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(54) Title: SYNTHETIC PEPTIDES WTIH A NON-NARCOTIC TYPE OF ANALGESIC EFFECT

(54) Hazsanue u3obpererus : CAHTETUYECKUE ITENTH/IBI C HEHAPKOTUYECKUM THUIIOM AHAJIBIETUYECKOI'O
JIEVICTBUS

(57) Abstract: What are proposed are: synthetic peptides having a non-narcotic type of analgesic effect, of general for-
mula 1 [SEQ ID NO:1], where: H 1s hydrogen, XDL 1s an omission of an amino acid or 1s L-Tyr, XDL1 1s one of the
following amino acids: L-Leu, L-Ala or D-Ala, XDL2 1s one of the following amino acids: L-His, D-His, L-Ala or D-
Ala, XDL3 1s one of the following amino acids: L-Gln, L-Ala or D-Ala; R2 1s OMe or NH2, and also retro-inversion
peptides of formula (I), having a reverse sequence of amino acids with L-shaped amino acids being substituted by D-
shaped amino acids, and D-shaped amino acids being substituted by L-shaped amino acids, of general formula 2 [SEQ
ID NO:2], where: H 1s hydrogen, XDL4 1s one of the following amino acids: D-GIn, D-Ala or L-Ala, XDL5 1s one of
the following amino acids: D-His, L-His, D-Ala or L-Ala, XDL6 1s one of the following amino acids: D-Leu, D-Ala or
L-Ala, XDL7 1s an omission of an amino acid or 1s D-Tyr, R2 1s OMe or NH2.

(57) Pedepar: IlpeanoKeHBl CHHTETHYCCKHE MNEOTHBI, OO0JaJarolllue HEHAPKOTUUYCCKHUM THUIOM aHAIBIE€THYECKOTO
nerictsus, oomen Gpopmynsl 1 [SEQ ID NO:1], rme: H - Bogopoa, XDL - orcyrerBue aMuHOKUCTOTHI Win L-Tyr, XDL1
- ogHa n3 amMuHOKHUCIOT: L-Leu, L-Ala nmu D-Ala, XDL2 - oxna u3 amubokuciaotr: L-His, D-His, L-Ala niu D-Ala,
XDL3 - ogna u3 amuHokuciaoT: L-Gln, L-Ala niu D-Ala; R2 - OMe unu NH2, a Takke DenTuabl - peTPOUHBEPCUU
dpopmyinnl (1), uMmeromue OOpaTHYIO IOCICAOBATCIBHOCTh AMHHOKHUCIOT ¢ 3aMEHOM L-(QopMbl aMUHOKHCIOT Ha D-
Gopmy u D-popMbl aMUHOKUCIOT Ha L-popmy, oomiel popmyisl 2 [SEQ ID NO:2], roe: H - Bogopoa, XDL4 - ogHa u3
amuHokuciaoT: D-GIn, D-Ala ninu L-Ala, XDL5 - oxgna u3 amunokuciaor: D-His, L-His, D-Ala unu L-Ala, XDL6 - oxna
13 aMHHOKUCIOT: D-Leu, D-Ala umu L-Ala, XDL7 - orcyrcrBue aMuHOKUCIOTHI Wik D-Tyr, R2 - OMe nau NH2.
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SYNTHETIC PEPTIDES WITH A NON-NARCOTIC TYPE OF
ANALGESIC EFFECT

Field of invention

The invention relates to biochemistry, more particularly, to biologically active peptides
having non-narcotic type of analgesic action which may find use i1n medicine and

pharmacology as anesthetic anodynes.

Prior art

Different anesthetic preparations which are divided into narcotic (morphine and congenial
structures) and non-narcotic analgesics (derivatives of salicylic acid, pyrazolone, aniline etc.)
in terms of their chemical nature and mode of action are known. All the above mentioned
analgesics have certain disadvantages which sharply narrow down possibilities of their

application in medicine (M. D. Mashkovsky. Medicinal products, Kharkov: “Torsing”

publishing house, 1997, edition 13, pp.144-145).

The known peptide analgesics are synthetic analogs of natural enkephalins and endorphins,
such as opioid peptides (Casy A.F., Parfitt A.C., Opioid analgesics: Chemistry and receptors.
New York, Plenum Press, 1986,445-502; Lierz P., Stefan Punsmann S., 2008). Their main
disadvantage is that anesthetic activity is accompanied by habituation and narcotic action,

Moreover, narcotic analgesics are not effective in all pain syndromes Fallon M. When

morphine does not work. Support Care Cancer. 2008 Feb 15).

Peptide analgesics which have non-narcotic type of anesthesia not causing habituation and
narcotic action are also known. Their anesthetic action is developed through non-opioid
receptors and neurotransmitters. Synthetic and, more recently, recombinant calcitonins,
anesthetic action of which is implemented through specific calcitonin receptors and brain
serotonergic system, have gained the most widespread currency 1n thét group (Yasushi
Kuraishi /Neuropeptide action of calcitonin-analgesic effect/in ~ Magazine  Kidney  and
Metabolic Bone Disease,V. 14 No03). The most commonly used is synthetic sequence

corresponding to salmon calcitonin as the most active one among all known calcitonins.

Salmon calcitonin is a polypeptide hormone consisting of 32 residues of amino acids with

molecular weight of 3,454.93 Dalton. Its structure represents an alpha helix (Andreott1 G. et

al, 2006).
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The primary structure (sequence of amino acid residues) of salmon calcitonin 1s as follows:

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Cys-Ser-Asn-Leu-Ser-Thr-Cys-Val-Leu-Glu-Lys-Leu-Ser-Gln-Asp-Leu-His-Lys-

19 20 21 22 23 24 25 26 27 28 29 30 31 32
Leu-GlIn-Thr-Phe-Pro-Arg-Thr-Asn-Thr-Gly-Ala-Gly-Val-Pro-NH,

Salmon calcitonin has long-term anesthetic action and presently exists in different
pharmaceutical forms: in the form of spray or drops for intranasal use, oral and intramuscular

administration, as well as in the form ot suppositories.

- However full-length calcitonins have a variety of essential disadvantages, including:

1) Hormonal activity, impact on calcium and phosphoric metabolism. In this connection
calcitonins may not be used during pregnancy and labor pain relief because of possibility of
teratogenic and long-term effects for the otfspring.

2) Immunologic activity. Therefore, during long-term use of calcitonin, as is the case in
treatment and prevention of osteoporosis, neutralizing antibodies are formed, that reduces
effectiveness of use of calcitonin (Levy F et al., Formation of Neutralizing Antibodies During
Intranasal Synthetic Salmon Calcitonin Treatment of Pagets Disease. 1988,67,3,541-545).

3) Full-length calcitonins contain amyloidogenic sequence Gly2-GInl4 which is common for
many amyloidogenic proteins (Steven S.-S. Wang', Theresa A. Good® and Dawn L. Rymer”).
4) The cost of full-length calcitonin synthesis and treatment with this preparation is very high.
For that reason calcitonins are referred to orphan drugs which are used only when there are no
alternative ways of treatment, for example, in case of Paget’s disease (Maresca V. Human
calcitonin in the Management of osteoporosis: A  multicenter  Study.-

J.Int.Med.Res.,1985,13,311-316).

For the purpose of elimination of the specified disadvantages we have separated a fragment ot
salmon calcitonin which comprises 16-21 amino acids of salmon calcitonin (hereinafter
referred to as CTy,;) called the “active centre” of calcitonin (G. P. Viasov, V. R.
Glushenkova, A. M. Kotin et al. 1989) “Search of Active Centre of Calcitonin”, Chemistry
of Peptides and Proteins 4, 89): .

16 17 18 19 20 21
Leu-His-Lys-Leu-Gln-Thr

It was shown that the natural fragment of salmon calcitonin, CTy4.; peptide, has high

analgesic activity in the rat formalin test which allows identifying non-narcotic type of
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anesthesia, whereas 1t does not have immunologic activity, impact on calcium metabolism
and does not contain amyloidogenic sequence. Comparison with similar sequences (16-21) of
human, swine, bovine and rat calcitonins revealed greater activity as opposed to the latter
ones. (A. M. Kotin, G. P. Vlasov et al. (1988) “Search of “active centre” and comparative
study of full-length calcitonin and sequence 16-21 of different calcitonins in various

physiological tests. Abstracts of the “Peptide Physiology” symposium”, Leningrad, 106).

Disclosure of invention

The object of the present invention 1s extension of a range of effective drugs which have non-

narcotic type of analgesic action and are obtained by simple synthesis.

The set objective 1s solved 1n that synthetic peptides of the general formula 1 [SEQ ID NO:1]
are suggested:

H-XDL-XDL1-XDL2-L-Lys-L-Leu-XDL3 - L-Thr-R2 ), where:

H 1s hydrogen,

XDL 1s absence of amino acid or L-Tyr,

XDL1 1s one of the following amino acids: L-Leu, L-Ala or D-Ala,

XDL2 1s one of the following amino acids: L-His, D-His, 1.-Ala or D-Ala,

XDL3 1s one of the following amino acids: L-Gln, L-Ala or D-Ala;

R2 1s OMe or NH,,

or peptides - retro-inversions of the formula (I) which have reverse sequence ol amino acids
with replacement of L-form of amino acids with D-form and D-form of amino acids with L-

form 1n the general formula 2 [SEQID NO:2]

H- D-Thr -XDL4- D-Leu - D- Lys - XDL5- XDL6 - XDL7 -R2 (1I), where:
H 1s hydrogen,

XDL4 1s one of the following amino acids: D-Gln, D-Ala or L-Ala;

XDL5 is one of the following amino acids: D-His, L-His, D-Ala or L-Ala,
XDL6 is one of the following amino acids: D-Leu, D-Ala or L-Ala,

- XDL7 1s absence of amino acid or D-Tyr,

R2 is OMe or NH,,

as anesthetic preparations with non-narcotic type of analgesic action.

The suggested peptides have anesthetic action, including upon systemic injection and

intranasal administration.
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The essence of the invention 1s that it was established by an experiment that the claimed
peptides having the simple structure which simplifies their obtainment by chemical means

possess high anesthetic activity verified by analgesic tests conducted on animals.
Some peptides of the general formula I, II are presented in the table 1:

Table 1. Some amino acid sequences for the claimed peptides corresponding to the

general formula I or II.

SEQ

ID

NO:1

H- L-Leu- L-His- L-Lys- L-Leu- L-Gln- L-Thr- OMe
H- L-IL.eu- L-His- L-Lys- L-Leu- L-GIn- L-Thr- NH;
| H- L-Ala-  L-His- L-Lys- L-Leu- L-Gln- L-Thr- OMe
H L-Ala- L-His- L-Lys- L-Leu- L-GIn- L-Thr- NH,
(H D-Ala- L-His- L-Lys- L-Leu- L-Gln- L-Thr- OMe
H- D-Ala-  L-His- L-Lys- L-Leu- L-GIn- L-Thr- NH;
|H L-Leu- D-His- L-Lys- L-Leu- L-Gln- L-Thr- OMe
H L-Leu-  D-His- L-Lys- L-Leu- L-Gln-  L-Thr- NH,;
H- L-Ala- D-His- L-Lys-  L-Leu- L-Gln- L-Thr- OMe
H I.-Ala-  D-His- L-Lys- L-Leu- L-GIn- L-Thr- NH;
H D-Ala- D-His- L-Lys- L-Leu- L-GIn- L-Thr- OMe
H D-Ala- D-His- I-Lys-  L-Leu- L-Gln-  L-Thr- NH,
| H L-Leu- L-Ala- L-Lys- L-Leu- L-Gln- L-Thr- OMe
H L-Leu- L-Ala- L-Lys- L-Leu- L-GIn- L-Thr- NH,
'H L-Ala-  1.-Ala- L-Lys- L-Leu- L-Gln-  L-Thr- OMe
| H L-Ala-  L-Ala- I.-Lys- L-Leu- I1.-Gln- L-Thr- NH,
H D-Ala- L-Ala- L-Lys- L-Leu- L-GIn-  L-Thr- OMe
H D-Ala- L-Ala- L-Lys-  L-Leu- L-GIln- L-Thr- NH;
H L-Leu- D-Ala- L-Lys-  L-Leu- L-GIn-  L-Thr- OMe
H L-Leu- D-Ala- L-Lys- L-Leu- L-Gin-  L-Thr- NH,
H I-Ala- D-Ala- L-Lys- L-Leu- L-Gln-  L-Thr- OMe
H L-Ala- D-Ala- L-Lys- L-Leu- L-GIn- L-Thr- NH,
H  D-Ala- D-Ala- L-Lys-  L-Leu- L-GIn-  L-Thr- OMe
H D-Ala-  D-Ala- L-Lys-  L-Leu- L-Gln-  L-Thr- NH,
H L-Leu- L-His- L-Lys-  L-Leu- L-Ala-  L-Thr- OMe
H L-Leu- L-His- L-Lys- L-Leu- L-Ala-  L-Thr- NH,
H L-Ala- L-His- L-Lys- L-Leu- L-Ala-  L-Thr- OMe
H I.-Ala- L-His- L-Lys-  L-Leu- L-Ala-  L-Thr- NH,
(H  D-Ala-  L-His- L-Lys- L-Leu- L-Ala- L-Thr- OMe _
H D-Ala-  L-His- L-Lys- L-Leu- L-Ala-  L-Thr- NH, L
H L-Leu- D-His- L-Lys- L-Leu- L-Ala-  L-Thr- OMe
H L-Lean- D-His- L-Lys- L-Leu- L-Ala-  L-Thr- NH,
H L-Ala- D-His- L-Lys- L-Leu- L-Ala-  L-Thr- OMe
H L-Ala- D-His- L-Lys- L-Leu- L-Ala-  L-Thr- NH;
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H D-Ala- D-His- L-Lys- L-Len- L-Ala- L-Thr- OMe
H D-Ala- D-His- L-Lys-  L-lLeu- L-Ala-  L-Thr- NH,
H L-Leu- L-Ala- I.-Lys- L-Leu- IL.-Ala- L-Thr- OMe
H L-Leu- L-Ala- L-Lys- L-Leu- L-Ala- L-Thr- NH,
H L-Ala-  L.-Ala- L-Lys-  L-Leu- L-Ala-  L-Thr- OMe
H L-Ala- L-Ala- L-Lys-  L-Leu- L-Ala-  L-Thr- NH,
|H D-Ala-  L-Ala- L-Lys-  L-Leu- L-Ala-  L-Thr- OMe
H D-Ala- L-Ala- L-Lys- L-Leu- L-Ala- L-Thr- NH,
‘ H L-Leu- D-Ala- L-Lys-  L-Leu- L-Ala- L-Thr- OMe
H L-Leu- D-Ala- IL-Lys- L-lLeu- L-Ala- L-Thr- NH,
H  L-Ala- D-Ala- L-Lys-  L-Leu- L-Ala-  L-Thr- OMe
|H L-Ala- D-Ala- L-Lys- L-Leu- L-Ala- L-Thr- NH,
H D-Ala- D-Ala- L-Lys-  L-Leu- L-Ala-  L-Thr- OMe
H D-Ala- D-Ala- L-Lys- L-Leu- IL.-Ala- L-Thr- NH,
H L-Leu- L-His- L-Lys- L-Leu- D-Ala-  L-Thr- OMe
H L-Leu- L-His- L-Lys- L-Leu- D-Ala- L-Thr- NH,
H L-Ala-  L-His- L-Lys-  L-Leu- D-Ala-  L-Thr- OMe
H L-Ala- L-His- L-Lys- L-Leu- D-Ala-  L-Thr- NH,
H D-Ala-  L-His- L-Lys-  L-Leu- D-Ala-  L-Thr- OMe
H D-Ala- L-His- I.-Lys- L-Leu- D-Ala-  L-Thr- NH, 1
H L-Leu- D-His- L-Lys- L-Leu- D-Ala-  L-Thr- OMe
H L-Leu- D-His- L-Lys- L-Leu- D-Ala-  L-Thr- NH,
H L-Ala-  D-His- L-Lys-  L-Leu- D-Ala-  L-Thr- OMe
H L-Ala- D-His- L-Lys-  L-Leu- D-Ala-  L-Thr- NH;
H D-Ala- D-His- L-Lys-  L-Leu- D-Ala-  L-Thr- OMe
H D-Ala- D-His- L-Lys-  L-Leu- D-Ala-  L-Thr- NH,
|H L-Leu- I.-Ala- L-Lys- L-Leu- D-Ala-  L-Thr- OMe
H L-Leu- I.-Ala- L-Lys- L-Leu- D-Ala- I.-Thr- NH,
| H L-Ala- L-Ala- L-Lys- L-Leu- D-Ala-  L-Thr- OMe
H I.-Ala- L-Ala- L-Lys- L-Leu- D-Ala- L-Thr- NH;
H D-Ala- L-Ala- L-Lys- L-Leu- D-Ala-  L-Thr- OMe
[ H D-Ala- L-Ala- L-Lys- L-Leu- D-Ala-  L-Thr- NH,
I[H  L-Leu- D-Ala- L-Lys- L-Leu- D-Ala- L-Thr- OMe
H L-Leu- D-Ala- L-Lys- L-Leu- D-Ala- L-Thr- NH, N
‘H L-Ala- D-Ala- L-Lys- L-Leu- D-Ala-  L-Thr- OMe
H L-Ala- D-Ala- L-Lys- L-Leu- D-Ala-  L-Thr- NH;
i H D-Ala- D-Ala- L-Lys- L-Leu- D-Ala-  L-Thr- OMe
H D-Ala- D-Ala- L-Lys- L-Leu- D-Ala-  L-Thr- NH,
}_I_n_l ~ L-Tyr- L-Leu- L-His- L-Lys- L-Leu- L-Giln- L-Thr- OMe
|H L-Tyr- L-Leu- L-His- L-Lys- L-Leu- L-Gln- L-Thr- NH,
H L-Tyr- L-Ala- L-His- L-Lys- L-Leu- L-GIln- L-Thr- OMe
H L-Tyr- L-Ala- L-His- L-Lys- L-Leu- L-GIn- L-Thr- NH,
H L-Tyr- D-Ala- L-His- L-Lys- L-Leu- L-GIln- L-Thr- OMe
H L-Tyr- D-Ala- L-His-  L-Lys- L-Leu- L-Gin- L-Thr- NH; |
H L-Tyr- L-Leu- D-His- L-Lys- L-Leu- L-Gln- L-Thr- OMe
H L-Tyr- L-Leu- D-His- L-Lys- L-Leu- L-Gin- L-Thr- NH,
H L-Tyr- L-Ala- D-His- L-Lys- L-Leu- L-GIn- L-Thr- OMe
H L-Tyr- L-Ala- D-His- I-Lys- L-Leu- L-Gin- L-Thr- NH;
H L-Tyr- D-Ala- D-His- L-Lys- L-Leu- L-Gln- L-Thr- OMe
H L-Tyr- D-Ala- D-His- L-Lys- L-Leu- L-Gln- L-Thr- NH, |
H L-Tyr- L-Leu- L-Ala- L-Lys- L-Leu- L-Gin- L-Thr- OMe




CA 028679%4 2014-09-19

6

L-Ala-  L-Lys- L-Leu- L-Gln- L-Thr- NH,
L-Ala- L-Lys- L-Leu- L-Gln- L-Thr- OMe
L-Ala-  L-Lys- L-Leu- L-Gln- L-Thr- NH,
L-Ala-  L-Lys- L-Leu- L-Gin- L-Thr- OMe
L-Ala-  L-Lys- L-Leu- L-Gln- L-Thr- NH,
D-Ala-  L-Lys- L-Leu- L-Gln- L-Thr- OMe
D-Ala-  L-Lys- L-Leu- L-Gln- L-Thr- NH,
D-Ala-  L-Lys- L-Leu- L-Gln- L-Thr- OMe
D-Ala-  L-Lys- L-Leu- L-GIn- L-Thr- NH,
D-Ala-  L-Lys- L-Leu- L-Gln- L-Thr- OMe
D-Ala- IL-Lys- L-Leu- L-GIn- L-Thr- NH,
L-His-  L-Lys- L-Leu- L-Ala- L-Thr- OMe
L-His-  L-Lys- L-Leu- L-Ala- L-Thr- NH,
L-His-  L-Lys- L-Leu- 1I-Ala- L-Thr- OMe
L.-His- L-Lys- L-Leu- L.-Ala- L-Thr- NH,
L-His-  L-Lys- L-Leu- L-Ala- L-Thr- OMe
L-His-  L-Lys- L-Leu- IL-Ala- L-Thr- NH,
D-His-  L-Lys- L-Leu- L-Ala- L-Thr- OMe
D-His-  L-Lys- L-Leu- L-Ala- L-Thr- NH,
D-His-  L-Lys- L-Leu- IL-Ala- L-Thr- OMe
D-His-  L-Lys- L-Leu- IL-Ala- L-Thr- NH,
D-His-  L-Lys- IL-Lcu- L-Ala- L-Thr- OMe

H L-Tyr- D-Ala- D-His- L-Lys- L-Leu- L-Ala- L-Thr- NH,

H L-Tyr- L-Leu- L-Ala- L-Lys- L-Leu- L-Ala- L-Thr- OMe

H L-Tyr- L-Leu- L-Ala- L-Lys- L-Leu- L-Ala- L-Thr- _NH,

H L-Tyr- 1-Ala- L-Ala- L-Lys- L-Leu- L-Ala- L-Thr- OMe

H L-Tyr- L-Ala- L-Ala- L-Lys-  L-Leu- L-Ala- L-Thr- NH,

H L-Tyr- D-Ala- 1.-Ala- L-Lys- L-Len- L-Ala- L-Thr- OMe

H L-Tyr- D-Ala- L-Ala- L-Lys- L-Leu- L-Ala- L-Thr- NH,

H L-Tyr- L-Leu- D-Ala- L-Lys- L-Leu- L-Ala- L-Thr- OMe

| H L-Tyr- IL-Leu- D-Ala- YL-Lys- L-Leu- L-Ala- L-Thr- NH,

IH L-Tyr- L-Ala- D-Ala- L-Lys- L-Leu- L-Ala- L-Thr- OMe

H L-Tyr- L-Ala- D-Ala- L-Lys- L-Leu- L-Ala- L-Thr- NH, |

H L-Tyr- D-Ala- D-Ala- L-Lys- L-Leu- L-Ala- L-Thr- OMe i

lH L-Tyr- D-Ala- D-Ala- L-Lys- L-Leu- L-Ala- L-Thr- NH,

H L~-Tyr- 1I.-Leu- L-His- L-Lys- L-Leu- D-Ala- L-Thr- OMe

H L-Tyr- L-Leu- L-His- L-Lys- L-Leu- D-Ala- L-Thr- NH,

| H L-Tyr- L-Ala- L-His- L-Lys- L-Leu- D-Ala- L-Thr- OMe |

H L-Tyr- IL-Ala- L-His- L-Lys- L-Leu- D-Ala- L-Thr- NH,

H L-Tyr- D-Ala- L-His-  L-Lys- L-Leu- D-Ala- L-Thr- OMe

H L-Tyr- D-Ala- I.-His- L-Lys- L-Leu- D-Ala- L-Thr- NH,

H L-Tyr- L-Leu- D-His- L-Lys- L-Leu- D-Ala- L-Thr- OMe _

'H L~-Tyr- 1-Leu- D-His- L-Lys- L-Leu- D-Ala- L-Thr- NH2

H L-Tyr- L-Ala- D-His- L-Lys- L-Leu- D-Ala- L-Thr- OMe

'H L-Tyr- 1.-Ala- D-His-  L-Lys- L-Len- D-Ala- L-Thr- NH,

H L-Tyr- D-Ala- D-His- L-Lys- IL-Leu- D-Ala- L-Thr- OMe

{H L-Tyr- D-Ala- D-His- L-Lys- L-Leu- D-Ala- L-Thr- NH,

H L-Tyr- L-Leu- L-Ala- L-Lys- L-Leu- D-Ala- L-Thr- OMe

H L-Tyr- L-Leu- L-Ala- L-Lys- L-Leu- D-Ala- L-Thr- NH, |

H L-Tyr- L-Ala- I-Ala- L-Lys- 1L-Len- D-Ala- L-Thr- OMe

H L-Tyr- L-Ala- L-Ala- L-Lys- L-Leu- D-Ala- L-Thr- NH,
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H L-Tyr- D-Ala- L-Ala- L-Lys- L-Leu- D-Ala- L-Thr- OMe
| H L-Tyr- D-Ala- L-Ala- L-Lys- L-Leu- D-Ala- L-Thr- NH,
H L-Tyr- L-Leu- D-Ala- L-Lys- L-Leu- D-Ala- L-Thr- OMe
H L-Tyr- L-Leu- D-Ala- L-Lys- L-Leu- D-Ala- L-Thr- NH,
H L-Tyr- L-Ala- D-Ala- L-Lys- L-Leu- D-Ala- L-Thr- OMe
H L-Tyr- L-Ala- D-Ala- L-Lys- L-Leu- D-Ala- L-Thr- NH,
H  L-Tyr- D-Ala- D-Ala-  L-Lys- L-Leu- D-Ala- L-Thr- OMe
H L-Tyr- D-Ala- D-Ala- L-Lys- L-Leu- D-Ala- L-Thr- NH,
SEQ
1D
NO:2
H D-Thr- D-GIn- D-Leu- D-Lys- D-His- D-Leu- OMe
| H D-Thr- D-GIn- D-Leu- D-Lys- D-His- D-Leu- NH,
H D-Thr-  D-Gln- D-Leu- D-Lys- D-His- D-Ala- OMe
H D-Thr- D-GIn- D-Leu- D-Lys- D-His- D-Ala- NH,
| H D-Thr- D-GIn- D-Leu- D-Lys- D-His- L-Ala- OMe
|H D-Thr-  D-GIn- D-Leu- D-Lys- D-His- L-Ala- NH,
H D-Thr- D-GIn- D-Leu- D-Lys- L-His- D-Leu- OMe
:H D-Thr- D-GIn- D-Leu- D-Lys- L-His- D-Leu- NH,
H  D-Thr- D-Gln- D-Leu- D-Lys- L-His- _ D-Ala- OMe ]
H D-Thr-  D-GIn- D-Leu- D-Lys- L-His- D-Ala- NH,
| H D-Thr-  D-GIn- D-Leu- D-Lys- L-His- L-Ala- OMe
H D-Thr- D-GIn- D-Leu- D-Lys- L-His- I.-Ala- NH,
H D-Thr-  D-GIn-  D-Leu- D-Lys- D-Ala- D-Leu- OMe
'H _ D-Thr- D-Gln- D-Leu-D-Lys- _ D-Ala- __ D-Leu- NH,
H D-Thr- D-GIn- D-Leu-D-Lys-  D-Ala- D-Ala- OMe
H D-Thr-  D-GIn- D-Leu- D-Lys- D-Ala- D-Ala- NH,
H D-Thr-  D-GIn-  D-Leu- D-Lyvs- D-Ala- L-Ala- OMe
H D-Thr- D-GIln- D-Leu-D-Lys-  D-Ala- I.-Ala- NH;
H D-Thr-  D-GIn- D-Leu- D-Lys- L.-Ala- D-Leu- OMe
H D-Thr- D-GIn- D-Leu- D-Lys- L-Ala- D-Leu- NH,;
IH D-Thr-  D-GIn- D-Leu- D-Lys- L-Ala- D-Ala- OMe
H D-Thr- D-GIn- D-Leu- D-Lys- I.-Ala- D-Ala- NH,
H D-Thr-  D-GIn-  D-Leu- D-Lys-  L-Ala- L-Ala- OMe
H D-Thr-  D-Giln-  D-Leu- D-Lys-  L-Ala- L-Ala- NH;
H D-Thr-  D-Ala-  D-Leu- D-Lvs-  D-His- D-Leu- OMe
H D-Thr-  D-Ala-  D-Leu- D-Lys- D-His- D-Leu- NH;
H D-Thr-  D-Ala-  D-Leu- D-Lys- D-His- D-Ala- OMe
|H D-Thr-  D-Ala- D-Leu- D-Lys-  D-His- D-Ala- NH,
H D-Thr-  D-Ala-  D-Leu- D-Lys- D-His- L-Ala- OMe
H D-Thr- D-Ala-  D-Leu- D-Lys- D-His- L-Ala- NH;
‘H D-Thr-  D-Ala- D-Leu- D-Lys-  L-His- D-Leu- OMe B
H D-Thr-  D-Ala-  D-Leu-D-Lys-  L-His-  D-Leu- NH,
H D-Thr-  D-Ala-  D-Leu-D-Lys-  L-His-  D-Ala- OMe 3
H D-Thr-  D-Ala-  D-Leu-D-Lys-  L-His-  D-Ala- NH, |
H D-Thr-  D-Ala-  D-Leu-D-Lys-  L-His- L-Ala- OMe
H D-Thr-  D-Ala-  D-Leu- D-Lys-  L-His- I.-Ala- NH,
H D-Thr-  D-Ala-  D-Leu-D-Lys-  D-Ala- _ D-Leu- OMe i
H D-Thr-  D-Ala-  D-Leu-D-Lys-  D-Ala-  D-Leu- NH,
H D-Thr-  D-Ala- D-Leu- D-Lys-  D-Ala- D-Ala- OMe
'H  D-Thr- D-Ala- D-Leu-D-Lys- D-Ala-  D-Ala- NH,
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\H D-Thr-  D-Ala-  D-Leu- D-Lys-  D-Ala- L-Ala- OMe
H D-Thr-  D-Ala-  D-Leu- D-Lys-  D-Ala- L-Ala- NH,
1H D-Thr- D-Ala- D-Leu-D-Lvs-  L-Ala-  D-Leu- OMe
H D-Thr-  D-Ala- D-Leu- D-Lys- I-Ala- D-Leu- NH,
'H  D-Thr- D-Ala- D-Leu-D-Lys-  L-Ala-  D-Ala- OMe
H D-Thr-  D-Ala-  D-Leu-D-Lys-  L-Ala-  D-Ala- NH,
H D-Thr-  D-Ala-  D-Leu- D-Lys-  L-Ala- L-Ala- OMe
H D-Thr-  D-Ala- D-Leu-D-Lys-  L-Ala- L-Ala- NH,
H D-Thr- L-Ala-  D-Leu- D-Lys- D-His- D-Leu- OMe
| H D-Thr-  L-Ala- D-Leu-D-Lys-  D-His- D-Leu- NH;
(H  D-Thr-  L-Ala-  D-Leu- D-Lys-  D-His- D-Ala- OMe.
(H D-Thr-  L-Ala-  D-Leu- D-Lys- D-His- D-Ala- NH,
|H L-Ala-  D-Leu- D-Lys-  D-His- L-Ala- OMe
H IL-Ala- D-lLeu- D-Lys- D-His- I.-Ala- NH,
H IL-Ala-  D-Leu- D-Lys- I-His- D-Leu- OMe
H I.-Ala-  D-Leu- D-Lys-  L-His- D-Leu- NH,
H L-Ala-  D-Leu- D-Lys-  L-His- D-Ala- OMe_
H IL-Ala-  D-Leu- D-Lys-  L-His- D-Ala- NH,
H L-Ala-  D-Leu- D-Lys- L-His- L-Ala- OMe
H L-Ala- D-Leu- D-Lys-  L-His- L-Ala- NH,
H L-Ala-  D-Leu- D-Lys- D-Ala- D-Leu- OMe

IL-Ala- D-Leu- D-Lys- D-Ala- D-Leu- NH,

I-Ala-  D-Leu- D-Lys- D-Ala- D-Ala- OMe
H L-Ala- D-Leu- D-Lys- D-Ala- D-Ala- NH,
H L-Ala- D-Leu- D-Lys- D-Ala- L-Ala- OMe
H I.-Ala-  D-Leu- D-Lys- D-Ala- L-Ala- NH;
| H L-Ala-  D-Leu- D-Lys- L-Ala- D-Leu- OMe
H L.-Ala- D-Leu- D-Lys- L-Ala- D-Leu- NH,
H IL.-Ala- D-Leu- D-Lys- L-Ala- D-Ala- OMe
H L-Ala- D-Leu- D-Lys- L-Ala- D-Ala- NH;
H L-Ala- D-Leu- D-Lys- L-Ala- L-Ala- OMe
H L-Ala- D-Leu- D-Lys- L-Ala- L-Ala- NH,
H D-GIn- D-Leu- D-Lys- D-His- D-Leu- D-Tyr- OMe
H D-GIn-  D-Leu-  D-Lys- D-His- D-Leu- D-Tyr- NH;
H D-GIn-  D-Leu- D-Lys- D-His- D-Ala- D-Tyr- OMe
H D-Gin-  D-Leu-  D-Lys- D-His- D-Ala- D-Tyr- NH, |
H D-GIn-  D-Leun-  D-Lys- D-His- L-Ala- D-Tyr- OMe |
H D-GIn-  D-Leu-  D-Lys- D-His- L-Ala- D-Tyr- NH;
H D-GIn- D-Leu- D-Lys- L-His- D-Leu- D-Tyr- OMe
H D-Thr- D-Gln- D-Leu- D-Lys- L-His-  D-Leu- D-Tyr- NH,
H D-Thr-  D-GIn- D-Leu- D-Lys- L-His- D-Ala- D-Tyr- OMe
H D-Thr-  D-GIn- D-Leu-  D-Lys- L-His- D-Ala- D-Tyr- NH,
‘H D-Thr-  D-GIn-  D-Leu-  D-Lys- L-His- L-Ala- D-Tyr- OMe
H D-Thr-  D-GIn- D-Leu- D-Lys- L-His- L-Ala- D-Tyr- NH,
H D-Thr-  D-GIn- D-Leu- D-Lys- D-Ala- D-Leu- D-Tyr- OMe
H D-Thr- D-GIn- D-Leu- D-Lys- D-Ala- D-Leu- D-Tyr- NH,
H D-Thr- D-GIn- D-Leu- D-Lys- D-Ala- D-Ala- D-Tyr- OMe
H D-Thr- D-GIn- D-Leu- D-Lys- D-Ala- D-Ala- D-Tyr- NH,
(H  D-Thr-  D-GIn- D-Leu- D-Lys- D-Ala- L-Ala- D-Tyr- OMe_
H D-Thr- D-GIn- D-Leu- D-Lys- D-Ala-  L-Ala- D-Tyr- NH,
H D-Thr- D-GIn- D-Leu- D-Lys- L-Ala- D-Leu- D-Tyr- OMe
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H D-Thr-  D-GIn- D-Leu- D-Lys- L-Ala- D-Leu- D-Tyr- NH, |
H D-Thr- D-GIn- D-Leu- D-Lys- L-Ala- D-Ala- D-Tyr- OMe

H D-Thr- D-GIn- D-Leu- D-Lys- IL-Ala- D-Ala- D-Tyr- NH,

H D-Thr-  D-GIn- D-Leu- D-Lys- L-Ala- L-Ala- D-Tyr- OMe

H D-Thr-  D-GIln- D-Leu- D-Lys- L-Ala- L-Ala- D-Tyr- NH,

H  D-Thr- D-Ala- D-Leu- D-Lys- D-His- D-Leu- D-Tyr- OMe

H  D-Thr- D-Ala- U-Leu- D-Lys- D-His-  D-Leu- D-Tyr- NH,

H D-Thr- D-Ala- D-Leu- D-Lys- D-His- D-Ala- D-Tyr- OMe

H D-Thr-  D-Ala-  D-Leu- D-Lys- D-His- D-Ala- D-Tyr- NH;

H D-Thr-  D-Ala- D-Leu- D-Lys- D-His- L-Ala- D-Tyr- OMe

H D-Thr- D-Ala- D-Leu- D-Lys- D-His- L-Ala- D-Tyr- NH, )
H D-Thr- D-Ala- D-Leu- D-Lys- L-His- D-Leu- D-Tyr- OMe

H D-Thr-  D-Ala-  D-Leu- D-Lys- L-His- D-Leu- D-Tyr- NH;

H D-Thr- D-Ala- D-Leu- D-Lys- L-His- D-Ala- D-Tyr- OMe

|H D-Thr-  D-Ala-  D-Leu- D-Lys- L-His- D-Ala- D-Tyr- NH,

|H D-Thr-  D-Ala-  D-Leu- D-Lys- L-His- L-Ala- D-Tyr- OMe

{ H D-Thr-  D-Ala- D-Leu- D-Lys- L-His-  L-Ala- D-Tyr- NH,

H D-Thr- D-Ala- D-Leu- D-Lys- D-Ala- D-Leu- D-Tyr- OMe

(H-  D-Thr- D-Ala-  D-Leu- D-Lys- D-Ala- D-Leu- D-Tyr- NH;

H- D-Thr- D-Ala- D-Leu- D-Lys- D-Ala- D-Ala-  D-Tyr- OMe

H- D-Thr-  D-Ala- D-Leu- D-Lys- D-Ala- D-Ala- D-Tyr- NH, |
H- D-Thr- D-Ala- D-Leu- D-Lys- D-Ala- L-Ala- D-Tyr- OMe

(H-  D-Thr-  D-Ala- D-Leu- D-Lys- D-Ala- L-Ala- D-Tyr- nH,

H- D-Thr- D-Ala- D-Leu- D-Lys- L-Ala- D-Leu- D-Tyr- OMe

{H-  D-Thr-  D-Ala- D-Leu- D-Lys- L-Ala- D-Leu- D-Tyr- NH;

H- D-Thr- D-Ala- D-Leu- D-Lys- L-Ala- D-Ala- D-Tyr- OMe

H- D-Thr- D-Ala- D-Leu- D-Lys- L-Ala-  D-Ala- D-Tyr- NH;

'H- D-Thr- D-Ala- D-Len- D-Lys- L-Ala-  L-Ala- D-Tyr- OMe

'H- D-Thr- D-Ala- D-Leu- D-Lys- L-Ala-  L-Ala- D-Tyr- NH,

H- D-Thr- L-Ala- D-Leu- D-Lys- D-His- D-Leu- D-Tyr- OMe

H- D-Thr- L-Ala- D-Leu- D-Lys- D-His- D-Leu- D-Tyr- NH;

H- D-Thr- L-Ala- D-Leu- D-Lys- D-His- D-Ala- D-Tyr- OMe

H- D-Thr- L-Ala- D-Leu- D-Lys- D-His- D-Ala-  D-Tyr- NH,

‘H- D-Thr-  L-Ala-  D-Leu- D-Lys- D-His- L-Ala- D-Tyr- OMe

H- D-Thr- L-Ala- D-Leu- D-Lys- D-His- L-Ala- D-Tyr- NH,

H-  D-Thr-  L-Ala-  D-Leu- D-Lys- L-His- D-Leu- D-Tyr- OMe

{H-  D-Thr-  L-Ala- D-Leu- D-Lys- L-His- D-Leu- D-Tyr- NH,

H- D-Thr- L-Ala- D-Leu- D-Lys- L-His- D-Ala- D-Tyr- OMe |
H- D-Thr- L-Ala- D-Leu- D-Lys- L-His- D-Ala- D-Tyr- NH,

H- D-Thr- L-Ala- D-Leu- D-Lys- L-His- L-Ala- D-Tyr- OMe

H- D-Thr- L-Ala- D-Leu- D-Lys- L-His- L-Ala- D-Tyr- NH;

H- D-Thr- IL-Ala- D-Leu- D-Lys- D-Ala- D-Leu- D-Tyr- OMe
H- D-Thr-  L-Ala- D-Leu- D-Lys- D-Ala- D-Leu- D-Tyr- NH,

H- D-Thr- L-Ala- D-Leu- D-Lys- D-Ala-  D-Ala- D-Tyr- OMe

H- D-Thr- L-Ala- D-Leu- D-Lys- D-Ala- D-Ala-  D-Tyr- NH,

H- D-Thr- L-Ala- D-Leu- D-Lys- D-Ala- L-Ala- D-Tyr- OMe

H- D-Thr- L-Ala- D-Leu- D-Lys- D-Ala- [-Ala- D-Tyr- NH,

H- D-Thr- L-Ala- D-Leu- D-Lys- L-Ala- D-Leu- D-Tyr- OMe

H- D-Thr- L-Ala- D-Leu- D-Lys- L-Ala-  D-Leu- D-Tyr- nH, |
H- D-Thr- L-Ala- D-Leu- D-Lys- L-Ala-  D-Ala- D-Tyr- OMe

H- D-Thr- L-Ala- D-Leu- D-Lys- L-Ala- D-Ala- D-Tyr- NH;




CA 028679%4 2014-09-19

10

H- D-Thr-  L-Ala- D-Leu- D-Lys- L-Ala- IL-Ala- D-Tyr- OMe

H-  D-Thr- IL-Ala- D-leu- D-Lys- L-Ala- L-Ala- D-Tyr- NH,

All peptides of this family had analgesic activity.

Embodiments of invention.

Synthesis of peptides of the formula I was conducted by methods of peptide chemistry, solid-

phase synthesis method with use of L- or D-amino acids.

Example 1. Synthesis of peptide H-Leu-His-Lys-Leu-Gln-Thr-Tyr-NH;

The peptide H-Leu-His-Lys-Leu-Gln-Thr-Tyr-NH2 was obtained by method of automatic
solid-phase synthesis according to the Fmoc scheme on Rink resin (Rink Amide Resin, 0.6

mmol of amino groups per 1 g of resin) with use of DCC/HOBt (N,N’-

dicyclohexylcarbodiimide/1-hydroxybenzotriazol) amino acid activation method.

Releasing was conducted by way of treatment with piperidine/DMF (piperidine/K,K-dimethyl

formamide) solution (1:4) for 7 minutes. Protection of groups of side chains was conducted

with the following groups: tBu (tert-butyl ether) for tyrosine and threonine, Trt (trityl or
triphenylmethyl) for glutamine and histidine, Boc t-butyloxycarbonyl) for lysine. Peptides
were cleaved from resin and released with the TFA/H,O/EDT mixture (trifluoroacetic
acid/water/1,2-ethandithiol) (90:5:5). Clearance of peptides was conducted by way of
reversed-phase HPLC CI18 column), eluent - acetonitrile - water 0.1M of potassium
dihydrogen phosphate) in the proportion of 6:4. Peptides were characterized with the help of a

mass spectrometer.

Replacement of amino acids was performed in certain positions of the CTs.2; peptide, and it
was revealed how it affects anesthetic properties of obtained peptides. Analgesic activity of
newly synthesized peptides was examined in the “formalin test” which allows discovering
non-narcotic type of anesthesia (Wheeler -Aceto H., Porrea F., A.Cowan. The rat paw

formalin test: comparison of noxious agents. Pain, 40 (1990), 229-238).

Example 2. Examination of analgesic activity of newly synthesized peptides.
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Analgesic activity of newly synthesized peptides was examined as follows. Rats weighing
180-200 ¢ were suboccipitally injected with the study peptide under ether anesthesia using a
microdispenser in 10 ul of normal saline. Control animals were similarly injected with the
equal amount of normal saline. After 20 minutes, 50 mcl of formalin solution at a dilution of
1:50 was injected into the dorsal surface of the right hind paw. The time of peptide injection
and formalin dilution has been developed earlier. Each rat was used only once. The most clear
behavioral indicators of pain reaction were expressed in paw tucking, licking, nibbling and
jolting. Moreover, the first acute reaction to pain lasting for 6-7 min 1n control animals was
followed by the dormant period: a rat lowered 1ts paw, grooming behavior and nibbling was

stopped. Then the reaction was repeated with expression not less than the previous one — it

was the second phase of pain reaction.

The moment of paw tucking (beginning of the 1st phase of pain reaction), duration of this
reaction, duration of dormancy and time of onset of the second phase of reaction — repeated
paw tucking or its absence — were visually recorded in order to obtain quantitative data.
Peptide was injected 20 min prior to formalin injection in case of suboccipital method of

peptide injection and 30 min prior to formalin injection in case of intranasal method.

I. “L-alanine scanning” was performed when natural amino acids in different positions of the
CTis.2: peptide were successively replaced with “simple” L-alanine amino acid, and it was
investigated how this affects peptide analgesic activity. Activity of 10 synthetic peptides
synthesized in accordance with the Example 1 was compared both with the control (normal
saline) and CTys.2; as per technique described in the Example 2. Results are given in tables 2
and 3, where Ala-16, Ala-17, Ala-18 ctc. are peptides similar to CT4.2;, wherein alanine 1s 1n
the corresponding position.

Table 2. Analgesic activity of peptides when replacing amino acids in different positions

with L-alanine (rats, suboccipital injection).

PEPTIDE Dose Number of [Time of pain Duration of the first
g/rat rats reaction onsect (sec) | peak of pain reaction
(sec)

| Control - 62" 6 (2) 435 (13)

CT 4.1 0.001 10 17 (6) 394 (34)

CT 621 0.01 11 19 (8) 328 (21)
| CT 1601 0.1 22 39 8)a<0.001  |263 20)a<0.001
Ala-16 0.001 18 10 (2) 426 (28)

Ala-16 0.01 9 38 11)a<0.01 323 42)a<0,02
Ala-16 0.1 9 52 (14) 299 (39)
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a<0.002 a<(.002
Ala-17 0.001 8 6 (4) 388 (40)
Ala-17 0.01 14 60 17)Ya<0.05 282 43)a<0.05
Ala-17 0.1 10 70 20) a<0.002 |300 21)a<0.002
Ala-18 0.1 9 39 15)a<0.1 374 32)a<0.1
Ala-19 0.1 14 25 10)a<0.1 294 26) a<0.1
| Ala-20 0.001 13 12 4)a<0.1 378 26) a<0.1
| Ala-20 0.01 8 46 (13) 338 (56)
| a<0.1 a<0.1)
Ala-20 0.1 9 43 (18) 206(43)
a<0<001 a0 <0.001
Ala-21 0.1 7 7(2) 272 27)a<0.02

Table 3. Comparison of analgesic activity of peptides at the dose of 1 png per rat

Peptide i Number| Beginning of | Duration of the 1st |Beginning { Number of
of rats |pain reaction |peak (sec) of the 2nd {animals which
peak (min)|do not have the
2nd peak of
reaction
Control 62* S+2 435+ 13 18 £3 1
CT16_21 28 30 + 6 284 + 20 21 £2 4
a<0.001 a < 0.001] (n = 24)
L-Ala-16 10 30 + 22 264 + 41 21+ 2 1
a<0.002 a<0.001 (n=9)
I.-Ala-17 9 75 £ 15 217+ 21 21+ 4 3
a < 0.001 a <0.001 (n = 6)
[.-Ala-18 9 44 + 18 274 + 46 19+£2 4
a <0.05 a <0.002 (n =35)
[.-Ala-19 10 13£5 330 + 38 18 =2 3
a<0.05 a<0.02 (n=7)
I.-Ala-20 10 56 £ 20 226 + 31 16 + 20 3
a<0.02 a<0.001 (n=7)
L-Ala-21 12 24+ 9 265 + 26 16 £2 1
a<0.05 a < 0.001 (n=11)

As can be seen in tables 2,3 replacement of amino acids in positions 18 and particularly 19
and 21 with L-alanine is accompanied by certain peptide activity drop. Beginning of pain
reaction at the dose as low as 0.1 pg per rat does not differ from the control one reliably.
However, duration of pain reaction was less than in control rats at the dose of 1 pg upon
replacement with L-alanine in the position 19 and at the dose of 0.1 pg in case of
replacements in peptide positions 19 and 20. Furthermore, it appeared that prevention ot the
second peak of pain reaction is observed in equal proportions both in initial peptide and in

case of replacements with alanine in positions 18, 19 and 21. This points to nonequivalence ot
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mechanisms of the first and second peaks of pain reaction and impact of amino acid

replacement 1n peptide thereon.

On the contrary, replacement of amino acid 1n positions 16, 17 and 20 with L-alanine did not
have an essential impact on peptide analgesic activity, and in some cases (for example, when
replacing histidine with alanine in the position 17) activity was even higher to some extent
both according to the criterion of onset delay of pain reaction as well as its duration criterion.
This shows possibility of replacement of the “complex” and expensive histidine amino acid
with the “simple” and cheap alanine without activity loss. The tendency of increase of relative

number of animals which do not have the second reaction peak in case of replacement of

natural amino acids with L-alanine in positions 17 and 20 was revealed as well.

Main conclusions which can be drawn from the data presented in tables 2 and 3 are as
follows:

1. Replacement of amino acids in postitions 18, 19 and 21 of salmon calcitonin with L-alanine
leads to essential activity loss of initial peptide.

2. Replacement of amino acids in positions 16, 17 and 20 with L-alanine does not essentially
atfect initial peptide activity.

3. The clear tendency of peptide activity increase is observed in case of replacement of

histidine with alanine in the fragment position 17.

II. “D-alanine scanning” was also performed when natural amino acids in different positions
of the CTy4.0; peptide were successively replaced with “simple” D-alanine amino acid, and 1t

was investigated how it affects peptide analgesic activity. Activity of synthetic peptides

synthesized in accordance with the Example 1 having D-alanine replacement in the
corresponding position was compared both with the control (normal saline) and CT}g.z; as per

technique in the Example 2. Results are given 1n the table 4.
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Table 4. Analgesic activity of peptides when replacing amino acids in different

positions with D-alanine.

Peptide Number| Beginning of Duration of the 1st |Beginning | Number of rats
of rats [pain reaction peak of pain of the 2nd | which do not
(sec) reaction peak (min) | have the 2nd
peak
Control 13 4 (2) 417 (15) 11 (2) -
16-D-Ala |10 52 (9) 333 (15) 16 (2) 2
1 pug a< 0.001 a<0.002
17-D-Ala |16 40 (7) 217 (15) 18 (2) 2
16,20-L-Ala a<0.001 a<0.001
I pg
17-D-Ala |8 11(4) 300 (30) 13 (1) ~
116,20-1- a<0.1 a<0.01
Ala
10.1 ng
18-D-Ala {9 32 (8) 380 (15) 15 (2) 2
1 pg a <0.01 a < 0.002
19-D-Ala |7 68 (17) 337 (46) 24 (2) 4
1 ug a < 0.002 a<0.01 a < 0.001
20 D-Ala 10 277 (6) 268 (27) 15 (2) -
1 ug a<0.002 a < (0.001 a<0.01
21 D-Ala |11 27 (7) 345 (34) 15 (2) | — no pain
| pug a<0.0l a<0.1 a=0.02 |reaction
CGRP 5 5(2) 402 (36) 17 (2) -
| pg

Analyzing the data presented in the table 4, it may be noted that replacement of amino acids
in CT,s.,; with D-alanine did not lead to increase of analgesic activity as opposed to activity
of initial CTs.5;. In this respect, analgesic activity is preserved to some extent 1n all variants
of replacement. However, this reaction is highly specific, because, for example, a fragment of
calcitonin gene related peptide (CGRP) does not have analgesic activity in this test at all.
Replacement of methyl ether of the fragment 16-21 with dimethyl hydrazide derivative also

deprives the CT 4.2, peptide fragment of the possibility to produce anesthetic action.

The highest degree of reliability of differences from the control of all three parameters
characterizing analgesic action was observed during replacements of amino acid in the
position 17 with D-Ala, and amino acids in positions 16 and 20 with L-Ala. In this variant,
several animals did not have the second peak of reaction, though activity did not reach values

observed in case of replacement of natural amino acid in the position 17 with D-histidine.
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Nevertheless, the latter one is a more expensive form of analgesic peptide. Main conclusions
which can be drawn from the data presented in the table 4 are as follows:

4, Replacemeht of natural amino acids in CTy,.,; with D-alanine does not lead to essential
activity change as opposed to natural sequence.

5. Peptide with replacements in the position 17 with D-Ala and in positions 16 and 20 with

L-Ala 1s the most active compound.

II1. There was established a possibility of increase of obtained peptides stability (duration of

action) by way of replacement of natural L-amino acid with corresponding D-amino acid in

order to reduce the rate of potential enzy

ic cleavage of peptide. Activity of synthetic

peptides synthesized in accordance with the Example 1 was compared both with the control
(normal saline) and natural peptide fragment CTs2; as per technique described in the

Example 2. Results are given in the table 5.

Table 5. Analgesic activity of peptides with replacement of L-amino acids with

corresponding D-amino acids in different positions corresponding with its number.

| Peptide Number | Beginning of | Duration of the 1st | Beginning | Number ot rats
of rats |painreaction |peal of pain of the 2nd | which do not have
(sec) . | reaction peak (min)} the 2nd peak
Control 22 6 (2) 484 (17) 17 (8) -
(normal
saline)
16 D-Leu |7 3 (1) 449 (24) 17 (2)
1 ng 1- none
| 1 -paralyzed
17-D-His |15 56 (17) 296 (41) 18 (2) 7
I ug a<00l a <0001 n=3
17-D-His |7 48 (14) 236 (21) 7
0.1 ug a<0 001 a <000l
18-D-Lys |10 91 (30) 303 (25) 18 (2) 1
1 ug a<0 001 a <0001
19-D-Leu 327 (33) 21 (2) 1
1 ug a<0 001
20-D-GIn |9 20 (16) 372 (23) 18 (2)
1 ng a <0001 o -

Based on the data presented in the table 5 it can be seen that the major differences from
analgesic activity of the CT}s.2; control peptide are achieved in case of replacement of natural

amino acid L-histidine in the position 17 with D-histidine: in this case almost a half ot
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ammals do not have the second peak of pain reaction and, which is very important, such a
response 1s preserved when reducing the dose by 10 times. The shortest duration of the first

peak of pain reaction was observed in the same case.

Among unfavorable replacements one should note replacement of L-leucine with D-leucine in

the position 16 which led to undesirable side reaction — paralysis of one animal.

Main conclusions which can be drawn from the data presented in the table 5 are as follows:

6. Replacement of natural L-amino acids in CTy4.»; with corresponding D-amino acids did not
lead to essential activity increase, except for replacement of L-histidine with D-histidine in
the position 17. In this case, activity has increased substantially, whereas a half of animals did

not have the second peak of pain reaction.

IV. Possibility of stability increase of 10 obtained peptides by way of moditication of peptide
terminal sequence was also established. Activity of synthetic peptides synthesized 1in
accordance with the Example 1 was compared both with the control (normal saline) and 7Ty
21 as per technique described in the Example 2. Results are given in the table 6.

Table 6. Assessment of analgesic activity of peptides modified with methyl ether or

hydrazide in terminal amino acid.

No. |Peptides Dose Number |Onset Decrease in | % of rats
(Lg) of rats |delay of |duration of the|without | Without
pain. Ist phase the 1st  |the 2nd
reaction phase of |phase
(SCC) pain
reaction
1 CT16_21]..1 1 10 91 ot ]2 158 o 26 25
a<0.01] a<0.001
0.1 8 72 £14 110+ 12
a<0.05 [a<0.01
0.01 4 20 £ 38 20 £
2 CT16-21[1 10 11 19 £3 143 £ 21
a<0.01 a<0.01
1 13 17::3 1532212
a<0.0] a < (0.01
0.1 14 7+2 145+ 12 14
a<0.05 |a<0.01
0.01 10 4 + 3 110+ 17
3 CTi6210Mc 10 16 27 £ 11 167 £ 25 18 25
a<0.01 a<0.001
1 35 22 + 163 £ 20 5 48
a<0.01 a<0.001
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0.1 21 21 £ 8 167 £ 15 33 10
a<0.01 a<0.001

0.01 19 14 + 4 150 £ 20
a<0.1 a<0.01

10 10 87 + 23 185+ 18 14
a<0.01 a<0.001

4 CT 101N 1 19 01 £ 13 208 + 28 26 42

a<0.02 a < 0.001

0.1 S 60 + 9 182 + 23 12 33
a<0.01 a <0.001

0.001 6 25 £ 8 37+ 12 17

Pursuant to the provided data, the sequences (peptides) terminally modified with methyl ether

and specifically hydrazide were the most active ones.

Main conclusions which can be drawn from the data presented in the table 5 are as follows:
6. Increase of stability of peptides without loss of their activity is possible by way of terminal

modification with methyl ether or hydrazide.

V. Peptides - retro-inversions of the formula I corresponding to the formula II which have
reverse sequence of amino acids with replacement of L-forms of amino acids with D-forms
and D-forms of amino acids with L-forms were also investigated. Such peptides are
distinguished by high resistance to all kinds ot peptidases (Mariotti et al., European Patent
EP0393786). Particularly, sequences D-Thr- D- Glu- D-Leu- D-Lys- D-His- D-Leu-NH;
(retro-inversion CTys.2;) and D-Thr- D-Glu- D-Leu- D- 15 Lys- L-His- D-Leu- NH2 (retro-

inversion CT45; with replacement of L-histidine in the position 17 with D-histidine) were

investigated. Activity of synthetic peptides synthesized in accordance with the Example 1 was

compared both with the control (normal saline) and CTy4.5; as per technique described in the

Example 2. Results are given in the table 7.
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Table 7. Analgesic activity of CTs.;; sequence with replacement of L-histidine in the
position 17 with D-histidine, retro-inversion of this sequence and retro-inversion of
CTs.2; in case of intranasal administration method in citrate phosphate buffer.
Peptide was injected 30 min prior to subcutaneous injection of formalin 2%.

| No. Experiment Number|Dose |Beginning |Duration of the |Beginning of
of rats |(ug) |of pain 1st peak of pain |the 2nd peak
reaction  |reaction (min)
(secC)
1 Control (citrate 6 8+ 341 +£ 23 155+ 1.5
phosphate butfer)
7 10 35 4 10 228 £ 13 21,2+ 1,1
2 17 D-His a<0.05 1a<0.002 a < 0.02
5 1 44 3 37 410 + 54 two ones do not
have the 2nd
peak
20.5 3.5
3 Complete refro- 4 10 20+ 9 3334+ 9 144+ 1.0
inversion CT 6.1 5 1 12+ 6 300 £ 46 17.4+2.9
6 0.1 126 249 + 20 16.2+£2.6
a < 0,02
4 17 L-{’IiS- upon 5 10 8+ 3 314 + 32 150x£1.6
complete retro- — + 4
inversion of CTg.21 6 . 10+ 2 342%26 1,2‘5 + 1.6, the
first one has
: none
3 0,1 48 + 18 300 += 10 21.0£5.3
a<0.1

Pursuant to the provided data, it is possible to use peptides - retro-inversions of the formula

(I) for analgesia.

Main conclusions which can be drawn from the data presented in the table 7 are as follows:

7. Peptides - retro-inversions of the formula (IT) which have reverse sequence of amino acids

with replacement of L-forms of amino acids with D-forms and D-forms of amino acids with

L-forms possess high analgesic activity.

VI. Peptides with addition of L-Tyr amino acid sequence absent in the natural fragment ot

calcitonin on N-terminal were synthesized in the same way as described in the Example 1.

Activity of synthesized synthetic peptides was compared both with the control (normal saline)

and CT}s.2; as per technique described in the Example 2. Results are given in the table 8.
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Table 8. Analgesic activity of Tyr-16-210Me sequence.

Experiment | Dose Number of |Onset delay|Decrease in | % of % of
ne rats of pain duration of |animals animals
f reaction the first without without the
peak of pain| pain second peak
reaction reaction of pain
reaction
Tyr-16- 10 4 27 +10 155 £ 35 100
210Me | a < 0.001
1 11 30 £ 15 134 +£50 60
| | 1a<0.05 | e

Pursuant to the provided data, obtained peptides are ettective in prevention of the second peak

of pain reaction.

Industrial applicability

Thus, the examples given above prove possibility of producing of the suggested peptides
which have high analgesic activity. Moreover, peptides with addition of L-Tyr amino acid
sequence absent in the natural fragment of calcitonin on N-terminal are more effective 1n

prevention of the second peak of pain reaction.

The technical result of the present invention is high analgesic activity and resistance of
suggested peptides which allows considering them as the basis for creation of safe medicinal

analgesic drugs with non-narcotic type of analgesic action.
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Claims

1. An anesthetic preparation with non-narcotic type of analgesic action, the preparation

comprising synthetic peptides of the general formula 1 [SEQ ID NO:1]}

H- XDL-XDL1- XDL2 - L- Lys - L-Leu - XDL3 - L-Thr -R2 (I), where:

H is hydrogen,

XDL is absence of amino acid or L-Tyr,

XDL1 is one of the following amino acids: L-Leu, L-Ala or D-Ala,

XDIL.2 is one of the following amino acids: D-His, L-Ala or D-Ala,

XDL3 1s L-Gln;

R2 1s OMe or NH,,

or peptides - retro-inversions of the formula (I) which have reverse sequence of amino
acids with replacement of L-form of amino acids with D-form and D-form of amino acids

with L-form in the general formula 2 [SEQ ID NO:2]

H- D-Thr -XDL4- D-Leu - D- Lys - XDL5- XDL6 - XDL7 -R2 (II), where:
H is hydrogen,

XDI1 4 is D-Gln;

XDLS5 is one of the following amino acids: L-His, D-Ala or L-Ala,

XDL6 is one of the following amino acids: D-Leu, D-Ala or L-Ala,

XDL7 is absence of amino acid or D-Tyr,
R2 1s OMe or NH,.
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