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Figure 1. Effects of the treatnment with conpounds A221(a), A228(b) y
A233(c) in the prevention of Doxorubicin (Dx) induced nyocardi al
failure. 25 Figure 2: Protective effect of conpounds A221 (a),
A228(b) y A233(c) on forced stress in Dx treated rats. Figure 3:

Ef f ect of the treatment with conpounds M21(a), A228(b) y A233(c) in
time and reversion of Doxorubicin induced dilated cardi omyopathy in

o2t 9. 0 ooRmi S 109 S 0o RO00 AN 1 4200 e

A228(b) y ApsEmsnton the tat dissus w&ou{gbbmmmbbangeshn ttwleammassrbC(M)ssue
| gt

expl i ned | 8 PSR the Hpoqehi, EREN oFfeil € At EYfERHg B0kon

conpounds bnd i can bedoumdinea geaet!cﬂ’dzd@H defigienTHad. Gblnqdmlimda indseraenteid thm

o8, EXAGP eRhortdire” AP LARNCL IR D RIGInG Tor°a BERRES R GHhiA”

were optimz energy va nore s
regul ari ti eghralioincreaseptherfablissde agd GH8doeynat aliow at deceeaserip thenidan tissue.

oror 9 5% CopBrad R, APRATR, o5, e) AP Bt B o
G owt h Hor nba@n@efdafetm@@@(%M}et%i&& medeﬁk Maf3mall Gol. et a(QOd@jc‘Rhmgovel
ngpggng‘zggﬁfp%gla%‘g %kﬁ d%ﬁ%ﬁH%@E@gﬁr %X% %&nda‘él%\lmh ?lczarn":_l’élne secretlon

10 Endocrinology, 141(11):4325-4328; Tschop M., Smiley D.L., Heiman M.L. {2000)
Ghrelin induces adiposity in rodents. Nalture, 407:980-913).

In obese individuals ghrelin levels are depleted and does not decrease after feeding,
this is a reversible condition, hecause weight loss and ghrelin mean plasma levels
are incremented. Plasma levels of ghrelin negatively correlate to the body weight

15 index, the body fat weight, the size of the adiposities and the plasma levels of insulin,
glucose and leptin (English P.J., Ghatei M.A., et. al. (2002) Food fails to suppress
ghrelin levels in obese humans. J Clin Endocririol Metab, 87(6):2984; Tschop M.,
Weyer C., ef. al. (2001) Circulating ghrelin levels are decreased in human obesity.
Diabetes, 50(4).707-9).

20 GH insufficiency in obese patients has been reporied as reversible after a prolonged
diet and a marked weight loss. The chronic increase on the free fatty acids- and
hyperinsulinism associated with the low ghrelin levels may have an important role
causing GH insufficiency in obesity. (Maccario M., Tassone F., Grottoli 3., Rossetto
R., Gauna C., Ghigo E. (2002) Neuroendocrine and metabolic determinants of the

25 adaptation of GH/IGF-I axis to obesity. Ann Endocrinof (Paris), 83(2 Pt 1):140-144),
As ghrelin is being found adipogenic and orexigenic it can be thought on
antagonizing it for obesity treatment, however the consequences of such antagonism
lower the GH secretion and are associated with the fat mass increase. (Jorgensen
J.O., Vahl N,, (1996) Influence of growth hormone and androgens on body

30 composition in adults. Horm Res, 45:94-8B). Long term administration of agonists or
antagonists of ghrelin will reveal which of the two effects dominates and determine
its influence on the energy balance.

In the obese man the circulating concentrations of ghrelin are diminished and
negatively correlated to the body fat tissue and the circulating levels of ingulin and
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leptin (Tschop M., Weyer C., et. al. (2001) Circutating ghrelin levels are decreased in
human obesity. Diabeles, 50:707-9).

GH/IGF-l axis has a very important role during cardiac development and for the
maintenance of the structure and function or the heart; deterioration on the
cardiovascular performance is one of the symptoms of GH deficiency that can be
reverted with a GH therapy. (Sacca L, Cittadini A, Fazio S (1994) Growth hormone
and the heart. Endocr Rev 15:555-573; Caidahl K, Eden S, Bengtsson BA 1994
Cardiovascular and renal effects of growth hormone. Ciin Endocrinol (Oxf) 40:393-
400).

There are experimental data showing an improvement on the performance of the
cardiac muscle due fo GH, among them many studies using a myocardial infarction
(M1} model in rats, GH treatment after Ml resulted in an increment on the systolic
ejection volume, cardiac output and other systolic variables, along with a pronounced
vasodilation and a lower total peripheral resistance due to GH/GF-I, probably
contributing to improve the myocardial contractility. (Timsit J, Riou B, et al. 1990
Effects of chronic growth hormone hypersecretion “on intrinsic contractility,
energetics, isomyosin pattern and myosin adenosine triphosphate activity of rat left
ventricle. J Clin Invest 86:507-515; Tajima M, et al. (1999) Treatment with growth
hormone enhances contractile reserve and intracellular calcium transients in
myocytes from rats with post infarction heart failure. Circulation 99:127-134).

On the other hand, animal models with an excess of GH display a shift to a myosin
isoform with a low adenosine triphosphatase activity, they might lower the energy
demand on the contraction process. (Timsit J, Riou B, et al. (1990) Effects of chronic
growth hormone hypersecretion on intrinsic contractility, epergetics, isomyosin
pattern and myosin adenosine triphosphate activity of rat left ventricle. 4 Clin Invest
86:507-515}.

There are several studies on the cardiac and peripheral effects of GH andfor {GF-|,
among them good clinical data pointing to a future role of GH/IGF-l on the
cardiovascular therapy. (Fazio S., Sabatini D., et al, (1996) A preliminary study of
growth hormone in the treatment of dilated cardiomyopathy. N Engl J Med, 334:809-
814).

Several synthetic GHS and 'ghrelin have cardioprotective properties in several in vivo
studies improving several cardiac function variables, having a comparable effect with
those of GH. The likelihood of hexarelin haemodinamic profile with those of GH



Exanpl e 2: Prevention of NG+ deprivation i nduced death on PCl2 cells.
PC12 cells were stored in 75 cnR culture flasks on DMEM cont ai ni ng 5%
bovi ne foetal serum and 10% horse serum wth 50 pg/m gentam cin.
Cells were incubated at 37C in 5% CO2 To induce differentiation cells
were transferred at a density of 15 1X18%4 to pol yl ysi ne covered 96
wel i plates in NGF suppl emented DVEM nedia for 7 days, with medium
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conpounds i eardinoyRacyte crliee aﬁer preingbbation. wntmavdind&'aoapmrs Kola B.,
TRy conto 8 A7, i 8K LRl o R,
3. 12 A28» 4regeptor BHS-R3in humans. J Clin Endocrinol Metab, B7: 2988-2991; Nagoya N.,
Kojima M., et al. (2001) Hemodynamic and hormonal effects of human ghrelin in
healthy volunteers. Am J Physiol Regul Integr Comp Physiol, 280: R1483-R1487;
Pang J.-J.,, Xu R.-K,, et al. (2004) Hexarelin protects rat cardiomyocytes from
angiotensin Il-induced apoptosis in vitro. Am J Physiol Heart Circ Physiof, 286(3):
15  H1063-1069).
Specific ghrelin binding sites have been identified in rat heart and human arteries,
where the receptor density is increased by atherosclerosis and radioactively labelled
peptidic GHS were found specifically bound to rat myocardial cells and several
human cardiovascular tissues (ventricle, auricle, aorta, coronaries, carotid,
20 endocardium and vena cava), in higher amount than to the pituitary {Katugampola
S.D. (2001) [125I-His(9))-ghrelin, a novel radioligand for localising GHS orphan
receptors in human and rat tissue: up-regulation of receptors with atherosclerosis. Br
J Pharmacol, 134:143-149; Ong H., McNicoll N., et al. {1998) Identification of a
pituitary growth horrmone-releasing peptide (GHRP) receptor subtype by photo
25  affinity labeling. Endocrinology, 139:432— 435; Bodart V., McNicoll N, et al. (1999)
Identification and characterization of a new GHRP receptor in the heant. Circ Res,
85:796-808; Papotti M., Ghe C., et al. (2000} Growth hormone secretagogue binding
site in periferical human tissues. J Clin Endocrinol Metab, 85: 3803-3807).
Even though the administration of high pharmacological doses of peptidic GHS
30 induce a clear but transient vasoconstriction in perfunded rat heart using young rats
with induced GH deficiency by immunization with GHRH, has been also found that
hexarelin can protect against the myocardial damage induced by ischemia ad
| reperfusion, such protective activity has been associated to prostacyclin release and
the recovery of Angiotensin I vésopressor activity. (Bodart V., Febbario M., et al,
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3 recovery of the cardiac function was observed in the reperfusion and the

simultaneous reduction in the creating kinase levels corroborated the integrity of the

heart membranes and the preservation of the contractile weakness following the

oxygen readmission. The hexarelin protective effect was also shown by the

production of 6-keto-PGF1a and the restoration of the coronary vascular reactivity to

15 Angiotensin Il (Rossoni G., de Gennaro Coionna V., et al. {1998) Protectant activity

of hexarelin or growth hormone against post ischemic ventricular dysfunction in

hearts from aged rats. J Cardiovasc Pharmacol, 32:260-265;, Rossoni G., de

Gennaro Colonna V., et al. (1998) Protectant activity of hexarelin or growth hormone

against post ischemic ventricular dysfunction in hearts from aged rats. J Cardiovase

20 Pharmacol, 32:260-265; Locatelli V., Rossoni G., et al. (1999) Growth hormone-

independent cardioprotective effects of hexarelin in the rat. Endocrinolfogy,

140:4024-4031). Studies in hypophysectomised rats showed the GHS

cardioprotective effects independents of GH and mediated by specific myocardial

receptors (Locatelli V., Rossoni G., et. al. (1999) Growth hormone-independent

25 cardioprotective effects of hexarelin in the rat. Endocrinology, 140:4024-4031; Bodart

V., McNicoll N., et al. (1999} Identification and characterization of a new GHRP
receptor in the heart. Circ Res, 85:796-808).

Hexarelin increases the systolic ejection volume and cardiac output, and reduces the

total peripheral resistance in a 4 week rat model after the myocardial infarction

30 induction, Although the mechanism of the synthetic GHS inotropic activity is not

clear, there are evidence of the increase in the papillary muscle contractility by action

on the endothelial cells or in the netve endings (Tivesten A., Bollano et al. (2000)

.The growth hormone secretagogue Hexarelin improve cardiac function in rats after

experimental myocardia! infarction. Endocrinology, 141:60-66; Bedendi |., Gallo



25 The conpounds showed a concentrati on dependent neuroprotection
effect, 1C50 for each of the conmpounds is shown in Table 3. Table 3.

| C60 val ues of each conpound during the induced neuronal damage by
Hydr ogen Peroxide addition to a primary culture of neurons. Conpound
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M.P., et al. (2001) Role of endothelial cells in modulation of contractility induced by
hexarelin in rat ventricle. Life Sci, 69:2189-2201)

Ghrelin does not share all the cardiovascular actions of the synthetic GHS, ghrelin
gives a poor protection to the heart suggesting that the synthetic GHS effects are
due to the binding and activation of GHS specific sites studies with [1251]Tyr-Ala-
hexarelin revealed many binding sites in rat myocardium and In human
cardiovascular tissues distinct of GHSR-1a, suggesting the existence of another
receptor, with a similar sequence to CD36 mediating the coronary actions of
synthetic GHS (Torselio A., Bresciani E., et al. (2003) Ghrelin plays.a minor role in
the physiological control of cardiac function in the rat. Endocrinology, 144:1787-
1792; Muccioli G., Broglio F., et al. (2000) Growth hormone-releasing peptides and
the cardiovascular system. Ann Endocrinol (Paris} 61:27-31; Bodart V., Febbraio M.,
et al. (2002) CD36 mediates the cardiovascular action of growth hormone-releasing
peptides in the heart. Circ Res, 90.844-849). Although ghretin is mostly inactive at a
coronary fevel, it does present other cardiovascuiar effects, Ghrelin has a very potent
in vivo and in vitro vasodilating effect, such ghrelin action is directed towards the non
striated muscles with potency comparable to the natriuretic peptides. In human
atherosclerosis patients ghrelin receptors are augmented suggesting that it plays a
role on the compensation for the vasoconstriction increment ohserved in such
condition. (Okurmura H., Nagaya N., et al. (2002) Vasodilatory effect of ghrelin, an
endogenous peptide from the stomach. J Cardiovasc Pharmacol, 39:779-783; Wiley
K.E., Davenport A.P. (2002) Comparison of vasodilators in human internal mammary
artery: ghrelin is a potent physiological antagonist of endothelin-1. Br. J. Pharmacol,
136:1146-1152; Katugampola S.D. (2001) [125l-His(9)}-ghrelin, a novel radioligand
for localising GHS orphan receptors in human and rat tissue: up-regulation of
receptors with atherosclerosis, BrJ Pharmacol, 134:143-149),

Other studies showed that hexarelin, acylated ghrelin and even ghrelin can prevent
doxorubicin induced cell death of H9¢cZ cardiomyocytes and endothelial cells,
probably stimulating intracellular signalling like the activation of

ERK1/2 and Pl 3-kinase/AKT (Baldanzi G., Filigheddu N,, et. al. (2002) Ghrelin and
des-acyl ghrelin inhibit eell death in cardiomyocytes and endothelial cells through
ERK1/2 and Pl 3-kinase/AKT. J Cell Biol, 159:1029-1037; Filigheddu N., Fubini A., et
al. (2001) Hexarelin protects H9c2 cardiomyocytes from doxarubicin-induced cell
death. Endocrine, 14:113-119).
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Corpound | Gr {HRBRIHNSF the activation of caspase 3 and BAX expression increasing the
expression of BCL-2 (Pang J.J., Xu RK, et al. (2004) Hexarelin protects rat
5 cardiomyocytes from angiotensin {l-induced apoptosis in vitro. Am J Physiol Heart
Circ Physiol, 286:H1063-H1069). Such data enforces the hypothesis of the existence
of another GHS-R subtype, because non acylated ghrelin does not activate GHS-
Ria.
Ghrelin and GHS have indeed cardiovascular activity in humans, its administration to
10  heaithy volunteers and patients with chronic cardiac failure reduced the systemic
vascular resistance and increase the cardiac output and the systolic ejection volume,
wifh a reduction of the mean arterial pressure but not showing any change in the
heart rate, pressure on the medial pulmonary artery or capillary pulmonary pressure.
(Nagaya N., Kojima M., et al. (2001) Hemodynamic and hormonal effects of human
15 ghrelin in healthy volunteers. Am J Physiol Regul Integr Comp Physiol, 280:R1483-
R1487; Enomoto M., Nagaya N., et al. (2003) Cardiovascular and hormonal effects
of subcutaneous administration of ghrelin, a novel growth hormone-releasing
peptide, in healthy humans. Cfin Sci {Lond}, 105:431-435)
it has also been observed that several trophic factors, including GH and 1GF-| have
20 neuroprotecting properties during the second phase of in vivo hypoxic ischemia (HI)
and has bheen shown that the activation of the PI3K pathway with AKT
phosphorylation is the mediator of the neuronal survival rate in vifro induced by
growth factors, phosphorylated AKT promoted cell survival and can inhibit apoptosis
by inactivation of several antiapoptotic targets like Bad, glycogen synthase 3 heta
25 (GSK3B), caspase 9 or transcriptional factor modification. (Kulik G., Klippel A.,
Weber M.J. (1987). Antiapoptotic sighalling by the insulin-like growth factor |
receptor, phosphatidylinositol 3-kinase, and Akt. Mol Cell Biol, 17:1595-1606)
Another pathway activated by growth factors is MAPK p42/44 ERK. ERK activation
has been found to inhibit the hypoxia induced apoptosis, besides the neuraprotection
30 BDNF in neonatal rats has shown to be mediated by the activation of MAPK/ERK
and treatment IGF-| after HI activates Akt and EKR (Buckley S., Driscoll B., et al.
(1999) ERK activation protects against DNA damage and apoptosis in hyperoxic rat
AEC2. Am J Physiol, 277:158-166; Han B.H., Holtzman D.M. (2060) BDNF protects
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the neonatal brain from hypoxic-ischemic injury in vivo via the ERK pathway. J
Neurosci, 20:5775-5781)

Hexarelin reduces the brain damage on an in vivo model of Hi. This protection is
related to AKT and GSK3B phosphorylation indicating the possibility of the
involvement of PI3K pathway, observing its protective effect to cortex, hippocampus
thalamus, but not in the striatum, spatial distribution of the protection is correlated to
the localization of GH receptor and hexarelin (Brywe K.G., Leverin A.-L., et al. (2005)
Growth Honmone Releasing Peptide Hexarelin reduces neonatal brain injury and
alters Akt/Glycogen Synthase Kinase-38 phosphorylation. Endocrinology, 146: 4665-
4672; Lobie P.E., Garcia-Aragén J., et al. {(1993) Localization and ontogeny of
growth hormone receptor gene expression in the central nervous system. Dev Brain
Res, 74:225-233; Scheepens A., Sirimanne E.S., et al. (2001) Growth hormone as a
neuronal rescue factor during recovery from CNS injury. Neuroscience, 104:677-
687). Such findings suggest that the hexarelin protective effect could be GH
mediated or GH and hexarelin share common pathways for the cell protection
because GHS-R mRNA has been found in several of the brain structures.
Administration of GHRP-§ to adult rats under physiological conditions showed an
increase on the levels of IGF-l in hypothalamus, cerebellum, hippocampus but not in
cortex, although this could be to the increase of the IGF-1 expression, the same
effect has not been found in hexarelin treated rats 24 hours after Hl, on the other
hand if IGF-t was an important mediator of hexarelin effects it could be also expecied
a reduction of the brain damage in the striatum, as IGF-| receptors are present there.
{Frago L.M., Paneda C., Dickson S.1.., et al. (2002) Growth hormone (GH) and GH-
releasing peptide-6 increase brain insulin-like growth factor-I expression and activate
intracellular signalling pathways involved in neuroprotection. Endocrinology,
143:4113-4122; Guan J,, Williams C., et al. (1993) The effects of IGF-1 treatment
after hypoxic-ischemic brain injury in adult rais. J Cereb Blood Flow Metab, 13:609-
616). Hexarelin also activates PI3K pathway in the Central Nervous System (CNS)
after Hi but it does not affects ERK phosphorylation, {GF-1 in contrast activates both
ERK and PI3K pathways.

Hexarelin increase the phosphorylation of the IGF-I receptor in the absence of an
obvious induction of IGF-I, the phosphorylation increase could be due to a receptor
transactivation by hexarelin or an endogenous ligand. Previously has been reported
that GPCR agonists like angictensin-Il, thrombin and endothelin can stimulate the
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induction of the GH/IGF-1 axis, though a increased signailing on the IGF-I receptor

could contribute to the reduction of the brain damage.

10
Detailed description of the invention
In spite of the vast work on this field, described in the state of the art, it is evident
however that all ghrelin mimetic compounds and those of non peptidic nature are not
capable of exerting all possible functions attributed to ghrelin in the organism, being

15 preferred the usage of compounds of peptidic nature, having a larger structural
similarity, the description of such peptidic analogs is constrained however to the use
of non natural D stereochemistry amino acids as part of the compositions.

Taking into account the importance of the peptidic secretagegues in the previously
described functions and the capacity of such compounds on the endocrine and non

20 endocrine functions. in a large variety of organisms, systems and cells, the present
invention describe, in effect for the first time chemical molecules of a peptidic nature,
with internal cycles and composed solely of aminc acids with an L stereochemistry
for the chiral carbon, capable of exerting due to their chemical structure, similar
functions of those atiributed to ghrelin, des-acyl ghrelin and other peptidic GHS,

25 including but not restricted to the GH releasing capacity, cardioprotection and in
general functional improving of the cardiac muscle and the reticuloendothelial
system, neuroprotection that does not only includes the brain but alf the nervous
system cells, and the control and regulation of appetite including the regulation of fat
and energy metabolism.

30 The peptidic chemical compounds described in the invention have an structure
allowing them to fulfil the requirements fo bind the ghrelin specific receptors and at
the same time the receptors described for the binding of other secretagogues
performing all of the aforementioned functions

-
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In a particular realization, the invention refers to chemical molecules having the
following structure:
I. [Aay...Aap] X{[Ab,...Ab,] X2 [ACy ... Ac, ] Ad,
Were Aa are [-amino acids sefected from the sef of {Cys, Gly, Ser, His, Ala, Leu,
5 Met o Thr], varying in combinations of 1 to 4 residues, Ab are ' L-amino acids,

selected from the set of [Pro, Hle, Ala, Phe, Trp, Lys, Asp, Asn, Glu, Gin, Gly, Leu,

Met, Tyr o Thr], varying in combinations of 1 to 4 residues, Ac are L-amino acids

selected from the set of [Arg, Leu, Pro, Val, Thr, Glu, His, GlIn, Ash, Asp, Trp, Tyr,

Phe, Ser, Ata , Gly o lle], varying in combination of 1 to 5 and Ad are L-amino acids,
10 natural or not without limit in number, X4y Xz are L-amino acids, natural o not, with

the side chains covalently bound forming an internal cycle, using any chemical

reaction for the direct link or using a binding compound as a bridge.

Compounds belonging to the structural classes are shown as follows:

A221 GSKFDSPEHQ (SEC. iD NO: 1)
15 A222 HGSKFDLEFG (SEC. ID NO: 2)
A223 . HCKFDLDWH (SEC. ID NO: 3) .
A224 SSDFKLYWG (SEC. ID NO: 4)
A225 ALDFKPNIP (SEC. ID NO: 5)
A226 STDFKPFA! (SEC. ID NO: 6)
20 A227 HSKGYDLDH (SEC. ID NO: 7)
A228 GKFGDLSPEHQ (SEC. ID NO: 8)
A229 HAKPGGIDPEQ (SEC. [D NO: 9)
A230 GKFDSPEHQ . (SEC. ID NO: 10)
A231 GGGKFWDIPHH (SEC. ID NO: 11)
25 A232 HKGIDSPEQH (SEC. ID NO: 12)
A233" GKFDLSPEHQ (SEC. ID NO: 13)-
A234 GDAGAKLLSSR (SEC. ID NO: 14)
A235 GMEAGIKLCHRQ (SEC. ID NO: 15)
A236 GEGYKLDERSQ (SEC. ID NO: 16)
30 A237 GGEAGKLCPPRY (SEC. ID NO: 17)
A238 GLEFKLLHQ (SEC. ID NO: 18)

Were the underlined amino acids are linked by the side chains,
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Conmpound Pat hogens A221 +++++ + A222
A232 molecular modelling of the hurnan ghrelin feceptor using combined techniques of

homotogy modelling, molecular dynamics and exhaustive conformational search
fechnigues.

5 Once the receptor was modelled binding models were built based in the modelling of
ghrelin and other secretagogues, based upon the receptor-ligand interactions a
vitual  fibrary was built with several thousand of structures having such
characteristics to perform a conformational analysis, and a massive docking
experiment was performed against the receptor model.

10 Based on this analysis a series of compounds were selected representing several
structural families that were chemically synthesized and tested with severa! in vivo
and in vitro systems, after the biological assays the compounds were reoptimized
and new libraries were generated and the structural analysis was repeated to seek
for a larger action on the biological systems, having more specific structural

16  regularities.

The invention also includes any homolog variant of the aforementioned compounds.
Being understood as “homolog variant” any molecule of chemical nature similar in
70% or more of the amino acid sequence to those described in this invention {page
21), including non-natural amino acids, with a structure allowing it to perform the
20 same effect of the hereby described compounds.
In another preferred realization of the invention, the pharmaceutical composition
contains one or more of the described compounds or its allowed saits, along with
acceptable additive or vehicles for the application purpose. Also it is part of the
present invention, the use of the compounds for the manufacturing of medicines,

25 nutritional supplements, or other formulations of human or animal use in aquaculture
or other breeding or animal improvement activities, in vivo, in vitro, in body
associated devices or in devices for controlled release to the medium, -associated to
the action similar to other GHS, directly related or not to their endocrine action.
The molecules described herein were defined by the capacity of interacting to the

3¢  human ghrelin receptor, but we can not rule out another proteins not having similar
structure or amino acid sequence but have the capacity to bind this type of
compound and affect in any way their biological action being by activation,
potentiation, repression, competition or synergism with other subsirates, or by any
mechanism, described or not but experimentally documented.
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For the definition of the chemical compounds described in the invention, the
molecular modelling of the human ghrelin receptor was performed, using combined
techniques- of homology modelling, molecular dynamics and exhaustive
conformational search techniques. Once the receptor was modelled binding models
were built based in the modelling of ghrelin and other secretagogues, based upon
the receptor-ligand interactions a virtual library was built with several thousand of
structures having such characteristics to perform a conformational analysis, and a
massive docking experiment was performed against the receptor model.

Based on this analysis a series of compounds were selected representing several
structural famities that were chemically synthesized and tested with several in vivo
and in vitro systems, after the biological assays the compounds were reoptimized
and new libraries were generated and the structural analysis was repeated with
another round of molecular docking with the receptor to extract structural regularities,
the chemical nature of the second round was optimized to reach higher values of
calculated binding energy, ranging between -58 and -32 KJ/mol and analyzed again
to lovk for a larger action on the biological systems, having more specific structtiral
regularities. A representative selection of 18 such compounds with binding energies
better than -40 KJ/mol, were synthesized, purified using High Performance Liquid
Chromatography, analyzed by Mass Spectrometry and evaluated for the in vivo and

in vitro effectiveness.

Description.of the figures

Figure 1: Effects of the treatment with compounds A221(a), A228(b) y A233(c) in
the prevention of Doxorubicin (Dx) induced myocardial failure.

Figure 2: Protective effect of compounds A221(a), A228(b) y A233(c) on forced
stress in Dx treated rats.

Figure 3: Effect of the treatment with compounds A221(a), A228(b} y A233(c) in time
and reversion of Doxorubicin induced dilated cardiomyopathy in treated groups with
doses ranging from 100 to 500 pg/kg of animal weight.

Figure 4. Effect of the treatment with compounds A221(a), A228(b) y A233(c) in the
survival of animals with doxorubicin (Dx) induced dilated cardiomyopathy.



52 Stimulation by imrersion, of the growth of tilapia (Oreochroms
sp) larvae with the pepticlic GHS anal ogs. G owh stinulation
experiments on tilapia Oreochroms sp. |arvae were perforned

eval uating groups of 100 |arvae with 0.0lg average, using the
peptidic GHS anal ogs, 10 in a 100 pg/L @3ncentration, twce a week
using an imrersion tinme of one hour. On a three weeks course a top
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151.0 A223 T 51 gigtaipedin4hg second\eyde of the computational evaluation as
5 descnbed above were optimized to obtain better energy values and more specific

regularities upon receptor binding, 18 representative compounds with energies better
than -40 KJ/mol were selected as shown in table 1.

Table 1. Calculated inferaction energy of the interaction with the Growth
Hormone Secretagogue Receptor model after molecular docking.

Compound | Energy (KJ/mol) Compound Energy(KJ/motl)
A221 -52.54 A230 -56.27
A222 -49.80 A231 -42.32
A223 -43.76 A232 -50.30
A224 . -42.93 A233 -b8.06
A225 -54.99 A234 -563.14
A226 -40.00 A235 -45.94
A227 -41.01 A236 -45.20
A228 -40.93 A237 -50.01
A229 -52.25 A238 -51.11

10
Example 2: Prevention of NGF deprivation induced death on PC12 cells.

PC12 cells were stored in 75 cm? culture flasks on DMEM containing 5% bovine
foetal serum and 10% horse serum, with 50 yg/ml gentamicin. Cells were incubated
at 37°C in 5% CO; .To induce differentiation cells were transferred at a density of
15 1X10* to polylysine covered 96 well plates in NGF supplemented DMEM media for 7
days, with medium replacement every 2-3 days. Afier differentiation cells were
incubated with peptidic GHS analog compounds, at different concentrations for 72 h.
Cell survival and proliferation was determined using the Promega non-radioactive
cytotoxicity proliferation assay, Cell Titer 96, based in the conversion of
20  3-(4,5-dimethyltiazole-2-yl)-2,5-diphenyltetrazolium bromide (MTT) in to a
spectrophotometrically detectable product, After deprivation of NGF medium is
removed and 15yl of the DMEM dissolved dye is added, after 4 hours of 37°C
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incubation 100 ul of the stopping solution is added and absorbance is measured at

570 nm

The compounds showed a concentration dependent neuroprotection effect, IC50 for
each of the compounds is shown in Table 2.

Table 2. IC50 values of each compound during the NGF deprivation induced

neuronal death.

Compound 1C50 uM Compound IC50 uM
A221 2.02 A230 4,06
A222 2.03 A231 4.00
A223 3.12 A232 4.89
A224 2.37 A233 5.00
A225 4.07 A234 5.86
A226 4.87 A235 2.05
A227 3.06 A236 3.00
A228 3.909 A237 3.33
A229 3.41 A238 2.04

Example 3: Prevention of the induced neuronal damage by Hydrogen Peroxide
addition to a primary culture of neurons.

Primary cultures of granular cerebellum cells were obtained from 7-9 days Wistar
rats. After a rapid dissection, rat cerebeliums were submerged in a cold solution and
meningeal membranes were removed, each organ was transferred to a 2-3 ml fresh
medium solution and finely sliced. Cells were dissociated using a Pasteur pipette
and filtered through a nyion 40 mu.M membrane (Falcon, Franklin Lakes, N.J.). The
number of viable celis was determined by cell counting in a hematocyfometer with
tripan blue as a marker. Cells were cultured on polylysine covered 96 well plates at a
density of 6250 cells in 200 m! final volume. Cuiltures were kept at 37°C in 5% . CO;
after 24h, 10 M of cytosine arabinofuranose (AraC; Sigma) was added to inhibit the
proliferation of non-neuronal cells.

The capacity of neural damage prevention was tested adding 500 uM hydrogen
peroxide in different concentrations of peptidic GHS analog compounds, Cell
survival was determined using the Promega non-radioactive cytotoxicity profiferation
assay, Cell Titer 96 (Promega).
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The compounds showed a concentration dependent neuroprotection effect, IC50 for
each of the compounds is shown in Table 3.

Table 3. IC50 values of each compound during the induced neuronal damage
by Hydrogen Peroxide addition to a primary culture of neurons.

Compound IC50 uM Compound IC50 uM
A221 1.80 A230 3.81
AZ222 1.30 A231 3.46
A223 247 A232 3.28
A224 3.20 A233 3.56
A225 3.99 A234 3.72
A226 3.58 A235 1.01
A227 2.26 A236 3.33
A228 1.77 A237 2.51
A229 1.33 A238 1.00

Example 4: Demonstration of the biological activity of the peptidic GHS analog

compounds in fish.

IGF-I mRNa was determined in the liver of intraperitoneally injected tilapias

monitoring also the GH level time course, showing the peptidic GHS analog
10 compounds as able to stimulate in fish the GH levels in the bloodstream and at

incrementing the IGF-I mRNA levels after the injection of the compounds as shown

in table 4.

Table 4. Normalized IGF-1 mRNA [evels to a non related synthetic peptide

control group.

Compound IGF1 Compound IGF1
A221 1.32 A230 1.48
A222 1.118 A231 1.39
A223 1.40 A232 1.23
A224 1.41 A233 1.6¢
A225 1.38 A234 1.17
A226 1.13 A235 0.9
A227 1.28 A236 1.13
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G ow ng of shrinps v Litopenaeus vananei by dipping in a solution of
t he- peptidi ¢ GHS anal ogs. Shrinp | arvae were subjected two four

di ps, for one hour every three days mﬁtE different peptidic GHS

anal ogs at 0.1g/L. The control group wa 6subjected to the 5 sane
frequency of dipping with 1 ng/L BSA. As a result it was observed

that in the treat[ed OAg2P (N¢ quUalHRly Of Thepdzgrvae TWas {ggyovgd with
a 120-150% wei ghtf.gain and 10-25% of sijze increase as shown injtable
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The compounds were dissolved in a sodium phosphate (PBS) buffer solution and
injected twice a week, during three weeks at 0.1 ug/g of humid fish weight
(gbw).Compounds were applied individually to a group of 10 male tilapias with an
average weight of 60.41 + 10.36 g and a control group with an average weight of
10 60.58 £ 19.67 g was receiving PBS only as a control, measuring the average weight
every week, all animals in the experiment were labelled with microchips (Stoelting
Co. Wood Dale, USA.). for proper identification. A weight increase was obtained in
the treated group with 165% peak relative to the control group as shown in table 5.

15 Table 5. Weight Increment in % for the treated group taking as 100% the

growing of the control group.

Compound | Weightinc. (%) Compound Weight Inc. (%)
A221 98.0 A230 158.0
A222 96.2 A231 150.2
A223 105.0 A232 160.1
A224 132.7 A233 165.0
A225 120.0 A234 110.6
A226 122.4 A235 89.9
A227 139.9 A236 99.0
A228 130.6 A237 100.0
A229 126.5 A238 1294

In the same experiment we have studied the presence of monogeneous Trichodinics

and Helmints on the animals used in the assay to observe and compare the
20 extension of the invasion of pathogenic agents in the treated group. Table 6 shows

the comparison with the non treated animals that showed six crosses as average.
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Table 6. Intensity of the pathogenic infection with Trichodinics and Helmints in
treated animals. -

Compound | Pathogens Compound - Pathogeﬁs
A221 - A230 B
A222 ++++ A231 ++
A223 ok A232 ++
A224 +H++ A233 s
A225 bt A234 +++
A226 ++ A235 +i+
A227 -k A236 4+
A228 +t A237 +++
A229 +++ A238 bk

5.2 Stimulation by immersion, of the growth of tilapia (Oreochromis sp) larvae

with the pepftidic GHS analogs. '

Growth stimulation experiments on tilapia Oreochromis sp. larvae were performed

evaluating groups of 100 larvae with 0.01g average, using the peptidic GHS analogs, '
10 ina 100 yg/L concentration, twice a week using an immersion time of one hour. On a

three weeks course a top growth stimulation of 155% of average weight-was

obtained as shown in table 7, relative to the control group that was receiving PBS

immersions.
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A23T 1406 A236 105.0

" A228 1320 A237 109.0

P22 125.0 A238 1126

During this experiment lysozyme levels were also monitored and an increase of this
immunity marker was obtained in the treated animals as shown in table 8.

15 Table 8. Lysozyme levels of the treated animals relative to the control group.

Compound Lysozyme Compound Lysozyme
A221 1.01 A230 . 1.33
A222 1.43 A231 1.89
A223 1.62 A232 - 2.41
A224 1.37 A233 2.68
A225 1.43 A234 277
A226 1.47 A235 1.90
AZ27 1.62 A235 1.42
A228 1.08 A237 1.01
A229 1.15 A238 1.33




A231 140.1 A223 131.6 A232 139.7 A224 131.2 A233 140.1 A225 130.0
A234 138.6 A226 130.4 A235 137.0 A227 139.0 A236 137.0 A228 140.0
A237 132.0 A229

10

15

20

29

Example 6: Growing of shrimps v Litopenaeus vanamei by dipping in a
solution of the peptidic GHS analogs.

Shrimp larvae were subjected two four dips, for one hour every three days with
different peptidic GHS analogs at 0.1g/L. The control group was subjected tfo the
same frequency of dipping with 1 mg/L BSA. B

As a result it was observed that in the treated group the quality of the larvae was
improved with a 120-150% weight gain and 10-25% of size increase as shown in
table 9, showing aiso a larger number of gill ramifications and rostral modifications.
Besides it was found that n general in the treated group the animals had a lower
muscular water content and better values of RNA/DNA, Protein/DNA, showing the
higher activation of the metabolism in the treated larvae.

Table 9. Weight and size increment in % for the treated group taking as 100%
the growing of the control group.

Weight Inc. (%)/ Weight Inc. (%)/
Compound Compound

Size Inc. (%) Size Inc. (%)
A221 120.1/112.0 A230 150.0/123.6
A222 121.0M112.2 A231 130.0/123.0
A223 120.0/110.9 A232 132.8M123.0
A224 127.0/116.0 A233 143.0/124.9
A225 121.0/112.6 A234 123.6/114.2
A226 120.1/112.2 A235 121.0M112.5
A227 128.6/118.5 A236 121.6/112.0
A228 128.2/118.9 A237 127.0/116.2
A229 126.1/115.8 A238 129.2/1117.9

This experiment was also performed in production conditions for compounds A221,
A228 y A233, with a 20% of higher survival compared with the controls, keeping a
stimulation of 110% on the weight and 30% in the size, showing on the treated
animals a better homogeneity on the size distribution with only a 30% and a 8% of
variation coefficient in weight and size respectively, on contras with a 77% and 30%
in the non treated group.
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micrometer and weighing the animals in a 0.1 mg precision scale.

The added compound produced a size increase of 30-40 % compared with the

control group as shown in table 10.

10 Table 10. Size increment in % for the treated group taking as 100% the growing

of the control group.

Compound Size Inc. (%) Compound Size Inc. (%)
A221 130.0 A230 140.0
A222 131.0 A231 140.1
A223 131.6 A232 139.7
A224 131.2 ' A233 140.1
A225 130.0 A234 138.6
A226 130.4 A235 137.0
A227 139.0 A236 137.0
A228 140.0 A237 132.0
A229 140.0° A238 130.1

7.1: Artemia salina encapsulation
The peptidic GHS analogs were bioencapsulated in Arfemia to he fed to
15 Litopenaeus vanamei post-larvae. For the encapsuiation the compounds were added
in a 10mh/L left for an hour, harvested and washed. The animals were fed four times
a day for one month while the control group was fed with BSA encapsulated Artemia
The effect was measured with an optical micrometer and weighing the animals in a
0.1 mg precision scale. The encapsulated compounds increased the growth of the
20 animals in a 30 to 40% respect to the control group with a highly significant
difference (p<0.001) as shown in table 11,



A224 . 130.0 A233 140.0 A225 130.0 A234 135.0 A226 132.0 A235 134.2
A227 140.0 A236 138.0 A228 140.0 A237 136.0 A229 140.0 A238 140.0 5

Exanpl e 8:
anal ogs.

10

16

20

Cardi oprotective effect in rats of the peptidic GHS
31

Table 11. Size increment in % for the treated group taking as 100% the growing

of the contro! group.

Compound Size Inc. (%) Compound Size Inc. (%)
A221 130.2 A230 140.0
A222 130.3 A231 140.2
A223 132.0 A232 139.6
A224 130.0 A233 140.0
A225 130.0 A234 . 136.0
A226 132.0 A235 134.2
A227 140.0 A236 138.0
A228 140.0 A237 136.0
A229 140.0 AZ238 140.0

Example 8: Cardioprotective effect in rats of the peptidic GHS analogs.

To reproduce the physiopathogenic effects of a Dilated Cardiomyopathy (DCM)
female Wistar rats of 160 g were treated with 2mg/kg Doxorubicin (Dx) during 8
weeks. A group of this rats was also treated in parallel with compounds A221, A228
or A233 intraperitoneally at 500ug/Kg during the 8 weeks of Dx treatment, another
Dx treated group was also receiving saline solution as a placebo, and as a healthy
control for the experiment another group of untreated Wistar rats of the same age
was used. After the 8 week freatment all the rats were tested with an
echocardiogram, to test the ventricular functionality and assess the ventricular
gjection fraction (VEF). As seen in fig.1 rats receiving the parallel Dx-compound
A221(1a), A228(1b) or A233(1c) slightly modified VEF (p>0.05) with respect to the
healthy control, in contrast the group receiving placebo suffers a drop in VEF of
about a 40% (p<0.01), relative to the healthy control group. To demonstrate the
functional implications for the stress response of the drop in VEF, the rats were
subjected to forced swimming in 4°C water foe 30 minutes, as shown in fig. 2
animals receiving the treatment with Dx-compound A221(2a), A228(2b) or A233(2c)
have a survival of 100% and the Dx-saline solution survived to the 45 % (p=0.0043).
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Wiere Aa are L-anino acids selected fromthe set of [Cys, Gy, Ser,
H's, Ala, Leu, Met or Thr], varying in conbinations of 1 to 4

resi dues, Ab are L-am no acids, selected fromthe set of [Pro, Ile,
Al a, Phe, Trp, Lys, Asp, Asn, Qu, Gn, @y, Leu, Met, Tyr or Thr],
varying in conbinations of 1 to 4 residues, Ac are L-am no acids
selected fromthe set of [Arg, Leu, Pro, Val, Thr, GQu, H's, Gn,
Asn, Asp, Trp, Tyr, Phe, Ser, Ala, dysmr He], varying in conbination
of 1 to 5 and Ad are L-amino acids, natural or not without limt in
nunber, X1 and X2 are L-am no acids,coamgral or not, with the side
chains covalently bound form ng an internal cycle, using any chem cal
reaction for the direct link or using a binding conpound as a bridge,
where the chem' caI structure is defined by the follow ng ami no acid
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Artificial quence <
2) Pharmaceutical composition comprising one or more of the chemical

compounds described in claims 1, any of its pharmaceutically acceptable
salts, and excipients or vehicles.

3) Pharmaceutical composition according to claim 2, characterized by having the
peptidic chemical compounds in a range from 2 to 100 pg of compound per
ml, if prepared as a-solution or further used as a lyophilized powder.

4) Veterinary composition for aquaculture or other animal production, or



<223> Descri ption of t'he Artificial Sequence: Exanple peptide
sequence with internal cycle acconplishing the structural

regularities described in the patent. Cycle on the side chains of
Lys5 and Asp5. <400> 1 Gy ser Lys phe Asp Set' Pro Gu Hs Gn

1510 <210> 2 <211> 10 <212> PRI <213> Artificial sequence <220> <223>
Description O the Artificial sequence: Exanple peptide sequence with
I nternal cycle acconplishing the struc84airal regularities described in
the , patent. cycle on the side chains of ty54 and Asp6. <400> 2 H S
dY Ser Lys Phe AS Lek: Gp Phe Ay 1 '510 <210> 3 <211> 9 <212> PRT

<215> Artifi cindroR@AERNESmPRSIAT ond 2p Tndre 2% ieP i MicAl conipoufts idfe-@?uﬁ'i]t.@d

Sequence: Exanpl e peptide sequence w t'h internal cycle acconplishing
t he structurain elaiiularany ek itgesderinged aceepiaiie maltenand ojiwgreexaipients or
si de chains og%rﬁggg and. Asp5. <400> 3 His Cys Lys Phe Asp Leu Mp Trp
His 15 P8571 'sequence |isting 662859, t xt

5) Veterinary composition, according fo claim 4, characterized by the

administration of the compounds as foodstuff, in nutritional supplement, in
periodical injections or in immersion baths, for the purposes of growth
stimulation and/or eliciting disease resistance in fish or crustaceans.

B) Use of the chemical compounds of claim 1, or any of its pharmaceutically'
accepted salts, for producing a pharmaceutical composition for the treatment
of myocardial infarction, ischemia, reperfusion, cardiac failure, dilated
cardiomyopathy, or obesity

7) Use of the chemical compounds of claim 1, or any of its phérmaceutically
accepted salts, for growth stimulation in fish or crustaceans, by using one or
more of such compounds.

8) Use of the chemical compounds of claim 1, or any of its pharmaceutically

- accepted salts, according to claim 7, wherein the peptidic chemical
compounds are in the range from 0.01 to 1%, if administered as foodstuff; in
the range from 0.05 to 10 pg of compound per gram of animal wet weight, if
administered in periodic injections; or in the range from 10 to 500 pg of
compound per liter, if administered in immersion baths.



<220> <223> Description of the Artificial Sequence: Exanple peptide
sequence with internal cycle acconplishing the structural '
regul ariti'es described in.the patent, cycle on the side chains of
Asp3 and Lys5. <400> 4 Ser Sgr ASp Pile Lys Leu Tyr Trp Gy 5 <210> 5
<211> 9 <212> PRT <213> Artificial sequence <220> .423> Description

of the .Artificial Sequepgg;sde@IRhRnBERd SRy BEEHENGE W th internal
cycl e acequmtk sbsmegst he structural regularities described in the.

pat ent . cle on the._si Ln . s5. <400> 5 Ala . Leu
Asp Ph & SCWBDRgnlﬂ%kg&ﬁi’g%‘iﬁé%ﬁ%g%@%? <212> PRT <213>
Artifi cicab0>SPEPTEOIYEGRENZEH HORENE SSECRETAGIGUES ANALGR GOMBOUNPS iANP Ci al
Sequence: ExBIESPARATINS FHERECSequence with internal Cycle acconpli shing
the struygigs pdsyie@obarities described in the patent, cycle on the
tide chains of g\gﬁ &rg)cgi Lys5. <400> 6 .Ala Leu Asp he Lys Pro Mh Ile

Pro 5 <Z sS40/ 2> Pier <213> Artificial sequence <220>
<223> Dé%%%l %gé;éon ‘o? the Artificial Sequence: Exanple peptide

sequencglﬁgétgﬂﬁﬁ%%g%@ cycl e acconplishing the structural
regul aritres Wosa?Bed in the patent. Cycle on the side chains of
Lys3 andiémp®s <400> 7 His ser Lys Gy Tyr Asp Leu AS His 1 <210> 8

< >
211 1-1<170,> PatentIn Ver. 2.1

<210> 1

<211> 10

<212> PRT_ | _
<213> Artificial sequence

<220- . i1 seuence: e ceouence with

D iption of the Artificial Sequence: Example peptide sequence with
?ﬁ%ﬁ?ng§5§§1?e accomplishing the structura]'reguﬂar1t1es.descrmbed in the
patent. cycle on the side chains of Lys3 and Asp5.

<400> 1 - ' .
Gly Ser tys Phe Asp Ser Pro &lu Kis cln
1 . :

<210> 2

<211> 10

<212> PRT _
<213> artificial sequence

DI ifici wce: E ' ptide sequence with
- Dé sotion of the Artificial Sequence: Example peptide sequence _
?ﬁ%ﬁ?ngﬁsﬁ§lﬁﬁ éﬂcpmpiishﬁn the structural regularities described in the
patent. cycle on the side chains of Lys4 and Asp6.

400> 2 ’
ﬁis E]y Ser Lys Rhg Asp Leu Glu Phe 61%
1 7 ;

<210> 3

<21il> 9

<212> PRT |

<213 Artificial sequence

9% j ificial Sequence: | ride sequence with

intion of the Artificial Sequence: Example peptide sequen )
?ﬁ%ﬂin§?5§§1.e accompTishing the structural regularities described in the
patent. cycle on the side chains of Lys3 and AspS.

<400> 3 3 .
His Cys Lys Phe Asg Léu Asp Trp His
1

<210> 4
<21i> 9
<212> PRT,
<213> Artificial sequence
Page 1



<212> PRT, <213> Artificial sequence <220> <223> Description of the
Artificial sequence: Exanple peptide sequence with internal cycle
acconplishing the structural regularities described in the patent.
Cycl e 'on the side chains of de Lys2 and Asp5. <400> 8 Ay Lys Phe Ay
Asp Lei: ser pro ,611.1 H s sin Page 2

P85719sG00 sequence 'iStmg@%‘-ﬁ?%‘%ﬁéﬂﬁ%@%%é{ﬁg—t§%11> |1 <212> PRT

<213> Artificial sequence < on of the Artificial

Sequencé*’-.zﬁ | e pepti sequence with internal cycle acconplishing
the strGeeis %@%gﬁéﬁzﬁetﬁ%%géﬁm S P i
si de chaarentofcyt W amdhAspiBe <Aflis &F kb8 AdaLysys Pro Ely Ely Ile Asp
pro d ué%d; égio <210> 10 <211> 9 212> PO <213> Artificial sequence
<220> 2észebasgrAnpliyondaf nirherpA&ty ficial Sequence: Exanpl e peptide
sequence With internaP cycle acconplishing the structural

regul arities described in the patent. cycle on the side chain$ of

1452 andg%pg. 400> 10 Ely Lys Phe Asp Sec Pro Qu H's ElIn 5
< | :

<212> PRT |
<213> Artificial sequence

<220> _ ; ;
<223> Description of the Artificial Sequence: Example peptide sequence with
internal cycle accomplishing the structural regularities described in the.
patent. ¢ycle on the side chains of Asp3 and Lys5.

<400> 5 .
A]g.Leu Asp Phe Lyg Pro Asn Ile Pro

<210> 6

<211> 9

«212> PRT .

<213> Artificial sequence

<220> ) . , i -
<223> Descri?tion-of the Artificial Sequence: Example peptide sequence with
internal cycle acqomp1jshihﬁ the structural regularities described in the
patent. Cycle on the side chains of Asp3 and Lys5.

<400> 6 -
_A'I% Leu Asp Phe Lyg Pro Asn Ile Pro

=210> 7

<211> 9

<212> PRT =

<213> Artificial sequence

. <220> ; \ .

( <223> pescription of the Artificial Sequence: Example peptide sequence with

> internal cyc?e accomp]ishinﬁ the structural regularities described in the
patent. Cycle on the side chains of Lys3 and Asp6.

<400> 7 _ .
Hii ser Lys Gly Tyg Asp Leu Asp His

<210> 8

<211> 11

<212> PRT

<213> Artificial sequence

<220> ‘ . : L. . . . .
<223> Description of the Artificial sequence: Example peptide sequence with
internal cycle accomplishing the structural regularities described in the

patent. Cycle on the side chains of de Lys2 and Asp5.

<400> 8 .
Gly Lys Phe Gly Asp Leu Ser Pro Glu His GlIn
page 2



. 210> 11 <24> 11 <212> PRT <215> Artificial sequence <220> <223>

- Description of the Artificial Sequence: Exanple peptide sequence with
internal cycle acconplishing the structural regularities described in
the patent. Cycle On the side chains of Lys4 and Asp7. 400> 11 Qvy
Ay Ay .14,5 he inp Asp fie Pro Hs H S 1510 <210> 12 <2] 1> 10 <212>
PRT <213> Artificial seq _ 20> <223> IRLi.on of the
Artificial Sequence: Exaﬁrﬁ*g?gﬁgg%ts?%lgféeeﬁhs %c%%\%\%%g%t%ﬁt ernal cycle
acconplishing the structural regularities described in the patent.
cycl e onsihegsicle chains of de Lys2 and Asp5. <400> 12 His Lys Ay
“1le Aspgégb'xPro Gu dn Hs 1510 210> 13 <211> 10 <212> PRT <213>
ArtificF?E;sgqy nce. P85719s@00 sequence |isting 552859.txt <2ZO>
<223> DS P bt '3t SERE AFtificial Sequence: Exanple peptide -
sequence_é&ﬂ:»tg inter nAaIFc (él e ?ﬁc%_)rrplgéq%hi ngg;[ hepétr%%turgl ‘ﬁﬁi"@
Bl L e e
Lys2 anga %ﬁ?@%@%‘% %) @ﬂ aﬁé Lﬁé“ga 'xéﬁg'P E%go S U
<210> 14 <211> 11 <212> PRT <213> Artificial sequence <220> <223>
Descrip #29@1%&.}(; f}?o%gibk%ﬁu AMERRLctEXanpl e peptide sequence with
internal Tycl e acconpbi shing the strigctural regularities described in
the patent, Cycle On the side chains of Asp? And 1455. <400> 14 Qvy
Asp Ala &gy A a Lys Len Len set Ser Arg

211> 9 |
<212> PRT |
<213> ArtiFicial sequence

: <220> : . ) ,

( <223» Dﬁscriqtioh of the Artificial Sequence: Example peptide sequence with
internal cycle accomplishing the structural regularities described in the
patent. Cycle on the side chains of Lys2 and Asp4.

«<400> 10 .
-61{ Lys Phe Asp Seg Pro Glu His GIn

<210> 11

<211> 11

<212> PRT

<213> Artificial sequence

<220> . X ‘ 7 :
<223> pescription of the Artificial Sequence: Example peptide sequence with
internal cyc?e accomplishing the structural regularities described in the
patent. cycle on the side chains of Lys4 and Asp7.

<400> 11 . . .
GT{ Gly Gly Lys Ph% Trp Asp 11¢ Pro ng His

<210> 12

<23¥1> 10

<212> PRT |

<213> Artificial sequence

<220> ; ) , )
<223> Description of the Artificial Sequence: Example peptide sequence with
internal cycge accomplishing the structura] regu1ar1t1es described in the
patent. Cycle on the side chains of de Lys2 and Asp5.

<400> 12 _ , .
His Lys Gly Ile Asg sepr Pro Giu Gln H13
1 L

<210> 13

<211> 10

<212> PRT

<213> artificial sequence

Page 3



1510 <210> 15 <211> 12 <212> PRT <213> Artificial tequence <220>
<223> Description of the Artificial Sequence: Exanple peptide
sequence with internal cycle acconplishing the structural

regul arities described in the patent. cycle on the side chains of

G u3 And LY57, <400> 15 cly net clu Ala Gy Ile Lys Len cys H's Arg

G n 1510 <210> 16 <211> PO <213> ArtifichLal .sequence <220>
<223> Deggysi ption of the%?@%%&:is%?”eg%eqiﬁs ¢ b%?é?r%% pepti de
sequenc&22ii>t bescniperiomlof cy-e | rt &Cicdmip Béfshh_a{?ggﬁepbt paptt dg ?%qu_ence with

P

regul arfl gé'na | BeSgmp i s : ctup AiRes dPHETRTai hErD
Eln2 Angg}Ly 5%@16'08&%?3 %d%ﬂ%aﬁ@tﬁﬁgﬁrg ys Leu Asp G u Ar(gj;1 ser An

1510 <2%@00>118 <211> 12 <212> PRT <213> Artificial sequence <220>
<223> D@%erV?JtPPSrf‘SBf‘LEgh%erA?ri"i? Y G%quence: Exanpl e pepti de

sequence with

<210> 14

<211> 11

<212> PRT )

<213> Artifjcial sequence

<220

<223> Descrigtion of the Artificial Sequence: Example peptide sequence with
_ interpal cycle accomp11sh1hﬂ the structural regularities described in the

patent, Cycle on the side.chains of Asp2 and Lys6. . .

<400> 14
G',I{ Asp Ala Gly A]gt Lys Leu Leu Ser sig Arg

<210> 15

<210> 12

<212> PRT | :
<213> artificial sequence

<220> . . i ‘i
<223> bescription of the Artificial Sequence; Example peptide sequence with
internal cycle accomﬁTishinﬁ the structural regularities described in the

patent. Cycle on the side chains of Glu3 and Lys7.

<400> 15 , .
.{31{ Met Glu Ala G'!%f Tle Lvs Leu Cys H?L(S) aArg GIn

<210> 16

<211> 11

<212> PRT |

<213> Artificial sequence

<220> : o _ . o

<273> Description of the Artificial sequence: Example peptide sequence with
(A internal cycge accbmp]ishing the structural regularities described in the

patent. cycle on the side chains of glu2 and Lys5.

<400> 16 ,
Gly Glu Gly Tyr Lyg l.eu Asp Glu Arg sgg GIn
1 ' i

<210> 17

<211> 12

<212> PRT |

<213> Artificial sequence

<220> _ ‘ . .
<223% pescription of the Artificial Sequence: Example peptide sequence with
internal cycle acqpmp1ishing the structural regylarities described in the

_ patent. Cycle on the side chains of Glu3 and Lys6.

<400> 17 .
Gly Gly Glu Ala G]g Lys Leu Cys Pro Rgg Arg Typ
1
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i nternal ,cycle acconplishing the structural regularities described in
the patent. cycle on the side chains of Cu3 and LYs6. <400> 17 dy
sly tin Ala Ay Lys Leu cys Pro Pro Arg Tyr 1510 Page 4 P85718s@00
sequence |isting 662839.txt 210> 18 <2;L1>9 <212> PRT _ <213>
Artificial sequence <220> 223> DeScPiption of the Artificial

Sequence: Exampl e Pepti dgssRAUANEE, Mk isRiY BRlsest e Accompl i shing
the structural regularities described in the patent. cycle on the
si de chaiﬁs of Au3d and Lys5. <400> 18 Gy Lep G u Phe Lys Leu Leo
X a1
Hs d ng%lgg %ﬁ :
<212> PRT |
<213> Artificial sequence
<220> | et o S vith
<223> Description of the Artificial Sequence: Example peptide sequence wit
internal cyc?e accomplishing the structural regularities described in the
patent. cycle on the side chains of G1u3 and Lys5.

<400> 18 .

myLmLmuPMJynglﬁumsGh
1

5

5
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