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CONJUGATES COF LI POPHI LI C MO ETI ES AND FRAGVENTS OF VASOACTI VE | NTESTI NAL
PEPTIDE (VIP) FIELD OF THE | NVENTI ON The present invention concerns novel
conjugates of a lipophilic noiety and a peptide of 3-12 am no acids. The
present invention further concerns pharmaceutical conpositions conprising
as an active iYW ¥4t 5 said novel conjugates. The phar 29
conpositions of the invention are preferably used for the treatnent of nale
i npot ence or for the treatnent of neurodébéherative di seases. BACKGROUND QF
THE | NVENTI ON 10 Vasoactive intestinal peptide (VIP), a 28 am no
acid neuropeptide wdely distributed in the manmal i an nervous system has
pot ent neurotroph- ic actions that influence nerve cell function. In the
central nervous system this role of VIP is translated into devel opnent al

effects, displ LVit] and mai nt enance of neuronal
survival and f%ﬁﬂ%ﬁ%&%ﬁ?{)@%ﬁ ﬁﬁ%@m Vo Bag P,
i nner.vat e bl ood vessel s t hroughout the body, as well as the trachea in the
| ung, and the rel eased VIP
FIELD OF THE INVENTION
The present invention concerns novel conjugates of a lipophilic
moiety and a peptide of 3—-12 amino acids. The present invention further

concerns pharmaceutical compositions comprising as an active ingredient

5  said novel conjugates. The pharmaceutical compositions of the invention are
preferably used for the treatment of male impotence or for the treatment of
neurodegenerative diseases.

BACKGROUND OF THE INVENTION _
10 Vasoactive intestinal peptide (VIP), a 28 amino acid neuropeptide

widely distributed in the mammalian nervous system, has potent neurotroph-
ic actions that influence nerve cell function. In the central nervous system,
this role of VIP is translated into developmental effects, display of growth
factor activities and maintenance of neuronal survival and function.
15  Neurons, which arc capable of releasing VIP, innervate blood vessels
throughout the body, as well as the trachea in the lung, and the released VIP
serves as a potent vasodilator, inducing smooth muscle relaxation.
Radioligand binding assays, pharmacological experiments, molecular cloning
and development of superactive novel derivatives have indicated several

20 classes of VIP receptor sites and several potential therapeutical uses.
Two possible therapeutical uses of VIP, modified VIP or
lipophilic VIP derivatives were reported in our prévious Patents IL 87055,
EP 0354992 and US 5,147,855 and published patent applications
EP 0540969 and EP 0620008 which are directed to the treatment of male
25 impotence by transdermal administration and to the treatment of neuro-

degenerative diseases, respectively.
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b T L) 60429 - 20 i MIF SQ%R%%P%‘BH peptide of & yery shqrt halflife jn the serum., ¢ (¢ ¢
in the serum (@&rid],S.E, Ed;toEdf'asoaqtidesdel\pepﬁda estAdnaincqaept Peptiden:
,(Acli\égg)c )e Shi’i\rlll Egﬁto' dgne e<eareh nes,aﬁaven%etess, ﬁbw'?or‘f'(n 1-31%5698’2\5‘3%38{ K, 1-512
the following sequence:
5
1 2 3 4 5 6 7 8 9 10 11 12
His-Ser-Asp—~Ala—Val~Phe-Tyr-Asp~Asn-Tyr-Thr~Arg-
13 14 15 16 17 18 19 20 21 22 23 24
10 Leu-Arg-Lys—-Gin-Met-Ala-Val-Lys-Lys-Tyr-Leu-Asn—
25 25 27 28
Ser-Ile-Leu—Asn-NH,

To enhance its biological availability and increase its stability the
present inventors have resorted to two chemical modifications reported in
said patents and applications. The first was lipophilization, namely, the
addition of a fatty acid moiety, designed to augment VIP's ability to

20  penetrate biological membranes without loss of activity; thus, stearoyl-VIP,
a molecule combining VIP with a stearic acid moiety at its N-terminal was
designed (EP 0354992). The second modification was the replacement of
native amino acids with unnatural amino acids, namely, a substitution of
methionine (amino acid 17 of VIP) by norleucine, aimed at stabilizing the

25 molecule against oxidation as well as at increasing lipophilicity; thus,
stearoyl~Nle~VIP was designed (Gozes et al, Endocrinology, 134:2121-
2125 (1994); Fauchere et al,, Int. J. Peptide Protein Res., 32:269-278
(1988); EP 0540969). Unmodified VIP fragments derived from the 17-24
positions of the VIP sequence are described in EP 0225020 as ulcer

30 inhibitors.

A major obstacle in the use of any substance as a medicament is
its distribution in the body. The modified VIP or lipophilic VIP used for
transdermal treatment of male impotence reported in the abovementioned
EP 0354992 and EP 0540969 have to penetrate through the dermis and reach

35  the erectile tissues in 2 short a time span as possible.
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Hi s- Ser - Asp- Al a- Val - Phe- Tyr - Asp- Asn- Tyr-Thr-Arg- 13 14 15 16 17 18 19
20 21 22 23 24 10

Leu- Arg-Lys-d n- Met - Al a- Val - Lys-Lys-Tyr-Leu- Asn- 25 25 27 28

Ser- 11 e-Leu- ASWORIH8T | 15 To enhance its biol ogical avail abCrimsyoeey
increase its stability the present inventors have resorted to two chem cal
nodi fications reported in said patents aml-applications. The first was

l'i pophilization, namely, the addition-of a fatty acid noiety, designed to.
augnent VIP's ability to 20 penetrate biol ogi cal menmbranes without |oss
of activity; thus, steaViR,l madifieda VIBl ec dipephilicbVIR nged/I1t1® wedthnéursteari c

modi 1.1 cati on i  BRAtrpEs Giies e fiRg 17 R DeoO Fabe 6 ol S AR BEIR ol ami no
aci ds, nanely, abagtérsiniarderitorexert thnit thiccapentic éEiedton tainceells. of VI P) by
nor | euci ne, ained at st RARLod16 'na% bl desirable, both for the purpose of treatment
o 5  of male impotence and for the purpose of administration to the CNS for the
treatment of neurodegenerative diseases, to use molecules that, while having
the physiological activity of the full VIP peptide, are smaller in size and
~ thus are able to improve the bioavailability of the therapeutic compound at
the target tissue. Furthermore, smaller molecules are at times more stable
10  to degradation than larger molecules since, as a rule, they have less sites
available to degradation.

SUMMARY OF THE INVENTION
The present invention is based on the surprising finding that short

15  fragments of VIP or modified VIP conjugated to a lipophilic moiety, which
are 3-12 amino acids long, are physiologically active in the treatment of
impotence and/or neurodegenerative diseases. The advantage of using short
physiologically active peptides conjugated to a lipophilic moiety versus the
usage of the full VIP molecule is better biodistribution and bioavailability

20 in the body, as well as ease of preparation. Furthermore, the invention
concems short cyclic peptides containing said short fragments of VIP or of
modified VIP conjugated to a lipophilic moiety which in addition to the
above advantages feature the advantage of being relatively degradation
resistant.

25 The present invention is concerned with a conjugate of a peptide
coupled to a lipophilic moiety, wherein the peptide has at least 3 and at most
12 amino acid residues, said conjugate being selected from the formulae:
@) R-X-Xi"-X,"-X,-NH-R;

30 (i) R,-X;-Ser-X,-Leu~Asn-NH-R,;
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(CHY)xn Z (CHy),
10 (iv) R,-Xg~NH-CH-CO-X,-Ser-X,-Leu-Asn~-NH-CH-CO-NH-R;

15
(CH 2 z (CHy),

20  wherein
R, is H or a lipophilic moiety; |

R, is H, a lipophilic moiety, a lipophilic moiety substituted by X,~Ser~
25 Xs—Leu-Asn-NHR, or a spacer consisting of 1-3 residues of a non~
charged amino acid coupled to X;-X,’-X,"-X,~NHR,,
with the proviso that at least onc of R, and R, is a lipophilic moiety;
X, is a covalent bond, Ala, Val, Ala-Val, Val-Ala, L-Lys, D~Lys, Ala~
~ Lys, Val-Lys, Ala-Val~Lys; Val-Ala-Lys or Om;
30 X, isL~Lys, D-Lys or Om;
X,” is L-Tyr, D-Tyr, Phe, Trp or the residue of p—amino phenylalanine;
X, is lle or Tyr;

X5 is a residue of a hydrophobic aliphatic amino acid,;

X, is X, Xs—Asn, X;-Ser, X;-lle, Xs-Tyr, X;~Leu, X;~Nle, X;~D-Ala,
Xs~Asn-Ser, Xs-Asn-Ser-lle, Xs—Asn~-Ser-Tyr, X;~Asn-Ser-Jle-Leu,
Xs-Asn-Ser-Tyr-Leu, X ;~Asn-Ser-lle-Leu~Asn or
Xs-Asn-Ser-Tyr-Leu-Asn;

40 X; is a covalent bond, Asn, X;, Xs~Asn, Tyr-X;, Tyr~Xs~Asn, Lys-X,,
Lys-X;~Asn, Lys~Tyr-X;, Lys-Tyr~X;~Asn, Lys-Lys-Tyr-X;,
Lys-Lys-Tyr-X;-Asn, Val-Lys-Lys-Tyr-X;,
Val-Ala-Lys-Lys-Tyr-X~Asn, or Ala-Val-Lys-Lys~-Tyr-Xs-Asn;
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barrier in order to exert their therapeutic effect on brain cellf. It woul d
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the usage of the “full VIP nolecule I's better biodistribution and
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Furthermore, the i ng/majmm CYRRLyShOfL THHO CARRYLAGR-FPRLAL Nyg sai d
short fragnents of
Ala-Val-Lys-Lys-Tyr-X;;
Z is -CONH-, -NHCO-, -S-S-, -S(CH,)CO-NH- or
-NH-CO(CH,),S-;
10 m is1or2when Z is -CONH-, -S-S- or ~S(CH,),CO-NH-, or m is 2,
3 or 4 when Z is -NH-CO- or -NH-CO(CH,),S-;
n is1or2 whenZ is ~-NH-CO-, -S-S- or -NH-CO(CH,),S-, or n is 2,
3 or 4 when Z is -CONH- or -S(CH,),CO-NH-, and
t islor2,

U

15 with the proviso that the conjugate stearoyl-Ala-Val-Lys-Lys-Tyr-
Leu-Asn-Ser-Ile-Leu~Asn—NH, is excluded. .

The hydrophobic aliphatic amino acid represented above by X;
may be a residue of a D- or L-amino acid selected from Ala, lle, Leu, Met,
Va), Nva and NIe¢.

20 A lipophilic moiety of the conjugates of the invention is herein
defined as a saturated or unsaturated hydrocarbyl or carboxylic acyl radical
having at least 3 carbon atoms such as propionyl, caproyl, lauryl, palmitoyl,
stearoyl, oleyl, eicosanoyl, docsanoy! and the respective hydrocarbyl radicals
propyl, hexyl, dodecyl, hexadecyl, octadecyl, eicosanyl, docosanyl and the

25 like. Preferably the hydrocarbyl or acyl radical is saturated, and has 3-22
carbon atoms.

The term "spacer” refers to residue of a non—charged natural or
non-natuial amino acid such as alanine, prolinc and aminocaproic acid.
Examples of the conjugates of the invention are conjugates of a

30 lipophilic moiety and peptides of the sequence Lys-Lys-Tyr~Leu derived
from positions 20-23 of the VIP sequence and/or peptides of the sequence
Asn-Ser-lle-Leu-Asn, derived from positions 24-28 of the VIP sequence,

is Sheet Has Been Replaced
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nodi fied VIP conjugated to a |lipophilic noiety which in addition to the
above advantages feature the advantage of being relatively degradation
resistant. 25 The present invention is concerned with a
conjugate of a peptide coupled to a |ipophilic noiety, wherein the peptide
has at | east wosashr@t nost 12 am no acid residues, said cogmgsigerddei ng
selected fromthe fornulae: (i) Rerr]-Xerr]-Xerr]-Xerr]

-X[err]-NHRerr]; 30 (i) Rlerr]-Xregr]-Ser-Xerr]-Leu-Asn-NH R2; 4
(rii) HRerr]- NH-CH-COLys Lys Tyr-Xerr]-NHCH CO X[err]-NHRerr] and
(CHerr])[err] (CHerr])[err] (iv)

Rl err] - X[ er r] -thidified ﬁptﬁeellte}eo%m wl(idhrznﬂmheddkssidtlﬂsl-h@#tﬁﬁn e, r ] ;
(eHerr])[err]

Z . r wher er r] is H
or a |ipophil iagdmw—orchcmmﬂy—mgggtt x] Lm[)m]atxons o two
sequences such as:
- St-Lys-Lys-Tyr-Leu-NH;;

St-Lys-Lys~Tyr~D-Ala~-NH,;
St-Ala—Val-Lys-Lys~Tyr-Leu~NH,;
10 St-Asn-Ser-Ile-Leu-Asn—-NH,;
St-Lys—Lys-Tyr-Val-NH,;
St-Ser~Ile-Lau-Asn-NH,;
St~Lys—-Lys—-Tyr~Leu-Nle—-NH,;
St-Asn~-Ser-Tyr-Leu-Asn-NH,;
20 St-Asn-Ser-lle~Tyr-Asn~NH,;
St-Lys—Lys~Tyr-Leu-Pro-Pro-Asn-Ser-Ile-Leu-Asn-NH,;
Lau~Lys-Lys-Tyr~Leu-NH,;

tJ
W

Cap-Lys~Lys~Tyr-Leu—-NH,;
St-Lys-Tyr-Leu-NH,;
30 St-Lys-Lys-Tyr-Nle~-NH,;
St-Val-Lys-Lys-Tyr~Leu~-NH,;
St-Leu~Asn~Ser~Ile-Leu-Asn-NH,;
St-Tyr-Leu-Asn-Ser-lle-Leu-Asn—NH,;
St-Lys~Lys-Tyr-Leu—-Asn~NH,;
40 St-Lys~Lys-Tyr-Leu~Asn-Ser-NH,;
St-Lys—-Lys~Tyr~Leu~Asn-Ser-Ile-NH,; and
St-Lys-Lys-Tyr-Leu-Asn-Ser-lle-Leu~NH,.



Rl err] is H a Ilipophilic noiety, a lipophilic noiety substituted
by X/ err]-Ser-X4-Leu-Asn-NHR[ err] or a spacer consisting of 1-3 residues of
a non-charged amino acid coupled to Xerr]-Xerr]-Xerr]-Xerr]-NHR err],
with the proviso that at |east one of Rlerr] and Rerr] is a I|po h|||c

moi ety; X[ err]WO9149% coval ent bond, Ala, Val, Al a-Vval, Val PEFEY

D-Lys, Ala-Lys, Val-Lys, Ala-Val-Lys; Val- Ala Lys or Orn; X[err] |s
L-Lys, D-Lys or On; Xerr]" is L-Tyr, -I¥Fyr, Phe, Trp or the residue of
p-anmi no phenyl al ani ne; Xl err] S IIe or Tyr; X[err] Is a residue of a-
hydr ophobi ¢ aliphatic amno acid; Xe s X e , X er é’l

X[err]-Ser, Xerr]-11elnthg @P}"M&r‘h‘?%‘)ﬂ I'Sf[_é'énd%éﬂﬁﬁmﬂ au;([
X[ err]-Asn-Ser, n- Ser - Tyr,

X err]-Asn- Ser-l I eﬁ{tﬁ%ﬂ Per rf s fé%%ﬁr%ﬁs

X[ err]-Asn-Ser-11|e-Leu- eranothcxraspoqtéhtr pnemuﬁsntxmywnc:mphumacxpmaﬂ] is a

ORI 1 S iy oY st

Lys- Lys- Tyr - X erinyentiontggetharyijthra phagmacentically acegptabie tygarnys Tyr-Xerr],

Val - Al a-Ly-Lys-Tyr - X[ el fhe pfidtmatlutical EonfpdsitionSof-He- il¥éntiSh Sedmprisity a
conjugate of the invention or the conjugate St-Ala-Val-Lys~Lys-Tyr-Leu—
Asn-Ser-~lle~Leu—-Asn—~NH, (hereinafter "Peptide 6") described in EP

0620008 may be used for the treatment of sexual disfunctions such as male

DAIa

10  impotence, preferably by transdermal or urinary tract application. Preferred
conjugates used for this purpose are:
St-Lys—Lys—Tyr~Leu-NH,;

St-Lys~-Lys-Tyr-D-Ala-NH,;

" St-Ala~-Val-Lys-Lys-Tyr-Leu-NH,;
St-Asn-Ser-lle~Leu-Asn-NH,;
20 St-Lys-Lys-Tyr-Val-NH,;
| St-Ser-Ile~Lau-Asn-NH,;
e St-Asn~Ser-Tyr-Leu~Asn—-NH,;
- St-Asn-Ser-lle~Tyr-Asn-NH,;
St-Lys—-Lys-Tyr-Leu~-Nle—-NH,; and
30 St-Lys-Lys-Tyr-Leu—~Pro-Pro-Asn-Ser-Ile~Leu~Asn~NH,.

The pharmaceutical compositions of the invention may also be
used for the treatment of neurodegenerative diseascs, such as Alzheimer,
Down Syndrome, hypoxia, decline in motor or cognitive function due to

35 ischemia, stroke, hereditary diseases of the central and peripheral nervous
system, decline in motor or cognitive function due to injury of the central
or peripheral nervous system, decline in cognitive functions duc to old age

and neurological disorders associated with blood circulation and neuronal



X err] Is a coval ent bond or Asn, Ser, Ile, Tyr, Leu, Asn-Ser,
Asn-Ser-1le. Asn-Ser-Tyr, Asn-Ser-1|e-Leu, Asn-Ser-Tyr-Leu,
Asn-Ser-11le-Leu-Asn or Asn-Ser-Tyr-Leu-Asn; Xl err] is a coval ent bond or
Asn; X err] is a coval ent bond, X err], Tyr, Lys, Tyr-Xerr], Lys-Xerr],
Lys- Tyr- X[ er WO9749050 Lys- Tyr-X[err], Val - Lys- Lys- Tyr - Xp@rmbr/00129

Al a- Lys-Lys-Tyr-Xerr], or Al a-Val-Lys-Lys-Tyr-X[err]; Z S
-CCNH-, -NHCO, -S-S-, -S(CHerr])[errJg&ONH or -NHCO(CH err])[err]S-; m
is 1 or 2 when Zis -CONH, -S-S- or -S(CHerr])[err] CONH, or mis 2, 3
or 4 when Zis -NHCO or -NHCO(CHerr])[err]S-; n is 1or 2 wen Zis

“NHCO, -S S INHE le
Lo br o C?I‘-ll[ﬁg‘r,?] ) [lﬁq.re]ﬁhé[o'ﬁfﬁﬂrﬁéngl Shotld b@ﬁndérétéodzm t,ﬁe %n%xf’@?fhe

provi so prgsent “inventiopp, as allev:atxgg,n Jxmg;ﬁvgmgme ;grogholmcnt of the
Val - Lys- Lys- TyjimbA#alA%RditRhs Watitefitd A5 RobbiRedsks bid fiote Yeflularly to

improvement in cognitive functions damaged by those diseases. Preferred
5 conjugates used for this purpose are:
St-Lys-Lys-Tyr~Leu-NH,;

St-Lys-Lys-Tyr-D-Ala-NH,;
10 St-Ala—-Val-Lys-Lys-Tyr-Leu-NH,;
St—-Asn-Ser~Ilc~Leu-Asn-NH,;
St—Lys—Lys-Tyr-Val-NH,;

B St-Ser-Ile-Lau-Asn—-NH,;
Lau-Lys-Lys-Tyr-Leu-NH,;
20 Cap-Lys~Lys~Tyr~Leu-NH,;
St-Lys=Tyr-Leu-NH,;
s St-Lys-Tyr-Leu~-NH,;
St-Lys—Lys~Tyr~Nle-NH,;
St-Val-Lys-Lys-Tyr-Leu-NH,;
30 St-Leu-Asn-Ser~lle-Leu—-Asn-NH,;
St-Tyr-Leu-Asn-Ser-Iie-Leu-Asn-NH,;
) St-Lys—-Lys-Tyr-Leu-Nle-NH,;
- St—Lys—Lys-Tyr-Leu-Asn-NH,;
St—Lys—Lys—Tyr—Leu-Aén-Ser-NHz;
40 St—Lys-Lys—Tyr—Leu-Asn-Ser-Iie-NHz; and

St-Lys—Lys-Tyr-Leu~Asn-Ser-lle-Leu-NH,.



The hydrophobic aliphatic amno acid represented above by X err] may be a
res due of a D or L-amino acid selected fromAla Ile, Leu, Met, Val Nva
and Nle. The term"lipophilic noiety of the conjugates of the invention
will refer in the follow ng description and clains to: a saturated or
unsat ur at ed hydYQ¥MOP or carboxylic acyl radical having at PFEHEIOM2% ar bon
atons such as propionyl, caproyl, lauryl, palmtoyl, stearoyl, oleyl,

ei cosanoyl, docsanoyl and the respective-h9erocarbyl radicals propyl,

hexyl, dodecyl, hexadecyl, octadecyl,:-ei cosanyl and docosanyl. Preferably
the hydrocarbyl or acyl radical is saturated, and has 3-22 carbon atons.
The term "spacer” ref er s Optiond snaglgs ofadminisatiannfipheunaceuticahtomposittonsnat ur al
a nino acid such gl @hlidn HE Yubcfarts, HFRAGK Ul Alaf] odakdIBY 3 O the
conjugates of the invention are conjugates of a Iipophilic¢ noiety’ and
peptides of the siiaearelroysnirieular. pympl dhrotigh i the durinagyn tprstiari ansdendl3 of
the VIP sequence gpghRirafGpti des of the sequence Asn-Ser-11e-Leu-Asn,

derived frompositions 24-28 of the VIP sequence,
3 Where the pharmaceutical compositions of the invention are used

to treat impotence, urinary tract or transdermal administration are preferable.
For transdermal application the carrier is preferably selected from amongst
those which enhance the tissue penetration of the active ingredient.
Examples of suitable carriers arc olive oil, glycerine, lubricants, nitroglycer—

10 in and Sefsol™, and mixtures thereof. Sefsol is a trademark (Nikko
Chemicals, Tokyo) for, 1-glyceryl monocaprylate, propylene glycol
didecanoate, propvlene glvcol dicaprylate, glyceryl tricaprylate and sorbitan
monocaprylate and they are the preferred carricrs in compositions according
to -the invention. Of these, 1-glyceryl monocaprylate and olive oil are

15  particularly preferrcd. For urinary tract application a gel is preferably used
as a carrier.

The present invention further provides, for the sustained release
of a conjugate of the invention, a transdermal dispenscr comprising an
applicator loaded with said conjugate and adapted for application to the skin.

20 If desircd, the conjugatc in the applicator may be formulated into
a pharmacéutical composition of the kind specified above.

Treating malc impotence by transdermal administration exhibits
several advantages over modes of parenteral, such as subcutaneous, adminis—
tration. For one, it is non—surgical and does not entail tissue destruction.

25  Moreover, it does not cause priapism or the burning pain associated with
other modes of administration. Furthermore, the transdermal application is
2 much more discreet and convenicnt mode of application as compared to
an intracavernosal injection. Transdermal administration enables the use of
a continuous slow rclease device which may cnable spontancous sexual
30 activity without the necd for a lengthy preparation, thus sparing an inflicted

individual much of the usual embarrassment.

SUBSTITUTE SHEET (RULE 26)



WD 97/ 40070 PCT/1L97/ 00129 -6
- nodi fied peptides thereof in which am no acid resi dues have been

repl aced, added, deleted or chem cally nodified or conbinations of these
two sequences such as: St-Lys-Lys-Tyr-Leu-NHerr]; 5

St-Lys-Lys- TWo9p4o87@a- NH[ err]; St- Al a-Val - Lys- Lys- Tyr - Leu- sdammdso12e
St-Asn-Ser-lle-Leu-Asn-NH err]; St-Lys-Lys-Tyr-Val-NHerr];
St-Ser-I1le-Lau-Asn-NH err]; 15 St-Lys- !l_é{s Tyr-Leu-Nle-NH err];
St-Asn-Ser-Tyr-Leu-Asn-NH err]; 20 . ~ 7

St-Asn-Ser-1le-Tyr-Asn-NH err];

S_t -Lys-Lys-Tyr-Leu- Pr\%ﬁ@[ﬁﬁfﬁﬁi’éﬁ&hhLﬁ-cloﬁ'ﬂ)béﬁgfxwmé fvention are to be
used as drugs acting on the central nervous system, it is preferable to
administer them through the nose, which enables the penetration of the
acrosol composition to the CNS through the olfactory nerve (WO 91/07947),

5  via the ocular route (Chiou, G.C.Y., (1991) An. Rev. Pharmacol. Toxical.,
31:457-67) or by any other suitable method of administration as described
in W.M. Pardridge, Peptide Drug Delivery, Raven Press, N.Y. 1991.

The pharmaceutical compositions of the invention may be also
directly targeted to the brain by an intracerebroventricular pump.

10 The present invention further concerns a2 method of treatment of
neurodegenerative diseases or male impotence by administering to a host in
need of such treatment a therapeutically effective amount of the conjugate
of the invention. |

The present invention still further provides use of the conjugate

15  of the invention for the preparation of a pharmaceutical composition.

As will be appreciated by any person versed in the art, the
conjugates as defined above in formulae I above include a large number of
possible conjugates. Those which fall under the scope of the invention and
those defined as "active conjugates” in the pharmaceutical composition of

20  the invention are the conjugates which are active in at least one of the
following assays:

(1) conjugates which are able to induce erection in an animal model of
impotence (normal and castrated animals);
(2) conjugates which have the activity of protecting electrically blocked

25 neurons from death; |
(3) conjugates which are able to protect untreated neurons in culture from

naturally occurring death;
(4) conjugates which are able to protect cultured neurons from death
caused by a 25-35 fragment of f-amyloid peptide;

30 (5) conjugates which arc able to avoid deterioration of learning and

memory acquisition of either old animals or animals treated with a

dementia causing agent as tested in an acceptable learning of memory



Lau- Lys-Lys-Tyr-Leu- NH2; 25 Cap-Lys-Lys-Tyr-Leu-NHerr];

St-Lys-Tyr-Leu-NH err]; 30

St-Lys-Lys-Tyr-Nle-NH err]; St-Val-Lys-Lys-Tyr-Leu-NHerr];
St-Leu-Asn-Ser-1le-Leu-Asn-NH err]; 35 St-Tyr-Leu-Asn-Ser-I1I|e-Leu-Asn- NH2;
St -Lys-Lys- TyrWPad0m&Eh- NH err]; 40 PCT/IL97/00129
St-Lys-Lys-Tyr-Leu-Asn-Ser-NH err]; St-Lys-Lys-Tyr-Leu-Asn-Ser-Ille-NHerr];
and St-Lys-Lys-Tyr-Leu-Asn-Ser-11e- Leu-_Ni—[ err] 45 WO 97/ 40070

PCT/1L97/ 00129

10

30

acquisition assay, as well as conjugates which are able to improve
recollection of a previously acquired task in animals treated with a
dementia causing agent, for example, as described in example.

(6) conjugates which are able to avoid or ameliorate decline of motor and
cognitive functions in an animal model of ischemia and/or models of
stroke;

(7) conjugates which are able to protect neurons from damage caused due
to lack of oxygen;

(8) conjugates which are able to improve motor and cognitive functions in
models for hereditary neurodegenerative diseases of the central and
peripheral nervous system such as models of mice with a knock out of
ApoE (Cell, 71:343 (1992)); transgenic models of amyloid over-
expression (Nature, 373:523 (1995)); models for ALS which are
mutant super oxide dismutase expression (Science, 264, 1772 (1994))
and a model for Down Syndrome which is trisomy of chromosome 16;
and

(9) conjugates which are able to improve motor and cognitive functions in
models of injury of the central and peripheral nervous system such as
lesions of the nucleus basalis in rats (PNAS, 85:9481 (1988)); scopol-
amine—-induced acetylcholine release in ventral hippocampus (PNAS, -
90:11287 (1993)); NMDA induced convulsions (Brain Res. 448:115
(1988)).

In the following, the invention will be further illustrated with

reference to some non-limiting drawings and examples.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows the effect of varying concentrations of St-Lys-Lys-Tyr~
Leu-NH, on the survival of neurons treated with 8~amyloid peptide;

Fig. 2 shows the effect of the cholinergic blocker AF64A (O) and of
AF64A together with St-Lys-Lys~Tyr-Leu-NH, (®) on learning and

memory in an animal model of Alzheimer;



-7 - In the follow ng, the synbol "St" stands for stearoyl, "Lau" stands
for lauroyl and "Cap" stands for caproyl. By another aspect the present

i nventi on concerns pharmaceutical conpositions conprising as an active

i ngredi ent, active conjugates of the 5 i nvention together with a

phar maceut i cOymeeept abl e carrier. The pharnmaceuti cal corpasdidose of the
I nvention conprising a conjugate of the invention or the conjugate

St-Al a-Val -Lys-Lys-Tyr-Leu- Asn-Ser-Ille-Leu-Asn-NH err] (hereinafter
"Peptide 6") described in EP 0620008 Tr&?"be used for the treatnent of
sexual disfunctions such as male 10 inpotence, preferably by transdernal

or urinary tract ljcation. Preferred conju es . u t hi;S .pur pose
are: St-Lys-Lys- Tgﬁ)g -‘Wﬁﬁﬁ"r F%&gg -“E@&@Eﬁi‘gﬁ@% “SEM gh pnd pf
St-Al a-Val -Lys-Lys-Tyr-Leu-NH2; St-Asn-Ser-I]e-LlLeu- -N r]; 20
S Ly Lo T PARRAA ageber path Si-Lys-Lys-Tyr-D-AlR-NE, (4on damning and
memory in an animal model of Alzheimer;

Fig. 4 shows the effect of administration of saline control (0); saline
5  together with St-Lys-Lys-Tyr-D-Ala-NH, (W); the cholinergic blocker

AF64A (4A) and AF64A together with St-Lys-Lys-Tyr-D-Ala—-NH, (#) on

memory retention in an animal model of Alzheimer; _
Fig. 5 shows motor function of animals treated with saline (0); saline

and St—Lys-Lys—Tyr—'D-Ala—-NHz (w); the cholinergic blocker AF64A (&)

10  and animals treated with AF64A together with St-Lys-Lys-Tyr-D-Ala—
NH; (¢);

Fig. 6 shows the effect of administration of saline (©) and the
conjugate St—Lys—Lys—Tyr—D-Ala (D) on leaming and memory in normal
control animals administered with the vehicle;

15 Fig. 7 shows the effect of administration of saline (e); saline and

St-Lys-Lys-Tyr-Leu~NH, (®); the cholinergic blocker AF64A (4A) and

AF64A together with St-Lys-Lys-Tyr-Leu-NH, (4) on memory retention
of a previously leamed task in an animal model of Alzheimer (first swim);

Fig. 8 shows the same experiment as described in connection with

20 Fig. 7 for the second swim;

Fig. 9 shows the same experiment as described in connection with
Fig. 7 measuring the time spent by the animals in the area where the
platform used o be;

Fig. 10 shows the effect of St-Lys-Lys-Tyr-Leu~-NH, (St-KKYL-

25  NH,) and saline on forelimb placing behavior acquisition in normal newborn

mice (St-Lys—Lys-Tyr-Leu~NH, (#); saline (o)), and on ApoE deficient

newborn mice (APO E); (St-Lys—Lys-Tyr-Leu-NH, (A); saline (®)).



St-Ser-I11le-Lau-Asn-NH2; St-Asn-Ser-Tyr-Leu-Asn-NHerr]; 25
St-Asn-Ser-1lle-Tyr-Asn-NH err]; St-Lys-Lys-Tyr-Leu-N e-NH2; and 30 _
St-Lys-Lys-Tyr-Leu-Pro-Pro-Asn-Ser-11le-Leu-Asn-NH err]. The pharnaceuti cal

conpositions of the invention may also be used for the treatnent of

neur odegener aWoesM4@@78eases, such as Al zhei mer, Down Syndr onkCTRYIRNI,,
decline in notor or cognitive function due to 35 I schem a, stroke,
hereditary di seases of the central and-pgyipheral nervous system decline
in motor or cognitive function due to injury of the central

nervous system decline in cognitive functions due to old age and
neur ol ogi cal

97/ 40070

W
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di sorders associated with bl ood circul ati on and neuronal
9n0d129 - 8-

Fig. 11 shows for comparison the effect of St—Nle‘nglJ—lI\ﬁ-L/

saline on forelimb placing behavior acquisition in normal newbam mice

(St~Nle"’-VIP-NH, ( ¥); saline (®), and on ApoE deficient newborn mice

(St-Nle!’-VIP-NH, (4); saline (4));

Fig. 12 shows the effect of St-Lys—Lys~Tyr-Leu-NH, (St-KKYL~-

NH,) and saline on cliff avoidance acquisition in normal newborn mice

(St-Lys-Lys-Tyr-Leu~NH, (V); saline (e)); and ApoE deficient mice

(St~Lys—Lys-Tyr~Lcu-NH, (4); saline (+));

Fig. 13 shows for comparison the cffect of St—Nle!’~VIP-NH, on cliff
avoidance acquisition in normal newborn mice and ApoE deficient mice;

Fig. 14 shows thc Choline Acetyl transferasc activity of control, and
Apo-E dcficicnt mice treated with St-Lys-Lys-Tyr-Leu-NH,;

Fig. 15 shows the HPLC analysis of brain cxtracts of rats i_ntranasally
administered with *|-St—Lys—Lys-Tyr-Leu-NH,;

Fig. 16 shows the effcct of St-Ala—Val-Lys—Lys-Tyr-Leu-Asn-Ser-
He~Leu-Asn~NH, (peptide 6) in DMSO on the number of E2 and cups;

Fig. 17 shows the cffect of St-Ala~Val-Lys-Lys—Tyr-Leu-Asn-Ser~
Ile~Leu-Asn-NH, (peptide 6) and of St-Ala~Val-Lys—Lys-Tyr-Leu-NH,

 (peptide 26) in DMSO on the number of cups and on the number of E2;

Fig. 18 shows the effect of St-Lys-Lys-Tyr-Leu-NH, in 5%
Sefsol™/20% isopropanol on the number of cups and on the number of E2

(C = vehicle control; E = expcrimental peptide);

SUBSTITUTE SHEET (RULE 26)

or peripheral -

WO



survival. The term"treatnment"” shoul d be understood in the context of the
present invention as alleviation, inprovenent or abolishnment of the
abnormal conditions manifested in those di seases and nore particularly to
I mprovenent in cognitive functions damaged by those di seases. Preferred 5
conj ugat es us@9T49P70t hi s purpose are: St-Lys-Lys-Tyr-Leu- NPRYILI7/00129
St-Lys-Lys-Tyr-D-Ala-NH err]; 10
St-Al a-Val -Lys-Lys-Tyr-Leu-NH err]; St=Agn-Ser-Ile-Leu-Asn-NHerr];
St-Lys-Lys-Tyr-Val-NH err]; 15 St-Ser-11e-Lau-Asn-NH2;
Lau- Lys-Lys-Tyr-Leu-NH err]; 20
Cap- Lys- Lys- Tyr - Lelig\H &2 r shovat - thes - éffact Lefi- ISt2SerSte-tlyea—Rgn-NHy- Skl[err]; 25
St Lys- Lys- Tyr ‘ﬁk&ﬁ“ﬁk&h&&éml on the number of cups and on the number of E2 (C =
vehicle control; E = experimental peptide);
Fig. 20 shows the effect of St-Asn-Ser-lle-Leu-Asn-NH, in
5  Sefsol™/isopropanol on the number of cups and on the number of E2 (C =
vehicle control; E = experimental peptide);
Fig. 21 shows the effect of St-Asn-Ser-lle-Tyr-Asn-NH, in
Sefsol™/isopropanol on the number of cups and on the number of E2 (C =
vehicle control; E = cxperimental peptide);
10 Fig. 22 shows the cffect of St-Asn-Ser-Tyr-Leu-Asn-NH, in
Sefsol™/isopropanol on the number of cups and on the number of E2;
Fig. 23 shows the effcct of St-Lys—-Lys-Tyr-D-Ala-NH, (KKYO)
and St-Lys-Lys-Tyr-Val-NH, (KKYV) on the number of cups;
Fig. 24 shows the cffect of St-Lys-Lys-Tyr-D-Ala-NH, (KKYO) |
15 and St-Lys-Lys-Tyr-Val-NH, (KKYV) on the latency to the first cup;
Fig. 25 shows the cffcct of St-Lys-Lys-Tyr-D-Ala-NH, (KKYQ)
and St-Lys-Lys-Tyr-Val-NH, (KKYV) on the number of E2;
Fig. 26 shows the effcct of St—-Lys—Lys-Tyr-Leu-Nle-NH, on the
numbcr of cups;
20 Fig. 27 shows the cffect of St-Lys-Lys-Tyr-Leu-Pro-Pro-Asn-Ser-
Ile-Leu—Asn-NH, on the number of cups;
Fig. 28 shows biodistribution following topical administration of
123[-St-Lys~Lys-Tyr-Leu-NH,;
Fig. 29 shows thc HPLC analysis of intcstinal extract of animals
25 topically administercd with ™1-St-Lys~Lys—Tyr-Lcu—NH, (St-KKYL-
NH,); and
Fig. 30 shows thc cffcct of injection into the corpus cavernosum to
vehicle, 0.1 ug of St-Lys~Lys~Tyr-Lcu~NH,, and 10 ug St-Lys—Lvs-Tvr-

Leu~NH, on penilc blood pressure.

L

30

SUBSTITUTE SHEET (RULE 26)



St-Val -Lys-Lys-Tyr-Leu-NH err]; 30

St-Leu-Asn-Ser-1le-Leu-Asn-NH err]; St-Tyr-Leu-Asn-Ser-Ile-Leu-Asn-NHerr];
St-Lys-Lys-Tyr-Leu-Nle-NH err]; 35 St-Lys-Lys-Tyr-Leu-Asn-NH err];
St-Lys-Lys-Tyr-Leu-Asn-Ser-NH err]; 40

St-Lys-Lys- Tyr WQ¥M4pIA- Ser-1 |l e-NH err]; and PCT/ALS7/00129
St-Lys-Lys-Tyr-Leu-Asn-Ser-11le-Leu-NH err] WO 97/ 40070

PCT/1L97/ 00129 -9- Optional nodes of admiggistration of pharmaceutical
conpositions of the invention are subcutaneous, intravenous, oral, nasal,
ocul ar, by an intracerebroventricular punp, through the urinary tract or

tr an.sder mal adm DETAIVEDP DESCRIPTION OF THE INVENTION
A. SYNTHESIS OF LINEAR PEPTIDES
To obtain a large battery of small peptides an automatic peptide
synthesizer was utilized. - Syntheses of the peptides of the invention were
5 achieved by automatic procedure employing an ABIMED AMS 422
synthesizer (ABIMED, Langenfeld, Germany) using the commercially
available protocols via the Fmoc strategy. All protected amino acid
derivatives were as recommended by the company. Thus, the following -
side-chain protection was utilized: Lys, N-epsilon—t-butyloxycarbonyl
10  (Boc), Tyr, Thr, Ser, O-t-butyl; Arg; 2,2,5,7,8-pentamethylchroman-6-
sulfonyl (PMC); Trp, N*~Bac; Cys, S—trityl, Asn, beta—trityl, PyBOP, i.e.
benzotriazol-1-yl-oxy-tris-pyrrolidino~phosphonium hexaflucrophosphate,
was used as a coupling agent. Peptide chains were assembled on a 4-
([2",4"-dimethoxyphenyl] Fmoc aminoethyl) phenoxy resin (Rink amide
15  Resin, Nova, Switzerland).
Final cleavage of the peptide chain from the resin along with the
side chain deprotection was achieved as follows: cleavage mixture: 90%
TFA, 5% water, 5% triethylsilane. The resin, 100 mg, loaded with peptide
was incubated for 30 min with a 3 ml cleavage mixture inside the reaction
20  column used for solid phase synthesis. After 30 min, the reaction was
separated from the cleaved resin and cleavage continued for an additional 3
hrs. The cleaved peptide was precipitated with ice cold tert—butylmethyl
ether and centrifuged (4°C, 2000 rpm). To ensure optimal precipitation,
petroleum ether (b.p. 40-60°C; 1:1 v/v) was occasionally added. The
25  solution was decanted and the pellet was dissolved in water and frozen for
lipophilization to yield a white powder. Purification of the crude peptides
was performed by semi-preparative HPLC on an RP-8 column (Merck 7
#M; 250 x 10 mm) employing linear gradient established between 33%
acetonitrile in water containing 0.1% TFA, and 0.1% TFA in 75%
30  acetonitrile in water at a flow rate of 10 ml/min. Elution was monitored at
220 nm. Yields were 30-45%. Purity of the products was ascertained by
analytical HPLC on an RP-18 column (Merck; 250 x 4 mm) and amino acid



5 Where the pharmaceutical conpositions of the invention are
used to treat inpotence, urinary tract or transdermal adm nistration are
preferable. For transdermal application the carrier is preferably selected
from anongst those which enhance the tissue penetration of the active

I ngredi ent. Bxepmpoe® of suitable carriers are olive oil, g rine

| ubricants, nitroglycer- 10 i n and Sefsol[err], and m xt h%g@gk’ﬁ"é?geof.
Sefsol is a trademark (N kko Chem cals, Tokyo) for, 1-glyceryl

nmonocapryl ate, propyl ene glycol didecantate, propyl ene glycol dicaprylate,
gl yceryl tricaprylate and sorbitan nonocaprylate and they are the preferred
carriers in co si,tigns ,according tqQ.the inyention. O these, 1-glyceryl
nonocapryl at e i f‘k?@wdﬁls exhaustive “’133‘0’3‘1’%%134"? the expectedyvalpes ofir i nary

tract applicat gsoh cdnSiuentaninefagidabl y used as a carrier. The present
r. the sustai ned release of a conjugate of the .

I nvention further proyjdes, f
i nvention, a transderﬁé@ﬂ'@ﬁgﬁW“@Wi@WQ‘s‘&B ling#n pephides thabweeed wi t h

sai d conj ugat espfiibsadaivyQsis'méthod Bld ©3td Bied on plsF9herdfinctore and '
desired, the cq‘réjc;u atg 1n the apgellcator may be Tornulated Into a
phar naceut ital ! Hg%%’?’lgi‘?ﬂm‘lg?teﬁﬁ ‘ki nd specified above. Treating nale
| npot ence by transdernal adm nistration exhibits
1. CapKKYLZZ* 29. StYLNSILN*
2. 'LauKKYLZ* 30. SIKKYLNle*
3. KKYLZ* 31. StKKYLO*
10 4. KKYLZZ* 32. SIKKYLL*
5. KKYLB* 33. StKBYL*
6. KKYLZzZZ* 34. StBKYL*
7. NauNSILNZ* 35. StBBYL*
8. NSILNZ* 36. StKKFL*
15 9. NSILNZZ* 37. StKKOL*
10. CapNSILNZZ* 38. SIKKYZ*
11. NSILNZZZ* 39. StKKWL*
12. NSILNB* 40. StKKXL*
13. KKYLZNSILN* 4]. StKOmY1*
20 14. KKYLZZNSILN* : 42. StOmKYL*
15. KKYLZZZNSILN* 43. StOmOmYL*
16. - KKYLBNSILN* 44. OIKKYL*
17. StKKYLXXXNSILN* 45. PropylKKYL*
18. StKKLYAAANSILN* 46. StKKYLAAKKYL*
25 19. StKKYLPNSILN* 47. StKKYLPPKKYL*
20. SIKKYLPPNSILN* 48. StKKYLAcaKKYL*
21. StKYLNSILN* 49. StKKYLAm.LaurylKKYL*
22, StKKYLNSILN* 50. StKKYLNle*
23. StKKYLN* 51. StKKYLdA*
30 24, StKKYLNS* 52. StKKYLL*
25. StKKYLNSI* 53. CapKKYL*
26. StKKYLNSIL* 54. LauKKYL*
27. LauKKYLNSILN* 55. CapNSILN*
28. StKYLN* 56. LauNSILN*
35

wherein Cap = Caproic acid, Lau = Lauric acid, St = Stearic acid; Z =
Aminocaproic acid, B = Aminolauric acid, X = d, lAla, O = D-Ala; B =
dK, O = dY, Z = dL, X = p=aminoPhe, * = amide, Ol = Oleic acid



several advantages over nodes of parenteral, such as subcutaneous, adm nis-
tration. For one, it is non-surgical and does not entail tissue
destruction. 25 Mor eover, it does not cause priapismor the burning pain
associ ated with other nodes of administration. Furthernore, the transdernal
application i swWasw#ey nore di screet and conveni ent node of aepiioadizen as
conpared to an intracavcrnosal injection. Transdernmal adm nistration

enabl es the use of a continuous sl ow rel gse devi ce which may enabl e

spont aneous sexual 30 activity w thou’t'eit he need for a |engthy
preparation, thus spari ng an inflicted individual nmuch of the usual

enbarrassnent.
PCT/ 1L97/ 00129 - %ere i é)l‘[‘)k?aYr(r:rlﬁ%%lﬁE}lca‘l l‘.é)nposi tions of the invention

are to be used as dr ugs Cxclid paptides tdainingt inthmolecreusmidedionds, iic 72 @
enct rat on of - tREONEr ol CE N orbi e S GRS of e o

nerve (WD 91/ O79¢k€pared through conventional solid phase synthesis. Thus, peptide chains

5 may be assembled on the solid support while incorporating suitable amino

and carboxyl side~chain protected amino acid derivatives at the positions

selected for cyclization. Following completion of peptide chain assembly,

the protecting groups' can be selectively removed from the corresponding

amino and carboxyl functions, leaving other protecting groups and the

10  peptide~support bond intact. Cyclization can then be accomplished using

known peptide coupling agents. Finally, the cyclic peptide may be cleaved

from the support along with deprotection of side chain moieties using known

procedures, and purification of the desired cyclic peptide can be achieved by

chromatographic techniques.

i Cyclic pepﬁdes containing an intramolecular disulfide bond, i.c.
Z = S-S of the formulae Il and IV as defined above may be prepared
through conventional solid phase synthesis while incorporating suitable
S-—protected cysteine or homocysteine residues at the positions selected for

20  cyclization. Following completion of the chain assembly, two possible
routes for cyclization can be performed: 1. Selective removal of
S-protecting groups with a consequent on-support oxidation of free
corresponding two SH-functions, to form S'-S bonds. This may be
followed by conventional removal of the product from the support and

25  appropriate chromatographic purification. 2. Removal of the peptide from
the support along with complete side-chain deprotection, followed by
oxidation of free SH~functions in highly dilute aqueous solution. Both
routes lead to the same final desired product.

30 I Cyclic peptides containing intramolecular S-alkyl bonds, i.e.
Z = -5(CH,),CO-NH or -NH-CO(CH,),S~ of the formulae IlI and IV as
defined above may be prepared through conventional solid phase synthesis.



5 via the ocular route (Chiou, GC Y., (1991) An. Rev. Pharnacol

Toxical ., 31:457-67) or by any other suitable nethod of adm nistration as
described in WM Pardridge, Peptide Drug Delivery, Raven Press, N Y. 1991.
The pharmaceutical conpositions of the invention nmay be also directly
targeted to twesimoedson by an intracerebroventricul ar punp. »&rmseoeize The
present invention further concerns a nethod of treatnent of

neur odegenerati ve di seases or nale inpotence by adm nistering to a host in
need of such treatnent a ther apeuti-calﬂ%é‘ffective anount of the conjugate
of the invention. The present invention still further provi des use of the
conj ugate 15 f l.nvention, for..the. par.ation, o tlcal
conposi ti on. A’srﬂb\f ap aggn%bcaﬁ é‘éf%éﬁ“b@s‘a%ﬁpaé?'%m'%%%' erf?‘f’We t he
conj ugat es as dsﬁﬁawdsed&oteetedmyitemabk hemocysizineaesidnd maebeincorpofated! rrber of
possi bl e conju ates se which fall under th ope of..the inyention and
t hose defined %(PFP'\')‘% Mﬂﬁ%@iy a} pogiions ¢ &ﬁt‘iyﬁlé? MOBpbRE ¢ i on of
20 the invent bweked ﬁd&%aﬁoﬁmﬁ@aﬁﬁatmmiscﬁl&heely(dephtﬂedtéﬂ &dllowedsky one of

; Eea:] |O|rrlaIOW| g Sssaalacyla 1)1 %ijeglac} e can en @e rtEch%Q' ng ﬂxel s'lgggr? ach?gCt | Oh i

with side-chain deprotection, under acidic conditions. Under neutral or
slightly basic conditions, the corresponding free SH and bromoacylated moi-
eties may then selectively interact at high dilution to afford the desired
cyclic peptide.

10
EXAMPLE B1 ,
Synthesis of Stearoyl—l..ys—Lys—Lys—Tyr-Leu-'Asp-NHz

[General formula (iii) above wherein X = Leu; X, = covalent bond; Z =
-NH-CO—-; m =4, n = 1]

Synthesis of the peptide is performed manually on a
p—methylbenzhydrylamine (MBHA) resin available from Nova, Switzerland.
All solvents, methylene chloride (CH,Cl,), N-methylpyrrolidone (NMP) and
20  dimethyl sulfoxide (DMSO) are analytical products of Merck, Germany.

Trifluoroacetic acid (TFA), diisopropylethylamine (DIEA) and
N,N'-dicyclohexylcarbodiimide (DCC) are purchased from Aldrich, U.S.A.
1-Hydroxybenzotriazole (HOBT) is obtained from Nova, Switzerland. All
protected amino acid derivatives (Boc-AA) are of the L-configuration and
25  arc obtained from Bachem, Switzerland. Na-amino acid functions are
protected throughout the synthesis by the t~butyloxycarbonyl (t~-Boc) group.
Side chain functions are protected as follows: Asp with 9-fluorenyimethyl
(Fm), Lys with 2-chloro-benzyloxycarbonyl, and at position 1 of the
peptide chain with 9—ﬂuorenylmethoxycarbonyl (Fmoc) and Tyr with
30  2,6-dichlorobenzyl.

The synthesis is initiated by coupling Boc—Asp (OFm) (0.82g,
2 mmol) to the methylbenzhydryl amine resin (1g) using DCC (0.42g, 2
mmol) and HOBT (0.272g, 2 mmol) as reagents. Loading (0.39 mmol/g)



i npotence (normal and castrated animals); (2) conjugates which have the
activity of protecting electrically bl ocked 25 neurons from deat h;
(3) conjugates which are able to protect untreated neurons in culture from
natural ly occurring death; (4) conjugates which are able to protect
cul tured neuroﬁ’?*’gm?death caused by a 25-35 fragnent of [ GIILYPIZI d
peptide; 30 (5) conjugates which are able to avoid deterioration of
| earni ng and menory acquisition of eithed9at d animals or aninals treated
with a denentia causing agent as tested in an acceptable | earning of nenory
WD 97/ 40070 ) ) . ) . . PCT/ 1 L97/ 00129 -
11 - acqui siti oris delsapined by agino acid apalysisaUnkeagied desidyal amine grayps #pr ove
recoll ection of ge Bé@\ﬂe?'dfe' cappédiby fe%&iﬁg’iﬁiih laBetRNnkplddd irﬁﬁ?ﬁﬁnyﬂrﬁiﬂea :
denmenti a causi ng,_agent, for exanple, as _described in exanple.

(1 ml and 0.5 ml, correspondingly) in CH,Cl, (10 ml). The peptide chain

assembly is started with the Boc—~Asp(OFm)-MBHA resin, following the
5 protocol outlined in Table 1.



(6) conjugates which are able to avoid or aneliorate decline of notor and 5
cognitive functions in an animal nodel of ischem a and/or nodel s of stroke;
(7) conjugates which are able to protect neurons from damage caused due to
| ack of oxygen; (8) conjugates which are able to inprove notor and
cognitive fuwobnaew in 10 nodel s for hereditary neuret@agraansti ve

di seases of the central and peripheral nervous system such as nodels of
mce with a knock out of ApoE (Cell, 71:343 (1992)); transgenic nodels of
anyl oi d over- expression (Nature, 373: 71995)); nodels for ALS which are
mut ant super oxi de disnutase expression (Science, 264, 1772 (1994)) 15

coni ugates whi ch are abeds Y] fof i aaﬁﬁﬁ%?'d’haf%%ﬁ ﬁci?gni”?n(g)
=Tala BaT=Y AW aToT=Y=Y MM V=T V7Y

model s of injury OfeuludSettllilal

ch as
am ne- | nduced. ace: FuBA tae rotonciBtHESIRES © . oo “°B0: 11287
(1993)); NWVDA i nduffedl c¢rREA in EHRCLEBOT ¥/ Ves. 448: 116
5 2 | TFA in CH,Cl, (50% v/v)
3 | CH,ClL
{ 4 |3% DIEA in CH,QL, (viv)
5 | 3% DIEA in NMP (v/v)
6 | NMP
10 7 | Ninhydrin test
8 | 1.6 mmol Boc AA. + 1.6 ml IN 45
HOBT + 1.6 ml IN DCC all in NMP;
preactivation - 30 min; filter and add
solution to polymer (1g) 20
DMSO (final vol. 20% v/v)
9 | DIEA (6 mmol in NMP) 10
10 | NMP 5
11 | CH,CL, | 3x2
15 12 | Ninhydrin test
13 | 10% Ac,0 + 3% DIEA in CH,Cl, 5
14 | 10% Ac,0 in CH,CI2 10
15 | CH,Ql, 3x2 |
20

Solvents for all washings and reactions are measured to volumes of 10

ml/g resin. All couplings are performed using HOBT active esters of
Boc—amino acid derivatives, prepared by DCC prior to each coupling step.

A molar ratio of 4:1 of Boc—amino acid 1-hydroxybenzotriazole ester

25  (Boc-AA-OBT) and a-amino group of a growing peptide chain, respec—~
tively, is employed for couplings. Coupling reactions are monitored by
boiling a few mg ("3) of polymer in a solution of ninhydrin in pyridine-
water for 2 min. Coupling of Boc—amino acids is repeated twice to ensure

complete reaction. In the second coupling, half of the amount of



(1988)). In the followng, the invention will be further illustrated with
reference to sone non-limting drawi ngs and exanpl es. 25 BRI EF DESCRI PTI ON
OF THE DRAWNGS Fig. 1 shows the effect of varying concentrations of
St-Lys-Lys-Tyr- Leu-NH err] on the survival of neurons treated with
[err]-anyl oi dwueptnere; Fig. 2 shows the effect of the chol i mexmsuoordsocker
AF64A (O and of 30 AF64A together with St-Lys-Lys-Tyr-Leu-NH err]
([err]) on learning and nmenory in an anipplk nodel of Al zheimner; WO

97/ 40070 PCT/ 1 L97/ 00129 -
12 - Fig. 3 shows the effect of the chol i nergi c blocker AF64A ([err]) and’
of AF64A t oget hBocwhAAROBT: ksysed.yAs Bymid)aftencdthpletiod of Ea&atr douplifig sepy ni ng and

menory in an amresduaimmm gr]:)uﬁbs‘l archcapped by treating the resin with acetic anhydride

(10%) and diisopropylcthylamine (3%) in methylcne chloride, followed by
treatment with 10% acctic acid in methylene chloride.

5 Following completion of the peptide chain assembly, the t-Boc
protecting group of Lys—1 is removcd, as usual, by 50% TFA in CH,Cl, and
the newly frec a—-amino group is coupled to stearic acid (0.37g, 2 mmol)
using DCC (0.42g, 2 mmol) and HOBT (0.27g, 2 mmol) as reagents
(Protocol). The reaction proceeds for 120 min and is repeated twice. The

10  OFm and Fmac side-chain protecting group of Asp® and Lys’, respectively,

arc removed using 50% pipcridine in DMF for 1 hr. Following extensive
washings with DMF (3 x 10 ml), dichloromethanc (3 x 10 ml), 10% DIEA
in CH,Cl, (3 x 10 mi), DMF (3 x 10 ml) and CH,Cl, (3 x 10 m]l), the resin
is suspended in 7 m) DMF and mixed with five~fold excess.(2 mmol) of
15 (benzotriazolyloxy)tris(dimcthyl)aminophosphonium hexafluorophosphate
(BOP) reagent in the presence of seven-fold excess (2.8 mmol) of DIEA for
8 hr. Cyclization is rcpeatcd following the exact procedurc. A negative
ninhvdrin test indicates complction of cyclization. The fully assembled
cyclic peptide-resin is washed with CH,Cl, according to protocol, then dried
20 under vacuum overnight, over P,O.. Dcblocking of protecting groups and
cleavage of thc peptide from rcsin is achieved by the anhvdrous HF
technique. Thus, the peptide-resin (1g) is treated in a Teflon™ HF apparatus
(Multiple Peptidc System) with 9 ml HF in the presence of a mixture of 1.5
m! of p-thiocresol and p-cresol (1:1 v/v) for 1 hr at 0°C. The HF is
25 removed by vacuum and the rcsin is cxtracted with peroxide-frec cther
(4 x 25 ml), filtered, dricd and cxtracted with 50% acetic acid in water
(3 x 25 ml). Lyophilization of aqueous filtratc yielded the crude powder of
stearoyl—}.ys—Lys—Lys—-Tyr—Lcu—Alsp-NHQ.

30 The crude product was dissolved in 50% aqueous acctic acid and
passed through a Scphadex G-25 column (75 x 2 cm) employing (1.1 N

acctic acid as an cluent. Elution was monitorcd spectrophotometrically at

SUBSTITUTE SHEET (RULE 26)



Fig. 4 shows the effect of adm nistration of saline control (0); saline 5
together with St-Lys-Lys-Tyr-D-Ala-NH err] ([err]); the cholinergic blocker
AF64A (A) and AF64A together with St-Lys-Lys-Tyr-D-Ala-NH err] ([err]) on
menory retention in an animal nodel of Al zheiner; Fig. 5 shows notor
function of anwear#emreated with saline (0); saline and 2
St-Lys-Lys-Tyr-D-Ala-NH err] ([err]); thezcholinergic bl ocker MM%[err])
10 and animals treated with AF64A together with St-Lys-Lys-Tyr-D Al a-

NH err] ([err]); Fig. 6 shows the eff.ect of administration of saline (0)

and the conj ugat2d4 Sim. Luyeﬂwmi'yﬂomﬂ aluéélﬁr%]ﬁtloﬁryxélﬂéﬂ ﬂbﬁﬁpﬁ&@'fr@?@?ry in -
normal control anl 7

shows the ef f ec'Yp2 %f(ﬂ‘f@ﬂf‘@f Fg‘ﬁq%cﬁﬁ 58?%5&?"? ﬁbthfﬁ'a'l F}eﬁva&saﬁtqmerwas
St-Lys-Lys-Tyr-56u708[ err] ([err]); the cholinergic bl ocker AF64A ([err])

and AF64A together with, St: Lys- - eu- NHL.er r err]) on nenory
retention of a previou ‘V‘qcéé?'htﬁﬁ'lggﬁr Pﬂ"?i'r‘fei‘ﬂ}"r#ﬁhg taphy IPLE) er
(first swims3 Figthed e oubhon JRTScptigdexFRtinAEd $RRTEIsDCThis 0pRCC | On

with 20 Fi 7 for t second { he sane experinent as
described | ng Conﬁléfgrlnil EYFT. on c%d e%tlde i’un}ﬂxgatlons were ach!e\E)ed on

a Merck RP-8 column (7 uM, 250 x 10 mm). The peptide is applied in

10% acetonitrile in water and eluted with a linear gradient established

between 0.1% TFA in water and 0.1% TFA in 75% acetonitrile in water at
10 a flow rate of 10 mi/min. Fractions are collected and cuts made after
inspection by analytical HPLC. Derived fractions are pooled and lyophi-
lized. Yield of the pure peptide is 30-35%.

Purity of the product is ascertained by analytical HPLC (Merck
RP-8, 250 X 4 mm column) and amino acid analysis, following exhaustive
acid hydrolysis (6 N HCI), which gives the expected values of each
constituent amino acid. '

Other related cyclic derivatives of formulae (iii) and (iv) above
wherein Z is -NH-CO- or ~CO-NH- are prepared by exactly the same
process while employing the corresponding amino acid derivatives.

20 Alternatively, the cyclic derivatives may be prepared by the
processes described above and then the stearoyl or other suitable lipophilic
moiety is introduced into the molecule at the N terminal.

Example B2
25  Synthesis of Stearoyl—lCls—Lys—Lys-Tyr—Leu-Cys—NH 2
|

[General formula (iii) above wherein X = Leu, X, is a covalent bond, Z = -
$-S-;n=1,m=1]}

30 Synthesis of the peptide is performed manually on a
p-methylbenzhydrylamine (MBHA) resin (1g) as outlined in the previous
example. Cysteine residues, 1 and 6, are introduced into the peptide chain
employing Boc-Cys(S-4-MeBzl)-OH as a building block. Following



Fig. 7 neasuring the tinme spent by the animals in the area where the
platformused to be; Fig. 10 shows the effect of St-Lys-Lys-Tyr-Leu-NH2
(St - KKYL- 25 NH err]) and saline on forelinb placing behavior acquisition
in normal newborn mice (St-Lys-Lys-Tyr-Leu-NHerr] ([err]); saline (0)),
and on ApoE deWOS"dM{ newborn mice (APO E); (St-Lys-Lys- Tyr -Porardsepresr |
([err]); saline ([err])). WO 97/ 4007023 -

PCT/11L97/00129 - 13 - Fig. 11 shows for conparison the effect of
St-Ne[err]-VIP-NH err] and saline on-forelinb placi r;? behavi or acqui sitiaon

in normal newboroempietion(of the elfain rassembsby Npleadditiqn of MY ternsinbl steaxdybrr] ),
oo o0 890E, SO gt ufIATIES B i WSS bl
(St-KKYL- NH[ er rhe vehite poaydenef emde peptide abtgined éter éoqhi_{isﬂtiqnda dissolved mal
ggp’iogir n mee (e Stin BY%% a¥etic Dd €69 i) 4nd the S61didn isSRL&EA5 Yubbling 2Nd APOE
: 5  through oxygen-free nitrogen for 2 hr. The pH of the solution is adjusted -
with concentrated aqueous NHOOH to -85 and a solution (-1 N) of
K;Fe(CN)s (2.5 equiv.) in water is slowly added dropwise. After complete
addition of the oxidant reagent, the reaction mixture is allowed to stir for
-1 hr at room temperature. The solution is then concentrated by rotary
10 evaporation and the crude cyclic product is fractionated on Sephadex G-25,
as described above. Purification is then achieved by HPLC on a Merck
RP-8 column (see previous example). Yield of the pure product is 35-40%.
Other cyclic peptides containing S-S internal bridges are prepared following
the above procedure while employing Boc-Cys(S-4-MeBzl)-OH and
15 Boc-Homocys(S—4-MeBzl)-OH as building blocks, which are introduced
at sites selected for cyclization.

Example B3
Synthesis of Stearoyl-Cys-Lys-Lys-Tyr-Leu-Lys-NH,

S

|
CH,—CO —!

[General formula (iii) above wherein X; = Leu; X, = covalent bond:
25 Z=-S5-(CHp)-CO-NH-;m=1;n=4;t=1]

Synthesis of the peptide is performed manually on a
p-methylbenzhydrylamine (MBHA) resin (1g) as outlined in the previous
example. A cysteine residue 1 is introduced into the peptide chain
employing Boc-Cys(S—-4-MeBz1l)-OH, while Lys~6 is introduced as

30  Boc-Lys(€-Fmoc)-OH. Following completion of the chain -assembly and
addition of N-terminal stearoyl moiety, the €-Fmoc protecting group of
Lys—-6 is removed by treatment with 20% piperidine in DMF for 30 min.
Extensive washings of the resin are then performed with DMF (3 x 10 ml),
CH,Cl, (3 x 10 ml), 10% DIEA in CH,Cl, (3 x 10 ml), DMF (3 x 10 ml)



(St-Lys-Lys-Tyr-Lcu-NH err] ([err]); saline ([err])); 10 Fig. 13
shows for conparison the effect of St-Ne[err]-VIP-NH err] on cliff

avoi dance acquisition in normal newborn mce and ApoE deficient mce; Fig.
14 shows the Choline Acetyl transferase activity of control, and Apo-E
deficient m wovH4eoed with St-Lys-Lys-Tyr-Leu-NHerr]; Figcrmoneigns the
HPLC anal ysis of brain extracts of ratsy4 ntranasally 15 adm nistered with
[err]l-St-Lys-Lys-Tyr-Leu-NH err]; Fig. 16 shows the effect of

St- Al a-Val - Lys-Lys-Tyr - Leu- Asn- Ser - dle-Leu-Asn-NH err] (peptide 6) in DMEO

on the nunber S f
St- Al a-Vval - Lysmfygigcrz](sﬁgoq“g e}fé gesmliseﬁgﬁ&ﬁfﬁlhfel?r?&%ge%}{dl dm 6) and of
St- Al a- Val - LystiXed etfold-pxcess (2ommol) of dsemearcetie pcid eoferbhe number

of cups and onpt hph@wggeys vP.{shE?WIS'?MFlé ;'?fi@"iﬁ a8 o fe%Eﬁonffegcatt = nunber

St-Lys-Lys- Tyr-Leu NH err], in 5% SO err A)lso ropano
of cups and on Negativs minhydrip ftest jndicates wm@w@ Qfdh? P‘éﬂlathi_l reagtioerTheent al

peptide); 5 resin is then washed with DMF (3 x 10 ml), and CH,Cl, (3 x 10 ml), dried
in vacuo and treated with anhydrous HF using anisole (10%) as the only
scavenger. A crude bromoacetylated product is obtained using the same
manipulations described in previous examples. The white powder
(~0.5mg/ml) is then dissolved in 0.1% acetic acid and the pH is adjusted to

10 -7.0 by 1 N NaOH. After reacting for 4 hr at room temperature, the
solution, devoid of free SH-functions as indicated by Ellman's Reagent
(Aldrich), is concentrated by rotary evaporation. The crude product is then
purified by being passed through a Sephadex G-25 column, followed by
preparative HPLC, as described in Example A. Yield of the pure product

15 is 25-30%. Other cyclic peptides containing internal —S-(CH,),~CO-NH-
or -NH-~CO—(CH,),~S- bridges are prepared following the above procedure
while employing, at the site selected for cyclization and elsewhere, the

corresponding amino acid derivatives.

20 C. THE NEURODEGENERATIVE TREATMENT ASPECT OF THE INVENTION
Example C1

Biological test - effect of conjugates of the invention on the survival of
p-amyloid peptide treated neurons

25 Method
B-Amyloid peptide is known to be involved in Alzheimer's
disease and is a toxic substance to neurons grown in culture (Pike et al, J.
of Neurosci., 13(4), 1676-1687 (1993); Yankner et al, Science,
250:279-282 (1990); Gozes et. al.,, Proc. Natl. Acad. Sci. USA, 93:927-432
30 (1996)). |
Rat cerebral cortical cell cultures were prepared by a slight
modification of the techniques described by Forsythe and Westbrook
(J. Physiol. Lord. 365:515, (1988)), in which cerebral cortex was used



WD 97/ 40070

PCT/1L97/ 00129 -14 - Fig. 19 shows the effect of St-Ser-Ile-Leu-Asn-NH, in
Sefsol [err]/isopropanol on the nunber of cups and on the nunber of E2 (C =
vehicle control; E = experinmental peptide); Fig. 20 shows the effect of
St-Asn-Ser-| | WORHWOR N NH err] in 5 Sefsol [err]/|sopropanoll’(ﬁ'wzﬁunber
of cups and on the nunber of E2 (C = vehbise control; E = experinental
peptide); Fig. 21 shows the effect of St n-Ser-lle-Tyr-Asn-NH err] in
Sef sol [err]/isopropanol on the nunber of cups and on the nunber of E2 (C.=

vehicle control ’m‘ﬁea'd &Wﬁﬁdcl%ﬁgsﬂnd%%b%ﬁts \39? utilized i Qd ofB16ReUs the

effect of St-Asn-Ser-Tyr-Le NH err] err |sopropanof on the

nurber of cups derichial cogicalueslis (1e¥-162x IIBS(}C"?%P SIWBV\@S hwees plated on
St-Lys-Lys-Tyr- Q‘oﬁh@eﬂ\"’&%ﬂﬂl édﬂfﬁa@asﬁ’ﬂ te ?éd\‘f c'u)f?rcgyars ARl @5des (KKYV)

on the nunmber of cups;, Fig

St-Lys- Lys- Tyr - B A aJNHfhWM]ICf{lKKMD) 7719’“1’ a2V - %9066 - (1981))y Theatuliueg er r |
(KKYV) on thsg | ir e
GH on ths ! Fhéfitn N‘h?‘ Mjﬁ'ﬁ 166¢R Mbdified 2RI CcothiR) 5%
an media supplement containing a hormone cocktail,
according to (Romijn et al., Brain Res., 254:(4),583-589 (1981))). After

cight days growth in vitro, the cultures were given a complete change of

horse serum

medium and then were trcated with the f—amyloid peptide (amino acids

10 25-35) for 5 days. |
The S-amyloid peptide fragment was dissolved in water to a final
concentration of 2.5 mM. Experiments were performed with increasing
doses of the conjugates of the invention (1 mg initially mixed with 10 zl
DMSO and then with a further 10 ul of DMSO to achieve complete
solubilization and diluted in-PBS to obtain a stock solution of 107 M) that

P
(9]

were added together with 25 uM S-amyloid peptide (amino acids 25-33) to
dissociated cercbral cortical ccells, nine days after plating of neurons. Ten
14 of conjugate solution was added to 1 mi culture medium. The duration
of treatment was 5 days with no change of media. After 14 davs in culture,
20 cells were fixated for immunocytochemistry and stained with antibodies
against NSE (ncuron specific enolase, a neuronal marker). Neuronal cell
counts were exccuted on 60 fields, with a total area of 25 mm?>. Necurons
were counted without knowledge of type of treatment as before. Each value
is the mean+SEM of 3 dishes.
25 The results are shown in Fig. 1 and Table 2. Fig. 1 shows the
summation of five indepcndent cxperiments, with the control containing 164,
225, 130, 319, 172 ncurons. As can be scen in Fig. 1, St~Lys-Lys-Tvr-
Leu-NH, is a very active conjugate cxhibiting activities at 107
- 10° M with a pcak activity at 1072 — 10"® M. The cell count of cells
30 treated with both this conjugatc and S-amyloid peptide was higher than the
counts of untreated control cclls indicating that this conjugate was able to

protect cells also against naturally occurring death.
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Fig. 27 shows the effect of St-Lys-Lys-Tyr-Leu-Pro-Pro-Asn-Ser-
on t he number of cups;

|| e-Leu-Asn-NH err ]
adm nistered with [err]l-St-Lys-Lys-TFyr2d8.eu-NH err]

fol | owi ng tWRI*¥4®™hdni ni stration of [err]l-St-

the effect of St-Lys-Lys-Tyr-Leu-Ne-NH err]
29 shows the HPLC anal ysis of

and St-Lys-Lys-Tyr-Val-NHerr]
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- 15 - DETAI LED DESCRI PTI ON OF THE | NVENTI ON A. SYNTHESI S OF LI NEAR

PEPTI DES To obtain a |arge battery of snmall peptides an autonatic peptide
synt hesi zer was utilized. Syntheses of the peptides of the invention were 5
achi eved by automatic procedure enpl oying an ABI MED AMS 422 synt hesi zer

(ABI MED, LangerWw@pmo0®er nany) using the conmercial |y avai | abPEeT/E9%0m20! S
via the Fnoc strategy. Al protected am no2asi d derivatives were as
reconmended by the corrpany Thus, the follow ng side-chain protection was
utilized: Lys, N-epsilon-t-butyl oxycar-bonyl 10 (Boc), Tyr, Thr, Ser,

O t-butyl; Arg, 2,2,7, 8- p%ﬂ‘n@@rh?tﬂﬂ?ﬂ thTabie 2, eeveahmanin‘}ctanom thc‘lS*tvas—

N err] - Boc; ' VA Ty t

benzotri azol - 1 yI ﬁ&%( Tirr |L§‘3 %ﬁi cﬁ%&rﬁégj h%ﬂg wﬁgm urr?rhéecfggw dgrpéolﬁ%g%g{ e, was
used as a coupli ngetsrgeswfro th chuseshby ﬂsamaelpsi asscoefaresitocrongrol - In some

([2", 4"-di met hoxy

Resin, Nova, Sw tggér% h?% (ﬁllm E\f}gg}%g)éceg{]%ﬁ&&’aisﬁ ré?ﬁglléﬁﬁ?&gg#

resin along wih FWGJ“S#‘E% %lahlcd@ppmt@ét#l% agpinstansturaili docrurring death:

cl eavage m xture: N§¥#¥ly substitution of Leu of conjugate 1 by Val (3), D-Ala (3), Nle (4),

addition of amino acid residues at the N-terminal (8) or C-terminal

(9,10,11,12,13), deletion of amino acid residues from the N-terminal (7) or
replacement of the lipophilic moiety Stearoyl by Lauroyl (Lau), (5) or

10 Caproyl (Cap,6) resulted in conjugates with activity similar to St-Lys—Lys~
Tyr-Leu-NH,.

Example C2

15 Effects of a conjugate of the invention on learning and memory in
animal models pf Alzheimer (Morris Water Maze)

In vivo Modcl for Cholinergic Inhibition. 18 Male rats (Wistar, 250-

300 g) were injected intracerebroventricularly (i.c.v.) at a rate of 0.21

20 ,ul/min.,. using plastic tubing (PE-20) attached to 253G needle; controls

received an injection of salinc 2 udfside, experimental animals received

injections of the cholinergic blocker (cthylcholine aziridium) AF64A (3
nmol/2ul/sidc).

Drug treatment was initiatcd 7-10 days after AF64A injection.

25  Animals were divided into two equal groups. Test group received daily nasal

administration of St~Lys—Lys-Tyr-Leu-NH, dissolved in 10% Sefsol™ and

40% isopropanol at a conccntration of 10 xg/40 xl (20 zd administered

through each nostril). Control animals reccived intranasal administration of

the vehicle. The rats were partially ancsthetized by diethvlether prior to

30 nasal administration. Following seven days of drug administration,

behavioral assays were conducted for an additional 10 days. Drugs were

applied by nasal administration 1 hour prior 1o testing. All animals were
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TFA, 5% wat er

, 5% triethylsilane. The resin, 100 ng, |oaded with

pepti de

was incubated for 30 mn with a 3 mM cleavage m xture inside the reaction

20 colum used for solid phase synthesis. After 30 min, the reaction was

separated fromthe cleaved resin and cl eavage continued for an additional 3

hrs. The cl e¥P94¥aht i de was precipitated with ice col d t aercribstiogieet hyl

ether and centrifuged (4[err]C, 2000 rag)/_. To ensure optinmal prec
V)

petrol eum ether (b.p. 40-60[err]C, 1:1

was occasional |y adde

| pitation,
d. The 25

sol ution was decanted and the pellet was dissolved in water and frozen for

i pophi | i zat i egr&lgbggy_ehéated Velbd:s RAVdRYs) it B0opbi ﬁ’xﬂhsﬁ%ft%ﬁi&ﬂ%

was perfornmed
250 x 10 nm

in water containing %%}Ofg'rﬁ:?s/t gﬁr%?&élﬂ:%ay%ﬁniéa (ﬁﬁ%bgtﬂdinggﬁgfg@%&aﬁg

water at a flowrate of 1

se preparati ve HPLC'on an RP-8 co
iglicste avoidinfeqtiondi ent est abl i shed bet ween 35% ac

utl1 on was_nonitor n

e peptides
[err] M
etonitrile

le in
m Yi el ds

were 30-45% PMVatex Mage praceduse (Morrisser ghsNature 202:68 bob83y 1982 Meirise¥  HPLC on
an RP-18 09I ugp W&Wﬁé lrm)‘and am no acid

10

30

1. Administration of St-Lys-Lys-Tyr-Leu-NH,

Rats were placed in a circular pool, 1.26 m in diameter, 0.2 m
deep, equipped with a clear plexiglas column, with 2 13.3 cm platform
reaching just below the surface of the water (22-24°C). Drugs were applied

daily by nasal administration 1 hour prior to testing. The latency of .

reaching the platform was recorded for each rat (in scconds) and the changes

over days of training were graphed, which reflect learning and memory.
As can be seen in Fig. 2, control animals injected with AF64A

(O) showed a smaller improvement in the latency of reaching the platforms

compared with animals injected with AF64A and nasally administered with

St-Lys—Lys-Tyr-Leu-NH, (®). These results indicatc that the conjugate
of the invention is able to improve learning and memory in an animal model
of Alzheimer.

II. Administration of St-Lys-Lys-Tyr-D-Ala~-NH,

Fig. 3 depicts the effects of St-Lys-Lys-Tyr-D-Ala-NH,
(indicated KKYO in the figure) on learning and memory in the Alzheimer's
in vivo test (AF64A~cholinotoxicity test) as described above. The results
obtained were similar to those described above with control animals which
were treated only with AF64A (e) showed smaller improvement in the
latency of reaching the platforms compared with animals nasally adminis—

tered also with St-Lys—Lys-Tyr-D-Ala-NH, (4). An additional probe test

was also performed (Gozes et al.,, Proc. Natl. Acad. Sci. USA 93:427-432,
1996), in this test: after the animals know where the platform is in the
water pool, the platform is removed and the time the animals spend in the



WD 97/ 40070
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-16 - analysis follow ng exhaustive acid hydrolysis gave the expected
val ues of each constituent am no acid. Exanples of the conjugates
conprising lin
listed on page

6.
8.

CapKKYLZZ*

30. StKKYLN e*
KKYLZZ*

33. St KBYL*

35. St BBYL*

NSI LNzz*

38. St KKYZ*

11.

10

15

30

%7’8&%5 des that were synthesized by this nethod are
reinbefore and 5 the foll ow ng conj REAEY0a128: 1.

29. StYLNSpELN 2. LauKKYLZ*
3. KKYLZ* 31. St KKYLO* 10
32. St KKYLL* 5. KKYLB*

aggayjogoupied before by the platform is regorded,pthis *time petiodsis L NZ*

r&ﬁe% memory retentlon of a Erevmus!g §§dxe§§é§KFhs dbierved in

Rig|4. ﬁz—z;ys-Lys-Tyr—D—Ala—NHz treated agmalgxmmuer memory
retention than the AF64A treated animals that did not receive the peptide.
Following this test the platform is placed back in the water pool, but this
time it is visible to the swimming rat and the time required to reach it is
measured. In this case the parameter measured is possible motor deficits.
As can be seen in Fig. 5, there are no differences between the groups, thus
overall, the test measured leamning and memory and not motor changes.

Example C3
Effects of a conjugate of the invention on learning and memory of
normal animals

The experiment described in Example C2 was repeated but the
animals were injected with saline instead of with AF64A and thus were
normal animals, not featuring Alzheimer-like cognitive damages. The
animals were divided into two groups, one administered intranasally only
with the vehicle (Sefsol + isopropanol as described above) and one receiving
intranasal administration of St-Lys-Lys-Tyr-D-Ala~NH,. As can be seen
in Fig. 6, an apparent somewhat faster leaming was observed in the peptide
treated group indicating a possible improvement of cognitive function also

in undamaged, normal animals.

Example C4
Effects of a conjugate of the invention on a model for memory retention

A new madel was developed in order to assess the capability of
animals to retain the memory of a previously learned test. Animals (N =
5-10) were first taught to find a submerged platform in a water maze as
-described above. For assessment of memory retention, the animals were
subjected to daily swim (a test a day) in order to leam to find the hidden
platform. After a week, the animals which showed the highest score in the
study test, were chosen for the experiment. AF64A or saline were injected

t hose

4.



12. NSI LNB* 40. St KKXL* 13. KKYLZNSI LN*

41. StKO nYl* 20 14. KKYLZZNS| LN* 42. St O nKYL* 15.
KKYLZZZNSI LN 43. St OrnOnyL* 16. KKYLBNSI LN*

44. O KKYL* 17. St KKYLXXXNSI LN* 45. Propyl KKYL* 18.

St KKLYAAANSI wix97/40070 46. St KKYLAAKKYL* 25 19. PETHITIONS| | N

47. St KKYLPPKKYL* 20. St KKYLPPNSI LN 48. St KKYLAcaKKYL* 21.
St KYLNSI LN 49. St KK3AmM Lauryl KKYL* 22. St KKYLNSI LN*
50. StKKYLN e* 23. St KKYLN* - 51. St KKYLdA* 30 24..

St KKYLNS* 52. St KKYLL 25. St KKYLNS| *

53. CapKKYL* 2dntoghgphirdygentricle of the brain and following 3 week ediecuperation,

LauKKYLNSI LN*  the ani treated B5i .na. ) o
56. LauNS| LN* 35e animals were treated .5mn(;ﬂm%mmsgéhox?‘hKMcl}%pude St~Lys

Lys-Tyr-Leu-NH, as described above. Following a week of peptide
treatment, thc animals were tested again in the water maze and the
5  experiment of retention of the learned task (i.c. finding the platform) was
repeated as follows: the animal was placed on a platform for 1 min. And
then placed in the water for swimming to the platform and the time required
to reach the platform was measured. The results of the first swim are
summarized in Fig. 7. As can bc seen in the figure, it is evident that
10  animals treated with the peptide arc protected from mcmory loss, and are
capable of rctaining the memory of the task studicd previous to the injection

with AF64A since they behave in a similar manner to control.
After 1 min. on the platform, thc animal is placed back in the
water for an additional swim and search of the hidden platform. Fig. 8
15  shows the result for the sccond swim. As can be seen, Fig. 8 also shows an
improvcment in learning and memory in animals treated with the peptide.
This modcl, is the first demonstration of the activity of thc peptide and

facilitating mcmory retention. .

Finally, thc platform is removed and thc timc spent by the
20  animals at thc arca where the platform is featured in Fig. 9. The results
summarized above, clearly demonstrate that St~Lys—Lys-Tyr-Leu-NH, is

involved in lcarning, in working memory, and in memory retention.

Example C§
Effect of conjugates of the invention on a model for mental retardation

A ‘model for mental rctardation: apolipoprotein E-deficicnt mice:
It has rccently been discovered that mice deficient in
30 apolipoprotcin E (ApoE) (Plump er al, Cell, 71:343-363 (1992)) are
retarded in their acquisition of devclopmental milestones. The ApoE
deficient mice were tested for the development of behavioral milestones and

were found to be significantly retarded in their acquisition of forelimb

SUBSTITUTE SHEET (RULE 26)



wherein Cap =
= dY, Z = dL,

Caproic acid, Lau = Lauric acid, St = Stearic acid; Z =
Am nocaproic acid, B = Amnolauric acid, X =d, |Ala, O= D Ala; B =
X = p=am noPhe, * = amde, O = Aeic acid 40 WO 97/ 40070
PCT/1L97/ 00129 -17 - B. SYNTHESI S OF CYCLI C PEPTI DES 1. Cyclic

dK, O

pepti des cont WP¥EOPNt r anol ecul ar ani de bonds, i.e. - CREHILIT0129NHCO-
of the fornulae Il and IV as defined above may be prepared t hr ough
conventional solid phase synthesis. Thus,3lpeptide chains 5 may be

assenbl ed on the sol i d support whi | e -i ncorporating suitable am no and

el eotd Tor cycMPOnE BhED (roglMetey Bonbl-aol o8 OmAaES: IuEoBr Fimebonbl y.
t he protecting gopostpstat:ddiy Bes)s eAeto:tol daf gelieimthecachuisition st &liff ae&RiORdI Ng

am no and car box%lhafunc i ons, eagé ng, ot her. Pr otecting groups and the

10

30

vior also was observ hese mic

8 newborn normal mice were injected (s.c. 1.2 ug 120 ul) with
St—Lys-Lys—Tyr—Lcu-NHz or with saline. 8 ApoE deficient newborn mice
were treated similarly.

The results of forelimb placing behavior acquisition are shown in
Figs. 10 and 11. As can be seen ApoE deficient mice treated with St-Lys—
Lys-Tyr-Leu-NH, or with thc known St-Nlc'’-VIP-NH, (shown for
comparison only) St-Nic'’-VIP improved their placing acquisition
esscntially to the level of control as compared with untreated ApoE deficient
micec.

Figs. 12 and 13 show cliff avoidance acquisition in animals
treated as above. As can be seen, ApoE deficienr micc treated with St-Lvs—
Lys=Tyr-Lcu~NH, or St-Nlc'’-VIP -NH, (shown for comparison only)
showed cven better cliff avoidance acquisition than normal controls or

similar cliff avoidance bchavior to control.

Example C6
Effect of a conjugate of the invention on the cholinergic activity in
apolipoprotein E deficient mice :

Apo-E deficient mice were assayed for their cholinergic activity
as described by Fonnum, F.A., J. Neurochem., 24:413-415, 1975. Briefly,
brains from 21 days normal (comtrol) and ApoE-deficient mice were
assessed by measuring their Chat activity. Choline acetyl transferase (Chat)
activity was determined as described before (see text), by measurements of
the ratc of synthesis of [14Cjacctylcholine from choline and
{14CJacctylCoA. Non-specific background was measured in the absence of
cholinc. Each brain (300-400 mg) was homogenized in a teflon homoge-
nizer, with 10 volumes of 50 mM phosphate buffer (pH = 7.4) containing
300 mM NaCl, 30 mM EDTA and (1.5% triton. The homogenates were
centrifuged at 12000 g for 15 min., and 10 ul of the supcrnatant (in

SUBSTITUTE SHEET (RULE 26)



10 pepti de-support bond intact. Cyclization can then be acconplished
usi ng known peptide coupling agents. Finally, the cyclic peptide may be

cl eaved fromthe support along with deprotection of side chain noieties
usi ng known procedures, and purification of the desired cyclic peptide can
be achi eved hwosgioewat ogr aphi c techni ques. 15 I1. Cyckcrmpapiizeades
contai ning an intranol ecul ar disulfide-Baond, i.e. Z =SS of the formnul ae
1l and 1V as defined above nay be prepared through conventional solid
phase synthesis while incorporating_ suitable S-protected cysteine or
honmocyst ei ne r dEplicates) avere meixesh 3Mithi Bhal ebp selusign fegntajidng: b4/gM 14€CHon.

Fol | ow ng conpl gt | t Lol ecr for
cyclization car?%%tZ?lr%(% (Sgrér:g]éﬁhﬁ?& ggﬁggf*‘? V}ﬁé\d rp‘\é&n{}@g@ﬁg?’ géprig't%iothlngg gr oups
with a consequ@hlorlsﬁv 935 paM: esesined and phosphate baffer; oThe rgactieh wgs cavsied

SH-f uncti ons, f or ~- 8 bards,:, Thi Il b ny ik onal
renoval of t_hetogF o%uc@'? rg,r% ?Eeﬁls'?jpB@Pga;%bc}bgdgﬁﬂlga%}??g%r%aﬁg n?é}}nl

chr omat ogr aphi detgaphenylbaxonpicpaged RSmboptanane and anipedhini ajvortexofor BAses uppor t

2 on vt th ComPhRy 5 I 5halopith Skt Sl \UES ik BRI O 17
then were mixed with scintillation liquid and radioactivity was measured in
a beta—~counter.
Experiments werc conducted on 21-day~old animals chronically
10 injected with peptides or with saline. Injection is performed subcutaneously,
peptides are dissolved (100 zg/30 zd) in DMSO and diluted with saline to
obtain the desired concentrations. Day 1-4: 4 ug peptide/20 ul saline; day
5-10: 8 pg/a0 ul salinc; day 11-14: 16 £g/80 ul saline.
The results of cholinergic activity show a reduction in Apo-E
15  deficicnt mice. The cholinergic activity of mice administered with St-Lys—
Lys—Tyr-Leu are shown in Fig. 14. The figure demonstrates ApoE mice
treated with St-Lys—Lys-Tyr-Lcu~NH, which show an increase in choline
acetyl transferasc activity as compared to the control levels.
Fig. 14 indicaic that St-Lys-Lys-Tyr-Leu-NH, increases
20 cholinergic activity in the apolipoprotein E deficicnt mice (100% activity
indicates 669-758 pmolc/mg protcin/min. in all the determinations of

choline acetyl transfcrasc activity).

Example C7

25 Biodistribution of St-Lys-Lys-Tyr-Leu-NH,
St-Lys~Lys-Tyr~Leu~NH, was radioiodinated bv using the
chloramine T mecthods as described in Gozes er al. Endocrinofogy,
134:2121-2125 (1994) and about 7.8 x 10° cpm/21d 5% Sefsol™, 20%
isopropanol/rat werc applicd intranasally to 250-300 g rats. Animals were
30  sacrificed 30 minutes following drug administration and the frontal cortex
was removed, weighed and counted for radioactivity in a gamma counter.

Radioactive tissuc samples (containing 1400 cpm/gram samplc) were
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routes lead to the sane final desired product. 30 I11. Cyclic

pepti des containing intranol ecular S-alkyl bonds, i.e. Z =

-S(CH err]),CONHor -NHCOCHerr])[err]S- of the formulae 111 and 1V as
defi ned above nay be prepared through conventional solid phase synthesis.
WO 97/ 40070 WO 97/40070 PCTRAIIDY/09L2229 - 18

- Thus, an amno acid residue with a suitable am no-protected side chain,
and a suitable S-protected cysteine or hﬁﬁbtysteine resi due may be
i ncorporated during peptide chain assembly at positions selected for

crol 221 o eyl ke hAgy R Ao RO Lot ROl A b
det-ached from t h25 sippor Supcahznmgs wrdrt therdsulgheted tdeHPhCeanalysis agﬂdar acidic
Free SH and bronSeyt ey brisucfte s &) iafeh “@ier Wi, A sEBPREERET i on
dilution to affogrdiené atldmctiad Eyc Snmphspmrdenomtorcd for radioactivity in a
5 gamma counter.

As can be seen in Fig. 15, infact St-Lys-Lys-Tyr-Leu-NH,
could be observed in the brain thirty minutes after application, indicating
that the conjugates of the invention, when administered intranasally are able
to rcach thc brain.

10
D. THE IMPOTENCE PREVENTION ASPECT OF THE INVENTION
Biological tests for penile reflexes
The biological tests involved measurcments of penile reflexes in
castrated rats following transdcrmal application of thc conjugates of the
15  invention. In a first type of biological cxperiment the effects of composi-
tions with various carricrs on penile rcfiexes were measured and it was
found that Sefsol™ was the most cffective carricr.
(a) Methods
20 Rats with reduced sexual potential due to castration were
employed. Male rats (250-300 g, about three months old) were kept in a
12-hours light, 12-hours dark cycle. Experiments were always conducted
within the dark period, 2-6 hours after the onset of darkness. Male rats
were castrated and given partial testosteronc replacement (4 1g/100 g body
25 weight) in the form of daily injection during 14-21 consecutive days (the
duration of the cxperiment). Expcriments were conducted one week

following surgery.

Direct cvaluation of penile reflexcs (crections

30 A procedure was utilized that employed the technique that
measures scxual reflexes in the penis, which enablcs dircct evaluation of

penile erection following transdermal administration of the drug. Successful

SUBSTITUTE SHEET (RULE 26)



10 EXAMPLE B1 Synthesis of Stearoyl-Lys-Lys-Lys-Tyr-Leu-Asp-NHerr] 15

[ General fornmula (iii) above wherein Xferr] = Leu; X err] = coval ent bond;
Z=-NHCO; m=4, n =1] Synthesis of the peptide is performed manual ly
on a p-net hyl benzhydryl am ne (MBHA) resin available from Nova, Swtzerl and.
Al'l sol vent s, Waet48020ene chloride (CH err]Cl[err]), N methypoymoabisione
(NMP) and 20 di met hyl sul foxi de (DMSO) are anal ytical products of Merck,
Germany. Trifluoroacetic acid (TFA),-34iisopropylethylamne (D EA) and
NN - di cycl ohexyl carbodi i m de (DCC) -are purchased from Al drich, U S A

1- Hydr oxybenzotri azol e (HOBT) is obtained from Nova, Swtzerland. All

prot ect ed am necpreduttion depends,in dargEpart, appn thepreiserexecutiop@fitamporally on and 25

ar-c obtained fr h - SW Qgge - an [ '
protected thr oUghou tﬁi@hg@%ﬂ&é@a& y htawgr?mtt}?}gy?%)%@eggr%ggéﬁwaﬁ%%gc) group
Si de chai n funcoheentatgd onpthetfinal stagess of thel erestion/process t(tedderding @fahe/| net hy|
(Fm, Lys with_Z2-. - 03 I . DQS] gt e peptide
Chan h w ho- 1 PORE eOhApRas by T MRk ARRK an @ﬁ‘ﬁ@ﬁ%’g?aﬁ'{%‘i ® boitpleld
5  erection) and monitored the latency time to the first E2 and first cup
(Okumura, M., et al., Chem. Pharm. Bull. 37, 1375 (1989)).

For testing, each animal was restrained in a supine position with

the anterior portion of its body enclosed in a loosely fitting cylinder (7 cm
diam.). After a belt was secured around the torso, the glans penis was

10 extruded from its sheath and gently held perpendicular to the abdomen by
a thin wooden applicator positioned at the posterior of the penis. The legs
of the male were held by the observer and this position was maintained
throughout the test period. The duration of the session was 45 minutes.
The latencies and numbers of E2 and cups were recorded and plotted.

15 An E2 is defined as a complete erection which can be followed
by cup in which the penile tip is tumed into a cup-like structure, whereby
the glands flare out such that the penis is wider in its distal portion than its
base. This final stage requires E2 and is probably a pre-requisite for
ejaculation. Using all the parameters one can obtain a reliable measure of

20  the sexual activity of the tested rat.

Duration of E2 was determined by monitoring animals for a
period of 45 minutes and calculating total time of erection whether by
measuring the length of a single erection episode or by adding together
several non—continuous erection episodes. The minimal duration of a single

25  erection episode was calculated as half a minute.

Example D1

Effect of the conjugatés of the invention in a rat model of impotence
30
Conjugates were dissolved in dimethylsulfoxide (DMSO) at a

concentration of 10*M and 10 ul were utilized per application. Rats used
were castrated-treated by partial testosterone replacement (Gozes er al., J.



30 2, 6-di chl orobenzyl. The synthesis is initiated by coupling Boc-Asp
(OFmM (0.82g, 2 mmmol) to the nethyl benzhydryl am ne resin (1g) using DCC
(0.42g, 2 mml) and HOBT (0.272g, 2 mmol) as reagents. Loading (0.39
nmol / g) WO 97/ 40070

PCT/ 1 L97/ 00129 WA Y9075 det er ni ned by amino acid anal ysis. URre3aveess
resi dual am no groups on the polyner are capped by reacting with acetic
anhydride and triethylamne (1 mM and 0.5-,~ correspondi ngly) in CH2Cl 2
(10 mM). The peptide chain assenbly i's started with the Boc-Asp(OFn) - MBHA -

Lg—sl-} PLQ];?BB?&MQ”Q tgﬁn.SInvcsp,r %8&?—'819%& béﬂ?d llnnsh;)r%bln%lclr'a!s (90!\?0(? 7((4?9 %Z(B
: were castrated and immediately injected daily with 4 ug/100 g BW
testosterone, s.c. for 21 consecutive days, the duration of the experiment.
Experiments were injtiated one weck after surgery. Penile reflexes were
5  measured as described above.
Fig. 16 shows that peptide 6 (St~Ala—Val-Lys—Lys-Tyr~Leu—
Asn-Ser-lle-Leu-Asn—NH,) was able to significantly improve both number
of cups and the number of E2 as compared to control. Fig. 17 depicts
pepiidc 6 in comparison to peptide 26. Experiments were repeated for the
10 other conjugatcs of thc invention substantially as described above, but
peptidcs were dissolved in 5% Scfsol™ and 20% isopropanol to a final
concentration of 7 ug/10 4d pcr animal. The conjugates tested were:
St-Lys~Lys~Tyr-Leu—-NH,; St-Scr-Ile~Leu-Asn-NH,; St-Asn-Ser-Ile-
Tyr-Leu-Asn-NH,; St-Lys~Lys—Tyr-D-Ala-NH,; St-Lys~Lys-Tyr-Val~

13 NH, St-Lys-Lys—Tyr-Leu~Nlec-NH,; St-Lys~Lys-Tyr-~Leu~Pro-Pro-
Asn~-Scr-Ilc-Leu-Asn—NH.,.

The results arc shown in Figs. 18-27 and indicate that all tested
conjugates were ablc to improve all tested impotence parametcrs which were
determined (No. of cups, No. of E2 and reduction of latency to the first cup)

20 as compared to control.

Example D2

Biodistribution following topical administration of St-Lys-Lys-Tyr-~
25 Leu-NH,

St-Lys=Lys-Tyr—Lcu-NH, was radioiodinated as before and
about 2.2 x 10° cpm/2 2l 5% Scfsol™, 20% isopropanol/rat were applied
topically on the scx organ of 250-300 g rats. Animals were sacrificed at

30  indicated times and tissues werc weighed and counted for radioactivity in a

gamma countcr.
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-20 - Table 1: Protocol for manual solid phase synthesis. Step

Reagent / Sol vent s Time (mn.) 1 TFA in CHerr]C[err]
(30% v/ v) 35 2 TFA in CHerr]Cl[err] (50%
v/ v) 20 3 CHerr]C[err]

5x 24 3y EAsa7 CH err]Cl[err] (v/v) PCTMOT00R29 3%
DIEA in NWP (Vv/v) 2 6 NVP

5x 2 10 7 Ninhydrin test 8 351.6 mol Boc A A + 1.6 m 1N

45 HOBT + 1.6 ml IN DCC all in NWP; _preactivation - 30 min; filter and add
solution to polyner (1g) 20 DVMBO (final vol. 20%v/v) 9

DIEA (6 mml in NWP) The results are shown in Fig. 280 THese f¥{its indicate that
5-11 CH[err]CIL,errL ) .. 3 x 2
conjugates which were administered transdermally were able to penetrate the

inner tissue of the animal.

5 Example D3
HPLC analysis of intestinal extract
Experiment was performed as indicated in Example D2. Animals
were sacrificed 30 minutes following drug administration and the intestine
was removed weighed and counted for radioactivity in a gamma counter.

10  Radioactive tissue samples were thereafter homogenized and subjected to
centrifugation (5,400 g for 25 min.). Supematants were then subjected to
HPLC analysis against radioiodinated St-Lys-Lys-Tyr-Leu-NH, as a
marker (eluting using an acetonitrile gradient at fraction 25). Samples were
monitored for radioactivity in a gamma counter.

15 The results are shown in Fig. 29. As can be seen from the results
in Figs. 26 and 27 of the applied 2.2 x 10° cpm/g more than 80,000 cpm/g
were located in the intestine 30 mins. following application. By comparison,
using the same amounts of radiolabeled St—Nle!’~VIP only 3700 cpm/g were
obtained in the intestine (Gozes et al, Endocrinology, 134:2121-2125

20  (1994)) showing that the short conjugate of the invention has a much better
penetration than the full 28 amino acid conjugate.

Example D4
Effect of the conjugates of the invention in a rabbit model of impotence
25 ~ New Zealand white rabbits (from Yokneam, Israel) were
anesthetized with Rompun and Ketavet. Additionally, pentobarbital 10
mg/kg, i.v. was administered into an ear vein. Anesthesia was maintained
by bolus injections of pentobarbital (5~10 mg/kg). The animals were placed
in a supine position on an operating table, in a temperature-regulated
30 environment. The area around the penis was shaved and a 20 gauge needle
was inserted into the left or right corpus cavernosum and the catheter

connected to a pressure transducer for a2 continuous recording of the



15 12 Ni nhydrin test 13 10% Ac[err]O + 3% DI EA in
CHerr]C[err] 5 14 10% Ac[err]Oin CHerr]Cl[err]

10 15 CHerr]C[err] 3x2 20 Sol vents
for all washings and reactions are neasured to volumes of 10 m /g resin.
Al l couplings amo9Eser mned usi ng HOBT active esters of Boc- RAVBIA9123
derivatives, prepared by DCC prior to each coupling step. A nolar ratio of
4:1 of Boc-am no acid 1-hydroxybenzotri azo3ge -ester 25 (Boc- AA- OBT) and
[err]-am no group of a grow ng peptide chain, respec- tively, is enployed
for couplings. Coupling reactions are nonitored by boiling a few ny
([err]3) of pol ynentricavarnesdl (i.€.pprassurni nhediransdieer pyplificnasedwase Model 2

m n. - Coupl i ng of - e Ie ' 1ot e

reaction. In thel%ggcg@é @ou%l'?&nﬁé&ﬁ%@%@%t@&he a%@gﬁfs@?ﬁp(%qg%r%om

PCT/ 1 L97/ 00129 rated); Softwarc: D1 200 PGH/PGL (DATA Q Instrument Inc.). When
injection was required, a second catheter was placed into the other side of

L

the corpus cavernosum for the administration of the drugs, both catheters
were filled with blood. The catheter for blood pressure recording was
flushed with 0.5 ml 2% heparin. Increases in the i.c. blood pressure are
expressed on the graphs as mm Hg.

Fig. 30 shows preliminary results of change of pressure obtained
10 with injections of St-Lys-Lys-Tyr-Leu—-NH, in the corpus cavernosum.
Here 10 ug showed incrcased activity, with penile blood pressure increasing
to 75 mmHg (from 15~20 mmHg) indicating that this conjugatc can effect

penile erection also by direct injection.

15 - E. PHARMACEUTICAL COMPOSITIONS FOR TRANSDERMAL APPLICATIONS

An cxample of ointment composition for transdcrmal application

of lipophilic conjugated peptides in accordance with the present invention

with Sefsol 318™ as a carricr comprises: 1 mg peptide per 714 4l 10%

20 Sefsol 318™ (glyceryl monocaprylate) and 714 ul 40% isopropano] (final

concentrations: 3% Scfsol, 20% isopropanol and about (.7 mg/ml peptide).
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- 21 - Boc-AA-OBT is used. As a rule, after conpletion of each coupling
step, residual am no groups are capped by treating the resin wth acetic

anhydride (109 and dii sopropyle nmet hyl ene chl ori de,
followed by treatnment with 10% a msa i'ﬁ&g/()B!r;eE@h | ene chloride. 5
Fol | owi ng COWWM of the peptide , the t -Heqadroeiecti ng

group of Lys-1 is renoved, as usual, by 50% TFA in CHerr]C[err

newly free [err]-am no group is coupl e%to stearic acid 2 rrm)l
usi ng DCC (0.42g, 2 mmol) and HOBT. (0 55 2 mol ) “&s re ‘“\Mcol)
The reaction proceeds for 120 mn and is repeated t m and
Froc si de- chai @LadMS:ct i ng group of Asp[err] and Lys\ nvély, are
renoved using 50% piperidine in DMF for 1 hr. Foll owi r’Ig exten5| ve washi ngs
with DV (3 x 10) m ), dichloronmethane (3 x 10 m ), 10% DI EA in

CH err]Cl[err]i(3 x mcﬂn)ugaw\&a(ﬁepndaeoﬁmad w4l lipdihalid inoldtg wheréida X 10 nl),
the resin is suspend xed Wt vaefoId excess (2 nmmol)
of 15  (benzoffPER ﬁ)?y( i %ﬂ%&/ﬂ EsKiyes: said conjugate

hexaf | uor oghos&h@g elédiéd fromehe €omuilae: t he pr esence of seven-fold excess (2.8 -

mol ) of D EA | izat] is repeated foll ow ng the exact
procedure. A n atRlvgr"xl ﬁ 'g(a'Nﬁn

(i) R;~X,-Ser-X,~Leu-Asn-NH-R;;

10 (iii) R,—~NH-CH-CO-Lys-Lys-Tyr-X;~NH-CH-CO-X,~NH-R,; and

(CHy) Z ' (CH,),
ap (V) Ri-Xg-NH-CH-CO-X,-Ser-X,~Leu-Asn-NH-CH-CO-NH-R;;

(CH 2)W Z (CH2)n

wherein
30
R, is H or a lipophilic moiety,
R, is H, a lipophilic moiety, a lipophilic moiety substituted by X,-Ser-
X,~Leu~Asn~NHR, or a spacer consisting of 1-3 residues of a non-
35 charged amino acid coupled to X,-X,’-X,"=X,~NHR,,
with the proviso that at least one of R, and R, is a lipophilic moiety;
X, is a covalent bond, Ala, Val, Ala-Val, Val-Ala, L-Lys, D-Lys, Ala—
Lys, Val-Lys, Ala~Val-Lys; Val-Ala-Lys or Om;
X, is L-Lys, D-Lys or Om;
40 X,” is L-Tyr, D-Tyr, Phe, Trp or the residue of p~amino phenylalanine;
X, is Ile or Tyr;

X is a residue of a hydrophobic aliphatic amino acid;

45 X, is X;, X;-Asn, Xs-Ser, Xs-lle, Xs-Tyr, Xs-Leu, X;—Nle, X;-D-Ala,
Xs—Asn-Ser, Xs-Asn-Ser-lle, X;~Asn-Ser~Tyr, X;~Asn-Ser~lle-Leu,
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ni nhydrin test indicates conpletion cyclizati on. The full y assenbl ed
cyclic peptide-resin is washed with m ma‘l “ ord| ng to protocol,
then dried 20 under vacuum overnig “m \ rr] Debl ocki ng of
protecting gr d cl eavage of the pcptide Tromresin is achieved by the
anhydr ous HF ?é@?{ﬁ"g@ Thus, the peptide-resin (1 g) is tPERTISHI
Teflon[err] HF apparatus (I\/UItipIe Peptide System) with 9 m HF in the
presence of a mixture of 1.5 nl of p-thggcrcsol and p-cresol (1:1 v/v) for
1 hr at O[err]C. The HF is 25 renbved by vacuum and the resin is

extracted with peroxide-free ether (4 x 25 m), filtered, dried and
extracted with 50%sadetn~S eIy L ewnf erX§-3A>sn2-5em1-ﬂle-L},zophlAlsxzatot)n of

enroni Lye. tye. RreMeSel e TEloRaor T S The crude product
was di ssol ved iXy m%camlemumndpAsi chdE;el-Aan,d’_l’yxa-é(s,eﬁfyt—leeAgh, Eysseghadex G 25
moni Tor 6d_speot r oNHELRTERP ST PYArRs e TSRty Brtidboryr X, o v
S Lys-Lys-Tyr-X;~ Asn, Val-Lys-Lys-Tyr-X,,
Val-Ala~Lys~Lys-Tyr-Xs~Asn, or Ala~=Val-Lys-Lys~Tyr-X,~Asn;
X; is a covalent bond or Asn, Ser, Ile, Tyr, Leu, Asn—Ser, Asn~Ser-lle,
Asn-Ser-Tyr, Asn-Ser-lle-Leu, Asn-Ser-Tyr-Leu, Asn~Ser-lle~Leu-
"Asn or Asn~-Ser-Tyr-Leu—-Asn;
10 X, is a covalent bond or Asn;
Xs is a covalent bond, X, Tyr, Lys, Tyr-X;, Lys-X;, Lys-Tyr-X,,
Lys-Lys-Tyr-X;, Val-Lys-Lys-Tyr-X;, Ala-Lys~Lys-Tyr-X;, or
Ala-Val-Lys-Lys-Tyr-Xg;
Z is -CONH-, -NHCO-, -§-$-, -S5(CH,)CO-NH~- or
15 -NH-CO(CH,)S-;
m is 1 or 2 when Z is ~CONH-, -S~S~ or -S(CH,),CO~NH-, or m is 2,
3 or 4 when Z is ~-NH-CO- or -NH~-CO(CH,),S~;
n is1or2 when Zis -NH-CO-~, ~S~S8~ or ~-NH-CO(CH,),S—-, orn is 2,
3 or 4 when Z is ~CONH- or -S(CH,),CO-NH-, and
20 t islor2,
with the proviso that the conjugate stearoyl-Ala-Val-Lys~Lys-Tyr—
Leu-Asn-Ser~lle~-Leu—Asn~NH, is excluded.
2. A conjugate according to Claim 1, wherein X; is a residue of an D-
or L-amino acid selected from Ala, Ile, Leu, Met, Val, Nva and Nle.
25 3. A conjugate according to Claim 1 or 2, wherein the lipophilic moiety
R, is a saturated or unsaturated hydrocarbyl or carboxylic acyl radical having
at Jeast 5 carbon atoms.
4. A conjugate according to Claim 3, wherein R, is selected from:
stearoy! (St), caproyl (Cap) and lauroyl (Lau).
30 5. A conjugate according to Claim 4, selected from the group consisting
of:
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- 274 nm Lyophilization of ﬂié’a(m yi el ded the peptide free
of aromatic additives added a lm‘ilmunre HF- cl eavage step. Yield
was 50-70% Purification by hlsumlmm W} quid chronmat ography (HPLC) 5
is then carri WoBMW®ON t he Sephadeéx- fr allti dnat ed products. pdivibemeize be
performed, however, on the crude peptide. Purifications were achieved on a
Merck RP-8 colum (7 [err]M 250 x 10 mm, _The peptide is applied in 10%
acetonitrile in water and eluted with a [t near gradient established between
0.1% TFA in water and 0.1% TFA in 75% acetonitrile in water at 10 a flow
rate of 10 m/mn. Fractions arg-¢95legieyr-ard-Ne,s made after inspection
by- anal ytical HPLC. Derived fractions ‘are”pool ed and |yophi- lized. Yield
of the pure peptide is 30- 35%5{21;’1]yysafryp]y_;wan ! is ascertained by

anal ytical HPLC (Merck RP-8, 250 X 4 'mm Ccolumm) and am no acid anal ysis,

followi ng exqlaustive 15  agidalyaapliyslByd-ryrl Ed-NHWhi ch gives the
. A . d ¢4

expect ed val ues of each constituent ar no acid.
St-Asn—Ser-Ile~Leu-Asn—-NH,;

St-Lys—~Lys-Tyr~Leu~Nle-NH,;

10
St-Lys—Lys-Tyr-Val-NH,; and
St-Ser-Ile-Leu~Asn-NH,.
15 |
6. A conjugate according to Claim 4, selected from the group consisting
of:
St-Asn~Ser-Tyr-Leu-Asn-NH,;
20
St~Asn—-Ser-Ile-Tyr-Asn-NH,; and
St—Lys—Lys—_Tyf—-Leu-Pro—Pro—Asn—Ser—Ile—Leu—Asn-Nl-Iz.
25
7. A conjugate according to Claim 4, selected from the group consist-
ing of:
Lau-Lys~Lys-Tyr-Leu~NH,;
30 Cap~Lys-Lys-Tyr-Leu-NH,;
St-Lys-Tyr~Leu-NH,;
St-Lys-Tyr-Leu—NH,;
35
St-Lys-Lys-Tyr-Nle~NH,;
St-Val-Lys-Lys-Tyr-Leu~NH,;
40 St-Leu-Asn-Ser-Ile-Leu-Asn-NH,;

St-Tyr-Leu—Asn-Ser-lle~-Leu-Asn~-NH,;
St-Lys-Lys-Tyr-Leu~Asn~NH,;



Qe her related cyclic derivatives of formulae (iii) and (iv) above wherein Z
S l—NH-CO or -CO-NH are prepared by exactly the sanme process while

enpl oyi ng the correspondi ng anire . es. 20

Alternatively, the cyclic deri /JHE&§BE%§ASJ%Nepar ed by the processes
descri bed aboWoHH@Mhen the syear oyREPRACER her slui t abl e | i peqidLbi/a01290i et y
I's introduced into the noleculearthe Ntermnal. Exanple B2 25

Synt hesis of Stearoyl-Cys-Lys-Lys-Tyr-Ley-Cys-NH2 [ Gener aI*‘f"OTWFa’UTT)—’/

e e il ey LT e o g TR

p- met hyl benzhydryl am ne ( MVBISh)Lysediys-TyrglewcAsneSei-Nth; i n the*prevﬂoug"
exanpl e. Cysteine residues, 1 and 6, are introduced into the peptide chain
enpl oyi ng Boc- Cys(S-4- NethLyQﬁ.)@sTﬁ-hhu-l-Nsm@eb-llhc INH,Fahd owi ng VO
97/ 40070 PCT/1L97/ 00129

5 St-Lys-Lys-Tyr-Leu—Asn—-Ser-Ile-Leu—NH,. :

8. A pharmaceutical composition comprising as active ingredient a
conjugate according to Claim 1, together with a pharmaceutically acceptable
carrier.

10 9. A pharmaceutical composition for the treatment of sexual disfunctions
comprising as active ingredient a conjugate selected from the group
consisting of a conjugate according to Claim 5 or 6 and the conjugate
St-Ala-Vai-Lys-Lys-Tyr-Leu-Asn-Ser~Ile~Leu-Asn-NH,, together with
a pharmaceutically acceptable carrier.

13 10. A pharmaceutical composition according to Claim 9, for the treatment
of male impotence. |
11. A pharmaceutical composition according to Claim 9 or 10, adapted for
transdermal application.

12. A pharmaceutical composition according to Claim 11, wherein the

20 pharmaceutically acceptable carrier is 1-glyceryl monocaprylate.

13. A pharmaceutical composition according to Claim 8, for the treatment
of neurodegenerative diseases comprising as active ingredient a conjugate
selected from the group consisting of a conjugate according to Claim 5 or 7.
14. A pharmaceutical composition according to Claim 13, wherein the

25 neurodegenerative discase is selected from the group consisting of:
Alzheimer's disease, Down Syndrome, decline in motor or cognitive function
due to ischemia, stroke, hereditary disease of the central and peripheral
nervous system, decline in motor or cognitive function due to injury of the
central or peripheral nervous system or neuronal disorder associated with

30 blood circulation and neuronal survival.

15. A pharmaceutical composition according to Claim 13 or 14, suitable

for nasal administration.
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-23 - conpletion of the chain assenbly and addition of N-term nal stearoyl
noi ety, the peptide-resin is treated with anhydrous HF as descri bed above.
The white powder of crude pepti deT t H tB%E flyophilization is

di ssolved in 0.1% acetic acid ([prr O%ﬁ) Nc the solution is

de- aer at ed by veoiimbloeog 5  t hr ough_oxytren® e njtlrogen foreCriwmeeitye pH of
the solution is adjusted wth concentrated aqueous NHerrJ]OHto -8.5 and a
solution (-1 N) of Klerr]Fe(CN)[err] (2.p,equiv.) in water is slowy added
dropwi se. After conplete addition of..the oxidant reagent, the reaction )
mxture is allowed to stir for -1 hr at roomtenperature. The solution is
then concentratgg b ' b tac&drdmgcto tCleine 15idia thy €brine opr oduct

i s-fractionat edqg'n ée%ﬁgﬁ{é%ugé&%éomgﬁgegcri bed@above. Pﬁl’ri fication is then
achi eved by HPL@ nasalspkas ck RP-8 col umm (see previous exanple). Yield of
the pure product is 35-40% O her cyclic peptides containing S-S internal
bridges are prepared follow ng the above procedure while enpl oyi ng

Boc- Cys(S-4- MeBzl ) -OH and 15 Boc- Honocys(S-4- MeBzl ) - OH as bui | di ng

bl ocks, which are introduced at sites selected for cyckH=zation—Exanple B3

* ¢ L L] S *

-

——
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Synt hesi s of Stearoyl-Cys-Lys-Lys-Tyr-Leu-Lys-NH2 20 S CHerr]-CO -

[ General fornmula (iii) above wherein Xferr] = Leu; X err] = coval ent bond:
25 Z =-S-(CHerr])[err]-CONH; m=1; n=4; t =1] Synthesis of the
peptide is performed manually on a p-mnet hyl benzhydryl am ne (MBHA) resin
(1g) as outlinggbémesie previous exanple. A cysteine residue RCTELI7/00129

i ntroduced into the peptide chain enploying Boc-Cys(S-4-MeBzl)-0OH while
Lys-6 is introduced as 30 Boc- Lys( E- Fnoc) - OH. Fol | owi ng conpl eti on of the
chain assenbly and addition of N-term nal stearoyl noiety, the [err]-Fnoc-
protecting group of Lys-6 is renoved b¥ %6eat ment with 20% pi peridine in
DMF for 30 mn. Extensive washi ngs of '{1 resin are then perforned with DW
(3 x 10 M), CHerr]d[err] (3 x 10 M), 10% D EA in CHerr]dJ[err] (3 x 10
m), DWW (3 x 10 m) WD 97/ 40070

PCT/1L97/ 00129
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-24 - and CHerr]Cl[err] (3 x 10 m). The resin is suspended in 10 m of
DMF and m xed with five-fold excess (2 nmol) of bronpacetic acid anhydride
for 6 hr. The resin is washed with DM (3 x 10 m) and the reaction
repeated. Negative ninhydrin test indicates conpletion of the acylation
reaction. The wosgnaetren is then washed with DM (3 x 10 m), apdrmLe7/00129
CHerr]C[err] (3 x 10 m), dried in vacuo and treated wth anhydrous HF
using anisole (109 as the only scaveﬁg A crude bronpacetyl ated product
i s obtained using the same mani pul ati-ons descri bed in previous exanples. .
The white powder (-0.5ng/m ) is then dissolved in 0.1% acetic acid and the
pH is adjusted to 10 -7.0 by 1 N NaOH. After reacting for 4 hr at room
tenperature, the solution, devoid of free SH functions as indicated by

El Il man's Reagent (Al drich), is concentPat e8FBYArotary evaporation. The
crude product is then purified by being passed through a Sephadex G 25
colum, followed by preparative HPLC, #s déFéibBdtiliystinmsPimLliu-NH el d of
the pure product 15 is 25-30% Oher cyclic peptides containing internal
-S—(CH[err])[err]-COLL\E{SIFIG‘]\II—I-CO(CH[err]),-S— bri dges are prepared

foll ow ng the above procedure while enploying, at the site selected for
cyclization and3f(sephere, the - -
9 t I
n /
250 -
@
200 - \
150 - /
100 - - |
] [ | I -l- \ 1
1 2 3 4 3 S} 7 8

Fig. 2
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correspondi ng ami no acid derivatives. 20 C. THE NEURODEGENERATI VE
TREATMENT ASPECT OF THE | NVENTI ON Exanpl e Cl Biol ogical test - effect of
conjugates of the invention on the survival of [err]-anyloid peptide
treated neurons 25 Met hod [err]-Anyloid peptide is known to be invol ved
in Al zheiner' swwaewe and is a toxic substance to neurons groRET/ILA7/HAIRY ur e
(Pike et al, J. of Neurosci., 13(4), 1676-1687 (1993); Yankner et al,

Sci ence, 250:279-282 (1990); Gozes et. al, Proc. Natl. Acad. Sci USA,
93:927-432 30 (1996)). Rat cerebral -cortical cell cultures were prepared-
by a slight nodification of the techni ques described by Forsythe and

West brook (J. Physiol. Lord. 365:515, (1988)), in which cerebral cortex was
used WD 97/ 40070

PCT/1L97/ 00129
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- 25 - instead of hippocanpus and newborn rats were utilized instead of E16
m ce. Cerebral cortical cells (1.5-15 x 10[err] cells/35 nmdish) were

pl ated on confluent cerebral cortical astrocyte feeder cultures as

descri bed (Gozes et al, J. Pharmacol. Exp. Therap., 257:959-966 (1991)).
The culture 5 WOO%im0 was DVEM (Dul beco Modified Eagl e Medi urgcra®sigisy N9
5% horse serum and N3 [ nedi a suppl enent containing a hornone cocktail,
according to (Romjn et al., Brain Res., 254:(4),583-589 (1981))]. After

ei ght days growth in vitro, the cultur Zpgere gi ven a conpl ete change of
medi um and then were treated with the F‘ P ]-amyl oi d peptide (am no acids 10
25-35) for 5 days. The [err]-anyloid peptide fragnent was dissolved in
water to a final concentration of 2.5 mM Experinments were perforned with
i ncreasi ng doses of the conjugates of the invention (1 ng initially m xed

with 10 [err]l DVB®QOand then with a further 10 [err]l of DMVBO to achieve
conplete 15 solubilization and diluted in PBS to obtain a stock sol ution
of 10[err] M that werg added together with 25 [err]M[err]-anyloid peptide
(am no acids 25-33p of di ssociated cerebral cortical cells, nine days after
pl ating of neurons. Teh
90 -
80 -
g 70 4
L
)
£ 60 4
-
50 -
40 - L
30 -
20 :
{ T —
o 1 2 3
©® Control

B Control + KKYC

No Platform

A AF-B4A
4+ AF-84A + KKYO

Fig. 4

SUBSTITUTE SHEET (RULE 26)



[err]]l of conjugate solution was added to 1 ml culture nedium The duration
of treatnent was 5 days with no change of nedia. After 14 days in culture,
20 cells were fixated for inmunocytochem stry and stained with anti bodies
agai nst NSE (neuron specific enol ase, a neuronal marker). Neuronal cell
counts were exawovwaboem 60 fields, with a total area of 25 mi @OTILYINBIZ%ONS
were counted w thout know edge of type of treatnent as before. Each val ue
is the nean+SEM of 3 dishes. 25 The results are shown in Fig. 1
and Table 2. Fig. 1 shows the sunmation of five independent experinents,
with the control containing 164, 225, },3 , 319, 172 neurons. As can be seen
in Fig. 1, St-Lys-Lys-Tyr- Leu-NH err]sl a very active conjugate
exhtbiting activities at 10[err] - 10[err] Mwth a peak activity at
10[err] - 10[err] M The cell count of cells 30 treated with both this
conj ugat e and [grmr]-arryl oi d peptide was higher than the counts of untreated
control cells i c-Eti ng that this conjugate was able to protect cells also
agai nst naturally ogcurring death.

25 -
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WD 97140070 _
PCT/1L97/ 00129 -26- [err] WD 97/ 40070

PCT/1L97/ 00129 -27 - As can be seen in Table 2, several nodifications of
the St-Lys- Lys-Tyr-Leu-NH err] conjugate (1) showed simlar activity in
protection of rwowmam?é r om death caused by [err]-anyl oid as comoareshdotze
control. In sone cases (where neuronal survival exceed 100% as conpared to
control) the 5 conjugates were able to protect also against naturally
occurring death. Notably substitution of Leu of conjugate 1 by Val (3), .
D-Ala (3), Nle (4), addition of am no acid residues at the N-term nal (8)
or Gtermnal (9,10,11,12,13), deleti 6ﬁ30f am no acid residues fromthe
N-termnal (7) or replacenent of the |ipophilic noiety Stearoyl by Lauroyl
(Lau), (5) or 10 Caproyl (Cap,6) resulted in conjugates with activity
simlar to St-LasaLﬁs-

300 -
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Tyr-Leu-NH err]. Example C2 15 Effects of a conjugate of the invention on
| earning and nenory in animal nodels of Al zheinmer (Murris Water Maze) In
vivo Model for Cholinergic Inhibition. 18 Male rats (Wstar, 250- 300 g)
were injected intracerebroventricularly (i.c.v.) at a rate of 0.21 20
[err]l/mn., usWB§”#MOa&tic tubing (PE-20) attached to 25G needl®sTEoioisd S
received an injection of saline 2 [err]l|/side, experinental aninals
received injections of the cholinergic blocker (ethylcholine aziridium
AF64A (3 nnol/2ul/side). Drug treatnent,_was initiated 7-10 days after AF64A
injection. 25 Ani mal s were divided i’/d88 two equal groups. Test group
received daily nasal adm nistration of St-Lys-Lys-Tyr-Leu-NHerr] dissolved
in 10% Sefsol [err] and 40% isopropanol at a concentration of 10 [err]g/40
[err]]l (20 [err]l adm nistered through each nostril). Control aninmals
recei ved intranasal adm nistration of the vehicle. The rats were partially
anest heti zed by diethylether prior to 30 nasal adm nistration. Follow ng
seven days of dé@g adm ni stration, behavioral assays were conducted for an
S”

additional 10 d Drugs were
40
*P<0.03
o 30 H
(o))
£
2}
c
:
S 204
10 —
0 ! T | i 1
0 1 2 3 4 5
days of training
—&— control

Fig. 7 —i— control+St-KKYL-NH2
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applied by nasal adm nistration 1 hour prior to testing. All ani mal s were

WO 97/ 40070

PCT/ 1 L97/ 00129 -28

- chronically treated (every tw days) with 50,000 units of durabiotic
antibiotics to avoid infection. Learning test procedure was carried out
according to tiwobNpsooTes WAt er Maze procedure (Morris et al, Narora97/00129
Nature, 319:774-776, 1986). 1.

Adm ni stration of St-Lys-Lys-Tyr-Leu-NH err] Rats were placed in a circul ar
pool, 1.26 min dianmeter, 0.2 m deep,- equipped with a clear plexiglas .
&a{ggi ng just below the surface of the

297: 681-683, 1982; Modrris et 5 al .,

colum, with a 13.3 cmplatform10 r
wat er (22-24[err]C). Drugs were appli
hour prior to testing. The | atency of

aily by nasal

admnistration 1

reaching the platformwas recorded
for each rat (in seconds) and the changes over days of training were
graphed, which reflect |earning and nenory.
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As can be seen in Fig. 2, control animals injected with AF64A 15 (O
showed a snaller inprovenent in the |latency of reaching the platforns
conpared with animals injected with AF64A and nasally adm nistered with
St-Lys-Lys-Tyr-Leu-NHerr] ([err]). These results indicate that the

conj ugate of tixémeemtion is able to inprove. |learning and nenPET/ILIHOHRS
ani mal nodel of Al zheinmer. 20 11. Adm nistration of
St-Lys-Lys-Tyr-D-Ala-NH err] Fig. 3 depicts the effects of
St-Lys-Lys-Tyr-D-Ala-NH err] (indicated KKYOin the figure) on |earning and
menory in the Al zheiner's in vivo test (AF64A-cholinotoxicity test) as
descri bed above. The results 25 obt8/3@d were simlar to those described
abeve with control animals which were treated only with AF64A ([err])
showed small er inprovenent in the |atency of reaching the platforns
conpared with animals nasally adm nis- tered also with
St-Lys-Lys-Tyr-D-Ala-NH err] ([err]). An additional probe test was al so
performed (Gozes et al., Proc. Natl. Acad. Sci. USA 93:427-432, 30 1996),
inthis test: aftﬁﬁtrmeaﬂinals know where the platformis in the water

pool, the platfor s|removed and the time the animals spend in the
T
N
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WD 97/ 40070 PCT/1L97/ 00129 -
29 - area occupied before by the platformis recorded, this tinme periods
represents nenory retention of a previously studied test. As observed in
Fig. 4, St-Lys-Lys-Tyr-D-Ala-NH err] treated aninmals exhibit better nenory
retention than wb®740086'A treated aninals that did not receive trorIpemoLIC.
5 Follow ng this test the platformis placed back in the water pool, but
this time it is visible to the swnmng rat and the tine required to reach
it is measured. In this case the paraneter neasured is possible notor
deficits. As can be seen in Fig. 5, there are no differences between the
groups, thus overall, the test measureﬂ)/ﬁarni ng and nenory and not notor
changes. 10 Exanple C3 Effects of a conjfugate of the invention on |earning
and nmenory of normal aninmals
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15 The experinment described in Exanple C2 was repeated but the
animals were injected with saline instead of wth AF64A and thus were
normal ani mals, not featuring Al zheinmer-1like cognitive danages. The ani mal s
were divided into two groups, one administered intranasally only with the
vehi cl e ( Sef solwgoi e opanol as descri bed above) and one recepetigd786129
intranasal adm nistration of St-Lys-Lys-Tyr-D-Ala-NH err]. As can be seen
in Fig. 6, an apparent somewhat faster |earning was observed in the peptide
treated group indicating a possible i-nprovenent of cognitive function al so
i n undamaged, normal animals. 25 Exanple C4 Effects of a conjugate of the
i nvention on a nodel for nenory reteqm/gn A new nodel was devel oped in
order to assess the capability of animals to retain the nenory of a
previously learned test. Animals (N = 30 5-10) were first taught to find
a subnerged platformin a water naze as descri bed above. For assessnent of
menory retention The ant nal s Were subjecrted to darty swnrta—test—a—ay)
in order to I8arn tlo find the hidden platform After a week, the aninpls
whi ch showed £he higghest score in the study test, were chosen for the
experi ment. Ag64A of saline were injected
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WD 97/ 40070 PCT/ 1 L97/ 00129
-30 - into the third ventricle of the brain and foll owi ng a week of

recuperation, the animals were treated by intranasal adm nistration of the
peptide St-Lys- Lys-Tyr-Leu-NH err] as described above. Follow ng a week of
pepti de treat nowmo 97400 ani mal s were tested again in the water weTAL®Wd12Dhe
5 experinent of retention of the learned task (i.e. finding the platform
was repeated as follows: the animal was placed on a platformfor 1 mn. And
then placed in the water for swnmng to the platformand the tinme required
to reach the platformwas neasured. The results of the first swmare
"summarized in Fig. 7. As can be seen i1p dqnp figure, it is evident that 10

anihals treated with the pepti de are pr ected fron1nenory | oss, and are
Capable of retai 4| ay ) e TeENOoTY of—the—task—studtetd—p+ev-ous—to—t-he-

HI CVITOUOT

injection with AF64A since they behave in a simlar manner to control.
After 1 min. on thejplatform the animal is placed back in the

A 4p0E + SHKXYLNE,
Y CON + St-KXTL-NH,

Fig. 12
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water for an additional sw mand search of the hidden platform Fig. 8 15
shows the result for the second swm As can be seen, Fig. 8 also shows an
i nprovenent in |learning and nmenory in aninmals treated with the peptide.
This nodel, is the first denonstration of the activity of the peptide and
facilitating mygynged7et ention. Finally, the platformis renovepcEnd7niiee
time spent by the 20 aninmals at the area where the platformis featured
in Fig. 9. The results summari zed above, clearly denonstrate that
St-Lys-Lys-Tyr-Leu-NH err] is involved in |earning, in working nenory, and
in menory retention. Exanple C5 25 Effect of conjugates of the invention on
a nodel for nental retardation A nndﬁg ggr mental retardation

apol i poprotein E-deficient mce: It é ecently been discovered that mce
deficient in 30 43y olipoprotein E (ApoE) (Plump et al., Cell, 71:343-363
(1992)) are retarded in their acquisition of devel opnmental mTéestones:; The
ApoE deficient mcejwere tested for the devel opnent of behavi oral
m | estones and=were |found to be significantly retarded in their acquisjtion
of forelinmb Q
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31 - placing behavior (postnatal day 11-13) as conpared to control aninals
(postnatal day 2-5). A two day delay in the acquisition of cliff aversion
behavi or al so was observed in these mce. 8 newborn normal mce were
injected (s.c. wo@qeemwr | g 120 [err]l) with 5 St - Lys- Lys- Tyr - benaidrioens |
or with saline. 8 ApoE deficient newborn mce were treated simlarly. The
results of forelinb placing behavior acquisition are shown in Figs. 10 and
11. As can be seen ApoE deficient mee treated with St-Lys- .
Lys-Tyr-Leu-NH err] or with the known St-Ne[err]-VIP-NH err] (shown for 10
conparison only) St-Ne[err]-VIP .inproved their placing acquisition
essentially to the | evel of control aqﬂ?gppared with untreated ApoE
deficient mce. Figs. 12 and 13 show Cl1 avoi dance acquisition in aninals
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treated as above. As can be seen, ApoE deficient mce treated wth St-Lys-
15 Lys-Tvr-Lcu-NH err] or St-Ne[err]-VIP -NH err] (shown for conparison
only) showed even better cliff avoi dance acquisition than normal controls
or simlar cliff avoidance behavior to control. Example C6 20 Effect of a
conj ugate of t 7%“ on on the cholinergic activity in apol pormmsovacn E
deficient mce eficient mce were assayed for their cholinergic
activity as described by Fonnum F. A, J. Neurochem,6 24:413-415, 1975.
Briefly, 25 brains from 21 days nor mal (control) and ApoE- deficient m ce
wer e assessed by neasuring their Chatlgf%d vity. Choline acetyl transferase
(Chat) activity was determ ned as described before (see text), by
measurenents of the rate of synthesis of [14Clacetylcholine from
choline and [14C] acetyl CoA. Non-specific background was neasured in the
absence of 30 choline. Each brain (300-400 ng) was honobgenized in a

tefl on honoge- nizer, with 10 volunmes of 50 nmM phosphate buffer (pH = 7.4)
contai ning 300 mM NaCl, 30 nM EDTA and 0.5% triton. The honbgenates were
centrifuged at 12000 ;efor 15 min., and 10 [err]l of the supernatant (in

25

20 St-KKYL-NH,
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32 - triplicates) were mxed with 10 [err]l of a solution containing: 14
[err] M 14C- acetyl-CoA (56 nCi/mmol NEN), 20 nM Acetylcholine, 1.6 nM
choline chloride, 0.25 nM eserine, and phosphate buffer. The reaction was
carried out at wAY§mawoieC for 15 min. stopped by adding 50 [err] pcphrohozp/ M
5 t et raphenyl boron prepared in 3-heptanone and m xed in a vortex for 30
sec. Twenty [err]l of the organic phase were collected after 2 mn.

m crofugi ng, then were mxed with sci-ntillation liquid and radioactivity .
was neasured in a beta-counter. Experinents were conducted on 21 -day-old
animals chronically 10 injected with peptides or with saline. Injection is
performed subcutaneously, peptides argggggsol ved (100 [err]g/30 [err]l) in
DMSO and diluted with saline to obtain the desired concentrations. Day 1-4:
4 [err]g peptide/20 [err]l saline; day 5-10: 8 [err]g/40[err]l| saline; day
11-14: 16 [err]g/80 [err]l saline.

25 1 Control
EE Pep.6

15 -

Mo. cf Events

10 -

Na. of Cups

Fig. 16
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The results of cholincrgic activity show a reduction in Apo-E 15

deficient mce. The cholinergic activity of mce adm nistered with St-Lvs-
Lys-Tyr-Leu are shown in Fig. 14. The figure denonstrates ApoE mice treated
with St-Lys-Lys-Tyr-Lcu-NH err] which show an increase in choline acetyl
transferase actwoisrmors conpared to the control |evels. Fig. 14Péfﬂﬂ¢ﬁﬁﬁ?h
that St-Lys-Lys-Tyr-Leu-NH err] increases 20 cholinergic activity I'n e
apol i poprotein E deficient mce (100% activity indicates 669-758 pnol e/ ny
protein/mn. in all the determ nations of choline acetyl transferase
activity). Exanple C7 25 Bi odi stribution of St-Lys-Lys-Tyr-Leu-NH err]
St-Lys-Lys-Tyr-Leu-NH err] was radi oi PH/3(rt ed by using the chloramne T
nmet hods as described in Gozes et al., Endocrinology, 134:2121-2125 (1994)
and about 7.8 x 10[err] cpm 2[err]l 5% Sefsol[err], 20% i sopropanol /rat
were applied intranasally to 250-300 g rats. Aninmals were 30 sacrificed
30 mnutes follow ng drug adm nistration and the frontal cortex was
renoved, wei ghed and counted for radioactivity in a gamma counter.

Radi oactive tissue sanples (containing 1400 cpnigram sanple) were
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WD 97/ 40070 PCT/ 1 L97/ 00129
-33 - thereafter honpbgeni zed and subjected to centrifugation (5,400 g for
25 mn.). Supernatants were then subjected to HPLC anal ysi s agai nst
St-Lys-Lys-Tyr-Leu-NH2 as a marker (eluting using an acetonitrile gradient
at fraction 25W0 Bagwes were nonitored for radioactivity in apSr/aLgessIm
counter. As can be seen in Fig. 15, intact St-Lys-Lys-Tyr-Leu-NHerr] could
be observed in the brain thirty mnutes after application, indicating that

t he conjugates of the invention, when adm nistered intranasally are able to
reach the brain. 10 D. THE | MPOTENCE PRB/ENTI ON ASPECT OF THE | NVENTI ON

Bi ol ogical tests for penile reflexes 18430 ol ogi cal tests invol ved
measurenents of penile reflexes in
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castrated rats follow ng transdermal application of the conjugates of the
15 i nvention. In a first type of biological experinent the effects of
conposi- tions with various carriers on penile reflexes were neasured and
it was found that Sefsol[err] was the nost effective carrier. (a) Methods
Ani mal nodel fayobraeieence 20 . Rats with reduced seydfineoe129
potential due to castration were enployed. Male rats (250-300 g, about
three nonths old) were kept in a 12-hours light, 12-hours dark cycle.
Experiments were al ways conducted wi t-hin the dark period, 2-6 hours after .
t he onset of darkness. Male rats were castrated and given parti al
testosterone replacenent (4 [err]g/ 100 g body 25 wei ght) in the form of
daily injection during 14-21 consecutive days (the duration of the
experinment). Experinments were condu gone week follow ng surgery. Direct
eval uation of penile reflexes (erections) 30 A procedure was
utilized that enployed the technique that neasures sexual reflexes in the
peni s, which enables direct evaluation of penile erecti-on follow ng
transdcrmal adm nistration of the drug. Successful
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34 - reproduction depends, in large part, upon the precise execution of
tenporal |y organi zed, functionally related behavioral units. In these
experinments, we concentrated on the final stages of the erection process
(reddeni ng of twespmores acconpanied by its distension and extegermdriogasi N9
to conplete 5 erection) and nonitored the latency tine to the first E2
and first cup (Okunmura, M, et al, Chem Pharm Bull. 37, 1375 (1989)). For
testing, each aninmal was restrained i-n a supine position with the anterior
portion of its body enclosed in a loosely fitting cylinder (7 cmdiam).
After a belt was secured around the torso, the glans penis was 10

extruded fromits sheath and gently h @erpendicular to the abdonmen by a
t hi n wooden applicator positioned at e posterior of the penis. The | egs
of the male were held by the observer and this position was naintai ned

t hroughout the test period. The duration of the session was 45 m nutes.
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The | atenci es and nunbers of E2 and cups were recorded and plotted. 15

An E2 is defined as a conplete erection which can be followed by cup in
which the penile tip is turned into a cup-like structure, whereby the
glands flare out such that the penis is wider in its distal portion than
Its base. Thi swosmaoomt age requires E2 and is probably a pre-rpatidhibsis O
ej acul ation. Using all the paraneters one can obtain a reliable neasure of
20 the sexual activity of the tested rat. Duration of E2 was determ ned by
nonitoring animals for a period of 45 mnutes and calculating total tinme of
erection whet her by measuring thel<12&}|of a single erection episode or by
addi ng t oget her several non-continuo &ct i on epi sodes. The m ni nal
duration of a single 25 erection epi sode was cal culated as half a mnute.
Exanple D1 Effect of the conjugates of the invention in a rat nodel of

I npot ence 30 Conjugates were dissolved in dinethylsul foxide (DVSO) at a
concentration of 10[err]Mand 10 [err]l were utilized per application. Rats
used were castrated-treated by partial testosterone replacenent (CGozes et

al ., J.
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- 3 - din. Inves., 90:810-814 (1992)). In short, male rats (90-100 days
ol d) were castrated and inmmediately injected daily with 4 [err]g/ 100 g BW
testosterone, s.c. for 21 consecutive days, the duration of the experinent.
Experi ments wewngp diMobteat ed one week after surgery. Penile refl egesionmors S
neasured as descri bed above. Fig. 16 shows that peptide 6

(St-Al a-Val -Lys-Lys-Tyr-Leu- Asn-Ser-1le-Leu-Asn-NH err]) was able to
significantly inprove both nunber of -cups and the nunber of E2 as conpared
to control. Fig. 17 depicts peptide 6 in conparison to peptide 26.
Experinents were repeated for the 10 ot her conjugates of the invention
substantially as descri bed above, buazpéﬂtides were dissolved in 5%
Sefsol[err] and 20% i sopropanol to a final concentration of 7 [err]g/10
[err]] per animal. The conjugates tested were: St-Lys-Lys-Tyr-Leu-NHerr];
St-Scr- Ile-Leu-Asn-NH err]; St-Asn-Ser-I1e- '
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Tyr-Leu-Asn-NH err]; St-Lys-Lys-Tyr-D-Ala-NH err]; St-Lys-Lys-Tyr-Val- 15
NH err]; St-Lys-Lys-Tyr-Leu-Nle-NH err]; St-Lys-Lys-Tyr-Leu-Pro-Pro-
Asn-Ser-1le-Leu-Asn-NH err]. The results arc shown in Figs. 18-27 and
indicate that all tested conjugates were able to inprove all tested

i npot ence par amx ¥v4807ehi ch were determ ned (No. of cups, No. oOpcEH.9996i29
reduction of latency to the first cup) 20 as conpared to control. Exanple
D2 Biodistribution follow ng topical adm nistration of St-Lys-Lys-Tyr- 25
Leu-NH err] St-Lys-Lys-Tyr-Lcu-NH err] was radi oi odi nated as before and .
about 2.2 x 10[err] cpm 2 [err]l 5% Sefsol [err], 20% i sopropanol /rat were
applied topically on the sex organ of 23530300 g rats. Animals were
sacrificed at 30 indicated tinmes and tissues were wei ghed and counted for
radi oactivity in a gamma counter.
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- The results are shown in Fig. 28. These results indicate that conjugates
whi ch were adm nistered transdermally were able to penetrate the inner
tissue of the animal. 5 Exanpl e D3 HPLC anal ysis of intestinal extract
Experi ment was pwofsameoeel as indicated in Exanple D2. Ani mal s wergerm.s7mo129
sacrificed 30 mnutes follow ng drug adm ni stration and the intestine was
renoved wei ghed and counted for radioactivity in a gamma counter. 10

Radi oactive tissue sanples were thereafter honogeni zed and subjected to
centrifugation (5,400 g for 25 mn.). { épatants were then subjected to
HPLC anal ysi s agai nst radi oi odi nated St 47 Lys-Tyr-Leu-NH2 as a narker
(eluting using an acetonitrile gradient at fraction 25). Sanples were
nonitqored for radioactivity in a ganma counter. 15 The results
are shown in Fig. 29. As can be seen fromthe results in Figs. 26 and 27 of
the applied 2.2 x 10[err] cpm g nore than 80,000 cpmg were located in the
intestine 30 mins. follow ng application. By conparison,
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usi ng the sanme anounts of radiolabeled St-Ne[err]-VIP only 3700 cpm g were
obtained in the intestine (Gozes et alL, Endocrinol ogy, 134:2121-2125 20
(1994)) showing that the short conjugate of the invention has a nuch better
penetration than the full 28 am no acid conjugate. Exanple D4 Effect of the
conj ugates of tHgohisedetion in a rabbit nodel of inpotence 25 PCTILI7/00129
New Zeal and white rabbits (from Yokneam |Israel) were anesthetized with
Ronpun and Ketavet. Additionally, pentobarbital 10 ng/kg, i.v. was

adm nistered into an ear vein. Anesthesia was maintai ned by bol us

i njections of pentobarbital (5-10 ng/k%). The animals were placed in a

supi ne position on an operating table2 Vaoa t enperat ure-regul ated 30
envi.ronnment. The area around the penis was shaved and a 20 gauge needl e was
inserted into the left or right corpus cavernosum and the catheter

connected to a pressure transducer for a continuous recording of the WO
97/ 40070 PCT/1L97/ 00129
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-37 - intracavarnosal (i.c.) pressure. The transducer anplifier used was
Model PM 1000 (CWE incorporated); System 1000 power supply (CWE incorpo-
rated); Softwarc: D1 200 PGH PG. (DATA Q Instrunment Inc.). Wen injection
was required, a second catheter was placed into the other side of 5 t he
cor pus caver noswodmmeo@he administration of the drugs, both catpheifinSodes e
filled wth blood. The catheter for bl ood pressure recording was fl ushed
with 0.5 mM 2% heparin. Increases in the i.e. blood pressure are expressed
on the graphs as mmHg. Fig. 30 shows-prelimnary results of change of
pressure obtained 10 wth injections of St-Lys-Lys-Tyr-Leu-NHerr] in t he
corpus cavernosum Here 10 [err]g shov?si mcreased activity, with penile

bl ood pressure increasing to 75 mmHg (friom 15-20 nmHg) indicating that this
conjugate can effect penile erection also by direct injection. 15 E.
PHARVACEUTI CAL COVPCSI TI ONS FOR TRANSDERMAL APPLI CATI ONS An exanpl e of

oi ntment conposition for Transdermal application of |ipophilic conjugated

peptides in accordance WI F»,YQT N s '] as a
carrier conprises: 1 ny pepug’?%’mzl err r( '% IHo.cof eips
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20 Sefsol 318[err] (glyceryl nonocaprylate) and 714 [err]|l 40% i sopropanol
(final concentrations: 5% Sefsol, 20% i sopropanol and about 0.7 ng/m
peptide). SUBSTI TUTE SHEET ( RULE 26) CLAI MS: 1. A conj ugat e of
a peptide coupled to a |ipophilic noiety, wherein the peptide has at | east
3 and at nost 13ygwiddpeaci d residues, said 5 conjugate bei ng secesiegoefzoom
the formulae: (i) Rlerr]-Xerr]-Xerr]"-Xerr]"-Xerr]-NH-Rerr]; (ii)
Rlerr]-Xerr]-Ser-Xerr]-Leu-Asn-NH-Rferr]; 10 (iii)
R[err]-NI—I-CI—I-COLys-Lys-Tyr-X[err]-NH-CH-COX[err] NH-R[err]; and 15

(CHerr])[err] Z (CH[err])i i‘i (v
Rlerr]-Xerr]-NHCHCO X err]-Ser-X[er ?l u- Asn NH-CONH-R[err] 25
(CH-err])[err] z (CHerr])[err]

Effect of St-KKYLPPNSILN on no. of cups
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wherein 30 Rerr] is Hor alipophilic moiety; R err] is H a

| i pophilic noiety, a |ipophilic noiety substituted by

X[err]-Ser-X err]-Leu-Asn-NHR[err] or a spacer consisting of 1-3 residues
of a non charged am no acid coupled to
Xerr]-Xerr]"-Xvonrhtor[err]-NHR[err], with the proviso that atp,

of Rlerr] and Rlerr] is a lipophilic noiety; 35 X err] is e coval ent
bond, Ala, Val, Ala-Val, Val-Ala, L-Lys, DLys, Al a-Lys, Val-Lys,

Al a- Val -Lys; Val-Ala-Lys or On; Xerr}' is L Lys, DLys or On; Xerr]"
is L Tyr, D-Tyr, Phe, Trp or the residue of p-am no phenyl al ani ne; 40
X[err] is Ile or Tyr; Xerr] is a residue of a hydrophobic aliphatic
am nd acid; Xerr] is X[err], Xerr]-Asn, Xerr]-Ser, Xerr]-Ile,

X[err]-Tyr, Xerr]-Leu, Xerr]-Ne, X e28f3® Al a, X err]-Asn-Ser,
Xerr]-Asn-Ser-1le, X err]-Asn-Ser-Tyr, X err]-Asn-Ser-11|e-Leu,
X[err]-Asn-Ser-Tyr-Leu,
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X[err]-Asn-Ser-Tyr-Leu, X5-Asn-Ser-I|I|e-Leu-Asn or

X[ err]-Asn-Ser-Tyr-Leu-Asn; X[ err] is a covalent bond, Asn, Xerr],
Xerr]-Asn, Tyr-Xerr], Tyr-Xerr]-Asn, Lys-Xerr], Lys-Xerr]-Asn,
Lys-Tyr-Xs, Lys-wWepafowr r] - Asn, Lys-Lys-Tyr-Xerr], 5 PCI/IL97/00129
Lys-Lys- Tyr X[err]-Asn, Val-Lys-Lys-Tyr-Xerr],

Val - Al a- Lys- Lys- Tyr - X[err] Asn, -or Ala-Val -Lys-Lys-Tyr-X/err]-Asn; X6 is a
coval ent bond or Asn, Ser, Ile, Tyr, Leu, Asn-Ser, Asn-Ser-Ille,

Asn- Ser - Tyr, Asn-Ser-IIe-Leu, Asn- Ser-Tyr-Leu, Asn-Ser-I|le-Leu- Asn or
Asn- Ser - Tyr - Leu- Asn; 10 X[err] is a covalent bond or Asn; X err] is a
covarent bond, Xferr], Tyr, Lys, Tyr-Xerr], Lys-Xerr], Lys-Tyr-Xerr],
Lys-Lys-Tyr-X5, Val-Lys-Lys-Tyr- X[ err] zﬁ\lls\lﬂlLys Lys-Tyr- X5, or

Al a- Val - Lys-Lys-Tyr-Xerr]; Zis -S- S,
-S(CH err])[err] CONH or 15 -NI—I-CO(CH[err])[err]S—;
800 - ,*
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mis 1 or 2 when Zis -CONH, -S-S or -S(CHerr])[err] CONH, or mis 2, 3
or 4 when Zis -NHCO or -NHCOCHerr])[err]S; nis 1 or 2 when Zis
-NH-CO, -S-S- or -NHHCOCH err])[err]S-, or nis 2, 3 or 4 when Zis
-CONH or -S(CH err])[err]CONH, and 20 t is 1or 2, with the proviso
that the conjugate stearoyl-Al a-Val -Lys-Lys-Tyr-

Leu- Asn- Ser - | | QW90 NH err] is excluded. 2. A conjugate acRGPIHE%EY
Claim1l, wherein X5 is a residue of an D- or L-amino acid selected from
Ala, Ile, Leu, Met, Val, Nva and N e.- 25 30f§ A conjugate according to
Claim1 or 2, wherein the |lipophilic noiet Ig[err] Is a saturated or
unsaturated h ' : ' ' car bon
atons. 4. A copjtrgat-e-aceorth-ng-tio-€latar-Be-nherefa-E-ai =&--sel-det-ed
from stear oyl Eoersapreri—Loapngmacos T Lo~ 30 51— A TOM ugat e
according to d aim 4, ?seliecEed§fr£om§t ¢ gfoup consisting of:: :

. 3
- =)
g (o]
af) =———
© pus
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-40 - St-Lys-Lys-Tyr-Leu-NHerr]; St= Lys4Lys Tyr-D-Ala-NHerr]; 5

St- Al a-Val -Lys-Lys-Tyr - Leu- NH[err] St - Asn-Ser-11e-Leu-Asn- NH[err]
St-Lys-Lys-Tyfin Leug I LY SN 1l al

St-Ser-11e- Lg‘d )Asn ‘Rﬁzepr @ Q Sgorfj‘ug g agg)?(dl\;ﬂg}l#o aim4,

sel ected fromthe group conslstl ng of : St-Asn-Ser-Tyr-Leu-Asn- NH[err]; 20
St-Asn-Ser-1le-Tyr-Asn-NH err]; and
St-Lys-Lys-Tyr-Leu-Pro-Pro-Asn-Ser-11le-Leu-Asn-NH err].

”~TY -~ —"\r" \

(\.Hv)m L . { an n

(iv) R,-xs-:-JH-CH-CO-'X,-Ser-x4-L'eu-Asn-NH-CH—co-NH-R;;

(CH z)m 4 (CH'.’.)n
- Thie Is the replacame It

12 APR 1938

wherzin
R; s H cra lipophilic moiety;

R; is B, a lipophilic moiety, 2 lipophilic moiety substituted by
X3-Ser-X4-Leu-Asn-NHR, or a spacer _consisting of 1-3 residues of a
non-c harged amino acid coupled to X;-X;'-X,"-X»-NHR;,

with the proviéo that at least one of R, and R» is a lipophilic moiery;

X; . is a covalent bond, Ala Val, Ala-Val, Val-Ala, L-Lys, D-Lys, Ala-Lys,
Val-ys, Ala-Val-Lys; Val-Ala-Lys or Orn; |

X s L-}.ys, D-Lys or Orn;

X" is L-Tyr, D-Tyr, Phe, Trp or the residue of p-amino phenylalanine;

Xy islleorTyr;

Xs  isar:sidue of a hydrophobic aliphatic amino acid;

X, is X5, Xs-Asn, Xs-Ser, Xe-lle, Xs-Tyf, Xs-Leu, Xs-Nle, Xs-D-Ala,
Xs-A.sn-Sef, Xs—Asn-Ser-lle, Xs-Asn-Ser-Tyr, Xs-Asn-Ser-lle-Leu, X5
Asn--Ser-Tyr-Leu, Xi—ASn—Scr-Ile-Leu-Asn or Xs-Asn-Ser-Tvr-
Leu-Asn; _

X: = is a sovalént bond, Asn, Xs, Xs-Asn, Tyr-Xs, Tyr-Xs-Asn, Lys-Xg, Lys—

Xs-Asn, L}"S-T}’I’Xs, Lys-Tyr-Xs-Asn, Lys-Lys-Tyr-X;, Lys—

Lys-Tyr-Xs-Asn, Val-Lys-Lys-Tyr-X, Val——Ala-—Lys—Lys-wTyr—X',--Asn,

orA la—Val-Lys-Lys-Tyr—X5~Asn;

AMENDED SHEET.-



25 7. A conjugate according to Claim 4, §e| ected fromthe group consist-
I ng of: Lau-Lys-Lys-Tyr-Leu-NHerr]; 30 - -
Cap-Lys-Lys-Tyr-Leu-NH err]; St-Lys-Tyr-Leu- NH[err]

St-Lys-Tyr-L N ] E?l y [ IeTNH[ A cm. oo
St- Val - Lys- L% T;g AT tséﬁnld ilb% T% 3.8 e ¥ Asn Ser, Asn-Ser-Iie,

St - Leu- Asn- Ser - | | Ast-Ssr-Fve- Abfi-Ser-11e-Lu; mﬁm«»ﬁmuS%nlse@neeyeﬁa@n '\J}#[ err];
St-Lys-Lys- Tyr LeXSﬁ*r-%z-Leﬁ? Asn: St - Lys Lys- Tyr - Leu Asn- Ser - NH [ err] _
X;  isaccvalent bond or Asn;
Xg  is a covalent bond, X,, Tvr, Lys, Tyr-Xs, Lys-X5 Lys-Tyr-X;, Lys-Lys~
Tyr-X, Val-Lys-Lys-Tyr-X, - Ala-Lys-Lys-Tyr-X;, or
Ala-Val-Lys-Lys-Tyr~-XG;
is -CCNH-, -NHCO-, -8-§-, -8(CH,)}CO-NH- or ~-NH-CO(CH,),S-;
m is 1 o1 2 when Z is -CO\IH- -S-S- or -S(CH;)}CO-NH-, orm is 2, 3 or 4
when Z is -NH-CO- or -NH-CO(CH;),S-;
n is 1 ot 2 when Z is -NH.CO-, -8-S- or -NH-CC(CH,),S-, ornis 2, 3 or 4
when .Z is -CONH- or -S(CHz)tCO-\*H- and
t islor2,

N

with the proviso that the conjugate
stearoyl-Ala- Val-Lys-Lys-Tyr-Leu-Asn-Ser-Ile-Leu-Asn-NH; is excluded.
| The hydrophobic aliphatic amino acid represented above by Xs
may be a res due of a D- or L-amino acid selected from Ala, e, Leu, Met, Val,
‘Nva and Nle.
| The term “fipophilic moiety of the conjugates of the invention” will
refer in the following description and claims to: a saturated or unsaturated
hydrocarbyl ar carboxylic acyl radical having at least 3 carbon atoms such as
propionyl, caprovl, lauryl, palmitoyl, stearayl, oleyl, eicosanoyl, docsanoy! and .
- the respective: hydrocarbyl radicals propyl, hexyl, dodecyl, hexadecyl, octadecyl,
eicosanyl anc. docosanyl. Preferably the hydrocarbyl or acyl radical is saturated,
and has 3-22 carbon atoms. |
~ The term "spacer” refers to residue of a non-charged nawial or
non-natural anino acid such as alanine, proline and aminocaproic acid.

Examples of the conjugates of the invention are conjugates of a
lipophilic medety and peﬁﬁdes of the sequence Lys-Lys-Tyr-Leu derived from
positions 20-23 of the VIP sequence and/or peptides of the sequence
Asn-Ser-Ile-I eu-Asn, derived from positions 24-28 of the VIP sequence, |

: eet )
“This is the replacement sh AMENDED SHEET
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St - Lys-Lys-Tyr-Leu- Asn-Ser-11 e- NH[er"r:';]'i; “and

St-Lys-Lys-Tyr-Leu-Asn-Ser-|le-Leu-NH.err]. 5 8. A phar I cal
conposition conprising as active i nqr edhgnt a conj ugate ing t aim
1, together ‘with a pharmaceutically ‘aéceptable carriér. &\O\k\“\
phar maceut i cgh %MgSItIOﬂ for the treatnent of sexual \“\ \\\\\

conprising as active ingredient a conjugate selected fr e gfoup
consi sting of a conjugate according to Claim5, 6 and thé conj ugate St -
Al a- Val -Lys-Lys-Tyr-Leu-Asn-Ser-1|e-Leu-Asn-NHerr], t oget her with a

phar maceut i call y accept‘abCQnJugttcl of a peptde coupled ;mhar ipogiilit Cabiety,
treatnent of nale inpotence.

conposi tion acgordi for the 15
11. ' ﬁ %ﬁg bgaahﬁé&%‘w¥ piasd afdmetaihamin aridinesidues; said,
-adapt ed f ok Q A pharmaceuti cal
conposi ti on acc@f% hg~ P% %Péﬂeﬁgéfﬁﬁm%@lﬂﬁe‘t he pharnmaceutically acceptable
carrier is 1- N yfgﬂt 20 13. A phar maceut i cal
3{ X Jm al m I?%r S

conposi tion accor ing to t he
(i)  Ry-X3-Ser-X,-Leu-Asn-NH-Ry;

10 () Ry-MH-CH-CO-Lys-Lys-Tyr-Xs-NH-CH-CO-X,-NH-R; and

s o . This is the replacement sheet'
(CH)n Z (CHa),

| Date: 12 APx 1998
(iv) Ry-¥§-NH-CH-CO-X;-Ser-X¢-Leu-Asn-NH-CH-CO-NH-R;

(CH 2)n, Z__ (CHa)y

wherein

30 R; - isH ora lipophilic moiety;

R:; - is 11, a lipophilic moiety, a lipophilic moiety substituted by
X;-Ser-X,-Len-Asn-NHR; or a spacer consisting of 1-3 residues of a
non-charged amino acid coupled to X;-X,'-X,"-X;-NHR;,

with the proviso that at least one of R; and R; is a lipophilic moiety;

35 | _ | -

X, is € covelent bond, Als, Val, Ala-Val, Val-Ala, L-Lys, D-Lys,
“Ala-Lys, Val-Lys, Ala-Val-Lys; Val-Ala-Lys or Orn; |

X" isL.Lys,D-LysorOm:

Xy”  is L-Tyr, D-Tyr, Phe, Tip or the residue of p-amino phenylalanine;

.40 Xy isIleor Tyr o |
Xs  is a residue of a hydrophobic aliphatic amino acid;

Xy s 3, Xs-Asn, XsSer, Xs-lle, Xs-Tyr, Xs-Leu, Xs-Nle, Xs-D-Ala,
Xs-Asn-Ser, Xs-Asn-Ser-lle, Xs-Asn-Ser-Tyr, Xs-Asn-Ser-lle-Leu,
Xs—Asn—Ser-Tyr-Leu,

—_—

VR “NDED. SHEFT



. -

treat ment of neur odegener ative di seases conprising as aeti-ve—ingredient a
conjugate el ected fromthe group consjsting of a conjugate accordl ng to
Caim5 or 7. 14, \ A phar nace c;lal’ corrp05| tion at"m WHmemuﬂm
13, wherein 25 the neurodegeneratlvefdrsease is selecte

consi sting of: Al zheiner's di sease, Down Syndrone, decline in mot &r 8
cognitive function due to ischem a, stroke, hereditary disease of the
central and peripheral nervoSIBLgsLi.t/s-ﬁﬁvchqu.p@ﬁ.sas- Nigi.or or cognitive

function due to injury of the central .or peripheral nervous system and
neur onal di sorder assom abtayeilis-Bor-bt wddneS ardlie-AH prarand hlsusdhalreplacement shee

survival .. 15. eut np accordl ng to Caim1l3 or
bl e f | dﬂﬁl Vat'ﬂ'yd'?ﬁ,eu-?\sgﬁsqg eu-NH
14, suitabl e for nasal a L Aggggr naceptzeqafl }998

conposi tiom according to Claim15, in the formof-a nasla

8. A pharmaceutical composition comprising as active 1ngred1ent
a conjugate accordmg to Claim 1, together w1th a pharmaceutically acc.,ptablc
carrier.

9. A pharmaceutical composition for the treatment of sexual

10 disfunctions comprising as active ingredient & conjugate selected from the
group cons:sting of a conjugate according to Claim 5, 6 and the conjugate St—
Ala-Val-Lys-Lys-Tyr-Leu-Asn-Ser-lle-Leu-Asn-NH,, together  with a |
pharmaceutically acceptable carrier.

10, A pharmaceutical composition according to Claim 9, for the

15 treatment o male impoternce. | | |
11, A pharmaceuticai composition according o Claim 9 or IC',
adapted for transdermal application.

12, A phammaceutical composmon according to Claim 11, whaem
the pharmaceutically acceptable carrier is 1-glyceryl monocaprylate.

20 13, A pharmaceutical composition according to Claim 8, for the
treatment of neurodegenerative diseases comprising as active ingredient a
conjugate selected from the group consisting of a conjugate according. 10
Claim 5 or 7.

14, A pharmaceutical composition according to Claim 13, wherein |
‘25 the neurocegenerative disease is selected from the group consisting of:
Alzheimer's disease, Down Syndromé, decline in motor or cognitive function
duc to ischemia, stroke, hereditary disease of the central and peripheral
nervous system, decline in motor or cognitive function due to injury of the
central ar seripheral nervous system and neuronal disorder associated wiﬁh'

30 blood circtlation and neuronal sucvival.

15. A pharmaceutical composition according to Claim 13 or 14,
suitable for nasal administration.

AMENDED SHEgT



17, Use of a conjugate selected from the group consistin

Of“ a
e 2o Rt 0 S 1ol i i
r
* S *

5+ Leu-Asn-Ser-1Ile-Leu-Asn-NH err] for jhe preparation o
the treatment of sexual disfunctions. 18 Use according to Claim 17

for the treatyent of maje inpotence. .19. .. aner $5€ ACpording to Claiml7
or 18, whereit’'t he nedi a%ﬁ)“afxsmaglab?@ﬂosf%?n t"F%fﬁ&“e%r r‘raﬁ?aé@pt‘%c’a‘t Mn. 10
20. fde@ offa MR8l @iy ugate St-Al a-Val -Lys-Lys-Tyr-Leu-Asn-Ser-1|1|e-

Leu- Asn- NH[ er r_] t oget her1r with 1-glyceryl nmonocaprylate as a carrier for the
preparation of’.a medi carehef froeonkgate reetecisnfront R gmr donsfisingt bba. 21.

o cament ooy EXHARR% il £ g g barnea 8 S A AT B0
Use accor dsndLieAShauPIRILewaendlH, fhethdi srepaetion ofel artiRdnfonpfad R or oup

consisting of: Al.zheiper's disease, Down Syndrone, decline in notor or
cognitive furEtalmentoiesexyal PHQRS. stroke, hereditary di sease of the

Funct i on due £ [nj ury Br° PROERS ChimrOCld B dDiehibe SR IRERLeC |
neuronal 20 di%order as¥seaedordingitdClhinedd o t8uwhtricontrntiedienmenals
survival . : . _

adapted for transdermal application. _

10 20, Use of the conjugate St-Ala-Val-Lys-Lys-Tyr-Leu-Asn-Sez-{le-
Leu-Asn-NH; together with l.glyceryl monocaprylate as a carrier for the
preparation of a medicament for the (reatment of sexual disfunction.

21. Use of a conjugate according to Claim § or 7, for the
preparation of & medicament for the treatment of neurodegenerative diseases.

15 22. Use according to Claim 21, wherein the disease is sclected from
the group consisting of: Alzheimer's diseasa, Down Syndrome, decline in
motor or cognitive function due to ischemia, swake, hereditary disease of the
central and peripheral nervous system, decline in motor or cognitive fmction
due to injiry of the central or peripheral nervous system and neuronal

20  disorder associated with blood circulation and nevronal survival,

23. . Use according to Claim 21 or 22, wherein the medicament is
suitable for nasal administration. ' _
24, Use according to Claim 23, wﬁerein the medicament is in the
form of a nasal spray. 3

This is the replacement sheet

Date:
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23

suictabl e for,

Use according to Claim2l1 or
nasal adm ni stration. 24.

22, wherein the nedi caﬂ% '
Use according to '%%?2.3 ’

wher ei n tpe medi canent is in the formof a nasal “spray.

<X

}
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