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nmel anocortins include a famly of peptide hornones that induce pignentation
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pituitary gland in sonme non-human animals, and from UV exposed
keratinocytes in human skin, is al pha nel anocyte stinmulating hornone

(al pha-MsH). 1 This 13 amno acid peptide binds to MJ R to induce cyclic
AMP- nedi at ed signal transduction, which |leads to the synthesis of nelanin
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expressed in light-skinned human populations that report a poor tanning response to

sunlight.> These poorly-tanning, easily-burning populations often possess defects in the
15 MCIR gene® and are generally thought to be at a greater risk of developing both melanoma

and non-melanoma skin cancers.*>

It has previously been disclosed that a super-potent derivative of alpha-MSH,
Melanotan (N le*-D-Phe’-alpha MSH, also referred to herein as “Melanotan-1” or “MT1%),
can induce tanning in human volunteers.® Melanotan contains two amino acid
20  substitutions and is approximately 100 to 1,000-fold more potent than the native hormone
at inducing pigmentation in experimental systems such as the frog skin bioassay or in
cultured human keratinocytes.” In humans, Melanotan primarily induces eumelanin
synthesis in the skin in concert with its tanning effect.® Although melanotropins have been

1011 a11 of the prior trials reported only

postulated to affect immunologic changes,
25 minimal side effects such as facial flushing and transient GI upset, unless doses greater

than those needed for tanning were administered.'?

There is compelling evidence that melanotropic peptides may provide a potential
for increasing melanin pigmentation of human skin. Synthetic MSH may be used to
enhance skin pigmentation of normal or light-skinned individuals to protect them from the

30  hazards of solar radiation. Several studies have suggested that individuals whose skin

tends to burn easily on exposure to the sun and does not tan readily are at higher risk of
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SUMMARY
15 Described herein are methods for inducing melanogenesis in a subject. The
advantages of the invention will be set forth in part in the description which follows, and in
part will be obvious from the description, or may be learned by practice of the aspects
described below. The advantages described below will be realized and attained by means
of the elements and combinations particularly pointed out in the appended claims. It is to
20  be understood that both the foregoing general description and the following detailed

description are exemplary and explanatory only and are not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated in and constitute a part of this
25  specification, illustrate several aspects described below. Like numbers represent the same

elements throughout the figures.

Figure 1 shows the in vitro release of Melanotan from implants treated with ethyl
acetate.
Figure 2 shows the in vitro release of Melanotan from implant formulations made

30 from 85:15 poly-(D,L-lactide-co-glycolide) copolymers.



The acconpanyi ng drawi ngs, which are incorporated in and constitute a part
of this specification, illustrate several aspects described bel ow Like
nunber s rwpresantesthe sane el ements throughout the figuPes/ABI@goeIsl shows
the in vitro rel ease of Melanotan frominplants treated with ethyl acetate.
Figure 2 shows the in vitro rel ease of Melanotan frominplant fornulations
made from 85: 15 pol y-(D, L-1actide-co-glycglLide) copol yners. Figure 3 shows
the in vitro rel ease of Melanotan frominplant fornul ati ons made from 84: 16
poly-(D, L-1actide-co-glycolide) copolyners. Figure 4 shows the
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conparison of nelanin density change (M) in the subjects in Studies 1, 2,
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10 Before the present compounds, compositions, and/or methods are disclosed and

described, it is to be understood that the aspects described below are not limited to specific
compounds, synthetic methods, or uses as such may, of course, vary. It is also to be
understood that the terminology used herein is for the purpose of describing particular
aspects only and is not intended to be limiting.

15 In this specification and in the claims that follow, reference will be made to a
number of terms that shall be defined to have the following meanings:

Throughout this specification, unless the context requires otherwise, the word
“comprise,” or variations such as “comprises” or “comprising,” will be understood to
imply the inclusion of a stated integer or step or group of integers or steps but not the

20  exclusion of any other integer or step or group of integers or steps.

It must be noted that, as used in the specification and the appended claims, the
singular forms “a,” “an” and “the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “a pharmaceutical carrier” includes
mixtures of two or more such carriers, and the like.

25 “Optional” or “optionally” means that the subsequently described event or
circumstance can or cannot occur, and that the description includes instances where the
event or circumstance occurs and instances where it does not.

Ranges may be expressed herein as from “about” one particular value, and/or to
“about” another particular value. When such a range is expressed, another aspect includes

30 from the one particular value and/or to the other particular value. Similarly, when values
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contacted with a test
By “contacting” is meant an instance of exposure by close physical contact of at
15 least one substance to another substance. For example, contacting can include contacting a
substance, such as a pharmacologic agent, with a cell. A cell can be contacted with a test
compound, for example, an alpha-MSH analogue, by adding the agent to the culture
medium (by continuous infusion, by bolus delivery, or by changing the medium to a
medium that contains the agent) or by adding the agent to the extracellular fluid ixn vivo (by
20 local delivery, systemic delivery, intravenous injection, bolus delivery, or continuous
infusion). The duration of contact with a cell or group of cells is determined by the time
the test compound is present at physiologically effective levels or at presumed
physiologically effective levels in the medium or extracellular fluid bathing the cell.
By “prevent” or “preventing” means the administration of a composition to a
25  subject or a system at risk for an undesirable condition. The condition can include a -
disease or a predisposition to a disease. Prevention can range from a reduction in the
severity of the condition to the complete ablation of the condition.
By “effective amount and time” means a therapeutic amount and time needed to
achieve the desired result or results, e.g., inducing melanogenesis in a subject.

30 By “induce” means initiating a desired response or result that was not present prior

to the induction step. The term “induce” also includes the term “potentiate.”
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are disclosed that while specific reference of each various individual and collective

combinations and permutation of these compounds may not be explicitly disclosed, each is
15  specifically contemplated and described herein. For example, if a number of different
alpha-MSH analogues and biodegradable polymers are disclosed and discussed, each and
every combination and permutation of the alpha-MSH analogue and biodegradable
polymer are specifically contemplated unless specifically indicated to the contrary. Thus,
if a class of molecules A, B, and C are disclosed as well as a class of molecules D, E, and F
20  and an example of a combination molecule, A-D is disclosed, then even if each is not
individually recited, each is individually and collectively contemplated. Thus, in this
example, each of the combinations A-E, A-F, B-D, B-E, B-F, C-D, C-E, and C-F are
specifically contemplated and should be considered disclosed from disclosure of A, B, and
C; D, E, and F; and the example combination A-D. Likewise, any subset or combination
25  of'these is also specifically contemplated and disclosed. Thus, for example, the sub-group
of A-E, B-F, and C-E are specifically contemplated and should be considered disclosed
from disclosure of A, B, and C; D, E, and F; and the example combination A-D. This
concept applies to all aspects of this disclosure including, but not limited to, steps in
methods of making and using the disclosed compositions. Thus, if there are a variety of
30 additional steps that can be performed it is understood that each of these additional steps

can be performed with any specific embodiment or combination of embodiments of the
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met hods for inducing nelanogenesis in a human subject. The nethods herein
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15  inducing homologous desensitization of the melanocortin-1 receptors of the subject.

In another aspect, described herein are methods for inducing melanogenesis in a
human subject, comprising administering to the subject an effective amount of an alpha-
MSH analogue to induce melanogenesis by the melanocytes in epidermal tissue of the
subject, wherein the alpha-MSH analogue is administered at a level not exceeding 10

20  ng/ml in the plasma of the subject for a period of at least 24 hours.

In yet another aspect, the invention provides a composition for inducing
melanogenesis in a human subject, wherein the composition administers an alpha-MSH
analogue to the subject in an effective amount and time to induce melanogenesis by the
melanocytes in epidermal tissue of the subject without inducing homologous densitization

25  of the melanocortin-1 receptors of the subject.

In this aspect, the invention also provides a composition for inducing
melanogenesis in a human subject, wherein the composition administers an alpha-MSH
analogue to the subject at a level not exceeding 10 ng/ml in the plasma of the subject for a

period of at least 24 hours.



are present in the plasma of the subject. In general, higher doses of

al pha- MSH anal ogue are required to increase nelanin production in a

subj ect . Wwoweasar2éeandesi rabl e si de effects can occur wheoThwhsdoess of

al pha- MsH anal ogue are admi ni stered. By increasing nmelanin production in a
subject, it is possible to prevent the occurrence of UV radiationi nduced
skin damage in a subject that woul d normalfl.y be susceptible to such damage.
In one aspect, the nethod for inducing nelanogenesis in a human subj ect
conprises adm nistering to the subject an al pha- MSH anal ogue in an

ef fective anount lee § I I.S: I Les dn

epi dermal ti ssueTgélgpheg@lﬁ%%%I?q\#\nats out ] %ggg(?ﬁégré g%{rg{:@ge&% a?f%glg’%é‘?et?flzati on

of the nel aslpesMIHwhichexaibitehgomit dctieitys fodjtiecielahocoatinl re¢epasURICLR), the

descri bed herein are net hodi/{ﬁr_ i hduci, nag T,gl anogenesi.s in,a human subj ect,
b fthermr

conpri si ng BEFRMN Bvdlicherhgs Hdp e it figR obmsiamin wihia? al pha-

MSH anal ogugehfod A8 UGkn el idRRES Bt RYivhidfes TRWARBCH GR driGR LRSI REq i ssue
erelnt ana ﬁi

of the subject, e al pha- ogue is admnistered at a level
not exceéedimgidies argeleted franh theplatiseralpbéd-M $ié nsaldxjubcat thoN-termieal ad, tfe Gt

| east 24 hours. ]Jn yet ot her ect, the invention,provides a c osition
or® naact emrineLehel Bt nhio b ARBRE b wohy wnbd PR af b s EiRoy

adm ni st er sp@M AbRbate MRHepRAEPEH SndtRerimafirAURbESitutal oAR Bl R GhliNGadgoUNt  and
time to induce nel anogenesi s by the nel anocytes in epi'dermal tissue of the

subj ect wi tigsidue;i anfei (Hif) ancnisemelecdaiatesiction dermsrasafcychedenivagivecor t i n- 1
receptors of the subject. In this aspect, the invention also provides a
conposi tion for Txduseiodgnyrelpharddeii @asaleguamis aomtemplateiinjthe metholde describede

conposi tion adm ni sters an, al pha- nal ogue to the,subject at | evel not
exceedilfy 1eFreigs Reverl Cfeﬁlé(afb‘feéé’gﬁ"%ﬁ eGER Setheseds }Lalﬂeferiec?ap%ﬁ,t ¢ alpbast 24

hours. The t N : : ; - r I BidzhaloS \

o1 vat i ve eTL iR MRt AP QA Prch N R Bl LA ooT 4 860 36 548, s,
_rre! anocort ihf'ﬂ949,54éz; é@ér83()::dﬁﬂ E|)7,14_15I76 apéﬁmptraiianﬂhtami Wbs. 20F620 M6 18788s t o
'nitiate v%hi% %ge%etnlaig ri‘nccc))rporrrel?’[eceil lP)Iy ?ef\évllretncé or%wir teachings with respect to alpha-MSH

analogues and their synthesis thereof, can be used herein.

15 In one aspect, the alpha-MSH analogue may be a compound as disclosed in
Australian Patent No. 597630, selected from:
(a) compounds of the formula:
Ac-Ser-Tyr-Ser-M-Gln-His-D-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH,
wherein M is Met, Nle or Lys; and
20 (b) compounds of the formula:
R;-W-X-Y-Z-R;
wherein
R; is Ac-Gly-, Ac-Met-Glu, Ac-Nle-Glu-, or Ac-Tyr-Glu-;
W is —His- or —D-His-;
25 X is —Phe-, -D-Phe-, -Tyr-, -D-Tyr-, or -(pNO,)D-Phe’-;
Y is —Arg- or -D-Arg-;
Z is =Trp- or -D-Trp-; and
R; is =NHjy; -Gly-NH,; or —Gly-Lys-NH,.

30 In another aspect, the alpha-MSH analogue may be selected from cyclic analogues which

are disclosed in Australian Patent No. 618733 where an intramolecular interaction (such as



mel anocyte. Such derivatives include derivatives in which (i) one or nore
am no acid residues are deleted fromthe native al pha- MSH nol ecul e at the
N-t er m navoenah/o1dse Ct ermi nal end, or both; and/or (ii) POmATNONMOOEB1AM NO
acid residues of the native al pha- MSH nol ecul e are repl aced by anot her
natural, non-natural or synthetic am no acid residue; and/or (iii) an
intranol ecular interaction forns as a cycgic derivative. The use of any

al pha- MsH anal ogue is contenplated in the methods descri bed herein. Several
derivatives of a-MSH have been synthesized. 19 In one aspect, the al pha-

4, 015, 055, argBIERRtEG cshaiegyeRiT RS i padich e Mlfe PR e

597630 and 36d &7 3mind\idi€ fesatu abpositioh 1Me0T Randbed) betwehdicatRolaold residng
teachings with respect to al pha- MSH anal ogues_and_ their synthesis thereof,

can be usedthefidpm> andthgpamipe peid eesidugat apgten MsPr hhal ogue” may be a conpound
as disclosed in Australian Patent No. 597630, selected from (a) conpounds
of the fornula: Ac-Ser-Tyr-Ser-Md n-Hi s-D Phe-Arg-Trp-d y-Lys-Pro-Val -NH 2
wher ei n5M s Met , Tl adplarMS¥ssnabrpde il teenieanas]aguetak distlosediindJS Patent No.

R1- W X-Y-Z-R2 wherein is Ac-Ay-, Ac-Met-Gu, Ac-Nle-Gu-, or

Ac- Tyr - G u->0%A839, Sqlw?%‘;l@?’m-t& gﬁoé‘gjc(’l?@“ftg‘g-qf’he- , -D-Phe-, -Tyr-, -D-Tyr-, or

2< p'_\'g;PNﬁg;eg ;r %’fsé{-{@régeﬁﬁgl@-m&ﬁs93:Ph&Arg-TrErmfs-@vy-Prweumz and R2 is -NH
Ac-Ser-Tyr-Ser-Nle-Asp-His-D-Phe-Arg-Trp-Lys-Gly-Pro-Val-NH,
Ac-Nle-Glu-His-D-Phe-Arg-Trp-Lys-Gly-Pro-Val-NH,

10 Ac-Nle-Asp-His-D-Phe-Arg-Trp-Lys-Gly-Pro-Val-NH,
Ac-Nle-Asp-His-D-Phe-Arg-Trp-Gly-NH;
Ac-Nle-Glu-His-D-Phe-Arg-Trp-Lys-NH;
Ac-Nle-Asp-His-D-Phe-Arg-Trp-Lys-NH,
Ac-Nle-Glu-His-D-Phe-Arg-Trp-Orm-NH;

15 Ac-Nle-Asp-His-D-Phe-Arg-Trp-Orn-NH,
Ac-Nle-Glu-His-D-Phe-Arg-Trp-Dab-NH,
Ac-Nle-Asp-His-D-Phe-Arg-Trp-Dab-NH,
Ac-Nle-Glu-His-D-Phe-Arg-Trp-Dpr-NH,
Ac-Nle-Glu-His-Phe-Arg-Trp-Lys-NH,

20 Ac-Nle-Asp-His-Phe-Arg-Trp-Lys-NH,

The alpha-MSH analogue may also be a cyclic analogue as disclosed in US Patent

No. 5,674,839, selected from the group consisting of:

25 Ac-Nle-Glu-His-D-Phe-Arg-Trp-Lys-Gly-Pro-Val-NH,

Ac-Nle-Glu-His-D-Phe-Arg-Trp-Lys-NH,

Ac-Nle-Asp-His-D-Phe-Arg-Trp-Lys-NH,
30 | |
Ac-Nle-Asp-His-D-Phe-Arg-Trp-Orn-NH,

Ac-Nle-Asp-His-D-Phe-Arg-Trp-Dab-NH,



I n anot her aspect, the al pha-MSH anal ogue may be selected fromcyclic

anal ogues which are disclosed in Australian Patent No. 6 18733 where an

i nt ranol ewol2as6/iindeer act i on (such asa di sul fide or ot her pcoxaai2erstoobisnd)

exi sts (1) between the amino acid residue at position 4 and an am no acid

residue at position 10 or 11, and/or (2) between the am no acid residue at

position 5 and the amno acid residue at-gosition 10 or 11. The al pha- MSH

anal ogue may be a |linear anal ogue as disclosed in US Patent No. 5,674, 839,

sel ected fromthe group consisting of:

Ac- Ser-Tyr-Ser-N e-d u-H s-D Phe- Arg-Trp-Lys-d y-Pro-Val - NH 2

Ac- Ser - Tyr-Ser - N e- Asp- Hi s- D- Phe- Ar -Lys-d y- Pro-Mal - NH2

Ac- Nl e- @ u- Hi s- D- Phe- Ar g- Tr pctly 1§-1’GP8L[191' Rha+A -Dpr-NH,

Ac- Nl e- Asp- Hi s- D- Phe- Ar g- Trr-Lys-ﬁl—)u-Rz-e-\laJ-—NHz——L

Ac- N e- Asr-Hi s- DPh Phe- Ar rp- Lys- NH2

Ac- Nl e- Asp- Hi s- D- P eArTg":%FBI\%éSNHéS’ﬁ"ng %ﬂ&’%‘@ﬁﬁ%‘ Aﬂg"Hprp O n- NH2

Ac- N e- Asp- Hi s-D- Phe-Arg-Trp-On-NH . he- Ar g- Tr p- Dab- NH2

Ac- Nl e- Asp- Hi s- DPhe Sg'lrfy[ﬁ% H2 rg- Tr p- Dpr - NH2

Ac- Nl e-d u- Hi s- Phe- Arg-Trp- rp-Lys-NH2 The

al pha- MSH anal ogue nay al so be a cyclic anal ogue as dj sclosed in US Patent

o. 5,674,839, selected i - Lys-

Ac- N e- @ u- H s- D- Phe- Aré&gﬁ@&?gg&g@gﬂ SRR gﬁé AE%T% Lys-NH;

Ac- Nl e- G u- Hi s- D- Phe- Ar g- Tr p- Lys- N2 Ac- Nl e- Asp- Hi s-|D- Phe- Ar g- Tr p- Lys- NH2
10 Ac-Ser-Nle-Asp-His-D-Phe-Arg-Trp-Lys-NH,

Ac-Nle-Asp-His-D-Phe-Arg-Trp-Lys-NH,
15 Ac-Nle-Asp-His-D-Phe-Arg-Trp-Lys-Gly-NH,

| |

Ac-Nle-Asp-His-D-Phe-Arg-Trp-Lys-Gly-Pro-NH,
Ac-Nle-Asp-His-D-Phe-Arg-Trp-Lys-Gly-Pro-Val-NH,
20 l |
Ac-Ser-Nle-Asp-His-D-Phe-Arg-Trp-Lys-Gly-Pro-Val-NH,

Where referred to herein, Ala = alanine, Arg = arginine, Dab = 2,4-diaminobutyric
25  acid, Dpr = 2,3-diaminopropionic acid, Glu = glutamic acid, Gly = glycine, His = histidine,
Lys = lysine, Met = methionine, Nle = norleucine, Orn = ornithine, Phe = phenylalanine,
(pNO,)Phe = paranitrophenylalanine, Plg = phenylglycine, Pro = proline, Ser = serine, Trp
= tryptophan, TrpFor = N formyl-tryptophan, Tyr = tyrosine, Val = valine. All peptides
are written with the acyl-terminal end at the left and the amino terminal end to the right;
30 the prefix "D" before an amino acid designates the D-isomer configuration, and unless

specifically designated otherwise, all amino acids are in the L-isomer configuration.

In one aspect, the alpha-MSH analogue can be

[D-Phe’]-alpha-MSH,



Ac- N e- Asp- Hi s-

D- Phe- Arg- Tr p- Or n- NH2

Ac- N e- Asr- Hi s- D- Phe- Ar g- Trr - Dab- NH2Ac- Nl e- Asp
- - HHi i ss-wD-2Bbwa1266g- Tr p- Dpr - NH2
Ac- Ser-Tyr - Ser - Nl e- Asp- Hi s- D- Phe- Arg- Trp- Lys-Ad y-Pro-Val - NH 2
Ac- Ser-Try-Ser-N e- Asp- H s- D- Phe- Arg- Trp-Lys-NH 2
Ac- Tyr-Ser-N e- Asp- Hi s- D- Phe- Arg- Tr p- Lys-\H 2

Ac- Ser - Nl e- Asp-
Ac- N e- Asp- Hi s-
Ac- Nl e- Asp-Hi s-
r- H s- D- Phe- Arg
Ac- Nl e- Asp- Hi s-
r-H s-D Phe- Arg
alanine, Arg =

2, 3-di am noprop
hi stidi ne, Lys
orni t hi ne, Phe
phenyl gl yci ne,

f or nyl -t ypt oph
with the acyl -t

configuration,
acids are in th
anal ogue can be
D- Phe 7] -al pha-
7] - al pha- VBH,

10

15

20

25

Hi s- D- Phe- Arg-Tr r-Lys-NH
D- Phe- Arg- Trp-Lys-NH 2

2

qur ﬁgy&b%%ﬁﬁﬁy NH 2 Ac- N e-As

Val -NH 2 Ac-Ser-N e-As

Pr o-
ﬁ;g)}@l]yal@aol\&i/ NH 2 Wiere referred to herein, Ala

PCT/AU2005/000181

L ni,n = 2 i am nobutyric acid, Dpr =
i il Erzaﬁrﬂl%lﬂh&h’g?}g’t amic acid, Gy = gI ycine, Hs =

Nl e = norleucine, On =
= parani trophenyl al anine, Plg =

a-Mgyh, D=Ph¢/{-elphadVISHal =

e[[D.HiépDtheépﬂ hgMSILi on.

si,n = net hi oni ne,
Ibéemylpaﬁlwrﬂrﬂéha-w‘hbz) Phe

Pro —PI’O|I e, Ser = serine,

Trp = tryptophan, TrpFor = N1"

valine. Al peptides are witten
ermnal end at the left and the amno termnal end to the
right; the prefipD-GI’, DePl’palpha-diSHip aci d designates the D-isoner

and unl ess specifically designated otherw se, all am no

I n one aspect,

t he al pha- MSH

D- Phe 7] -al pha-MsSH, [ Nl e4, D-Phe 7]-al pha-MsH, [D- Serl,
B@'—'PhyDDTMgZ] -alghRMSH] - al pha- MSH, [D- Ser3, D-Phe

[D-Phe’, D-Trp’]-alpha-MSH,
[D-Phe’, D-Lys'']-alpha-MSH,
[D-Phe-’, D-Pro**]-alpha-MSH,
[D-Phe’, D-Val“*]-alpha-MSH,
[D-Ser!, Nle*, D-Phe’]-alpha-MSH,
[D-Tyr?, Nle*, D-Phe’]-alpha-MSH,
[D-Ser’, Nle*, D-Phe’]-alpha-MSH,
[Nle*, D-Glu’,D-Phe’]-alpha-MSH,
[Nle*, D-His®, D-Phe’]-alpha-MSH,
[Nle*, D-Phe’, D-Arg®]-alpha-MSH,
[Nle*, D-Phe’, D-Trp’]-alpha-MSH,
[Nle4, D-Phe’, D-Lys“]-alpha-MSH,
[Nle*, D-Phe” D-Pro**]-alpha-MSH,

[Nle*, D-Phe’, D-Val**]-alpha-MSH,

! N 10
[Cys*, Cys']-alpha-MSH

[ 7 10
[Cys®, D-Phe’, Cys "]-alpha-MSH



3D- Phe7] - al pha- MSH, [ D- G u5, D-Phe7]-al pha-MSH, [D-Hi s6, D-Phe7]-al pha- MSH,
[ D-Phe7, D-Arg 8]-al pha-MsH, [D Phe7, D-Trp 9]-al pha- MSH, [D-Phe7, D-Lys

17- al pha-WBHpogiiirddhe- 7, D-Pro 12] - al pha- MSH, [ D Phe7, DpYalAwkajs/mbysha- MVSH,
[D-Serl, N e4, D Phe7]-al pha-MSH, [D Tyr2, N e4, D Phe7]-al pha- VsH,

[D-Ser3, Nl e4, D Phe7]-al pha-MsH, [Nle4, D-du 5, D-Phe7]-al pha- MSH, [Nl e4,
D-H s 6,- D-Phe7]-al pha-MsH, [Nl e4, D Phe 14,- D- Arg8] - al pha- MsH, [ NI e4,

D- Phe7, D-Trp9]-al pha-VsH, [N e4, D-Phe7, D Lys 1”-al pha-VMsSH, [N e4, D Phe
7" D-Pro 12]-al pha-MSH, [N e4, D Phe7, D Val 13]-al pha-MSH, [Cys\ Cys,il ou
] - al pha- MSH [ Cys4, D Phe7, Cysl0]-al pha- MSH[ Cys4, Cysp ]-al pha- MSH [ Cys5,
Cysl o] - al pha- I\/ISI—tC[I y@ﬁ&lllf‘-\éﬁ)ﬂahﬁ{pha' MSH [ Cys4 Cysl o] - al pha- MSH 4- 13

[ 5 A 10
[Cys’, Cys " ]-alpha-MSH

|

[Cys®, Cys'!]-alpha-MSH

]

[Cys®, Cyslo]-alpha-MSH4-13

]

10 [Cys4, Cyslo] -alpha-MSHj4. 5
[Nle*, D-Phe’]-alpha-MSH,. g,
[Nle*, D-Phe’]-alpha-MSH,. 11,
[D-Phe’]-alpha-MSHs. 1,

15 [Nle4, D-Tyr7]-alpha-MSH4_1 1
[(pNO,)D-Phe’]-alpha-MSH,.11,
[Tyr*, D-Phe’]-alpha-MSH,. o,
[Tyr*, D-Phe’]-alpha-MSHa.11,
[Nle*] -alpha-MSHy.1j,

20 [Nle*, (pNO,)D-Phe’]-alpha-MSH,. 11,
[Nle*, D-His®]-alpha-MSH,.11,
[Nle*, D-His®, D-Phe’]-alpha-MSH,.11,
[Nle4, D-Arg®]-alpha-MSH,.11,
[Nle*, D-Trp’]-alpha-MSH,.11,

25 [Nle*, D-Phe’, D-Trp’Jalpha-MSH4.11,
[Nle*, D-Phe’]-alpha-MSH,.g, or
[Nle*, D-Phe’, D-Trp’]-alpha-MSHj.o.

In one aspect, the alpha-MSH analogue is

[Nle*, D-Phe]-alpha-MSH,. 10,

30 [Nle*, D-Phe’]-alpha-MSH,. 11,



[ Cys4, Cyslo]-al pha-MsH 4-12 [ Nl e4, D Phe7]-al pha- MSH 4.10, [Nl e4,

D- Phe7] - al pha- MSH 4-11 , [D-Phe7]-al pha-MsH 5-11 , [Nl e4, D Tyr7]-al pha- VSH
4-1 j, [(whea)dd»1Ree7] - al pha- MSH 4-11 , [Tyr4, D Phe7] - alPpiactaBid/o60180,

[ Tyr4, D Phe7]-al pha-MsH 4.p , [N e4]-al pha-MSH 4-11, [N e4, (pNOR)D Phe

7] -al pha-MSH 4.p [Nl e4, D-Hi s6]-al pha-MSH 4_p, [N e4, D His6,

D- Phe7] - al pha- MSH 4-11 , [Nle4, D Arg8]-abpha-MsH 4 n , [N e4,

D-Trp9] - al pha- MSH 4-11 , [Nl e4, D Phe7, D Trp9]al pha-MSH 4-11 , [N e4,

D Phe7] - al pha- MSH 4-9, or [N e4, D Phe? D Trp9] - al pha-MSH 4-9 . spect, the

al pha- MsH anal o 7€ ha H 4-10, [N e4,

D- Phe7] - al pha- I\/gﬁﬁﬁ ?1“‘\41\}? IZP] ﬁhalﬁi@% My rVg] al rha- MSH4- 11 , or [N e4,

D Phe7] - al pha- aspect, the al pha- MSH anal ogue is

[ Nl e4, D Phe7] Nﬁﬁﬁa%] a]PL?AMﬁ%% appreci ated that the actual preferred
anounts of the al pha- MSH, an spe ry according
to the spedPf @ﬂ{% r?ﬁB‘Eﬁ‘i{fge 5‘3&1%3/?@#@}1@19% 15&“]? plg'PiﬁegLﬁlg?a'Mosi tions

fornul ated, the node of application, and the particular situs and
It will be appreciated that the actual preferred amounts of the alpha-MSH analogue

5 ina specified case will vary according to the specific compounds being utilized, the
particular compositions formulated, the mode of application, and the particular situs and
subject being treated. Dosages for a given host can be determined using conventional
considerations, e.g., by customary comparison of the differential activities of the subject
compounds and of a known agent, e.g., by means of an appropriate conventional

10  pharmacological protocol. Physicians and formulators, skilled in the art of determining
doses of pharmaceutical compounds, will have no problems determining doses for
inducing melanogenesis by the methods described herein. In one aspect, the alpha-MSH
analogue is administered in an amount to induce melanogenesis without inducing
homologous desensitization of the melanocortin-1 receptors of the subject. In another

15  aspect, the alpha-MSH analogue is administered at a level not exceeding 10 ng/ml in the
plasma of the subject for a period of at least 24 hours. In various other aspects, the alpha-
MSH analogue is administered at a level not exceeding 9 ng/ml, 8 ng/ml, 7 ng/ml, 6 ng/ml,
5 ng/ml, 4 ng/ml, 3 ng/ml, 2 ng/ml, 1 ng/ml, 0.5 ng/ml, 0.2 ng/ml or 0.1 ng/ml, or lower,

in the plasma of the subject for a period of at least 24 hours.

20 Any of the alpha-MSH analogues useful herein can be administered to a subject
using a variety of administration or delivery techniques known in the art. It is desirable to
maintain low concentrations of the alpha-MSH analogue in the plasma of the subject to
induce melanogenesis in the subject. Therefore, the mode of administration will depend
upon the subject to be treated and the alpha-MSH analogue selected. In various aspects,

25  the alpha-MSH analogues can be administered orally or parenterally. The term “oral” is
used herein to encompass administration of the compounds via the digestive tract. The
term “parenteral” is used herein to encompass any route of administration, other than oral
administration, by which the alpha-MSH analogue is introduced into the systemic
circulation which includes, but is not limited to, intravenous, intramuscular, subcutaneous,

30 intraperitoneal, intradermal, ocular, inhalable, rectal, vaginal, transdermal, topical, buccal,

sublingual, or mucosal administration. The term “mucosal” as used herein encompasses



subj ect being treated. Dosages for a given host can be determ ned using
conventional considerations, e.g., by customary conparison of the

di f f er entwel2o0@atizesi7t i es of the subject conpounds and of paTiaiws/agsnt ,
e.g., by neans of an appropriate conventional pharnmacol ogical protocol.
Physicians and fornulators, skilled in the art of determ ning doses of
phar maceuti cal conpounds, will have no prighl ens determ ning doses for

i nduci ng nel anogenesi s by the methods descri bed herein. In one aspect, the
al pha- MSH anal ogue is adm nistered in an anmount to induce nel anogenesis
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subject. Therefore, the node of mnrstration w epend upon the subject
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Torale s (BRI SNERCG b sy kit iBH e WEhnstkRet & f he
di gestijge tygala. The term“"parenteral” is used herein to enconpass any
route of admnistration, other than oral admnistration, by which the
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rensder el 0P ok PUECSL AL LOGUEL. S picosal PO Stegtlon, The
conpounds  byelivBiitdRe AIPRA-MSHP bR ogddan IR SR malH&4iR USw concentrations of the alpha-

15 MSH analogue in the plasma of the subject. Depending on the delivery system or
composition of a formulation or route of administration chosen, drugs or active
pharmaceutical ingredients can be delivered for hours, weeks, or months following a single
administration. Drug-delivery devices include, but are not limited to pumps, needle-free
injectors, metered-dose inhalers, and the like. Transdermal compositions with or without

20  penetration enhancers include but are not limited to transdermal patches, microneedles, and
transdermal formulations that achieve drug delivery using inotophoresis, sonophoresis,
electroporation, thermoporation, perfusion, adsorption and absorption. Other delivery
systems include, but are not limited to, biodegradable or non-biodegradable rods or other
shaped implants, fibers, microparticles, microspheres, microcapsules, nanospheres,

25  nanocapsules, porous silicon nanoparticles, in situ gelling formulations, in situ bolus
forming compositions, quick dissolving tablets and the like, buccal patches, films, tablets,
capsules, osmotic pressure driven formulations, liquid filled capsules, liposomes and other
lipid based compositions and the like, pegalation and the like, hydrogel formulations,

emulsions, microemulsions, and suspensions.

30 In one aspect, polymeric delivery systems can be microparticles including, but not

limited to microspheres, microcapsules, nanospheres and nanoparticles comprising



menbr anes) of the human body such as, but not limted to, buccal,

i ntranasal, gingival, vaginal, sublingual, pulnmnary, or rectal tissue. The
term "tranedesamabkés7as used herein enconpasses the adm nipstrraab@oorfsit he
conpounds that go into the skin or go through the skin using formulations
such as, but not limted to, transdermal formnulations, buccal patches, skin
pat ches, or transdermal patches. The ter.mg'topical" as used herein
enconpasses admi ni stration by applying conventional topical preparations
such as creans, gels, or solutions for |ocalized percutaneous delivery
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pyridine) and the like; a poly(styrene); a poly(carbonate); a poly(ester); a poly(orthoester)

15  including a copolymer; a poly(esteramide); a poly(anhydride); a poly(urethane); a
poly(amide); a cellulose ether such as methyl cellulose, hydroxyethyl cellulose,
hydroxypropyl methyl cellulose, and the like; a cellulose ester such as cellulose acetate,
cellulose acetate phthalate, cellulose acetate butyrate, and the like; a poly(saccharide), a
protein, gelatin, starch, gum, a resin, and the like. These materials may be used alone, as

20  physical mixtures (blends), or as co-polymers. Derivatives of any of the polymers listed

above are also contemplated.

In one aspect, the polymeric excipient of the delivery system includes a
biocompatible, non-biodegradable polymer such as, for example, a silicone, a polyacrylate;
a polymer of ethylene-vinyl acetate; an acyl substituted cellulose acetate; a non-degradable
25  polyurethane; a polystyrene; a polyvinyl chloride; a polyvinyl fluoride; a poly(vinyl
imidazole); a chlorosulphonate polyolefin; a polyethylene oxide; or a blend or copolymer

thereof,

In another aspect, the polymeric excipient includes a biocompatible, biodegradable

polymer such as, for example, a poly(lactide); a poly(glycolide); a poly(lactide-co-
30 glycolide); a poly(lactic acid); a poly(glycolic acid); a poly(lactic acid-co-glycolic acid); a
poly(caprolactone); a poly(orthoester); a poly(phosphazene); a poly(hydroxybutyrate) or a
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above are ajcsd) fE10sXaBipR, ah 66ler, then the resultant polymer is referred to herein as blocked or
15  capped. The unblocked polymer, conversely, has a terminal carboxylic group. In one
aspect, linear lactide/glycolide polymers are used; however star polymers can be used as
well. In certain aspects, high molecular weight polymers can be used for medical devices,
for example, to meet strength requirements. In other aspects, low molecular weight
polymers can be used for drug-delivery and vaccine delivery products where resorption
20  time and not material strength is as important. The lactide portion of the polymer has an
asymmetric carbon. Commercially racemic DL-, L-, and D-polymers are available. The L-
polymers are more crystalline and resorb slower than DL- polymers. In addition to
copolymers comprising glycolide and DL~lactide or L-lactide, copolymers of L-lactide and

DL-lactide are available. Additionally, homopolymers of lactide or glycolide are available.

25 In the case when the biodegradable polymer is poly(lactide-co-glycolide),
poly(lactide), or poly(glycolide), the amount of lactide and glycolide in the polymer can
vary. In one aspect, the biodegradable polymer contains 0 to 100 mole %, 40 to 100 mole
%, 50 to 100 mole %, 60 to 100 mole %, 70 to 100 mole %, or 80 to 100 mole % lactide
and from 0 to 100 mole %, 0 to 60 mole %, 10 to 40 mole %, 20 to 40 mole %, or 30 to 40

30 mole % glycolide, wherein the amount of lactide and glycolide is 100 mole %. In one

aspect, the biodegradable polymer can be poly(lactide), 85:15 poly(lactide-co-glycolide),
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15 In another aspect, where the alpha-MSH analogue is delivered by another delivery
system such as a transdermal formulation, the amount of alpha-MSH analogue in the

formulation can be from 0.001 to 10%, or 0.05 to 5% by weight of the formulation.

Other pharmaceutically-acceptable components can be encapsulated or
incorporated in the delivery system in combination with the alpha-MSH analogue. For
20  example, the pharmaceutically-acceptable component can include, but is not limited to, a
fatty acid, a sugar, a salt, a water-soluble polymer such as polyethylene glycol, a protein,
polysacharride, or carboxmethyl cellulose, a surfactant, a plasticizer, a high- or low-
molecular-weight porosigen such as polymer or a salt or sugar, or a hydrophobic low-
molecular-weight compound such as cholesterol or a wax. In another aspect, the delivery
25  system comprises an implant or rod, wherein the alpha-MSH analogue is [Nle*, D-Phe’]-
alpha-MSH in the amount from 15% to 45% by weight of the implant or rod, wherein the
rod or implant comprises poly(lactide) or poly(lactide-co-glycolide) such as, for example,

85:15 poly(lactide-co-glycolide).

Any of the delivery systems described herein can be administered using techniques

30 known in the art. In one aspect, the delivery system can be administered subcutaneously to
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“admixing” also includes the chemical reaction or physical interaction between the alpha-

15 MSH analogue and the pharmaceutically-acceptable carrier.

Pharmaceutically-acceptable carriers are known to those skilled in the art. These
most typically would be standard carriers for administration to humans, including solutions

such as sterile water, saline, and buffered solutions at physiological pH.

Molecules intended for pharmaceutical delivery may be formulated in a
20  pharmaceutical composition. Pharmaceutical compositions may include carriers,
thickeners, diluents, buffers, preservatives, surface active agents and the like in addition to
the molecule of choice. Pharmaceutical compositions may also include one or more active

ingredients such as antimicrobial agents, antiinflammatory agents, anesthetics, and the like.

Preparations for administration include sterile aqueous or non-aqueous solutions,
25  suspensions, and emulsions. Examples of non-aqueous carriers include water,
alcoholic/aqueous solutions, emulsions or suspensions, including saline and buffered
media. Parenteral vehicles, if needed for collateral use of the disclosed compositions and
methods, include sodium chloride solution, Ringer's dextrose, dextrose and sodium
chloride, lactated Ringer's, or fixed oils. Intravenous vehicles, if needed for collateral use
30 of the disclosed compositions and methods, include fluid and nutrient replenishers,

electrolyte replenishers (such as those based on Ringer's dextrose), and the like.
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days, 20 daysy idbalekeyss thedorid@atiéry San be in the form of a drop, a spray, an aerosol, or a

sustained release format. The spray and the aerosol can be achieved through use of the

15  appropriate dispenser. The sustained release format can be an ocular insert, erodible

microparticulates, swelling mucoadhesive particulates, pH sensitive microparticulates,

nanoparticles/latex systems, ion-exchange resins and other polymeric gels and implants

(Ocusert, Alza Corp. , California; Joshi, A., S. Ping and K. J. Himmelstein, Patent

Application WO 91/19481). These systems maintain prolonged drug contact with the

20  absorptive surface preventing washout and nonproductive drug loss.

The methods described herein induce melanogenesis in a subject (i.e, increase
melanin production from melanin-producing cells). The methods herein increase melanin
production without inducing homologous desensitization of the melanocortin-1-receptors
of the subject. By maintaining low concentrations of the alpha-MSH analogue in the

25  plasma of the subject, it is possible to increase melanin production without inducing
homologous desensitization of the melanocortin-1-receptors of the subject, which can
prevent the occurrence of skin damage in a subject due to exposure to UV radiation. In
one aspect, described herein are methods for preventing UV radiation-induced skin damage
in a human subject comprising administering to the subject an alpha-MSH analogue,

30  wherein the alpha-MSH analogue is administered at a level to induce melanogenesis in the

subject without inducing homologous desensitization of the melanocortin-1-receptors of
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In one aspect, an epidermal cell can be contacted with the alpha-MSH analogue in
15  order to prevent UV radiation-induced skin damage in a subject. In these aspects, the

epidermal cell can be contacted with the alpha-MSH analogue in vivo, in vitro, or ex vivo

EXAMPLES

The following examples are put forth so as to provide those of ordinary skill in the
art with a complete disclosure and description of how the compounds, compositions, and
20  methods described and claimed herein are made and evaluated, and are intended to be
purely exemplary and are not intended to limit the scope of what the inventors regard as
their invention. Efforts have been made to ensure accuracy with respect to numbers (e.g.,
amounts, temperature, etc.) but some errors and deviations should be accounted for.
Unless indicated otherwise, parts are parts by weight, temperature is in °C or is at ambient
25  temperature, and pressure is at or near atmospheric. There are numerous variations and
combinations of reaction conditions, e.g., component concentrations, component mixtures,
desired solvents, solvent mixtures, temperatures, pressures and other reaction ranges and
conditions that can be used to optimize the product purity and yield obtained from the
described process. Only reasonable and routine experimentation will be required to

30 optimize such process conditions.
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By nmai ntaining | ow concentrations of the alpha-MSH anal ogue 1 n the plasm
of the subjBuotgfoid, Madanmias(3bIge wherei 7r8(% saddelanetha peptide) extlitheipoly (M tlactide)

Subj ect . WIS %"“Sqf?f&i@%hﬁl'ﬁfé"é‘%éﬁwf@n BouF R i blvate v Ereub ect due
to exposure to Uﬁ/egt%drll“lgluls Oqsen (MP 600) melt plastometer was used to melt extrude the
blended powder. The Tinius Olsen is a solid block of steel about 80 mm in diameter and
15  about 160 mm high/long with a hollow core about 13 mm in diameter. The discharge of
the core has a shoulder that allows different size “dies” to be used based on the desired
diameter of extruded rod. For this run, a 3.9-mm die was used, meaning that the core of
the die was 3.9 mm in diameter. The main block of the Tinius Olsen has heater bands
encased by insulation and a shroud that allow the Tinius Olsen to be heated to a desired
20  temperature. A thermocouple was used to measure the temperature of the block. The
control system then uses the thermocouple values to either turn the heater bands on or off.
Throughout the extrusion process, the heater bands will switch off and on to maintain the
desired temperature. Once the blend was loaded into the Tinius Olsen, a charging rod was
placed in the core or the Tinius Olsen to compress the blend. Weights were placed on the
25  end of the charging rod as appropriate. More specifically, the Tinius Olsen was
equilibrated to 90 °C. The compression load used, while the blend was melting, was 3,700
grams. The equilibration time for the blend to melt lasted for about 15 minutes. The plug
was removed from the discharge area and the extrusion load of 12,360 grams was added,
which included the compression load. An extruded rod of approximately 140 -180 cm was
30 then made.



one aspect, described herein are nethods for preventing W
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one aspect ,seagndsp The implantseyqre then “Waed o¥raem €aDHEPPS-t he al pha- MSH anal ogue
in order to prevent UV radiation-induced skin danage in a subject. In these
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respect to Hxabple@-Peepgration of implants with different lactide/glycolide polymers

Several Melanotan implants were made essentially by the extrusion process

described in Example 1. However, the properties of the implants varied with respect to:

15 e Lactide/glycolide ratio of the polymer
e Polymer end group
e Polymer inherent viscosity
e Melanotan content

Table 1 lists representative examples of the different implants prepared.

TABLE 1
Run Lactide/Glycolide | Inherent | Polymer end | Melanotan content
No. (mole ratio) viscosity group (wt%)
(dL/gm)

1 100:0 0.37 Capped 36.0
2 100:0 0.67 Capped 29.2
3 100:0 1.09 Capped 26.9
4 85:15 0.36 COOH 20.8
5 85:15 0.36 COOH 17.4
6 85:15 0.36 COOH 17.3
7 75:25 0.44 Capped 15.0
8 75:25 0.44 Capped 16.9
9 65:35 0.42 Capped 16.7

a Solvent treated
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desired

glycolide) with carboxylic acid end groups. The poly(DL-lactide-co-glycolide) had an
inherent viscosity of 0.29 dL/g. The inherent viscosity was measured at 30 °C with 0.5

15  gm/dL polymer concentration in chloroform.

The desired Melanotan content in the implant was 17.3 wt % Melanotan peptide.
Therefore, Melanotan (3 g) and the poly(DL-lactide) (12 g) were dry blended using a
mortar and pestle to form a blended powder. The 3 gm of Melanotan comprised about

88% Melanotan peptide.

20 Next a Tinius Olsen (MP 600) melt plastometer was used to melt extrude the
blended powder. The Tinius Olsen is a solid block of steel about 80 mm in diameter and
about 160 mm high/long with a hollow core about 13 mm in diameter. The discharge of
the core has a shoulder that allows different size “dies” to be used based on the desired
diameter of extruded rod. For this run, a 1.5-mm die was used, meaning that the core of

25  the die was 1.5 mm in diameter. The main block of the Tinius Olsen has heater bands
encased by insulation and a shroud that allow the Tinius Olsen to be heated to a desired
temperature. A thermocouple was used to measure the temperature of the block. The
control system then used the thermocouple values to either turn the heater bands on or off.
Throughout the extrusion process the heater bands will switch off and on to maintain the

30 desired temperature. Once the blend was loaded into the Tinius Olsen, a charging rod was

placed in the core or the Tinius Olsen to compress the blend. Weights were placed on the



tenperature. A thernocouple was used to neasure the tenperature of the
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ratio of t r@yqydidy)}é}y the above-described manufacturing process are shown in Figure 3. The
Melanotan content is 16 wt%. These release data showed that the implants released

Melanotan for at least 21 days.
15
IL. IN VIVO TESTING

Example 4 — Clinical trials.
Four clinical trials were conducted using different means of delivering of Melanotan (MT-
1). In the first clinical trial, a double-blind, randomized, placebo-controlled clinical trial

20  was conducted with 16 human subjects, later reduced to 15 subjects. Melanotan (MT-1)
was administered at a fixed, subcutaneous daily dose for 10 consecutive days to 12
subjects, and the remaining 4 subjects were administered the placebo (saline). One subject
(Melanotan) did not complete the trial protocol. Average baseline melanin density (MD)
and MD change (%) was measured in all 11 protocol completers. In the second clinical

25  trial, a double-blind, randomized, placebo-controlled clinical trial was conducted with 81
human subjects, later reduced to 79 subjects. Melanotan (MT-1) was administered at a
fixed, subcutaneous daily dose for 30 days over a 70 day period to 59 subjects, and the
remaining 20 subjects were administered the placebo (saline). Fourteen subjects did not
complete the trial protocol (twelve Melanotan and two placebo). Average baseline

30  melanin density (MD) and MD change (%) was measured in all 47 protocol completers. In

the third clinical trial, a dose-escalation study of a single depot controlled release
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10 was dramatically higher and quicker than for the subjects of Studies 1 and 2,

notwithstanding the fact that the subjects of Studies 3 and 4 received a substantially lower

amount of Melanotan overall when compared with the subjects of Studies 1 and 2.

a, Primary Objective

15  Study1:

One of the primary objectives of this study was to determine the pharmacokinetics
of 0.16 mg/kg/day of Melanotan administered by subcutaneous injection on 10 consecutive

days to healthy adult subjects.

Study 2:

20 One of the primary objectives of this study was to compare the incidence of
sunburn cells (defined as apoptotic cells) in all subjects elicited 24 hours after controlled
solar irradiation (3x MED) to a small area of skin (2 x 2 cm) at baseline and 90 days after

initiation of dosing with Melanotan or placebo.

Studies 3 and 4:

25 One of the primary objectives of this study was to determine the pharmacokinetics
of increasing doses of a single depot injection of Melanotan administered subcutaneously

to healthy adult subjects.
b. Secondary Objective

To establish the safety and tolerability (defined as absence of any toxicities >

30  Grade 3 by WHO — CTC) of a course of Melanotan (MT-1) given as either a course of 10
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Mel anot an f8r at TesmgLrotocolays. 1. N VI VO TESTING

1. Selection of Study Population

The target population was male and female Caucasian subjects. The following
inclusion and exclusion criterion had to be met by each subject before enrollment in the

15  study. The inclusion and exclusion criterion was similar for all three studies conducted.

Inclusion Criteria

» Male and Female Caucasian Subjects (skin types I to IV on the Fitzpatrick scale'®)
" Age 18— 65 years
» Weight <85Kg

20 » Free of significant abnormal findings as determined by medical history (including
| family history), physical examination, haematology, plasma biochemistry and vital

signs (blood pressure, pulse rate) determined at screening
»  Written informed consent prior to the performance of any study-specific procedures
2. Study Medication
25 2.1 Description of Study Medication

For Studies 1 and 2, Melanotan was provided in single-use sterile 6 mL vials each

containing 16mg/mL of Melanotan dissolved in 1mL sterile saline for injection. Placebo
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length) and 1 mL syringe, to the abdomen each day for 10 consecutive days. Each

subject’s body weight was determined at check-in and the same weight was used for all
15  dose calculations for subsequent treatments. Each subject received, in total, 1.6 mg/kg of

Melanotan, which equates to 112 mg of Melanotan for a 70 kg person.

For Study 2:

Active: Melanotan was provided in single-use, sterile 6 mL vials each containing
16 mg (+ 5%) of Melanotan in 1 mL sterile saline. A dose of 0.16 mg/kg/day was
20 administered by subcutaneous injection to each subject receiving the Melanotan treatment,

which is equivalent to a dose volume of 0.01 mL/kg/day.

Placebo: Placebo was provided as single-use, sterile 6 mL vials containing 1 mL
sterile saline. A dose volume of 0.01 mL/kg/day was subcutaneously injected at each

administration.

25 The treatments were injected subcutaneously, using a 25 gauge needle (16 mm
length) and 1 mL syringe, to the abdomen each day for 5 days a week x 2 weeks. Each
subject’s body weight was determined at check-in and the same weight was used for all
dose calculations for the first 10 days treatment. This cycle of treatment was repeated at

Days 29 to 40 and Days 57 to 66. The subject was reweighed at the start of each dosing
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tanni ng To Sﬁgdmﬁ{egugﬁﬁplmgﬁ@pmcbfacﬁg{yj@dag at 8 anatom c sites (determ ned by
serial reflectance changes) at set periods after initiation of dosing with

Mel anotan and plageRahihis were implanted subcutaneously, using a trocar delivery device (5.2
mm ID x 70 mm length), in the abdomen on Day 1 only. Each subject received, in total,

10  0.29 mg/kg of Melanotan, which equates to 20 mg of Melanotan for a 70 kg person.

For Study 4:

Active: Melanotan was provided in a biodegradable poly(DL-lactide-co-glycolide)
rod containing 5 mg (+ 10%) of Melanotan. Doses of 10 and 20 mg were administered by

subcutaneous implantation to each subject.

15 The treatments were implanted subcutaneously, using a SURFLO® LV. catheter

with a 16G needle, in the inner upper arm on Day 1 only.
2.3 Use of sunscreen products:

All subjects were advised to apply SPF 25+ sunscreen to exposed skin whenever
they expected to be in the sun for prolonged periods of time. Normal daily activity did not

20  require extra precautions.
3. Study Procedures
3.1 Measurement of Primary Objective

For Study 1:

Blood collection was performed at 0 hr (time of treatment) and 0.5, 1, 2, 3, 4, 6, 8,
25 10, 16 and 24 hr post-treatment on Day 1 and Day 10 of the study for pharmacokinetic
analysis after dose administration. Subject plasma samples were analysed for Melanotan

using a validated LC/MS/MS method.

For Study 2:



Caucasi an subj ects . A Testing Protocol 1. Selection of Study Popul ation
The target popul ation was nal e and femal e Caucasi an subjects. The follow ng
i ncl usi orwarndosamedeasi on criterion had to be net by eachpPsubyreds/doefSor e
enrollment in the study. The inclusion and exclusion criterion was simlar
for all three studies conducted. Inclusion Criteria Ml e and Fenal e
Caucasi an Subjects (skin types | to |V omngthe Fitzpatrick scal el6) Age 18
- 65 years Wight < 85 Kg Free of significant abnormal findings as
determ ned by nmedical history (including famly history), physical

exam nation, .ha 0 I '
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Pl acebovi als were 1denti cal an cont al sterile sa i ne
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g (+ 5% ohidekapptan Clamu]}bjfgd sterl | e saline. A dose of 0.16 ng/kg/day was
admi ni stered by subcutaneous injection to each subject receiving the

Mel anot an tg which is equivalent to a dose volune of 0.01
mL/ kg/ day. PGSR/

Blood collection was performed at Day 0 (time of treatment) and Day 2, 4, 6, 8, 10,
10 12,15, 18, 21 and 25 post-implantation for pharmacokinetic analysis after dose
administration. Subject plasma samples were analysed for Melanotan using a validated
LC/MS/MS method.

For Study 4:

Blood collection was performed at Day 0 (time of treatment) and Day 1, 2, 3, 4, 6,
15 8,10, 12, 15, 20 and 25 post-implantation for pharmacokinetic analysis after dose
administration. Subject plasma samples were analysed for Melanotan using a validated
LC/MS/MS method.

3.2  Measurement of Primary Efficacy Variables

Skin Reflectance -Degree of tanning & melanin density (MD)

20  For Study 1:
Before treatment (Day 0), Day 9 and at Day 30, subjects had their skin

pigmentation measured by a non-invasive quantitative skin chromaticity (reflectance)
reading. Reflectance by the skin of wavebands of light measured at 20-nm intervals in the
wavelength range 400~ 700 nm was recorded using a Minolta 508i spectrophotometer at
25  eight skin sites (forehead, cheeks, neck, scapula, inner upper arm, forearm, abdomen and
calf). The spectrophotometer was programmed to take three separate measurements at
each site at each session to minimize error. A diagram for each subject was provided at
baseline and measurements positions for all eight skin sites at baseline were recorded on

this diagram. Subsequent repeat measurements were done with reference to the initial



Pl acebo: Pl acebo was provided as single-use, sterile 6 nL vials containing
1m. sterile saline. A dose volune of 0.01 nlL/kg/day was subcutaneously

i nj ect ed WD 20@0h2@&dmi ni strati on. The treatnents were i njpextaatoos/000181
subcut aneousl y, using a 25-gauge needle (16 mm|ength) and 1nL syringe, to
t he abdonen each day for 10 consecutive days. Each subject’'s body wei ght
was determ ned at check-in and the sane.wei.ght was used for all dose

cal cul ati ons for subsequent treatnents. Each subject received, in total,
1.6 ng/ kg of Mel anotan, which equates to 112 ng of Melanotan for a 70 kg

bt vi al < SARCH Ko R ey e O S Q0 B oRPL KGR, Orfbi RebeSrhen TG | C

A dose of QkikGsiRD/ kg/ day was admi ni stered by subcutaneous injection to each
subj ect receiving the Melanotan treatnent, which is equivalent to a dose

vol ume of 0.01 mi/dsgh @ﬁ}t-thé_aﬂn%&%r{the Blsasahe iasurbheMis48&nas esihnite SoUBE

sterile 6 nL vials containing 1 sterile saline. A dose volune of 0.01
m./ kg/ day weSedanse walanead0yand 428omerkrapbiginetl and ricatdsdr Alsingrthe Megsurement

treatmepts re inject subcut aneq usin 25 _gauge edl .16 nm

| engt 1y Sand Tieclpb? fyionitmngith T ob Hiokm, e thalisnyr SEHGLOLBE ekt 2
veeks. Eachonieht 6Che SkiR i obRingdl ay\@scligidayaeer @tal.¢heck-in and the same
wei ght was used for all dose calculations for the first 10 days treatnent.

This cycle of treataRMot@edWaRIADEd i x BRYS389-H00etD7 7 to 66,
The subject was reég?ghed at the start of each dosingpgggéd ?%?ﬁcalculation

of dose. D i Nen.. i : : td da
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whi ch equatmeslatiio, BgfarmiR of ddvivtamfitaandeat 4600t akd) 42@ms,auspebovel Bt Tibigse D

Active: Ml anotan was provi ded .in_a biodegradabl I - i
measurements were calculated at the analysm%tage. bl e pol y(DL-1actide) rod

For Study 2:
Before treatment (Day 0), Day 12, Day 30, Day 40, Day 60 and Day 90, subjects

had their skin pigmentation measured by a non-invasive quantitative skin chromaticity
(reflectance) reading. Reflectance by the skin of wavebands of light measured at 20-nm

15 intervals in the wavelength range 400- 700 nm was recorded using a Minolta 508i
spectrophotometer at eight skin sites (forehead, cheeks, neck, scapula, inner upper arm,
forearm, abdomen and calf). The spectrophotometer was programmed to take three
separate measurements at each site at each session to minimize error. A diagram for each
subject was provided at baseline and measurements positions for all eight skin sites at

20 baseline were recorded on this diagram. Subsequent repeat measurements were done with
reference to the initial diagram to ensure they were taken as close as possible to the

original measurement at each skin site.

At each visit the mean of the 3 separate measurements taken at each site for the
reflectance values at 400 and 420nm were obtained and recorded. Using the measurement
25  ofreflectance at 420nm minus that at 400nm a reasonable prediction of the melanin

content of the skin was obtained, as described by Dwyer et al2®
The equation used was MD = 100 x (0.035307 + 0.009974(R420 — Raoo))

where MD is an estimate of the percentage of the epidermis of the skin that contains

melanin, R4go and Ryz denote reflectance at 400nm and 420nm, respectively. These MD



containing 20 ng (+ 10% of Melanotan. A single dose of 20 ng was
adm ni stered by subcutaneous inplantation to each subject. The treatnents
wer e i nplwoteas/dedscut aneousl y, using a trocar delivery @eviaaRo@s®o@ismm | D x
70 mmlength), in the abdonmen on Day 1 only. Each subject received, in
total, 0.29 ng/kg of Ml anotan, which equates to 20 ng of Melanotan for a
70 kg person. For Study 4: Active: Ml angpan was provided in a

bi odegr adabl e pol y(DL-1 acti de-co-glycolide) rod containing 5 ng (+ 10% of
Mel anot an. Doses of 10 and 20 ng were adm ni stered by subcut aneous

I npl antatiqn_to each subj . tr wer e i nplanted subcut aneously,
using a SU@?_WCE%.W%%C%@%@J%?% eaglg%'g%@{nag%dl e, in the inner upper arm on

Day 1 only. 283 Use of sunscreen products: Al subjects were advised to
apply SPF ZBESIUF ' een to exposed skin whenever they expected to be in the

sun for prolonged periods of tine. Norngl [ tiyit i d t I,
extra precauti ordefors tregimens (B?iﬁglea?ﬁ’é@?gﬂgieééb?@ﬁ%ba%ﬁgwﬁg?s?; ueiértr:'?i ve
For Study 1Bl | )| : 0 A | : o3 d
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times their D5 and skin blister biopsy specimens were collected the
fol | owi ng dailf). The Brytreghotandipewasprogisinekiodals thesel separaly mepgnigmcnts aht

each site at each session to minimize error. A diagram for each subject was provided at

10  baseline and measurements positions for all eight skin sites at baseline were recorded on
this diagram. Subsequent repeat measurements were done with reference to the initial
diagram to ensure they were taken as close as possible to the original measurement at each

skin site.

At each visit the mean of the 3 separate measurements taken at each site for the
15  reflectance values at 400 and 420nm were obtained and recorded. Using the measurement
of reflectance at 420nm minus that at 400nm a reasonable prediction of the melanin

content of the skin was obtained, as described by Dwyer et al.?®
The equation used was MD = 100 x (0.035307 + 0.009974(R420 — Raoo))

where MD is an estimate of the percentage of the epidermis of the skin that contains
20  melanin, R4go and Ruz denote reflectance at 400nm and 420nm, respectively. These MD

measurements were calculated at the analysis stage.

For Study 4:
Before treatment (Day 0), Day 4, Day 10, Day 20, Day 30 and Day 60, subjects had

their skin pigmentation measured by a non-invasive quantitative skin chromaticity

25  (reflectance) reading. Reflectance by the skin of wavebands of light measured at 20-nm
intervals in the wavelength range 400- 700 nm was recorded using a Minolta 508i
spectrophotometer at eight skin sites (forehead, cheeks, neck, scapula, inner upper arm,
forearm, abdomen and calf). The spectrophotometer was programmed to take three
separate measurements at each site at each session to minimize error. A diagram for each

30  subject was provided at baseline and measurements positions for all eight skin sites at



3.0 tinmes their MED, and skin blister biopsy specinens were collected the
foll ow ng day. Change in the nunber of sunburn (apoptotic) cells/1 00
cells, ofweppaeanmics resulting from3 x MED exposure frorcraa2besgiomsing to
the end of the study period as determ ned by |ight mcroscopy, was

cal cul ated. For Study 3: Blood collection was perforned at Day O (tinme of
treatnent) and Day 2, 4, 6, 8, 10, 12, 13118, 2 1 and 25 post-inplantation
for pharnmacokinetic analysis after dose adm nistration. Subject plasm
sanpl es were anal ysed for Ml anotan using a validated LC/ M5/ M5 net hod. For
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phar macoki nefdrencanakhesinitiahdiagrantnsasadnheyi wére adkenns clisbpepossiblawtie sanpl es
wer e anal ysed .fqor Mel anotan using a validated LC/ M5/ M5 net hod. 3.2

Measur enentoréﬁln@ﬁﬁl??ﬁwn@??tﬁéﬁlﬁlgl%ﬁliteabl es Skin Reflectance -Degree of
tanning & nelanin density (MD) For Study 1: Before treatnent (Day 0), Day 9
and at Day 30, sfibpashtvisihthe masaiof theid seppriatpraersuramsmisieken gteactpsitegfor the

non-i nvasi v L i i ??)Eg J.Cl r.efil . ing.

Ref | ect Zsﬁcer%gg‘%@ﬂ"é” \éa%eﬁ\ég?éd(v\%r\{/he an 2@ %IJF %:b%%e{d a?r#gargﬁoﬁrgé&f 2[%’81%&%%1 %rsl?rgp\?g S
in the \Nﬁvecbi&aﬂédmaﬁoaragezehkﬁ@mgﬂMham40@@1:( a@ﬁ&bﬂzﬂﬂed ﬂmﬂdtfgoa thgqhélaniﬁolé?i
spectrophotoneter at ejght skin sites (forehead, chegks, neck, scapul a,

i nner upperc%i%tof@eégwa%@%‘ﬁa&ﬁ%ﬁcﬁg? by Dygr ghidct r ophot onet er was
programmed to take three separate neasurenents at each site at each session

to mnimze errofhe guationpsadh WasrMBat h0Gxi K)-8333 Wais0-pPVitiRdo aRsbAsel i ne and

measurenents positions for all eight skin sites at baseline were recorded
on where MD is an estimate of the percentage of the epidermis of the skin that contains

10  melanin, Rygo and Ryyo denote reflectance at 400nm and 420nm, respectively. These MD

measurements were calculated at the analysis stage.
4. Data Analysis
4.1  Efficacy Assessment

Primary Efficacy Obijective

15 For Study 1:

Change in tanning from baseline (Day 0) to day 30, across 8 anatomic sites
(forehead, cheeks, neck, scapula, inner upper arm, forearm, abdomen and calf), as
determined by melanin density (MD) from skin reflectance measurements [Dwyer et al. *;
MD=100 x (0.035307+0.009974 (R420 — R400)] was calculated.

20  For Study 2:

Change in tanning from baseline (Day 0) to day 90, across 8 anatomic sites
(forehead, cheeks, neck, scapula, inner upper arm, forearm, abdomen and calf), as
determined by melanin density (MD) from skin reflectance measurements [Dwyer ef al. 28,
MD=100 x (0.035307+0.009974 (R420 — R400)] was calculated.

25  For Studies 3 and 4:

Change in tanning from baseline (Day 0) to day 60, across 8 anatomic sites
(forehead, cheeks, neck, scapula, inner upper arm, forearm, abdomen and calf), as

determined by melanin density (MD) from skin reflectance measurements [Dwyer et al. 28,



this diagram Subsequent repeat neasurenents were done with reference to
the initialdiagramto ensure they were taken as cl ose as possible to the
ori gi nal weasamveanmnt at each skin site. At each visit tireTnaamsbotshe 3
separate nmeasurenents taken at each site for the reflectance values at 400
and 420nm wer e obtai ned and recorded. Using the neasurenment of reflectance
at 420nm m nus that at 400nm a reasonabl.gopredi ction of the nelanin content
of the skin was obtained, as described by Dwer et al. 28 The equati on used
was MD = 100 x (0.035307 + 0.009974(R420 - R400)) where MDis an estinmate

of the per { [ ' t ' ntai ns nel anin, R4Q0
and R420 d t 38652{)8%5203%@0?? éngg{n%foa_n%&@tﬁﬁqs 54;@181%3@,“%' y. These MD
measurenents were cal cul ated at the analysis stage. For Study 2: Before
treatment (Day 0), Day 12, Day 30, Day 40, Day 60 and Day 90, subjects had
their skin pignmentation neasured by a non-invasive quantitative skin
chromati ci tlg (réﬁs&yﬁance) readi ng. Refl ectance by the skin of wavebands of
i ght neasured at 20-nmintervals in the wavel ength range 400- 700 nm was
recor ded using alhvifeBewingsidlessndand 4gisbthe mespensegof Hegrptosel gomyiletets in
(forehead, &£h , | I .and

ol Ty, e SBEER FoMEE sl ROt an UrRBRE uRBlsuRTon  RREALL AEADER i
measur enenttieigplag@gh site at each session to mnimze error. A diagramfor
each subject was provided at baseline and neasurenents positions for al

ei ght skin sites at baseline were recorded on this diagram Subsequent
repeat measurenents were done with reference to the initial diagramto
ensur e t heyT'ABLE 2 elancian Rlasma Coscpbatpny @gral ) #dayr | gl fordasiyrlenent  at
each skin site. At each visit the nean of the 3 separate neasurenents taken
at each site for S-S -aR Ottt e acam i SRR f=ESt=er .
recorded. Using Lhe neasurenent of Tinve (hrmin postrireatment nj nys that at  400qm

a reasonabl e prefligcid 00.84 |t1160oELRB N3:00 | 4:00 | 6:00 | 8:00 | 10:00 1660 24:00

Dayl | 0 | 105 | 414 | 964 | 207 (076 | 0 | 0 | 0 | 0

Day 0 | 100 | 481|113 | 29 {028 ]| 0 0 0 0 0
0

o 4 () o Vi

10
Mean 0 103 | 44.8 | 10.5 | 2.5 | 0.52 0 0 0

TABLE 3  Melanotan Plasma Concentrations (ng/mL) for Study 3

Time (Day) post-treatment
2 4 6 8 10 12 15 18 21 25
1.39 | 041 | 0.17 | 0.12 | 0.06 | 0.15 | 0.03 0 0.01 0

o|@

TABLE 4  Melanotan Plasma Concentrations (ng/mL) for Study 4

Time (Day) post-treatment

Dose 141 1 | 2 3 4 | 6| 8 | 10| 12| 15| 20

(mg)
10 021]0.04] 0.05 |0.03]0.00] 0.01]0.01]0.01]002]| 0.01

20 0]0.58({021] 0.11 | 0.08 | 0.04 | 0.04 | 0.04 | 0.05 | 0.04 | 0.04

(=

Based upon the data in Tables 2, 3 and 4, Figures 4, 5 and 6 reveal that the peak
levels of Melanotan in the plasma of subjects that received a liquid injection was
approximately 100 times greater than levels of Melanotan in the plasma of the subjects that

10  had received the controlled release dose of Melanotan.

The following Tables 5, 6, 7 and 8 list the responses of the subjects for each of the



content of the skin was obtained, as described by Dwer et al. The equation
used was MD = 100 x (0.035307 + 0.009974(R420 - R400)) where MDis an

esti mat e WO 200v01p@rcent age of the epiderm s of the ski nPChatU20@naisns

mel anin, R400 and R420 denote reflectance at 400nm and 420nnb respectively.
These MDneasurenents were cal cul ated at the analysis stage. For Study 3:
Before treatnent (Day 0), Day 10, Day 2133Day 30 and Day 60, subjects had
their skin pignmentation neasured by a non-invasive quantitative skin
chromaticity (reflectance) reading. Reflectance by the skin of wavebands of

l'i ght measuyed 20-nm i nt.erval.s.in t . -+.£00 .run was
recor ded uéﬁﬁbe Sggﬂﬁ‘%llgt ¥ %’g% -en§8§sé?$ gﬁﬂﬁ?s\é\%ﬁi\?éﬁﬂ%@r@ 8{ ‘%ﬁrﬁ?gﬁt?lg dslizr%gg s'}ﬁ
(forehead, nghagkJendMgQiID SiGaduled, at i iQherUDPEN arly dfter BOJ TR 6BdIQ TBINStadEs
calf). The s ectroghotomst er was programmed to take three separate

measur enentls 2a3 ardé Fespeqtivelit Thgdnnes aPBeIGHM: ESNFHAHY HPBQicH? PYEON ACORSEHHE® f or

cach subl el as R Wl ASHitnd 88 kO A ShyIBAIY bE RIS RStk OnS for al

ei ght skin“sites at "baseli ne were record agram Subsequent

ensure (hey WFE T akcieBulndfeth Cab EhaRactels® Gl Phrl A R SRT . o

each SKi N Sl Ro Rt BB S ta—a=aa3q ' at € NMeasurenents taken
at each silte for tPaydefl ectande val uesDax3%00 and 420nm were obt ai ned and

recorded. fdstng—the urenent—of el gctagge at—2440nm m nus that at 400nm
a reasonafjl e pr e&%-@#ﬁﬁgof t he |nel ani r?‘@o}nplézt of the skin was obtained, as
descri bed "0y DWyET €L ar. 28 1ne equatrton used was WD = 100 x (0.035307 +

0. 009974(R420 - R4A00)) where MDis an estimate of the percentage of the

epi derm s GFABhE G ki rMthain RaitaiChsngeefraniBaselReQhren §pRé2Armefoo Saudy 2

refl ect ange—at—400nm and 4200m L QS ements were
cal cul ated at Rael2anal ysi sDaydfe. For Paxid0 4: Day 60
0.28 +045 0.39+0.49 0.61 £0.58 0.61 £ 0.66

TABLE 7  Melanin Density Change from Baseline (Inner Upper Arm) for Study 3

Day 10 Day 21 Day 30 Day 60

1.31£0.86 1.54+0.72 1.84+0.74 2.18+0.64

TABLE 8  Melanin Density Change from Baseline (Inner Upper Arm) for Study 4

Day 4 Day 10 Day 21 Day 30 Day 60
10 mg 0.417 0.465 0.638 0.677 1.345
20 mg 0.300 0.791 0.946 1.384 2.114
5 Based on the data in Tables 5-8, Figure 7 shows that the melanin density change of

the subjects in Studies 3 and 4 was dramatically higher and quicker than for Studies 1 and
2. This unexpected result is to be viewed with the fact that the subjects in both Studies 3
and 4 received no more than a 1/15 of the dose of Melanotan overall, when compared with
subjects in Study 2.

10



Before treatnent (Day 0), Day 4, Day 10, Day 20, Day 30 and Day 60,

subj ects had their skin pignentation neasured by a non-invasive

guant i t atwoeoskiizeechr omati city (refl ectance) readi ng. ReCraatessaeoisy t he
skin of wavebands of |ight neasured at 20-nmintervals in the wavel ength
range 400- 700 nmwas recorded using a Mnolta 508 spectrophotoneter at

ei ght skin sites (forehead; cheeks, neck,34scapul a, inner upper arm
forearm abdonen and calf). The spectrophotoneter was programmed to take
three separate neasurenents at each site at each session to mnimze error.
A diagramfor e L eGt: . Pk QVI | i Sk e t
positions for aﬁﬂ}gﬁ%iﬂu?gﬁ? %Q@@F%@’ gg‘%(g’lss%tlﬁbﬁgas[v?%lg ggérrg%g? e@ ,%lif’l]e Eqﬁ?lggms

di agram Suifsk&yonbli¢epasin fieashiiieydrs heRbe itoRfrikd by ratenenime this t he
initial diagramto ensure they were taken as close as possible to the

origi nal meRplisaisgdn opder famerafully dgsaribe the compayngs. compopisionsand wethede 3

separ at e megsyseBRls,taken at each site for the reflectance values at 400
and 420nm were obtal ned and recorded. Using the neasurenment of reflectance
at 420nHh m nus Vhsbusamodifidatiors and asdatidns eapbediade iwthe ebmpbendsptampasitiomet ent

of the skin s obtajned, .as described b er et al .28 The .equation used
s VD = 1owdanetBodsasaeibed ToramaGHiet RDsSk of MRASTROUARG ComRRRHEIS M ont | ot o

of the per canha@edRbribdienesth SN B apSfredtFong Kbibiddralonc b A ReifBiAMidy R400
and R420 denote reflectance at 400nm and 420nm respectively. These M

measur ementmactise of teel compuads, sompostiensaingd snethadsaligelos¢d hpgimm Inisdhiesied thatl

Ef fi cacy Assess t .Primary Effi.cacy .Qbjective For Study 1. Change in

t anni ng frd B@Eﬁ?ﬁaﬂgneﬁyyﬁphfsobe é’ésgg‘{egﬁf’é%rgp%ryanatom c sites (forehead,
cheeks, neck, scapula, inner upper arm forearm abdonmen and calf), as

determ ned by nelanin density (MD) from skin reflectance nmeasurenents
[ Dwer et al. 28;



MD=I OO x (0.035307+0. 009974 (R420 -R400)] was cal cul ated. For Study 2:
Change in tanning from baseline (Day 0) to day 90, across 8 anatom c sites
(f or eheadvoch@skzqs7neck, scapul a, inner upper arm foreacmARbabmoersi and
calf), as determ ned by nelanin density (MD) fromskin refl ectance
measurenents [Dwer et al. 28; M>=I 0O x (0.035307+0. 009974 (R420 - R400)]
was cal cul ated. For Studies 3 and 4. Chargge in tanning from baseline (Day
0) to day 60, across 8 anatom c sites (forehead, cheeks, neck, scapul a,

i nner upper arm forearm abdonen and calf), as determ ned by nelanin

density (%ggﬁﬁgg refl ectance neasurenents [Dwyer et al. ; M>=I OO x
(0.035307+0. 20 -R400)] was calculated. B. Results The foll ow ng
Tables 2, 3 and 4 list the responses of the protocol conpleters in Studies
1, 3 and 4 respadidiseME. Mhe hedlamtdpictHdem RS b BFaledD CEditdrakhdyerAblodp] anot an
in their plasma. TABLE 2 Mel anotan Pl asma Concentrations (ng/nL) at Day 1
and 10 for StudyBditiopdman gdehustes (982, p-AS¥d0i es 2, 3 and 4, Figures 4, 5

and 6 reve th I t i.n. asm ubj ects
that recei \a/ie'd a qot&g?%cfe?ﬁ%?ém@r}a\%%éaggébe?l%gie%gﬁeleaﬂi/&%g@p%sl nes hg‘{néﬁt er than
| evel s of Mel anadpiderinis. Vhevet.aBdarmand]. (1621)s9D34044. t hat had received the

controlled rele anot a The followng Tables 5, 6, 7 and 8

dose of :
list the respons V‘Eﬁgeﬁh@‘gu jeaRts O?H’F naclanocyte-Srplpting rmoge resapiRg 2ese
di fferent dosin [ : Nl rf‘i'ﬁ,ﬂ-? t i | ani n
density (MD) m%ﬂ?%gag?d?&gwgﬁgghgg%&%ﬁn a téenrs' Jggz:u?gg@gﬁd{lggsﬂgays for
Studies 1, 2, 3 HdmP843G.espectively. The inner upper armgenerally denotes a

person > Cont i N STV, RS ST BATELL B SRR JORT S 1 °
Upper Arm) for Shgushiods ceARBaESndYRA. aNiedteDe it Y2681 08524009 Basel i ne (I nner

Upper Arm for Study 2
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plasma of the subject for a period of at least 24 hours.

3. A method for preventing UV radiation-induced skin damage in a human subject
comprising administering to the subject an alpha-MSH analogue in an effective
amount and time to induce melanogenesis by the melanocytes in epidermal tissue of
the subject without inducing homologous desensitization of the melanocortin-1

receptors of the subject.

4. A method for preventing UV radiation-induced skin damage in a human subject
comprising administering to the subject an alpha-MSH analogue in an effective
amount and time, wherein the alpha-MSH analogue is administered at a level not

exceeding 10 ng/ml in the plasma of the subject for a period of at least 24 hours.

5. The method as claimed in any of claims 1-4, wherein the alpha-MSH analogue is
administered at a level not exceeding 5 ng/ml in the plasma of the subject for a

period of at least 24 hours.

6. The method as claimed in any of claims 1-4, wherein the alpha-MSH analogue is
administered at a level not exceeding 2 ng/ml in the plasma of the subject for a

period of at least 24 hours.
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nmouse nel anocortin 1 receptors. Pignent Cell Res (2003), 16 (5):

593-4. CLAIMS: 1. A nethod for inducing ngganogenesis in a human subj ect
conprising adm nistering to the subject an al pha- MSH anal ogue in an
effective anount and tinme to induce nel anogenesi s by the nel anocytes in

epi der el 4 ssueyof, Lg sublgel i PRMGICHS MR DATRL oeRuSdeseaskLd gat | on

of the nel ariocor recep e su jec’t Ci ng
mel anogenesi s i neRciad Hivm: subj ect conprising adm nistering to the subject an
effective anount of an al pha- MSH anal ogue to i nduce nel anogenesi s by the
nmel anocytes in qp) derggiipotihd&sefeh®@forinif: subj ect, wherein the al pha- MSH

anal ogue is adm ni stereé) at a |l evel not exceedl n in the plasm of

the subject for a perfedenyaberkagin-His-RdthesArgs] YPAGHEEYRJBTOFW‘I -BHevent i ng
UV radiation-i ng‘”ﬁﬁgln%'lﬁvﬁ?%g%ﬂﬁa_ man subj ect conpri sing

adm nistering t subject’ 'an a H anal ogue in an effective anount
and time to indudy neoapogadestthe Bymule nel anocytes in epidermal tissue of
the subject w thout i ndu0| ng honol ogous desensitization of the

mel anocortin-1 recept%lr S Y 1418 2subject. 4. A nethod for preventing W
radi ati on-i nduc &Fllnn damage in a human subject conprising adm nistering
to the subject an alpha-MSH anal ogue in an effective anmount and tine,
wher ei n t he al phiarivBtd- @bajAg-ﬂléeﬂ@luaAmNie-ﬁlw edAatTya-Glavel not exceedi ng 10

ng/m in the pl t he_s ect for a period of at |east 24 hours. 5.
The net hod as C|§ ﬁeg{“i L Pyﬂ > clainms 1-4, wherein the al pha- MSBH anal ogue

i's X is —Phe-, -D-Phe-, -Tyr-, -D-Tyr-, or -(pNO,)D-Phe’-;
Y is —Arg- or -D-Arg-;
Z is =Trp- or -D-Trp-; and
Rj is -NHjy; -Gly-NHy; or —Gly-Lys-NH,.

8. The method as claimed in any of claims 1-4, wherein the alpha-MSH analogue is a
cyclic analogue wherein an intramolecular interaction exists (1) between the amino
acid residue at position 4 and an amino acid residue at position 10 or 11, and/or (2)
between the amino acid residue at position 5 and the amino acid residue at position
10or11.

9. The method of claim 8, wherein the intramolecular interaction is a disulfide bond or

other covalent bond.

10.  The method as claimed in any of claims 1-4, wherein the alpha-MSH analogue is
selected from the group consisting of:
Ac-Ser-Tyr-Ser-Nle-Glu-His-D-Phe-Arg-Trp-Lys-Gly-Pro-Val-NH,
Ac-Ser-Tyr-Ser-Nle-Asp-His-D-Phe-Arg-Trp-Lys-Gly-Pro-Val-NH,

Ac-Nle-Glu-His-D-Phe-Arg-Trp-Lys-Gly-Pro-Val-NH,
Ac-Nle-Asp-His-D-Phe-Arg-Trp-Lys-Gly-Pro-Val-NH,
Ac-Nle-Asp-His-D-Phe-Arg-Trp-Gly-NH;



adm nistered at a | evel not exceeding 5 ng/m in the plasma of the subject
for a period of at |east 24 hours. 6. The nethod as clained in any of

cl ai mrs 1-wWQ 20évariedon t he al pha- MSH anal ogue i s adm ni st ePetl/Aao@/doensel not
exceeding 2 ng/m in the plasma of the subject for a period of at |east 24
hours. 7. The nethod as clainmed in any of clains 1-4, wherein the al pha-MsH
anal ogue is selected from (a) conpounds quf- the fornmul a:

Ac- Ser-Tyr-Ser-Md n-Hi s-D Phe- Arg-Trp-Q y-Lys-Pro-Val -NH 2 whereinMi s

Met, Nie or Lys; and (b) conpounds of the forrmula: RL-WX-Y-Z-R2 wherein Rl

Xis - pro. b pre. oot TR e AR b Y T8 T or
éD ﬁ] g-; chizI -Tr pl-A@¥Nl§D_;s“p5FIﬂis;-Daﬁfhd-ﬁlc'i%_-T@-I-iy*dZNH\'zm -G y- N{-Iﬁ; olr h a K/S hyS— NH2.
: e method as clained in_any of clains 1-4, erein the al pha-

anal ogue is a cycli 60M51®§d§s\y}}r8h@ﬁ4gél}m@ﬂlr%l ecul ar interaction exists

(1) between the aml%g‘@ﬁﬁﬁgfﬁ%%?’qﬁg%ﬁgﬁﬁ% Ilél()Nva} and an am no acid residue

at position 10 or , amino acid residue at position
5 and the ani no aci AciNdsi@udliaiD-PbeiArpdirpAmbaNHi1. 9. The net hod of claim

8, wherein the intr ecul ar. i raction i i sul fide bond or other

coval ent bond. grgH\IIle-Asp?I-Ils-Ig-tP%e-Arg-’lorp-bgb-ﬂ}g
Ac-Nle-Glu-His-D-Phe-Arg-Trp-Dpr-NH,
Ac-Nle-Glu-His-Phe-Arg-Trp-Lys-NH,
Ac-Nle-Asp-His-Phe-Arg-Trp-Lys-NH;

11.  The method as claimed in any of claims 1-4, wherein the alpha-MSH analogue is

selected from the group consisting of:

Ac-Nle-Glu-His-D-Phe-Arg-Trp-Lys-Gly-Pro-Val-NH,

Ac-Nle-Glu-His-D-Phe-Arg-Trp-Lys-NH;

Ac-Nle-Asp-His-D-Phe-Arg-Trp-Lys-NH,

Ac-Nle-Asp-His-D-Phe-Arg-Trp-Orn-NH,

Ac-Nle-Asp-His-D-Phe-Arg-Trp-Dab-NH,

Ac-Nle-Asp-His-D-Phe-Arg-Trp-Dpr-NH,

Ac-Ser-Tyr-Ser-Nle-Asp-His-D-Phe-Arg-Trp-Lys-Gly-Pro-Val-NH,

Ac-Ser—Try-Ser-Nle-Aspl-His-D-Phe-Arg-Trp-Lysl-NHz
| |

Ac-Tyr-Ser-Nle-Asp-His-D-Phe-Arg-Trp-Lys-NH,

Ac-Ser-Nle-Asp-His-D-Phe-Arg-Trp-Lys-NH;

Ac-Nle-Asp-His-D-Phe-Arg-Trp-Lys-NH,



10. The nmethod as clained in any of clains 1-4, wherein the al pha- VSH
anal ogue is selected fromthe group consisting of:

Ac- Ser - T\WweoS3eo6/Mk@7d u- Hi s- D- Phe- Ar g- Tr p- Lys- @ y- Pr o- ValP€iA212005/000181
Ac- Ser-Tyr - Ser - N e- Asp- H s- D- Phe- Arg- Tr p- Lys- d y- Pro- Val - NH2

Ac-N e-3J u-Hi
Ac- N e- Asp- Hi
Ac- Nl e- Asp- Hi
Ac- N e- Asp- Hi
Ac- N e- Asp- Hi
Ac- N e- Asp- Hi
Ac-N e-d u-Hi

s- D- Phe- Ar g-
s- D- Phe- Ar g-
s- D- Phe- Ar g-
s- D- Phe- Ar g-

s- D- Phe- Ar g-
s- D- Phe- Ar g-

s- Phe- Ar g- TA$-

Tr p-Lys-d y- Pro-Val - NH2

Tr p- Lys-Qd y- Pro-41al - NH2

Trp- A y- NH2Ac- Nl e- G u- Hi s- D- Phe- Arg- Tr p- Lys- NH2
Trp-Lys-NH2 Ac- Nl e- d u- Hi s- D- Phe- Arg- Tr p- O n- NH2
Trr-OnrNHZ—Ae—Nl—e—Gl—u—lljs D- Phe- Ar g- Tr p- Dab- NH2
Tr p- Dab- NH2 Ac- N e- d u- H s- D- Phe- Ar g- Tr p- Dpr - NH2

=NlgsA sp-Hisal-RgeeA rgs poof ¥s-BleNN2g- Tr p- Lys- NH2 11.

The nethod as clained in any of[TI—a_r?TITWTTFl n the al pha- MSH anal ogue

is selected fromthe grou
s- D- Phe- Ar% %‘% [89}3? -Argrlpqys-Gly-Pro-NH,

Ac- Nl e- d u- Hi s- D- Phe- Arg- Tr p- Lys NH2 Ac- N e- Asp Hi s- D- Phe- Arg- Trr-Lys- NH2

Ac- Nl e-d u-Hi

Ac- N e- Asp- Hi
Ac- Nl e- Asr - Hi

s- D- Phe- ?
s- D- Phe- Arg-

kA %ﬂ-ﬁaile%&rm BSL.OH_B5VERRHAT - Tr p- Dab- NH2

Ac- Ser - Tyr - Ser - Nl e- Asp- Hi s- DP|he Ar g- Tr p- Lys- d |- Pr o- Val - NH2
Ac- Ser - Try- Ser - N e- ARg-Sek-31EABPSHATEPRE-ArEVSp-NF3-Gly-Pro-Val-NH,

12.

The method as claimed in any of claims 1-4, wherein the alpha-MSH analogue is

[D-Phe’]-alpha-MSH,

[Nle*, D-Phe’]-alpha-MSH,

[D-Ser!, D-Phe’|-alpha-MSH,

[D-Tyr?, D-Phe’]-alpha-MSH,

[D-Ser’, D-Phe’]-alpha-MSH,

[D-Met*, D-Phe’]-alpha-MSH,

[D-Glu’, D-Phe’]-alpha-MSH,

[D-His®, D-Phe’]-alpha-MSH,

[D-Phe’, D-Arg®]-alpha-MSH,

[D-Phe’, D-Trp’]-alpha-MSH,

[D-Phe’, D-Lys'']-alpha-MSH,

[D-Phe-’, D-Pro'?]-alpha-MSH,

[D-Phe’, D-Val**]-alpha-MSH,

[D-Ser!, Nle*, D-Phe’]-alpha-MSH,

[D-Tyr?, Nle*, D-Phe’}-alpha-MSH,

[D-Ser’, Nle*, D-Phe’]-alpha-MSH,

[Nle*, D-Glu’,D-Phe’]-alpha-MSH,



Ac- Tyr-Ser- N e- Asp- Hi s- D- Phe- Ar g- Tr p- Lys- NH2

Ac- Ser - Nl e- Asp- Hi s- D- Phe- Arg- Trp-Lys- NH2 Ac- Nl e- Asp- Hi s- D- Phe- Ar g- Tf

- Lys- NH2Avoldh@s/0A3@7Hi s- D- Phe- Arg-Trp-Lys-Ay-NH 2 | | PCT/AU2005/000181

Ac- Nl e- Asp- Hi s- D- Phe- Arg- Trp-Lys-Ad y-Pro-NH | |

Ac- N e- Asp-Hi s-D-Phe-Arg-Tr r-Lys-Ay-Pro-Val-NH 2 | |

Ac- Ser - Nl e- Asp- Hi s- D- Phe- Arg- Trp-Lys-d y4Pr.o-Val -NH 2 12. The nethod as
claimed in any of clainms 1-4, wherein the al pha- MSH anal ogue is

[ D- Phe7] - al pha- MSH, [Nl e4 D- Phe7]-al pha-MsH, [D-Serl, D Phe7]-al pha- MsH,

[ D-Tyr2, D Phe7]xals a%_ i¥5 5 < g{}% Phe7] - al pha- MSH, [ D- Met 4,
D- Phe7] - al pha- I\/EEN’ilé F%— d?, Ph@;ﬁ -l\éls)gha- MSH, [ D H s6, D-Phe7]-al pha- MsH,
[ D- Phe7, D Arg8]:alsphas, Mp Ds.Phe7, TIrp9] - al pha- MSH, [ D- Phe7,
D Lys1~- al pha- VENIC [g?%ﬁeﬂ%"[rélﬁ?@wgﬁ’pha- MBH, [D-Phe7, D-Val
13] - al pha- MSH, [D- Qe I e7] -al pha- VMsH, [D Tyr2, NI e4,
D Phe7] - al pha- MSNle [E}%&’ﬁﬂﬁwgﬁmﬁ&ﬁﬁ?] _al pha- MSH, [N e4,
D- @ u5, D- Phe7] - al pha- M5H, [ NI e4,,D- Hi s6, D-Phe7] -al pha- M5H,
[Nrfe , D-Phe’, D-Lys" |-alpha-MSH,
[Nle*, D-Phe” D-Pro'*]-alpha-MSH,

[Nle*, D-Phe’, D-Val'*]-alpha-MSH,

1
[Cys4, Cys'®-alpha-MSH

[ 4 7 0
[Cys™, D-Phe’, Cys "]-alpha-MSH

|

[Cys*, Cys!!]-alpha-MSH

|

[Cys®, Cys'®]-alpha-MSH

|

[Cys®, Cys11 -alpha-MSH

|

[Cys*, Cys'®]-alpha-MSH;.13

|

[Cys4, Cysw]-alpha-MSH4-12
[Nle*, D-Phe’]-alpha-MSHj.1,
[Nle*, D-Phe’]-alpha-MSH,.11,
[D-Phe’]-alpha-MSHs.11,

[Nle*, D-Tyr’]-alpha-MSHy.11,
[(pNO2)D-Phe’]-alpha-MSHa.11,
[Tyr*, D-Phe’}-alpha-MSHa.1o,
[Tyr*, D-Phe’]-alpha-MSHj.11,
[Nle*]-alpha-MSHy.11,

[Nle*, (pNO,)D-Phe’]-alpha-MSHy.11,
[Nle4, D-His6]-a1pha-MSH4.1 1s

[Nle4, D-HisG, D-Phe7]-alpha-MSH4-11,



[Nl e4, D Phe7, D-Arg8]-al pha-MSH, [N e4, D-Phe7, D Trp9]-al pha-VMsH, [Nl e4,
D-Phe7, D-Lys p ]-alpha-MsH, [Nl e4, D Phe7' D-Pro 12]-al pha-VMsH, [N e4,

D Phe 7, WoVade/di3d67al pha- MSH, [ Cys4, Cysl o] -al pha- MSH [ @Z3AU20»sRi0eis]

Cysl o] - al pha- MSH [ Cys4, Cys u ]-al pha-MsH [ Cys5, Cyslo]-al pha- MSH [ Cys5,
Cysu ]-al pha- MSH [ Cys4, Cysl o] -al pha-MsH4- 13 [ Cys4, Cyslo]-al pha- VSH4-12
[Nl e4, D-Phe7]-al pha-M5H 4-10, [N e4, D-Bper7]-al pha- MSH4-11 |,

[ D- Phe7] - al pha-MSH 5. p, [Nle4, D Tyr7]-al pha-MsH4. 11 s

[ (pPNO2) D- Phe7] - al pha- MSH4-p, [Tyr4, D-Phe7]-al pha- MSH4-10, [Tyr4,

D- Phe7] - al pha- 4- 1 sNI - ha- MSH 4-11 , [N e4, :

( pPNO2) D- Phe7] - al %zbs‘riﬁé i}liﬁ’?i]“"[l\%ﬁﬁl,h D- Hi s6] -al pha-MSH4-n , [Nl e4, D-Hi s6,
D- Phe7] - al pha- MSI4-,1 [?Llie4 g 8]-alpha-MsH 4.115 [Nle4, D Trp

9] - al pha- NBH 4- 1Nle", P epal-alph 11D Trp 9] al pha- MSH4- 11

[Nle*, D-Phe’, D-Trp’Jalpha-MSH,.11,
[Nle*, D-Phe’]-alpha-MSHy.o, or

[Nle*, D-Phe’, D-Trp’]-alpha-MSH,..

13.  The method as claimed in any of claims 1-4, wherein the alpha-MSH analogue is
[Nle*, D-Phe’]-alpha-MSHj.1,
[Nle*, D-Phe’J-alpha-MSHy. 1,
[Nle*, D-Phe’, D-Trp’]-alpha-MSHj. 13, or

[Nle*, D-Phe’]-alpha-MSH,.o.

14.  The method as claimed in any of claims 1-4, wherein the alpha-MSH analogue is
[Nle*, D-Phe’]-alpha-MSH.

15.  The method as claimed in any of claim 1-14, wherein the alpha-MSH analogue is

administered orally or parenterally.

16.  The method as claimed in any of claim 1-14, wherein the alpha-MSH analogue is
administered intravenously, intramuscularly, subcutaneously, intraperitoneally,
intradermally, ocularly, rectally, vaginally, transdermally, topically, buccally,

sublingually, mucosally, or by inhalation.

17.  The method as claimed in any of claims 1-14, wherein the alpha-MSH analogue is

administered in a delivery system.



[Nl e4, D Phe 7]-al pha-MSH 4.9, or [Nle4, D-Phe7, D Trp 9]-al pha- MSH 4-9 .
13. The nmethod as clained in any of clains 1-4, wherein the al pha- VSH

anal ogue we 2pddiadq67D- Phe 7] - al pha- MSH 4- 10, [N e4, D PhecCjialpiszodf8H 4- 11
[Nl e4, D Phe7, D-Trp 9]-al pha-MsH4-11 , or [N e4, D Phe7]-al pha-MSH 4-9 .
14. The method as clainmed in any of clains 1-4, wherein the al pha- MSH

anal ogue is [Nl e4, D Phe7]-al pha- MSH. 15.44The nethod as clainmed in any of
claim1-14, wherein the al pha- MSH anal ogue is adm nistered orally or
parenterally. 16. The nmethod as clained in any of claim1-14, wherein the

al pha- VsH | ogye i s, adm ni.stered intravenousl I ntramuscul.arly,

subcut aneousTy, g#ﬁtn?ez]b%cfﬁcgﬂg]aﬁ’ﬁkeﬁ? Ehgacge:]‘ixgrlylsy?telgcc&pg)ﬂs% ahg%rt gl ly,

vagi nal l'y, transgigfopaiticle, a nfiBicsphdry, a Bitesabdile, asiahbipheteah hinocapadsal |y, or
by inhalation. 17. The nethod as clained in_any of clainms 1-14, wherein the

al pha- MBH anal o@aeoussilisane Panopaitisle, pn asitegeling Sprasylatianmangn sitm bolve forgtng f
claim 17, wher e'cBmﬁaB?ltigﬁ'a]'tX&re%’ a%ééa?ght%ﬂ,”af’ﬁfni%ébléts,fa{nboespmu% diveh ?&%{uﬁétfokle’ a
m crosphere, a mcrocapsul €, @ nanosphere, a’nanocapsul e, a porous silitone
nanoparticl e, arm dapsui¢,laliquéd filledcdponle)d Rpdsome, ahydrogdiformblatiors ah emnisieh, a
conposition, a tablet, a buccal patch, a film tablets, an osnotic driven
fornul ation, a ACHFEGMELSIN, OF SPWPER§iPRed capsul e, a |iposome, a hydrogel
formul ati on, an enul sion, a m croenul sion, or a suspension. 19. The net hod
of claim 17, wherein the delivery system conprises a rod or inplant

conpri si ng . polTheeneth@Dof cliim 1 twhedein theadediveny 5y stemirengirised ieodde| iimplamy

system further conpr.ises a
comprising a polymer.

20.  The method of claim 17, wherein the delivery system further comprises a

pharmaceutically-acceptable component encapsulated in the delivery system.

21.  The method of claim 20, wherein the pharmaceutically-acceptable component
comprises a fatty acid, a sugar, a salt, a water-soluble polymer, a protein,
polysacharride, a carboxmethyl cellulose, a surfactant, a plasticizer, a high- or low-

molecular-weight porosigen, or a hydrophobic low-molecular-weight compound.

22,  The method of claim 19, wherein the polymer comprises a silicone, a poly(diene), a
poly(alkene), a poly(acrylic), a poly(methacrylic), poly(vinyl ether), a poly(vinyl
alcohol), a poly(vinyl ketone), a poly(vinyl halide), a poly(vinyl nitrile), a
poly(vinyl ester), a poly(vinyl pyridine), poly(5-methyl-2-vinyl pyridine), a
poly(styrene), a poly(carbonate), a poly(ester), a poly(orthoester), a
poly(esteramide), a poly(anhydride), a poly(urethane), a poly(amide), a cellulose
ether, a cellulose ester, a poly(saccharide), a protein, gelatin, starch, a gum, or a

resin.

23.  The method of claim 19, wherein the polymer comprises a biodegradable polymer,

a non-biodegradable polymer, or a combination thereof.

24.  The method of claim 23, wherein the non-biodegradable polymer comprises a

polyacrylate, a polymer of an ethylene-vinyl acetate, an acyl substituted cellulose



pharmaceutical | y-accept abl e conponent encapsul ated in the delivery system
21. The nethod of claim20, wherein the pharmaceutically-acceptable
conponentwoanwdis@s a fatty acid, a sugar, a salt, a watreranbesmoeispol ymer,
a protein, polysacharride, a carboxnethyl cellulose, a surfactant, a

pl asticizer, a high- or | ownl ecul ar- wei ght porosigen, or a hydrophobic

| ow- nol ecul ar - wei ght conpound. 22. The nefshod of claim 19, wherein the

pol ymer conprises a silicone, a poly(diene), a poly(al kene), a
poly(acrylic), a poly(methacrylic), poly(vinyl ether), a poly(vinyl

al cohol ), a pol i ny Gyl oyl i Nyl .
nitrile), a pol é\%‘%/t E?r égsﬁai%} gaa%’l"g%‘ﬁ%ﬁg ?éh&&ﬁ(}%*{gr@, p8§'|v§’(%Jé¥‘rgr1§‘ﬁ§(f|R°£‘/-V \}llnyr%yl
pyridine), a polfipsitly,hgyinyhinpidha]eas bloadsalphogat® pblyOREhepolyetBylene oxide,
pol y(orthoester), a poly(esteranm de), a poly(anhydride), a poly(urethane),
a pol y(am de), é‘@@?‘f@?@@% OEPW},’mﬁr@QCPEI ose ester, a poly(saccharide), a
protein, gelatin, starch, a gum or a resin. 23. The nethod of claim 19,
wherein the polymer conprises a bi odegradabl e pol yner, a non-bi odegradabl e
pol ynmer, or25a cdikimehodaof déier 2% fwheein thEHsodeetddatleqfolyohei aoniBisesder ei n t he

- bi odegr adabl | i t | f
et hylene- i nyi  EbL RSy PO S aeRr R Pt blm o 4
non- degr adabl e %l;»(ﬂyrcﬁwafdﬁ@yratzapé u&ﬁoyﬁﬁa%nﬁmiugf%gyghgam@q@%e)pgI yvi nyl

fluoride, poly(vinyl™im'daZole), a chlorosul phona | yolefin, _
pol yet hyl ene oxipdty(laatifid-eordanrblectont), a polycanbohaiems palyrstesarhide g polyarhydeiteod
of claim 23, wherein,.the bi e r_Cconprise

d b |
pol y(capr ol act off o}ﬂgloggﬁl%graf;%)ﬁgﬁ(gh{e %g(y%%‘? ¥ ﬁ?@%gE§$%l¥etwlene glycol
pol y(hydr oxybut )éhéb@byoﬁho@st&?@ﬁbﬁé@?éd%@&ﬂ’éﬂﬁn@Qt' polyisisacd)t ar ate), a

pol y(l acti de-co-caprol actone), a poly onate, a polyesteramde, a
pol yanhydri de, @opsthetestasxapdiedrtal.e pdyspearaeyylaise al kyl ate), a copol yner of

pol yethyl ene gl )ypfé%léof};é%ﬁ&leyﬁgfy?%%}o%&len@) p&p%%ﬁ%rﬁggﬁhg t}fé?éc}f,u&eef %ngmeq'

pol y(am no acid
thereof.

26.  The method of claim 23, wherein the biodegradable polymer comprises a
poly(lactide), a poly(glycolide), a poly(lactide-co-glycolide), a poly(lactic acid), a
poly(glycolic acid), a poly(lactic acid-co-glycolic acid), or a mixture thereof.

27.  The method of claim 26, wherein the biodegradable polymer is blocked.

28.  The method of claim 26, wherein the biodegradable polymer is unblocked.

29.  The method of claim 26, wherein the biodegradable polymer comprises a polymer
formed from components comprising 40 to 100 mole % lactide and from 0 to 60

mole % glycolide.

30.  The method of claim 26, wherein the biodegradable polymer comprises 85:15
poly(lactide-co-glycolide).

31.  The method of claim 26, wherein the biodegradable polymer comprises 75:25
poly(lactide-co-glycolide).



pol yet herester, a polyacetal, a pol ycyanoacryl ate,

pol y(oxyet hyl ene)/ pol y(oxypr opyl ene) copolyner, a blend thereof, or a

copol ymerwOheosnates726. The net hod of claim 23, wherein trhe/Aiizocagomdabl e
pol ymer conprises a poly(lactide), a poly(glycolide), a

pol y(l acti de-co-glycolide), a poly(lactic acid), a poly(glycolic acid), a
poly(lactic acid-co-glycolic acid), or a4g-xture thereof. 27. The nethod of
cl ai m 26, wherein the biodegradabl e polymer is blocked. 28. The method of
cl ai m 26, wherein the biodegradable polyner i s unbl ocked. 29. The met hod of

cl ai m 26, erel formed from
conponent s comﬁsﬁegh%gﬁj‘ggﬁgé%lﬁ A)}%é éde%ga{’ﬁéﬁf Spg)?%ﬁ?r%%ﬁggés nol e %
gl ycolide. 30. TPoi(hetite)d of claim 26, wherein the biodegradabl e pol yrer

conprises 85:15 poly(lactide-co-glycolide). 31. The nethod of claim 26,
wherei n the bi odegradabl e pol ymer conprises 75:25

pol y(I act i dg: coqgleysahbdi§) ol zagﬁeﬁl mw&eg?acabwp%ﬁyem%n‘gﬁﬁﬁg difilo 6

blodegradable pol ymer conpri ses acti de

wherein the bi odégpsitiadl feorp &l hrterl. hdls/gan metasmcahm chletowosittayconterntration 6f 15
to 1.5 dL/g as dg%@L%g gg chloroformat a concentration of 0.5 g/dL at 30
0C. 34. The net F’ 26 wherei n the bi odegradabl e pol yner has an
intrinsic viscosity of from0.25 to 1.5 dL/g as nmeasured in chloroformat a
concentration of 0.5 g/dL at 30 OC. 35. The method of claim 17, wherein the
amount of a@pha-Thsrnethed ofgtleint 26, therade thevhiedegzadsblernol ynerhas @nBU%ltb‘] wei ght .

36. The method sziscglsi%; o f}gm O%et q' yd]f/g%s alRMREq 91{ clﬁ(lng?o%nl\@ a coﬂgen%%ion oP the
0.5 g/dL at 30 °C.

35.  The method of claim 17, wherein the amount of alpha-MSH analogue in the
delivery system is up to 50% by weight.

36.  The method of claim 17, wherein the amount of alpha-MSH analogue in the
delivery system is from 5 to 60% by weight.

37.  The method of claim 17, wherein the delivery system comprises an implant or rod,
wherein the alpha-MSH analogue is [Nle*, D-Phe’]-alpha-MSH in an amount of
from 15% to 45% by weight of the implant or rod, and wherein the rod or implant
comprises poly(lactide) or poly(lactide-co-glycolide).

38.  The method of claim 37, wherein when the implant or rod comprises poly(lactide-
co-glycolide), the poly(lactide-co-glycolide) comprises 85:15 poly(lactide-co-
glycolide).

39.  The method as claimed in any of claims 17-38, wherein the delivery system is

administered subcutaneously to the subject.



delivery systemis from5 to 60% by weight. 37. The nethod of claim17,
wherein the delivery system conprises an inplant or rod, wherein the

al pha- VMsHvenadges7i s [ Nl e4, D Phe7] -al pha- MSH i n an ampamtawzbosiaoorsi 15% t o
45% by wei ght of the inplant or rod, and wherein the rod or inplant
conprises poly(lactide) or poly(lactide-co-glycolide). 38. The nethod of
claim 37, wherein when the inplant or rogyconprises poly(lactideco-

gl ycolide), the poly(lactide-co-glycolide) conprises 85:15

pol y(l acti de-cogl ycolide). 39. The nethod as clained in any of clains

17-38, wherein e deliyvery.systemi dm nistered subcutaneously tq th
subj ect . 40407 heIr fnﬁ’g@d c{qngg yrpsfgﬂ%mg?&-iiﬁa}v e tl-%gg? 1W%P%%t%n{%%ase§
deli very systenelaaseSH f81cthe R Miodnabopug Fdysa period of at |east 2
days. 4 1. The nethod as claimed in any of clains 17-38, wherein the

delivery systemrel eases the al pha- MSH anal ogue for a period of at |east 10
days. 42. The nethod as clained in any of clains 17-38, wherein the

delivery syste el egses. t - I ek i ast
20 days 491 TnAPFREHDE S BLAGURNR 1797 bl SR EE bR rffaces
del i very systemifeellsiaseSH daladup o Metodrndlopast l0ndayhie subj ect for at |east
30 days. 44. The nethod as clained in any of clains 1-14 wherein the

al pha- MsH anal ogue is adm nistered in a transdermal formulation. 45. The
met hod of claim44, wherein the anount of al pha-MSH anal ogue in the

Formul ationyis thﬁﬁctﬁda AQURYA WeGHSE cltfs 17138, tmthadiheideBl @y Byddn vibaesi n
t he anount of al pha-MsSH analogue in the fornulation is 0.05 to 5% by

wei ght. 47. Usethefalphn-SSthanaldgie am tiecybiect far atHeast@fdpect ure of a
conposition for inducing nelanogenesis in a human subject, wherein the
conposition adm nisters an al pha- MSH anal ogue to the subject in an
effective anount and tine to induce

43,  The method as claimed in any of claims 17-38, wherein the delivery system releases

the alpha-MSH analogue in the subject for at least 30 days.

44.  The method as claimed in any of claims 1-14 wherein the alpha-MSH analogue is

administered in a transdermal formulation.

45.  The method of claim 44, wherein the amount of alpha-MSH analogue in the
formulation is 0.001 to 10% by weight.

46.  The method of claim 44, wherein the amount of alpha-MSH analogue in the
formulation is 0.05 to 5% by weight.

47.  Use of an alpha-MSH analogue in the manufacture of a composition for inducing
melanogenesis in a human subject, wherein the composition administers an alpha-
MSH analogue to the subject in an effective amount and time to induce
melanogenesis by the melanocytes in epidermal tissue of the subject without

inducing homologous desensitization of the melanocortin-1 receptors of the subject.



mel anogenesi s by the nel anocytes in epidermal tissue of the subject wthout
i nduci ng honol ogous desensitization of the nelanocortin-1 receptors of the
subj ect . 480 2um1ed67an al pha- MSH anal ogue i n the manuf actrarauhosz00181
conposition for inducing nelanogenesis in a human subject, wherein the
conposition adm nisters an al pha- MSH anal ogue to the subject at a | evel
not exceeding 10 ng/m in the plasm of _.t4ge subject for a period of at

| east 24 hours. 49. Use of an al pha- MSH anal ogue in the manufacture of a
conposition for preventing WV radiation-induced skin damage in a hunan

subj ect, whgrein.the conpositi;on adm ni r n.al pha- nal ogue t.o the
subject in @n ef S&é’? P{}gf@ﬁ%\ﬁﬁ RGeS Wetﬁ% %aﬁﬁﬁﬁ@ge ﬁ@f %(?I:I/lc%&esr?]téog]i @gﬂ'@uf%g

nel anocytes in epilseszeRdsidih 2l subjeet, SHhbjedtthe Woinpositioh BdM&iisiers AAAHhagous
desensitization of the nelanocortin-1 receptors of the subject. 50. Use of

an al pha- MBH anad\®3Jwaalogue edheraphieci et uleyeltot sxecsdingsiOngdm! mothe plaswmant theg UV

radi ati on-i nduceg,..ski %gf } !‘QE{T@H ubj ect, wherein the conposition
adm ni sters an gﬂtﬁ%gt-fﬁfs%sana %fgﬂué&fso erg’ubj ect at a |l evel not exceeding
10 ng/m in the plasma of the subject for a period of at |east 24 hours.

51. A conposition for inducing nmelanogenesis in a human subject, wherein

t he conposition_adm nisfer al pha- anal pgue to the subject in an
effective af‘_r?ountl?sﬁr?é apg a’ﬁ\égﬁﬁﬂﬁlegu%’@l tgﬁB’ﬁ@H%gﬁ%e gq{)épq%}({gn‘rgw{eégr}t}qg _
epi der mal ti ssugrphadififnSinBiGAlski ddaik ih BetmbA g%tgéumvﬁa@hﬁhe esApSifidzat i on

of the nelanocortin-1 receptors of the subject. 52. A conposition for
i nduci ng nmel anogdmésistersian alpHauMiSH anabgee tq thatsebjeétrin ah effectinpomiaund and time

adm ni sters an al pha- MSH anal ogue to the subject at a .l evel t _exceedi ng
10 gl m 1 ¢ he thIRGHAS AP RRreeh by dfs P RSk epfenfal i orpt oBIRE L o
53. A conposi ti GRtHodf indhEMe Abmdhgls dcedhsiliz0ion iof tHeGRel afddoRtikl FB@Btokdlofthe
human subj ect, wherein the conposition adm ni sters an al pha- MSH anal ogue to

t he subjectin amsubjfétecti ve amount and tine to induce nel anogenesis by the
mel anocytes in

50.  Use of an alpha-MSH analogue in the manufacture of a composition for preventing
UV radiation-induced skin damage in a human subject, wherein the composition
administers an alpha-MSH analogue to the subject at a level not exceeding 10 ng/ml

in the plasma of the subject for a period of at least 24 hours.

51. A composition for inducing melanogenesis in a human subject, wherein the
composition administers an alpha-MSH analogue to the subject in an effective
amount and time to induce melanogenesis by the melanocytes in epidermal tissue of
the subject without inducing homologous desensitization of the melanocortin-1

receptors of the subject.

52. A composition for inducing melanogenesis in a human subject, wherein the
composition administers an alpha-MSH analogue to the subject at a level not

exceeding 10 ng/ml in the plasma of the subject for a period of at least 24 hours.

53. A composition for preventing UV radiation-induced skin damage in a human

subject, wherein the composition administers an alpha-MSH analogue to the subject



epidermal tissue of the subject in an effective amobunt and tinme to induce
nmel anogenesi s by the nel anocytes in epidernmal tissue of the subject w thout
i nduci ng Wormdengedss desensitization of the nel anocorti nPtTraareqooosiof the
subj ect. 54. A conposition for preventing UV radiation-induced skin danmage
in a human subject, wherein the conposition adm nisters an al pha- MsH

anal ogue to the subject at a |l evel not exgeeding 10 ng/m in the plasma of
the subject for a period of at |east 24 hours. 55. A conposition as clained
in any of clains 51-54, conprising said al pha- MSH anal ogue together wth

conposi 11 on bs. o AR ceieyff AR AT R LRt Pl He Bl %57

A cogposi tion asphieahsEibsidofthabubjéd in sheffeitive bim@umiedniduiiy tosiidlicem conpri ses
a rod or inplant conprising pol ymer. 58. A coppositign as, clajnmed in

clai m 57, wher eiffflpRgepests Miethe Msigorgies enifcspmeysus of wesabigriewithopt

non- bi odegr adabl; %F?ang 1 q ] | &M 1 :09. SARP feld S
claimed in clai rhf}‘#m eroe? utshggeglgiqﬂzgﬁﬂy&;y&s?%H@gé%rﬁ?srgéé%n i ?}p easlrllltgj%(c)fr?l
rod, where the al pha-MSH anal ogue is [Nl e4, D Phe7]-al pha-MSH i n an anount
of from15%to 45% by weight of the inplant or rod, and wherein the rod or

BN AR J A O A e IR

transdermal for rgybjatt, YRerein the composition administers an alpha-MSH analogue to the subject

at a level not exceeding 10 ng/ml in the plasma of the subject for a period of at least
24 hours.

55. A composition as claimed in any of claims 51-54, comprising said alpha-MSH
analogue together with one or more pharmaceutically acceptable carriers and/or

diluents.

56. A composition as claimed in claim 55, which comprises a delivery system.

57. A composition as claimed in claim 56, wherein the delivery system comprises a rod

or implant comprising a polymer.

58. A composition as claimed in claim 57, wherein the polymer comprises a

biodegradable polymer, a non-biodegradable polymer, or a combination thereof.

59. A composition as claimed in claim 57, wherein the delivery system comprises an
implant or rod, where the alpha-MSH analogue is [Nle*, D-Phe’]-alpha-MSH in an
amount of from 15% to 45% by weight of the implant or rod, and wherein the rod
or implant comprises poly(lactide) or poly(lactide-co-glycolide).
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60. A composition as claimed in claim 55, wherein the composition is a transdermal

formulation.



