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DESCRIPTION

Field of Invention

[0001] The invention relates to the field of biochemistry.

Background of the Invention

[0002] It is known that small peptides exhibit extremely high activity, stimulating self-healing in
the organs where a disturbance occurred. As it is commonly known, smaller peptides were
initially derived from animal tissues, and later they learned to produce them in laboratory
conditions.

[0003] Medicinal products containing peptides are capable of restoring damaged body cells,
returning lost functions to the affected organ, and rejuvenating it. Medicinal products containing
peptides were developed more than three decades ago; since that time, hundreds of
experiments have been performed, which proved the efficacy of peptides in treatment and
prevention of diseases of various body systems, as well as individual organ- and all-body
rejuvenation.

[0004] In the body, peptides serve as information messengers: they transfer information from
one cell to another, so that everything could be done well and on time. If one cell functions
properly, then the corresponding organ operates well. If a malfunction occurs, it affects the
whole organ, leading to a disease. Clearly, it is possible to treat the disease by introducing
missing substances into the body, but this approach would completely 'spoil' the cell, and it
would stop functioning properly. Therefore, it is necessary to send peptide messengers to the
cell, which will make it function, so that the body would heal itself. Each organ has a supply of
reserve stem cells. If this supply is spent evenly, one lives to the age of 100-110. Peptides are
the same for all mammals. Therefore, if a calf peptide is introduced to a human, their body will
take it as native molecule. The main problem was to find how to isolate peptides from animal
organs. This technology was invented by Prof. Vladimir Morozov and Prof. Vlyacheslav
Havinson in Military Medical Academy as early as in 1971. Medicinal products were developed,
and then, based on them, dietary supplements were made, because dietary supplements are
easy to use. In their studies of aging processes and methods to influence it, employees of St.
Petersburg Institute of Gerontology concluded that introduction of peptides into the diet of
experimental group of mice increased their life expectancy by 30-38%. Later, studies of
peptides were performed on the elderly in Kiev Institute of Gerontology and in St. Petersburg.
This showed almost 2-fold reduction of mortality rate, indicating high geroprotective activity of
peptides. Long-term study and use of peptide medicinal products showed their high efficacy in
patients of different age groups; however, particular efficacy was observed in elderly (over 50
years old). Absolute advantage of peptide bioregulators is absence of any adverse reactions.
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Within 26 years, more than 15 min. people with various pathologies received such products.
Their efficacy averaged to 75-95%. Peptide deficit, developing with age and pathologic
changes, significantly accelerates tissue wear and body aging. The fact is that an adequate
functioning of cells and tissues requires adequate amounts of peptides, which, in turn, support
optimal gene operation. Peptides, functioning in cells specific for them, are synthesized there.
Therefore, in pathological changes, as well as with age, cell functioning is disrupted; hence,
peptide reproduction is affected as well. Consequently, cell function is affected secondarily.
Thus, degeneration of tissues progresses, which eventually is manifested clinically. So,
application of small peptides is one of the major innovations in medicine and can significantly
slow down the rate of aging by stimulating cell proliferation and tissue regeneration, as well as
enhancing cell life span. Another important advantage of peptides is their antitumor action.
Currently, the use of peptides is the best and uncompromising solution in revitalization (body
rejuvenation) and cancer prevention, because it allows to rejuvenate cells and tissues not only
by regulation and synchronization of all cyclic processes, but also by increasing the capacity of
cell division without atypia (atypia is an incorrect cell structure, or abnormality).

[0005] Of course, at the present stage of art, small peptide production from animal tissues is
impractical, since this method is very expensive, not to mention the humanity of the production
process.

[0006] A modern and advanced production method comprises using recombinant
microorganisms. Most convenient microorganism is E. coli. Commercial strains of E. colj,
suitable for use in laboratory conditions, such as E. coli K12, E. coli 0104, are known in the
prior art. These and similar known E. coli strains can be used to obtain strains producing small
peptides claimed. A nucleic acid, encoding the corresponding target small peptide, can be
integrated in any known strain, suitable for use in the laboratory conditions. Vectors, such as
bacterial plasmids, viruses, virions, hybrid vectors containing phage DNA, and plasmids, are
used to insert DNA into a host cell. These vectors include, for example, cosmids and phasmids.

[0007] Furthermore, it is possible to produce peptides by conventional chemical synthesis.

[0008] Proposed peptides solve the problem of expanding the range of tools for stimulation of
reproductive and sexual function and treatment of reproductive and sexual dysfunction, which
remains relevant now. Currently, pathogenetic treatment of such pathologies is performed
using psychotherapy, antidepressants, anxiolytics, adaptogens, as well as vitamins, common
plant-based stimulants, and diet supplements. Such treatment is long, inefficient and
accompanied by many side effects.

[0009] One of the most effective classes of physiologically active substances, suitable for
production of stimulants of reproductive and sexual function, is peptides, which, as
endogenous substances, have virtually no negative side effects.

[0010] Our own research showed that heptapeptide Selank with the general formula of Thr-
Lys-Pro-Arg-Pro-Gly-Pro, a synthetic analog of the endogenously produced peptide Tuftsin,
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can be used as a tool for prevention and treatment of reproductive and sexual dysfunction
(Patent of Russian Federation N° 2404793). However, the synthesis of heptapeptide Selank is
multistage, which greatly increases the cost of medicinal products based on it; moreover, it is
exposed to intense proteolysis in the body, which reduces its stimulating effect on prevention
and treatment of reproductive and sexual dysfunction. Several oligopeptides have been
described in US patent 3,778,426, as well as Wang et al, 2003, Annals of Neurology,
54(5):655-664. International patent application WO2009/033678 and European patent
application EP2465521 disclose that both peptide Selank TKPRPGP and tuftsin (TKPR) are
capable of stimulating sexual and reproductive function. Ashmarin et al, 2008, Russian Journal
of Bioorganic Chemistry, 34(4):415-420 describes that the pentapeptide TKPRP is a known
metabolite of Selank, obtained in vivo after cleavage by carboxypeptidase.

[0011] Kozlovskaya et al, 2001, Pharmaceutical Chemistry Journal, 35(3) :121-123 reports a
comparative study of the effect of tuftsin fragments on passive avoidance learning
characteristics. Kozlovskaya et al, 2003, Neuroscicence and Behavioral Physiology, 33(9):853-
860 is also concerned with Selank and short peptides of the tuftsin family in the regulation of
adaptive behavior in stress.

Disclosure of Invention

[0012] The aim of the invention is to expand the range of tools with reproductive- and sexual-
function stimulating activity.

[0013] The invention provides a pharmaceutical composition comprising a peptide of formula
Thr-Lys-Pro-Arg-Pro-X, wherein X is OH, OCHa,, or NH» group.

[0014] The invention more particular provides said peptide, for use as a medicinal product, for
instance for use in stimulating sexual or reproductive function, or for use in preventing or
treating sexual or reproductive dysfunction.

[0015] The invention further provides a non-therapeutic method for intensifying sexual
motivation, comprising the administration of said peptide.

[0016] Technical result, achieved when implementing the present invention, is an increase in
efficacy of prevention and treatment of reproductive and sexual dysfunction, reduction in
duration of course therapy, and cost reduction of medications, where the peptide with the
above formula is proposed as a medicinal product.

[0017] The present disclosure further describes several peptides with the below general
fomula

A-Thr-Lys-Pro-B-C-D-X,
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where:

A -0, Met, Met (O), Thr, Ala, His, Phe, Lys, Gly
B - 0, Gly, Asp, Trp, GIn, Asn, Tyr, Pro, Arg

C -0, Arg, Phe, Tyr, Gly, His, Pro, Lys

D - 0, Val, Gly, Tyr, Trp, Phe, His

X-OH, OCH3z,NHo,

where 0 means no amino acid residue.

[0018] Provided that if A # 0, then B and/or C and/or D # O; if B # 0, then C and/or D # O,
excluding peptides Phe-Thr-Lys-Pro-Gly, Thr-Lys-Pro-Pro-Arg, Thr-Lys-Pro-Arg-Gly.

[0019] Selection of amino acid residues at positions A, B, C, D, and X is based on a
bioinformatic analysis of amino acid residue frequency at corresponding positions of N-
terminal and C-terminal amino acid residues in the database [EROP-Moscow
(http://erop.inbi.ras.ru/) Zamyatin A.A.]. Selection of these amino acid residues was performed
based on the criterion of greater than 50% incidence of an amino acid residue at that position.
This sample of amino acid residues was experimentally confirmed by synthesis of individual
peptides and their test for stimulation of reproductive- and sexual-function activity in models in
vivo. Pharmacophore position in a peptide is determined experimentally. It is known that any
peptide is exposed to peptidases and breaks down into specific fragments. For this purpose,
following Selank heptapeptide fragments were synthesized: Thr-Lys, Thr-Lys-Pro, Pro-Gly-Pro,
Arg-Pro-Gly-Pro, Pro-Arg-Pro-Gly-Pro, and their activity was studied. Results are provided in
Table 3. In this analysis, pharmacophore was determined: it is Thr-Lys-Pro. It was shown that
attachment of individual experimentally identified amino acid residues to the C-terminus
maintained the peptide's activity (stimulating reproductive and sexual function) provided that
the number of amino acid residues in the peptide is 3 or more than 4, as shown by studies
(Table 4, Example 10). Tetrapeptides do not have reproductive and sexual-function stimulating
activity. Mentioned technical result is achieved by directed synthesis of various peptides with the
general formula A-Thr-Lys-Pro-B-C-D-X (except tetrapeptides) and by using these peptides as
a stimulant of reproductive and sexual function for prevention and treatment of reproductive
and sexual dysfunction.

[0020] Our own research showed that synthesized peptides, i.e. Thr-Lys-Pro tripeptide, Thr-
Lys-Pro-Arg-Pro pentapeptide, and Thr-Lys-Pro-Arg-Pro-Phe hexapeptide, corresponding to
the general formula A-Thr-Lys-Pro-B-C-D-X, can be recommended as stimulants of
reproductive and sexual function.

[0021] All peptides with the general formula A-Thr-Lys-Pro-B-C-D-X (except tetrapeptides),
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recommended as stimulants of reproductive and sexual function, have a common pattern, i.e.
Thr-Lys-Pro tripeptide molecule is present in their molecular structure.

[0022] Thr-Lys-Pro-Arg-Pro-Gly-Pro heptapeptide (Selank) was used as a control.

[0023] Results of conducted studies showed that peptides with the general formula A-Thr-Lys-
Pro-B-C-D-X (except tetrapeptides) have reproductive- and sexual-function stimulating activity
and can be used as medicinal products for prevention and treatment of reproductive and
sexual dysfunction.

Brief description of the drawings

[0024]

Fig. 1 shows a diagram of Arg-Pro-Gly-Pro tetrapeptide synthesis;

Fig. 2 shows a diagram of Pro-Arg-Pro-Gly-Pro pentapeptide synthesis;
Fig. 3 shows a diagram of Pro-Gly-Pro tripeptide synthesis;

Fig. 4 shows a diagram of Thr-Lys-Pro-Arg-Pro-Phe hexapeptide synthesis;
Fig. 5 shows a diagram of Thr-Lys-Pro-Arg-Pro pentapeptide synthesis;
Fig. 6 shows a diagram of Thr-Lys dipeptide synthesis;

Fig. 7 shows a diagram of Thr-Lys-Pro-Phe tetrapeptide synthesis;

[0025] Synthesis of peptides with the general formula A-Thr-Lys-Pro-B-C-D-X was performed
by methods of peptide chemistry in solution using L-amino acids. Peptide synthesis was carried
out by stepwise elongation of the peptide chain, as well as fragment condensation using mixed
anhydride method, carbodiimide method with the addition of 1-hydroxybenzotriazole as an
auxiliary nucleophile, activated ester method, and mixed anhydride method. All intermediate
and final products were isolated and characterized. Evaporation of solutions was conducted
using vacuum evaporator at 40°C. Melting points, determined with Boethius apparatus, are
given without correction. Identity of the obtained compounds was tested by TLC on Silufol silica
gel-coated plates (Czech Republic). Substances were detected by UV light using ninhydrin,
Barton's reagent, Pauly reagent, Reindel-Hoppe reagent, and o-tolidine in chlorine
environment. Specific rotation was determined by AI-EPO polarimeter. Peptide homogeneity
was tested by high performance liquid chromatography (HPLC), and peptide structure was
confirmed by mass spectrometric methods. All solvents were correspondingly absolutized.
Melting points were not corrected.
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[0026] Peptides were also obtained by genetic engineering techniques using host cells
engineered by known laboratory strains of E. coli, transformed with known commercially
available plasmids containing nucleic acid encoding the target peptide.

[0027] The examples describe peptide synthesis.

Reference Example 1. Synthesis of Arg-Pro-Gly-Pro tetrapeptide

[0028] Synthesis of the tetrapeptide was performed according to the diagram shown in Figure
1.

[0029] In synthesis, mixed anhydride method, azide method and carbodiimide method were
used. Derivatives of L-amino acids were used for synthesis. Evaporation of solutions was
conducted using rotor evaporator at 40°C. Melting points, determined with Boethius apparatus,
are given without correction. Identity of the obtained compounds was tested by TLC on Silufol
silica gel-coated plates (Czech Republic). Substances were detected by spraying the plate with
a solution of ninhydrin and (or) o-tolidine. Substances were detected by spraying the plate with
a solution of ninhydrin and (or) o-tolidine. Chromatographic mobility (Rf) values in the following
solvent systems are provided: acetone: benzene: acetic acid (50:100:1) - (1); chloroform:
methanol (9:1)-(2); hexane: acetone (3:2) - (3); butanol: acetic acid: water (4:1:1) - (4);
butanol: acetic acid: pyridine: water (30:6:20:24) - (5); chloroform: methanol: ammonia (6:4:1) -
(6); benzene: ethanol (8:2) - (7); Ethyl acetate: acetone: 50% acetic acid: water (2:1:1)- (8);
chloroform: methanol (14:1) - (9); chloroform: methanol: ammonia (8:1.75:0.25) - (10);
chloroform: methanol: ammonia (6.5:3.0:0.5) -(11).

[0030] Specific rotation was determined by AI-EPO polarimeter.

[0031] Elemental analysis using Carlo-Erba model 1106 analyzer.

1. . Boc-Pro-GlIv-OEt. 8.3 g (3.45 mmol) of Boc-Pro-OH were dissolved in 50 ml of
CHoClp, cooled down to 5°C; then, 38.45 mmol (5.38 ml) of TEA were added. The

reaction mixture was cooled down to -25 + -30°C. At this temperature, 38.45 mmol (4.84
ml) of isobutyl chloroformate were added using a pipette. The reaction mixture
temperature was kept in the range of -18 +-20°C for 20 minutes. Simultaneously, a
solution of 5.9 g (42.3 mmol) of 1.1-fold excess of HCI-H-Gly-OEt in 75 ml of chloroform,
containing 5.92 ml of TEA. The solution was cooled down to -25°C and, after formation
of mixed anhydride in the first flask, its contents were poured to the ether solution right
away. The reaction mixture was incubated for 1 hour at -10°C and then stirred for 12
hours at 4°C on a magnetic stirrer. The reaction mixture was evaporated, then 250 ml of
ethyl acetate were added; then, ethyl acetate solution was washed 3 times with 25 ml of
0.1N HCI, 3 times with 25 ml H,O, and once with saturated solution of NaCl. The organic

layer was dried over MgSOQOy, filtered and evaporated. The residue was dried under

vacuum over P,Og/ KOH and paraffin.
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Yield: 10.2 g (30.3 mmol) 78.83%
Rf- 0.5 (7); 0.862 (8)
Melting point 68-70°C.
. Il. Boc-Pro-Gly-NyH3. 10.2 g of Boc-Pro-Gly-OEt (30.3 mmol) were dissolved in 80 ml of

absolute methanol, and 4-fold excess of hydrazine hydrate, viz. 5.88 ml (121.2 mmol),
was added. The solution was stirred for 12 hours on a magnetic stirrer at room
temperature. The reaction mixture was evaporated, then two times evaporated with
ether; then, ether (~5ml) was poured over the residue and left in a refrigerator overnight
(for better crystallization, seeding agent was added). The precipitated crystals were
filtered, washed with ether using a filter and dried in a desiccator.
Yield: 6.9 g (20.79 mmol) 68.62%
Rf-0.284 (7); 0.474 (8); 0.189 (9)
Melting point 98-100°C.

. lll. Boc-Pro-Gly-Pro-OBzl. 58.4 mmol (4-fold excess) of hydrogen chloride in ethyl
acetate were added to the solution of Boc-Pro-Gly-N5H3, containing 4.7 g (14.6 mmol) in

40 ml of DMF, cooled down to -20°C, and, immediately, 1.73 mL (14.6 mmol) of freshly
distilled tert-butyl nitrite; then, the reaction mixture was stirred for 30 minutes at -5°C.
The reaction mixture was cooled down to -40°C, and solution of 8.2 mL (58.4 mmol) of
TEA in 4 mL of DMF, cooled down to -10°C, was added; when the temperature of the
reaction mixture had risen to -20°C, 3.7 g (15.3 mmol) of 1.05-fold excess of HCI-H-Pro-
OBzl were added to 20 ml of DMF and 2.14 ml of TEA. Then, it was stirred at 4°C for 24
hours on a magnetic stirrer. The reaction mixture was evaporated, and the residue was
dissolved in 200 mL of ethyl acetate and washed 2 times with 20 ml of H>O, 3 times with

20 ml of 10% sodium KHSOy4, 3 times with 20 ml of HyO, 3 times with 20 ml of 5%
NaHCO3, and 3 times with 20 ml of H,O. Ethyl acetate solution was dried over MgSOgy.

Then it was evaporated, and a small amount of ether (~10 mL) was added to the
residue. Then, it was left in a refrigerator for crystallization. For better product
crystallization, seeding agent was added. The precipitated crystals were filtered and
washed with a small amount of ether using a filter. Then, they were dried in a desiccator.
Yield: 5.358 g (11.65 mmol) 79.92%
Rf- 0.326 (7); 0.947 (8); 0.390 (9)
Melting point 125-126°C.
[a]p?2 =-101.18° (c = 0.85; CH30H).
Elemental analysis: C 62.89 (62.73); N 9.21 (9.14); H 7.52 (7.24).

.IV. TFAH-Pro-Gly-Pro-OBzl. 5.358 g (11.65 mmol) of Boc-Pro-Gly-Pro-OBzl were
dissolved in 29.13 ml of methylene chloride; then, 29.13 mL of TFA were added,
incubated for 45 minutes at room temperature, evaporated 2 times with absolute
ethanol, 2 times with benzene, 2 times with ether and dissolved in benzene; then,
hexane was poured over. Hexane was decanted, and the resulted substance was dried
under vacuum in a desiccator over KOH, P,Osand paraffin, while desiccant was changed

several times.
Yield: 4.63 g (9.7 mmol) 98%
Rf-0.043 (7); 0.247 (8); 0.018 (9).
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5. V. Boc-Arg(NO2)-Pro-Gly-Pro-OBzl. 3.09 g of Boc-Arg (NO5)-OH (9,7 mmol) were

dissolved in 50 mL of THF and 10 ml DMF, 2.07 g (10.67 mmol) of DCC were added,
cooled down to 0°C, stirred for 40 minutes; then, a solution of TFA- H-Pro-Gly-Pro-OBzl
was added to 50 ml of THF and 4.46 ml (9.7 mmol) of TEA. The reaction mixture was
stirred for three days. DCM precipitate was filtered off; the solution was evaporated
under vacuum; then, 200 ml of hexane were added to the residue. With this, the desired
product was separated as an oil, which was dissolved in 500 mL of ethyl acetate and
washed 3 times with 25 ml of 0.1N HCI, three times with 25 ml of H,O, and once with

saturated solution of NaCl. The organic layer was dried over MgSQOy, filtered and

evaporated. The residue was dissolved in ethyl acetate and precipitated with dry ether.
The precipitate was filtered and dried under vacuum over P,Og/ KOH and paraffin, while

desiccant was changed several times.
Yield: 4.76 g (7.9 mmol) 85%
Rf- 0.44 (1); 0.8(11)
Melting point 108-110°C
[a]p22= -77.8° (c=0.5; CH3COOH).
6. Vl. Boc-Arg-Pro-Gly-Pro. 4.76 g (6.5 mmol) of Boc-Arg(NO,)-Pro-Gly-Pro-OBzl were

dissolved in 100 ml of methanol; then 1 ml 1N hydrochloric acid and 4.67 g of catalyst,
viz. 10% palladium oxide on neutral aluminum oxide, were added, and hydrogenation in
the stream of dry hydrogen at room temperature under 1 atm. was conducted for 6
hours. Then, the catalyst was filtered off and washed on the filter with methanol. Pooled
filtrate was evaporated to dryness. The residue was precipitated with ether from the
absolute methanol. Then, it was dried under vacuum, while desiccant was changed
several times.

Yield: 4.23 g (5.8 mmol) 89%

Rf- 0.125 (4); 0.57 (6); 0.37 (5)

Melting point 123-125°C.

7. VIl. Arg-Pro-Gly-Pro. 4.23 g (5.8 mmol) of Boc-Arg-Pro-Gly-Pro-OH were suspended in
10 ml of 2N hydrochloric acid in dioxane and incubated at room temperature for 45 min.
Then, dry ether was added, and the precipitate was washed by decantation with dry
ether. It was reprecipitated with ether from absolute methanol. The resulting precipitate

was dissolved in 7.5 ml of 30% ethanol and applied to Amberlyst A-21 (AcO~ form)
column for acetate / hydrochloride salt exchange. Peptide was eluted with 200 ml of 30%
ethanol, evaporated to dryness under vacuum and precipitated with absolute ether from
methanol.

Yield: 3.69 g (4.93 mmol) 85%

Rf- 0.287 (4); 0.145(5); 0.338(14)

Melting point 120-122°C

HPLC results: Column: Supercosil ABZ Plus, size 4.6x250 mm; flow rate 1 mL/min;
Eluent A: NH4H-PO4 + H3PO4 (50 mM, pH 2.8); eluent B: MeOH

Gradient: 0-20 min (0-40% B); retention time 21.21 min.
Rf-0.24 (6)
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Melting point = 151°C

[a]p22= -65.0° (c=0.5 CH3COOH)

HPLC results: Column: Zorbax ODS d = 4.6 mm; t =35°C

Flow rate 1 mL/min; A=50mM NH4H>PO4 (pH 2.5); B=A + MeOH (1: 1); 10-60% B (in 25

min). Retention time 16.5 min.

Reference Example 2. Synthesis of Pro-Arg-Pro-Gly-Pro pentapeptide.

[0032] Peptide synthesis was performed by classical methods of peptide chemistry using
natural L-amino acids according to the diagram shown in Figure 2.

[0033] First, Pro-Gly-Pro tripeptide was produced; then, pentapeptide was obtained by
stepwise buildup of the peptide chain from the N-terminus. In synthesis, mixed anhydride
method, azide method and carbodiimide method were used.

[0034] Chromatographic mobility (Rf) values in the following solvent systems are provided:
butanol: acetic acid: water (4:1:1)-(1); chloroform: methanol: ammonia (6:4:1) - (2); acetone:
benzene: acetic acid (50:100:1) - (3); chloroform: methanol (9:1) - (4); hexane: acetone (3:2) -
(5); butanol: acetic acid: pyridine: water (30:6:20:24) - (6); chloroform: methanol (14:1) - (7).

1. . Boc-Pro-Glv-OEt. 8.3 g of Boc-Pro (38.45 mmol) were dissolved in 50 ml of CH,Cly,

cooled down to +5°C, and 38.45 mmol (5.38 ml) of TEA were added. The reaction
mixture was cooled down to -25 + -30°C. At this temperature, 38.45 mmol (4.84 ml) of
isobutyl chloroformate were added using a pipette. The reaction mixture temperature
was kept in the range of -18 + -20°C for 20 minutes. Simultaneously, a solution of 5.9 g
(42.3 mmol) of 1.1-fold excess of HCI-H-Gly-OEt in 75 ml of chloroform, containing 5.92
ml of TEA. The solution was cooled down to -25°C and, after formation of mixed
anhydride in the first flask, its contents were poured to the ether solution right away. The
reaction mixture was incubated for 1 hour at -10°C and then stirred for 12 hours at 4°C
on a magnetic stirrer. The reaction mixture was evaporated and 250 ml of ethyl acetate
were added to it; the ethyl acetate solution was washed 3 times with 25 ml of 0.1N HCI, 3
times with 25 ml H,O, and once with saturated solution of NaCl. The organic layer was

dried over MgSQOy, filtered and evaporated. The residue was dried under vacuum over
P>,Os/ KOH and paraffin.

Yield: 10.2 g (30.3 mmol) 78.83%
Rf- 0.5 (3); 0.862(4).

2. 1l. Boc-Pro-Gly-NpH3. 10.2 g of Boc-Pro-Gly-OEt (30.3 mmol) were dissolved in 80 ml of
absolute methanol, and 4-fold excess of hydrazine hydrate, viz. 5.88 ml (121.2 mmol),
was added. The solution was stirred for 12 hours on a magnetic stirrer at room
temperature. The reaction mixture was evaporated, then two times evaporated with
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ether; then, ether (~ 5ml) was poured over the residue and left in a refrigerator
overnight (for better crystallization, seeding agent was added). The precipitated crystals
were filtered, washed with ether using a filter and dried in a desiccator.
Yield: 6.9 g (20.79 mmol) 68.62%
Melting point 9 8-100°C
Rf-0.284 (3); 0.474 (4); 0.189 (5).

. lll. Boc-Pro-Gly-Pro-OBzl.
58.4 mmol (4-fold excess) of hydrogen chloride in ethyl acetate were added to the
solution of Boc-Pro-Gly-NsH3, containing 4.7 g (14.6 mmol) in 40 ml of DMF, cooled
down to -20°C, and, immediately, 1.73 mL (14.6 mmol) of freshly distilled tert-butyl
nitrite; then, the reaction mixture was stirred for 30 minutes at -5°C. The reaction mixture
was cooled down to -40°C, and solution of 8.2 mL (58.4 mmol) of TEA in 4 mL of DMF,
cooled down to -10°C, was added; when the temperature of the reaction mixture had
risen to -20°C, 3.7 g (15.3 mmol) of 1.05-fold excess of HCI - H-Pro-OBzl were added to
20 ml of DMF and 2.14 ml of TEA. Then, it was stirred at 4°C for 24 hours on a magnetic
stirrer. The reaction mixture was evaporated, and the residue was dissolved in 200 mL
of ethyl acetate and washed 2 times with 20 ml of H>O, 3 times with 20 ml of 10%
sodium KHSOy, 3 times with 20 ml of H5O, 3 times with 20 ml of 5% NaHCO3;, and 3

times with 3 ml of HyO. Ethyl acetate solution was dried over MgSOy4. Then it was

evaporated, and a small amount of ether (~10 mL) was added to the residue. Then, it
was left in a refrigerator. For better product crystallization, seeding agent was added.
The precipitated crystals were filtered and washed with a small amount of ether using a
filter. Then, they were dried in a desiccator.

Yield: 5.358 g (11.65 mmol) 79.92%

Rf- 0.326 (3); 0.947 (4); 0.390 (5)

Melting point 125-126°C

[a]p%2 =-101.2° (c = 0.85; CH30H)

Elemental analysis: C 62.89 (62.73); N 9.21(9.14); H 7.52 (7.24).

.IV. TFAH-Pro-Gly-Pro-OBzl. 5.358 g (11.65 mmol) of Boc-Pro-Gly-Pro-OBzl were
dissolved in 29.13 ml of methylene chloride; 29.13 mL of TFA were added, incubated for
45 minutes at room temperature, evaporated 2 times with absolute ethanol, 2 times with
benzene, 2 times with ether and dissolved in benzene; then, hexane was poured over.
Hexane was decanted, and the resulted substance was dried under vacuum in a
desiccator over P;O5/KOH and paraffin.

Yield: 4.63 g (9.7 mmol) 98%

Rf- 0.043 (3); 0.247 (4); 0.018 (5).

. V. Boc-Arg(NO3)-Pro-Gly-Pro-OBzI. 3.09 g (9.7 mmol) of Boc-Arg (NO>) were dissolved
in 50 ml of THF and 10 ml DMF; then, 2.07 g (10.67 mmol) of DCC were added, cooled
down to 0°C and stirred for 40 minutes; a solution of TFA-H-Pro-Gly-Pro-OBzl was
added to 50 ml of THF and 4.46 ml (9.7 mmol) of TEA. The reaction mixture was stirred
for three days. DCM precipitate was filtered off; the solution was evaporated under
vacuum; then, 200 ml of hexane were added to the residue. With this, the desired
product was separated as an oil, which was dissolved in 500 mL of ethyl acetate and
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washed 3 times with 25 ml of 0.1N HCI, three times with ml of H>O, and once with
saturated solution of NaCl. The organic layer was dried over MgSQOy,, fitered and
evaporated. The residue was dried under vacuum over P,O5/ KOH and paraffin.

Yield: 4.76 g (7.9 mmol) 85%

Rf-0.44 (1); 0.8 (6)

Melting point 108-110°C.

. VI. TFA-Arg(NO,)-Pro-Gly-Pro-OBzl. 4.76 g (7.9 mmol) of Boc-Arg (NOy)-Pro-Gly-Pro-
OBzl were dissolved in 20 ml of methylene chloride, 20 mL of TFA were added,
incubated for 45 minutes at room temperature, evaporated 2 times with absolute
ethanol, 2 times with benzene, 2 times with ether, then dissolved in benzene; then,
hexane was poured over. Hexane was decanted, and the resulted substance was dried
under vacuum in a desiccator over P,Os/KOH and paraffin.

The yield is quantitative.

Rf-0.16 (1); 0.27 (6).

. VII. Boc-Pro-Arg(NOj)-Pro-Gly-Pro-OBzl. 1.7 g (7.9 mmol) of Boc-Pro were dissolved
in 20 mL of THF, and 1.07 g (7.9 mmol) of BT were added, cooled down to 0°C; 1.8 g of
DCC in 50 ml of THF were added. In 40 min, a solution of TFA-Arg(NO5)-Pro-Gly-Pro-

OBzl (7.9 mmol) in 50 mL of THF and 1.1 mL (7.9 mmol) of TEA were added to the
reaction mixture. It was stirred for 2 hours at 0°C and for 2 days at room temperature;
then, DCM was filtered off, evaporated under vacuum, dissolved in 500 mL of ethyl
acetate and treated similarly to

Boc-Pro-Arg(NO5)-Pro-Gly-Pro-OBzl.

Yield: 4.07 g (67.8%)
Rf-0.42 (1); 0.72(6); 0.31 (7)
Melting point 147-148°C.

. VIII. Boc-Pro-Arg-Pro-Gly-Pro. 4.07 g (6.5 mmol) were dissolved in 100 ml of methanol;
1 ml of 1N hydrochloric acid and 0.85 g of catalyst, viz. 10% palladium oxide on neutral
aluminum oxide, were added, and hydrogenation in the stream of dry hydrogen at room
temperature under 1 atm. was conducted for 6 hours. Then, the catalyst was filtered off
and washed on the filter with methanol. Pooled filtrate was evaporated to dryness. The
residue was precipitated with ether from the absolute methanol.

Yield: 3.02 g (5.8 mmol) 89%
Rf-0.125 (1), 0.57 (2), 0.37 (6).

.IX. Pro-Arg-Pro-Gly-Pro. 3.02 g (5.8 mmol) of Boc-Pro-Arg-Pro-Gly-Pro were
suspended in 10 ml of 2N hydrochloric acid in dioxane and were incubated at room
temperature for 45 min. Then, dry ether was added, and the precipitate was washed by
decantation with dry ether. It was reprecipitated with ether from absolute methanol. The
resulting precipitate was dissolved in 7.5 ml of 30% ethanol and applied to Amberlyst A-

21 (AcO -form) column for acetate / hydrochloride salt exchange. Peptide was eluted
with 200 ml of 30% ethanol, evaporated to dryness under vacuum and precipitated with
absolute ether from methanol.

Yield: 2.27 g (75%)

Rf-0.2 (2); 0.1 (6)
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Melting point 180-185°C
[a]p20 = - 105° (c=0.4;CH3COOH).
Amino acid composition versus arginine: Pro 2.78 (3); Gly 1.1(1).

HPLC results: Column: Supercosil ABZ Plus, size 4.6x250 mm; flow rate 1 mL/min;
Eluent A: NH4HoPO4+ H3POy4 (50 mM, pH 2.8); eluent B: MeOH

Gradient: 0-20 min (0-40% B); retention time 10.13 min.

Reference Example 3. Synthesis of Pro-Gly-Pro tripeptide.

[0035] The synthesis of Pro-Gly-Pro tripeptide was carried out according to the diagram shown
in Figure 3. Synthesis of Pro-Gly-Pro tripeptide was carried out using modern protecting
groups and methods of peptide bond formation in solution. Mixed anhydride method with PivCI
was used for peptide bond formation. tert-butyloxycarbonyl protection (Boc) was used for
protection of amino groups, and benzyl ester (OBzl) was recruited for protection of carboxyl
group. Stepwise approach to peptide chain elongation was used.

[0036] Derivatives of L-amino acids were used for synthesis. Evaporation of solutions was
conducted using vacuum evaporator at 40°C. Melting points, determined with Boethius
apparatus, are given without correction.

[0037] Identity of the obtained compounds was tested by TLC on Silufol silica gel-coated plates
(Czech Republic). Substances were detected by spraying the plate with a solution of ninhydrin
and (or) o-tolidine. Chromatographic mobility (Rf) values in the following solvent systems are
provided: (ethyl acetate: acetone: 50% acetic acid: water (2:1:1); benzene: ethanol (8:2);
chloroform: methanol: ammonia (6:4:1); chloroform: methanol: acetic acid (42:7:1); acetone:
benzene: acetic acid (50:100:1); chloroform: methanol (9:1); hexane: acetone (3:2); butanol:
acetic acid: water (4:1:1); butanol: acetic acid: pyridine: water (30:6:20:24); hexane: ethyl
acetate (4:1); chloroform: methanol: ammonia (8:1.75:0.25); (isopropanol: formic acid: water)
(20:5:1); (chloroform: methanol: ammonia) (7:2.5:0.5); methanol. Specific rotation was
determined by AI-EPO polarimeter). Elemental analysis using Carlo-Erba model 1106 analyzer.

l. Production of Boc-Pro-Gly-OH.

[0038] 1. 10.75 g (50 mmol) of Boc-Pro were dissolved in 150 ml of acetonitrile, cooled down
to -5°C; then, 7.7 ml (50 mmol) of triethylamine (TEA) were added to the solution, and it was
cooled down to -20°C, while stirring on a magnetic stirrer. 6.8 ml (55 mmol) of pivaloyl chloride
(PivCl) were added to the cooled solution, stirred on a magnetic stirrer for 20 minutes at-10°C
and then cooled down to -30°C; then, precooled solution of Gly was added. Simultaneously,
Gly solution was prepared . 2. 4.5 g of Gly (60 mmol, 1.2-fold excess) were dissolved in 35 ml
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of water and 60 ml of acetonitrile, 8.4 ml (60 mmol) of triethylamine were added. The mixture
was cooled down to -10°C and added to the solution in the first flask after 20 minutes. The
reaction mixture was incubated for 1 hour at -10°C and stirred for 2 hours at 18-20°C on a
magnetic stirrer. The reaction mixture was evaporated on a rotary evaporator. About 50 mL of
water were added to the residue. The aqueous solution was acidified with a 3-fold excess of
NaHSO4 (24.84 g) to pH = 3 and extracted 5 times with 100 ml of ethyl acetate. Pooled ethyl

acetate solution was washed with H20 (50 mL), 10% solution of KHSO4 (50 mL), H>O (50 mL),
and saturated NaCl (50 mL). Ethyl acetate solution was dried over MgSQOy. Dried ethyl acetate

was filtered and evaporated. Dry ether was added to the residue. Upon the addition of ether to
the flask, it precipitated the product, which was filtered and washed with dry ether using a filter.
The resulted substance was dried under vacuum in a desiccator over KOH, P205 and paraffin,
while desiccant was changed several times.

Product M.W. 272.3

Yield: 5.97 g (21.74 mmol); (43.5%)

Melting point 70°C.

Rf - 0.863 (acetone - benzene - acetic acid) (50:100:1);

0.746 (benzene - ethanol) (8:2); 0.903 (chloroform: methanol) (9:1);

0.847 (Ethyl acetate: acetone: 50% acetic acid: water) (2:1:1).

Il. Production of Boc-Pro-Gly-Pro-OBzl.

[0039] 1. 5.97 g (21.74 mmol) of Boc-Pro-Gly-OH were dissolved in 100 ml of acetonitrile,
cooled down to - 5°C; then, 1.1-fold excess (3.35 ml, 23.9 mmol) of triethylamine (TEA) was
added to the solution, and it was cooled down to -20°C, while stirring on a magnetic stirrer. 1.1-
fold excess (2.34 ml, 23.9 mmol) of pivaloyl chloride (PivCl) was added to the cooled solution,
stirred on a magnetic stirrer for 20 minutes at -10°C and then cooled down to -30°C; then,
precooled solution of HCI - Pro-OBzl was added. Simultaneously, HCI - Pro-OBzl was prepared.

[0040] 2. 6.3 g of HCI- Pro-OBzl (26.1 mmol, 1.2 excess) were dissolved in 50 ml of
acetonitrile, 4.0 ml (28.71 mmol; 1.1-fold excess) of triethylamine were added. The mixture
was cooled down to -10°C and added to the solution in the first flask after 20 minutes. The
reaction mixture was incubated for 1 hour at -10°C and stirred for 2 hours at 18-20°C on a
magnetic stirrer. The reaction mixture was evaporated. 300 ml of ethyl acetate were added to
the evaporated residue. Ethyl acetate solution was washed with H>O (3 times with 25 mL), 10%

solution KHSO4(3 times with 25 ml) H>O (3 times with 25ml), 5% NaHCO3(3 times with 25 ml)
H>O (3 times 25 mL), and saturated solution ofNaCl (once with 25 mL). Ethyl acetate solution
was dried over MgSOy. Dried ethyl acetate was filtered and evaporated. About 100 ml of dry

ether were added to the residue. Upon the addition of ether to the flask, it precipitated the
product, which was filtered and washed with dry ether using a filter. The resulted substance
was dried under vacuum in a desiccator over KOH, P,Og and paraffin, while desiccant was
changed several times.

Product M.W. 459.82
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Yield: 8.12 g (17.66 mmol); (81.23%)

Melting point 125-126°C

Rf - 0.326 (acetone: benzene: acetic acid) (50:100:1)
0.390 (hexane: acetone) (3: 2)

0.947 (chloroform: methanol) (9:1)

0.716 (methanol)

0.620 (benzene: ethanol) (8:2)

lll. Production of Boc-Pro-Gly-Pro-OH.

[0041] 8 g (17.4 mmol) of Boc-Pro-Gly-Pro-OBzl were dissolved in 100 ml of methanol, 0.5 ml
of CH3COOH and palladium black were added, while stirring on a magnetic stirrer, and

hydrogen was passed through for 2 hours. The solution was filtered, evaporated, evaporated 3
times with benzene and 2 times with ethyl acetate. Then, it was precipitated with ether hexane
from acetone, and the precipitate formed in the flask was dried in a desiccator over P,Os/ KOH

and paraffin.

Product M.W. 369.39

Yield: 6.3 g (17.05 mmol) 98%

Melting point 99-100°C

Rf: 0.560 (chloroform - methanol) (9:1)

0.812 (chloroform - methanol - acetic acid) (42:7:1)
0.187 (acetone: benzene: acetic acid) (50:100:1)
0.164 (hexane: acetone) (3:2)

IV. Production of Pro-Gly-Pro.

[0042] 40.6 ml of methylene chloride and 40.6 ml of TFA were added to 6.0 g (16.24 mmol) of
Boc-Pro-Gly-Pro-OH and incubated for 45 minutes at room temperature; after removal of the
protecting group, the solution was evaporated 2 times with absolute methanol, 2 times with
benzene and 2 times with ether. It was precipitated with ether from acetone. The residue was
dried under vacuum over P,O5, KOH and paraffin. The dried product was reprecipitated with
dry diethyl ether from absolute MeOH.

Product M.W. 381.39

Yield: 5.6 g (14.72 mmol) (90.62%)
The resulting precipitate of TFA-Pro-Gly-Pro-OH was dissolved in 10 ml of 30% ethanol; then,

25 mL of Amberlyst A-21 (CH43COO") ion-exchange resin was added for exchange of
trifluoroacetate to acetate salt and stirred on a magnetic stirrer for 45 minutes; then, it was
washed with 150 ml of 30% ethanol, evaporated to dryness under vacuum and precipitated

with dry diethyl ether from absolute methanol. The resulting precipitate was filtered off and
dried in a desiccator under vacuum over P;Os, KOH and paraffin, while desiccant was changed
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several times.

Product M.W. 328.34

Yield: 4.54 g (13.84 mmol) (94%)
Melting point 143-145°C

[a]p?2 -31.5° (c 1, MeOH)
Rf: 0.59 (chloroform: methanol: ammonia) (6:4:1)

0.52 (chloroform: methanol: ammonia) (4:4.5:1.5)
0.524 (ethanol: ammonia) (7: 3)

Reference Example 4. Synthesis of Thr-Lys-Pro-Arg-Pro-Phe hexapeptide.

[0043] Synthesis of Thr-Lys-Pro-Arg-Pro-Phe hexapeptide was performed according to the
diagram shown in Figure 4.

[0044] Synthesis of Thr-Lys-Pro-Arg-Pro-Phe hexapeptide was carried out using modern
protecting groups and methods of peptide bond formation in solution. TBA salt method,
activated ester method, carbodiimide method and mixed anhydride method were used for
peptide bond formation. Both stepwise and blockwise approaches were used.

Example 5. Synthesis of Thr-Lys-Pro-Arg-Pro pentapeptide.

[0045] Synthesis of Thr-Lys-Pro-Arg-Pro pentapeptide was performed according to the
diagram shown in Figure 5.

[0046] Synthesis of Thr-Lys-Pro-Arg-Pro pentapeptide was carried out using modern
protecting groups and methods of peptide bond formation in solution. TBA salt method,
activated ester method and carbodiimide method were used for peptide bond formation. Both
stepwise and blockwise approaches were used.

Reference Example 6. Synthesis of Thr-Lys dipeptide

[0047] Synthesis of Thr-Lys dipeptide was performed according to the diagram shown in
Figure 6.

[0048] Synthesis of Thr-Lys dipeptide was carried out using modern protecting groups and
methods of peptide bond formation in solution. TBA salt method, was used for peptide bond
formation.

[0049] Derivatives of both protected and free L-amino acids were used for synthesis of the
peptides described in Examples 7-9. The solvents used in peptide synthesis, were
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correspondingly absolutized. Peptide homogeneity was tested by high performance liquid
chromatography (HPLC) using Millichrome A-02 microcolumn liquid chromatographic system.
The synthesized peptides were characterized by mass spectrometry using Bruker mass
spectrometer (®Bruker Daltonik GmbH).

Reference Example 7. Synthesis of Thr-Lys-Pro-Phe tetrapeptide

[0050] The synthesis of Thr-Lys-Pro-Phe tetrapeptide was carried out according to the
diagram shown in Figure 7.

[0051] Synthesis of Thr-Lys-Pro-Phe tetrapeptide was carried out using modern protecting
groups and methods of peptide bond formation in solution. TBA salt method and activated
ester method were used for peptide bond formation. Stepwise approach to peptide chain
elongation was used.

[0052] Derivatives of both protected and free L-amino acids were used for synthesis.
Evaporation of solutions was conducted using vacuum evaporator at 40°C. Melting points,
determined with Boethius apparatus, are given without correction. ldentity of the obtained
compounds was tested by TLC on Silufol silica gel-coated plates (Czech Republic). Substances
were detected by spraying the plate with a solution of ninhydrin and (or) o-tolidine.
Chromatographic mobility (Rf) values in the following solvent systems are provided: (butanol:
acetic acid: water) (4:1:1); (benzene - ethanol) (8:2); (chloroform: methanol) (9:1);
(isopropanol: formic acid: water) (20:5:1); (chloroform - methanol - acetic acid) (42:7:1);
(chloroform: methanol: ammonia) (8:1.75:0.25); (acetone - benzene - acetic acid) (50:100:1);
(chloroform: methanol: ammonia) (6:4:1); (chloroform: methanol: ammonia) (44.5:1.5);
(butanol: acetic acid: pyridine: water) (30:6:20:24).

l. Production of Z-Lys(Boc)-Pro-OH.

[0053] 13% solution of TBA (98 ml) was added to 46.32 mmol (5.34 g)of Pro and evaporated
two times with ethanol, two times with ethanol/benzene mixture, and 2 times with benzene. 300
ml of absolute ethyl acetate were added; the reaction mixture was cooled down to 0°C, and
23.16 mmol (12.66 g) of previously synthesized Z-Lys (Boc)-OPfp were added and stirred on a
magnetic stirrer for 1 hour. The reaction mass was evaporated, and 40 ml of water were added
to the evaporation residue. The aqueous solution was washed 3 times with 80 ml of ether.
After washing with ether, the aqueous solution was acidified with citric acid to pH 3. After
acidification, aqueous solution was extracted with ethyl acetate 3 times in 40 ml aliquots.
Pooled ethyl acetate after extraction was washed 3 times with 20 ml of water, 3 times with 20
ml of 10% solution of KHSOy4, and 3 times with 20 ml of water. Ethyl acetate solution was dried

over MgSOy. Then, it was filtered and evaporated on a rotary evaporator. The resulted

substance was precipitated with hexane from ethyl acetate. Hexane was decanted, and the
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resulted substance was dried under vacuum in a desiccator over KOH, P,Osand paraffin,

repeatedly changing desiccant.

Yield: 9.68 g (20.26 mmol); (87.51%).

Melting point 76-77°C

Rf - 0.705 (butanol: acetic acid: water) (4:1:1);
0.560 (benzene - ethanol) (8:2);

0.476 (chloroform: methanol) (9:1);

0.813 (isopropanol: formic acid: water) (20:5:1);
0.297 (acetone - benzene - acetic acid) (50:100:1).

l. Production of H-Lys(Boc)-Pro-OH.

[0054] 300 ml of absolute methanol, 2 ml of acetic acid, and palladium black were added to
9.68 g (20.26 mmol) of Z-Lys(Boc)-Pro-OH, and hydrogenation was performed in the stream of
dry hydrogen at room temperature under 1 atm for 8 hours. Then, the catalyst was filtered off
and washed on the filter with methanol. Pooled filtrate was evaporated to dryness. The residue
was precipitated with ether from the absolute methanol. Then, it was dried under vacuum,
while desiccant was changed several times.

Yield: 6.38 g (18.58 mmol); (91.87%)

Melting point 98-99°C

Rf - 0.110 (chloroform - methanol - acetic acid) (42:7:1);

0.166 (butanol: acetic acid: water) (4:1:1);

0.235 (chloroform: methanol: ammonia) (8:1.75:0.25);

0.494 (isopropanol: formic acid: water) (20:5:1) (2:1:1).

lll. Production of Boc-Thr-Lys-Boc)-Pro-OH.

[0055] 13% solution of TBA (39.4 ml) was added to 18.58 mmol (6.38 g) of Lys (Boc)-Pro-OH
and evaporated 2 times with ethanol, 2 times with ethanol/benzene mixture and 2 times with
benzene. 250 ml of absolute ethyl acetate were added; the reaction mixture was cooled down
to 0°C, and 9.2 mmol (3.74 g) of previously synthesized Boc-Thr-OPfp were added and stirred
on a magnetic stirrer for 1 hour. The reaction mass was evaporated, and 40 ml of water were
added to the evaporation residue. The aqueous solution was washed 3 times with 80 ml of
ether. After washing with ether, the aqueous solution was acidified with 18.58 mmol (3.95 g) of
citric acid to pH 3. After acidification, aqueous solution was extracted with ethyl acetate 3 times
in 40 ml aliquots. Pooled ethyl acetate after extraction was washed 3 times with 20 ml of water,
3 times with 20 ml of 10% solution of KHSOy4, and 3 times with 20 ml of water. Ethyl acetate

solution was dried over MgSOy.

Then, it was filtered and evaporated on a rotary evaporator. The resulted substance was
precipitated with hexane from ethyl acetate. Hexane was decanted, and the resulted substance
was dried under vacuum in a desiccator over KOH, P,Og and paraffin, while desiccant was
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changed several times.

Yield: 3.32 g (6.1 mmol); (66.26%) Melting point 105-107°C

Rf - 0.297 (acetone - benzene - acetic acid) (50:100:1);

0.234 (chloroform: methanol) (9:1); 0.560 (benzene - ethanol) (8:2).

IV. Production of Boc-Thr-Lvs(Boc)-Pro-Phe-OH.

1. Production of Boc-Thr-Lys(Boc)-Pro-OSu.

[0056] 3.53 mmol (0.38 g) of hydroxysuccinimide were added to 1.66 g (3.05 mmol) of Boc-
Thr-Lys(Boc)-Pro in 50 ml of absolute ethyl acetate, and the resulting solution was cooled
down to 0°C, while stirring on a magnetic stirrer; then, 0.76 g (3.53 mmol) DCC
(dicyclohexylcarbodiimide) were added and stirred on a magnetic stirrer at room temperature
for 2 hours. After reaction stopped, the resulting reaction mixture was filtered off and the
precipitate was discarded. 200 ml of absolute ethyl acetate were added to the resulting
solution. Pooled ethyl acetate was washed 2 times with 20 ml of saturated solution of NaCl, two
times with 20 ml of 10% sodium KHSOy, 2 times with 20 ml of saturated solution of NaCl, 2

times with 20 ml of 5% NaHCO3;, and 2 times with 20 ml of saturated solution of NaCl. Ethyl
acetate solution was dried over MgSQOy4. Then, it was filtered and evaporated on a rotary

evaporator. The resulted substance was precipitated with ether and hexane from ethyl acetate.
The precipitate was filtered and dried under vacuum over KOH, P,Og and paraffin, while

desiccant was changed several times.

Yield: 1.52 g (2.37 mmol) 77.74%.

Rf - 0.560 (benzene - ethanol) (8:2); 0.457 (chloroform: methanol) (9:1). 2. After preparation,
1.52 g (2.37 mmol) of Boc-Thr-Lys (Boc)-Pro-OSu were dissolved in 25 ml of
dimethylformamide and added to the prepared solution, containing 0.392 g (2.37 mmol) of L-
Phe in 25 ml of dimethylformamide. The solution was stirred on a magnetic stirrer at room
temperature. The reaction mixture was evaporated on a rotary evaporator and precipitated
with ether from benzene. The precipitate was filtered and dried under vacuum over P;Og /
KOH and paraffin, while desiccant was changed several times.

Yield: 1.03 g (1.64 mmol) 69.0%.

Rf - 0.063 (isopropanol: formic acid: water) (20:5:1) (2:1:1).

0.745 (chloroform: methanol: ammonia) (8:1.75:0.25);

V. Production of H-Thr-Lys-Pro-Phe-OH.

[0057] 1.03 g (1.64 mmol) of Boc-Thr-Lys (Boc)-Pro-Phe-OH were added to 8.2 mL of
methylene chloride and 8.2 ml of TFA, then the mixture was incubated for 45 minutes at room
temperature, and, after removal of protecting groups, the solution was evaporated 2 times with



DK/EP 2876113 T3

absolute methanol, 2 times with benzene, and 2 times with ether. It was precipitated with ether
from methanol. The residue was dried under vacuum over PoOsKOH and paraffin. The

resulting precipitate was dissolved in 5 ml of 30% ethanol and applied to Amberlyst A-21 (AcO -
form) column for acetate / hydrochloride salt exchange. Peptide was eluted with 100 ml of 30%
ethanol, evaporated to dryness under vacuum and precipitated with absolute ether from
absolute methanol. The resulting precipitate was filtered and dried in a desiccator under
vacuum over P>,Os5, KOH and paraffin, while desiccant was changed several times.

Yield: 0.7 g (1.43 mmol) (87%).

Melting point 129-131°C

Rf. - 0.201 (butanol: acetic acid: pyridine: water) (30:6:20:24);
0.156 (chloroform: methanol: ammonia) (4:4.5:1.5).

[0058] Chromatographic and mass spectrometric analysis of peptide sequences, described in
Examples 1-7, is shown in Table 1.

Table 1.
N° {Peptide MW jChromatographic {Mass spectrometric
characteristics characteristics
Tr, min {Purity, {* Fragmentation of the
% [M+H]* {molecular ion peak**

1 Thr-Lys-Pro- {597 {8.01 97 598 369(100), 272(31),
Arg-Pro 580(29)

2 {Thr-Lys-Pro- {744 {14.8 96 745 516(100)0.263(59),
Arg-Pro-Phe 327(38)

3 {Pro-Arg-Pro- {522 {9.14 89 523 25(100)0.425(27),
Gly-Pro 407(11)

4 {Thr-Lys-Pro- {500 {5.72 94 501 457(100)0.272(55),
Arg 484(47),

5 {Arg-Pro-Gly- {425 {6.82 85 426 408(100), 293(54),
Pro 254(24)

6 {Pro-Gly-Pro 269 {5.42 >08 270 173(100), 155(98),

116(75)
7 {Thr-Lys-Pro 344 {4.15 93 345 230(100), 129(19),
212(16)

8 {Thr-Lys 247 .77 95 248 230(100), 129(78), 84(30)
Thr-Lys-Pro- {500 {5.72 94 501 457(100)0.272(55),
Phe 484(47)

Note.

* Molecular peak corresponding to [M+H]*

** Most intense ions formed in the fragmentation of the molecular ion peak at the

energy of collisions with helium atoms of 35 eV.
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[0059] Table 2 shows the data of high performance liquid chromatography (HPLC) using
Millichrome A-02 microcolumn liquid chromatographic system and mass spectrometric
characteristics of synthesized peptides obtained using ThermoElectron LCQ Advantage MAX
mass spectrometer.

[0060] Developed chromatographic conditions allow to easily obtain chromatographically
homogeneous product.

Chromatographic conditions for analysis of peptides.

Chromatograph: Milichrom-A02

Column: Prontosil 120-5C18aq, 2*75 mm
Eluent A: 0.2M LiCIO4 + 5mM HCIO4

eluent B: methanol.

[0061] Table 2 presents gradient shape for separation of the synthesized peptides.
Table 2.

Time %B
0 5
16.5 80

Flow rate: 150 pl/min

Set of wavelengths: 210, 220, 230, 240 nm

Mass spectrometry conditions

Equipment: ThermoElectron LCQ Advantage MAX

lon source: electrospray; direct introduction of peptide solution with a concentration of 10 pg/ml
in 0.1% acetic acid at a flow rate of 5 yl/min Molecular ion fragmentation at 35 eV by ion
collisions (He) Source temperature: 250°C.

lonization potential 3.5 kV

Example 8. Identification of pharmacophore position.

[0062] To identify pharmacophore, fragments of the parent peptide Selank were synthesized:
Thr-Lys; Thr-Lys-Pro; Pro-Gly-Pro; Arg-Pro-Gly-Pro; Pro-Arg-Pro-Gly-Pro; and efficacy tests
were conducted in vivo using relevant pre-clinical model (Lordosis test).

[0063] We studied the efficacy of the following group of peptides: Thr- Lys; Thr-Lys-Pro; Pro-
Gly-Pro; Arg-Pro-Gly-Pro; Pro-Arg-Pro-Gly-Pro in the dose of 100 pg/rat in relation to sexual
behavior of female rats. Sexual behavior was recorded in ovariectomized hormonally
stimulated females in direct contact with the sexually active male, or when such a contact was
impossible. It was found that Thr-Lys-Pro peptide increased the intensity of proceptive
behavior in females from 14 + 4 to 29 + 6 acts during monitoring(p = 0.028, Wilcoxon test). The
effect on the lordosis reaction in females had the same trend (p = 0.09): the number of
lordoses under the action of Thr-Lys-Pro peptide increased from 0.73 £ 0.12 to 0.97 + 0.12.
These results indicate the intensification of sexual motivation on the background of Thr-Lys-
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Pro peptide action. The effect is specific and manifested in an adequate behavioral situation.
Results of efficacy studies of the following peptides: Thr-Lys; Thr-Lys-Pro; Pro-Gly-Pro; Arg-
Pro-Gly-Pro; and Pro-Arg-Pro-Gly-Pro; in the model of lordosis are shown in Table 3

Table 3.

Group Progesterone, | Test Number of acts of Percentage of

mg/rat product, iproceptive behavior {lordoses
Mg/rat

Negative 0.5 0 1414 0.7310.12

Control

Thr-Lys 0.5 100 1314 0.7040.02

Thr-Lys-Pro {0.5 100 2916 0.971£0.12

Pro-Gly-Pro {0.5 100 1315 0.74£0.09

Arg-Pro-Gly-30.5 100 1544 0.6910.14

Pro

Pro-Arg-Pro-{0.5 100 1416 0.731£0.14

Gly-Pro

Positive 1.0 0 22411 0.98+0.09

Control

[0064] Table 3 proves that Thr-Lys-Pro tripeptide is the pharmacophore; furthermore, the
smaller sequence, i.e. Thr-Lys dipeptide, does not function, as results from the Table 3.

Example 9. Pharmacophore Test

[0065] To test the pharmacophore, peptides based on it were synthesized, viz. Thr-Lys-Pro
tripeptide, Thr-Lys-Pro-Arg and Thr-Lys-Pro-Phe tetrapeptides, Thr-Lys-Pro-Arg-Pro
pentapeptide, and Thr-Lys-Pro-Arg-Pro-Phe hexapeptide, corresponding to the general
formula A-Thr-Lys-Pro-B-C-D-X, efficacy test were conducted on the in vivo, using relevant
pre-clinical models (lordosis test).

[0066] We studied the efficacy of the following group of peptides: Thr-Lys-Pro; Thr-Lys-Pro-
Arg; Thr-Lys-Pro-Arg-Pro; and Thr-Lys-Pro-Arg-Pro-Phe; at a dose of 100 pg/rat in relation to
sexual behavior of female rats. Sexual behavior was recorded in ovariectomized hormonally
stimulated females in direct contact with the sexually active male, or when such a contact was
impossible. It was found that peptides from the group, including Thr-Lys-Pro, Thr-Lys-Pro-Arg-
Pro, and Thr-Lys-Pro-Arg-Pro-Phe, increased the intensity of proceptive behavior in females
from 14 + 4 to 2614 - 3616 acts during monitoring(p = 0.028, Wilcoxon test). At the same time,
Thr-Lys-Pro-Arg and Thr-Lys-Pro-Phe do not affect the intensity of proceptive behavior of
females and do not increase the number of lordoses, and the basic parameters of Thr-Lys-
Pro-Arg and Thr-Lys-Pro-Phe tetrapeptides remain at the level of negative control. The effect



DK/EP 2876113 T3

on the lordosis reaction in females had the same trend (p = 0.09). In the absence of direct
contact of partners, peptide action was manifested. The results indicate the intensification of
sexual motivation on the background of Thr-Lys-Pro, Thr-Lys-Pro-Arg-Pro, Thr-Lys-Pro-Arg-
Pro-Phe peptide action and lack of sexual motivation effect in Thr-Lys-Pro-Arg and Thr-Lys-
Pro-Phe tetrapeptides. The effect is specific and manifested in an adequate behavioral
situation. Results of efficacy studies of the following peptides: Thr-Lys-Pro; Thr-Lys-Pro-Arg;
Thr-Lys-Pro-Phe; Thr-Lys-Pro-Arg-Pro; Thr-Lys-Pro-Arg-Pro-Phe; in the model of lordosis are
shown in Table 4.

Table 4.

Group Progesterone {Test Number of acts of Percentage
mg/rat product, {proceptive behavior of lordoses

pg/rat

Negative 0.5 0 1414 0.73+0.12

Control

Thr-Lys-Pro  {0.5 100 28+4 0.96+0.12

Thr-Lys-Pro- (0.5 100 1414 0.72+0.02

Arg

Thr-Lys-Pro- §0.5 100 1315 0.73+0.09

Phe

Thr-Lys-Pro- §0.5 100 3616 0.99+0.09

Arg-Pro

Thr-Lys-Pro- §0.5 100 2614 0.94+0.14

Arg-Pro-Phe

Positive 1.0 0 22411 0.98+0.09

Control

Industrial Applicability

[0067] The invention relates to the field of biochemistry, in particular, to a method for producing
peptides exhibiting high activity and capable of stimulating self-healing in the organs where a
disturbance occurred. In particular, the invention allows to expand the range of tools for
stimulation of sexual function and treatment of sexual dysfunction, while reducing the duration
of course therapy and the costs of medications.
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Patentkrav

1. Farmaceutisk sammensaetning omfattende et peptid med formlen:
Thr-Lys-Pro-Arg-Pro-X, hvor X er OH-, OCHs- eller NHz-gruppe.

2. Farmaceutisk sammensaetning ifglge krav 1, hvor X er OH.

3. Peptid med formlen Thr-Lys-Pro-Arg-Pro-X, til anvendelse som laegemiddel,
hvor X er OH-, OCHs- eller NH2-gruppe.

4. Peptid som defineret i et hvilket som helst af krav 1 eller 2, til anvendelse til

stimulering af seksuel- eller forplantning-funktion.

5. Peptid som defineret i et hvilket som helst af krav 1 eller 2, til anvendelse til

forebyggelse eller behandling af seksuel- eller forplantning-dysfunktion.

6. Ikke-terapeutisk fremgangsmade til at intensivere seksuel motivation,
omfattende indgivelsen af peptidet som defineret i et hvilket som helst af krav 1

eller 2.
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