ligand. Further, it relates to the pept

Which is a g
l.anin(1-12) wmnﬁmrﬂ P(5-11), Gl ani 31(1 12) - Pro- Bradyki ni n(2-9),
Gal ani n(1-12)-Pro-Pro- Pro-(Leu[err]-Enkephalin(5-1)),
Gal ani n(1-12) - Pro-Lys([err]-NH Pro-(Leu5-Enkephalin(5-1))- and functi onal
anal ogues and functional derivatives thereof which exhibit substantially

t he sane gal ani fﬁQQkfi: é&ect as said peptides. Use of the galanin
ant-agoni st, a ﬁ%%gﬁgteurrt€$§%ieparatlon conprising it and a nethod of
treating a disorder in a mammal which depends on the physiol ogical function
of galanin at tfige Gotddedt ' £c6@hPion relates to a galanin antagonist
which is a galanin receptor ligand. Further, it relates
5 to the peptides Galanin(l1-12)~-Pro-Substance P(5-11),
Galanin(1-12) -Pro-Bradykinin(2-9), Galanin(1-12)-Pro-Pro-
Pro-(LeuS-Enkephalih(S-l)), Galanin(1-12)-Pro-Lys(e-NH-
Pro-(Leus-Enkephalin(S-l)) and functiénal analogues and
‘functional derivatives thereof which exhibit
10 substantially the same galanin antagonistic effect as
said peptides. Use of the galanin antagonist, a
pharmaceutical preparation comprising it and a method of
treating a disorder in a mammal which depends on the
physiological function of galanin at the galanin receptor
15 are also included. :

e 460506 ©
ELANI N ANT ARS8 Has Beeh & ent invention relates to a gal anin ant a@ggl st
iﬁ |

Background

Neuro-transmitters'and hormones can induce their cellular
20 effects by binding to and activating membrane bound
' receptors. The neuro—peptide galanin was isolated in 1983
from porcine upper intestine and was found to contain 29
amino acid residues (Tatemoto, K., et al, FEBS Lett., 164
(1983) 124-128). The sequences of galanin from two other
25 ~mammals, rat and cow, have been described (Vrontakis M.
E., et al, J. Biol. Chem. 262(1987) 16755-16758; Kaplan
L. M. et al, Proc. Natl. Acad. Sci. U.S.A. 85(1988) 1065~
1069 and Rokaeus A. and Carlquist M., FEBS Lett. 234
(1988) 400-406). A comparison of the peptide sequence of
30 galanin from the mammals rat, porcine and bovine reveals
that the N-terminal amino acids 1-15 are identical. Thus,
it is most likely that said conserved regibn will be
found in galanin from other mammals, including man.

35 Galanin has a wide pattern of distribution, often
correlating with multiple neuro-formula actions exerted
in a variety of different systems.
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t nduce _ i}l effects by binding to and activating nenbrane bound
recept j"ﬂ[ u“lgept i de galanin was isolated in 1983 from porcine

upper i s found to contain 29 ani no acid residues ( Tat enot O,
K., et al, FEBS Lett., 164 (1983) 124-128). The sequences of galanin from

tro 3thgr rannals, rat(ang cow, have been described (Vrontakis M E., et

al, J. Biol. e 5- - . Natl.
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Lett. 234 (1988pcepbor08)gandsempariesdeest nepopkedi de gakariRe of gal anin
fromthe mMaMeLach8bniBer GoldeRe Qoﬂé&dle%.?yiﬁaﬁeééﬁnfhiﬁé ipel anino

acids 1-15 are"1dentical . S, It 1s nost that sald conserved

region will bephvehelpgigalasignifdrenare oidmkaninand ep ridevelore

Gal anin hag a yhdemBekl®itaal pHeparatildn¥) £6¥ e regulation of the
physiological function of galanin at the galanin

receptor.

Description of the invention

10
One aspect of the invention is directed to a galanin
antagonist which is a galanin receptor ligand. Thus, the
antagonistic effect of the galanin antagonist according
to the invention is exercised at galanin receptors. In an
15 embodiment of this aspect of the invention the antagonist
is selected from the group consisting of the peptides

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
—Gln—Gln-Phe-Phe—Gly-Leu-Met-x,

20 '
ﬁ—GlyFTrp—Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
~Pro-PrdaGly-Phe-Ser-Pro-Phe—Arg-X,

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
25 -Pro-Pro+Leu-Phe-Gly-Gly-Tyr-X,

 H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
-Lys-X
I

30 Pro-Leu-~Phe-Gly-Gly-Tyr-H

wherein X represents -NHjor -OH (amide or free acid), and
functional analogues and functional derivatives thereof.

35 In the specification and claims, it is intended that
“functional analogues® of the peptides of the invention .
i.a. should comprise shorter of longer peptides, with or
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correl tjéﬁ 1th multiple neuro-formul a actions exerted in a variety of.

SHgen Replaced 2 Hi therto no
lﬂyﬂ ch are gal anin receptor |igands, have been

differen

gal ani n ”

reporte t agoni st woul d be a uséful tool in determ ning the
physi ol ogi cal significance of galanin and to devel ope pharnmaceuti cal
preparations for the regul ati on of -the physi ol ogi cal function of gal anin at

the galanin recentflyne ot it idh Ye 'ife ' O¥CRE,Qa1 amino acid
residues for other amino acid residues, as long as such
analogues exhibit substantially the same pharmacological
function as the peptides of the invention, i.e. are
5 galanin antagonists at the galanin receptor.

Further, it is intended that *functional derivatives® of
the peptides according to the invention comprise any
compound which exhibits substantially the same

10 pharmacological function as the peptides of the
invention, i.e. is a galanin antagonist at the galanin
receptor. Spécifically, such a compound could be one
which is derived from one of the peptides of the
invention, but wherein one or several amino acid residues

15 ' are substituted'for other chemical groups, i.e. organic
as well as inorganic molecules or elements resulting in a
"peptidomimetic"”. '

It is believed that it is the structural conformation at
20 the galanin receptor of a peptide according to the
invention which is responsible for its pharmacological
function as a galanin antagonist and for its affinity to
the galanin receptor (thus being a galanin receptor
ligand). ' '
25
Thus, it is believed that the functional derivatives and
the functional analogues comprised by the invention
should have a similar structural conformation at the
galanin receptor as the peptides of the invention. The
30 surrounding of the galanin receptor could be mimicked by
e.g. blood or physiological saline solution.

Another aspect of the invention is directed to the
peptides

35
H-Gly-Trp-Thr-Leu-Asn-Ser-Ala~Gly-Tyr-Leu-Leu-Gly-Pro-
-Gln-Gln-Phe~-Phe-Gly-Leu-Met-X,
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One amggﬁecgiashggﬁw%ggtion is directed to a gal anin antagoni st which is a

gal ani
T
an enb _

to the invention is exercised at gal anin receptors.

Hmnd. Thus, the antagonistic effect of the galanin
aspect of the inventidn the antagonist is sel ected

P

fromthe group consisting of the peptides
H @ y-Trp-Thr-Leu- Asn- Ser- Al a-3 y-Tyr-Leu- Leu-Q3d y- Pro- :

-d n-d n- Phe-P
H dy-Trp-Thr-

E’g'_&-q)é‘ieu@%ﬁ@ﬁ%ﬁﬁ’éaﬂ%aG&;\'yWFaﬁeu-Leu-Gly-Pro-

- Pro--Pro- G y- PrerSeiPde -G RhePHe gSer-Pro~Phe~-Arg-X,

H @ y-Trp-Thr-Leu- Asn- Ser- Al a-3 y-Tyr - Leu- Leu-Qd y- Pro-
-Pro-Pro-Leu-Phe-dy-Ady-Tyr-X

H d y- Tr p- Thr - BeGlAsTrerThit al&iyATy rSesvAlanGlyy Tyroleu-lseucGly -Pro-

5

10

15

20

25

30

35

~Pro-Pro-Leu-Phe-Gly-Gly-Tyr-X,

H-Gly-Trp~-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
~Lys-X -
l

Pro-Leu-Phe-Gly-Gly-Tyr-H

wherein X represents -NH; or -OH (amide or free acid),
and functional analogues and functional derivatives |
thereof which exhibit substantially the same galanin
antagonistic effect as said peptides.

As mentioned above, the peptides may also be named .
Galanin-(1-12)-Pro-Substance P(5-11), Galanin(1-12)-Pro-
-Bradykinin(2-9), Galanin(1-12)-Pro-Pro-Pro- (Leus-
Enkephalin(5-1)) and Galanin(l-12-Pro-Lys(&-NH-)Pro-
(LeuS -Enkephalin(5-1)), respectively.

In the experimental part of this specification the above
listed peptides, in amide form (i.e. X = -NHj), have been
named M15, M35, M36,A and M34,A, respectively.
Functional analogs may be peptides such as
H-Gly—Trp,—~Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu—Leu-Gly-.Pz_‘o- _
(D-Arg) -Pro-Lys-Pro~Gln-Gln- (D-Txrp) -Phe- (D-Trp) -Leu-Leu-X
H-Gly-Trp—Thr—Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly’-Pro_— '

-Pro-Pro-Gln-Phe-Phe-Gly-Leu-Met -X

H-Gly-Trp~-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu~Leu-Gly-Pro-
-Ala~-Leu-Ala-Leu-~Ala-Leu-Ala-X

In



X

the speC|f|
t he peptlde

, is intended that "functional anal ogues”
ion i.a. should c&mprise shorter of |onger

Pr o- Leu- Phe- Gly ed Wherein X represents -NH2or -OH (anmide or free
aci d), andri m\m%ues and functional derivatives thereof. I n

peptides, with or 3 wi t hout
substitution of one or several am no acid

10

15

20

25

30

35

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
-Pro-Pro-Ala-~-Leu-Ala-Leu-Ala-X

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
-Pro-Gly-Phe-Ser-Pro-Phe-Arg-X

H-Gly—Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leﬁ-Leu-Gly-Pro-
-Arg-His~-Tyr-Ile-Asn-Leu-Ile-Thr-Arg-Gln-Arg-Tyr-X

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Ala-
-Arg-His-Tyr-Ile-Asn-Leu-Ile-Thr-Arg-Gln-Arg-Tyr-X

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
-Pro-Pro-Tyr-Gly~-Gly-Phe~-Leu-~X

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-~
-Pro-PrQ-Leu—Phe-Gly—Gly-Tyr-X

wherein X fepresents -NH2 or -OH (amide or free acid).

A further aspect of the invention is directed to the use

of a galanin antagonist which is a galanin receptor
ligand for the preparation of a pharmaceutical
preparation. It can be mentioned that the above listed
peptides are soluble in water, which facilitates the
preparation of a pharmaceutical'preparation for
injection. | |

Yet another aspect of the invention is directed to a
galanin antagonist which is a galanin receptor ligand for
use in a pharmaceutical preparation.

~Yet a further aspect of the invention is directed to a

pharmaceutical preparation comprising a galanin
antagonist which is a galanin receptor ligand as an
active ingredient, together with pharmaceutically’
acceptable additive(s). Depending on the specific type of

THIS SHEET Hag BEEN
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re5|duesn11 ﬂQ g% AQgaci d residues, as |long as such anal ogues exhi bit

substantl harnacologlcal function as the peptides of the
|nvent|on Enln antagoni sts at the gal anin receptor. Furt her,
it is.int ctional derivatives of the peptides according to

t he |nvent|on conprlse any conpound whi ch exhibits substantially the sane
phar macol ogi cal functlon as the peptides of the invention, i.e. is a

gal ani n antago c#ga I + ~SREC a conpound
coul d be one erived Tro égﬁgﬂ% FﬁeE%EFEégyéé&V %h%%'nventlon

but wher ei n oneaf%fil@e%%)l shewkd sbedcheseauss makes upstheudesimed ot her

chem cal gr OUpsgré &ra@i&ﬂn'%ﬁ@aﬁﬁQ aaalt&w%m Cfd@'t%'s%%c&rﬁ@ & S
resulting in akafﬁ£g|d0n1netlc bel i eved that I t. the strdctura

conf or mati on at %Eﬁ%ﬂﬁ*P?e%%b?%rpﬁﬁpérﬁéptﬁ@& @@oﬁ&hﬂ&%ﬂ?ﬁlﬂ?

i nvention ghi chinfedteigmonsidbret 9rort plaseraolceg G found iign the ¥.S.
gal ani n ant agonj,st and for its affinity to the galanin receptor (thus being
a gal anin rece;rj% ia.

Thus the present invention also provides compositidns
containing an effective amount of compounds of the

10 present invention, including the nontoxic addition salts,
amides and esters thereof, which may, alone, serve to
provide the above-recited therapeutic benefits. Such
compositions can also be provided together with
physiologically tolerable liquid, gel or solid diluents,

15 adjuvants and excipients.

These compounds and compositions can be administered to
mammals for veterinary use, such as with domestic
animals, and clinical use in humans in a manner similar

20 to other therapeutic agents. In general, the dosage
required for therapeutic efficacy will range from about
0.01 to 1000 mcg/kg, more usually 0.1 to 1000 mcg/kg of
the host body weight. Alternatively, dosages within these
ranges can be administeredpby constant infusion over an

25 extended period of time until the desired therapeutic
benefits have been obtained.

Typically, such compositions are prepared as injectables,
either as liquid solutions or suspensions; solid forms

30 suitable for solution in, or suspension in, liquid prior
to injection may also be prepared. The preparation may
also be emulsified or incorporated in drug delivery
systems like liposomes or microspheres. The active
ingredient is often mixed with diluents or excipients

35 which are physiologically tolerable and compatible with
the active ingredient. Suitable diluents and excipients
are, for example, water, saline, dextrose, glycerol, or
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ligand). ~Thus:— _ that the functional derivatives and the
functi onal anﬁjiscg&@ﬁas%gm{ép d by the invention should have a simlar

structural con e galanin receptor as the peptides of the

i nvention. The ﬂﬂﬂ“‘ﬂﬂlm t he- gal ani n r'eceptor could be m m cked by

e.g. blood or al i ne sol ution. Anot her aspect of the

I nvention is directed to the peptides

H G y-Trp- Thr- - : Ser- Al a- = =~ EU;3 - -RLOL 335 ¢4 :

Tanan Phe. I#?géj &ﬁ?{%,eﬁé_rkﬁt%@Yngﬂiohg th‘é!'_egfy. RhOaddition, if
desired the compositions may contain minor amounts of

auxiliary substances such as wetting or emulsifying
agents, stabilizing or pH-buffering agents, and the like.

The compositions are conventionally administered
parenterally, by injection, for example, either
subcutaneously, intramuscularly, intraperitoneally or
intravenously. Additional formulations which are suitable

10 for other modes of administration include suppositories,
vagitories, intranasal aerosols, buccal formulations like
adhesive tablets, gels or patches and in some cases, oral
formulations. For suppositories and vagitories,
traditional binders and excipients may include, for

15 éxample, polyalkylene glycols or triglycerides; such
suppositories may be formed from mixtures containing the
active ingredient in the range of 0.5% to 10% preferably
1%$-2%. Oral formulations include such normally employed
ekcipients as, for example, pharmaceutical grades of

20 _mannitol, lactose, starch, magnesium stearate, sodium
saccharin, cellulose, magnesium carbonate, and the like.
These compositions take the form of solutions, '
suspensions, tablets, pills, capsules, sustained-release
formulations, or powders, and contain 10%-95% of active

25 ingredient, preferably 25%-70%.

The peptide compounds may be formulated into the
compositions as neutral or salt forms. Pharmaceutically
acceptable nontoxic salts include the acid addition salts

30 (formed with the free amino groups) and which are formed
with inorganic acids such as, for example, hydrochloric
or phosphoric acids, or organic acids such as acetic,
oxalic, tartaric, mandelic, and the like. Salts formed
with the free carboxyl groups may be derived from

35 inorganic bases such as, for example, sodium, potassium,
ammonium, calcium, or ferric hydroxides, and such organic
bases as ispropylamine, trimethylamine, 2-ethylamino




¢

4 Hd y-msmhéghnaslggémémée§er -Ala-G@ y-Tyr-Leu-Leu-Ad y-Pro-

-Pro-Pro-Gy e- Arg- X _
Hdy-Trp-Th H ﬂ | a- d y- Tyr- Leu- Leu-d y- Pro-
- Pro- Pro- Leu-"Phe- r-X 8

H d y-Trp-Thr-Leu-Asn-Ser-Al a-d y-Tyr - Leu- Leu-3@ y-Pro- -Lys-X
Pro-Leu-Phe-@y-dy-Tyr-H wherein X represents -NH2 or -OH (am de or free

acid), and functional. anal ogues and functional derjvatives thereof which
exhi bit subst alR$RAA}L 4 H'é‘%%ﬁi“tfa'l FFPCAHRRgoARSt FRecLikBr as said
pepti des. :

Still another aspect of the invention is directed to a
method of treating a disorder in a mammal which depends
S on the physiological function of galanin at the galanin
receptor, which comprises administering to said mammal a
pharmacologically effective amount of a galanin
antagonist which is a galanin receptor ligand. Since the'
physiological function of galanin at the galanin receptor
10 is specific for each individual, the pharmacologically
effective amount of a galanin antagonist which is to be
administered to treat a disorder in a mammal has to be
decided by a physician or veterinary on an individual
bases. )
15
Galanin antagonists would be useful in the regulation of
at least the following:
insulin release,
growth hormone release,
20 acetylcholinhe release,
dopamine release,
Substance P release,
Somatostatin release,
Noradrenaline release.

25
At present, the presumed fields of medical indication are
endochrinology, food intake, neurology and psychiatry:
senile dementia of Alzheimer’s type, schizophrenia.
analgesia, intestinal diseases.

30

Preparation of a galanin antagonist according to the
invention

Conventional methods of preparing peptides can be used to
35 prepare the galanin antagonists of the invention,
suitably modified if the antagonist is a peptidomimetic.
- In addition to liquid phase synthesis, conventional

———
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As mentioned above, the peptides may al so be naned ,

Gal ani n- (1-12) - Pro- Subst ance P(5-11), Galanin(1-12)-Pro- -Bradykinin(2-9),
@Gl ani n(1-12) - Pro-Pro-Pro-(Leu[err]- Enkephalin(5-1)) and

Gal ani n(1- 12-Pro-Lys([err]-NH)Pro- (Leu5-Efkephalin(5-1)), respectively.
In the experinental part of this specification the above |isted peptides,
in amde form(i.e. X = -NH2), have been nanmed ML5, M5, M6, A and M4, A,
respectively. Functional anal ogs may be peptides such as

H d y- Tr p- Thr - RHeceHIEes -ﬁq%-awgdﬁﬁl{m L'éﬁengpitocommgp of the

- Pro-Lys- Pro- Ggrddént (iAvErdbiod itic ddd rfhy- s8Viephise peptide

H @ y- Trp-Thr- Leu- Asn-,Ser - Al.a- 3 y- Tyr - Leu- Leu-d é-' P{_lo- )
-Pro-Pro-Q n- Py -§3§LW§£PQQH-BP such a method the synthesis of the

novel compounds can be carried out by sequentially

5 incorporating the desired amino acid residues one at a
time into the growing peptide chain according to the
general principles of solid phase methods.

Abbreviations used in the following:

10 .
NMP = N-Methylpyrrolidone
HOBt = N-hydroxybenzotriazole
MBHA = p-Methylbenzhydrylamine
PAM = p-Acetoxymethyl - )
15 Boc = tert-Butyloxycarbonyl
DMSO = Dimethylsulfoxide
DIEA = diisopropylethylamine
Tos = tosyl
OcHex = cyclohexyl ester
20 4-MeBzl = 4-methylbenzyl
OBzl = bensyl ester
Bom = t-Benzyloxymethyl
Clz ‘= 2-Chlorobenzyloxycarbonyl
. Bzl ='0-benzyl
25 For = formyl
Brz = 2-bromobenzyloxycérbonyl
TFA = trifluorcacetic acid
DMS = dimethyl sulfid
DCM = dichloromethan
30 DMF = N,N-dimethylformamide

The peptides "M15*, *M35" and "M36,A" of this invention
were assembled in a step-wise manner on a solid support
using an Applied Biosystems Model 431A Peptide |
35 Synthesizer using the standard NMP/HOBt Solvent-
Activation strategy on a 0.1 mmole scale (small scale).
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H @ y-Trp-Thr-Leu- Asn- Ser- Al a-3@ y-Tyr-Leu- Leu-Qd y- Pro-

-Al a- Leu- Al a- Leu- Al a- Leu- Al a- X 5
M- d y-Trp-Thr-Leu- Asn- Ser- Al a-d y- Tyr-Leu- Leu-d y- Pro-

-Pro-Pro- Al a- Leu- Al a- Leu- Al a- X 10

H @ y-Trp-Thr-Leu- Asn- Ser- Al a-3 y- Tyr-Leu Leu-3 y- Pro-

- Pro- d y- Phe- Ser - Pr o- Phe- Ar g- X

10

15

20

25

30

35

The peptide "M34,A* was synthesized in the same manner,
except for the protective group which was e-Fmoc and Boc
for Lys. Accordingly one part of the peptide was
synthesized using Boc-chemistry, and the other'part was
synthesized using Fmoc chemistry.

The functional derivatives of the invention were prepared
in analogous manner.

tert-Boc-amino acids were coupled to tert-Boc-amino acid-
PAM (Nova Chemical Company Ltd., UK) resin for free acid
(X = -OH) or MBHA(Bachem Feinchemikalien AG, Switzerland)
resin for amide (X = -NH,) as hydroxybenzotriazole (HOBt)
esters. '

As individual cycle for each amino acid included
deprotection of the tert-Boc-group with 50%
trifluoroacetic acid in CH2C12(DCM) for 19 min, and
acylation with 10-fold excess (compared to the amount of
amino groups on a resin) of the protected amino acids in
a mixture of 15% DMSO in N-methyl pyrrolidone (NMP) for
35 min. Between each operation several extensive.washings
were performed with CH,Cl,, DIEA and NMP. After each
coupling acetylation (capping) was carried out using 10%
acetic anhydride and 5% DIEA in NMP for S min.

With the excention of Boc-Lys (Fmoc) in the case of the
peptide 34,A, all amino acids used were tert-Boc-
protected at the N-terminal (obtained from Nova Chemlcal
Company Ltd., UK), and their reactive side chains were
protected with Tos in

Arg, OcHex in Asp, 4-MeBzl in Cys, OBzl in Glu, Bom in
His, ClZ in Lys, Bzl in Ser and Thr, For in Trp, and Brz
in Tyr. '
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H d y-Trp-Thr - Leu- Asn- Ser - Al a- d y- Tyr - Leu- Leu-Qd y- Pr o-
-Arg-Hi s-Tyr-1le-Asn-Leu-1le-Thr-Arg-d n-Arg-Tyr-X

H @ y-Trp-Thr-Leu- Asn- Ser- Al a-d y- Tyr-Leu- Leu-d y- Al a-
-Arg-Hi s-Tyr-11le-Asn-Leu-1le-Thr-Arg-d n- Ar§lTyr- X

H @ y-Trp-Thr-Leu- Asn- Ser- Al a-3@ y-Tyr-Leu- Leu-Qd y- Pro-
-Pro-Pro-Tyr-3y-d y-Phe-Leu- X

H d y- Trp- Thr - Leu- Asn- Ser - Al a- G yr-lLeu-Leu-d y-Pro

- Pro- Pro- Leu- pk@eﬁi} Selyente & ?Ehﬁrxrﬁe&%é&tf&r R-oRatig perk e or
free acid). Asynthdwis aeeeet £odmt AppliednBiasyistetis.ected to the use of a
gal ani n antagoni st which is a galanin. receptor ligand for the preparation

of a pharmaceutical preparation. It can be nmentioned that the above listed
pepti des are sdThélreagents ensedhinhdéprokiectdtion @md cleavage steps were

5 of analytical grade and used without further
purification:

1,2-ethaneditiol, acetic anhydride, trifluoromethyl
sulfonic acid (TFMSA), dimethyl sulfide (DMS) and p-

10 cresol from Fluka, diethyl ether and acetonitrile from
Merck and HF from AGA Gas.

The fully assembled peptide-resins were dried under high

vacuum overnight. Deprotection from formyl-group on Trp
15 and benzyl-groups was performed using "low TFMSA®" method.

For that 100 mg of peptide-resin was treated with 2 ml of

the mixture of TFMSA(10%), TFA(50%), DMS(30%), p-

~cresol(8%) and dimercaptoethan(Z%) for 2 h at 0°C while

shaking, the procedure was followed by washing with EtOH,
20 DCM, DMF, DIEA/DCM, DMF and DCM.

After drying under vacuum the peptidé was cleaved from
resin and deprotected by'mixing of 10 ml liquid HF
(containing 20% of 1:1 mixture of p-cresol and p-

25 thiocresol) with 1 g of peptide-resin at 0°C for 60 min.
The resin was washed 2 times with 10 ml of Et,0, peptide
extracted with 20% acetonitrile/water and filtered.
Lyophilization of the aqueous filtrate yielded the crude
peptide.

30

' Preparative purifications were carried out on the crude
product by HPLC on reversed phase C1l8 column. 10 mg of -
crude peptide was dissolved in 1 ml of 20%
acetonitrile/water and eluted with a gradient (45'min) of

35 20-60 % mixture of 0.1% TFA/acetonitrile in 0.1 &

h\
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preparation of a pharmaceutical preparation for injection, Yet anot her
aspect of the invention is directed to a gal anin antagonist which is a

gal anin receptor ligand for use in a phar Seutical pr eparation. Yet a
further aspect of the invention is directgg to a pharmaceutical preparation
conprising a gal anin antagoni st which is a galani-n receptor |igand as an
active ingredient, together with pharmaceutically acceptable additive(s).

Depending on the, ADeCLLi et XPR18l rate of 2.0 ml/min. The fractions
were colleéted according to the absorption detected at
238 nm.

§ Purity of the individual peptides was checked by
analytical HPLC and determined to be 99 %. Molecular
weights of the peptides were determined using Plasma
Desorption Mass Spectrometer (PDMS) Model Bioion'zo,
Applied Biosystems, the calculated molecular weight

10 values were obtained in each case for the purified

peptide.
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pharmaceutical preparation to be prepared, such additive(s) should be
chosen to nake up the desired preparation. Suitable additive(s) for the
specific type of preparation to be prepared such as sol utions for

I nj ection, blets or plasters, can be féddnd in the U. S Pharrracopoela

Thus t he pre ale. | nventiop al so.pr vrde. conposj ti.ons, contain -
i o 35’ "& mea 4 ar
lngerve
(

ef fective ampunt H¥HoO

nont oxi ¢ ad%ﬁé‘?@i"g I‘?gé %gj 3&1?

to provide t Pgi &PB

al so be provf8ENPE ‘53“63’?3 ﬁﬁlytolerablellqwd gel or

solid dil uents,

COITpOSI tion , such as

with domast'& wm§m@s@dp.ﬁhrywyp@l. mﬁ&mmmmgm%w mlar to
ot her therapleutlc agends. In general , 2¥1e dosageé requil rediif or therapeutic

efficacy wll range from about
1 13 2
GIy-Trp-’Ihr-Leu-Asn-Ser-Ala-Gly-Tyr—Leu-Leu-Gly—Pro-(D-Arg)-Pm-Lys-Pm—Gln-Gln-(D-Trp)-Phe-(D-Trp)-
B AU . spantide
-Leu-LeuNH, _
. =12)-Pro-Pro-Pro-SP(5-1 i (MW = = 40 nM
1 5 12 2

: Gly-Trp-Thr-Leu- -Ser-Ala-Gly-‘l‘yr-Leu-Leu-Gly-l’ro-Pro-Pro-Gln-Gln-Phe—Phe-Gly—Leu-Met amide
11

ICs0.=0.2 oM .
1 5 13 ' 20

Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-Ala-Leu-Ala-Leu-Ala-Leu-Ala amide

5
Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-Pro-Pro-Ala-Leu-Ala-Leu-Alaamide
in(1-13)-Bradykinin(3-9 : (MW = 2135 ICso = 1 nM
1 13 ' 20
Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-l..eu-Gly—Pm-Pm-Gly-Phe—Ser-Pro-Phe-J;rg amide
' 3
MMMM_JH&E&_QMM

Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly—Tyt-lsu—Leu—Gly—Pto-Pm-Pm-Gly-Phe—Set—Pm—Phe-Agrg amide
2

25
Gly-Tlp-'l'br-Leu-Asn-Ser-Ala-Gly-Tyr-Leu—Leu-Gly-Pro-Arg-!-hs-Tyr-ne- Asn-Leu-Tle-Thr. -Arg-Glu-Arg Tyr

MWJWMM
25

Gly-Trp-m-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Ah-Arg-l-hs—Tyr—lle Asn-Len—lle-'l‘hr-Arg-Gln—Arg-‘l‘yr

43

A

1 12
Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly—Tyr-Leu-Leu—Gly-Pro-Pro-Pm—Tyr—Gly-Gly-Phe-L;u amide
' 1
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0.01 to 1000 ntg/kg, nore usually 0.1 to 1000 ntg/ kg of the host body

wei ght. Alternatively, dosages within these ranges can be adm nistered by
constant infusion over an extended period of tine until the desired

t herapeutic benefits have been obtai ned. Typi cal Iy, such conpositions are
prepared as injectables, either as I|qU|¥ﬂsqutions or suspensions; solid
forms suitable for solution ]n or susoension in I|oU|d -rlor £ o i njection

may al so be ﬂﬁ?ﬁESHt ?

|ncorporateo ivery systens ke Ilposones or n1crospheres The
acti ve Ingre&ﬁquéu.mémﬁwﬂ.mm AN %P..ﬁndmh'ch are
physi ol ogi callTy tol erabl e and ‘conpatible wth tke actl ngredi ent .

Sui tabl e diluents and excipients are, for exanple, water, saline, dextrose,
gl ycerol, or

- - - - W =
le_Q_-'-_lD_nM
13 14
Gly Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr- Leu-Leu-Gly-Pro-Lys amide
N-teminus
Pxo-Leu-PhefGly-Gly-Tyr
5 1

ICsp has been determined in displacement experiments in rat hypothalamus

_—
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7 the 1 ke, and conbinations thereof. In addition, if desired the
conposThsﬁmsﬁha&annqmaan m nor anounts of auxiliary substances such as
mettlng agents, stabilizing or pHbuffering agents, and the
like. ns are conventional | L 5adm nistered parenterally, by
|nject|on or exa ei t her subcutaneously, intranuscularly,

I ntraperitoneally or |ntravenously Addi tional fornulations which are
suitable for other nodes of adm nistration include suppositories,

vagi tori es, i nEHARMAGOLOGICAN EXRERIMENTS)r my| ations | i ke adhesive tablets,
gel s or patches and in sone cases, ‘oral fornulations. For suppositories and
vagitories, traditional binde S and eXC|-|ent exanpl e,

pol yal kyl ene gld.cER4BBLE CQ - i B3S84 1 med
fromm xtures ﬁgagaraangctbedmﬁg\ubIAhrénhEBu |ettmb (Bﬂgeheh;ﬁai@hnd 10%

preferably 1% g6 885 ch" BRasUh P ddphdtfic A esn s O vBe | Y1 867! RYSd3,
1986, 1059-1063). By using the same procedure as the
cited Ahrén B., et al, a peptide according to the
invention, M15, is now shown to block the galanin-

inhibited insulin release in equimolar concentration.
10 o

- Animals and preparation of cells.

Adult obese hyperglycemic mice (ob/ob) of both sexes were
‘taken from a local non-inbred colony and starved

15 overnight. The animals were killed by decapitation and
the islets were isolated by collagenase isolation '
technique. A cell suspension was prepared essentially as
described by Lehrnmark, A., in Diabetologia 10, 1974,
431-438. Briefly, the islets were dissociated into single

20 cells and small clusters by shaking in a Cal+-Mg2+-

| deficient medium supplemented with EGTA (Ethylene glycol-
bis (beta-aminoethyl ether)N,N,N’,N’, -tetra-acetic acid,
SIGMA). Thereafter, the cells were incubated at 37°C, pH
7.4, overnight in 12 ml RPMI 1640 medium (Tissue culture

25 medium from SIGMA, which contains L-glutamine and does
not contain sodium bicarbonate) supplemented with 10% NU-
serum T™ (Collaborative Research Inc., Lexington, Ma,
U.S.A.), 100 IU/ml penicillin, 60 pg/ml gentamycin and
100 pg/ml streptomycin. To avoid attachment of the cells

30 tq'the culture flasks during incubation, the suspension
was shaken gently.

Media

35 The basal medium used was a HEPES buffer (N-[2-
Hydroxyethyl] -piperazine-N’-[2-ethanesulfonic acid],

SIGMA), pH 7.4, physiologically balanged—i : h -
R physiologically B8 lanEris SHEET HAG BEEN |
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eXC|p|enﬁ§m@§h‘_or exanpl e, pharnmaceutical grades of mannitol, |actose,

st arch, M 'T‘Bﬂ&a&ﬁte, sodi um saccharin, cellul ose, magnesi um
carbona_: Ili¥ke. These conpositions take the form of solutions,
suspens pills, capsules, sust® ned-rel ease fornul ations, or

powder s, and contaln 10% 95% of active ingredient, preferably 25% 70%

The peptide conpounds may be fornulated into the conpositions as neutral or
salt forns. Ph aaceuhhcall accept abl.e %g. oxic salts |nclﬁde he acid
addition salts Efo?ﬁe ﬁl?ﬁ @308 IR r?]g MeA1 YW, Was

wi th inorgani csappementedawithorl mgdmm<alﬁumﬂmmhlor|c or phosphoric
acids, or organic acids such as acetic, oxalic, tartaric, nmandelic, and the
like. Salts forned with the free carboxyl _groups may be derived from

i nor gani ¢ baseMeaguhement&ppfeimsmldin melieage pot assi um anmoni um  cal ci um
or ferric Bydroxides, and such organlc bases as ispropyl am ne,

trinmethyl am ne, 2-ethylamno .
The kinetics of insulin release were studied by perfusing

pancreatic beta-cells (approx. 1 x 106) with 20 mM or S

- mM glucose mixed with Bio-Gel P-4 polyacrylamide beads
(200-400 mesh, Bio-Rad Lab., Richmond, Ca, U.S.A.) in a
10 0.5 ml column. The flow rate was 0.5 ml/min and 1-3 min

fractions were collected and analyzed for insulin
radioimmunologically, using crystalline rat insulin as a
reference.

15 Results.

After 60 min incubation in the presence of glucose (8.3
mM), galanin (10”7 M) completely abolished insulin
release from

20 ' , .
34+2 PU/ml to 3+l WU/ml (P <0.001; N=32). The peptide of
the invention,

M 15, alone (10"6 M - 107 M) dose-dependently |
25 counteracted the galanin-induced inhibition of insulin
release.

Insulin release in the presence of glucose, galanin and
M15 at 1076 M, 1077 or 1078 was 28£2 pu/ml (N=16), 1724
30 HU/ml (N=16), and 1013 uU/ml (N=16), respectlvely. M15 at
1079 M was w1thout effect.

As a result of the above experiments it can be concluded
that the peptide of the invention, M15, counteracts the
35 galanin-induced inhibition of insulin release in islets.
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8 ethanol, histidine, procaine, and the Ilike. Sti aspect of

t he |nvent|on Is directed to a nethod of treating a d| |n a na

whi ch depends on the physiol ogical functio f galanln ¢wﬂqu
receptor, which conprises admnistering to-said mamal gally
effective anount of a gal ani n. antagoni st which is a gal

ligand. Since the phyS|oIog|caI function of galanin at the galanl ceptor

is specific fo . . . , ) ff
a gal ani n ant a§é ] ' i Y i -8 ﬁgé?égr gfupﬁ gf

manal has to hecdedndgdtbyandQEnGuﬁuemwabeiﬁr¢qar¥abh afcafdi $cduavol
bases. 84, 1987, 7339-7343). By using substantially the same
procedure as the cited Fisone G., et al, a peptide
5 according to the inventiOn, M15, is now shown to
' counteract the inhibitory effects of galanin on the
scopolamine-induced release of acetylcholine in vivo.

Microdialysis Experiments
10

Surgery and basic methodology. Experiments were carried
out with female CD-COBS (Charles River, Como, Italy)
rats, weighing 200-260 g. Animals were anesthetized with
equitensin (1% pentobarbital, 4% ‘chloral hydrate). Guide

15 cannula was implanted stereotoxically into the ventral
hippocampus according to the following coordinates from
the atlas of Paxinos and Watson (Paxinos G. and Watson C.

' (1986) The Rat Brain in Stereotoxic Coordinates, 2nd edn.
Academic Press, Sydney.): 5 mm posterior to the bregma,

20 4.0 mm lateral to the midline, and 6.8 mm below the

' surface of the dura mater. A stylet was then inserted to
keep the guide cannula patent until the next aay. At the
time the stylet was removed and replaced with a
microdialysis probe (CMA 10, Carnegie Medicine 2B,

25 Stockholm, Sweden) containing a membrane having an
exposed area of 3 x 0.5 mm. The microdialysis probe
extended 3 mm beyond the end of the guide cannula; it was
perfused at a constant rate of 2 gl (min with Ringer’s
solution (NaCl, 147 mM; CaCl,, 2.2 mM and KCl, 4.0 mM),

30 containing 10 pM physostigmine sulfate and adjusted to pH
7.0 with NaOH. The initial 40 min perfusate was
discarded. Thereafter,_perquates were collected every 20
min during a total perfusion period of 260 min. At the

end of the collection period, the samples were

35 immediately frozen on solid CO, and lyophilized.
A¢etylcholine'(Ach) content was quantified by a specific
radioenzymatic method described in detail by Consolo S.,

| THIS SHEET HAS BEEN
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Gal ani n antagoni sts woul d be useful in the regulation of at |east the
followng: insulin release, growh hornone rel ease, acetylcholine rel ease,
dopam ne rel ease, Substance P rel ease, Somgtostatin rel ease, Noradrenaline
rel ease. At present, the presuned fields medi cal indication are
endochrinology, food i ntake, neurol ogy and psychiatry: senile denentia of
Al zhei mer's type, schizophreni a, analge3|a I ntestinal diseases.

Convent | onal _mEEnSds P pREVTERE. ¥ 1987 ) 1280 THES ) CHna g
gal anin antagoﬁlfts et aﬂe(NeHQthni SAQ;@@IQ mbaP 88 bd 3$7t361ahtagdn|st
I's a peptidom gRii§ving (a) the conversion of choline to
phosphorylcholine in the presence of choline
5 phosphokinase and ATP,'(b) the enzymatic hydrolysis of
acetylcholine to choline and acetic acid, (c) the
reacetylation of the resulting choline to
(3H]acetylcholine with the addition of
[3H]acety1coenzyme-A, 99.9 GBg/mmol, and acetyl-coenzyme
10 A:ChAT, and (d) the separation and scintillation counting
of the resulting [3H]acety1choline by extraction into
tetraphenylboron-containing ketone phase by liquid-liquid
ion exchange chromatography. Phosphorylation, hydrolysié
and acetylation reactions were validated routinely.
15
' The concentration of acetylcholine in each sample was
calculated by linear regression based on the
radiocactivity of the standards (linear from 10 fmol-25
pmol acetylcholine) with the slope eQual to 7800 net
20 dpm/pmol. The coefficient of variation of the replicate
perfusate samples or acetylcholine standards was
approximately 3%.

In vitro recovery of acetylcholine through three dialysis
25 tubings was determined as previously described (Wu et
-al., ibid). The average recovery was 17.6+ 0.5%.

At the termination of the release experiments, the
placements of the dialysis probes were verified
30 histologically by use of staining for Nissl substance.
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In addition to |iquid phase synthesis, conventional

9 procedures for synthesizing the novel conpounds of the present
knvention include any solid phase peptide sgynthesis nethod. In such a

nmet hod the synthesis of the novel conpounds can be carried out by
sequential ly incorporating the desired amno acid residues one at a tine
into the growi ng peptide chain according to the general principles of solid

phase methods. gee@bEr 8¢¥i ghilghsnuadd M) 1N d ARV ESHolamine-induced
release of ACh, measured "in vivo" from the rat ventfal
hippoc us

5 Saline - o 2.0 pmoles
Scopolamine 13.1 pmoles
Scopolamine _

+ _ ' 6.9 pmoles
Galanin '

10 Scopolamine
+ 9.4 pmoles

Galanin (1.56 nmoles) and M15 (3.12 nmoles) were injected
15 i.c.v. 2 min before scopolamine (0.3 mg/kg, s.c.). ACh
release was measured in the perfusate collected during
the following 80 min, in four 20 min-fractions. The
values are expressed as'pmoles of ACh measured during the
20 min fraction corresponding to the peak of the
20 scopolamine-effect and corresponding to the second 20
_ min-fraction. The data are the means of experiments
carried out in two rats (n=2).

As a result of the above experiments it can be concluded

25 that the peptide of the invention, M15, counteracts the
galanin-induced inhibition of scopolamine-induced release
of acetylcholine in hippocampus.

3) Effects of intrathecal galanin and C-fiber stimulation

. 30 on the flexor reflex has been described by Wiesenfeld-
Hallin Z., et al (Brain Res. 486 (1989)205-213). By using
substantially the same procedure as the cited reference,
a peptide according to the invention, M15, is shown to
have an antagonistic effect on intrathecal galanin-

35 induced facilitation of the flexor reflex. An other

peptide of the invention, M35, has given similar results
in preliminary experiments.
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NVP = N Met hyl pyrrolidone HO&

p- Met hyl benzhy
tert-Butyl oxyc
di i sopropyl eth
4- et hyl benz
2- Chl or obenz
2- br onobenzyl o
sul fid DCM

pepti des "ML5",

10

15

20

25

dryl am ne PAM = p- Acet oxynet hyl Boc

ar bonyl DWMSO = Di net hyl sul f oxi de DI EA This Sheet HasBeenReplaced

yl ami ne Tos = tosyl CcHex20 = cycl ohex}
yl OBzl = bensyl ester Bom = = t-Benz
onxycarbonyI Bzl = O benzyl For Tornyl Brz

= NthdroxybeQEQLLngng_LBHA~.__

éycarbonyl TFA . = tréf!uoroaoetip acid DNB = di et hyl
uay - N,N—dlnethylfornanide The

"MB5" and WM36, A" of this invention

In acute experiments, the magnitude of the polysynaptic
hamstring flexor reflex in response to activation of high

-threshold afferents was examined in decerebrated,

spinalized, unanaesthetized rats by recording the
electromyogram (EMG) from the posterior bicepts-
femoris/semitendinosus muscles. The animals were briefly
anaesthetized with Brietal®, and a tracheal cannula was
inserted. The rats were mounted in a stereotaxic frame,
decerebrated by aspiration of the forebrain and midbrain
and then ventilated. The spinal cord was exposed by
laminectomy at thoracic level and sectioned at Thg_g. An
i.t. catheter (PE 10) was implanted caudally to the
transection with its tip on the left side of the lumbar
spinal cord (Ls_.g). The flexor reflex was elicited by
test stimuli to the sural nerve or its innervation area
with single electric shocks (0.5 ms, 10 mA) of sufficient
strength to activate C-fibres (Wall and Woolf, 1984). In
some experiments a CS (conditioning stimulus) (1 Hz, 20
s) of the same strength as the test stimuli was
administered to the sural nerve. '

‘The flexor reflex was recorded as EMG activity via
stainless steel needle electrodes inserted in the
ipsilateral hamstring muscles. The number of action

potentials elicited during the reflex was integrated over

'2 s. The integrated reflex was recorded on a Gould chart

30

35

recorder (Model 2400 S). During the experiments the heart
rate and rectal temperature of the rat were monitored and
maintained within normal limits. The proper location of
the i.t. catheter was confirmed after each experiment by
laminectomy.' '

Galanin (Bachem, Bubendorff, Switzerland) and
Somatostatin (Ferring, Malmd®, Sweden) were dissolved in
0.9% saline. All peptides were injected i.t. in a volume

| THIS SHEET HAS BEEN
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Gdhuﬂhmm&aep W se manner on a solid support using an Applied
BIOS Peptlde Synt hesi zer using the standard NVP/ HOBt
SDIven strategy on a 0.1 WWD|§ scale (small scale).

The peptlde 4, A" was synt hesized i L he sane manner, except for the

protectlve gr oup mhlch was e-Fnoc and Boc for Lys. Accordingly one part of
the peptide was synthesi zed using Boc-chem stry, and the other part was

synt hesi zed US5Q916”B§ %QﬁT&%&ytw'ld ul saline to flush the catheter.
Data collection

5 A stable baseline reflex magnitude was established for at
least 20 min before each i.t. injection or nerve CS. The
effect of i.t. peptides or the nerve CS on the flexor

- reflex was éxpressed as percent change in reflex
magnitude compared to baseline which was defined as 100%.
10 To test the interaction of galanin with other peptides or
the sural CS, it was administered 1 5 min prior to the
injection of the other peptides when the facilitatory
effect of galanin had subsided or simultaneously with the
sural CS.
15 | | o .
The antagonistic effect of intrathecal (i.t.) M-15 on the
i.t. galanin-induced facilitation of the flexor reflex
was measured. The peak facilitatory effect of 30 pmol
galanin was 167.0+42.8% over baseline reflex magnitude.
20 The antagonism of M-15, injected 5-10 min after galanin
was calculated as the percentage reduction of the peak
facilitatory effect of galanin. Data is expressed as
meant S.E.M.

25 Dose of M-15 n £ antagonism
30 pmol 4 35.8+20.7
300 pmol 4 79.318.4
3 nmol 3 93.0+£3.4

30
The experiments were repeated using the peptide of the
invention, M35, and similar results were achieved.

As a result of the above experiments it can be concluded
35 that peptides of the invention counteract the intrathecal

.galanininduced facilitation of the flexor reflex in a

dose-~dependent manner. '




The functional derivatives of the invention were prepared in anal ogous
manner . tert-Boc-am no acids were coupled to tert-Boc-am no acid- PAM
(Nova Chemical Conpany Ltd., UK) resin for bkee acid (X =-0H or

MBHA( Bachem Fei nchem kalien AG Switzerland) resin for amde (X = -NHerr])
as hydroxybenzotri azol e(HOBt) esters. As individual cycle for each am no
acid included deprotection of the tert-Boc-group with 50%trifluoroacetic

acid in CHerr] ) [ i ghhBOME nH9hql S (iR e Mo dit i | MDildh 1 fbsnsxEess
(conpared to theygpoun

of. am no groyps on.a r.esi of the protected am no
e m ot 290550 ) a8 ny A TRRABE h R Laytiry S 4R ~F b 35 .
Bet ween each opsubstanceePefahgrehenyidvd IMgs aigmiver Lra@ndmt ner-1f hy
CHerr]Cl[err], . M2, _Afte ch.,qoupling ac | ation (cappin was
carried out usiﬁﬁgggéﬁg%eyigrgﬂW§8%igg gﬂé @%[ﬁé&%Wé&%&ﬁF?QﬁeéFﬁg .°ggvvth
the excenti®n o&an@otheypePiidesi nft bbecdswentiide M15, M35 and M34,A was
studied. The peptides of the invention proved to bind

specifically to the galanin receptor.

Preparation of 125I—m.onoiodo—zzrzs-gorcine galanin
10

Synthetic porcine galanin(1-29) was iodinated by
chloramine-T-method to vield 125I-m.onoiodo-'I‘yrzs-porcine
galanin (specific activity 1800-2000 Ci/mmol), (as
described by Land T., et al in: Methods in Neﬁrosciences,
15 Ed. M. Conn, 5, 1991, 225-234), and employed in ligand
binding'studies carried out at equilibrium.

Preparation of membrane fraction of Rin m SF cells

20 The establishment and cell culture of Rin m S5F (a rat
pancreatic 8-tumor cell-line) cells have been described
earlier (Gazdav A.F., et. al. Proc. Natl. Acad. Sci. USA,
77 (1980) 3519-3523). Briefly, the cells were grown in
RPMI-1640 (Gibco) medium containing 10 % (v/v) fetal calf

25 serum, 2.06 mM L-gluthamine, 100 IU/ml penicillin and

' 100 pg/ml streptomycin in 10 % CO, - 90 % air 37°C. They
were passaged every 5 days. The cells were detached from
the surface of the bottles using 0.25% trypsin containing
1 mM EDTA and centrifuged at 2000 x g for 5 min at 4°C.

30 The pellet was exposed for 15 min to hypoosmotic SmM
HEPES buffer (pH 7.4). The suspension was centrifuged at
20000xg for 15 min, the resulting pellet waé resuspended
in bacitracin-~-containing (1 mg/mg) S-mM HEPES-buffered

~ Krebs-Ringer solution (137 mM NaCl, 2.68 nM KCl1l, 1.8 mM -

35 CaCl,, 1 g/l glucose), pH 7.4, and used immediately in

equilibrium binding experiments.
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peptide 34, A, all amno acids used were tert-Boc- protected at the
N-term nal (obtained from Nova Chem cal Cbnpany Ltd., UK), and their

reactive side chains were protected wth To;3 Arg, CcHex in Asp,
4-MeBzl in Cys, OBzl in Qu, Bomin H s, in Lys, Bzl in Ser and Thr,
For in Trp, and Brz in Tyr. 11 Al

the solvents and other reagents for autonatlc peptide synthesis were from

Appl i ed Bi 0Systei®o1 2 ddifed©age 2515641 bR He GbnG% 30 GAAYE Steps
were - receptor ligands '

Displacement experiments were carried out in a final

5 volume of 400 pl of bacitracin-containing (1 mg/ml)
HEPES-buffered (5 mM) Krebs-Ringer solution, 0.05 % (w/v)
of BSA (pH 7.4) in the presence of 0.1 - 0.2 nM 1251-
galanin, the membrane preparation and the increasing
concentrations (10'12-10'6M) of unlabeled porcine galanin

10 or of other galanin receptor ligands. Samples were
incubated for 30 min at 37°C. Incubation was terminated
by the addition of 10 ml of ice-cold HEPES-buffered
Krebs-Ringer solution, followed by rapid filtration over
Whatman GF/C filters, precoated for 5 - 6 hours in 0.3 %

15 (v/v) of polyethyleneimine solution. Filters were washed
with 10 ml of assay solution. Radioactivity retained on
the filters was determined in a Packard gamma counter.
Specific binding was defined as that displaceable by 1 uM
galanin (or appropriate'concentration of a displacer).

20 . '

- The ICgy values of the displacing ligands were calculated

from the computer-generated ICgy values as descrlbed by

Land, T., et. al. (ibid). '

25 Fitting of the experimental data was carried out on a
Macintosh SE by means of a nonlinear least squares method
using the Macintosh program *KaleidGraph".

Displacement of 12SI-galanin from membranes of Rin m SF
30 by galanin receptor ligands

ICs0
Galanin (1-29) : 1 nM
M15 : ' - 0.1 nM
35 Galanin fragment (1-13) . 100 nM
Substance P fragment (4-11) no displacement > 10 um
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of anal ytical grade and used w thout further purification:

1, 2-ethaneditiol, acetic anhydride, trifluoronethyl sulfonic acid (TFMSA)
di methyl sulfide (DVB) and p- cresol from Fgka, diethyl ether and
acetonitrile fromMerck and HF from AGA Gas. The fully assenbl ed _
peptide-resins were dried under high vacuum overni ght. Deprotection from
fornyl -group on Trp and benzyl - groups was perfornmed using "l ow TFVBA"

met hod. For th@aldimoErdgment i (b-1®pin was Yreated with 2 m of the

m xture of- TFVBA(1QY TEA(H02 309 -\cresol, (8% _.and

di mer capt oet har'l"( 2%}3933%3“% héa{%m%% Cpé%ﬁ'g haki nd'(O%t ﬁ'@flprocedure was

fol | owed by wasihi regruindl &t GeonGet radtondl DCM DMF and DCM  After
dryi ng under vq m t he pepti de was cl eaved ron1re§iq_ deprot ected by
m xing of 10 m ™17 quid HF (containing 20% of 1:1 m xture of p-cresol and p-
thi ocresol p wi M34L, & of peptide-resin at O[err]C forlGG0Mi n. The resin was
washed 2 tinmes with 10 ml of Et[err] O peptide extracted with 20%

acetonitrile/water and filtered. Lyophilization of the aqueous filtrate
yi el ded the crdde is evident from the above experiments, the peptides of

the invention are galanin receptor ligands.

10 The pharmacological exﬁeriments 1), 2) and 3) thus show
- that the peptides of the invention are galanin

antagonists, and the experiment 4) shows that they are
galanin receptor ligands. Thus, the galanin antagonists
of the invention are galanin receptor ligands, unlike

15 other compounds which earlier have been shown to
antagonize a specific effect of galanin in a specific
tissue by virtue of interaction with a reaction step
beyond the galanin feceptor - which was involved in the
biological action of galanin in that given cell type.

20 Such antagonism is not specific for galanin action, and
is not exerted at galanin receptor. Neither it is
applicable to several tissues where galanin acts, whereas
the antagonists according to the present invention are
bona fide antagonists in the pharmacological meaning and

25 exert their action at the receptor site on the outside of

" the cell by competing with the endogenous ligand.

Preparation of membranes from rat gzgothalamus

30 Adult male rats (Sprague~Dawley, 180-200 g) were -
decapitatéd, the hypothalami quickly dissected and
homogenized (10% mass/vol.) in 0.05 M TRIS-Cl buffer, pE
7.4. The homogenate was diluted tenfold and centrifuged
at 1000 x g for 10 min. The supernatant was centrifuged

35 at 10 000 x g for 45 min and the pellet resuspended in 5
mM Hepes buffered Krebs-Ringer solution (137 mM NacCl,
2.68 mM KC1, 1.8 mM CaCl2 1 g/l glucose), pH 7.4 to yield
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peptide. Preparative purifications were carried out on the crude product
by HPLC on reversed phase C18 colum. 10 ng of crude peptide was dissolved
i'n 1 mM of 20% acetonitrile/water and elutegswith a gradient (45 mn) of
20-60 % m xture of 0.1% TFA/ acetonitrile in 0.1 &
12 TFA/water at a flowrate of 2.0 mM/mn. The fractions were collected
according to the absorption detected at 238 nm

a final protein concentration of 1.0 - 1.5 mg/ml

Ligand binding studies in rat hypothalamus

5 Displacement experiments were carried out in a final
volume of 400 pl of Hepes-buffered (5 mM) KrebS-Ringer
solution, 0.05 % (w/v) of BSA (pH 7.4) supplemented with
bacitracin (1 mg/ml) in the presence of 0.1 - 0.2 nM

. 1251-galanin, the membrane preparation from rat

10 hypothalami and increasing concentrations (10-12-10-6 M)
of unlabeled galanin or of other galanin receptor
ligands. Samples were incubated for 30 min at 37°C.
Incubation was terminated by the addition of 10 ml of
ice-cold Hepes-buffered Krebs-Ringer solution, followed

15 by rapid filtration over Whatman GF/C filters, precoated
for 5-6 hours in 0.3% (v/v) of polyethylencimine

" solution. The filters were washed with 10 ml of assay
solution. Radiocactivity retained on the filters was
~ determined in a Packard gamma counter. Specific binding

20 was defined as that displaceable by 1 uM galanin. Rat and
porcine galanin resulted in indistriguishable
displacement curves with the membranes from rat
hypothalami. '

25 The 1C50 values of the displécing ligands were calculated
by fitting of the experimental data on a Macintosh SE by
means of a nonlincar least squares method using the
program "KaleidaGraph®".
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Purity of The indi i des was checked by analytical HPLC and

det er m ned t ﬁﬂ!ﬂﬂ@?&“l ar wei ghts of the peptides were determ ned
BSi ng Plasna Spectroneter (PDVS) Model Bioion 20, Applied
Bi osystens, the cal cul ated nol ecul ar wei ght val ues were obtained in each

case for the purified peptide. : -26-
13 Table. .
CLAIMS
1. A peptide selected from the group consisting of
5 H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-

-Gly-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-X,

H-Gly-Trp-Thr-Leu-Asn-Ser~Ala-Gly-Tyr-Leu-Leu-
-Gly-Pro~Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-X,

10
H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-
-Gly-Pro-Pro-Pro-Leu~-Phe~-Gly-Gly-Tyr-X,

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-
15 -Gly-Pro-Lys-X '
Pro-Leu-Phe-Gly-Gly-Tyr-H

wherein X represents -NH, or -OH (amide or free acid),
and functional analogues and functional derivatives

20 thereof which exhibit substantially the same galanin
antagonistic effect as said peptides.

2. A peptide selected from the group consisting of
¢ .
25 H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-
-Gly-Pro-Gln-Gln-Phe~-Phe-Gly-Leu-Met-X,

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-
-Leu-Gly-Pro-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-X,
30 ' _
H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-
'-Gly-Pro-Pro-Pro-Leu-Phe-Gly—Gly-Tyr-X,
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det er m ned | ar wei ghts of the peptides were determ ned
using Pl asma DBsof ptu s Spectroneter (PDVS) Mdel Bioion 20, Applied
Bi osystens, the expected values were obtained in each case.

Purity of W des was checked by anal ytical HPLC and

Gal ani n(1-12) Pro- SP(5-11) am de (ML5); (-Wv = 2199) I1derr] = 0.1 nM 1
20 .

d y- Tr p- Leu- Asn- SeF-&lY-Erp-FhrLepAsn-§er A SLE T PHEPHEY v- Leu- Met
amde 1 -Gly-Pro-Lys-X 10 5 7

12
il Qal anl n(t-12)-Pro- SpamP'r%QLaerﬁ]-%m(-%lyz-)fly(—Wr-:H,2827) I err] = 0.2 nM
22

A y- Tr p- TBr - Leu- Aspeagh Abdy- Pr-—bdy-laiti-lsdtAd 16 18 (i Aru FE&a Ll ys- Pro-A n
d n-(DTrgp)- Phe. ( B Tig) 17053 f De-ah i Lo
spantide -Leu- Leuﬁﬂipfe‘#fP'(%ﬁrﬁimﬂsﬁ’&ﬁ@ﬁ@ﬁﬂqﬁb‘%ﬁe (MB7) :
(Zg/w = 2392) | er (b-1r{l) “1ldu-kLeu-x, 5 i 12

d y- Trp- Thr - Leu- Asn- Ser - Al a- G y- Tyr - Leu- Leu- G y- Pr o- Pr o- Pr o- @ n- @ n- Phe- Phe
-dy-Leu- et am deH-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-5

11 Gal agi n(1-13) - - Leu- Ala- el : = ' (M38): (MNV= 1970)

Ger sy 38 0057 1) A Lt e iy du AR K (N

20 -
H-Gly-Trp~Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
-Ala-Leu-Ala-Leu-Ala-Leu-Ala-X,

15 H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
-Pro-Pro—-Ala-Leu-Ala-Leu-Ala-X,

H-Gly~-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
-Pro-Gly-Phe-Ser-Pro-Phe-Arg-X,

20 _
H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu~Leu-Gly-Pro-
-Arg-His-Tyr-Ile-Asn-Leu~Ile-Thr-Arg-Gln-Arg-Tyr-X,

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Ala-
25 -Arg-His-Tyr-Ile-Asn~Leu-Ile-Thr-Arg-Gln-Arg-Tyr-X,

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
-Pro-Pro-Tyr-Gly-Gly~-Phe-Leu-X, ' |
and _

30 H-Gly-Trp-Thr-Leu-Asn-Ser-Ala~-Gly-Tyr-Leu-Leu-Gly-Pro-
-Pro-Pro-Leu-Phe-Gly-Gly-Tyr-X,

wherein X represents -NH, or -OH (amide or free acid).

This Sheet Has Been Replaced

R
| L EET HAS B
/\REPLACED N




Gly Tr p- Thr-Le - gm Tyr-Leu-Leu-G y-Pro-Al a-Leu- Al a- Leu- Al a-Leu
-Ala am de \‘ ProProAIaLeuAIaLeuAlaamde(M

40): (MNV = 19 w =513 nM 1 5 _ 13
20

ay-Trp- Thr-Leu Asn Scr-A a-dy-Tyr-Leu- Led28Gy Pro- Pro-Pro- Al a-Leu- Al a-Leu

- Al aam do Gal ani n(1-13) - Bradyki ni n(3-9) anjde (M2O):, (MN = 2135
IC[err] - 1 @y 1A peptide according to claim 2 wherein X3

represents -NH
Gly Tr p- Thr - Leu- Asn cr-Ala-Gy- 'Izyr-Leu Leu- 3 y- Pro- Pro- Gly Phe- Ser - Pr o- Phe
-Arg am de
9 @l ani n(1413) . Baagdptiids Z:cﬁjomnnd;e td cBoim Zl\MLlGhZQQZ) I err]
nM 1 H- —Asn- - - 21
-Ay-Trp- Thr-Leu Asn- §e1ry ,&lrlrap &'hr erli LAesuane%régaPcr% Pr%r I"euGlLy Phe- Ser - Pro
- Phe- Arg ani de -Gly-Pro-Gln-G n-Phe-Phe-Gly-Leu-Met-NH,.
9 @Gl anin(1-13)-NPY(25-36) amide (M 32): (MN = 2961) IC[err] = 0.05 nM1
13 25, ., . .
Q y- Tr p- Thr - Beu- As® ReetHde @GLAXRIRG LR TR - Hr ¥R AP £Fs- Tyr- 11 e- Asn- Leu
-IIS Thr - Ar g- G n- A-@W-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-
am de

36 Gal anitfl(1-12)- A 0\ 22 T B o nﬁl%glfhe TR = P§§3§$‘e BFErPes | vt

13
6. A process for the preparatlon of a peptide according to
any one of claims 1 to 5, characterized by
a) sequentially incorporating in solid phase the
15 desired amino acid residues one at a time into
| the growing peptide chain, or

b) coupling the amino acids stepwise in a solution
phase using appropriate derivatized amino acids.
20
7. A peptide according to any one of claims 1 to 5 for use
as a pharmaceutical.

8. A pharmaceutical preparation comprising a peptide
25 according to any one of claims 1 to 5 as an active
ingredient, together with pharmaceutically acceptable
additive(s).

9. The use of a peptide according to any one of claims 1
30 to 5 in the manufacture of a medicament for curing
disorders in a mammal which depend on the physioclogical
function of galanin at the galanin receptor.

-_
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Gly Trp Thr - Leu- Asn- Ser - Al a-d y- Tyr-Leu Leu- Gly Al a- Arg-Hi s-Tyr-11e-Asn-Leu
-Ile-Thr-Arg-G n-Arg-Tyr
am de 25

36 Gal ani n(l 12) - Pro- Pro- Pro- Leuenkephal i n(l 5) amide (M 36) (MV =
2078) ICerr] = 40 nM 1
20

d y- Tr p- Thr - LeARSEXAGEr - Al a- G y- Tyr - Leu- Leu- G y- Pr o- Pr o- Pr o- Tyr-Gy d y- Phe
-Leu am de :

. . . . 14
S A galanin antagonist which is a galanin receptor ligand

is described. Furtlier, new peptides Galanin(1-12)-Pro-

§ Substance P(5-11), Galanin(1-12)-Pro-Bradykinin(2-9),
Galanin(1-12)—Pro—Erq-Prb-(Leus-Enkephalin(S-l)),
Galanin(1—12)-Pro—Lys(s-NH-)Pro-(Leus-Enkephalin(S-l))
and functional analogues and functional derivates thereof
which exhibit substantially the same galanin antagonistic

10 effect as said peptides are disclosed. Use of the galanin
antagonist, a pharmaceutical preparation comprising it
and a method of treating a disorder in a mammal which
depends on the physioclogical function of galanin at the
galanin receptor are also included.
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2078)
Gly Tr p- Thr - Leu- Asn- Ser - Al a- Gly Tyr-LeulLeu G y- Pro-Pro-Pr oB PHAC;M@N&Q}-IC Ty
-Tyr am de

1 Gal anin(1-13)-Lys anide (Pro-Leuenkephalin(5-1) (M4.A M&% NOA2 3994
ICerr] = 10nM 1| 13114

Gly Tr p- Theab&NTRAS ANSREORrgTd V- Tyr - Leu- Leu- G y- Pro- Lys afi deé N T em nus
— o Pro-Leu-Pbhe-G y-d v-Tvr
5 . 1 Iderr] has been determ ned in displacenent experinents in

rat hypot hehanpgesent invention relates to a galanin l&dntagonist
which is a galanin receptor ligand. Further, it relates
to the peptides Galanin(l-12) ~Pro-Substance P(5-11),
Galanin(1-12)-Pro-Bradykinin(2-9), Galanin(1-12)-Pro-Pro-
Pro-(Leus-Enkephalin(5-1)), Galanin(1-12)-Pro-Lys (e~-NH-
Pro-(LeuS—Enkephalin(Sfl)}~and functional analogues and
functional derivatives thereof which exhibit
substantially the same galanin antagonistic effect as
said peptides. Use of the galanin antagonist, a
pharmaceutical preparation comprising it and a method of
treating a disorder in a mammal which depends on the
physiological function of galanin at the galanin receptor

Gﬁﬁéhin(1-12)-Pro-Pro-Pro-LeuenkephaIIn(5-1) amde (M 41): (MV
I(Ierr] = 20 nM | 12

are also included.

Background

Neuro-transmitters and hormones can induce their cellular
effects by binding to and activating membrane bound
receptors. The neuro-peptide galanin was isolated in 1983
from porcine upper intestine and was found to contain 29
amino acid residues (Tatemoto, K., et al, FEBS Lett., 164
(1983) .124-128) . The sequences of galanin from two other
mammals, rat and cow, have been described (Vrontakis M.
E., et al, J. Biol. Chem. 262(1987) 16755-16758; Kaplan
L. M. et al, Proc. Natl. Acad. Sci. U.S.A. 85(1988) 1065-
1069 and Rdkaeus A. and Carlquist M., FEBS Lett. 234
(1988) 400-406). A comparison of the peptide sequence of
galanin from the mammals rat, porcine and bovine reveals
that the N-terminal amino acids 1-15 are identical. Thus,
it is most likely that said conserved region-will be

M

found in galanin from othe:mmammqls/_lncludlng man.

t

prarnt

Galanin has a wide pattern of dlstrlbutlon, often
correlating with multiple neuro-formula actions exerted
in a variety of different systems.. i
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PHARMACOLOG CAL EXPERI MENTS 1) Galanin inhibits gl ucose- | ¢—insulin
rel ease, measured according to Ahren, B., et al (Biochenicall ®BBLACEMENT SHEET
Bi ophysi cal Research Comuni cations, Vol. 140. No. 3, 1986, |1 = -

using the sanme procedure as the cited Ahrgen B., et al, a peptiid ‘e
to the invention, M5, is now shown to bl%ck t he gal ani n- | hibﬁ?ggﬁaﬁg%&?n

rel ease in equinolar concentration. Ani mal s and preparati f.cells
Adul t obese hyperglycem c mce (ob/ob) of both sexes were t@ken froma
| ocal non-i rfpjeklesObony gadafinr indagoariye@)t whith afverayasl '

ochni que. AFEETRLaEcbEHaRTR- uaS "B, BSAFed BRIIHT o W tbbor | bed by
Lehrnmar k, Aantagdhibetwbafjdabéla ©18é£uldZbol3dn Retdtyinime tisd ets were
di ssoci at ed éﬂ?§ﬁ§i8§i8al significance of galanin and to develope
pharmaceutical preparations for the regulation of the
physiqlogical function of galanin at the galanin
receptor.

Description of the invention

One aspect of the invention is directed to a galanin
antagonist which is a galanin receptor ligand. Thus, the
antagonistic effect of the galanin antagonist according
to the invention is exercised at galanin receptors. In an
embodiment of this aspect of the invention the antagonist
is selected from the group consisting of the peptides

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
-Gln-Gln-Phe-~Phe-Gly~-Leu-Met-X,

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-X, '

H-Gly-Trp~Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
-Pro-Pro+Leu-Phe-Gly-Gly-Tyr-X,

H-Gly-Trp-Thr-Leu-Asn-Ser-aAla-Gly-Tyr-Leu-Leu-Gly-Pro-
-Lys-X
I

Pro-Leu-Phe-Gly-Gly~Tyr-H

wherein X represents -Nszr -OH (amide or free acid), and
functional analogues and function%} derivatives thereof.

e e
-1.;. N . o o {__“-

In the specification and claims, it is intended that

“functional analogues® of the peptides of the invention .

i.a. should comprise shorter of longer peptides, with or



cekfs and small clusters by shaking in a CaJerr]-M[err]- defiCﬂEFLAGEM#NW”SHEEf*
suppl enented with EGTA (Et hyl ene gl ycol - bi s(beta-am noet hyl |

ether)NN NN ,N ,-tetra-acetic acid, SIGW). Thereafter, the cgllls %&
i ncubated at 37[err]C, pH 7.4, overnight Bn 12 M RPM 1640 nndiud$§ @V 1895

cul ture nedium from SI GVA, which contains L-glutam ne and doeg$ contain
sodi um bi carbonate) supplenented with 10% NU- serum TM ( Col | aporati ve N
Research Inc., Lexington, Ma, U S A), 100 IUmM penicillin, &6~tertgd

gentanyci n and themt eubsyitutsonemBHryne nor Tseversad amiachmedd of the cells
to the cul turg AR (Y idihd " EHbald %g%ahf?§yaa§§§' 99 Bagshskencent!y.
was a burfer [ 2-

Media  The basal nedi um use H

Hydr oxyet hy| paslegues fhibity sahehantiabhy cthei gpmespbppraceliogisal
physi ol ogi calfyndialaneed vHe GRigtFedéf the invention, i.e. are

galanin antagonists at the galanin receptor.

Further, it is intended that *®*functional derivatives" of
the peptides according to the invention comprise any
compound which exhibits substantially the same
pharmacological function as the peptides of the
invention, i.e. is a galanin éntagonist at the galanin
receptor. Specifically, such a compound could be one
which is derived from one of the peptides of the
invention, but wherein one or several amino acid residues
are substituted for other chemical groups, i.e. organic
as well as inorganic molecules or elements resulting in a
"peptidomimetic®.

It is believed that it is the structural conformation at
the galanin receptor of a peptide according to the
invention which is responsible for its pharmacological
function as a galanin antagonist and for its affinity to
the galanin receptor (thus being a galanin receptor
ligand).

Thus, it is believed that the functional derivatives and
the functional analogues comprised by the invention

" should have a similar structural conformation at the
galanin receptor'as the peptides of the invention. The
surrounding of the galanin receptor could be mimicked by
e.g. blood or physiological saline solution.

Another aspect of the invention is directed to the
peptides

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
-Gln-Gln-Phe-Phe~-Gly-Leu-Met -X,



Cl[err] as the sole anion. In all cases the basal nedi um was SBE@L@EMENEOBHEET
with 1 ng/m al bum n. Measurenents of insulin rel ease. T*e ki net1 CcS of
insulin release were studied by perfusing pancreatic beta-cell $ (RPN J%%E
x 10[err]) with 20 mMMor 5 nM gl ucose m jed with Bio-CGel P-4]pplyacryla
beads (200-400 nesh, Bio-Rad Lab., Richnond, Ca, U S A) in g 651

colum. The flowrate was 0.5 m/mn and 1-3 min fractions were coll ected

and anal yzed for insulin radioi munol ogically, using crystalline rat
insulin as g-ge{emepcehr-Leu-Asn~-Ser-Ala-Gly-Tyr-Leu-Leu-~Gly-Pro-
-Pro-Pro-Gly-~Phe-Ser-Pro-Phe-Arg-X,

H-Gly-Trp-Thr-Leu-Asn~Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
-Pro-Pro-Leu-~-Phe-Gly-Gly-Tyr-X,

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
-Lys-X '
I

Pro-Leu-Phe-Gly-Gly-Tyr-H

wherein X represents -NH, or -OH (amide or free acid},
and functional analogues and functional derivatives
thereof which exhibit substantially the same galanin
antagonistic effect as said peptides.

As mentioned above, the peptides may also be named
Galanin-(1-12)-Pro-Substance P(5-11), Galanin(l-12)-Pro-
-Bradykinin (2-9), Galanin(l—lZ)—Pro-Pro—Pro-(Leus-
Enkephalin(S-1)) and Galanin(l-12-Pro-Lys(&-NH-)Pro-
(Leus-Enkephalin(S—l)), respectively.

In the experimental part of this specification the above
listed peptides, in amide form (i.e. X = -NH,), have been
named M15, M35, M36,A and M34,A, respectively.

Functional analogs may be peptides such as
H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
(D-Arg) -Pro-Lys-Pro-Gln-Gln- (D-Trp) -Phe- (D-Trp) -Leu-Leu-X
H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
-Pro-Pro-Gln-Phe-Phe-Gly-Leu-Met-X

H-Gly~-Trp~Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
~Ala-Leu-Ala-Leu-Ala-Leu-Ala-X



Results. After 60 min incubation in the presence of glucose (REPRACBMIENT SHEET
galanin (10[err] M conpletely abolished insulin release fro 842
[err]UmM to 31 [err]UmM (P <0.001; N=32). The peptide of t |npﬁgkb%n

M 15, alone (10[err] M- 10[err]M dose-dgpendently countera 1995
gal ani n-i nduced i nhibition of insulin release. Insulin rel ga Ln the
presence of glucose, galanin and ML5 at 10[err] M 10[err] or} 10[err] was

282 [err]UmM (N=16), 174 [err]UmM (N=16), and 103 [err] U m=fti=16)
respecti vel yi-Glyp~Btp 10herLeuMasas Ser-rdid -Gl eftr-Leu-Leu-Gly -Pro-

-Pro-Pro-Ala-Leu-3Ala-Leu-Ala-X

H-Gly~Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
~Pro-Gly-Phe-Ser-Pro-Phe-Arg-X

H-Gly-Trp-Thr-Leu-Asn~-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
~Arg-His-Tyr-Ile-Asn-Leu-Ile-Thr-Arg-Gln-Arg-Tyr-X

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Ala-
-Arg-His-Tyr-Ile-Asn-Leu-Ile-Thr-Arg-Gln-Arg-Tyr-X

H—Gly-Trp—Thr-Leu-Asn—Ser-Ala—Gly—Tyr-Leu—Leu—Gly—Pro-
~-Pro-Pro-Tyr-Gly-Gly-Phe-Leu-X

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
-Pro-Pro-Leu-Phe-Gly-Gly~-Tyr-X

wherein X represents -NH2 or -OH (amide or free acid).

A further aspect of the invention is directed to the use
of a galanin antagonist which is a galanin receptor
ligand for the preparation of a pharmaceutical
preparation. It can be mentioned that the above listed
peptides are soluble in water, which facilitates the
preparation of a pharmaceutical preparation for
injection.

Yet another aspect of the invention is directed to a
galanin antagonist which is a galanin receptor ligand for
use in a pharmaceutical preparation.

Yet a further aspect of the invention is directed to a
pharmaceutical preparation comprising a galanin,
antagonist which is a galanin receptor ligand as an
active ingredient, together with pharmaceutically’
acceptable additive(s). Depending on the specific type of




As a result of the above experinents it can be concluded th
ogf the invention, ML5, counteracts the gal anin-induced i nhi
insulin release in islets. 2)
Gal anin inhibits acetyl choline release, geasured according tjo gg? ?i gt
al (Proc. Natl. Acad. Sci. vol 84, 1987, 7339-7343). By usi ag ‘QP
the sane procedure as the cited Fisone G, et al, a peptideja bcrd'"“ tQ
the invention, M5, is now shown to counteract the inhibitony effects of
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gal ani n on pharmaepatigatepregaret ich cos chofprepayedhosuacle 1 n Vi VO:
additive(s) should be chosen to make up the desired
preparation. Suitable additive(s) for the specific type
of preparation to be prepared, such as solutions for
injection, tablets or plasters, can be found in the U.S.
Pharmacopoeia.

Thus the present invention also provides compositions
containing an effective amount of compounds of the
present invention, including the nontoxic addition salts,
amides'and esters thereof, which may, alone, serve to
provide the above-recited therapeutic benefits. Such
compositions can also be provided together with
physiologically tolerable liquid, gel or solid diluents,
adjuvants and excipients.

These compounds and compositions can be administered to
mammals for wveterinary use, such as with domestic

 animals, and clinical use in humans in a manner similar
to other therapeutic agents. In general, the dosage
required for therapeutic efficacy will range from about
0.01 to 1000 mcg/kg, more usually 0.1 to 1000 mcg/kg of
the host body weight. Alternatively, dosages within these
ranges can be administered by constant infusion over an
extended period of time until the desired therapeutic
benefits have been obtained.

Typically, such compositions are prepared as injectables,
either as liquid solutions or suspensions; solid forms
suitable for solution in, or suspension in, liquid prior
to injection may also be prepared. The preparation may
also be emulsified or incorporated in drug delivery
systems like liposomes or microspheres. The active
ingredient is often mixed with diluents or excipients
which are physiologically tolerable and compatible with
the active ingredient. Suitable diluents and excipients
are, for example, water, saline, dextrose, glycerol, or
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M crodi al ysi s Experinents Surgery and basi c net hodol ogy Bxp
carried out with fenale CD-COBS (Charles River, Cono, ltaly)] rlats, wei ghing
200-260 g. Aninals were anesthetized with equitensin (1% pert doa® NGV 19966
chl oral hydrate). Guide cannul a was inplgnted st ereot oxi cal ljy fi_nt o _t he
ventral hippocanpus according to the follfow ng coordinates ffromthe atl as
of Paxi nos and Watson (Paxinos G and Watson C. (1986) The Rat—Brai-A-in

St er eot oxi ¢ Coordi nates, 2nd edn. Academ c Press, Sydney.): 5 nm posterior

tothe breggRe fiReMuhal Boflbindcil¥hd o antn Sadafi bl Ofigt he surface
of the dura mater. A stylet was then inserted to keep the guide cannul a
pat ent unti feshEedekhedgpmpasitions may eortayietmiper raneyetsand repl aced

with a mcragdiiahyaky BuBEeanEks %anrpaagl%@tmeiafn&n@ﬁsié}yﬁéhol m
Sweden) contai ni ng a nenhr.ane havi ng_an exposed area of 3 X 0.5 mm The
nicrodialysﬁgeBFﬁbesEipgﬁéé&ng ﬂﬁlﬁ%ﬁﬁﬁﬁ@?ﬁﬁ%ﬁda%¢n?ﬁe A denBahibkPa; it
was perfused at a constant rate of 2 [err]I(mn with Ringer's solution
37, B SRR o A Lok P iRl ELL0 10 (o111
parenterally, by injection, for example, either
subcutaheously, intramuscularly, intraperitoneally or
intravenously. Additional formulations which are suitable
for other modes of administration include suppositories,
vagitories, intranasal aerosols, buccal formulations like
adhesive tablets, gels or patches and in some cases, oral
formulations. For suppositories and vagitories,
traditional binders and excipients may include, for
example, polyalkylene glyvcols or triglycerides; such
suppositories may be formed from mixtures containing the
active ingredient in the range of 0.5% to 10% preferably
1%-2%. Oral formulations include such normally employed
excipients as, for example, pharmaceutical grades of
mannitol, lactose, starch, magnesium stearate, sodium
saccharin, cellulose, magnesium carbonate, and the like.
These compositions take the form of solutions,
suspensions, tablets, pills, capsules, sustained-release
formulations, or powders, and contain 10%-95% of active
ingredient, preferably 25%-70%.

The peptide compounds may be formulated into the
éompositions as neutral or salt forms. Pharmaceutically
acceptable nontoxic salts include the acid addition salts
(formed with the free amino groups) and which are formed
with inorganic acids such as, for example, hydrochloric
or phosphoric acids, or organic acids such as acetic,
oxalic, tartaric, mandelic, and the like. Salts formed
with the free carboxyl groups may be derived from '
inorganic bases such as, for example, sodium, potassium,
ammonium, calcium, or ferric hydroxides, and such organic
bases as ispropylamine, trimethylamine, 2-ethylamino



7.0‘mﬁth NaOH. The initial 40 mn perfusate was di scarded.

s
el garter

perfusates were collected every 20 mn during a total perfusi@ﬁpkﬁﬁﬁMﬁﬂTOSHEET

260 min. At the end of the collection period, the sanples wgrg |1 nmredi at er'y

frozen on solid CJerr] and |lyophilized.g Acetylcholine (Ach)
quantified by a specific radioenzymati c nmethod described in

adi a0 £ Y06

Consol o S., 18 et alj (F—Neurechem-d

48, (1987), 1459-1465.) and Wi C.F., et al (Neurobiol. Aging 9, (1988),
357-361.) awhdmodgl \Hisridind heprocainei oandf thkeollike.t 0 phosphoryT cnorTTe
in the presence of choline phosphoki nase and ATP, (b) the enzymatic
hydr ol ysi s of

Still another aspect of the invention is directed to a
method of treating a disorder in a mammal which depends
on the physiglogical function of galanin at the galanin
receptor, which comprises administering to said mammal a
pharmacologically effective amount of a galanin
antagonist which is a galanin receptor ligand. Since the
physiological function of galanin at the galanin receptor
is specific for each individual, the pharmacologically
effective amount of a galanin antagonist which is to be
administered to treat a disorder in a mammal has to be
decided by a physician or veterinary on an individual
bases. '

Galanin antagonists would be useful in the regulation of
at least the following:

insulin release,

growth hormone release,

acetylcholine release,

dopamine release,

Substance P release,

Somatostatin release,

Noradrenaline release.

At present, the presumed fields of medical indication are
endochrinology, food intake, neurology and psychiatry:
senile dementia of Alzheimer'’s type, schizophrenia,
analgesia, intestinal diseases.

Preparation of a galanin antagonist according to the

invention

Conventional methods of preparing peptides can be used to
prepare the galanin antagonists of the invention,
suitably modified if the antagonist is a peptidomimetic.
In addition to liquid phase synthesis, conventional



acetylcholine to choline and acetic acid,
resulting choline to [[err]H acetylcholine with the additio
[[err] H acetyl coenzyne-A, 99.9 GBqg/ nmol ,
(d) the separation and scintillation counting of the result
[[err]H acetyl choline by extraction into9tetraphenyl boron-c
phase by liquid-liquid ion exchange chronmat ography. Phospho¥H
hydrol ysi s and acetyl ati on reacti ons were validated routinely.
concentration of acetylcholine_in each sanp
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time into the grow1ng peptide chain according to the

general principles of solid phase methods.

Abbreviations used in the following:

NMP = N-Methylpyrrolidone

HOBt = N-hydroxybenzotriazole
MBHA = p-Methylbenzhydrylamine
PaM = p-Acetoxymethyl '
Boc = tert-Butyloxycarbonyl
DMSO = Dimethylsulfoxide

DIEA = diisopropylethylamine
Tos = tosyl

OcHex = cyclohexyl ester

4-MeBzl = 4-methylbenzyl

OBzl = bensyl ester

Bom = t-Benzyloxymethyl

Clz = 2-Chlorobenzyloxycarbonyl
Bzl = O-benzyl

For = formyl

Brz = 2-bromobenzyloxycarbonyl
TFA = trifluoroacetic acid
DMS = dimethyl sulfid

DCM = dichloromethan

DMF = N,N-dimethylformamide
The peptides "M15*, *M35" and "M36,A" of this invention

were assembled in a step-wise manner on a solid support
using an Applied Biosystems Model 431A Peptide
Synthesizer using the standard NMP/HOBt Solvent-
Activation stfategy on a 0.1 mmole scale (small scale).



At the termnation of the rel ease experinments, the placenents of the

di alysis probes were verified histologically by use of sta "
subst ance. 19 Effe?[qkﬁﬂﬂgﬁgw n§aPr

M 15 on the scopol am ne-induced rel ease of ACh, neasured "fn{ vivo" fromthe

rat ventral hippocanpus Sal i ne 02 BONE06s
Scopol am ne 13. 1 ®nol es Scopol am n 02

(D

The peptide "M34,A* was synthesized in the same manner,
except for the protective group which was €-Fmoc and Boc
for Lys. Accordingly one part of the peptide was
synthesized using Boc-chemistry, and the other part was
synthesized using Fmoc chemistry. '

The functional derivatives of the invention were prepared
in analogous manner.

tert-Boc-amino acids were coupled to tert-Boc-amino acid-
PAM (Nova Chemical Company Ltd., UK) resin for free acid
(X = -OH) or MBHA(Bachem Feinchemikalien AG, Switzerland)
resin for amide (X = -NH;) as hydroxybenzotriazole (HOBt)

esters. ’

As individual cycle for each amino acid included
deprotection of the tert-Boc-group with 50%
trifluoroacetic acid in CH,Cl,(DCM) for 19 min, and
acylation with 10-fold excess (compared to the amount of
amino groups on a resin) of the protected amino acids in
a mixture of 15% DMSO in N-methyl pyrrolidone (NMP) for
35 min. Between each operation several extensive washings
were performed with CH,Cl,;, DIEA and NMP. After each
coupling acetylation (capping) was carried out using 10%
acetic anhydride and 5% DIEA in NMP for 5 min.

With the excention of Boc-Lys (Fmoc) in the case of the
peptide 34,7, all amino acids used were tert-Boc-
protected at the N-terminal (obtained from Nova Chemical
Company Ltd., UK), and their reactive side chains were
protected with Tos in

Arg, OcHex in Asp, 4-MeBzl in Cys, OBzl in Glu, Bom in
His, ClZ in Lys, Bzl in Ser and Thr, For in Trp, and Brz
in Tyr.



. ' 6.9 pnbl es Gal anin Scopola'
9.4 pnol es ML5 Gal anin ('1.56 nnoles) and ML5 (3.12 nnol e HEPLACEMENT SHEET

injected i.c.v. 2 min before scopolanmine (0.3 ng/kg, s.c.). |AGh rel ease was
measured in the perfusate collected during the foll ow ng 80 nin,oﬁhﬁﬁﬁuﬁﬁgo
m n-fractions. The val ues are expressed dasl pnol es of ACh nedsuyred during
the 20 mn fraction corresponding to the peak of the scopol gm ne-eft€cCT
corresponding to the second 20 mn-fraction. The data are t S..Of
experinents cirrl d out in two rats (n=2) As a_result of the aboye
experinents PtlchRenp&o UFEFEdé&qwﬂﬂhﬁFmF?ﬁﬁﬁ?Eﬁ EpriautomatAL pEPEAES,

counteracts gyﬁtgggallnem@dwgam|A§pﬁmédomlaéyscemglan1ne |nduced rel ease
of acetyl choline in hippocanpus.

p—

The reagents used in deprotection and cleavage steps were
of analytical grade and used without further
purification:

1,2-ethaneditiol, acetic anhydride, trifluoromethyl
sulfonic acid (TFMSA), dimethyl sulfide (DMS) and p-
cresol from Fluka, diethyl ether and acetonitrile from
Merck and HF from AGA Gas.

The fully assembled peptide-resins were dried under high
vacuum overnight. Deprotection from formyl-group on Trp
and benzyl-groups was performed using "low TFMSA" method.
For that 100 mg of peptide-resin was treated with 2 ml of
the mixture of TFMSA(10%), TFA(50%), DMS(30%), p-

cresol (8%) and dimercaptoethan(2%) for 2 h at 0°C while.
shaking, the procedure was followed by washing with EtOH,
DCM, DMF, DIEA/DCM, DMF and DCM.

After drying under vacuum the peptide was cleaved from
resin and deprotected by mixing of 10 ml liquid HF
(containing 20% of 1:1 mixture of p-cresol and p-
thiocresol) with 1 g of peptide-resin at 0°C for 60 min.
The resin was washed 2 times with 10 ml of Et,0, peptide
extracted with 20% acetonitrile/water and filtered.
Lyophilization of the aqueous filtrate yielded the crude
peptide.

Preparative purifications 'were carried out on the crude
product by HPLC on reversed phase C18 column. 10 mg of
crude peptide was dissolved in 1 ml of 20%
acetonitrile/water and eluted with a gradient (45 min) of
20-60 % mixture of 0.1% TFA/acetonitrile in 0.1 &




3) Effects of intrathecal calanin and Gfiber stinulation on the flexor

reflex has been described by Wesenfeld- Hallin Z., et a
(1989) 205-213). By using substantially the same procedur
reference, a peptide according to the invention, M5, is
antagoni stic effect on intrathecal gal anin- induced faci
fl exor reflex. An other peptide of the invention, M5, h
results in prelimnary experinents. 12

El ectrophysi ol ogi cal study

S i

(Brain ReS..486.
> REPLUWOEMENT SWHEET

Su2ha e,

TFA/water at a flow rate of 2.0 ml/min. The fractions
were collected according to the absorption detected at
238 nm.

Purity of the individual peptides was checked by
anaiytical HPLC and determined to be 99 %. Molecular
weights of the peptides were determined using Plasma
Desorption Mass Spectrometer (PDMS) Model Bioion 20,
Applied Biosystems, the calculated molecular weight
values were obtained in each case for the purified
peptide.



I n acute experinents, the magnitude of the polysynaptic hangt T
reflex in response to activation of high threshold afferent ﬁéﬁl_ﬁgﬁfg SHEET
i n decerebrated, spinalized, unanaesthetized rats by record] ng the

el ectromyogram (EM5 fromthe posterior bicepts fenoris/senjt n0|mﬂms19%
muscl es. The animals were briefly anaesthetized wth Brietgl[ferr], and a
tracheal cannula was inserted. The rats were nmounted in a dtereotaxrc

23\1

franme, decerebrated by aspiration of thgyforebrain and m dbrain and then
ventil ated.Tppe spinal cord was exposed %y | am nectony at thoracic |evel

and sectioned atpyktlyesf the Mdividual p@ g@&éseﬁwa(spcﬁlel:%dv@ﬁ ahiRtieal ePLaudal |y
to the trankeghifd W bé 99t %. Mdledilat HRighes bf Shel eﬁﬁdésh@eﬂelk!é@@dimﬁéd sihg cord
(L[err]). TFsnid Desipicif Maxs Speremert {(RUME) M6dd! BibioR120] Abphémsxosyamhs nerve
or its innelyéipetd ¥akas Wetdolitdingd i eatipeisel C shocks (0. 5 ms, 10 mA) of
sufficient strength to actlvate Cfibres (Wall and Wolf, 1984) In sone
experi ment Sagnfs ' bs QMY BF AN 9 50 Qfgghm\_/ﬁame strength
as the testi stimuli was adm ni stered to the sural nérve. The flexor

refl ex was Gebpideh- ﬁs-sﬁw-@tﬂﬁ#q-k“ﬁmhﬁm @s‘ghesiilbbdu-meeddee el ectrodes

inserted it the.
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Gly-Trp Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-(D-Axg)-Pm Lys-Pm—Gln-Gln-(D-Txp)-Phe-(D-Trp)—
-la:-LwNHz

spantide

1 5 13 20
Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-Pro-Pro-Ala-Leu-Ala-Leu-Alaamide
Galanin(1-13)-Bradykinin(3-9) amide (M20): = | § =1noM

1 13 20
Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg amide

3 9

lanjn(1-13)-Bra i -9) amij : W = = 0.2 oM

1 13 21
Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg amide

2 9

WWM
25

GIy -Trp-Thr- Leu-Asn-Ser-A!a—Gly—Tyr-Leu-Leu-Gly-Pm-Atg-Hls-Tyr-Ile-Asn-Leu-Ile -Thr-Arg-Gin-Arg-Tyr

amide
25 .
alanin(1-12)-Ala- 5-36) a : (MW = 1 =1aM
1 13
Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Ala- Arg-His-Tyr-lle-Asn-Leu-lle-Thr-Arg-Gin-Arg-Tyr
amide

25 36

Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-Pro-Pro-Tyr-Gly-Gly-Phe-Leu amide
1 5



i psilateral hanstring muscles. The nunber of action potenti
during the reflex was integrated over 2 s. The integrated r

recorded on a Gould chart recorder (Mddel 2400 S). During tjh

the heart rate and rectal tenperature of the rat were nonit
mai ntained within normal limts. The proper |ocation of thg
was confirmed after each experinent by | am nectony. Gal aff

Bubendorff, Switzerland) and Somatostatin (Ferring, Malno,

s.elicited
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1°t0 SN0V 00
Bachem
Sweden) were

di ssolved in 0.9% saline. Al peptides Wre injected i.t. |
21

JICso =20 nM
1 12 20

Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-Pro-Pro-Leu-Phe-Gly-Gly-Tyr amide
5 t

1 ' 13 14
Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-Lys amide
N-teminus I
Pro-Leu-Phe-Gly-Gly-Tyr
5 1

ICsp has been determined in displacement experiments in rat hypothalamus




of 10 ul followed by 10 ul saline to flush the catheter. Dat a cbllection

A stabl e baseline reflex magni tude was established for at fe ]
before each i.t. injection or nerve CS. The effect of i.t. RE&LIA%E@%? SHEET

nerve CS on the flexor reflex was expregged as percent chapge in reflex
magni t ude conpared to baseline which waS defined as 100% {Tof t &2 NOVe1994
I nteraction of galanin with other peptides or the sural t was

adm nistered 1 5 min prior to the injection of the other pt I des wrermr—t+

faciIitatorzgﬁgggggLOGIgnLagkmghqﬂgmq@sided or sinultaneously with the
sural CS. The antagonistic effect of intrathecal (i.t.) M15 on the 1I.T.
gal ani n-induced facilitation of the flexor reflex was neasured. The peak
facilitatory) eGdbaninfifhibibls gidugoise-dmdub®Ed Glresul #42. Bélease, basel i ne

refl ex magnj. h i 15, injgcted /.10 a1 n. e al anin
was ca|cu|g#%%9§§e§h§°§§%§g§§a§§'%é u ’ighfofe ﬁg'p@%ﬂ°c£é£18£i and :
Biophysical Research Communications, Vol. 140. No. 3,
1986, 1059-1063). By using the same procedure as the
cited Ahrén B., et al, a peptide according to the

invention, M15, is now shown to block the galanin-

inhibited insulin release in equimolar concentration.

Animals and preparation of cells.

Adult obese hyperglycemic mice (ob/ob) of both sexes were
taken from a local non-inbred colony and starved
overnight. The animals were killed by decapitation and
the islets were isolated by collagenase isoclation
technique. A cell suspension was prepared essentially as
described by Lehrnmark, A:, in Diabetologia 10, 1974,
431-438. Briefly, the islets were dissociated into single

cells and small clusters by shaking in a Ca2+*-Mg2*-

-Mg
‘deficient medium supplemented with EGTA (Ethylene glycol-
bis(beta-aminoethyl ether)N,N,N’,N’, -tetra-acetic acid,
SIGMA). Thereafter, the cells were incubated at 37°C, pH
7.4, overnight in 12 ml RPMI 1640 medium (Tissue culture
medium from SIGMA, ﬁhich contains L-glutamine and does
not contain sodium bicarbonate) supplemented with 10% NU-
serum ™ (Collaborative Research Inc., Lexington, Ma,
U.S.A.), 100 IU/ml penicillin, 60 pg/ml gentamycin and
100 pg/ml streptomycin. To avoid attachment of the cells
to the culture flasks during incubation, the suspension
was shaken gently.

Media
The basal medium used was a HEPES buffer (N-[2-

Hydroxyethyl] -piperazine-N’-[{2-ethanesulfonic acid],
SIGMA), pH 7.4, physiologically balanced in cations with



fac]litatory effect of galanin. Data is expressed as neant

l'\.-r\
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M 15 n % ant agoni sm 30 prmol .

35.8+20.7 300 anI 4 79.38.4 3 nnDI

3 93.03.4 The experinents were repeated usinglthe

the invention, M35, and simlar results_were achieved. A 4 result 3?9 he¢
above experinents it can be concl uded t At pepti des of thejinvent+on
counteract the intrathecal gal anininduced facilitation of g{he flexor reflex

i n a dose-dependent nanner.

Cl~ as the sole anion. In all cases the basal medium was

supplemented with 1 mg/ml albumin.

Measurements of insulin release.

The klnetlcs of insulin release were studied by perfusing

pancreatic beta-cells (approx. 1 x 106) with 20

mM or 5

mM glucose mixed with Bio-Gel P-4 polyacrylamide- beads
(200-400 mesh, Bio-Rad Lab., Richmond, Ca, U.S.A.) in a
0.5 ml column. The flow rate was 0.5 ml/min and 1-3 min

fractions were collected and analyzed for insulin

radioimmunologically, using crystalline rat insulin as a

reference.

Results.

After 60 min incubation in the presence of glucose (8.3

mM), galanin (10~7 M) completely abolished insulin

release from

34x2 HU/ml to 31 pu/ml (P <0.001; N=32). The peptide of

» «
the invention,

M 15, alone (10'6 M - 10'9M) dose-dependently

counteracted the galanin-induced inhibition of insulin

release.

Insulin release in the presence of glucose, galanin and
M15 at 1076 M, 10™7 or 1078 was 28+2 pnU/ml (N=16), 174

pU/ml (N=16), and 10x3 uU/ml (N=16), respectively. M15 at

10-9 M was without effect.

As a result of the above experiments it can be concluded
that the peptide of the invention, M15, counteracts the

galanin-induced inhibition of insulin release in islets.




22 4) Ligand binding studies were conducted. D splacement|oggp :
[err]l-galanin by gal anin, galanin fragnent (1-13), Substanc 4ﬁQQHENI SHEET
(4-11), galanin fragnent (1-13) + Substance P fragnent (4-11 n equinDIar
- concentrations and the peptides of the iywention M5, M5 and
studi ed. The peptides of the invention proved to bind specifiqally to tEm5
gal anin receptor. Preparation of [err]l-nonoi odo-Tyr[err]4porcine garat
Synt hetic porcine galanin(1-29) was iodinated by chloranm nedtduethod to

yield [err]h aqiaﬁ(i%- EWHiids FEE@& Ecﬂ@iaﬂénres_ gidf,i enedzhirdd y 1800- 2000
G /mmol), ( SCr1

according to Q&sone G., gé a kgfoc i Ixégaucgélenc%P

84, 1987, 7339-7343). By using substantially the same
procedure as the cited Fisone G., et al, a peptide

according to the invention, M15, is now shown to
counteract the inhibitory effects of galanin on the
scopolamine-induced release of acetylcholine in vivo.

Microdialysis Experiments

Surgery and basic methodology. Experiments were carried
out with female CD-COBS (Charles River, Como, Italy)

rats, weighing 200-260 g. Animals were anesthetized with
equitensin (1% pentobafbital, 4% chloral hydrate).'Guide
cannula was implanted,stereqtoxically into the ventral
hippocampus according to the following coordinates from
the atlas of Paxinos and Watson (Paxinos G. and Watson C.
(1986) The Rat Brain. in Stereotoxic Coordinates, 2nd edn.
Academic Press, Sydney.): 5 mm posterior to the bregma,
4.0 mm lateral to the midline, and 6.8 mm below the
surface of the dura mater. A stylet was then inserted to
keep the guide cannula patent until the next day. At the
time the stylet was removed and replaced with a
microdialysis probe (CMA 10, Carnegie Medicine AB,
Stockholm, Sweden) containing a membrane having an
exposed area of 3 x 0.5 mm. The microdialysis probe
extended 3 mm beyond the end of the guide cannula; it was
perfused at a constant rate of 2 Hl{(min with Ringer'’s
solution (NaCl, 147 mM; CaCl,, 2.2 mM and KCl, 4.0 mM),

. containing 10 uM physostigmine sulfate and adjusted to pH
7.0 with NaOH. The initial 40 min perfusate was
discarded. Thereafter, perfusates were collected every 20
min during a total perfusion period of 260 min. At the
end of the collection period, the samples were
immediately frozen on solid CO; and lyophilized.
Acetylcholine (Ach) content was quantified by a specific
radioenzymatic method described in detail by Consolo S.,




Ed. M Conn, 5, 1991, 225-234), and enployed in |igand bi nd{ig-Studies i
carried out at equilibrium Preparati on of nenbrane fract oﬂE CﬁMﬁNﬁﬁBEET
cells The establishment and cell culture of Rin m5F (a rat} pancreatTT
[err]-tunmor cell-line) cells have been described earlier (Gazdagg\,@v ?&’k
al. Proc. Natl. Acad. Sci. USA, 77 (1989& 3519-3523). Brieffy, the cells
were grown in RPM -1640 (G bco) nmediumcontaining 10 % (v/\y Tetat—eakf
serum 2.06 nM L-glutham ne, 100 W mnm penicillin and 100 [ferr] g/ n
streptonycin in 10 % Cderr] - 90 %air 37[err]C. They were passaged EVeTy--
5 days. Thetells s w@lﬁ&D@@h@dTA afwm t(_mfgsw(raf q?gsagg%lse)bf%ﬁ §u Usi Ng 0.25%
trypsin co | nin E and. ceptrifuged a x_g_for mn a
4l err]C. TE%%BeHég Q£2?¥g&ﬁﬁkip}orggﬁnﬁi%'tdlﬁﬁégosﬁégréséleﬁEﬁES buf f er
(pH 7. 4) . Thecvdpensian sies comtversiigadodt choQ@oeg tbor 15(m n,/th)e
resul ting |1 e esuspended_J n bacitraci ncontai.ning (1 ng/nmg) 5 nM
HEPES. buf f SSF aé%sial}&%g‘éfe S u?li‘%ngf'fﬁ?nﬁﬁ H&oc?mg.l&g NM KCL, 1.8 mM
CaCl[err],phqyﬁhqﬁinaaaﬂqn¢nATPA,(hhdtheeénbgnadﬁethyﬂrbay5$§Idﬂmﬂ um
binding expRiddfA¥H1ine to choline and acetic acid, (c) the

reacetylation of the resulting choline to

[3H]acetylcholine with the addition of

[3H]acetylcoenzyme-A, 99.9 GBg/mmol, and acetyl-coenzyme

A:ChAT, and (d) the separation and scintillation counting
of the resulting [3H]acetylcholine by extraction into
tetraphenylboron-containing ketone phase by liquid-liquid
ion exchange chromatography. Phosphorylation, hydrolysis
and acetylation reactions were validated routinely.

The concentration of acetylcholine in each sample was
calculated by linear regression based on the
radiocactivity of the standards (linear from 10 fmol-25
pmol acetylcholine) with the slope equal to 7800 net
dpm/pmol. The coefficient of wvariation of the replicate
perfusate samples or acetylcholine standards was
approximately 3%.

In vitro recovery of acetylcholine through three dialysis
tubings was determined as previously described (Wu et
al., ibid). The average recovery was 17.6+ 0.5%.

At the termination of the release experiments, the
placements of the dialysis probes were verified
histologically by use of staining for Nissl substance.



23 Di spl acement of [err]l -gal anin by gal anin and gal anin r@EPéIQCWEPJT SHEET |
|'i gands D spl acenent experinments were carried out in a fi a ,
400 [err]i of bacitracin-containing (1 ng/m) HEPES-buffere qg%N

Kr ebs- Ri nger sol ution, 0.05 % (w v) of BSA (pH 7.4) in the grdsen&Ngy 894

- 0.2 nM [err]l- galanin, the nenbrane preparation and theji '
concentrations (10[err]-10[err]M of unl abel ed porcine galapin or of other

gal anin receptor |igands. Sanples were incubated for 30 mn a

| ncubat

ion vWageL8ENbBaLSYanin and M 15 on the scopolamine-induced

release of ACh, measured "in vivo" from the rat ventral
hippocampus

Saline 2.0 pmoles
Scopolamine 13.1 pmoles
Scopolamine '

+ 6.9 pmoles
Galanin
Scopolamine

+ 9.4 pmoles

Galanin (1.56 nmoles) and M15 (3.12 nmoles) were injected
i.c.v. 2 min before scopolamine (0.3 mg/kg, s.c.). ACh
release was measured in the perfusate collected during
the following 80 min, in four 20 min-fractions. The
values are expressed as pmoles of ACh measured during the
20 min fraction corresponding to the peak of the
scopolamine-effect and corresponding to the second 20
min-fraction. The data are the means of experiments
carried out in two rats (n=2).

As a result of the above experiments it can be concluded
that the peptide of the invention, M1l5, counteracts the
galanin-induced inhibition of scopolamine-induced release
of acetylcholine in hippocampus.

3) Effects of intrathecal galanin and C-fiber stimulation
on _the flexor reflex has been described by Wiesenfeld-

Hallin Z., et al (Brain Res. 486 (1989)205-213). By using
substantially the same procedure as the cited reference,
a peptide according to the invention, M15, is shown to
have an antagonistic effect on intrathecal galanin-
induced facilitation of the flexor reflex. An other
peptide of the invention, M35, has given similar results
in preliminary experiments.




by the addition of 10 m of ice-col d HEPES- buff ered Kr ebs- R nger sol ution,

followed by rapid filtration over Whatman G-/ C filters, pr¢c oSG
hours in 0.3 % (v/v) of polyethyleneimne solution. Filter$ @ﬁﬁﬁﬁhédﬂmET
with 10 m of assay sol ution. Radioacbbvity retained on the filters was

determ ned in a Packard gamma counter.”"Specific binding wap fefd 2efD\aggdhay
di spl aceable by 1 [err]Mgalanin (or appropriate concentrajipn of a ’
di spl acer). The 1 C50 val ues of the displacing |igands wefe carcutated

fromthe ggggg%gghgg@gighggahcggdqg-ues as described by Lapnd. T., et. al

(ibid). Xperi nental data was carried out on a Maci nt oSN

SE by means of a nonlinear |east squares nmethod using the Macintosh program

" Kal ei dG& QﬁhécuteDe&E_le%iﬁagﬁ&‘B,O'i:h[eelirfddnmid’é'iﬂfffmmﬁf@tﬁ Rin mb5F
£

b al anip receptor _Li gands . . .
y e hamstring e%or reflex in response to activation of high

threshold afferents was examined in decerebrated,
spinalized, unanaesthetized rats by recording the
electromyogram (EMG) from the posterior bicepts
femoris/semitendinosus muscles. The animals were briefly
anaesthetized with Brietal®, and a tracheal cannula was
inserted. The rats were mounted in a stereotaxic frame,
decerebrated by aspiration of the forebrain and midbrain
and then ventilated. The spinal cord was exposed by
laminectomy at thoracic level and sectioned at Thg_g. An
i.t. catheter (PE 10) was implanted caudally to the
transection with its tip on the left side of the lumbar
spinal cord (Ly.g). The flexor reflex was elicited by
test stimuli to the sural nerve or its innervation area
with single electric shocks (0.5 ms, 10 mA) of sufficient
strength to activate C-fibres (Wall and Woolf, 1984). In
some experiments a CS (conditioning stimulus) (1 Hz, 20
s) of the same strength as the test stimuli was
administered to the sural nerve.

The flexor reflex was recorded as EMG activity via
stainless steel needle electrodes inserted in the
ipsilateral hamstring muscles. The number of action
potentials elicited during the reflex was integrated over
2 s. The integrated reflex was recorded on a Gould chart
recorder (Model 2400 S). During the experiments the heart
rate and rectal temperature of the rat were monitored and
maintained within normal limits. The proper location of
the i.t. catheter was confirmed after each experiment by
laminectomy. '

Galanin (Bachem, Bubendorff, Switzerland) and
Somatostatin (Ferring, Malmé, Sweden) were dissolved in
0.9% saline. All peptides were injected i.t. in a volume




| G50 Gal anin (1-29) 1 nM ML5 | REPLAGENENT S¥iger
0.1 nM @l anin fragnent (1-13) 100 nM Substan¢e{P fragment
(4-11) no di spl acenent > 10 [err]m 02 NOV 1995
24. Gal anin fragment (1-13) + Substgjce P fragnent (4-1{) 100 nMih
equi nol ar concentrations M5 T 0. T nNrvBaE=A
10 nM

of 10 ul followed by 10 ul saline to flush the catheter.
Data collection

A stable baseline reflex magnitude was established for at
least 20 min before each i.t. injection or nerve CS. The
effect of i.t. peptides or the nerve CS on the flexor
reflex was expressed as percent change in reflex
magnitude compared to baseline which was defined as 100%.
To test the interaction of galanin with other peptides or
the sural CS, it was administered 1 5 min prior to the
injection of the other peptides when the facilitatory
_effect of galanin had subsided or simultaneously with the
sural CS.

The antagonistic effect of intrathecal (i.t.) M-15 on the
i.t. galanin-induced facilitation of the flexor reflex
was measured. The peak facilitatory effect of 30 pmol
galanin was 167.0:42.8% over baseline reflex magnitude.
The antagonism of M-15, injected 5-10 min after galanin
was calculated as the percentage reduction of the peék
facilitatory effect of galanin. Data is expressed as
meant S.E.M.

Dose of M-15 n % antagonism
30 pmol 4 35.8+20.7
300 pmol 4 79.3+8.4
3 nmol 3 93.0+3.4

The experiments were repeated using the peptide of the
invention, M35, and similar results were achieved.

As a result of the above experiments it can be concluded
that peptides of the invention counteract the intrathecal
galanininduced facilitation of the flexor reflex in a
dose-dependent manner. |



As is evident fromthe above experinents, the peptides of t '
gal ani n receptor |igands. The phar nacol ogi cal experinents|1l EﬁﬁﬁTSﬂEET
t hus show that the peptides of the invention are gal anin antagoni sts, and

the experinent 4) shows that they are galanin receptor lig dS'OE?NQV‘PEE
ands, - unl

gal ani n antagoni sts of the invention arg galanin receptor Ifig
ot her conpounds which earlier have been shown to antagoni zd a—spettf+e
effect of galanin in a specific tissue by virtue of interaqtion with a
reaction step beyond the galanin receptor - which was involved 1n The

bi ol ogi cal 4acLigandf bialddmion sitfdifed wErencondhctyge. DOspbaaamagenbEmi s
not specifygstor I n_action,. _and_ | 0 xerted a nin receptor.

Nei ther it isEaHSﬁ%%S& tgaég?@Pw q?éééké gﬁ%?%eﬁglgﬁgﬁggCts, wher eas the
ant agoni st Substendend tfoagmentr d4deltl)i nvegalaninafeagwentf {Heldht agoni sts in
t he pharnma Lcal ' d exarqt, thei | a site on
the outs asoprophte, B Etgdelll R [4IF! dqlinbids Sohfent FEEROAS

Pr epar at i oandf thenpepiddes: of te hypenzicemMlS, M35 and M34,A was

studied. The peptides of the invention proved to bind

specifically to the galanin receptor.

Preparation of 1251—monoiodo-zzr25-'orcine alanin

Synthetic porcine galanin(1-29) was iodinated by
chloramine-T-method to yield 125I-monoiodo-Tyrzs—porcine
galanin (specific activity 1800-2000 Ci/mmol), (as
described by Land T., et al in: Methods in Neurosciences,
Ed. M. Conn, 5, 1991, 225-234), and employed in ligand
binding studies carried out at equilibrium.

Preparation of membrane fraction of Rin m SF cells

The establishment and cell culture of Rin m 5F (a rat
pancreatic B-tumor cell-line) cells have been described
earlier (Gazdav A.F., et. al. Proc. Natl. Acad. Sci. USaA,
77 (1980) 3519-3523). Briefly, the cells were grown in
RPMI-1640 (Gibco) medium containing 10 % (v/v) fetal calf
serum, 2.06 mM L-gluthamine, 100 IU/ml penicillin and

100 pg/ml streptomycin in 10 % CO, - 90 % air 37°C. They
were passaged every 5 days. The cells were detached from
the surface of the bottles using 0.25% trypsin containing
1 mM EDTA and centrifuged at 2000 x g for 5 min at 4°C.
The pellet was exposed for 15 min to hypoosmotic SmM
HEPES buffer (pH 7.4). The suspension was centrifuged at
20000xg for 15 min, the resulting pellet was resuspended
in bacitracin-containing (1 mg/mg) 5 mM HEPES-buffered
Krebs-Ringer solution (137 mM NaCl, 2.68 nM KCl, 1.8 mM
CaCly, 1 g/l glucose), pH 7.4, and used immediately in
equilibrium binding experiments.




Adult male rats ( Sprague- Dawl ey, 180-200 g) were decapitated; t ——
hypot hal am qui ckly di ssected and honobgeni zed (10@6nass/vo|.),iﬁ?PkA@ﬁyng SHEET
TRIS-C1 buffer, pH 7.4. The honbgenate was diluted tenfold andjcentrifuged “]

at 1000 x g for 10 min. The supernatant was centrifuged at 1( 002 Mﬂ‘vqp%
45 min and the pellet resuspended in 52#M Hepes buffered Krebs{Ri nger
solution (137 MM NaCl, 2.68 nMKCO, 1.8 nM CaCl2 1 g/l glucoge), pH 777 TO

yi el d _ 25 a final protera I
concentratbgggggc%mgne %fSlgg&qhalanin by galanin and galanin

receptor ligands

Displacement experiments were carried out in a final
volume of 400 ui of bacitracin-containing (1 mg/ml)
HEPES-buffered (5 mM) Krebs-Ringer solution, 0.05 % (w/v)
' of BSA (pH 7.4) in the presence of 0.1 - 0.2 nM 1251-
galanin, the membrane preparation and the increasing
concentrations (10‘12—10'6M) of unlabeled porcine galanin
or of other galanin receptor ligands. Samples were
incubated for 30 min at 37°C. Incubation was terminated
by the addition of 10 ml of ice-~cold HEPES-buffered
Krebs-Ringer solution, followed by rapid filtration over
Whatman GF/C filters, pfecoated for 5§ - 6 hours in 0.3 %
(v/v) of polyethyleneimine solution. Filters were washed
with 10 ml of assay solution. Radioactivity retained on
the filters was determined in a Packard gamma counter.
Specific binding was defined as that displaceable by 1 pM
galanin (or appropriate concentration of a displacer).

The ICgy values of the displacing ligands were calculated
from the computer-generated ICgg values as described by
Land, T., et. al. {(ibid). '

Fitting of the experimental data was carried out on a
Macintosh SE by means of a nonlinear least squares method
using the Macintosh program *KaleidGraph".

Displacement of 12SI—galanin from membranes of Rin m 5F
by galanin receptor ligands

ICs0
Galanin (1-29) 1nM
M15 0.1 nM
Galanin fragment (1-13) 100 nM

Substance P fragment (4-11) no displacement > 10 pm



Li gand bi nding studies in rat hypothal anus Di spl acenment experinments were
carried out in a final volunme of 400 [err]|l of Hepes-buffe
Krebs- Ri nger solution, 0.05 % (wv) of BSA (pH 7.4) supple
bacitracin (1 ng/m) in the presence 0ob40.1 - 0.2 nM 1251-jggfl amnt
menbrane preparation fromrat hypothal am and increasing ¢o cqg?lﬁhlons
(10-12-10-6 M of unl abel ed gal anin or of other galanin regcegpt
Sanpl es were incubated for 30 min at 37[&r]C |Incubation
t he additiGalafidOfnhgnenktcélcdBd Hepes- Huffered Krebs-Ri
foll owed b t pa r G-/ C t g)S, preco
hours in ¥3€ﬁ§§? ééé B EFQQm%%EeAEF%FQE solutlj()?]6 e filters were washe
with 10 n1l@fe§B%@91§§lGppéﬁntRﬁéﬂééétlv ty retained on the filters was
determ nedyis a Packard gamma counter. Specificgbyngdipng was defined as that
dlsplaceable by 1 [err]Mgal anin. Rat and porcine galanin resulted in
|nd|str|gdﬁ%ﬁ | e di spl acenent curves with the #8nBManes fromrat
hypot hal am .

As is evident from the above experiments, the peptides of

the invention are galanin receptor ligands.

The pharmacological experiments 1), 2) and 3) thus show
that the peptides of the invention are galanin
antagonists, and the experiment 4) shows that they are
galanin receptor ligands. Thus, the galanin antagonists
of the invention are galanin receptor ligands, unlike
other compounds which earlier have been shown to
antagonize a specific effect of galanin in a specific
tissue by virtue of interaction with a reaction step
beyond the galanin receptor - which was involved in the
biclogical action of galanin in that given cell type.
Such antagonism is not specific for galanin action, and
‘is ﬁot exerted at galanin receptor. Neither it is
applicable to several tissues where galanin acts, whereas
the antagonists according to the present invention are
bona fide antagonists in the pharmacological meaning and
exert their action at the receptor site on the outside of
the cell by competing with the endogenous ligand.

Preparation of membranes from rat hypothalamus

Adult male rats (Sprague-Dawley, 180-200 g) were
decapitated, the hypothalami quickly dissected and
homogenized (10% mass/vol.) in 0.05 M TRIS-Cl buffer, pH
7.4. The homogenate was diluted tenfold and centrifuged
at 1000 x g for 10 min. The supernatant was centrifuged
at 10 000 x g for 45 min and the pellet resuspended in S
mM Hepes buffered Krebs-Ringer solution (137 mM NaCl,
2.68 mM KC1, 1.8 mM CaCl2 1 g/1 glucose), pH 7.4 to yield
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The 1C50 val ues of the displacing Iigands were cal cul at ed
experimental data on a Macintosh SE by means of a nonlinca
met hod using the progran1KaIe|daC¥aph
26 Cl ai s 1. A peptide selected fromthe group con
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a final protein concentration of 1.0 - 1.5 mg/ml.

Ligand binding studies in rat hypothalamus

Displacement experiments were carried out in a final
volume of 400 pl of Hepes-buffered (5 mM) Krebs-Ringer
solution, 0.05 % (w/v) of BSA (pH 7.4) supplemented with
bacitracin (1 mg/ml) in the presence of 0.1 - 0.2 nM
1251-galanin, the membrane preparation from rat
hypothalami and increasing concentrations (10-12-10-6 M)
of unlabeled galanin or of other galanin receptor
ligands. Samples were incubated for 30 min at 37°C.
Incubation was terminated by the addition of 10 ml of
ice-cold Hepes-buffered Krebs-Ringer solution, followed
by rapid filtration over Whatman GF/C filters, precoated
for 5-6 hours in 0.3% (v/v) of polyethylencimine
solution. The filters were washed with 10 ml of assay
solution. Radioactivity retained on the filters was
determined in a Packard gamma counter. Specific binding
was defined as that displaceable by 1 UM galanin. Rat and
porcine galanin resulted in indistriguishable
displacement curves with the membranes from rat
hypothalami. '

The 1C50 values of the displacing ligands were calculated
by fitting of the experimental data on a Macintosh SE by
means of a nonlincar least squares method using the
program "KaleidaGraph®".



H-GIy-TrLLThr-Ipu Asn- Ser - Ala G y-Tyr-Leu- Leu- CPLACEMENT oo

A y-Pro- - Leu=- Met - X,
Hdy- Trp H H Ia G y-Tyr-Leu- Leu-
-dy-Pro-Pro- OL - Pro- Phe- Ar g- X,

H @ y-Trp-Thr-Leu- Asn Ser - AI a-dy-Tyr-Leu-Leu-
-@y-Pro-Pro-Pro-Leu-Phe-Ay-Ady-Tyr-X,

H @ y-Trp-Thr-Leu- Asn- Ser- Al a-d y- Tyr - - Leu- -Ady-
Pro-Leu-Phe-Ady-dy-Tyr-H wher ér'h X represents -NH[err] or -
(am de or acid), and functional anal ogues and functi onal
derlvatlvéééfﬁs t hereof which exhibit substantially the sanme gal anin
antagoni stic effect as said peptides.

1. A peptide selected from the group consisting of

H-Gly-Trp-Thr-Leu—-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-
-Gly-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-X,
H~-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-
-Gly-—Pro—Pro-Pro-Gly-Phe-Ser-Pro-—Phe—Arg-X ’

H-Gly~-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-
-Gly-Pro-Pro-Pro-Leu-Phe-Gly-Gly-Tyr-X,

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu~
-Gly-Pro-Lys-X
Pro-Leu-Phe-Gly-Gly-Tyr-H

wherein X represents -NH, or -OH (amide or free acid),
and functional analogues and functional derivatives
thereof which exhibit substantially the same galanin
antagonistic effect as said peptides.

2. A peptide selected from the group consisting of

H-Gly-Trp-Thr—Leu-Asn-Ser-Ala-Gly-Tyr—Leu-_Leu-
-Gly-Pro-Gln-Gln-Phe-Phe-Gly~-Leu-Met-X,

H-Gly-Trp-Thr-Leu—-Asn-Ser~Ala-Gly-Tyr-Leu-
~Leu-Gly-Pro-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-¥X,

H-Gly~-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr—-Leu-Leu-
~Gly—-Pro~Pro-Pro-Leu-Phe-Gly~Gly-Tyr-X,

THIS SHEET HAS BEEN
REPLACED

This Sheet Has Been R 1
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4x4uﬂniikij§ﬂ§§;;¥;;ron1the group consisting of
: -Ala-dy-Tyr-Leu-Leu-

-Gy P MM’H@# a -dy- Leu- Met - X,

H dy-Trp- r-Ala-Gy-Tyr-Leu-

-Leu-3 y- Pro-Pro- Pro 3 y- Phe- Ser - Pr o- Phe- Ar g- X,

H @ y-Trp-Thr-Leu- Asn-Ser- Al a-3 y-Tyr - Leu- Leu-
-dy-Pro-Pro-Pro-Leu-Phe-A@y-dy-Tyr %

H-Gly-Trp-Thr-Leu-Asn-ser-Ala—Gly-Tyr-Leu—Leu_
QGly-Pro-Lys-X
Pro-Leu-Phe-Gly-Gly-Tyr-H,

H-Gly-Trp-Thr-Leu-Asn-Ser-Al a—Gly—Tyr—Leu—Leu—
Gly-Pro-(D—Arg)-Pro—Lys-Pro-Gln-Gln-(D—Trp)—Phe—
(D-Trp) -Leu-Leu-X,

H-Gly-Trp—Thr-Leu-Asn-Ser-Ala-G1y—Tyr-Leu—Leu—Gly-Pro-
-Pro-Pro~Gln-Phe-Phe-Gly-Leu-Met-X,

H-Gly-Trp-Thr—Leu—Asn-Ser-Ala—Gly—Tyr-Leu—Leu—Gly-Pro-
-Ala-Leu-Ala-Leu-Ala-Leu-Ala-X,

H-Gly-Trp-Thr-Leu-Asn-Ser-Al a-Gly-Tyr-Leu-Leu-Gly-Pro-
-Pro-Pro-Ala-Leu-~Ala-Leu-Ala-X, .

H-Gly-Trp-Thr—Leu-Asn-Ser-Ala-Gly-Tyr—LeuQLeu-Gly-Pro-
~Pro-Gly-Phe-Ser-Pro-Phe-Arg-X, '

H-Gly-Trp-Thr-Leu-Asn-Ser-»Al a-Gly-Tyr-Leu-Leu-Gly-Pro-
-Arg-His-Tyr-Ile-Asn—Leu—Ile-—Thr-Arg-Gln-Arg-Tyr-x P

H—Gly—Trp-Thr—Leu-Asn-Ser-Ala—G1y-Tyr—Leu—Leu-Gly-Ala-
-Arg—His-Tyr—Ile-Asn-Leu-I1e—Thr-Arg—Gln-Arg-Tyr—X,

H-Gly;Trp—Thr-Leu—Asn-Ser-Ala—Gly—Tyr-Leu-Leu-Gly-Pro-
-Pro-Pro-Tyr-Gly-Gly-Phe-Leu-X,

and
H—Gly-Trp-Thr—Leu—Asn—SerQAla-Gly-Tyr-Leu-Leu-Gly-Pro—
-Pro-Pro-Leu—~-Phe-Gly-Gly-Tyr-X,

wherein X represents -NH, or —-OH (amide or free acid).
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27 H dy-Trp-Thr-Leu-Asn-Ser-Al a-dy-Tyr-Leu-Leu -3 y-Pro-Lys-X
ro- Leu- Ph - VA S HAdy-Trp-Thr-Leu-Asn-Ser-Al a-d y-Tyr- Leu- Leu-
G y-Pro-( m@ﬂmmgﬁ -A@n-@n-(D Trp)-Phe- (D Trp) - X
H dy-Trp-Tar- - - a-3dy-Tyr-Leu-Leu-3d y-Pro-
- Pro-Pro-d n-d n- Phe- Phe- Q3 y- Leu- Met - X,
H @ y-Trp-Thr-Leu- Asn-Ser- Al a-3 y-Tyr- Leu- Leu-Qd y- Pro-
-Al a- Leu- Al a- Leu- Al a- Leu- Al a- X
H A y-Trp- Thr-Leu- Asn- Ser- Al a- @ y- Tyr-38u- Leu-d y- Pro-
-Pro-Pro- Al a-Leu- Al a-Leu-Al a- X, .

3. A peptide according to claim 2 wherein X

répresents —-NH,.

4. A peptide according to claim 2 which is
H-Gly-Trp-Thr-Leu-Asn-Ser-Ala~-Gly-Tyr-Leu-Leu-
-Gly-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-NH,.

5. A peptide according to claim 2 which is
H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-
-Leu-Gly-Pro—Pro-Pro-Gly—Phe-Ser-Pro-Phe-Arg-NHz.

6. A process for the preparation of a peptide according to
any one of claims 1 to 5,.characterized by
a) sequentially incorporating in solid phase the
desired amino acid residues one at a time into
the growing peptide chain, or

b) coupling the amino acids stepwise in a solution
phase using appropriate derivatized amino acids.

7. A peptide according to any one of claims 1 to 5 for use
as a pharmaceutical. ' '

8. A pharmaceutical preparation comprising a peptide
according to any one of claims 1 to 5 as an active
ingredient, together with pharmaceutically acceptable
additive(s).

9. The use of a peptide according to any one of claims 1
to 5 in the manufacture of a medicament for curing
disorders in a mammal which depend on the physiological
function of galanin at the galanin receptor.

THIS SHEET HAS BEEN
REPLACED
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H-Gly Trp- Thr - Leu- Asn-Ser- Al a-Qd y- Tyr-Leu Leu-d y- Pro-
- Pro- @ y- Phe- Ser - Pr o- Phe- Ar g- X, o

H d y-Trp-Thr-Leu- Asn-Ser- Al a-3d y- Tyr-Leu Leu-d y- Pro-
-Arg-His-Tyr-11e-Asn-Leu-11e-Thr-Arg-d n-Arg-Tyr-X

H @ y-Trp-Thr-Leu- Asn-Ser- Al a-d y-Tyr-Leu-Leu-G3 y-AI a-
-Arg-H s-Tyr-11e-Asn-Leu-1le-Thr-Arg-Gge Arg-Tyr-X,
H- d y-Tr p- Thr - Leu- Asn- Ser - Al a- @ y- Tyr - Leu- Leu- G y-Prio-
-Pro-Pro-Tyr-d y-d y-Phe-Leu- X, and

H @ y-Trp-Thr - Leu- Asn- Ser - Al a- GWPFO-

-Pro-Pro-Leu-Phe-Ay-dy-Tyr-X wherein X represents -NH err] or -OH

(am de or free acid).

Abstract

A galanin antagonist which is a galanin receptor ligand
is described. Further, new peptides Galanin(1-12)-Pro-
Substance P(5-11), Galanin(1-12)-Pro-Bradykinin(2-9),
Galanin(1-12)-Pro-Pro-Pro-(Leus-Enkephalin(S-l)),
Galanin(l-lZ)—Pro—Lys(s-NH-)Pro-(Leus-Enkephalin(S-l))
and functional analogues and functional derivates thereof
which exhibit substantially the same galanin antagonistic
effect as said peptides are disclosed. Use of the galanin
antagonist,'a pharmaceutical preparation comprising it
and a method of treating a disorder in a mammal which
depends on the physiological function of galanin at the

galanin receptor are also included.
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: __A_QQQLLQEHQEEQ%QLQQ to claim2 wherein X represents - NH2.
Apeptm ccordl ng laim2 which is

HQH j, mﬂmﬂia d y- Tyr-Leu- Leu-Qd y-
Met-NH err]. 5. A peptide according to

claim?2 which is
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Claims

1.

A peptide selected from the group consisting of

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-
-Gly-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-X,

H-Gly-Trp-ThréLeu-Asn-Sef-Ala-Gly-Tyr—Leu-Leu—
-Gly-Pro-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-X,

H-Gly-Trp~Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-
-Gly-Pro-Pro-Pro-Leu~Phe-Gly-Gly-Tyr-X,

-Gly-Trp—Thr-Leu-Asn-ser-AlaQGly-Tyr—Leu-Leu-
-Gly-Pro-Lys-X '
Pro-Leu-Phe-Gly-Gly-Tyr-H

wherein X represents -NHé-or -0H (amide or free acid),
and functional analogues and functional derivatives
thereof which exhibit substantially the same galanin
antagonistic effect as said peptides.

A peptide selected from the group consisting of

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-
-Gly-Pro-Gln-Gln-Phe~-Phe-Gly-Leu-Met-X,

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-~Leu-
-Leu-Gly-Pro-Pro-Pro-Gly-Phe~-Ser-Pro-Phe-Arg-X,

H-G1y-Trp-Thr-Leu-Asn—Ser—Ala-Gly-Tyr-Leu-Leu-
-Gly-Pro-Pro-Pro-Leu-Phe-Gly-Gly-Tyr-X,
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HGI -Trp-Thr-leu-Asm=Ser- Al a-d y- Tyr - Leu- Leu- d y- Pr o-

Pr o- Pro- m‘mume Arg-NH err]. 6. A process for the
preparatl “H “ ccordi ng to any one of clainms 1 to 5,

characterlze c ¥ sequentially incorporating in solid phase the
desired am no aC|d re5|dues-one at atime into the grow ng peptide
chain, or b) coupling the am no acids stepwise in a solution

phase using appropriate derivatized am no acids. 7. A peptide according
to any one of clainms 1 to 5 for use »7 as a pharmaceuti cal . 8. A
pharmaceutical preparation conprising a peptide according to any one
of claims 1 tip-@Lpsrip-net+Leu-asn-serghad-elly - @yﬁyﬂduyneuth
pharnaceutlcah%%ygﬁgqgﬁablg addi tive(s). : The use of a peptide
according to & Y¥TQins 1

Pro-Leu-Phe-Gly-Gly-Tyr-H,

H-Gly-Trp~Thr-Leu-Asn—Ser-Ala-Gly—Tyr-Leu—Leu-
Gly-Pro-(D-Arg) -Pro-Lys-Pro-Gln-Gln-(D-Trp) ~Phe-
(D-Trp) -Leu-Leu-X,

H-Gly-Trp-Thr~Leu-Asn-Ser-Ala-Gly-Tyr-Leu~Leu-Gly-Pro-
~Pro-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-X, -

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala~-Gly-Tyr-Leu-Leu~-Gly-Pro-
-Ala-Leu-Ala~-Leu-Ala-Leu-Ala-X,

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
-Pro-Pro-Ala-Leu-Ala-Leu-Ala-X, .

'H-Gly-Trp-Thr-Leu-Asn-ser-Ala-Gly—Tyr?Leu-Leu—GiyéP:p-
-Pro-Gly-Phe-Ser~-Pro-Phe-Arg-X,

H-Gly-Trp—-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
-Arg-His-Tyr-Ile-Asn-Leu-Ile-Thr-Arg-Gln-Arg-Tyr-X,

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Ala-
-Arg—His-Tyr-I1e-Asn-Leu-Ile-Thr-Arg-Gln—Arg-Tyr-x,

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
-Pro-Pro-Tyr-Gly-Gly—-Phe-Leu-X,

and ' _
H-Gly-Trp-Thr-Leu—Asn-sef-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
-Pro-Pro-Leu-Phe-Gly-Gly-Tyr-X, - |

wherein X represents -NH, or -OH (amide or free acid).
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A peptide according to claim 2 wherein X represents -
NH, . |

A peptide according to claim 2 which is

H-Gly-Trp-Thr-Leu-Asn-ser-Ala-Gly—Tyr-Leu-Leu—Gly-
Pro-Gln-Gln-Phe-Phe—Gly-Leu-Met-NHz.

A peptide according to claim 2 which is

H-Gly-Trp-Thr-Leu-Asn-Ser-Ala-Gly-Tyr-Leu-Leu-Gly-Pro-
Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-NH,.

A process for the preparation of a peptide according
to any one of claims 1 to 5, characterlzed by

a) sequentially lncorporatlng in solid phase the
desired amino acid residues one at a time into the
growing peptide chain, or

b) coupling the amino acids stepwise in a solution -
phase using appropriate derivatized amino acids.

A peptide according to any one of claims 1 to 5 for use
as a pharmaceutical.

A pharmaceutical préparation comprising a peptide
according to any one of claims 1 to 5 as an active '
ingredient, togethéf;With pharmaceutically acceptable
additive(s).

The use of a peptide-aécording to any one of claims 1
to 5 in the manufacture of a medicament for curing
disorders in a mammal which depend on the physiological
function of galanin at the galanin reéeptor.
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GALANIN ANTAGONIST
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Abstract e

A galanin antagonist which is a galanin receptor ligand
is described. Further, new peptides Galanin(1-12)-Pro-
Substance P(5-11), Galanin(l-12)-Pro-Bradykinin(2-9),
Galanin(1—12)-Pro-Pro-Pro-(Leus—Enkephalin(S-l)).
Galanin(l-lZ)-Pro-Lys(s-NH—)Pro-(Leus-Enkephalin(S-l))
and functional analogues and functional derivates thereof
which exhibit substantially the same galanin antagonistib
effect as said peptides are disclosed. Use of the galanin
antagonist, a pharmaceutical preparation comprising it
and a method of treating ' a disorder in a mammal which
depends on the physiological function of galanin at the
galanin receptor are also included. '
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