“%?f—ﬁteggﬁlﬁ Oéﬁﬁééﬂ‘fﬁ'ﬂg qu;)é 8@@ 9tution of
one or ”Drcf‘anﬂcsoﬂmﬂsgﬁhfiinb@d%%_ﬂyﬂitatié&{dﬂwb)unthﬁA% (AADE) pddbRGH #id zed by

adj acent am acids wt asic side chains. A and AA16- are
pr ef er abl yurimedifiet dEH prefetablytivalutie emetafdheypplignal AMnEl enaleg AspinoLys, Al a,

@y and Val .. - : | |- C fromthe
group consé‘%?iﬁ%ald%%ﬁ%{tg%\péﬂvg g%ﬁééggﬁ%?%%f”?ﬁﬁ?n@ g@gect, one or
or e ?m EIOemrhpiesmmlbdlﬁetliﬁdﬁﬁ-l gﬁs ar@si reaidige AN M?dposiﬁmegd)masﬁ%l D NO 2dor .
ormula (I'1l) are, sel ecte u t he. am,no_aci,d resi s. 16, 17 and 1
of the ACT?P%’H&I’%BQ(%' ﬁwg?ﬁw%aéb@we OT-fA7 R FESIHUS, 1R Bng'giaﬁ' resi dues

sel ect ed fA@Wé}&z@q.oqrﬁe%ﬂﬁé atidn@opbnce byRrmorkA @) ¢anlaksminblade vbeds, in
sonme ACTH anal ogs, the am no acids Lys and Arg@(_cpio not appear adjacent to

each ot hero(moes aminy aeigisHbeiiiutinseasraspepdiag te PAGR Bindyidsedyen or to
=i acent -t 9edagd b7 by BEal B B N O T on of the
pepti de sedB866088; 5T 1e408; Siid, 516; m040,547; 421 5050,04,648491; aid hi n t he
AALT - ANLTs B0 B8Ol iSeoiiatdd Kbt BY Hlegeam no acid or

[0055] The (AA')- portion of formula (I) represents an amino acid

residue that is preferably Gly or (D} Gly, although other amino acids can be

substituted at the (AA)- position that presetve desirable biological functions

of ACTH analog compounds, such as the reduction of corticosteroid secretion

by the ACTH analog compared to ACTH, reduction of corticosteroid secretion

by endogenous ACTH and/or MC-2R binding.

[0056] The (AA'>"®)- portion of formula (I) represents a sequence of

four amino acids of formula (ll1):

a - AATS-AATEAATT-AATE..

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 {lll} 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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am no acid anal og other than Lys or Arg that provide one or nore of the
follow ng preferred ACTH anal og bi ol ogi cal functions: (1) reduction of
corticosteroid secretion by adrenal nenbrane in the presence of the ACTH
anal og conpared to unnodi fied ACTH, (2) reduction of corticosteroid
secretion by adrenal nenbrane in the presence of endogenous ACTH and (3)

i ncreased -2R binding affinity with reduced activation of the. M- 2R
recept or c@%%ﬂmﬁ %OttFﬂ‘ﬁ{ﬁﬂt?ri' W?C?fﬁ 29 rﬂ?f‘%‘ W'ﬁ&’ﬁ?'ﬁ ﬁ’zﬂed%'a"'&sb npounds
can incl udgaX. anHgsa'dlge prefevibiy widshehaentySoldbiadidm ek gelipl  resi dues at

one or nore positions in formula SI I'l) ., AGEH anal og conpounds can include
resi due sutsnsisting Gnlys, ABEGIyBRYalcAAN-Adr raIePreferably didegepdenily any  ani no
acid with ' [ e . , AMa vyl e, or an amino acid
anal og con%?@%ﬁg}ofﬁlmﬁ%@@s@&é@ﬁ%% srg’cw\éé?hﬁllfi@?.vegkl so preferably, the
ACTH anal d906Zh al so InnarieaEpert, dreast moiseaming acid subsiiteticns ane Arg resi due

'D No 2. (s o A SRR, §O bR DA seed st 15, 16,
17, or 18 that theRainind AKA Pesidifesa!8,NT @l T8 obiecACTH drizdng tidRotinolude
consisting of: Lys, , rG 3|( Val , Le an am nQ aci c} anal og

yS. Arg,. Al a, I'le,
conpri si n@hiwg adircemiaming agidrasiduesselaqt ,fr@mt%e/gmyp EPRSISURGPIASh. Most

pr ef er abl y, ag ccording to
Formil o (115 L A B B B o A o = SEQ

| D NO. 6), axchAry go MohapFeakragljgsndlo eacicother (ilesamargining adiaceqt 10SEQ | D

N o A o A OB Oy dten) P s e afelng st oamieler T

subst i t ut i srgirefhe,area lysinermijacenttoanathedysiae) within the ANSAA'BAAES5, 16, 17 or

18 with an amino_acid or, amno-acid. anal og havi ng al kyl side chain,

i ncl udi ng @W?”Rf 3’,‘9 Reftide sgquepee. \Weﬁgﬂgmﬁn‘gﬁgﬁém"ﬁ?ﬂ% ot her ani no
aci ds subsyiikintigg A5-ARE7-AR FEGrEion Bfe bilstiAAGE wiylEny drhifrodiBoPosi ti ons t hat
preserve one or nore preferred biological functions of ACTH anal og
conpounds, aminghacid anpiegraliieichae h-ysfor Ag iat psavide ong of seeref 18 by t he ACTH

o encooc BRI AT R bk iABog’ (R isaLiBghe 0,7 Fov o o
fornul a (1gortiepstessidhtecratiornby mdrearel dnembrand ie thehptesence afthbdAd¥H, Trp or
D L andoS Ee i P FimaiRed Ao Aoy BEiSRrbage " e

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 (itl). ACTH analog compounds

can include residue substitution of SEQ ID NO: 5 in formula {lll) of Gly, or any

amino acid with an alkyt side chain (i.e., Ala, Val, Leu, lie, 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 two 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 (i1} selected

from the group consisting of: Lys~ArQ-AIa—AIa— (SEQ ID NO:6), Ala-Lys-Ala-
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nore preferred biological functions of ACTH anal og conpounds, such as the
reduction of corticosteroid secretion by the ACTH anal og conpared to
unnodi fi ed ACTH, reduction of corticosteroid secretion by endogenous ACTH
and/ or MC-2R binding. Preferably, the ACTH anal og conpounds have an am no
acid other than Proline substituted at the (AAl9)- position Mor e

(Anto) - pohic (0 IB AR dS3r AR08 Tl B o WO DRSS HER ™ cuich
as hACTH apiN0AGT iGint981BIhrgdSEID NO: wysammmama-ma-AMSEQ IDsi tion.
Proline has the Tollow ng chem cal structure: Proli n?oglPr 0) [0059]

The cheni P11k e THENgIogRAMPARNds AN Rl '%I%qi%g‘ecsr\ﬁﬁsﬁt”f'ﬂ%f’ 85 a ring
structure. mBFé)bhﬂ%‘or h&id Padilled g&ﬁ% fonst 15 1@1617% 8 Wigh bif affind Bofdsms or

| oops. Unlike ot am no acl exi st al most exclusively in the

trans- foramino agd ppelogihtying an allwmd@ahalaxmudmg e Ala,Valdgu,dler ation in

CaR7) s e AGES el M@@%%%{[%ﬁﬂ@ 458 yoBRIRA4 e Gr bl L0
(reny, aI tMgM’éMﬁm& Epesiligdlthat presBne ome ACTidrepafergsd are al so
R e
(AA14) - (Aﬁé&[ééateroncﬁ Séd8lion BY e ALTH @ﬁhl%%%h{g@u@e&f&mﬁm&&ﬂéd ACTH, of::

- Gly14- Lysi6- Argi6- Alal7- Alal8-Tr pl9-

- Gly14- Al aregluciien ef mraqqstarrogtsemeaorgby @Béqmr@ua\&ﬂ and/or MC-2R

-Gyt 4- Lysﬂzﬂﬁ %alG Alal7- Argl8-Pro' 9- (SEQ ID NO 14): -Glyl4 Lys15-

Al al6- Argl R 18-Prol9- (SEQ ID NO 15); -dy74-dni5-Lysl6-G n

t 7- Ar gt 8- H0058] ( SEQ The m‘ffr)pamch eﬂomula@)swr@segmamaﬂm Agig18- Pro' 9-

SEQ ID NO 17). 06 H | d
ooy | bed tssiiehabRaah e T of Al B9 arpRetBblystrBoaR diHdHdhind®
N- ( AAL-13) &l&éﬂ@ttﬁﬁ%&ﬁhhﬁé@éﬁm@ 0? &JSJticnﬁ WHile preserving one or

N- ( AAL113) _(AA14) - (AA15 18), AA20 [ 0062] where N- |nd| cates

the N-ter nings® Peafarred lqlflg'?ﬁilf%'ﬁ’!‘ﬁ@ép‘cﬂ af‘ﬂ'ﬂ’g wgs sushasdet er ni nal
the N (ax “RREHERB: ceifcostafidtegaitbp e ACTH BRANO ol @ 1V o formil &
(1) above, usmoddifiedtAGTH,dedpeiareof ¢ostigoaieraRgecretion by endogenous ACTH

and/or MC-2R binding. Preferably, the ACTH analog compounds have an

amino acid other than Proline substituted at the (AA'®)- position. More

preferably, the' ACTH anailogs include the amino acid Trp substituted at the

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

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

Proline has the following chemical structure:

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 o 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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portion attached to the carboxy and of the am no acid sequence of formula
(1). The (AA20-24)- portion of forrmula (Via) and (M b) represents a
sequence of five amno acids of fornula (V): (V) -AA20- AA21ACAA23- AA24- .
The (AA20.24) _ portion of unnodified human ACTH conpri ses the sequence
Val - Lys-Val - Tyr-Pro (SEQ I D NO:18). Preferably, ACTH anal og conpounds

I ncl ude substitution of one or nore ampo crd I esi forrrula (V)
extend t h@s%ﬂﬁ’fﬁnﬁg@’fmff Pfeen%ﬁ“[%’ﬁ%emﬁp r%@rab(&)r(gg%irfﬁl &P n ACTH anal og
can conprh %@mir\m @sqofétrfanh@a(mr? &ftiough

-Al a- Al a- Ala Ala Al a- rfﬁ%aé’) NO 19) 0063 Partrc arI referred ACTH
anal og accermpegndsovhere ¢ iaaIp i 1" iefalagsarsg @é‘ ﬁﬂCT H(1 -24) with
substrtutr the &@&ﬁ ) with
SEQ I D NO e particu % Bréﬁi%érafl é@é’%ﬂ%ﬁ“o@% J(grérr{% #@%‘g is the

ACTH anal omcmmaﬁmrawmmmr A peplide Bajuences wipre (AAS c8)-

Lys1s: ar o WRORFIR aritRa sy e o crisibl of @%E@"’E’é@o"”é@ﬁ 2l 5o

referred tAIaé%Trp‘\ifisﬁo IBJNQH2naGIW‘bAIad?JLysﬁrNa&A@éF-PwﬂmImg conpounds

t t | ] f SEQ | D h
o1 Ut am ne. NEEEN 1OV ris SRS SR AT (BECI OV IAF S abrtltes at
t 1 1 A t 4L QI 18] /161 1 d
PO os T AR S AR A @‘rf’ré’ ‘gﬁé/'gr"é“@ JG'ﬁ Lo [¥§1 A Pt L e

by Cost a, (BE@tIDaNO :16) BndaGiorhys gnﬁdif shle eNai BrQJ?-r &E@rlD;NQb‘l*?s)erved ACTH

irﬁcszl)(rjggfat re| n E@q‘fg)gpﬁlﬁg%[ %Bé%rpé%ﬁc&&&%@éﬂe%hﬁ%ﬂ Pﬁr rd aspect

of the fi FMrmlﬁ)@‘da)rﬁrrfbrmmbE(l\Aﬁ)TH anal og is conprising a pol ypeptide

descri bed by fornul a (\/ \44 {s\MBa 024
N- ( AAL- 13) ( AA14) (AAL5- %ﬁw E@ m@z%&g
N- (AAL- 13) _( AAL4) (AA15 )(MC[ ] where N

i ndi cates the am no-term nal end of the polypeptid Ac indicates the

car boxy- t e[086231 end Whetend- MFWB&&EWHE&'@H—N&*&%P@b’@epﬂﬂesf&ﬁ nul a (I Va)
gresglr ivg)edI a(ali)c't/élgé%'vvrfh %ar%es)@qé{&@a] %Me( a p}ﬁb_(ﬁé l]ﬁ?ﬁ@%%})%%r [ -seats he
( AA25- 3) - mnmla)(’\lla)tmra(&llﬁe)dncluderﬂm Ne(ABIXS)- (@i YefAA P E)-4AA IRy @i d sequence of
Formula (1 Xad<ipsd'with resgect% FSuIa '?IS a 0\% 'ahd {Em'h%PSor%Sr‘i’éé j[h%n@lAgg.ﬁem cal
portion aitached to the carboxy end of the amino acid sequence of formula (l).
The (AAZ24). portion of formula {Vla) and (VIb) represents a sequence of five

amino acids of formuia (V):
(v) _ AAZO_ AA21 AA22 AA23_ AA24".

The (AAZ24. 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™-AA-AAT-
AA'. portion of formula (I11) with SEQ ID NO:6. One pariicularly preferred
compound of formula (fVa) is the ACTH analog (KKRRP15-19KRAAW)
mACTH(1-24), having the sequence: N-Ser'-Tyr-Ser-Met-Giu®-His-Phe-Arg-
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structures attached to the M39 residue, while the AA39 residue fornms the
carboxy term nal end of the structures of fornmula (Vib). The (AA25.3) _
portion of formula (Via) and (VIb) represents a sequence of fifteen am no
acids of formula (VII): (VIl) -AA 25- AA 26- AA27- AA28- AA29- AA30- AA31AA32

- AA33- AA- 34AA 35- AA36 - AA37- AA38- MB9 [0066] The (AA25-3)- portion of

unnmodi fi ed 0 [ASES, 16 20,1 ve Vol TurPra.

hon- Gl y- Al AT Ao BB s-ATa AR B ety Ve TerEredeg 1 o

NO 21) . Pr¢SEQeD NO_::(.;U};I’ Hs_aneifeugdd?rasdwtlssﬂ.nethei@artmﬂm'ly' tesrtyi preferced of one or
nmore am no resi dues in fornmu ), or.truncati 2, 0r nore
2 o act o AL oo B aLgs Santistsesemibin gl e prbie pEBRAT 1D REGer) | Tha
provi de ACHithadlahifg of afiiaviéssubkstiiutisAs iof Bfe D¥Aicke BEthd @hirRSacid pr operti es.
For exanple, an ACTH anal og can conpri se a sequence corresponding to

formul a (Viegiduesatmpsiticasubnd i 17 o6 1AcImMl/sesufsiigdiopiof deamino peidNG. 10,
optional | yé&@?%%%%b(%ﬁ@{é%}?ﬁ%% 8 Z#Whaéla@%%%figﬁa{rﬂbleséébﬁ | tution of

Arg at AA3 ati onal varrants ar hose 1Tn which at | east one
resi due i nestiibegkihynGosiaj dL ebgliéMudational lasalysisarfevelitianarily contémednt

L cor dance A tHh fesibsy e G FatSaI R #0732 SR80AS JRCE e
nmodul at e t hfcopbeael fsrbt by f@bncd h‘ﬁit@éﬁﬁ[@ity’]_. Tabl e 2 shows am no aci ds

whi ch may be substituted for an origipal am no aci protei.n and which

f .
are regar dé@084 the aM ailird aspagt ol Hia st smpedimeat tgﬁ{ﬁ.no alggd® og

conpounds | | | ubstitutions
that retai gﬁﬁﬁgﬁﬁp@n@gﬁgﬁﬁt&h%éfp% (?:Sngrn@@?g\flfeaz%;gf%ﬁﬁhﬁgggl og bi ol ogi cal
functions: (1) (¥abcNHéR'D-(AAIPHAL] 'ﬂé‘ﬂgﬂﬁég)ééér ég'r(@ﬂﬁ ¥ Yadr enal nenbr ane
in the presence(\¥b)t Ne(ARé‘i'ﬂ-(Mﬁ’éH(é@«’is"bBMAA HASIMINAAT THAACTH, (2)
reduction of corticosteroid secretion by adrenal nenbrane in the presence
of endogenddBBFICTH andrheBs N- intivates thib AfiritRebmingl egd af fhenpdlypepikie, r educed

O g nal - CARBiGSER TS Cacr e RRIEY of e opepits. The ACTH Bnaiofs” © 2
of formula (IVa) or (IVb) include the N-(AAT3)-(AA™)-(AAT518)-(AA%)-(AAZ
2%)- as described above with respect to formula (IVa), and further comprise the
(AA®®9)- 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 (AAZZ39)- portion
of formula (Vla) and (Vib) represents a sequence of fifteen aminao acids of
formuia (VH):

v - AAZ_AA_AAZT_A A28 A 29 a NSO A ASTANS2 p N33 A ADE A DS pn3E
AAST_AATBAA

[0066] The (AAZZ%)- 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 fruncation
of one or more amine acid residues from the carboxy-terminal end of formula
(VII), 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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Ala ser Arg lys Asn gin, his Asp glu Cys ser Gn asn GQu asp Gy pro
Hs asn; gin Ile leu, val Leuile; val Lys arg; gin; glu Mt leu; lie
Phe net; leu; tyr Ser thr Thr ser Trp tyr Tyr trp; phe Val lle; leu 21
[0068] Substantial changes in function or imunological identity are nade
by selectlng substltutlons that are | ess conservative than in Table 2,

o o MBS SO oA s e TREB SRS BLAR aRbAmbgRL ot "

t he substd,ft iamA%Por exanple, as a sheet or hellcal conformation; (b) the
charge or rophobi city of the nolecul at .th target site; O t he

bul k of tH@()gT chﬁ@Stm@hﬁ%ﬂqqtﬁﬂ% S&HD whighatjensh ae 'Jgﬂd’u@xpect ed to

produce t Y ngLAE aLicRRLIASe heis BESHbMoNEBAA ol difeidht keditud hose i n whi ch:
(a) a hydrophi resi e.g., seryl or threonyl, is substituted for (or

by) a hydrioperdd in ltSepladee Sucb égb$tltu@@@f§/maY|b§dn§d%W acgrdantawithihe valyl or
Feai due; - (DYOWRETARIER hebli ik Le8ircEio HeR; Hokiaf tebndrabicilos Y O RL
arginyl, Oﬂhefpréife&dyﬂable e skmb.stammbmﬂ:ldsawh(cbrma)bbe sabstdh’mtfoomgat ive
StV i s SRR bl 5B e gh iy T T, 2 ULl ot e
si de chai neor%eﬂ;atw@'sﬂﬁbﬂﬁztions. ACTH analog compounds include compounds

with one or more conservative substitutions that retain 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 o 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..

Table 2

Original Conservative
Residue Substitutions

Ala ser

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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[ 0069] The preferred ACTH anal og bi ol ogi cal functions of ACTH anal og
conmpounds can be neasured by any.suitable nmethod, but are .preferably
assessed by perform ng one or nore of the assays described bel ow ACTH
anal og Conpounds with Decreased ACTH Function [0070] In a second

enbodi ment, ACTH anal ogs are nodi fied ACTH peptides that function to

d ' t id ; f th
ACTH anal d§0B8hnar oo SabaR Hhallieq ftetor BRIl Moy SETEE  hal oge
i's pref er abyle byl sei¢ctigaubsiiilions that aneless copservative tham isTabia By al f or nul ae

ded ap The ACT d d ACTH nedi at ed
et bt .eonabe?V%efs@wimeﬁ@a36@%@?&%9%8%’&9@%@13’ NS BieGe 5, "5 reduct | on
in the | evmbxrﬂ%mﬁ@ 8B UBIfe bitH wolfeptide batkborsa! Betared bEthe

adm nistering t H anal og. ACTH anal ogs erf erably enmgnstrate at
| east a 10%@9%“020%r exempie iy 2 shest adwjical gonias ‘°n8@i/ﬁiﬁ)%a§§%°§20/ o,

93% 94% 9% i eéﬁ@i&ﬁ;ﬁ@?@%%&l@&%%%%efa‘? itbO8r {)ez th BuIRE: B &iget i costerone

| evel s co e conpara adm ni strat of unnodi fied ACTH
pepti de, ashaimaFbeetbstitutions whichvio geeetaharesxpacierd tapredice thiuct i on Assay.

22 [0071] Al S th

I eanI of] c%‘%tah? b@ﬁ% %lrnu 0%"5 %’Pﬁ’%ﬁ @w}e tﬁg%’(%fr{ @Hood&g W' % sugj ect.
el e b L T ot o o6 “"“ﬁ'“é"??ﬂ'ﬁﬁ“s‘?ﬁiﬁi ACTH
product | oneﬂﬂaéeuca/&n‘?‘ﬁlgé'?ﬂrlg‘ﬁeﬁyéﬁi%"%@@ cg’%%r%t(g) eg'ge APTPHEG Bper i t oneal
I.nj ection gipst ﬂﬁé&’ﬁ&t(&?? Sny S@RP Ashidad: (6 a V&'iddsﬁﬂa\ﬂnéaht abl e perl od of

time for suppression o ogenous ACTH producti on (e.
hours), a elestropesiliNeside cbanm ga; Ayl nargi émmféa@ﬂelS%’@UW far&r tabl e

o0t ot Pl Aok bhanae anagL, ob. YhEHyPIS I ) PR (N T
i nj ected t having armuikysidezhbinp edy., pleemylalanine, ibeubsiitated foofortbiyeosebj ect and
the |l evel of serum cg:itlcoster Onﬁlg can be determ ned by a suitabl e nethod,

such as a BEHhAWNG ¢ FEe chal.¢f-gnd d%ay using 1251 RIA kit (ICN, Costa

Mesa, CA). Ls ol e 1 THe$RéfoREE AECTH%thaE)glb’blﬁgMQI foectionssirAGTigst eroi d
| nducti on say in detail. [0072] The corticosteroid or corticosterone

secretion Raelogeempeunds 6anbp laﬁaﬂ(tﬂ’i by yitablRyBeketwa &8npared to the
level of cgilGRR! &ds¥sled 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 selecied 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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secretion produced by an unnodi fi ed ACTH conpound by neasuring bl ood serum
corticosteroid after admnistering either the ACTH or ACTH anal og as test
conmpounds. Figure 1 shows the results of murine in vivo Corticosteroid
Adrenal Induction Assays perfornmed with mACTH(1-24) and various ACTH

anal og test conpounds according to the nethod of Exanple 1. ACTH anal og

conpositio i+ h decreased functi were identified,by measurin

corti cost otBRE] vel s ARLTHEVR Pafin LerieRstarpl alangstay REAsEREe s on
bl ood sanpliggel eptdriicdsidrald ©r BoHicosietdte indhe Dicddstidion bha subfebtl Mor@4) or
ACTH anal og coppound to dexanet h sone-supgessed mce. In Figure 1, the

pot ency of SPEEFIERIY, ey Yka Peympémricastierpld lndyetianAgsaycapinclligieithei nduct i on
of corti Co%lﬁfvﬂg?’gtregﬁ? firs® s?é%%'sa@'b@gs éﬁ@%gﬁfg&% ACTFP orbHuctidioigs t he

percent cortlicos e inductfon 12 for ACTH nine sanples 14 of ACTH
anal og Comasimitisierathio peneuse suifiedpsuchrssar indrapeariianedd injectiop aif  ACTH

anal og Co | - WA of the
concentrati #Hﬂ%tﬂggpﬁ%ng%ﬁ]dggé%é@%ﬁgﬁ %ﬁ%@@eﬁ %@ﬂ@ﬁ%ﬁﬁdl fied mACTH( 1-
24) 24) ilnmbgrisaiomiqf@n%gego@AdTeq?bduoﬁm fdgen® — Rlhotirispra ®esay. The
structural nodificatligns angd, asyr ercentage r uction I n serum
reasar od{ SOTBYER canberaiiiite e 8 1o MuseRA SHirDHS BIhaticBas 23 Tabl e
3 Sanpl e Lakedodritoridal or duStdtAdslisihjebhch; driefihiraNafte\iflhg Befitabieon i n
serum corticosteroid 2 20 V26F, E30. mACTH 18.3% 3 25 P19W K21E, Y23R mACTH
36.5% 4 3peHedil ipererhCThogt) fanactioniy theingsteddest saroponndsaddoadaCTH 6 40

mcTH 76, oser i en Ry et ey R PoBs 9t THSP R o eRIatAy 1000,

MACTH Redumandre deteifnided dycusuitblé-Friettihat; edcktasta coppeatitivee | nduction [ 0073]
' a third oot ot ssal Ueihd 8 RESkAIENTBAst fbsACR). Example 1
describes a murine in vivo Serum Corticosteroid Induction Assay in detail.

[0072] The corticosteroid or éorticosterone 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 corticosterons induction 12 for ACTH and nine samples 14
of ACTH analog Compounds. The percent of coriicosterone induction 12 of
ACTH analog Corhpounds in Samples 2-10 are shown as a percentage of the
concentration of serum corticosierone 20 measured for unmodified mACTH(1-
24) in the in vivo Serum Corticostercid 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.
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peptides that function to reduce corticosteroid secretion by adrenal
menbrane in the presence of endogenous ACTH. \Wen adm ni stered before or
concurrently with ACTH, ACTH anal og conpounds can produce a 10- 100%
reduction in serumcorticosteroid | evels. Preferably, ACTH anal og

conpounds provide a reduction in the serumcorticosteroid | evels neasured
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% conpaTaletd admi ni stratlon of ACTH al one as measur ed by an in vivo

Ser um Cor roid—t-nhi-bitan Sy ch e-——ag les e
Exanpl e 2| gﬁ'ﬁwl%lry ACT‘-P&?H%FBQ co (?UH@ Itmoﬂtcah’?\hi t?ték&ﬁtrrpgf'fgnﬁwgrmne

producti opn_induced by lendogenous A("TI—I were _identified SgM e g a
series of| in vi%o Serum Corta0%cost ef oi dVESREINIMALTH Acdays  ogs can
be adni nistered3al one.| pri or25t o ACTHP1S9WMMPHE. ¥23R0AGIH |or co8®hrent|ly in
conbi natipn wit#h ACTH.| [007430 An i vi{z80KR36RMALIH i cost er dild% nhi biti on
Assay measures ghe |evel of35corti ¢os{RYKYNVE1B24ABARA) cost er oft®%i n t he bl ood
stream of | a subject affter adm nistering anmA@Gffpound having a first
corticostgroi d-producijig br ofgogr cal 6F/PIBR)AAGTHE t ¢St caqgpewnd. [The
conmpound .. g7 Ay COSfgeT 0f d1 Pf £ KPIE)RRGTIP0! qal agdlyyy Ty can be
any conpopnt kg ;u nduc 07 2% s T REYASe @hﬁéﬁ’ﬁ,' ) CO;I’SIOh/COS[ groid

. g’
pr oduct i op—Fhe test—ephpoti carmTpec L OETOT € LS':H"/
corticost proi-d arcduci Yg—€ 61 Dcund, A (E“‘ h2TIMA 'th the
corti costroi d-'glr oduci jng conpound, anm 51 & qrti co@%roi d-
f’l f‘ﬁWﬁ!‘

produci nglconpound. Thle corticostergid-pro
ACTH, but can also be an ACTH analog wth a knovvn cortlcoster oi d- producing
bi ol ogi cal activi ty. By performng a series of in vivo Serum

corti cost epg fnﬁ'ng'ol?'%rt]ﬁ% ACYRLRARUBEE SRbStrbRRINGRERABHNIS. ACTH

vrd—-s—preferabl y

anal 0gs th roduction of corti costeroi relative to the
corticost e[ﬁﬂ?@] pr oducima thicchpmbodimeswACTH aralégsareimodified ACditbr abl y, t he

T oS A 0 oS PRl bR 49 AR BB B ) e
in vivo Seirifie gRsddriesdfeirriogehtdis ACTHY 'Whsaadninistared beftre csequent i al
adm ni stration of the test conpound and the caqrticosteroi produci ng
conpound bgongErendy Mt Ag Tk @@-H fnaleg CogPoLgds can 8"‘%&%%%9 {%qw}ldogenous
ACTH pr odugt s aRoNRPsSUM Bbaibssigrbid RvisTieferabl] ACTH &wabgas

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%, 0%, 70%, 80%, 85%, 80%, 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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an intraperitoneal injection of dexanethasone; second, after waiting a
suitdble period of time for suppression of endogenous ACTH producti on
(e.g., 1.5 - 2.0 hours), a test conpound was adm nistered to the nouse by a
suitable nethod, such as intraperitoneal injection; third, after waiting a
suitable period of tine (e. g , 1 hour) for action of the test conmpound, a

conpound w th ortlcoster0| rodu \% ered to the
nouse by \;Hert%qj?tgl%ql%reﬁg? I%‘EP %mé O%Ituggé'irﬁﬁ%%%gl%o oﬁﬂp‘ e ®and fourth,
gf t ﬁr \(/jvai tddﬂﬂm%teé'édlﬂeﬁhb&hgebntlﬁdst@fom-lpmﬁcmg it:dsrapblumﬂi gy lcoledbir(;mlbnw ][y of

oth admini stere ounds to occur opd sanpl e was
taken frorithHoesgstieastero %B’@H@ngé\?mpog'f"ds@ﬁ#ﬁ @g‘?rt 8&&’@?@?@ lﬂg

det er m nedy, uAcﬁnng Imﬁdﬂﬁ*iswtagemco%t&& G?roﬁuéiﬁ@'@@ﬁpbhhﬁ i$ pebifgrapIUNOassay

using 1251 tronally, steps two and three
can be re\lﬁﬁ"ﬁépbl(tat&n &ﬂBtherdm’{s)CTHeﬂn%Qﬁwﬂb@sKr@M{ﬁ eprie@Aieidrg conpound

first, fol t 4he in vivo Serum
Corti cost et#;@%ﬁgc ngmcﬁﬂgﬂh a%i‘gg}éyé’@ggﬁgﬁngigg a?%(:r195?e?r}@g»§ rreinr'ln stration of the
test conpCurtdceutdrdid éntiioition desdysrusing AQTdd analog tesimompudindg, AGEHf ol | owi ng
steps: first. an agent ttB@su roducti on was

H
admi ni st er®@iqgs Hha rc géﬁ’éﬁo&?%sg?ﬁ éﬁ? FH}S%PCT neal injection of

dexanet has@pfiostibRIe nod@f:hgrcowohhams@dwrima@ntm i Pﬁéf@rfab |t for
suppressi on of endogenous roducti on hours), the

corti cost %@Tﬂmlﬂﬁgflfmwﬁmmr@h@éfhedéfﬁﬁ%#ﬂ!‘ M‘C@@ﬁ@% ni stered
to the ”D%%%re%eﬁﬁéto?ghﬁ %{o’ﬁg%nnﬁﬂéﬂb ACTRY. raperitoneal injection; and
£ e perio o

third, after Itrn Sul tlrrefor t he bi ol ogical activity
of both adoonsst er ed 'Ekmp‘owmlse[wm eciigosteroiyl InhibitiemuAgsaycan Indadesarrpl e was

takenfromthe | evel of rt'

det er ni necFaHe ﬁ Lﬁcﬁglmsgraﬁg ﬁ@e%§§%Wh%8§{¥%& ‘%0?-@ sﬁ%@fhﬁl mmnoassay
usi ng 1251pr5’élléblhgboﬁ~lp@tlnd®2&h@fdm9m g §i8ps: Mkt an agemmrwm:frbmil ments, the
first step in any in vivo Serum Corticqsteroid |Inhibiti Assa can be

repl aced Qﬂﬂogeﬁ@% I Rrodyetionwas gdminisierad Iya FRHSe B d or
corticost eérpfgﬂ'apéﬁ%glbal fjcciiSn Bf &’@fbrﬁé’thh@@né%b@ﬁﬂ dﬁérWﬁtl Baitalé step

four, instea weni Ster ng the agent to suppress ACIH production.
Exarrpl e 2 pariodroftiisse fansuppeessionwf endsgenons 6T Hayoduetinoru(@dmhi Bit i on Assays

D et et |2 DR, & B b RSP A MR B4 MR 0T
ACTH adr engbthodpsnenas iteecitoneal infectiompthiriihafteravaiting arsuitabletperiode | evel s
of of time (e.g., 1 hour) for action of the test compound, a compound with

corticosteroid-producing activity can be administered to the mouse by a

suitable method, such as intraperitoneal injection; and fourth, after waiting a

suitable period of time for the biclogical 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 method,

such as a competitive radicimmunoassay using **| RIA kit (ICN, Costa Mesa,

CA). Optionally, sieps iwo and three can be reversed (administering the

corticosteroid-producing compound first, followed by administration of the test

compound). The in vivo Serum Corticosteroid Inhibition Assay can also

include co-administration of the test compound and the corticosteroid-

producing compound by 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

petiod of time for suppression of endogenous ACTH produgction (e.g., 1.5 -
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dexamnet hasone- suppressed nmce were neasured as described in Exanple 2
after admnistration of (1) ACTH (corticosteroid-produci ng conpound), (2)
an ACTH anal og (test conpound) foll owed by subsequent adm nistration of
ACTH, (3) a conbination of ACTH and the ACTH anal og and (4) the ACTH

anal og al one. Table 4 shows the | evel of serumcorticosteroid nmeasured in
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| ater, .and a serumcorticosterone level of 175 27 ng/nL was neasured in a
bl ood | eveMUFiBRdM VRSeETY Codicesterqid Infigition 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+ 0 ng/ml
ACTH (administered to mACTH(1-24) 1 500 = 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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"( AT+ACTH) 120" sanpl e, the ACTH anal og (KKRRP1 5- 19KRAAW mACTH(1 -24)
("AT814") was adm nistered together with mACTH(1 -24) 120 mnutes after
dexamet hasone injection, and a serumcorticosterone level of 51t 8 ng/nL
was neasured in a blood | evel taken one hour later. In the "AT' sanple,
the adm nistration of the ACTH anal og ( KKRRP15- 19KRAAW mACTH(1-24) 120
m nutes after dexanethasone injection resulted in a negligible |evel of

serum cortj erone Level of t / ows the

results fr@ﬁ?ﬁabl e 2 %f H rt?etroc %‘?ééeaﬁarg?iﬂgs{ﬂg%&x{%@ﬁ&étcd(?rn?iﬁfcsger%gf%ne | evel s
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normal i ze e "AT90- ACTH120" 140 shows the adm ni stration of
t he ACTH axmmgctabieﬁevahoégort:pester@eamﬁasmrgﬂrlaﬁ l@lﬁﬂ@ﬁé\ﬁﬁ@ 1REIHONGNi ch

|t ed % bl ood
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160 shows ddamsthasoneinjection,vesikingat adaved bf 50@ +ABThy/mladfog with the ACTH
bl 00d samFECRHREesHReCtAR I & B samle S onp BRI i VEIR AT, °c"
ood sa , as
vel | as Sagpire120” Qémiﬁﬁzb'tﬁeh.cm aﬁa%gwnmm-ngnmwmmm apg)l og al one

again resulted I n about a 99% 27 100% reduction in_serum.corticosterone

level s i n wheedminisieredat hﬁé}eu&]aﬁeh@ﬁmmeéhﬁonwwm%m\@w( Bty sample is
pot shown yog %gﬂtmlgt S ASHEH dRaceRd i EbEbadidiesdvelldreL | n a

fourth enb ana 0gsS ar€ no pepti des that function
to bind t c2Zuyreinwas AGEIUrestinE blood leval taken Qﬂﬁehm iakr. Incthépt or, preferably

NG 2171 1 odbiraLTeRiRd g, B AGTHA AR A e PREAR) o sttt anal og
conmpounds HATIHE- d(wmmmwabeanﬂﬁ;storédno@emaammmm*rrH(ntaeL)nMn
endogenous unrmdlfl ACTH, and re able to displace unnodjfi ACTH i n an

in vitro SanHies pler d@ﬁ@?ﬁhﬁsm@@qﬂw,\ﬁé’@ S °Q§’§8§te(@@dlﬁﬁ?le& ACTH
anal og conp ng%@ﬁgﬂ?ﬁl.e&!ﬁé Aasursl B B%d?éve;'l Félétn é’r%&fr lé@Tlepﬂh@d"A'Tg to

adr enal fane“preparations as neasured by t in vitro Serumfree

Adr enal Cosqraple, theeadnimisitragionof Hye ACTH analog (KKRF{P15 T9KRAAW)
mACTH(1-24) 120 minutes after dexamethasone injection resuited in a
negligible level of serum corticosterone level of about 7 + 7 ng/mL.
[0078] Figure 2 shows the results from Table 2 as a percentage of
the level of corticosterone levels measured at 180 minuies 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 corticosterone measured for
administration of the ACTH 120 being normalized to 100%. Sample “AT90-
ACTH120” 140 shows the administration of the ACTH analog 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 corticosterone levels in blood samples iaken 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 resulied in about a 99%-
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More preferably, ACTH anal og conpounds can have a 2-, 3-, 4-, 5-, 10-, 20-,
30-, 40-, 50-, 60-, 70-, 80-, 90-, 100-fold greater affinity for explanted
adrenal nmenbrane conpared to unnodi fied ACTH. [0081] ACTH anal og conpounds
that bind to adrenal nenbrane with a greater affinity than endogenous
unnodi fied ACTH, and are able to displace unnodified ACTH can be

I dentifie ng.an 1n Vifr r Lt | ndi ng Assay
( Exanpl e %dﬁ)ﬁir%qﬂcélog 1%%%W{:ﬁlgfcﬁéﬁg&frﬁglegelsgﬁ%?or? dq\%@g%éiéeﬁré&m e'Pee Adr enal
Conpet i t i wpuBilatgr, "Thé\Ssehiciptohigreappldis ndteshomrhindFigutestr i bed in Exanpl e 3
usi ng the exenplary ACTH anal og AT814, having SEQ ID NO 20 ("AT814"). The
graph 200 shows the counts per mnute 212 (CPM neasured by a ganma
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\ a greater affinity than endogenous unmodified ACTH, and are able io displace
unmodified ACTH can be identified using an in vitro Serum-free Adrenal
Competitive Binding Assay (Example 3). Figure 3 shows the resulis 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 radiolabelied 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) 1o displace the radio-labeled mACTH(1-24)
from the explanted adrenal membrane (measured in column 220) by
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was repeated using the "bold" (non-radio-|abel ed) AT814 ACTH anal og
conpound described by SEQ I D NO 20, instead of the mACTH(1-24). Col umms
235, 245, and 255 show the results of conpetitive binding assays for
bi ndi ng of non-radio-1abel ed AT814 to di splace the radi o-1abel ed mACTH( 1-
24) fromthe explanted adrenal rrenbrane (measured in colum 220) by
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conpared toO m ni one I“[P Exenpl ary
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exposi ng renal, nenbrane to wunnodified ACTH were identified by
perform n?x‘g[nglé? F’géﬁgf eFﬁpi\Wt ro Serum Free Adrenal Corticosterone

I ghi bi It | Orfoo8apys. sumemtuém %rﬂh#mtAdt@hhbﬁombetl’rA@TBindm@ Agsayonpounds on
adr ena cortlcosterone product i on. e arate in vitro

Ser um Fr ecVagiFaReated ¥sipg theyQolddnen- [’%ﬂ%?@h@'%&? éﬁ@;ﬁ{%@ MY or red t o _

I dentify A%Ehbe @mﬂ d&%nﬁ@&bx SE‘dfjlnglNo é@THStégyﬁqﬁeﬁg(@]ﬁh rnmone production

in vitro. concentrati o corticosterone was measured according to
t he procedDolenuts 236,885 can RH5 show gheresults ©f compgliiveindinghassayaioni ng

expl ant ed &géﬁaaof nHﬁ-’FB&.%ﬂSbSEES AT814 io displace the radio-labeled mACTH(1-
24) from the explanted adrenal membrane (measured in column 220) by
competitive binding of “cold” AT814 at concentrations of 10nM (column 235),
100nM (column 245) and 1000nM (column 255). The decreasing levels of
radio-labeled AT814 detected as the concentration of “cold” AT814 is
increased indicates a displacement of the radio-labeled mACTH(1-24} by the
“cold” AT814. Specifically, the results in graph 200 indicate that AT814 has
an increased affinity to bind to the adrenal membrane that is about 3- to about
4- fold greater than the radio-labeled mACTH(1-24). The increased affinity of
AT814 binding to adrenal membrane can be indicative of increased MC-2R
receptor binding affinity.

Testing of ACTH analog Compounds in vitro

[0083] In a fifth embodiment, ACTH analog compounds can reduce
corticosterone induction by unmodified ACTH in explanted tissue in vitro.
When combined with expianted adrenal membrane ACTH analog compounds
preferably produce a 10- 100% reduction in corticosteroid levels in serum-free
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unnodi fi ed ACTH, AT814 ACTH analog (SEQ ID NO 20), or a conbination of
ACTH and AT814 at 100 ng/nL each. Table 3 shows the | evel of
corticosteroid nmeasured in the serumfree mediumin a series of in vitro
Serum Free Adrenal Corticosterone Inhibition Assays perforned using

expl anted nouse adrenal nenbrane. Corticosterone levels were taken at 2.0

h fter th d | f ML99 di
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corticost eFr‘éB@Ad?@ﬁ&l@&‘ﬁcbﬁefdﬁé InRibition As suggestingaudiract ation ofl n t he

" AT- 814" e ACTH anal og . ( KKRRPL 19KRAAW mACTH( 1- 24) (SEQ I D

NO: 20) wasAggHe@adqg epraponndomadignal Gwé@eﬁt@r%e RIRUYCify el of about 290

ng/rrL of ostero Ii two hours later. In
the Hﬁbgh Saﬂ%enge%ggéﬁ %&ﬁﬂ%gﬂdﬂkﬂ%@%ﬁﬁ% (SEQ I D NO 20) and

100 ng/ m_ Coﬁxcustmidﬂmmunumnssamweawedomg@tm@lenm AGEArsdogsdhat m
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g’ﬁownals ndglﬁ%bﬁﬁgd APEN EAPE AOTR@MbE (SEQTIENOMG) 90M@bmﬁnafﬁdﬂm e is not
ACTH and AT814 at 100 ng/ml. each. Table 3 shows the level of
corticosteroid measured in the serum free madium in a series of in vitro
Serum-Free Adrenal Corticosterone Inhibition Assays performed using
explanted mouse adrenal membrane. Corticosterone 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 adminisiration of ACTH and an ACTH analog

Sample 0 hrs. 0.5 hrs. 2.5 hrs.
M198 Medium Incubate tissue 278 mg/mL
ACTH in M199 serum- ACTH 600 mg/mL.
AT-814 free medium AT814 290 mg/mL
ACTH+ATS14 (appliedto all [ ACTH+AT814 | 396 mg/mlL
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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2. Referring again to Figure 4, the addition of the AT814 to the adrenal
menbrane in the M99 serumfree nediumpermtted only a negligible anpunt
of corticosterone induction, and addition of the conbination of equal
anounts of the AT814 ACTH anal og and unnodifi ed ACTH reduced the anount of
corticosterone induction by about 65% conpared to addition of the

unnodi fi one,. I, t|n [ 0086]. ACTH
anal og cg}ﬁ%%u %ﬁ%ﬁ*?f“@kﬁ@ egg ﬁ%”&ﬁ%?%lf\%eegg %Fa{ﬁg%g@%&ét lLec}r{‘fréed f or
certain Q@\F&I'lﬁg’ié @Jgﬁtreﬁﬁ’éfﬂnéaairéd Lstmgmamdé&dd%m rapioassmyf tgchiiguéside one or
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Figure 5 TS a graph conparing th vivo activity (grey bars) and in
vitro actEVFtefer('mglagalrﬂarEgum 4smeaddmnwfathav-\a’@14d@ aﬁuenaMlo 420, 430,

440, 450, mé%‘x rane in tﬁé%ﬁé’ semnlhfr%%\fﬁ&il d’érmltted only a negligible
| amount of corticosterone induction, and addition of the combination of equal
amountis of the AT814 ACTH analog and unmodified ACTH reduced the
amount of corticosterone 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 haalf lives can
be preferred for certain applications. ACTH analog compounds ¢an optionally
include one or more amino acid substitutions or truncations that can extend
the serum half life of the ACTH analog relative to unmodified ACT H or another
ACTH analog. For example, ACTH analog compounds can comprise one or
more amino acid substitutions from the amino acid posifions 25-39 ofan -
unmodified ACTH sequence that that exiend the serum half life o¥ the
compound relative fo 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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anal og compounds, the in vivo activity was neasured using the method of
Exanple 1 and the in vitro activity was neasured using the nethod of
Exanple 4. The results are provided as a bar graph of the "% corticosterone
I nduction” 402 neasured as a percentage relative to the mACTH(1 - 24)
sequence (SEQ ID NO 2). As seen in Figure 5, sanple 460, designated
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20- 24 pos g t he
serum hal ?’% g?ﬁw&%f. ﬂielé\%g[r %_1!:! B{’ﬁ-&)‘%‘é }%ggg‘%% sélrﬁgiblbﬂ{b]tié% an I 0g
corrpoundSOfCBmmplelmmm m:trmactdntguebsrtaasuted)m irt Vitxo Semrarlﬁm@e serum hal f
cor 1 costAfinet EraeRrsdrRBHER Aol FaPBiFe B “fencur 2d by (n vivo
(Exanpl e fBpg8] i N Vi WHileE@riABRICRI éubsnﬁﬁ@ag%noﬁwrp@maﬁéma @ldd cost erone

i nduction from substitutions of the 15-19 positions in ACTH anal ogs 410,

420, 430, erﬂmcw@éﬂdma&p@sewmhﬁﬁhw ﬁomeec!rqumstﬁtnFGSa%rtalm vitro

oo 11 caa e DA BF el o 'sepufl il RS 49 CTEP ARG bl

R17A) mACTidpdlifginy cAETIH remrs argm'of&wid&h!rtbaﬁﬂr% pdsmmns wf an ACd Hact i vit y 414

(K16 RuRicEerching WACHH SHAGH Bidde i MR dIRngRe I activicy

424 t hat W&éa@ﬁﬁqﬁ(?fegl ibaxa) ahd in n:tmacﬂwqc(wmtd b‘até?@fsa%@fﬁ%@'w agakgo is a
(K16A, R18A) mACTH( ACTH anal og t hat m)nst d an in vitro activity
50, 880 209 9

434 t hat %{BP@%@&&F t 4305 44, 470, 350 ang Ay’ all seen ATty 440 1 s a
(K15Q Rlz@ag\r bliipburds, 1A TirtvABAcAfy! has nstedmﬁ ﬂﬁﬁ%%dé‘ﬁhe'tlﬂod'dfro activity

444 t hat lan its In Vi activity 442 ACTH anal og 470
Example 1 and the in vitro activity was measured using the method of

Example 4. The results are provided as a bar graph of the *% corticosterone
induction” 402 measured as a percentage relative to the mACTH(1-24)
sequence (SEQ [D NO:2). As seen in Figure 5, sample 480, designated
"Ala19-24" refers to the ACTH analog (AAAAAZ0-24VKVYP)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 tife
measured in vivo 462 relative to both the in vitro activily 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 (AAAAA20-
24VKVYP)ACTH(1-24) ACTH analog 460 was greater relative fo both mACTH
and to other ACTH analogs 410, 420, 430, 440, 450 and 470. These results
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 analog
compounds with one or more amino acid substitutions at the 20-24 positions
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s a (P19W K21 A)mACTH(1 -24) ACTH anal og that denonstrated an in vitro
activity 474 that was greater than its in vivo activity. Screeni ng Met hods
[0090] In a seventh enbodi ment, nethods for screening ACTH anal ogs that
are useful in blocking excess ACTH whil e maintaining adrenal tone are also
provided. Various ACTH anal ogs can be prepared and adm ni stered to a

patient to Sird DAV Y Q ort son ctilo 0091] 3 |C|ty of
nmol ecul ar ?@@E‘ﬁﬁ%’ﬁﬁlﬁ Qrg g{r %ﬁ&gm rﬁhe%erurgmﬁ i%ge[?%v Rt i bodi es)
to forma ACTFBL e conpl ex can serve as the basis of both the anal yti cal
|rrrrunoassa|§0|a§hsol ution and, t nos nsor on oI I d-state inpterfaces.

I

These anal met WOE9 Q%'fagg A ?%&PH@O% Gan i Bt he
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target analyte (i.e., ound that binds to MC2R receptors) and a
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si ngl e- st rAssm PA esanigié contidogtenomns mcﬂn_an ﬁeqtm.rnsamtmstgftﬁaem-?aaci ty to
t t

oo © o pemedn AL TS gl A0, fan Add, b0l dsf ara Arblelitedhdhiher ve i n

vari ety of indiaoaes i ﬁtmfc@i’ﬁ&%feroﬂ'é‘ﬁwuéf@ h@ﬂm@dﬁ 'tﬁ‘é ACTH svlogyer al | shapes
to formintricate bind ch% %urrows for the tar&e}t structure. Aptaners are
e

i dent i fi edcOPpaIRdite UM RAETH (24D &P@§§FCR WETHD anglogiB& evol ution
of |igands @%Aeﬁq‘? Hx%(f‘l"ngé%}fﬁ%'fﬁ%ha@ﬁh%em@ﬂét%f@&%n”ﬁ%tﬁ?ve advant ages
ep N

over anti bodies oSl eém on sensi ng surfaces.
Mor eover, akiwvity 414 lieathivagh Dyeaterdpamn ds é aive ac;mtyﬁta aﬁu&'ﬁﬂmalﬂg 420 iany

those of - sRIERRUARRCTEIL R FETRHRS, Rl GehRialallt hlfT) ™"

quest i onatécﬁwutf: hey thmw@@gmtén thgh ﬂsl:rvaa@fcubwm FCHernakg émmgl cations
in conplex bhio

| h
sUbst | T ut c8 (kTG EAIACSHiee ACThenalea T toponsiais B o M
posi tions ét{:‘tﬁﬁt y 43& tl?%’\&!éé:p!‘@artérﬁhél‘?ﬁé VP vivD ki) 432 AL@I' ?OP 4483931
ve ecu use

Al ternati nprinting technique screen
conpounds @I(Kh@ FBEJIEQBmACTeH(ﬁf&é{) Amtkaaalpg\xhaWemm@at@d antrewdiiai que that

's based op.LRe 4Rk SR A4S GFeatdr RR) HIH Lo R0E U4 ARR AR Fargibgarb Ve Y
is a (P19W, K21A)mACTH(1-24) ACTH analog that demonstrated an in vifro
activity 474 that was greater than its in vivo activity.

Screening Methods

[0090] In a seventh embodiment, methods for screening ACTH
analogs that are useful in blocking excess ACTH while maintaining adrenal
fone are also provided. Various ACTH analogs can be prepared and
administered to a patient to assess in vivo cortisone induction.

[o091] The specificity of molecular recognition of certain compounds
(i.e., antigens by antibodies) to form a stable complex can serve as the basis
of both the analytical immunoassay in solution and the immunosensor on
solid-state interfaces. These analytical methods can be ligand-binding assays
based on the observation of the products of the ligand-binding reaction
between the target analyte (i.e., a compound that binds to MC2R receptors)
and a highly specific binding reagent.
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predeterm ned for a particular substance, or group of structural anal ogs.
Functional and cross-I|inking nononers of plastic materials, such as

met hacrylics and styrenes, are allowed to interact with a tenplating |igand
to create |owenergy interactions. Subsequently, polynerization is

i nduced. During this process, the nolecule of interest is entrapped W t hin

the poly t her t eaé'ﬁﬁ_ﬁﬁl or by a
reversi blrrglr 921)val en?“a%&%ggcﬁ%kgtge?“ezﬁ%%vpl ng t Hlmpgnerl zat |d%n t he
tenpl at e nsiohas aptamersashappliedtio ligasdbinding awaysﬁpr patticofarlyhe terrpl ate is
mai nt ai ned I n. the r (size, shape) and
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sol i d- phas (@ﬁgé@sﬁa@@nﬁm p@ﬁéﬁ@&to@ﬁhﬂl%ﬁﬁesme&hlét?rdﬂdlagﬁb’sh@t ed pol yners

can be enp as 34 nonbiological alternatives to antibodies in
conpetiti vbrmatsduTrt@yaweatytded mie iunigue ereergl shanesde farmoypirisate Bindnagi cal

OO abor e EPEARIbAINE B SLER. S ARlHeA e HEASE bR A hARY UP and ac d ¢

nmet abol I C S sucC are release n m crophysionetry,
t hese changsisciiom prebeémkmtwvm as systematie @volitidn ohigaridsnipe exponartiial r at e of

aC|d|f|cat|on of t ur r oundi the cells Le. ..Rale sman, K M
o ai . eemibmensdSERER) o Aolaters ok i ivirtagsiee Hritd Iegﬁnﬁﬁ Ty
hi ppOCa”paéaéé’éftdﬁl@%ltmgﬁﬁemC&i S s@ﬁrédec‘somndsreempweltermé h!PhI
neur obi ol ogy urosci., 12( 3% 3-780 1992%3%Baxter et alL,

i s i nvol ve@produgiblo syaibipiic 2pRIOAEH IR BY SRBHIESs AloR(Hthe aﬁg’"w(?n'etantﬁ gnal

expor | ment Soio SRR Tohehal fagp it 2 (R AR MRpIGRI e 90Tl ° ' °°
" Dopami nergmmpmmdsw'stsjnll opastionabile, they may i mticular&ssﬁuttemﬂmnm asts by

VeConnel 1 Speatdls Bcompe PRBRar SRy e, MkriuRdACT shaglly ™

appl i cat i ofgh @ﬁbﬁithte@camme@uwteemues atiotcermts-ié)?aﬂ&aﬁm 31992) )

PKCE

M crophysi onetry can be used to etect | ecuI ez@‘%at affect the cell. Such
nol ecul es P‘Pﬁﬂ'QﬂfethﬁEﬁf%@ﬁ‘@ﬁ'é'?fW ?%tl“@ indy Bt hedd cyt okins, receptors,
and the | Thus heehrs | ke y@jﬁabl e

I nformati oLdﬁgr.tlegardl ng A tﬁélﬁﬁﬁbjfébﬁ trhfégﬁ(ﬁtg R re pt olrl activity.

[ 0095] Synstreen cospeindsvomediodsi thataifes MG2R laetr\atys olhig ds aftechinigiies e
that is based on the preparation of polymeric sorbents that are selectively
predetermined for a particular substance, or group of structural analogs.
Functional and cross-linking monomers of plastic materials, such as
methacrylics and styrenes, are allowed to interact with a templating ligand to
create low-energy inferactions. Subsequently, polymerization is induced.
During this process, the molecule of interest is entrapped within the polymer
gither by a noncovalent, self-assembling approach, or by a reversible,
covalent approach. After stopping the polymerization, the tempiate molecule
is washed out. The resultant imprint of the template is maintained in the rigid
polymer and possesses a steric (size, shape) and chemical (special
arrangement of complementary functionality} memory for the template. The
molecularly imprinted polymer (MIP) can bind the template (=analyte) with a
specificity similar to that of the antigen-antibody interaction.

[0094] Besides the main applications in solid-phase extraction and
chromatography, molecularly imprinted polymers can be employed as
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structures useful for |arge-scale biochem cal screening (Le., Sastry, L. at

aL, "Screening conbinatorial antibody libraries for catalytic acyl
transfer reactions,” C ba Found Synp., 159:145-155 (1991); Persson, MA. A
et aL, "GCeneration of diverse high-affinity nonoclonal antibodies by

repertoire cloning,” Proc. Natl. Acad. Sci. USA, 33:2432-2436 (1991); and
Houghten, R A ., ." rat.i . 1.Ga: i gt ori al

[ brar  os oapainal ARERYBE 16 Aubiad n SeiociEive iRib sRSay Bl o
(1991)). Susbrovithrofrd gpical biologiuze call ashrbon-eontaimigatirientssduchasut i on and
sol i d- phase chem stries and are. cleaved off the solid-support for

scr eeni ng dyensedre daka up AH acidig i '%HE%?‘P%% S\Jé'b Gid ga“z‘ﬁra%ﬁg?r&gr aphy, gas
chr onat oghaehked 2N ridBphysiorvesl ChbsE RABAGS if rAG1ABbREIrdie af@ fstosdat ronet ry
or tandem nmass spectronetry create anal ytical systens avail able for

st r uct ur alaseshgingasiinthg 1ade of aeidifnatian obihegnedivbepraunding WeEsilgent i fi cati on
f . Bnge! e P! iyt
35 aber st dhor ERUS-FHsGfir ki r Y e S G iodihe e aRbaR Y Ity

and post sawofqardna@mipm@gymai cultivest apiplication2d (s#icongAITrABERIoMESYS) ;
Rasut SV o abidood ANeSEL TSl G TP LUBRT Bt i B PR CR e O
i oni zat i ong irR/NRM IRRFENTBERE-IEBRbDNade doloMpeimEBReiagTattor sigRaB63- 376
(1998); and Taylor, G W et alL, :'Excur sions in bionedical mass |,

spect r onetlrapsdugiion: jevidenep ff‘F‘ﬁd’F‘WQWSIQMG.*M@]QLQ@“S(@I@QQ“W“Wj%%t‘de

spect r onet Le biG ; f | h g¢ ' t about the

mol ecul ar éx&ghghe?ﬁ%f Bgdgg%%%%glqhﬁoggnuTgﬂwtg??)?egfoiﬂggé’r%ng%lbnt rol | ed

f r agment at“Dopanfinergi ativitp measueas in D+-ianddD:s drapstestast Boroblasiabact
compounds SOPqBie oM TR o e Rt A suita D Phh b el 1 anal o9
cor ti cost aueCannsit; M. @ aby Thdroytadensoemivrapteysidraetenn bintbdicatd ACTH of SEQ
robr anc. vARRICEVOTAN SIGo BEOIRE SaEEP, 0k B 18 AGRTEhal og. compounds
or t1 cost AT b e e e e e Ce e pr
provi di ng raokcules include acurpsapsaniterangrowtis Bséng, edpling f%cﬁﬁiﬁ??ﬁ, ang: b,
contact| "Ynb I?‘lﬁef i‘lrhflg, ﬁ)%rrﬁﬂ?dph%fg?ﬁﬁﬂfm%tﬂddrc%tn &Bgﬂgﬁ}aﬁdéﬂ?e information

regarding ACTH analogs that affect MC2R receptor activily.

[0095] Synthetic combinatorial libraries can be a source of diverse

structures useful for large-scale biochemical screening (i.e., Sastry, L. et al,,

“Screening combinatorial antibody libraries for catalytic acyl transfer

reactions,” Ciba Found Symp., 159:145-155 (1991); Persson, M.A.A. et al,,

“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-suppori 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. ef al., “Separation and identification of

peptides in single neurons by microcolumn liguid chromatography—Matrix-
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conprising an unnodi fied peptide conprising an unnodi fied ACTH peptide,
and subsequently neasuring a first concentration of corticosteroid
secreted by the first adrenal nmenbrane after contact with the unnodified
ACTH peptide; c. contacting the second adrenal nenbrane with a second
conposition conprising the ACTH anal og, and subsequent ly measuring a

second con t Ji or 0l (. Se 3V, adr enal

renbr ane. oFTarealad ReobibRIGREARIPl e DRI asbipdobrRfiyahy 7
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NO 1. [0098], The first adrenal nenbrane e second adrenal nenbrane

can be pos‘PﬂIZ@HEB tRqam mags sperkemelnd 4 %&R?&Vpﬂbt?’%ﬁ %1376corti costeroid
can be ma\?@l < \’:Hﬁl T&sﬁoubbﬂgﬁ e?% 1B chDIRGH HidedicdPmassays) -

Al ternati 1T st ena menbr ane and the second adrenal nenbrane

are expl anspREifonastiy, her. shubjiacPhameacaied Bl h91186 (1888RntMass on of
corti COSt e
Ser cent ng SRS RN U woifod Fbnatdh dooind e
\(/:vﬁnpﬁt it VWe:cghltl di;f a@oﬁmnd/nscgem%e W¥ith mlﬁaed Iandlom]g&otle@ ]fr;gmlemtmmg cﬁ§ ep, g

I C |spreera err.or el er n ce QI or, arter ste C an
bt ore. ot Jargamolasuds, iis ARRRSBERYS I mikel Inte aatior Rt e, bebr ane
with the fgogy] COMPORIcHRR &%&F&érﬁm@nctrhpa%@ce oufgs &dehfily second
conpositioh conprising the ACTH anal™© subsequently nmeasuring a

second condEritt analeg compounds tf@@mmqes%meq%erowsweh%bb adrendl enal
menbr ane. %%ﬂ?o%né‘fﬁa"r?%rﬂgdnﬁé&a]@rﬁ%FsEmyiggr.?EFgﬁcf R ﬁﬁ g%ﬂ‘ hg one or

nmore ot her assays, | ncl e assays as erum
Corti cost einoludle thedtapt mf(mnmlag arSadrenzl@oemboars witlhiad AGHH Binelogn Assay,

s el s g ST P ErAOR o BB et o cor

reduced ACTH-induced secretion of corticosteroid can include one or more of

the following steps:
- a. providing a first adrenal membrane and a second adrenal
membrane;

b. contacting the first adrenal membrane a first composition
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 ihe first concentration of corticosteroid secreted with
the second conceniration of corticosteroid secreted; and

e. determining whether the second compound induces less
corticosteroid secretion than the first compound.
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ACTH anal og Conpositions and Adm nistration [0100] The ACTH anal ogs can be
I ncorporated in pharmaceutical conpositions for treating various

ACTHrel ated conditions, including conditions related to the

over -expression of ACTH in patients. [0101] The phrase "pharnaceutically
accept abl e” or "pharmacol ogically acceptable" refer synonynously to

| i gands, terials.. 1§ J.0ns / 1 GA. , Wthin

t he scope mﬂ@f'ﬁég‘%p%@%njgrﬂq%?ﬁ%{ gﬂ?ég&?’o&r %%%QYM% lgdg'n a'gt with the

ti ssues ofgsgmaeNOdi, ngs and ani mal s wi thout excessive toxicity,

irritation, allergic_response, or other problemor onplication,
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pepti de, h respect to use in treatnment, refers to an anount of 37 the
pol ypept i ¢ortinosaspid aas henmgagumskindbe bleognidhe syipisst davivRiassaYSd as part
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di sease Guadixplantext romdhe isnbjecbard whiersih ithe ecnegrtitibe of caridasidwidor t he

di sorder or condifion to pbe treated or the cos | C. ose, e.g., at a

r easonabl & MEATEFES Ny ?%'H”P‘EI??&‘%‘@%E‘F&&B‘? @S?E{ysg'nﬁﬁﬁaeg\"ﬁé%@gat megt . [0103]
The term 'chhfistsingin viRY InidiliorrAbysy §tbes epin itroeomgetiéed bibing adsagat i ng), as
used herein, refers to and includes: 1) prevent |$§ a di slg%se or, condition

associ at e@taps: §aRalEe inelugpdhafollawing sieBnWhICHUS Preigrally Reirmedeithalat  may
be predi 39'9?'%%&-07%%"tgﬂeﬁgefﬁ“@geﬁ?@giépi@51- but has not yet been diagnosed
; 1Tl e

as having'i i nhi I sease or “condition associated with high
| evel s of ACTH, eagsimétanesuslygantactiog e speend adwnaBmembirara/with t he

di sease or condition a | Wit h hi.gh | f , causing
regression of the d?@%ﬁ%gg‘%&bggwm"tc%ﬁhg?’@fgé?lirﬁSaeﬁﬁ%é:?ngt%r "subj ect,"
are used synonynouslsgchitd ebmpbsitiontemprisingahe AGEH analogpasd er abl y a
chordate aninmal such as a mral , fjsh or avian Sﬁecies for which

treatment is provi dé4Psef Mr“@%ﬁﬁ’é‘“gﬁat‘??w GHNEERFEION O ent i on. Marmal i an
speci es that benefi igoftce8idroiE &F?&b@ﬁg%é’\gébrﬁ‘éﬁl@ﬁél mahbrares, hods  of

treatnent include, but are not limted to, apes, chinpanzees, orangutans,
hunans, mif0e9k; and Snseering assays ean inglusle(sieps of prIfeMiRg/eRe ORECIBYS, cats,

mce, rats | pi . i ' i : | ron and
other spe Cqﬂé%“e'[léé%gs,i |h9|§aﬂ\§3ﬂ?%%rg%§se&§scngba RsSRE Befrim' At Gerok |
fnduction Assay, Serum Corticosteroid Inhibition Assay, Adrez:nal Binding
Assay, or Serum-Free Adrenal Inhibition Assay. Steps can be performed in

any order, unless otherwise specified.

ACTH analog Compositions and Administration

[0100] The ACTH analogs can be incorporated in pharmaceutical
compositions for treating vartious ACTH-relaied conditions, including
conditions related to the over-expression of ACTH in patients.

{0101} The phrase “pharmaceutically acceptable” or "pharmacologically
acceptable" refer synonymously to ligands, materials, compositions, and/or
dosage forms which are, within the scope of sound medical judgment, suitable
for use in contact with the tissues of human beings and animals without
excessive toxicity, irritation, allergic response, or other problem or
complication, commensurate with a reasonabie benefit/risk ratio.

[0102] A "therapeutically effective amount” of a compound such as an
ACTH analog peptide, with respect fo use in treatment, refers to an amount of
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[0105] The term "ACTH-related condition" is used herein to refer to

condi tions, disorders, synptons or diseases that nay 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
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and methods of treatment include, but are not limited to, apes, chimpanzees,
orangutans, humans, monkeys; and domesticated animals (e.g., pets) such
as dogs, cais, mice, rats, guinea pigs, and hamsters. Fish species include
salmon and other species used in aquaculture,
[0105] The term "ACTH-related condition® is used herein to refer fo
conditions, disorders, symptoms or diseases that may be treated by, or are
responsive 1o, the regulation of ACTH-mediated corticosteroid or
coriicosteroid levels, regulation of ACTH-binding to adrenal membrane, or
regulation of an ACTH-receptor such as MC-2R, including certain
melanocortin-receptor associated conditions.
[0106] The term "melanocortin-recepior associated condition” is used
herein to refer to conditions, disorders, or diseases that may be treated by
regulation of a receptor that binds ACTH, and/or by reduction in corticosteroid
levels in a subject. An ACTH-related condition can include “MC-2R
associated conditions,” or conditions, disorders or diseases that may be
treated by regulation of the MC-2R receptor. Preferably, MC-2R associated
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adm nistration (for exanple, excipients, binders, preservatives,
stabilizers, flavors, etc.) according to techniques such as those well
known in the art of pharmaceutical formulation. [0109] Pharnmaceuti cal
conpositions conprising ACTH anal ogs can be adm nistered by any suitable
means. For exanpl e, conpositions conprising ACTH anal ogs can be
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Each carri
comprising at least one ACTH analog of the invention to treat a disease or

condition associated with elevated levels of ACTH, may be formulated, for
example, by employing conventional solid or liquid vehicles or diluents, as
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-aqueous 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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"acceptable" in the sense of being conpatible with the other ingredients of
the fornulation, not injurious to the patient, and substantially

non- pyrogeni c. Sone exanples of nmaterials which can serve as
pharmaceutically acceptable <carriers include: (1) sugars, such as | actose,
gl ucose, and sucrose; (2) starches, such as corn starch and potato starch;
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surfactants such as TWEENTM LURONI'CSTM or PEG Ana/ of the carriers for
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and the Ca%}ne/irngic;sr’tra%rspg%%g%g%ubject chemical from one organ or portion of the
body, to another organ or portion of the body. Each carrier must be
"acceptable” in the sense of being comﬁaﬁhle with the other ingredients of the
formulation, not injurious to the patient, and substantially non-pyrogenic.
Some examples of materials which can serve as pharmaceutically acceptable
carriers include: (1) sugars, such as laciose, glucose, and sucrose; (2)
starches, such as corn starch and pofato siarch; (3) cellulose, and its
derivatives, such as sodium carboxymethyl cellulose, ethyl cellulose, and
cellulose acetate; (4) powdered kagacanth; (5) malt; (6) gelatin; {7) talc; (8)
excipients, such as cocoa butter and suppository waxes; (9) oils, such as
peanut oil, coitonseed oil, safflower oil, sesame oil, olive oil, com oil, and
soybean oil; (10) glycols, such as propylene glycol; (11) polyols, such as
glycerin, sorbitol, mannitol, and polyethylene glycol; (12) esters, such as ethyi
‘oleate and ethy! laurate; (13) agar; (14) buffering agents, such as magnesium
hydroxide and aluminum hydroxide; (15) alginic acid; (16) pyrogen-free water;

40




heat ed, such placenent should be nade after the carrier has cool ed
sonewhat, to avoid heat denaturation of the ACTH anal og. The carrier
preferably is sterile. One or nore ACTH anal ogs may be added to these
substances in a liquid formor in a |lyophilized state, whereupon it wll be
solubilized when it nmeets a liquid body. [0112] Prior to, or at the tine
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carrier, the ACTH analog should be in 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
heated, 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 meeis 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, 8.0,
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, 8.5, 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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nunber of units for a m ninmum anount of tine. Dosages and desired drug
concentrations of pharmaceutical conpositions of the present invention nmay
vary depending on the particul ar use envisioned. For exanple, where an

ACTH anal og of the invention is to be admnistered to a patient to treat a
Cushing's Syndrone or premature |abor, exenplary dosage anounts for an
adult hu ' t Y(E%h active
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time exposure to the active ACTH anal og units may influence the desired
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acconpl i she tration throu teri tration rre ranes, prior to
or regimen of the use of the composﬂlon may be needed, such that usage may

last for hours, days or weeks, and/or on a daily basis, or ai timed intervals .
during the day. Any dosage form employed shouid provide for a minimum
number of units for a minimum amount of time. Dosages and desired drug
concentrations of pharmaceutical compositions of the present invention may
vary depending on the particular use envisioned. For example, where an
ACTH analog of the invention is to be administered fo a patient to treat a
Cushing’s Syndrome or premature labor, exemplary dosage amounts for an
adult human include from about 0.001 to 100 mg/kg of body weight of active
compound per day, which may be administered in a single dose or in the form
of individual divided doses, such as from 1 to 4 fimes per day. It will be
understood that the specific dose level and frequéncy of dosage for any
particular compound may be varied and will depend upon a variety of factors
including the activity of the specific compound employed, the metabolic
stability and length of action of that compound, the species, age, body weight,
general health, sex and diet of the patient, the mode and time of
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followi ng | yophilization and reconstitution. Therapeutic conpositions
herein generally are placed into a container having a sterile access port,
for exanple, an intravenous solution bag or vial having a stopper

pi erceable by a hypodermc injection needle. [0115] Exanpl es of
pharmaceutical conpositions conprising ACTH anal ogs include injectable
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concentration of active ACTH analog units per ml. The formulations to be :

used for in vivo administration are preferably sterile. This is readily

accomplished by filtration through sterile filtration membranes, prior o0 or

following lyophilization and reconstitution. Therapeutic compositions herein

generally are placed into a container having a sterile access port, for example,

an intravenous solution bag or vial having a stopper pierceable by a

hypodermic injection needle.

[0115] Examples of pharmaceutical compositions comprising ACTH

analogs include injectable compositions, compositions providing for the

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

compositions for dermal administration, an injectable gel, coatings for an

implantable medical devices, mucoadhsesive compositions, or compositions

for nasal or other inhalable compositions.

[0116] In some exampies, an ACTH analog may be administered by

intramuscular or intravenous injection. For example, the ACTH analogs can
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fluid, and used in concentrations of 0.1 to 100% (v/v), 1.0 to 50% or about
20% DMSO, is an aprotic solvent that can enhance penetration of many

| ocally applied drugs. DVSO may be diluted in sterile water for injection,
or sodiumchloride injection, or other pharmaceutically acceptabl e aqueous
I njection fluid, and used in concentrations of 0.1 to 100% (v/v). The

vehicl e ' | 0SS ' | and

doxt rose o5t aestefed BBl iRhishb Ry, Sl eton? ShBCeAB 00 e
[0118] Primtratiermaily crtconhisinaiiones thbeeoACTH anal og is put in the carrier
system it be desirable for the ACTH anal o be in_.a stabjl.izing buffer
envi ronrrenw?ﬁ%;ai nt ai %dnﬁcﬁﬂ?‘?a?ﬁr@p ”%rﬁ{&%ef%% g?@@f'g?giﬁgélﬂ@ﬁ er shoul d
al l ow for ¢dfiepBhtnome asit mdré YAOTH! aﬁazegfrédammlr@g. The kafrfeermapibebe a
reduci ng reagent, such as dithiothreitol. The stabilizing buffer also may

be or 44 ¢e/Bpises af wistiied: Matel: iah alive feitions ghyrgin, a serum, or any
o enedi oo ; . NG=re ! .
etnyl ene '@%Hﬁ%ﬁé@gﬂﬁ{é&f. ag g:a%% ?\@r@-&é"iﬁ_lt_ﬁﬁh%sgygr ihfocfibi Qs TR cRGdE N @

phosphate or cifra osphat ) . ers found in the carrier
can serve modstafbadiminstrationsran issioriatfofroulatioe mache asatdog&enp@iyo] The

carrier can tionall ntai n . m.ner I Ll S

subst ancesa‘i{‘ﬁﬁ‘feseﬂ aﬁ%&gﬁgﬁfo%nci'@u%%%gm @g?rﬂg%a%ﬁ?ﬁsye’ @%@Hﬁ’mt erials
are non t oghwitbloarice taddsslt Inadorhd eades aigetonionsblativree sticktasopisosphate! oyed,
and include buffers such asqqr;hgfﬁg‘ate, .Ccit até, .succi nate, agetic acid,
and ot her ByigRIAd salioe fredisathe e in gxrtinand ahumins IBSOBEi ¢ aci d;
| ow ol ecubadmuss 9 JdsBesndthatbriiént ti8Nal8&d dete PRIMBRBbhIESThee: J. |

pol yargi ni ne or tripeptides; proteirns, such as serum al bumn, gelatin, or

i munogl obphamacektieal oiTepreations y mse s psenided s sigsie v gl pR¥eed diae:

| yci ne; ' Cj ] oA Yo IR ty | hstdidi ne, or
aroinine: CROABUGCHS Dol Byl iHtAEhGuE ieaihe ARy be AGH apitbalad
i ncl udi ng Eréiplans ecompositisnsl efor vpaientaral gidmiostratiomninohede tinjebablese, or

dextrins; chelati n[g agent s Suﬁh as EDTGW sggar al cloholﬁ @UCh a3 .manni t ol
or sor bi t ofUEYIPleFY ingoyhich nay, GpRtan, J8heXasRle, SHIANRORF8XGych as
pol ysor bat ggranRRalXaciiptable diluBfis)isoWents; stk a8lmafikfol; 1,8+iatediol,
pharmaceutical |y acceptable salts, e.g., NaC , KC MC2 CaCl2 and the
like. [O0l20pternRingermsoptignnap iatoriaspyiurtehipidaselulians erother sifigbies t he

rel ativel ot | Malals ' : ' b s b t he
i bi  or { SRBEECEr SraRP AR phortdiy aee, OIS hRAR TN,
i sol ati on digticerides, and fatty acids, including oleic acid. Glycerin or glycerol (1,2,3

propanetriol) is a commercially available carrier for pharmaceutical use.
Glycerin or glycerol may be diluted in sterile water for injection, or sodium
chloride injection, or other pharmaceutically acceptable aqueous injection
fluid, and used in concentrations of 0.1 to 100% (v/v), 1.0 to 50% or about
20%. DMSO, is an aprotic solvent that can enhance penetration of many
locally applied drugs. DMSO may be diluted in sterile water for injection, or
sodium chloride injection, or other pharmaceutically accepiable aqueous
injection fluid, and used in concentrations of 0.1 to 100% (v/v). - The vehicle .
also may include Ringer's solution, a buifered solution, and dextrose solution,
particularly when an infravenous solution is prepared.

[0118] Prior 1o, or at the time the ACTH analog is put in the carrier
system, it may be desirable for the ACTH analogs be in a stabilizing buffer
environment, maintaining a suitable pH range. The stabilizing buffer should
allow for the optimum activity of the ACTH analog. The buffer may be a
reducing reagent, such as dithiothreitol. The stabilizing buffer also may be or
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purification of the inhibitor(s), or by separately reacting a purified
inhibitor(s) in its free base formwi th a suitable organic or inorganic
acid, and isolating the salt thus forned. Representative salts include the
- 14 hydrobrom de, hydrochloride, sulfate, bisulfate, phosphate, nitrate,
acetate, valerate, oleate, palmtate, stearate, |aurate, benzoate,

| actate, p | e i ' e,
tartrate, RABRer) es? WeBify, Seoeil SayerlEs AhenoiERligb ot bl

| auryl sul plisoditm sait, tos it alad nsdyeconirin a pBosphate or cittaipIRhosphaieduiiier. at .

1977) "Pharnpcgutical Salts”, . [ Clynrifif d= : cases,
'Ehe i %hi brﬂaﬁnsuﬁ%féff(éP“‘Fﬁ"%%C%%ES‘gQ%Swet ﬁeét%?'@%emelgﬁ\}/%&nw%qﬁé$e contain
one or nor KCHFl ghtoddinct Lf)nal Igroups andh t hus, are I(:iapabl e of f?)rmbng
pharmaceutically acceptable salts with pharmaceutica acce e bases.
The term "EﬂéﬂmceutT’lﬁhIGﬁV'eéé'@@pPﬁtEﬂ'@rﬁi!aq’qrgamirﬂ'nPﬁé?s”'BO%{W?t‘gfn%@#‘fBéf ers to

the 45 re I wel - Gt | i AdBHerkieaE sedilitt.| Suckal t s of
an i nhi bi t%@?’s?? %@@gﬁ@gbggﬁﬂﬁ@ﬁg%g pr epar ed iSn sﬁu during the
final isol matesialsarate pon itbkicaloi macipienishet ithei dasegessand ponsgniaiinnsat el y
reacting th ur i fi -J Nk i S | Ral Lg~f st N i table
base; suc herﬁg'%y ﬁé’ ﬁﬁgﬂhﬁp%b@é‘ﬁ%%ﬁ%‘i (%s %@Sbﬁﬁgaﬁgtﬂg‘t gﬂ%@ﬂ%&, aotie

phar maceut hg@) dnd etheeprtgdricacds ot theht salis; anlicddaatssucta as@scorhia acid;

h ticall tab i i terti i ne.
P aaart slo EdIPRAAT wORT (BES oiBad, RPRUT ke SSHOREEavotbed B oo um
pot assi um ?aga@mm SRGRSItES; ﬁﬂﬁeﬁﬁ's?rﬁ'u&ﬁnh§%drm amshrhine deldtm, or

Ive

Repr esent a organi ¢ am nes useful tor the formation of base addition

salts i ncimraeneglabuling hydraphiicRalyneresuch & PelyvlYiRYITRlidoRe WIS ne,

dieth | ag ' | L4 K , q et al .,
upray [ 01 ARIECEEED O it ad, [Fondfe add Q%Ea'é‘?ﬁg e
e

anal ogs camoapsacohaiidegs; disheaharides,caand ddwenpalbohydradesinsluding cell

antimcrobial agents, anti-inflammt nts, [ Vi E : or | ocal
anest het i cOali® ﬁi?g‘.'gt“i_eﬁc Qrucé’ﬁ%s‘i"ﬁ‘a??%% qf%ﬁ?‘g%e tof &G%Qirlﬁ’ r?gglatt'gg %@%ﬁﬁn e
hydr ochl or ggigh ad EbIRisigar alcoRelsaueh dsydanmitt] or sdritot)oduateriens styatl oni ne
hydrochl ori de, dimethisoquin hydrochloride, djbucaine, dibucaine
hydr ochl or R8leSOdbMa mssh PRie Stacianis HelhnSRi H%iyﬁ‘}'%%aﬁehl BPicYaMeR, Y¥xenpl ary
concentrat | 0 | eL i SittticBIy Zriéeh e Yalts S¥g. by wei ght
of the tot gﬁg%%g%ygi ?B’%ﬁpﬁﬁgzt g‘tg/iégsﬁ‘asr@?h als bgnzocgi ne al S(S) m?y be used
at a pref eNa€ll Kinbglls, £aCly and thedike. 2% to about 25% by wei ght.

[0120] The term "pharmaceutically acceptable salts" refers to the

relatively non- foxic, inorganic and organic acid addition salis of the

inhibitor(s). These salts can be prepared in situ during the final isolation and
purification of the inhibitor(s), or by separately reacting a purified inhibitor(s) in
its free base form with a suitable organic or inorganic acid, and isolating the
salt thus formed. Representative salts include the - 14 hydrobromide,
hydrochloride, sulfate, bisulfate, phosphate, nitrate, acetate, valerate, oleale,
palmitate, stearate, laurate, benzoate, lactate, phosphate, tosylate, citrate,
maleate,' fumarate, succinate, tartrate, naphthylate, mesylate, giucoheptonaie,
lactobionate, and laurylsulphonate salts, and the like. (See, for example,
Berge et al. (1977) "Pharmaceutical Salis”, J. Pharm. Sci. 66:1-19.) In other
cases, the inhibitors useful in the methods of the present invention may
contain one or more acidic functional groups and, thus, are capable of forming
pharmaceutically acceptable salts with pharmmaceutically accepiable bases.
The term "pharmaceutically acceptable salis” in these instances refers to the
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[0122] Pharnmaceutical conpositions can also optionally conprise one or
nore additional bioactive agents to suppress the synthesis of steroid
hor mones at various levels (i.e. inhibitors of enzynes which catal yze
various stages of the synthesis of steroid hornones), including the
bl oactive agents reviewed in ' J.Steroid Biochem, vol.5, p.501 (1974)

whi ch incly % Bvblhon- R @%nd’%%éfﬁée baeSagdiieh RARS ! AR HRSIRN(S. 0.

anphenon B suppres sis of steroid hornpnes at stages
11- bet a-, meseasmtmandn(ewm beyprepayed i siteduing thesficgl isglalign RNd su- ¢

f
Py oxyl agfificggon of BEEHEHSE of WA NERIRRVI ARG e flriiBibRérEpt 2 ©
hol eat e o oDt 0 @?ﬁtagﬂ @basgmdmﬁf?twhw?’gmm oo
S u Ssi S
C22- | i ase;biegrbepa ? a%ﬁﬁf‘%ﬁﬁfﬁ@’a@\’ gecen P&Ss’?@% T’Swﬁ'é?g%%%ﬁgt Pt ut ed
st eroi d- 3haha eﬁ?ﬁgﬁyﬁcénﬁaﬁﬂf %‘éb@;ﬁta&% QnGanic \Wiintdly, sepprdagesr dertiary

bet a- desoxyst er drogendase-5. 4-i sonerase (Steroids,, .vol. Sﬁ 257); e)
steroi ds ciminge slﬂepl@sen@bv%rﬁ!kmbrﬁfl aliafing eagine salfe gnglyde jrjum,

di ssoci at Iﬁ%gi '-g’ﬁt nfil| 8&@51@ L ASediENAS Wnerﬁ’c‘)ﬁ s&lté“ﬁﬁd A8 9ike( 1374))

f) synthet escrl n antf - corticolds, ZK915
shovv| ng s xbeenhrtmdldnmrﬂc ammes useful)fortthe formfiion ¢ihagst addiiorssalls  45b,

. 711-715 (1990)) hi, oca S, ty.pe Li L.enc 11- 21
(1996)) b‘ﬁ? luggt f%ﬂylﬁ‘%‘g | | Vg E’ﬁ %/E\y&‘“r”&"ia’ﬁg‘ecOn\%&hr??‘g yghsef ul as
a tool i ruxéﬂ@nb[afﬁiﬁbl %jérﬁﬂn@f aNR fhmqike qeed N féri erammple; dBdrgenen@i.pot h
receptor systens. ACTH anal ogs can be optionally administered with

bi oacti ve suifaht s that specifically suppress the interaction of

11 a7 L | O e D7D orcmyyl)

ynyl)

" estra-4, 9amhlogmean @phonallyhhdhdaoﬂ‘!ﬁrdhelfa@@é'fpﬁ GQ%nf@fm@]U@IﬂQ@BFMKH@E@‘ hor nones
to forma conpl ex gh

gl ucocort i & Se??téﬁﬁ'%ﬁﬁﬁa‘gﬁ’sgé‘?ﬁtgnéhwﬁl %g dgﬁyll/&'%? é%lég%@gabg%tﬁ 761,

p. 296- 310 I(.d%%hesthétlcb dacipde ntdtraicains), smtrhnme aydmcbloidea didetaine, agent
- (RU38486 or RU486) nop- steroid substan er,oi d,.Bi oche vol .

S b 481 amegmo@lgrde cAvsIcTe. SCRIB BrioRIsEoBn BP AL of

| soqui nol '@?d}b frided ﬁﬁﬁeﬁ:ﬁéenﬁlbucame hydrochlorlde butambenpicrate, and
zilidene) 8|e to y 1,2, -tetrahydri’zoqui nol |ne) or acetvlsalicic acid

( Moskov sk apmnidadng bydmchmge Arrexeipplary aenaealiiading fer lopalangsthedesis i coi d
about 0.025% to about 5%. by weighi of the total composition. Anesthetics

such as benzocaine also may be used at a preferred concentration of about
2% to about 25% by weight.
[0122] Pharmaceutical compositions can also optionally comprise one
. or more additional bioactive agénts to suppress the synthesis of steroid
| hormones at various levels (i.e. inhibitors of enzymes which catalyze various
stages of the synthesis of steroid hormones), including the bioactive agents
reviewed in " J. Steroid Blochem., vol.5, p.501 (1974) which include the
following: a) denvatlves of diphenyimethane, e.g. amphenon B (which
suppresses the synthesis of steroid hormones at stages 1 1-beta-, 17- and 21-
of hydroxylase); b) derivatives of pyridine (SU-c series), e.g. metirapon
(which suppresses synthesis at stage 11-beta of hydroxylase); c)
substiiuted alpha, alpha-glutaramides, e.g. aminoglutetimide (which impedes
’éhe synthesis of pregnenolone from cholesterol through suppression of 20-
alpha-hydroxylase and €20, C22-liase;  d) steroid substances e.g. trilostan
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effect' by V. P. Golikov). Antiglucocorticoids (e.g. Mfepristone) have
been wused in a clinical setting is to treat inoperable cases of
nonpituitary Cushing's syndrome. In the case of Mfepristone (both an

anti - progesterone and an anti- glucocorticoid), high doses (up to 800 ng
per day) can be required. Enploying a systematic application of strategies

to increa actiVvit d = L RACT M ¥ esi e side
ef fects, ?zr;;rprg’??rﬁgg%[ﬁ%g?es%Qé@?;g%%é%@rare%@ﬁggalfdr?\f?lﬁgg(?g\%I og{’n@ﬁ% of new
ant i hor nogappresess 3i tietagiesaxystepidhydmogenadesef-isamenasy, Eeoidsal 1y in
ates or  ARGRABER0 ne) RSRE A D5 PO BB b Rufh R 4RP0O% .
the durat ir&ﬁldgrf dfs_rséé‘ihﬂﬁq'tamii-ﬂ/llne@@lbﬁﬂdcd)ids APNAS USAhE1 6 rp. 4B 1ad850f t he
i nfection, thé weight of the patient thedcsiuratlon Q xposure of the

f .47
reci pi ent (1974)ke i nf BceyBhetiosiewid Ldeserped &s Gis ﬁ@g'é‘ﬂ'ﬂ?ra{qe?@ﬁ‘q Section,
g N . Ve . Ul b
2ppl Lot aANHERE BrBiFeindtinicbinting! (op @it or I 1Ky qﬁ%’@“ﬁﬂ"%ﬂi’i ed for

a short oW5bopgitie7ts pragopdandrhipposagpusripe bR fldie Beigrce, SMedkid: Any

o aruI08BRY Bt A e e R AR T wfriefs Y RoyaEh et gea 71, @
anal og behpgVipdiHeinvestidadiont of MR fefidtientin viessaes Lodntainingobaierecbpi®€TH anal og

may be in the range of about 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100
units/m systebut 10, 000, 000 units/m of conposition, in a range of about

1000 uni t to a 14h QAR HEidoEbAhNy Adihice@hgit bidhdlios to
10,000,0036%? s/m. he anount of acc{%?ve uyni ts glgr &1“ and the duration of
0C

time of exgesis thatdepesifigatin superesst e dnigragtioneet o 8ot NOTBRRARL of
o e e g e FAREL o 8P bty (1 e e o
- effecti vquaﬁeﬂfylamiﬁomHEHyl]amdiymgom1T-m-pmﬂynyﬁe;ir&é,&—ﬂenﬁeomunt of
he-t reat BN aoBLpRBeRboiba SHEcowiRnd, pauistnsS, 'ohfra \eBERand " ne.
bl ood vol QHanpe[ﬂP%%ﬂni%ﬁfg tBcNaniemadsading te glucarofifcorneféSTitAnnalbad i s
enpl oyed, nornal dosage "ampunts may vary from about 10 ng/kg to yp to 100
7o/ ko of  Nekéark AsaprukolgRb0R, M < erd-285 5101 A0 49 SOMBGLBRY 1o 10
o e e BRI e, HOSPAR L mGAOCL g Lo
as in the steroid subsiances (J:Steroid Biochem., vol. 31, p.481-482 (1988)) eg.

drotaverina hydrochloride (a derivaiive of isoquinoline-1-(3.4-dietoxibene

zilidene)-6.7-dietoxy-1,2,3,4-tetrahydrizoquinoline)  or acetvisalicic acid

(Moskovskava Mediisina, 1990, “Receptor mechanisms of the glucocorticoid

effect’ by V. P. Golikov). Antiglucocorticoids (e.g. Mifeprisione) have been

used in a clinical setting is to treat inoperable cases of nonpituitary Cushing's

syndrome. In the case of Mifepristone (both an anti-progesterone and an anti-

glucocorticoid), high doses (up to 800 mg per day) can be required.

Employing a systematic' application of sirategies o increase activity and

decrease cross-reactivity and undesirable side effects, impressive progress

has been reported in the development of new antihormonal agents with

greater potency and selectivity, especially in the antiestrogen and

antiandrogen fields.

[0124} The effective dosage rates or amounts of the AGTH analog to

be administered parenterally, and the duration of freatment will depend in part

on ’ghe sériousness of the infection, the weight of the patient, the duration of
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literature. It is anticipated that different fornmulations will be effective
for different treatnent conpounds and different disorders, that

adm nistration targeting one organ or tissue, for exanple, nay necessitate
delivery in a manner different fromthat to another organ or tissue.

[0126] Pharnaceutical solutions for infusion or injection may be prepared

| n 8 convenbhang o MY RlcipiEntio the ThibGoud Bhdibla, He BEASRINGRS! dfethe SuUCh as

p- hydr oxybenzoat'es or | zers such as a nmet a ts of ethyl ene
di am ne témfeamnetarmi aiuanetymila:humyr ohethebwarizblasf dihecebmpositigruaiayn

vessel s, ection vi ul or

I nj ection énﬁ Ii?é' ? r?%? &cpﬁérse%{qﬁrhgfé#tﬁma%pﬁggg%ﬁ | ngr edi ents
and be S%rJalthbthdr lohg @erhubéﬁcb@d T$1©Iuwgermay labtfor Hhydomakeks. @ey
appropriate, .at the ti rre 48 0 Non aqueqQus vehi ¢l es such .as flxed

oi I's, |ipdéosage foamemplpyad §h@lalﬂeor°wﬂe tar aqMi@eA rHaTbST ot unifs Jor a
Addi t | O”a%mfmamn%ﬁﬁt ef] iR, horlse %aﬁbé?@rawéﬁdoﬁ ﬂmeaﬁéinfé uhfts of TROFRO ! ing

t he ACTH anal og across the cell nenmbrane. The anal ogl can
t r anspor t emhalag bellevpd 4o peovide for ameffoativel mtﬁg:r dQ‘-F@@ﬁtOé CTith anﬁl@g

| posores by KRtk EROE A 4R 5.5, 36] do, 4d180RTBr 6619 o9 PR,

reverse m og ‘can-als attaching the
pol yet hyl eseibguy t®000 oot)hmltshnmf(ﬁdnmspant inod ramge SCIbOWE NS0 ginits/ml

o e aboun ISR SR S o S 56 4 SRR R S
anal og canpihe Hﬁﬁﬂ\ttcﬂ aét%gaﬁusswlml &l Nther Aakdtiont bb imecopRikpbsuren t he
menbr ane of t he cel 28] Materials having control|ed rel ease capability

can be pardanﬁﬂﬁm ﬂﬁe Brfﬁlﬂﬂfﬁci*@?: apd e Mot gheaniget the camarall °W?he ACTH
anal og Ca”[h?eACf <géj I'fé?/ea fofs e i@bﬁ‘me? hhaciR R ha

provi des sus ai ne ease of the H anal og conpound over deS| red
peri od of worke beshwhen lnsaedlmdﬁea‘ﬂmnnmrmddﬂlemce,aﬁﬁﬂl‘fl@wml%ftther'&cﬁb}y be hi gh

ol yeol s (eeb s ppaRBlefed I Pt amBly e fi b Bél B abe By MF5 ™ &
- nucosal  adipgeAftatiol: bf e ADTH axaldy fopithe teldimens & (EBS)deri wphonxthepr opy|
met hyl cellul ose (HPMC), sodium car booﬁ‘(pqﬁt hyl cellul ose (SCMC), naleic

anhydri de Qﬂﬂ!@l%}#@\ﬂm('ﬁ%e bloodid ibe)blo M€nts to control rel ease such as
pol yacryl ;['gé YT8i1hé i vivo Qﬁﬁﬂﬁﬁ?&qo%%f? an'—N@"l’l—Fﬁﬁéiég |§|érﬁ||§!8§réd flavors,

col oring and stabilizers may a be ad for ease of fabrication

and use. normal dosage amounts may vary from about 10 ng/kg to up to 100 mg/kg of
subject body weight or more per day, or about 1 pg/kg/day to 10 mg/kg/day,
depending upon the route of administration. Guidance as to particular
dosages and methods of delivery is also provided below, as well as in the
literature. It is anticipated that different formulations will be effective for
different treatment compounds and different disorders, that administration
targeting one organ or tissue, for example, may necessitaie delivery in a
manner different from that to another organ or tissue.
[0126] Pharmacsutical solutions for infusion or injection may be
prepared in a conventional manner, e.g. with the addition of preservatives
such as p-hydroxybenzoates or stabilizers such as alkali metal salis of
ethylene diamine tetraacetic acid, which may then be transferred inio fusion
vessels, injection vials or ampules. Altemnatively, the compound for injection
may be Iyophilized either with or without the other ingredienis and be
solubilized in a bufferéd solution or distilled water, as appropriate, at the time
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[0129] ACTH anal og conpounds can be combined with the sustained release
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

2004, by Gy S et LRty Se (IR, RO and ehTasel U oy
Etszgl)é}og%(wﬁmfw in. fialngceirO;t oggr 21, 2022 by Kubek et al. and
US2005/ 0100380kt 1 AEHHcRRIgh Ao furibet g7 %ﬁﬁ?n@gtb L8 g B P ur es of
whi ch are ttémbﬂﬁfg&h@(hd)'ﬁﬁeaﬂhlbg’abmégftﬁ@@ell imembezrte. eme PG TH alnalogoma 49
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control | e&%b@a‘ﬁ%‘%@ﬂ?ﬂe‘ﬂ AriiposAmes %@%Aﬁﬂ? 1i\eog The
contr ol eGigaRuRRs% fe#éévf\nﬁftegﬁﬁqa& 2 Siffigtly, SRl h@ﬁ"l—?aﬁ&iobnﬁlhy l%)tir\ anal |y

i ncl udi ng esire Cross I'ng noieties. Thé controlled rel ease
pol ymer caevemseemicellesi Tag ASTE aptlogatan alen bei pegyateds aiigebingi Henal wat er

fo one saveiviehe cieelH b ReEi bt R ACT 4hEog. CARIREIIL Lol T g
e Iment s s e s et 1
" CARBOPOL @@l 1BefibIags o ind KosHA1o Ipg-cap e
Technol 09'ﬁ?%et'%éleﬂ@mt@i’néi&atlori\yé-éﬁﬁgg—éﬁ the MAAMISRAS of Wé dSéIlngt on, Del.),
" KLUCEL(r) ), or "STABILEZE(r)" (ISP

Technol ogi [#328ayne Méﬂeﬂaﬁ hamag g@ﬂrqilég ralpase Gapabilibngan Be PeEiGuatly about
0, 27010 abailiahie T WBER cAlinbl® G OMRARGH 0" THPIRTRA" ) Ay be!

exanpl e conposi |ona melg t “percent range
bet ween abmmmae&%im(a ehoiar s@8tenwiridheas hepolyghthap pravides ﬁoaﬁgetamd

" NATROSOL(r)" bou %
conposi ti E,r a%q gth? Iﬁé@#b%ﬁé@p?w&ﬁ\ggﬁg qa‘-?\?%ﬁ (plﬁ’f'g q{g'"?pg‘qrg\éb%EZE(r)
nmay be bety®an aNs'tindludse tif Skl tordiatiohs Sty BARREIPGhéleLllal sveigiet of
nuner ous cross-linked acrylic acid, pol ymarsﬂ%ﬂat are %YE thgﬁzlﬁ;ﬁneral

adopt ed nagxcipianisosush, asiseluloses (Gvieall onireb@tihdens olyeo a cl ear
or shightly, Bag¥oRS maiPQ8o include an excipient to aid mucosal adhesion such as

hydroxy propyt cellulose (HPC), hydroxy propyl methyl cellulose (HPMC),
sodium carboxy methyl cellulose (SCMC), maleic anhydride copolymer (e.g.,
Gantrez), and agents to control release such as polyacrylic copolymer (e.g.,

may be

Carbopol 934). Lubricants, glidants, flavors, coloring agents and stabilizers
may also be added for ease of fabrication and use.

[0128] 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 controlled 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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neutralization with a caustic material such as sodi um hydroxi de, potassium
hydr oxi de, triethanolam ne, or other am ne bases. "KLUCEL(r)" is a
cellulose polynmer that is dispersed in water and forns a uniform gel upon
conplete hydration. Qther gelling polynmers include hydroxyethylcellul ose,
cellul ose gum ME MA decadi ene crosspol yner, PVM MA copol yner, or a

conbi nat | Oé\ngaﬁh%ﬂis 5%&%}01%@%@&@ 't"éé?m@h oshforlTeR intiddy &

i nvent.i on an conprise, for exanple bout 05% to 0.5% by wei ght of
the total ccmirqﬂ@@ release prlyenersndan pifesiievampuatolars ACIH analpg« fThehe

G mini s perieled Jafhesh, BRULRT 0L B o SseCaebiorBafer, RERKFAW, 701y on

i ncl ude Sichmingy pdesiizdnievelr obyiqsarlaikam nmleMEpaﬂ'dieeooanIedr mke;dsenol
di b t t - | but h t i
SO, SRR e e B S el b s B MU ety et ™

sust ai ned- é@bﬁﬁ?e adm ni stration of an ACTH analog is desired in a
formul ation wth rel ease characteristics suitable for the treatnent of any

di sease orl088br der RAyjuer ithigkeners dhal mayi e usedtinalugdethoss kneyn to

T ot oancapdi kUG f ind 36t &GER R lcpephite A FftoALSHolq BAIRE EBknis

i ncl ude thiuequemlycuswdm nthe. Sosmah@nandxloph@'rmﬁ&il (fndusdieshov dineer 6,
2000) to P to l.gnatious

20000 1O g, ot varBecholf suha agel Rt sombhse 18 eeiel

entirety. *(ARBOPOLEYS YBH.| ‘de@lhcﬂi LeQlewilandt Ohio, el'm\sPM@"SteKm@smd rel ease

h b full f d w wt h

P e E oot Sgreieies, Baees fuan. sl AOLBTR s OB, DR, et
Med., 2:79 il 9 27¢ (1 Ho

at aI ﬁ< G?]ol 3@9“?“?2%@@@ (1990)El|&reiozgn S&m%;tgﬁé)agda%ﬂductlrgn

of Single Tetrhnmlﬂgze&, Wayne dtiJie I hesgelingraggntanay gempeise diepyesn geout
e oo S kAT 4o, A NG D T BB Bt oAy ARt
439462; Wi ¢ Oitpiisbsititin=d owwaihy Epermt%arﬁg'&%r "QKRBOBOLRA meNE)be
205 01 phibanl abuit BB el 4 i STRE R St ie b0Y
gg't ,VL"er WATH@BBIL@%ncF‘%waB.@Sm%\? Uérbéﬁv@éh%oﬁt d}gwfo soofent.r Ati on of
composmonal weight percent range for both "HYPAN®" and "STABILEZE®"
may be between about 0.5% fo about 4%.
[0131] "CARBOPOL®" is one of numerous cross-linked acrylic acid
polymers that are given the general adopted name carbomer. These
polymers dissolve in water and form a clear or slightly hazy gel upon
neutralization with a caustic material such as sodium hydroxide, potassium
hydroxide, triethanoclamine, 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] Preservalives also may be used in this invention and may
comprise, for example, about 0.05% io 0.5% by weight of the total
composition. The use of preservatives assures that if the product is
microbially contaminated, the {ormulation will prevent or diminish
microorganism growth. Some preservaiives useful in this invention include
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anal og) units per nm, but over a |longer period of tinme, whereas a "short"
or "fast:' release carrier (such as, for exanple, a gargle) could possess
or provide a high concentration of active (ACTH anal og) units per nl, but
over a shorter period of time. The anmount of active units per m and the
duration of tinme of exposure depend on the nature of infection, whether

t reat ment is yfbg@%%%fg; o\%lp#ﬁ}gérh%%rgre nfi’h”ﬂ' I%lﬁ%hc rﬁ'P&o l@ﬁﬁl vagédmlnes Thus,

t he nunber 8¥h upon t he circunstances and can
range frorbghzéate, i DMDIple Hydiaptaim, Beloelp-2vPropydioutyit |camma’@m peigssian t o

mul tiple weeks. _Infections.can occu t hus such

conposi ti oﬁﬁ'gﬂt&ycwgm '?r%ldéé'f-ﬁ?n?g% °tf51p‘f°cfa‘3"3ﬁ%fr ﬂ'(?g%&bn as wel |, using well
known vehighgs] such Wﬁerééu&tﬁ%ﬂ—ré%&eélélﬁﬁlmsnrdtloﬁ ofPuﬁi ACTHH &rﬁﬁ:@ B54 and

6, 056, 955." M celles and nmulti. lanmellar mcelles ﬁ@ may. b edto

control t héesiieddn gefosmulatipn wihrelppse ¢lhargsierisies gy fredhe qe@
fornulatiofs gf &%%?{éc%%lsb@g[gﬁﬁu% AdmitiGAtRAT 6RME AoT M”&r’ialo UCh as

pol y-lactic- coI acl pofymer due to its bioconpatibpility and

wi de rangemm?o@oaﬁeglaadabloé theop%GTHeanFﬂﬂ@ isd egntedaplatag. pr d%ﬁf@tf@dof PLGA,
| act d | b fa body.
AR L LT
yaa)-rts dlelpei(?d'ualg maset(?embéd?halﬂ SvePgleint 8ol 6ATBIBOT (fileuh Ndn[mmgitar 6,

ntroll ed rel ease of bjoactive rom i de mer
M ChegU0T A ate! gk fboang B 2 TBIER Rl A0 A00RE(c labRBous SRl ¥
Delivery Syshemp WRhC elre DiERioratda népéik: by ibreritie xﬁ ikl drifedp] I n sone

exanpl es, a therapeutic conposition conprisés a nucoadhesive sustained
rel ease f oMinibendapsulationzof rRCTMbIEAE syoteinseTorsusialaed Irelaasg hagdednscl osed

ract . eyeuisaeeily EfForiet] ot Feinan, QBB PREmORRC (rENEy nfsiires 0T
\II\E;[ gﬁt : gez(rglgw ipmhl?rlguﬂglfﬂ]a;“lglﬂl\k ngeﬁnﬂéhﬁ!soquUain\lm d&dged g & 735-7@@h|e5| ve
cel | ul ose ( &t 32@(%’-“%' ' r’y?éjw?ﬁqga%hg ?% E{OP g{m%py mucosa.

However, éﬁl‘lYléld‘gﬁr' smas-msaﬁ ggb) reRfaeh I“Deglﬁnrarﬂud Poduciidgiodl Singlemponent s

eventually fall apart. In contrast, the hydrophilic and dro obi c
domai ns i nimmmenigatierntVascingsos Usgpr 8@%@0"&? i ﬁ?WQlYSP’éde c 8[05? §re u, s.

E?E)adhem vggégn]%ag'rnuggggp%\r}%%} S ﬁ%%%@ﬁé@npo It | on I'nc ?éa’e?s‘ﬂ"e"
and Newman, eds, (Plenum Press: New York, 1995), pp. 439462; WO
97/03692, WO 96/40072, WO 96/07399; and U.S. Pat. No. 5,654,010.

[0134] Sustained or control release carriers 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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a freeze dried polynmer mxture forned of the copol yner poly(nethyl vinyl

et her/ mal ei ¢ anhydride) and gelatin, dispersed in an ointnent base, such as
m neral oil containing dispersed polyethylene. US. Pat. No. 5,413,792

(i ncorporated herein by reference) discloses paste |ike preparations
conprising (A) a paste |ike base conprising a polyorganosil oxane and a

wat er sol 4 | | r lesigRdanGRt i 0 by
wel ght £ r Qe B R SR o s e

5, 554, 380 lainaliasmicelles Risd may be tised to gonirddbe se'ease of ACTY andledt i bl e drug

e e P OB SR t
ohases. oliTafhse i, PiddolyShass rflaicnstpese bralid et o 10

i nt elr) nal %d/at%mbétblle pdﬂ?m}@ha@ﬁ:ha?sl nd%lar?tigmgtgbg@ aciﬁhﬂ?li.@A); pt)tymr?Eout 23%
t out % \Y une qQf .anh e rna I, | C ase 1er e e

bt ornal 1916 b Becomoiny @ ove Tendd of MRS Hond e, C Tieln

emul sifi ef%eeeraatE:rg'pY&ﬁfdtQ%f. PEGA, . lastis! dife) P%W abRise’dal be WiSareBat . No.

5,942, 243 scribes sone representative release materials useful for

admi ni st erquickhamiibinadhe humandeedn s Morgpyer the degwssiabiity of thiz eplyeft ed by
ref er ence. L g sQf | ' e can be
pr epar ed b%ﬁﬂﬁ%ggﬁg %dnﬁﬁﬁﬂ@f) %SEB%QF%%%QEH%rgéllsébgig?rpwﬂaslﬂ? %gﬂan ACTH
anal og naycdmpesitiomi st deads, BZontrelidd spelagss ohs bloadhivps agaaisal fremnt nent s,
nasal washes, sal,. jnjectiops, sal. packl I I &l [ and

i nhal ers. W@??@Mﬁozwé{wgr’o& M.rﬁ‘gaswi! ﬁpﬁmg%@egi(ggé‘y’l @“’Béﬁﬁgéﬁ'c‘?f nasal
sprays, nasgimdr9as DR DelivelySysens (Masel DekkerNew Yuakal 900 .t 1-ons,
nasal packi ng, bronchial sprays, oral sprays, and inhalers, the ACTH

anal og may4be in a liquid or gel environment, with the liquid acting as
the carri dry aph¥grRUSxBPRISO ChetdpRulie dbdBesitéT Honfitle80 amay be
adm ni steioaséll theqﬁnﬁgﬁ%r \%}én@b%lrsbnchi glgﬂ?pray, a?t hough (}ﬁﬂl I quid form of

del i very aimooadhesiwe sagtainetheeleassaforspulaiort andoanaACohlg analegi ndher ti ned
| mhal ant - ArCEosRe: dedeoBRY A0 YeRERG e ot R, e uop T o
into the bagdclbiver tdspiratory nirhetdi @, i buocdlheavityngaoserx eegiliz yvaginaposi ti ons
O Yook abireh S sha e T E Ak = e
preservatijes, B8RS T WRICA’ AMBL bMbifatRiiN B CHadlind QyeatirAbihd t sodiamd/ or
ot her sol ubi PI zi ng or ‘gl spersing agents such as those known in the art.
[0138] Congarboxyroethyt cellesarial a sapkynhysirpediben refyraer, Aermadheinodg ben
oral mucosa. However, such physical mixiures 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 mixiure 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
3:8 io 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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be fornulated using a carrier for delivering at | east one ACTH anal og to or
t hrough the skin. The node of application for the ACTH anal og i ncl udes a
nunber of different types and conbinations of carriers which include, but
are not limted to an aqueous |liquid, an al cohol base liquid, a water

sol uble gel, a Iotion, an ointment, a nonaqueous liquid base, a m neral

oi | base, Qﬁ?gérrs L 8 omdie ﬁésé?'aopﬂﬂmegeﬁérﬁ'afdua 23aNR) aBout 7895 BHES,

protein c as s rum al Bbumn or atin, powdered cell Ul ose
carnel , andiuneerbi aat@xdemat hgdphobit phasse wdfer@elﬂﬁeewe@ﬂl hydrophekicer

oy | Bhass i tORRERAN & HES conlifeiRE ypb dly olnRichr, ()R offbeiBel Baear
thereof. HagrAGhd eu)aéq.@axmuaﬂ@aaapthJSeoPatom 5;94amgesmue|sesomer ectly or
in one of the other carriers. The ba cﬁg % hg q na (iiry,

wher ei n tmepwaawr@gaﬁ RafoRals, Sion P st aring HrHEeCtBiR e o

met hod_of \ap 6&{}9 i8 1ﬁ9§1‘p0?:‘§t5905jr \Bfcréricd. heThe eRkaga tfomis dfnthect ed

skin. The carrl ers topli cal conpositions nay conprise seni-solid and
gel -1i ke cehposiionsiodthis disclassire cpo berseparddyagaveniigna methedser vat i ves,

active SUREHET® S Eiondf sRACHY Spist ey seRRnetgtan, ol vent

nunber of b Adsal Q[ﬁ!fays,c’:\rlidsaﬂaUrmps:rhaaatmmmmmasahwaahds inasahipjestipos,ur e of
the skin to a nedi canent not er ¢ n.for,to tration
i ncl udes "@S%B%'ﬁmg%é’rr?"@'a ﬁyﬁ§nan§@?rﬁa§é’hﬁﬁ’1 *H&rg‘?ﬁg %"%g@@e% with

- pol yet hyl ?ﬁ'ﬁ’éﬁluceﬁi%%%y by tﬁ@%ﬁi&%&%;ﬁayé hashnyieps] Assal oMimenss nasal

der mat ol ogi ca osition having about 0.5%.to 10% carboner and about

0.5%to 1G%Siﬁesanapﬁbmm1@0$’l eawhmkmufg?%ch'# BRIENS O SEENPe @ at e and
a mcro paﬁi@élgtér 3{18 ACTAEhaldd 'nvégﬁgﬂiaaéﬁg@%hm%imélﬂsvﬁtheth‘éapaCl ty

to cross t um Corneu ereas t part i cul ate phar maceut i cal
does not. |iéditl aciiny aé tham:ammeAmeantwdrmwmormﬂmnmedmgd%@Tbln or

part | oul araed e hA ehneieRed 5, Mfer sl enRl b, BRhoudlel,

agent havi|gicfdrim opfdefivarpt Alsy mapirr Lbedk. Trﬁlaasalesmlmmnrm iolomig i cro
particul ate to di ssol ved dapsone rlﬁ) fi ve or 0140 %ot her

exanpl e, taXiNDOrdiMeDIRIRASRHNIABA %ﬂ ‘?L%ar&‘&'i‘ B V%B ¥ \wat er
about 10% ﬁ&ﬁ&éﬁd'xﬂ{ ﬁglalamamg seraetsamaahémrmaharég rﬁay39éédh 3. 0%

dapsone i neludi I'ng mcro parti cu ate dapsone and di ssol ved dapsone,
and_about fﬂ%eatﬂbﬂ\ﬂmmimttheltubnch\lm é"acban@!udugamtq/ the Hungsar F@EWIARY i ncl ude
| CARBODO'OCogn?r?osﬁa ons ftor fas: aetrbgoi or inhalation administration include solutions in
saline which may contain, for example, benzyl alcohol or other suitable
preservatives, absorption promoters to enhance bioavailability, and/or other
solubilizing or dispersing agents such as those known in the art.
| [0138] Compositions for dermal administration of an ACTH analog can
be formulated using a carrier for delivering at least one ACTH analog fo or
through the skin. The mode of application for the ACTH analog includes ai
number of different types and combinations of carriers which include, but are
not limited to an agueous liquid, an alcohol base liquid, a water soluble gel, a
lotion, én ointment, a nonaqueous liquid base, a mineral oil base, a blend of
mineral oil and petrolatum, [anolin, 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 fime-release pACTH, a liquid absorbed
wipe, and combinations thereof. The ACTH analog may be applied to a
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mat eri al may include sodi um hydroxi de solution. Methods of Treatnent
[0141] The ACTH anal og Conpounds can be used to treat a variety of
ACTHrel 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 pati ep%ﬁd%e kfnd @fé&gﬁ_ﬁ@ﬁ nAGE thavaide? camidrs AiMerganalagesimaysbat e of
adr enal unctton. The ACTH anal og_conpounds can be uysef ﬁ(' n trﬁatl ng
di seases spld dampgon &yl whereinohe &g HH %‘W%ﬁ‘%@n‘dpﬁm%@u Bh8AdNGe to

modul ati op 0h, 54 AT LREERSSICANGD i€ chBLive 1St ETRbANRIRGICOMmOUNdS

can be a rea I'trons rel at to the regulation of ACTH
| evel s, f afeckedasiih.e The chrdersaskiapical ebimposiiops May ompriee Seoli-satitH i n

atients while pmaintaini a_tonic_ st . ' 1, 0142] The
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condi ti On%ﬁﬁ\?é'%ﬂrfﬁétaﬁ}éscﬁﬂ amusifarsdanixiddmyasurescrensyane acohemeras a
result of hypersecretion of corticosteroid, _initiation of . premature |abor
(for exanpnigedpgolvers syssMhalldeds - Bk uﬁ"?-aﬁjﬁ%él@wa{ﬁsh%'@),d'ﬁ SCPefat ed
O Ol 5P ASRAE barréh dothindfickid MaRlogr wia e i eRAGAe Tdhe

adm ni stere ent 'to assess in _vivo cortisone induction. [0143]
ACTH anal airciong metibamant. Haodier curapesitian oo tapies| @dminisirationidghides t unor s

in the pitujtar | and, i n ' [ it ' r: ' pituitary

i magi ng. /-?(%PR’Q?XQ&H‘&" 85%3%&3%%%& gﬁlghc? ;eaha@r%gﬁivgﬁ-@géﬁf Pﬂan%mi nati on

\r/]m' th pet rqg?gglsi nus |5 asa i?gimlaegafth.eblriveh‘iiqm tcdrlnmis,elSQar deedateigical
yper-secretion, pre-operative pitujtar unor cal i n

A er ai | 2 corampsiidanarampen.st toj0dchomer s Sl Rl 857 ng wich

and w t ho%qar@‘ébﬁb&%ﬁ 04t it Gh Gth 1 dikeonBASsthter arid1a Hlickd gaetivulate

di agnosis 0 shing's syndronme,” N Engl J Med., 325:897-905 |%5%5991); and

Fi ndl i ng, statew The dissolvedEpbiemnacauticRehas the cAPREIM 19 ARsS the sfrduny

(2001)). A tr{}g@ﬂgyégféé?ﬁ fig Phibt battiufBle pRAHRIdBIER dbb8 riptC peRiiaN o

resect ed bcip approaches, surgical "cure" rates for
nmacr oadencamarine bash gotassium, drydyoxide salution,t & setivn hysirexide sojution

ey e s sohBln AR Bhelfatfen RS, L2 ©2
treat ment spuoh a6l difisBae, dn eAMitebiaPAgeht having ahtiemantmaiobProperties. :
hypersect eff):';g rc]e’xemplatry ratio of micro particuiate fo dissolved dapsone is five or less.
[0140] in another example, the inveniion 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 particulate
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 ireating diseases
relating to levels of ACTH, such as conditions responsive to modulation of
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or in conbination with pituitary-directed radiation to suppress tunor
gromh and hornonal |evels. Radiation effects may not be manifest for
several years, and are ultimately associated with pituitary damage and
dysfunction in nost patients (Brada, M et al., "The long-termefficacy of
conservative surgery and radiotherapy in the control of pituitary
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Endocr i nol arl?ﬂ X r@%ﬂ&r%%\?&f Gé@%@)r)eos ﬁ@gqul‘taﬁd 'ﬁhmghGVWSEﬂgﬁﬁtEd t hat
ma

mat er nal p?as evel s “of are elevated men ret eorm}abor
(see Wl f eEndo@ingl Metassl Clin" Npabnﬁm 30: '729-47 (2001)) Althou h 70%

pituitary microadetiomas are successfully resected by transsphenoidal
approaches, surgical “curs” rates for macroadenomas are achieved in only
about a third of patients 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
ireatments, 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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corticotrophin releasing factor (CRF) in abnormal pregnancy,” Br J Obstet
Gynaecol ., 95:1003-1006 (1988); Warren, WB. et al, "Elevated maternal

pl asma corticotropin-rel easi ng hornone | evels in pregnanci es conplicated by
pretermlabor,”™ AmJ Obstet Gynecol., 166:1198-1207 (1992); and McLean, M
et al., "A placental clock controlling the | ength of human pregnancy," Nat

Med., 1:46Q:4f6Gné:1 t the 4d1esar grRebENehddRriaby Rdab tdinpost term
(McLean e?sq'gl O ééu‘gﬁ?%pyaFg?‘gg?ﬁﬁACTH anal ogg may be usgd i n conbi nation
wi t h t ocol Noitls Aror 23:68bda840(189d)t i ng, drugs to postpone |abor. Exanpl es of

tocol ytic 56 JAa6l | t | Ty gm}e i :

bet a- syrrpa@hgﬁf net i éé]flﬁb%%@# ,cgﬂ{#ogﬁg%‘;&gpoﬁie e lg%?]eg/\gﬁ cf(é etg'ggnc?rnugs nmust
gener al | y vith aabdicsl therapy, swehaseco-adniinisiratiors ef cyproheptadinearan ant- of
uncertain effjcacy or, safety if admnistered.afier J.abor n.

Al t hough t35E8IAM %g%ﬂtu{:;@earté %Hﬁsﬁ%@ﬁcﬁﬁw ‘?‘mfb%@ W{'E‘éﬁ? ﬁﬂ@%ggg‘%%at | ow
level's t0 Godi CHRRNtsWAUEEN, hAO BBbA Y didtoniifidthi (Kriegéwr i DY Theetluahtion of a
high risk period of her pregnancy, normnall

] % bet ween about t\\/l\ir}{aé-ei ght and
t hi rty- f ouiCynseheptasine-indused synisaioneek Sushingsedigpaspy” MnERe] Besirabl e
side effe HEQ rﬁ%‘fﬁ. f unggiyd ' DN h and
gener al bgéa%'gnggcg;ul(a ur)za toﬁ%ﬂ&%gsggezgérgwe EM’rrulzst rggnglier’] i@%:!,regﬁ;sﬁ as up
to about Oadrenal goeiisdidiosyfthdsismihe dragidees gt inkibib pituitany dunmigrowth

ef fecti venes t hese | ow dasages inh Lding 1. S

j[ nco tnsi s: et ?‘ﬁ%ﬁ;ggi??' aﬂaﬂﬁﬁoﬁ}@c&iﬁA@%g#@é H?épipﬁ?@gggﬁgsﬁ E%éghm; Ior new
reat nent Sy Qsdee J NI TTRAusE Of Kettaeunaze adin i f raiik |y, new

t r eat ment suan met hods for premature | abor are needed that do not present

ds f
undesi r abl Rrogiugtionst Nenal J Yied 4 8] 78128 d %8/ odi ment, ACTH anal og
conposi t i 28§" be psHy ggéquféfnéﬁ_ CRH B8N ER BicRired BYSthe ShcddaindThi s

met hod of treatnent can sed” i n conbination with, or preferably instead
of , the adietali snenshraoasofn gibsianiieb @meuntsagining fiecHhird Mimesigpople.

e PR B BE bR R ER ti in
as descri bgfdcomicotbofRintéledsing lkorthdneknesdérgaarRiadaSumhahelacenta,” J
et oct  on Gl ek 287 2080419460, RBUTELEN: 6 79 IBEERoS 1L oPREN: 1 or
this condi é&ﬁt%n_trﬂﬁéﬁé Y hatthal BEGpHRTE0 PRIRAYA, Opartibulaly exfesrest oneslel i very,
can include admnistration of an ACTH pol ypepti de ] i .
gestation (see Sasaki, A. et al, “Immunoreactive corticoiropin-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 (1986)).
Recent studies have suggesied thai maternal plasma levels of CRH are
elevated in women with preterm labor (see Wolfe, C.D.A. et al.,, “Plasma
cortic‘otrophin releasing factor (CRF) in abnormal pregnancy,” Br J Obstet
Gynaecol., 95:1003-10068 (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 confrolling the length of human pregnancy,” Nat
Med., 1:460-463 (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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and/ or Metryapone, which has been observed to be well tolerated w thout
adverse effects on maternal hepatic function or fetal devel opnent. The
patents can be adm nistered nmetryapone to sl ow down the biosynthesis of
ACTH. ACTH anal og conpositions are particularly preferred when the cause
of the hypersecretion of corticosteroid is believed to be a result of the

el evat edf Oibgmaés Fﬂ{odﬁﬁgH é,pcg eq—#ﬁﬁﬁé% é’[ g@é?glah%cr 2 sl fho'rr'i] hese

wonen) , exanple as par ase’ t Y esi s of
corti cost eflowever, InOdrdQ} td he affettive, thageednugs meudi gesefally he édltﬂ nigjesedt eri nary

subj ects | met hods, _f Si tr nes to
benefit tﬁéeef ?2 éﬁlﬁprﬁe‘f‘ ‘3 F‘%’Hftﬁpg grgngf é@@éﬁﬁﬁ Sﬂ%aagp@ilge%%gm at

hi gh popul dmipRierda@nicriigbor hETbegin. | maoa@mwoowmgdmge ave suntatimd€TH anal og
conmpounds can be adnjnistered in a } d for decreasin rg stre s hor nones

to benefi tcontindoyilyadmipistergd; atulow, leyelsaity 2apreaaTt wema Y B¥own at
hi gh p0pu'.ﬁm dﬁﬁﬂg'tﬁé%ﬁrr?w&%h%%hoaw rfe@ldregﬂm:yehanﬁél s are
nmons erred

i ncluded to te pre odi ts of the Tnvention. It should
be appr eci laetweelmyatldulbstweoty gight Bnd rthirtydfour weekn gostalioni2e&-B1 aveckshd

tecnni quectni A0S RH Ml FasiABR Sttt iy Pehal GRERRENesdBEN 2 ° o o
]Egre : ?\;egﬁg@??%rgméaﬁh‘ase aad gmemmuglenmtuﬂatumomel tﬁ)d)mgqsrcéfearm&st modes

hose S in t art shou I |ght of
t he presen'ienéﬁ"éc'PWs ¥' éﬁpl"@cﬁoa? 1hg’t Peﬁnﬁl’(‘jegf dafl Eén'ﬁﬁlg t he
specific aﬂ’ﬁ@t ?ﬁ@éﬁébtﬁéﬁeéﬁ éf?ﬂh%é(lbﬁ'&)ségéé In aldiaing the lonket @fr simlar
result without departing fromthe spirit and scope of the invention.

Exanmpl e 1 lsbeumm@msl%‘r@@t eqnsl EOOPTIWG@@ntlfﬁdAséﬁ%Pf@'PB'Yvﬂb%‘)? s Bepd frTH

anal ogs w %Eﬁw% d M&g\ oi d can
be identi f{'gﬁ t@gﬂﬁ)gﬂt £orm ng an&}ﬁ?&%@gﬁ@?r@rﬂa ?%ﬁst%ggféﬁ I'n g\{r:t I on
Assay to nnasur@tmbatsbIanddn‘eﬂ'rdclscimstmfemamrbelabbr are snasgiedethat skt eot

adm nistration of the ACTH. an I‘gtg [0152] The in vivo Serum Corticosteroid
| nducti on REESEY SIS IIRE e or di ng the fol | owi ng nethod. First, two

to three npyg4gsol d mal %neF\@hbbdﬁn@ﬁtmeUlanaI@ ompm;iosvtbmercagr Gap, were
injected intraperitoneally wth dexanet % ager nouse;
Sigma, St. a@@ml%eremp r@ducg @pﬂﬁveﬁ@St%M n@ﬁ. ¢phiiea See

Haj os, G g \@bgin cdrSth&fion with, or preferably mstead 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 o prolong pregnancy or to
prepare for delivery, can include adminisiration of an ACTH polypeptide
and/or Metryapone, which has been observed to be weil tolerated without
adverse effects on matemnal hepatic function or fetal development. The
patents can be administered metryapone to slow down the biosynthesis of
ACTH. ACTH analog compositions are particularly preferred when the cauéé
of the hypersecretion of corticosteroid is believed to be a result of the elevated
levels of ACTH (presumably from a pituitary tumor in these women), for
example as part of a sirategy to decrease the synthesis of corticosteroid.
[0149] In another aspect, methods for treating veterinary subjects are
provided, such as methods for decreasing stress hormones to benefit the
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of the potency of pol ypeptides wth ACTH action by a new nethod based on
conti nuous neasurenent of -plasnma corticosterone,” Steroids Lipids Res
3:225-228 (1972), Costa, JL, et al., "Mutational analysis of evolutionarily
conserved ACTH residues,"” Gen Conp Endocrinol, 136:12-16 (2004), and
Karpac, J, et al., "Devel opnent, Mintenance, and Function of the Adrenal

dand in I l,..Pr.0-0p} I hi 2tion2 S
Endocr i nol By B utelRlef| 4 SuddruRRac Rphies fefoivn bt High beslIaion) 1o,

all of whiarlsitiese Cnopgsiionsadmpisiighong araneiecASTH poake) campeingds ni net y
to one hundred twenty mnutes | ate t - '

were §nj ecibe ABINEIERdh v mePlELfor ibre ] Fifere HeRToDER e BRSO O
unnodi fi edngAdebithlof %ﬂcﬂhr@%d@q@e&lﬁueﬂl shETids growinogt pight pafeilatmmpounds (1
9/0.1 nL PBS/0,5%BSA), or with vehicle alone (control) (0.1 nL PBS/0.5%

BSA). The 9&3Sit8% ng ACTH anal og peptide conpounds were adninistered to
separate mce: 1. nurine ACTHL1-24; 2: V26F, E30K; 3: P19W K21E, Y23R, 4.
E30K, P36R; 5: ALA19-24; 6: V26F, P36R, 7: P19W K21E; 8: P19W K21A del Y23;
9: P19W KERAMPLES KRRP16- 19RAAW ( AT814) (SEQ I D NO 20). [0154] Third, one

hour | ater od c - it hin.le ] f [ 1
[ ngi si on irrq1$b£ ta??ﬁqeagélioserf%ﬂxavkémﬁ %&ﬁi@%@ﬁogﬁﬂgﬁ%ﬁgg ﬁrgfﬂrl% Sgaunti I
assayed. SghbaodigRnts obtitecinvsrdionadt siedidd bersggrdmiatedripethose wf skill in the

ranuf act ur 9F Rt SRREHAS b isehbomdsmsa Ll e TP alHBL ® assay

sanpl e. Sai'%l’é%,‘én\f"ﬁiéléﬁé!@ théhrilglRls Giséered g the filentorkad fuhetiohGlék inanal og
pepti des described above are presented in the gra [

) ! ph . of Fig. 1, _show ng
activity atheappstieenehdie dnvextivn, And WQ%/.Qa"Th@s@Uﬁdﬁ?-’IeQngI &§98sidKowed | ess
activity t | : ml e A td ' AT inON Assay
(in vivo) @gfﬁrﬁﬁﬁ\bﬁiﬁﬁgﬁﬁ%ﬁ@éwﬁ@%ﬁ%e éA?CfJ('Iin—kI-% Fn}g{j?iae?aérggggl?Pbini on of
bl ood cor t ight of theoprbseah diselosuren eippragiatethalonany shagges cam beimadssier um
Corticosteroid_ Jnhibjtion Assay . to t | R oJ.nhi bi dr enal
hor none pr{;‘&ftﬂef’g'ﬁ emh‘aﬁ'&?@tﬁ)vﬁﬁ’nﬁai ﬁ%@ﬂé%ﬁﬁ @@Lébﬁ%{%tggué&r)ﬁr} t%ﬁasr?er oi d
level in aresubivBbut@spariing fereitheadpittrantisdopesk tied inventibn.an ACTH anal og
test conmpound in conmbination with a conpound with known

corticosteroid-induction activity, such as ACTH or anot her ACTH anal og.
The ACTH apalqfid §SerGRBBHREsteroid Induction Assay (in vivo)

[0151] ACTH analogs with reduced ACTH-mediated secretion of blood
‘corticosteroid can be identified by performing an /n vivo Serum Corticosteroid
induction Assay to measure the blood corticosteroid 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 intraperiioneally
with dexamethasone (0.4mg/0.1ml PBS per mouse; Sigma, St. Louis, MO) to
suppress their endogenous ACTH preduction. 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, st 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 Posinatal Pro-opiomelanocortin  Null Mutant Mice,”
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can be adm ni stered before, concurrently with, or after the corticosteroid-
produci ng conpound. [0156] The in vivo Serum Corticosteroid Inhibition
Assay was perforned according the foll ow ng nmethod. The ACTH anal og test
59 conpounds, such as those showing |ow activities in Exanple 1, were
tested for their abilities to inhibit adrenal hornone production induced

by unod i fbe oAby R3S bubiirets ot Ao bPRADR B ATATEH N m ce

fromour col ony, were 1 njected i ntraperitoneal 'y with
dexanet hassmic arslimgbfpotatet hlé@ubgn‘efauem Sigma, St. Louis, MD to

t i d ACTH duc 0 S t t
BTN L &Y st g AR i M IS f‘@%%dﬁﬁﬁ@cut%%%‘ﬁu % bt ween
(155 00] ekafticiasone sppte prédsbot e e S e o 2o “%23\') des

% or wth vehi
[ 0159] TSl bl withedrer WiaoHeR e ACT ALEBE, S0P Phstiacal AGH
te f t | h d
S 1 R BRblob bkt 130 1tk PO eSBISof it JEhigRen an

stored at m corti costerone s determ ned by
conpetiti \@one embmrohmmaﬂsBaS(ma%lBaA)\ Khe ;folladxing @(sTh amalog, paAideaccor di ng

to the nmanufactu S t ons emecrplit o] s used
per assayosRRit g&ﬁ"‘bl Jﬂ ?erpaﬁ%l NSH et W’g'fﬁof‘ciz@é%?are shown
%ro aggl)calpl\mmEEOE B 9v£mr|Eb.ezBF§boafe ES0K P3oRe @al AlG\ISTS4:4 6SEQ ID

ot enc

peptides is expressed as p cent
corti cost éf%ﬁﬁ¥’3ﬁﬂﬁ W nBi Ve, 'ﬁ%‘l%egA(EﬂﬁVBéﬁzﬂé\ E@M% QCOPH@%IA’O
corticost nfbﬁ“ t | ast peptide injection showed
t hat AT812{$§§J§es corw]@a-(;séﬁg%%%é”%ﬁ%:@gn to 35% of that of wldtype
ACTH when [aps#] ed 30Thiidhuanes hbief tater, thleocchamas icajleated oxithindeps $handw of t hat

of wildtype. A when pl . s on.
Exanple 3 rﬂﬁlruggpnhgﬁgféﬁdn@gg%ﬁepﬁﬂ ?'SES%HU%T%%]%%@'FQ anan('c)igﬂgﬁf\;\eﬁtdt h the
ability toxthBotC Q@ltieagéay@ep&mscmﬁmdlaonem déieauhu‘m]i mecdmpeiitivg an i n
vitro Adrenal  Bindin nt of a rad| beIIe nal og
t est g:orrpdﬁﬁ@"ﬂm%q'?%s%b {exip %t'@'ﬁ 'egé’?t r%?ﬁﬂ” B:gngrg%eed to
ldentify Atdhi@Raless %&ﬁnﬁﬂﬂ%s r QOfPtRiroliter 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 biood
corticosteroid can be identified by performing an in vive Serum Corticosteroid
Inhibition Assay to test their ability to inhibit adrenal hormone production
induced by unmodified ACTH. The blood corticosteroid level in a subject was
measured after administration of an ACTH analog test compound in
combination with a compound with known corticosteroid-induction activity,
such as ACTH or anocther ACTH analog. The ACTH analog test compound
can be administered before, concurrently with, or after the corticosteroid-
preducing compound.

[0156] The in vivo Serum Corticosteroid Inhibition Assay was
performed according the following method. The ACTH analog test
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bi nding activity. Preferably this is perfornmed in a serumfree medium (in
vitro Serumfree Adrenal Binding Assay) 60 [0162] ACTH anal ogs wth the
ability to bind adrenal receptors with a greater affinity than conpounds
wi th known adrenal binding activity (preferably ACTH) can al so be
identified by performng an in vitro Adrenal Conpetitive Binding Assay,

wher eby SRR séh taB ethé@&' 's;ﬁéwmg) b é&iﬁnn@niﬂlmarﬁﬁ!et avdradiesleapel | ed
adr enal - bi ndi'ng cohpound measured at various
concent r athbﬂlﬁl!bﬁblthﬁf» mdﬂh@lflm@&qmpﬁ draddefioneisgucecdbiy, YOm@difieda medi um

cont ai ni N, | ant ed adrenal nmenbrane. The reduction in adrenal nenbrane
bi ndi ng by é radi o-1 abel |l ed adrenal binding conpound can be used to
i dentify dO0#5Thar actRirsk ztwottbethta’endiang'l -aidtinale FVBIN rhice fradTeLimeciboy t est

compound. Jn a series of in vitro I tiv assays, the
reduct i on VR bP%di AEUBy P"%?o‘”’ﬁﬁt@ | Bﬂg&qrgoaggly mg’gﬁur% &Wn@%ﬁ?&%nat i on
wi th addi goaﬁn@fbﬁﬁ | ABEH R anetsé e SigmamMunduly) MO)etrduppiss it ane
medium [0163] The in_vitro Serum free Adrenal Conpetitive Bindi ng Assay

was per f GNESEeaeEs AH I PIaRICE@N.| owi ng net hod. First, adr enal s were renoved
fromm ce, ecte Nk , et al.,
. P‘ilggg Céef tto SHE hGHdreld JI/ r&@ﬁ reS| an?rbalée h Sonm

"Mut ation |l ysi s e(/oF onarily conserve ,
Endocri noIwerﬂaSBné;ﬂedGBL(ozomppusmdaeMBen thengheutider blades'omtmawldl type

over expr essj of Jjnsulinzlike rowthfac ce i |
a\s/soci(gt ezféﬁﬂt ‘?IBF 3u Idgq;ﬂ'l ‘Pl%ﬂ?rpﬂf’%& |(£ Hﬂ{h 1e%ﬁ?§2‘9§?eﬁ§maoﬂeln;i s,"
Endocri nol\,@gyvéqgel@gﬁe @(511%,( gbgg&) 5% BSAy.porated herein by reference.
[0164] Second, each adrenal half was placed into an individual vvel | of a

4-wel | di 4A158he di sTh"fS'erOﬂ%Ug'é" laigr: dieed as, ssllopipd wikindessethan 150 co

37C, in O. r(el\% 9 to

equi li brat@'ﬂ%ﬁgé’r%ma???atgﬁ rengi and v'tautgﬁ %?gkﬁgggﬁzgﬁeg‘ugﬁ%taherw se
di ssoci at eat -867@ ginbbassayetio r&ﬂgemm tzc:rhcaszherbnewvas delepmined by carnpelitiveThe
fractlonwa re suspendedisk i t.ab buffer «Tris 1 Radi o-
| abel | ed A 'PEI%' ﬁﬁfa%gw lng'?# rlﬂgi meF’%@d “&%%’ gg?‘rp%gﬁ'gﬁi%té%gACT H, or
an ACTH anaheefagtifbr  yeddfidéntSikiad. D Ok 2Ricioliter of tsbaum agkbedsta pdre re-
suspended nenbrane fraction in an anount to provide a total concentration

of OnM 1@S9RYISeMNE-aR@MPRiRDWRIUN IR CUPEEA 8- onpound; control s had no
[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 coriicosterone, with native mouse ACTH being 100%.
Comparison of corticosterone induction 1 hour after the last peptide injection
showed that AT814 reduces corlicosterone 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 adrenai receptor
binding aciivity. Preferably this is performed in & serum free medium (in vitro
Serum-iree Adrenal Binding Assay) '
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pepti des added. The nenbrane fraction is recovered and radi o signal was
detected using a ganma detector. Reduction in the radio-signal detected 61
after addition of the non-radiol abelled test conpounds can be correlated to
binding affinity of the various test conpounds. A reduction in the

radi o- si gnal after addition of ACTH anal og pepti de test conpounds can

i ndi cat e ' creaqggﬂ fdrHaMddey witR th® iabli So bihcReaRMal rdfeptbreegRipiaor s such
as MC- 2R, gbj]t he a ]?ty toé d‘INS | ace A'E,iI]'H at the adrenal MC 2R receptor.

[0166] Fi g;reata @ffinily ayiban h@omeguntﬂ% with a keewne adsenaln binding  8eHYiM f r ee

Adr enal d r@ﬁjﬁ'n t say (in
Vi tro) [Ol(g’%‘fgléé% anaﬁogé}gtﬁﬁ %@E%@?bglp;éc W%Mﬂwégbl%@ggés
secretion (oémpetmiuecBmomng)lﬂckséypmhemmeasurmnemteobm peductient inf thed by
performng an in o] rtlco teroid |l nhibjtion y; Lo test
Phei v b sampynt o | ik’ ol adrab BT hE, ShrelRY e cACTE o 11 e
ACTH.  ThemegsliieB0st @irRiu@ &:mhtraﬂoﬁs ok humrédi@qab@ldda;-\@msl ameg rtesk af t er
addi ng an ACTH anal og test conpound in conbipatjon with conmpqeynd with

known corcarepeunsd dn ca i medism dFPrﬁ%'ﬂi“m gyplagipch %emem‘brﬁ%t her*eACTH
anal og. T dut ?@Qéﬂeﬂ Fetibrah r’thQ‘?’aé%%ﬂelfé@fé’dr@naFBﬁ:@M rently

wth, or a ecor costerol -prou I ng conpound. [0168] The |n vitro
Ser um f reecdkdpetumi cambetuseddo |Md3yanﬁshgadteﬂlzmﬂle hikdiog dickivityt aktheol | owi ng

Tethod. Fi kst SdLERALS: WEkBelAI0V A SRR Ty vif) ARREIE BByl 2t and

cut in hal y5|s VO utlonarlly

conserved Bﬁdtﬂlq efisd Sihe Gedu€lisrp iEnDpcirig dy raﬂ!ﬁﬂaﬁ@ﬁétﬁ AQUHA wasand
Weber, MV et

ostnatal over XPpressi on i ke wt h factor
Il in tran@&éﬁﬂ@dr#ﬂ&@m@“%‘ﬁ’m&@é‘a lgp ‘P‘Qﬁ{%@?"{‘} 5‘!”9& %Oﬁ? i a and
enhanced sﬁ.,gr%r HQ‘?H%"ﬁbﬁane fRBgRAT.i nol ogy 140:1537-1543 (1999),
erel n by

i ncor porate reference. - [0169] Second, each adrenal half was
pl aced i nt@1881i ndi vifeuéa vilke|Seram-fzee Adignal Qﬂfﬁﬂﬁm%ﬁ@"@ﬂ“@% ASERY WéiSse.

o one! | DL SehAGHR RS o Ao Bt Doyt eibie 1o U
renoved anﬁounem@é;eﬁsmct@d Sred ofFan armbnutaumlhfaglf AGEE Cagiq4ll,ost Bht h, at
100 ng/m (’?\ﬁ tahona natnr s:s ij;\ evcra] t|orParﬁ)y Egr?e?eregg %%TH residues,” Gen Comp
Endocrinol. 136:12-16 (2004); and Weber, MM, et al., “Posinatal
overexpression of insulin-like growth factor il in transgenic mice is associated

with  adrenocortical hyperplasia and enhanced steroidogenesis,”
Endocrinology 140:1537-1543 (1999), incorporated herein by reference.

[0164] Second, each adrenal haif 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). '* 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 test compound; controls had no
pepfides added. The membrane fraction is recovered and radio signal was
detected using a gamma detector. Reduction in the radio-signal detecied
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62 [0171] Fourth, after 2 hours of incubation, the nediumwas renoved,
pooled for all four halves fromeach nouse, and assayed by corti costerone
usi ng standard RI A nethods. corticosterone was determ ned by conpetitive
radi oi mmunoassay (1251 RIA kit; ICN, Costa Mesa, CA) according to the
manuf acturers recomrendations. One mcroliter of serumwas used per assay

sanpl e.  SagmpdregddifIre of Uik nBndulibizdaled tebi 8oMpPodndd 68h A coMElatRbd ts.
Exanple 5 (Predicted) Therapeutic Veterinary Adm nistrati anglioﬂzlll( Fi sh

hat cher i esbindipg aifinityrafdhe oRrigHa IS SEBP UEIIEH A grelction in s radigsiggat ne t ot al
t onnage Ofafiéds Gifbn COHMRRITGY %qa&qi 2 el fost OIANAIRE cAM hakatd fects of

crowdi ng, an e spread of in I'n these environnents, fish attenpt
t 0 manage iohreased affinitydor binding to adrenapACilhkreceptors such as MC-2R, and

hypot hal anys/ pi.t ui t ary/ i nt n ( ' I e situations a rise in
corti costg‘llr11 i ,lllttyto@igé@\pgﬁﬁfﬁ@@%@%@@%@ﬁgﬁp}a rtality, a

desensi t.i zHigep t 0 Figuirel 8 sy thearstulisesf @ sedes of dadyire Seiremirdeh r espect
to popul ation density. . lronj ngfkl during these "adjustment” cycles an

ext ended rAdenahCempeiitaBndNGASEaYPel s [owers resistance to infection.
[0173] The HPI in hatchery fish can be nodul ated by the tinme rel ease

adm ni stration of an ACTH anal og of the invention, such as tinme rel ease
adnmi ni st r aEkample $ri\dregial lkwbitorcAgay @ vii@ant in these fish. This

bufferin he HP, [ | Q. 1. SUr vy d faciditate

vei ght ga fthezd hACA%f‘? A [8'1%‘51?’99?5‘2% pfrp':’!\ég‘!t‘ MR AR LRt © ) 1
anal og of sétlaeﬂimvamt¢@1ﬁcosteroi(m{dﬂnaadrwa¢]vvnahﬂbrm wahj bet mdntified by "
environmental cqnditions that activate.t I is (i.e..crowming, shifts
0 br " bur beerpiad 2t orra Sedias Gogisosteral npfighubesdy R By be
anal yzed iabi}npet%einwtaﬂmﬁat ABANGRY brddlctioANiAduss By urrhotiie@ ACTIRUCh
paraneters_ w 'l denonstrate whether the ACIH analog of the invention is

ef f ecti ve The coticesigipid deval i arsergndreemadia wasmeasured afighaddiog @i ned | s:

1. A cONpPoSj IS4 ' HeihiAsi rii | r ACT
anal ogrrppZ% [ de?ﬁ{ﬂﬁg %%EggﬁgHg%q%ept i d@%@'ﬁg‘&ﬂ%’h‘%ﬁ%ﬁ?@ﬁ’?me o? (SEQ :_DD
NO 20. 2. ddwicosiemid-induction activityj sudh asiGE or ahothad AGTTH analogonThef t he

o R b 4 it SR 5 B TReHo5b B Dot oA 7=
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,
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 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 fo
equilibrate.

[0170] Third, medium was removed and replaced by 0.5 ml M199
containing ACTH, AT814, or both, at 100 ng/ml each; controls had no
peptides added.
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3. The conmposition of claim1, wherein the ACTH anal og peptide binds to
adrenal nenbrane and di spl aces a peptide of SEQ ID NG 2 from adrenal
menbrane, where the peptide binding is neasured by an in vitro Serumfree
Adrenal Conpetitive Binding Assay. 4.The conposition of claim3, wherein
t he ACTH anal og peptide binds to a MC-2R adrenal nenbrane with at |east a

2-fold gr af fi t | Efd RidirA- wad rerkbeed,
conposi ti 3nr|§] cl ai wo%ﬁhmﬁggg?ﬁmg%féﬁ&%glﬁog pepti de ‘?Igdlﬂ%es ACTH

i nduced pryoublast fasralbfous draivesoksery each Fyouses angiassayed fyecorcesieiopeyi tro
Serumfree .Adr c n

| sol at ed At?ﬂ«? 3%&&851 E:QA%%{QB% ﬁéqﬂggdr?'a @gg Q’%@%‘Wﬂ qﬁpéér;ﬁ%ﬁﬂgwgt he

pepti de oframmnb&m (RrteREA rklt; hEMCEHsmMasg dep) iadsomdingldo he adr enal
menbr ane and d| S es a tide o m ane,
wher e t he THapf@ Sné'ﬁ’ mg ﬂ%‘ﬂlﬁ‘ ?’% rﬁ‘ﬁ}\cl?? frg%r@g %@PP%@%renal
Conpetiti Vigsg g'sﬁ ﬁ%Yl_es vere TR i APHSAibS. (Fig@rb £ displays thevesuitsn t he ACTH
anal og pepti g ces A i nduced production of corticosterone by

adrenal nenbrane in an in vitro Serumfree Adrenal Inhibition Assay. 8. The
conpositi | CTH anal og pepti de
reduces %H@u@gﬁe@?g&i lfal%lp%?@b eg%r::r%t'%ﬁag%ﬁﬁ&?%'ﬁst 10% wherein
corticost €0dme] i ndudish dwtdheriesafaceed mymber dh Ghauaﬂwér e fﬁ@r@@&id@ft eroid

I nhibition Assa he conp r | H anal og
peptide r HFEEY "AQ:?HP@ ?‘Pﬁgﬂ'&‘gﬁ %?LF& ﬁ)énC%mrﬁé%lE\Wp% sq%r o%e éj% grll-al

merbrane gy afel Bifstlsr beSQ:fdimln%OFdnd?Qﬁbelsprehdl ruiuirﬁeoﬁnrAssaly thesat | east
10%conpared to the peptide of SEQ I D NO 10, The c lgg@_ltl n of claim
1, wherei nemW@"m:ah‘-ﬂT éﬁ‘eﬂﬁﬁt'ﬁ%én%‘?ﬂgﬁ fonig spRes ipaY oyen $8 | p

NO. 20. 65 nnq,m thééé%t Bliok® 3 dseJigssi ca L.
Dores, Rob &ﬂlﬁgﬁo@?ﬁﬁg&?m\%@?ﬁmpb Ej'ki@, -Lue\?anlg Car rslee <120>

ADRENOCORT¢ a2 aisiol, mlly flamsddnssAmD IRELMEDMWH@}@S@HSIHMOH to
corticosteroid and then a new steady-state with respect to population density.
Ironically during these “adjustment” dycles an extended 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 buifering 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 activate the
HPI axis (i.e. crowding, shifts in pH, built up of ammonia and nitrates). Two
parameters that could be analyzed in these paradigms are moriality and
change in weight. Such paramsters will demonstrate whether the ACTH
analog of the invention is effective in lowering corticosterone levels in fish.
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<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> Hono sapi ens
<400> 1 Ser Tyr Ser Met GQu His Phe Arg Trp Gy Lys Pro Val Ay Lys Lys 1
510 15 Arg Arg Pro Val Lys Val Tyr Pro Asn Ay Ala Gu Asp Ju Ser Ala 20
25 30 du Ala Phe Pro Leu Qu Phe 35 <210> 2 <211> 24 <212> PRT <213>
Hono sapiens <400> 2 Ser Tyr Ser Met Qu H's Phe Arg Trp Ay Lys Pro Val
Gy Lys Lys 1 5 10 15 Arg Arg Pro Val Lys Vval Tyr Pro 20 <210> 3 <211>
13 <212WHARE cldimédisdono sapi ens <400> 3 Ser Tyr Ser Met Qu H's Phe Arg
Trp Ay Lys Pro Val 2/5 15 10 <210> 4 <211> 4
1. A composition comprising an isolated adrenocorticotropic hormone {(ACTH) analog

peptide, the ACTH analog peptide comprising the peptide of SEQ 1D NO:20.

2. The composition of claim 1, wherein the-administration of the ACTH analog peptide
in an in vivo Serum Corticesteroid Inhibition Assay reduces ACTH-induced corticosteroid

secretion by at least 10%.

3.The composition of claim 1, wherein the ACTH analog peptide binds to adrenal
membrane and displaces a peptide of SEQ 1D NO:2 from adrenal membrane, where the

peptide binding is measured by an in vitro Serum-free Adrenal Competitive Binding

Assay.

4.The composition of claim 3, wherein the ACTH analog peptide binds to a MC-2R
adrenal membrane with at least a 2-fold greater affinity than the peptide of SEQ ID NO:2.

5.The composition of claim 1, wherein the ACTH analog peptide reduces ACTH
induced production of corticosterone by adrenal membrane in an in vitro Serum-free

Adrenal Inhibition Assay.

6.A composition comprising an isolated ACTH analog peptide, the ACTH analog
peptide comprising the peptide of SEQ ID NO:20, wherein the ACTH analog peptide binds
to adrenal membrane and displaces a peptide of SEQ ID NO:2 from adrenal membrane,
where the peptide binding is measured by an in vitro Serum-free Adrenal Competitive

Binding Assay.

7.The composition of claim 6, wherein the ACTH analog peptide reduces ACTH
.induced production of corticosterone by adrenal membrane in an in vitro Serum-free

Adrenal Inhibition Assay.
8.The compdsition of claim 6, wh_erein administration of the ACTH analog peptide

7reduces ACTH-induced corticosteroid induction by at least 10%, wherein corticosterone
induction is measured by an in vivo Serum Corticosteroid Inhibition Assay.
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<212> PRT <213> Honp sapiens <400> 4 H's The Arg Trp 1 <210> 5 <211> 4
<212> PRT <213> Honp sapiens <400> 5 Lys Lys Arg Arg 1 <210> 6 <211> 4
<212> PRT <213> Artificial Sequence <220> <223> (AA15-18) portion of the
ACTH analog <400> 6 i Lys Arg Ala Ala 1 | <210> 7 <211> 4 <212> PRT
<213> Artificial Sequence <220> <223> (AAl15-18) portion of the ACTH anal og
<400> 7 Ala Lys Ala Arg 1 <210> 8 <211> 4 <212> PRT <213> Artificial

Sequence
9. The composition of claim 6, wherein the ACTH analog peptide reduces ACTH

induced production of corticosterone by adrenal membrane in an in vitro Serum
Corticosteroid Induction Assay by at ieast 10% compared to the peptide of SEQ ID NO:2.

10. The composition of claim 1, wherein the ACTH analog peptide consists of the
peptide of SEQ ID NO:20.
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<220> |, <223> (AA15-18) portion of the ACTH anal og <400> 8 3/5 Lys A a
Ala Arg 1 <210> 9 <211> 4 <212> PRT <213> Artificial Sequence <220>
<223> (AAl5-1B) portion of the ACTH analog <400> 9 Lys Ala Arg Ala 1
<210> 10 <211> 4 <212> PRT <213> Aifsificial Sequence <220> <223>
(AA15-18) portion of the ACTH anal og <400> 10 G n Lys dn Arg 1 <210> 11
<211> 4 <212> PRT <213> ASEQYENCEalIHTaNeence <220> <223> (AAl5-18) portion
of the :ﬁ\}CTH anal og <400> 11 Ala Ala Ala Ala 1 <210> 12 <211> 6

<110> Bremnnan, Miles B.
Costa, Jessica L.
Dores, Robert L.
Hochgeschwender, Ute H.
Haskell-Luevanoc, Carrie

<120> ADRENOCORTICOTROPIC HORMONE ANALOGS AND RELATED METHODS
<130> 12%68/003 (DU-144)

<150> TUS 60/622,436
<151> 2004-10-27

<160> 21

<170> PatentIn version 3.3
<210> 1

<211> 39

<212> PRT

<213> Homo sapiens

<400> 1

Ser Tyr Ser Met Glu His Phe Arg Trp Gly Lys Pro Val Gly Lys Lys
1 5 10 15

Arg Arg Pro Val Lys Val Tyr Pro Asn Gly Ala Glu Asp Glu Ser Ala
20 25 30

@lu Ala Phe Pro Leu Glu Phe
35

<210> 2

<211> 24

<212> PRT

<213> Homo sapiens

<400> 2
Ser Tyr Ser Met Glu His Phe Arg Trp Gly Lys Pro Val Gly Lys Lys
1 5 10 15

Arg Arg Pro Val Lys Val Tyr Pro

<210> 3

<21i> 13

<212> PRT

<213> Homo sapiens

<400> 3

Ser Tyr Ser Met Glu His Phe Arg Trp Gly Lys Pro Val




<212> PRT <213> Artificial Sequence <220> <223> (AAl4)-(AA15-18)-(AAL19)
portion of the ACTH analog <400> 12 Ay Lys Arg Ala Ala Trp 1 5 it 4/5
<210> 13 <211> 6 <212> PRT <213> Artificial Sequence <220> <223>
(AA14) - (AA15-18) - (AA19) portion of t#® ACTH analog <400> 13 dy Ala Lys
Ala Arg Pro 1 5 <210> 14 <211> 6 <212> PRT <213> Artificial Sequence
<220>1<223> (AAl14) - AA15-18)-(AA19) ¥brtion of the ACTH anal og <400> 14
Gy Lys Ala Ala Arg Pro 1 5 <210> 15 <211> 6 <212> PRT <213> Artifici al
Sequeng; <220> <223> (AAl4)-(AA1l5-18)-(AA19) portion of the ACTH anal og

<400>335. Wy Lys Ala Arg Ala Pro

<212> PRT
<213> Homo sapiens

<400> 4

His Phe Arg Trp
1

<210> 5

<211> 4

<212> PRT

<213> Homo sapiens

<400> 5
Lys Lys Arg Arg
1

<210> 6

<211> 4

<212> PRT

<213> Artificial Seguence

<220> .
<223> (AA15-18) portion of the ACTH analog

<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 Livs Ala Arg
1

<210> 8

<211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> (Aal15-18) portion of the ACTH analog

<400> 8




15 <210> 16 <211> 6 <212> PRT <213> Artificial Sequence <220> <223>
(AAl4) - (AA15-18) - (AA19) portion of the ACTH analog <400> 16 Ay G n Lys
G@n Arg Pro 15 <210> 17 <211> 6 <212> PRT <213> Artificial Sequence 5/5
<220> <223> (AAl4)-(AA15-18)-(AA19) psrtion of the ACTH anal og <400> 17
Ay Lys Arg Ala Ala Pro 1 5 <210> 18 <211> 5 <212> PRT <213> Hono
sapiens <400> 18 Val Lys Val Tyr Pro 1 5 <210> 19 <211> 5 <212> PRT
<213> LEpt ¥4 #lalA8equence <220> <223> (AA20-24) portion of the ACTH anal og
<400>19 Ala Ala Ala Ala Ala

<210> 8

<211l> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> (AA15-1B) portion of the ACTH analog

<400> 9

Lys Ala Arg Ala
1

<210> 10

<211> 4

<212> PRT

<213> Artificial Sequence

. <220>
<223> (AAl15-18) portion of the ACTH analog

<400> 10

Gln Lvs 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> {AAl14)-(AAR15-18)-(AA19) portion of the ACTH analog

<400> 12

Gly Lys Arg Ala Ala Tzp
1 5




1 5 <210> 20 <211> 24 <212> PRT <213> Artificial Sequence
ACTH anal og
Gy Lys Arg 1 5 10 15 Ala Ala Tip VvVal Lys Val Tyr Pro 20
15 <212> PRT <213> Honp sapi ens

<220> <223>

<400> 20 Ser Tyr Ser Met Qu H's Phe Arg Trp Ay Lys Pro Val

AQu Ala Phe Pro Leu Qu Phe 1 5 10 15

<210> 13

<211> 6

<212> PRT

<213> BArtificial Segquence

<220>

<223> (ARnl1l4)-(AA15-18)-(AAl19) portion of the ACTH analog

<400> 13

Gly Ala Lys Ala Arg Pro

1 5

<210> 14

<211> 6

<212> PRT

<213> Artificial Sequence

<220>

<223> (AAld)-{AAl5-18)-{AAlY9) portion of the ACTH analog

<400> 14

Gly Lys Ala Ala Arg Pro

1 5

<210> 15

<211l> 6

<212> PRT

<213> Artificial Sequence

<220>

<223> (AAl14)-(AR15-18)-(AALl9) portion of the ACTH analog
1]

<400> 15

Gly Ly Ala Arg Ala Pro

1 5

<210> 16‘

<211> 6

<212> PRT

<213> Artificial Sequence

<220>

<223> {AAl14)-(AA15-18)-(RA19) portion of the ACTH analog

<400> 16

Gly Gin Lys Gln Arg Pro

1 5

<210> 17

<21l> &

<212> PRT

<213> Artificial Sequence

<210> 21 <211>

<4p> 21 Asn Gy Ala Qu Asp Au Ser A a




5/5

<220>
<223> (AA14)-(AAl5-18}-{AAl%) 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

Vval Lys val Tyr Pro
i 5

<210> 19

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> (AA20-24) portion of the ACTH analog

<400> 139

Ala Ala Ala Ala Ala
1 5

<210> 20

<211l> 24

<212> PRT

<213> Artificial Sequence

<220>
<223> ACTH analog

<400> 20

Ser Tyr Ser Met Glu His Phe Arg Trp Gly Lvs Pro Val Gly Liys Arg
1 5 10 15

Ala Ala Trp Val Lys Val Tyr Pro
20

<210> 21

<211> 15

<212> PEBRT

<213> Homo sapiens

<400> 21

Asn Gly Ala Glu Asp Glu Ser Ala Glu Ala Phe Pro Leu Glu Phe
1 5 10 15




