PesiomeTa Ha ocHOBHM ny6/uKauuu | J1-p TaTaHa /I3uM60Ba

PE3IOMETA HA OCHOBHH NYBJIUKAILIMU HA A-P TATAHA /I3UMBOBA

(3a yyacTHe B KOHKYPC 3a peJl0BEH JI0LIeHT B IpodecuoHaNHO HanpaBjeHue 4.2 XUMUYeCKU HayKH,
Hay4yHa CHelUasHOCT broopraHnyHa XMMHS, XMMHS HAa TPUPOJAHUTE U GU3UOJIOTUYHO aKTUBHH
BelllecTBa (61M0XHUMHUs ), 00HApo/iBaH B /[bprkaBeH BecTHUK" 6p. 57 oT 14.07.2017 1)

1. MyGaukanuu, PaBHOCTOWHM Ha CaMOCTOSITe/IeH
MOHOTrpadu4YeH TPy

(KuoTop$puHOBHU aHA/I03M: CHHTE3, GMOJIOTUYHO JeiiCTBUEe U CTPYKTypa -
AKTHUBHOCT U3CJeJBaHUSA C IOMOLITA HA JOKHHT)

1.1. Dzimbova T. Bocheva A., Pajpanova T. (2014) Kyotorphin analogues
containing unnatural amino acids: synthesis, analgesic activity and computer
modeling of their interactions with p-receptor. Medicinal Chemistry Research,
23(8),3694-3704 (IF -1.277)ISSN: 1054-2523

Abstract: Kyotorphin (KTP; Tyr-Arg) an endogenous neuropeptide is potently analgesic
when delivered directly to CNS. An effort to enhance the potency, enzymatic stability and
improving bioavailability of KTP is the modification with unnatural amino acids. The aims of
presented study were: (1) To synthesize new analogues of kyotorphin containing unnatural
amino acids: norcanavaine (NCav) and norcanaline (NCan), structural analogues of arginine and
ornithine, respectively; (2) To understand the influence of the arginine mimetics on the
pharmacological properties of KTP analogues, through examination their effects on the paw
pressure nociceptive threshold; (3) To find relationship between the structure and obtained
biological effects of the all synthesized kyotorhin analogues, by molecular docking with p-opioid
receptor. As a result of our work four new kyotorphin analogues containing NCan and NCav
were obtained. A correlation between the data from the in vivo test and docking results was
found. This allows a better elucidation of the ligand-receptor interactions, the prediction of
biological activity of the newly synthesized compounds, and to generate compounds with
increased biological effects.

Keywords: Arginine mimetics, Kyotorphin, Nociception, p-Opioid receptor, Docking,
GOLD

B Tasu ny6JsMKanus e NpeAcTaBeH CHHTE3 Ha KHUOTOPPHUHOBU aHAIO3M, ChAbprKalU
HENPUPOJHUTE aAMHUHOKMCEJIMHM HOPKaHaBaHMH U HopkaHa/iuH. C mnoMomTa Ha
HOLMLENTUBHUA MeToJ Paw pressure test e H3cie[BaHO BJIMSHUETO HAa apTMHUHOBUTE
MUMETULH BbpXy $apMaKoJOrMYHUTE CBOHCTBA HA NOJy4eHUTe KUOTOPpPUHOBU aHano3u. C
leJl U3FCHSABaHe Ha Bpb3KaTa CTPYKTypa — GUOJIOTMUYHO JeicTBUe Ge NMpOBeJieH JOKUHI Ha
CUHTEe3WpaHHUTE KUOTOPPHHOBU aHaANO3U C [-ONHOHUJEH peuentop. HamepeHna e kopesanus
MeXAY LOKHHT Pe3yJITaTUTe U Pe3yJITaTUTE OT GMOJIOTMYHUS TECT, KOETO ZlaBa Bb3MOXKHOCT 32
U3sICHSIBaHe Ha JIMTaH/-peleITOPHUTE B3aUMO/IeCTBUSA U MOXe Jla ce U3M0JI13Ba NPH Au3akHa
Ha CbeJUHEHUs C IOBULIEH 6GUOJ0TUYEH eDEeKT.
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1.2. Dzimbova T.., Georgiev K., Pajpanova T. (2014) Kyotorphin analogues -
transport and enzymatic stability studies with computational methods.
European Journal of Biotechnology and Bioscience (EJBB) 2 (3), 21-26 ISSN:
2321-9122

Abstract: Peptide exhibiting a biological effect once inside the body undergoes multiple
biotransformations leading to their inactivation and degradation. An effective way for its use is
the introduction into the body simultaneously with peptidase inhibitors. Another viable
approach is the development of peptide mimetics that exhibit the same or increased biological
effect, but increased stability.

Here we present the docking studies of kyotorphin analogues with already known in vivo
biological effect regarding aminopeptidases and oligopeptide transporters. The objective was to
determine whether these analogues exert their pronged effect due to their stability to the
peptidases action and also whether they can be transported by the transmembrane transporters
which also influence their effects.

The docking results showed that kyotorphin analogues can not be hydrolyzed by
aminopeptidase N and only three of them can be transported through the cell membrane. From
these studies it was concluded that the tested analogues are effective, stable, and do not affect
overall metabolism, which makes them suitable for the treatment of pain.

Keywords: Kyotorphin, docking, aminopeptidase N, ptoton-dependent oligopeptide
transporter.

Tasu pabora npezcTaBsi JOKUHT U3c/e/iBaHe HA KHOTOPOUHOBU aHAJI03H, ChbprKallU
HeNnpoTeMHOIeHHHU aMHUHOKHCeNUHU. llesiTa Ha U3c/ieiBaHETO e Jja Ce YCTaHOBH, Jall TAXHOTO
NPOAB/KUTE/NHO JEeHCTBHe ce Jb/DKM Ha eH3MMHATa MM CTaOMJIHOCT, @ ChLIO Taka JAajlu e
Bb3MOXKEH TeXHHUsl TPaHCHOPT IMpe3 TpaHCMeMOpaHHUTEe TpaHcnopTepu. Pesysrature
[I0OKa3axXa, 4Ye KHOTOPOUHOBHUTe aHajJl03u He MoraT Ja ObJaT XWAPOJU3UPAHU OT
amMuHonentuasa N ¥ camo TpH OT TSAX MOraT Ja NpeMHHAT npe3 KjeTbuHaTa MeMbpaHa. ToBa
03HayaBa, 4Ye TeCTBAaHWUTE MNeNTUAHU aHajJo3U ca CTabuaHd, ePeKTUBHH, C IO-rossMa
6MOHAJIMYHOCT, He OKa3BaT BJIMSIHHE BbPXYy LSJIOCTHHS MeTabo/iM3bM Ha OpraHM3Ma U 6uxa
MOTJIY /ia ce U3MO0J/I3BaT NIPY TpeTUpaHe Ha 6oJIKa.

1.3. Dzimbova T., Milanov P., Pajpanova T. (2013) An explanation of the cytotoxic
potential of arginine mimetics containing sulfo- and oxy- groups in their side
chains. Journal of Computational Methods in Molecular Design 3, 10-18 ISSN:
2231- 3176

Abstract: L-Arginine is an amino acid involved in numerous essential metabolic
pathways. It is catabolized by several enzymes to some important metabolites. Arginine is very
important for mammals, and to ensure their supplies, mammalian cells can synthesize this
amino acid from citrulline.This study deals with a series of arginine analogues and the activity of
seven different enzymes of arginine metabolic pathway (nitric oxide synthases (inducible and
endothelial), arginases, arginine:glycineamidinotransferase, arginine decarboxylase, arginine
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deiminase, and argininosuccinate synthase) in those analogues. The compounds were
biologically tested and their in vitro effects are explained using docking. All investigated
compounds inhibited five from the total of seven assessed enzymes, with norsulfoarginine
(NsArg) and sulfoarginine (sArg) being more potent than the norcanaline (NCan) and
norcanavanine (NCav) analogues due to the availability of more enzyme interactions sites in the
first two compounds. Modifications with bis-(2-chloroetylhydrazine) and phenylhydrazine
increased binding potential of the compounds. Computational methods can help in design of
arginine mimetics, and are very useful for predicting the biological activities of newly
synthesized compounds.
Key words: arginine mimetics, cytotoxic effects, docking, GOLD

H3cneaBaHeTo pasrjexja B3auMOJIEUCTBUETO HAa apTUHUHOBHUTE MUMEHHUIIM ChC CEJEM
pPa3/JIMYHU €eH3UMa OT aprUHUHOBUS MeTab60/u3bM. CbeJUHEHUATA ca GUOJOTUYHO TeCTBAaHU U
TeXHUTe in vitro epeKTH ca 00SICHEHU C IIOMOIITA HA JJOKMHT U3CJe/[BaHUSA. YCTAaHOBEHO e, ye
BCUYKH M3CJ€JIBAHU CheIWHEHUs WHXUOUpAT MeT OT celeM eH3uMa. OCBEH TOBA IOBEYETO
Cbe/JUHEHUs] Ce CBBbP3BaT IMO-CUJIHO C €H3UMHUTe, OJiarofilapeHre Ha MoJUuPUKALUUTE B
MOJIEKYJIUTE UM, T.e. Te MoraT Ja JeHCTBaT KaTO HHXUOUTOPU Ha Te3u eH3uMu. ToBa
H3c/eBaHe MOKa3Ba 3a MopeJeH M'bT, Y€ AOKHMHI'BT JaBa Bb3MOXKHOCT 3a IpejCcKa3BaHe Ha
6U0JIOTMYHAaTa aKTUBHOCT Ha pa3/IMUHU CheJJUHEHHS], KaTo 110 TO3U HAa4YMWH No/jioMara Ju3saiHa
Ha HOBM CbeJIMHEHMUS C KeJsiaH eeKT.

1.4. Dzimbova T., Milanov P., Pajpanova T. (2013) Long-Lasting Effects of Oxy-
and Sulfoanalogues of L-Arginine on Enzyme Actions. Journal of Amino Acids,
Volume 2013 (2013), Article ID 407616, 7 pages,
http://dx.doi.org/10.1155/2013 /407616 ISSN: 2090-0112 (Online)

Abstract: Arginine residues are very important for the structure of proteins and their
action. Arginine is essential formany natural processes because it has unique ionizable group
under physiological conditions. Numerous mimetics of arginine were synthesized and their
biological effects were evaluated, but the mechanisms of actions are still unknown. The aim of
this study is to see if oxy- and sulfoanalogues of arginine can be recognized by human arginyl-
tRNA synthetase (HArgS)—an enzyme responsible for coupling of 1-arginine with its cognate
tRNA in a two-step catalytic reaction. We make use of modeling and docking studies of adenylate
kinase (ADK) to reveal the effects produced by the incorporation of the arginine mimetics on the
structure of ADK and its action. Three analogues of arginine, l-canavanine (Cav), I-norcanavanine
(NCav), and l-sulfoarginine (sArg), can be recognized as substrates of HArgS when incorporated
in different peptide and protein sequences instead of 1-arginine. Mutation in the enzyme active
center by arginine mimetics leads to conformational changes, which produce a decrease the rate
of the enzyme catalyzed reaction and even a loss of enzymatic action. All these observations
could explain the long-lasting nature of the effects of the arginine analogues.

[I'bpBaTa cTBOKAa OT NpeAcTaBeHaTa paboTa e Ja Ce NPOyYd Bb3MOXHOCTTA 3a
pa3no3HaBaHe Ha OKCU- U cy/1do- aHaJ031 HAa apTUHUHA OT YyoBelikaTa apruHua-TPHK (HArgS)
C noMouiTa Ha JOKMHI. Tpu OT H3c/leABaHUTE aHAJ03U MoraT JAa O'bJaT pa3no3HaTH U
e
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CJleIoBaTeJIHO BKJIIOYEHHU B CUHTEe3a Ha 6e/IT'hbLM Ha MSICTOTO Ha apruHuHa. ToBa 61 0BeJO 10
CHHTEe3 Ha MYTaHTHHU 6eaThlIu. KoraTo apruHUHBT € B KPIOYoBa M0o3UnMsA (Hamp. KaTaJIuTUIeH
IeHTbP Ha €H3WM, CBbP3Ball] LIEHT'bP Ha PelenTop U Ip.) TOBA Iie JAOBeJe [0 JPAaCTUYHHU
npoMeHd B MeTabosiM3Ma. IMeHHO ToBa e H3CJeJlBaHO BbB BTOpaTa 4acT Ha paboTaTa -
MyTalUsl Ha aKTUBHUSA IIEHTHP HA €H3WMMa, B Halllusl CJy4al aJieHuJaT KuHasa. Tasu myTanus
BOJIY 10 HaMaJIsIBaHe U JIOPH /0 3ary6a Ha KATAJIMTUYHO JIEUCTBUE.

3. YuacTue B KOJIEKTUBEH MOHOrpadpu4eH Tpy/

3.1. Dzimbova T., Pajpanova T. (2017) Oxy- and Sulfoanalogues of 1-Arginine in L-
Arginine in Clinical Nutrition Vinood B. Patel, Victor R. Preedy, Rajkumar
Rajendram Eds, Humana Press, Springer International Publishing
Switzerland, Pages 55-70, eBook ISBN 978-3-319-26009-9, Hardcover
ISBN 978-3-319-26007-5

KaTo ryaBa oT KHMra Tasu paboTa e npejcraBeHa noj ¢opmara Ha peBro. OnucaHa e
6ubsnorpadpcka mHPopMalys 3a OKCH- aHAJIO3UTE HAa aprMHUHA, KAaKTO M HAllM COOCTBEHU
usciaeBaHus. Tyk ca cbOpaHU JaHHUTE 3a CHHTE3 Ha OKCH- U cy/1do-aHa/lo3MTe Ha apTUHUHA U
TSAIXHOTO OHOJIOTUYHO JAeicTBUe. [IpoBefjeHUTe AOKUHT HM3C/AeJBaHHUSI Ca BKJIYEHU C LeJ
M3sICHSIBaHe Ha Bp'b3KaTa CTPYKTypa — GUOJIOTMYHO JleiicTBUE.

5. lly6/iMKanuu B pelieH3MpaHu pepeprpaHu CIMCAHUA Y HAC

5.1. [Iy6JuKanuy B 6'bJIrapCKu HAYYHU CIUCAHUSA C UMIAKT GaKTOP
5.1.1. Dzimbova T., lliev 1., Georgiev K. Detcheva R., Balacheva A., Pajpanova T.

(2012) In vitro assessment of the cytotoxic effects of sulfo-arginine analogues
and their hydrazide derivatives in 3T3 and HepG2 cells. Biotechnol. &
Biotechnol. Eq. 26 SPECIAL EDITION, 180-184 (IF - 0.760) ISSN: 1310-2818

Abstract: The cytotoxic activities of sulfo-arginine analogues sArg, NsArg, and their
hydrazide derivatives, sArg-CONHNH,, sArg-CONHNC¢Hs, sArg-CONHN(CH2CH:Cl);, NsArg-
CONHNH;, NsArg-CONHNCsHs, NsArg-CONHN(CH;CH2Cl);, on 3T3 and HepG2 cells were
examined. The substitution in the carboxylic group of sArg increases the cell growth inhibitory
effects of the compounds, especially in the case of the bis-(2-chloroethyl)hydrazide substitute.
Similar correlation was observed in the case of NsArg and its analogues, but here the most
pronounced effect was observed with the analogue NsArg-CONHNH;.

U3cienBaHeTo e CBBbp3aHO C OlpejesssHe Ha LUTOTOKCMYHATA AaKTUBHOCT Ha
cy/1pOapruHUHOBUTE aHAJN03M W TEXHUTE XUAPa3uJHU MPOU3BOJHU. YCTAaHOBEHO €, 4e
NpOMEeHUTe B KapOOKCUJIHATa rpymna Ha cyppoapruHrHa BOJAU [0 CbeJUHEHUs], KOUTO CUJIHO
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MHXUOUPAT pacTexa Ha KJIETKUTE, KaTO TO3U ePEeKT e NMOo-NPoJAb/LKUTE/IEH B ciaydas Ha NsArg-
CONHNHoa.

5.1.2. Pancheva S., Kalauzka R. Jovcheva E. Dzimbova T. Popgeorgieva E,
Pajpanova T. (2012) Novel cysteic acid S-amides substituted in the
sulfonamide function. Synthesis and modifications. Bul. Chem. Commun. 44,
222-227 (IF - 0.238) ISSN: 0324-1130

Abstract: In the present work we reported the synthesis of several analogues 5a-e of
cysteic acid S-amides with substituted sulfonamide function, where fully protected D,L-cysteic
acid S-chlorides were treated with the required aliphatic amines to give a series of new
derivatives which could be considered as structural sulfoanalogues of leucine, isoleucine and
norleucine, respectively. We presented here new method for preparation of D,L-cysteic acid S-
chlorides. Various modifications with Na-, and Ca- protective groups useful in peptide synthesis
have been successfully achieved. These novel compounds are of potential interest in structure-
activity studies, easily applied in solid phase, as well as in conventional synthesis of biologically
active peptides.

Keywords: Amino acids, Cysteic acid S-amides, Aliphatic amines, Alkaline protease,
Antimetabolites

B Tasu paboTa e mnpejAcTaBeH CUHTe3bT Ha pPas3/MYHU aHaJI03U Ha S-aMUAUTe Ha
LIUCTEeMHOBAaTa KHCeJHHa CbC 3aMecTeHa cyJpoHaMMUAHA QYyHKLMUA. AHANO3UTe ce MoJydaBaT
NpY B3aHMO/JIeICTBYEe Ha Hall'bJIHO 3auuTeHu D,L-uucrenH cysdoxaopuau ¢ anubaTHU aMUHH.
Tyk e npefcTaBeH U HOB MeTO/, 32 CUHTe3 Ha cy/1poxJopuH. [losrydeHu ca aHa/103U € pa3/IMYHU
3aUIMTHHU TPYIH, KOETO JlaBa Bb3MOXKHOCT Ja ObAAT M3MO0JI3BAHU 32 CHHTE3 Ha GUOJOTUYHO
aKTUBHHU NENTUAHY 10 KOHBEHLMOHAJIEH WU TBbpA0das3eH METOL,.

5.1.3. Chapkanov A., Dzimbova T., Ivanova B. (2012) A facile synthesis and IR-LD
spectral elucidation of N-acetyl amino acid derivatives. Bul. Chem. Commun.
44,228-232 (IF - 0.238) ISSN: 0324-1130

Abstract: The synthesis of N-acetyl derivatives of a-amino acids (L-Gly, L-Val, L-Phe, L-
Ile, L-Pro and L-Cys) using a simple and efficient method for preparation was carried out. The
N-acetyl derivatives were obtained using acetic anhydride in basic conditions at room
temperature. The methyl amides of N-acetyl amino acid were synthesized by mixed anhydride
procedure using a Piv-Cl as a reagent. The conventional and IR-LD spectral analysis were
applied for elucidation and characterization of typical IR-bands of the starting and intermediate
compounds. Spectral investigation includes IR-characteristic bands assignment and elucidation
of amino acids as zwitterions structures - L-Valine (L-Val), L-Proline (L-Pro) L-Cystein (L-Cys)
and their intermediates by linear-dichroic infrared (IR-LD) spectroscopy of oriented solid
sample as a nematic liquid crystal suspension. The experimental IR-characteristic bands
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obtained, were accompanied with spectral elucidation and structural prediction of the
investigated compounds.
Key words: a-amino acids, N-acetyl-derivatives, IR -LD spectral analysis

CuHTe3srpaHu ca N-aneHUJHU npou3BogHHu Ha L-Gly, L-Val, L-Phe, L-Ile, L-Pro and L-
Cys mo JsieceH u edpurkaceH MmeTo. [IpoBesieH e koHBeHIIMOHaMeH U IR-LD cnekTpaseH aHaIus ¢
neJs omnpeje/sHe Ha xapakTepucThUyHUTe IR-uBunu. CnexkTpasHuTe U3C/ae[BaHUS BKJIOYBAT
onpejiesiiHe Ha XapaKTepUCTUYHUTE WUBUIM Ha LBUTEP HOHWTE HAa aMHUHOKHCEJMHUTEe U
TEXHUTE MEXAUHHU CBbCTOSHUA C JuHedHHo-guxpoudHa (IR-LD) cnekTpockonus Ha
OpUeHTHpaHa TBbpJa Ipoba B HeMaTHU4eH TeyeH KpucTaJ. [IpoBesieH e aHa/IM3 Ha OJIyYeHUTE
XapaKTepUCTUYHU UBHUIY U e TpeJicKa3aHa CTPYKTypaTa Ha U3cJie[JBAHUTE CheJUHEHUSL.

5.1.4. Georgiev K, Dzimbova T., lliev I, Detcheva R., Pajpanova T. (2014) Enhancing
of cytotoxic effects of novel endomorphin-2 analogues using p-opioid
antagonist naloxone. C. R. Acad. Bulg. Sci. 67(9), 1281- 1286 (IF - 0.251
(2016)) ISSN 1310-1331 (Print) ISSN 2367-5535 (Online)

Abstract: Endomorphin-2 (EM-2, Tyr-Pro-Phe-Phe-NH2) is a potent and selective p-
opioid receptor agonist. It displays a strong antinociceptive effect on acute pain, similar to that
of morphine. Lately, it has been reported that EM-2 exhibits cytotoxic activity against leukemia
cell lines. Based on the data of literature we decided to synthesize analogues of endomorphin-2
and to evaluate cytotoxic potential of the mother compound and new analogues in cultured non-
tumour BALB/c 3T3 cells and tumour cell line HepG2 by MTT assay. The new synthesized
analogues have shown improved growth-inhibitory effects on both cell lines compared to the
EM-2. Adding of classical p-opioid antagonist - naloxone (concentration 1 pM) significantly
increases cytotoxicity in some of the analogues. The mechanism of this interaction has not been
fully elucidated yet.

Key words: peptide mimetics, endomorphin, analgesic, cytotoxic, naloxone

Ty}( npegcraBAMe CHHTE3d HA AdHAJIO3HW Ha EH,C[OMOpCl)I/IH-Z N TeXHHUA IIHUTOTOKCHU4YEH
INOTEeHIHaJ M0 OTHOLIEHHWE Ha HETYMOPHHU U TYMOPHH KJIETKH. HOBOCI/IHTCSI/IpaHI/ITe dHaJIO3HU
I/IHXI/I6I/IpaT IMO-CHUJIHO pacCTeXa Ha ABeTe KJIEeTBbYHU JIMHHH. B NMPpUCBCTBHUE HA KJIACHUYECKUA U~
OIMMONJEH arOHHUCT HAJIOKCOH TOBa ,ELEI‘/'ICTBI/IE ce 3acusiBa. MexaHU3M'bT Ha TO3U E¢EKT obaye
BCe ollle He € HAaIl'bJIHO U3dCHEH.

5.2. [Ily6JuMKanuy B 6'bJArapCcKy HAayYHY CIUCAHUA 6€3 UMNAKT paKTop
5.2.1. Dzimbova T., Pajpanova T. (2010) Synthesis of different types of PNAs,

containing chiral pseudopeptide backbone. Trakia Journal of Sciences 8, Suppl.
2, pp 98-101 ISSN: 1313-7050 (Indexed: EBSCO, AGRIS, CABI, Zoological
Record, eLibrary.ru, DOA])
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Abstract: Peptide nucleic acid (PNA) is a nucleic acid analogues with an achiral
polyamide backbone consisting of N-(2-aminoethyl)glycine units. The purine or pyrimidine
bases are linked to the each unit via a methylene carbonyl linker to target the complementary
nucleic acid. Chiral PNAs were found to form slightly less stable PNA-DNA duplexes than their
achiral analogues. By introducing positively charged Lys based monomers, more stable PNA-
DNA duplexes were obtained. In this work we presented synthesis for several new PNAs,
containing chiral pseudopeptide backbone.

Key words: unnatural amino acids, nucleic acid analogs, arginine, canavanine

[lentupg HykaenHoBuTe kucenuHu ([IHK) ca aHano3u Ha HYK/JIEMHOBUTE KHCEJUHU C
axupaJ/iHa IophaMHK/iHa OCHOBHA Bepura, usrpazeHa ot N-(2-aMUHOeTUI) IJIMIMHOBY eJUHULH.
[lypyHOBUTE U NMUPUMUAMHOBUTE 6a3u ce CBbP3BAT KbM OCHOBHATa BEpWra W Morart ja ce
CBBbp3BaT C KOMILJIEMEHTapHaTa HyKJeMHOBa KucesuHa. C momomra Ha TBBbpZAodaseH
nenTujeH cuHTe3 ca cuHTesupanu I[IHK c¢ mnosoxuTesHo 3apefeHU JIM3WH-CbAbPKallU
MOHOMepH, 33 KOMTO Ce 0YaKBa /ia ce CBbP3BaT 110-3,paBo ¢ Bepurara Ha JIHK.

5.2.2. Pajpanova T. Dzimbova T. (2012) Neuropeptide mimetics for pain
management. Journal of the Bulgarian Academy of Sciences 1, 21-25. ISSN:
0007-3989

Abstract: The endogenous opioid peptides have been studied extensively since
discovery aiming to develop effective drugs for the treatment of pain in humans. Opioid peptides
are significantly implicated by opioid receptors, widely distributed in the CNS. They belong to
the class of G-protein coupled receptors, and can be divided into three types, y, 6, and k. The role
of opioid peptides as endogenous analgesics suggests a possible use as pharmacological tools for
pain relief, devoid of undesired secondary effects. Nevertheless, the same research has not yet
replaced opioids as the gold standard of pain treatment. The prolonged use of morphine or other
alkaloid analgesics induces tolerance and dependence. From the structural point of view,
naturally occurring opioid peptides consist of two parts, a biologically important N-terminal tri-
or tetrapeptide fragment, the message sequence, and the remaining C-terminal fragment, the
address sequence, the comparison of several endogenous and synthetic opioid ligands showed
that the message sequence needed strict requirements for a good interaction with opioid
receptors.

Therefore, one possible avenue of drug development may shift interest from searching
for receptor-selective opioids to creating an arsenal of drugs that target multiple opioid and no-
opioid sites simultaneously. The search for new peptides to be used as analgesics in the place of
morphine has been mainly directed to develop peptidomimetics or peptide hybrids having
higher biological stability and receptor selectivity.

CraTusiTa npeAcTaB/siBa MUHU PEBIO, KOETO pasrJiex/Ja W3M0/I3BaHeTO Ha NMENTUAHUTE
MHUMETHIIHU NIPU TpeTHpaHe Ha 60jKaTa. OMKUCBa ce HAKPATKO PoJisiTa HA Pa3JIUYHUTE ONUOUIHU
penenTopu. O6sACHABAT Ce MOCJeAHUTE CXBAlllaHUSA 32 CTPYKTypa —IeHCTBHeE Ha JIMTaHJUTe Ha
penentopuTe. OTGE/SI3aHN Ca OCHOBHU MOJXO0/IU NPU Ch3/|laBaHe HA NENTH/HU MUMETHUIIU.
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5.2.3. Dzimbova T. Chapkanov A. Pajpanova T. (2015) Leu-Arg analogues:
synthesis, IR characterization and docking studies. Chemistry: Bulgarian
Journal of Science Education 24 (3), 370-379 ISSN: 0861-9255(SJR 0.192,
Scopus)

Abstract: Leu-Arg is a kyotorphin receptor antagonist. It is very important to control
antinociception and this could be achieved by modifications in agonist’s or antagonist’s
molecules. Two analogues of Leu-Arg were synthesized, their IR- spectral characteristics were
defined, and preliminary docking studies were performed. The results show that new analogues
bind receptor thus they could be used for further analysis and their biological activity could be
tested in vitro and in vivo.

Keywords: kyotorhin, IR, docking, Mu-opioid receptor, GOLD

Leu-Arg e eHZi0reHeH aHTAarOHUCT Ha KHOTOPOUHOBHA perenTop. Toil e MHOTO BaXKeH 3a
KOHTpPOJIa Ha aHTUHOLMUIENTUBHUA edekT. CUHTE3UpaHM ca JiBa HEroBU aHaJora M ca
onpeseneHn TexHuTe WY xapakrepuctuku. I[lpoBeseHM ca TmpeABapUTESHU JOKHUHT
M3cJe/BaHMs, KOUTO IOKa3BaT, ye Te Ce CBBbP3BaT C pelenTopa. ToBa 03HauyaBa, ye Te Ie
nposiBsIBaT 6M0JIOTHYEH eeKT, KOMUTO NpesCTOU Jia 6'bJie ONpe/iesieH C in Vitro U in vivo TecToBe.

6. [ly6osimkanuv B peneH3upaHu pedpeprpaHy CIUCAHUA B 4Y>KOUMHA

6.1. Ily6auMKanuy B YY>KJAECTPAHHM CNIMCAHUA C UMIAKT (aKTOp
6.1.1. Mirceski V. Dzimbova T., Sefer B., Krakutovski G.(2010) Electrochemistry

of coupled electron-ion transfer of a heme-like complex in an artificial organic
membrane. Bioelectrochemistry 78, 147-154 (IF - 3.346) ISSN: 1567-5394

Abstract: The electrochemistry of a heme-like complex 5,10,15,20-
tetraphenylporphyriniron(Ill) chloride (Fe(III)-TPP-Cl) embedded in a lipophilic artificial
membrane is studied by means of voltammetric techniques. The experimental system used
comprises of a thin organic membrane hosting the redox probe, sandwiched between edge plane
pyrolytic graphite electrode and an aqueous electrolyte solution. In the course of the
voltammetric experiment the redox transformation of Fe(Il[)-TPP-Cl at the
electrode|membrane interface is accompanied by concomitant ion transfer reactions across the
membrane|water interface. The overall electrochemical process proceeds as a coupled electron-
ion transfer reaction providing insight into energetic and kinetic aspects of the complex
membrane charge-transfer reactions. The membrane electrochemistry of Fe(IlI)-TPP-Cl
involves two quasireversible redox transformations typical for the Fe(IlI)/Fe(II) couple. Both
redox processes are coupled with a chemical reactions proceeding inside the membrane as well
as by complex ion transfer reactions across the membrane|water interface comprising chloride
expulsion from the membrane and cation ingress from the aqueous phase.

Keywords: Tetraphenylporphyriniron(Ill) chloride, Artificial membrane, Voltammetry,
Ion transfer, Liquid-liquid interface
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EsekTpoxuMusiTa Ha xemonoaob6eH komiiekc 5,10,15,20-tetpadenunnopoupun (1)
xnopun (Fe (III) -TPP-Cl), BkirodeH B JiunoduHA U3KyCTBEHA MeMOpaHa, ce M3cJeaBa 4ypes
BOJITAMETPUYHU TexHUKH. H3MoJsi3BaHaTa eKcleprMeHTa/lHa CHUCTeEMa Ce CbCTOU OT ThbHKaA
OpraHM4yHa MeMOpaHa, CbAbpKalla peJyKLHOHHAaTa Npo6a, pasnosoxkeHa BBPXYy pbba
NUPOJIUTHYEH TrpaduTeH eJeKTPoJ W BOJAEH eJeKTPOoJMTeH pa3TBop. B xoza Ha
BOJITAMETPUYHUSL eKCIIepUMeHT peJyKuuoHHaTa TpaHcdopmauus Ha Fe (III) -TPP-Cl B
MeM6paHHaTa rPaHUYHA NOBBPXHOCT Ha eJIEKTPOJa e MPUAPYKeHa OT ChI'bTCTBAILU pPeaKIuu
Ha MOHEeH NpeHoC Npe3 rpaHWYHa NOBBPXHOCT MeMbpaHa | BoAa. LIA/10CTHUAT esleKTPOXUMUYeH
npolec MpoTHYa KaTO peaklds Ha CBbP3BaHE Ha €JIEKTPOH-HWOH, KOETO JaBa MNOTJIe[ BbPXY
eHepruiHUTe U KUHETUYHUTE aclleKTH Ha KOMIUVIEKCHUTe MeMOpaHHU peaKLUU Ha TpaHcdep
Ha 3apsaj. Mem6paHHaTa esnektpoxumust Ha Fe (III) -TPP-Cl BkutouBa ABe KBasu oO6paTUMU
peayKuuoHHU TpaHcopmanuy, xapaktepHu 3a Fe (I1I) / Fe (II) nBofika. U gBaTa peAyKLIMOHHU
npoleca ca Cb4eTaHU C XMMUYHU peaKkL Y, IPOTHYaLlM B MeMOpaHaTa, KaKTO U C KOMIIJIEKCHU
HOHHU TpaHCPepHU peakluy Npe3 IpaHWYHA MOBBPXHOCT MeMOpaHa | BOJA, BKJIIOYBALU
M3/IM3aHe Ha XJIOpU/ OT MeM6paHaTa U KaTUOHHO IPOHUKBaHe OT BoJgHaTa dasa.

6.1.2. Dzimbova T., Iliev I, Detcheva R., Balacheva A., Pajpanova T. (2011) In vitro
Assessment of the Cytotoxic Effects of Hydrazide Derivatives of Sulfoarginines
in 3T3 and HepG2 Cells. Collection Symposium Series 13, 34-36. (IF - 1.137,
2013) ISSN: 0010-0765

Abstract: The cytotoxic activities of sulfo-arginine analogues sArg, NsArg, and their
hydrazide derivatives, sArg-CONHNH;, sArg-CONHNC¢Hs, sArg-CONHN(CH;CH.Cl);, NsArg-
CONHNH;, NsArg-CONHNCg¢Hs, NsArg-CONHN(CH,CH2Cl);, on 3T3 and HepG2 cells were
examined. An increase of the cell growth inhibitory effects of the compounds was observed as a
result of the modification in the carboxyl group.

Keywords: non-protein amino acids, sulfoarginine, hydrazides, cytotoxicity

U3cnenBaH e LUTOTOKCUYHHUAT edeKT Ha Cy/1POapruHHHOBU aHAJNO3U U TEXHUTE
XU/IPa3U/iHU IPOU3BOAHU. YCTAHOBEH € N0-CUJ/IeH epeKT Ha UHXUOMpaHe Ha KJIeTbYHUSA PacTex
MpU NPOU3BOAHUTE ¢ MOoAUULIMPAaHA KapOOKCUJIHA TpyTIa.

6.1.3. Dzimbova T., Miladinova E., Mohr S., Detcheva R. , Balacheva A., Schmid M. G.,
Pajpanova T. (2011) Sulfo- and Oxy-analogues of Arginine: Synthesis, Analysis
and Preliminary Biological Screening. Croat. Chem. Acta 84, 447-453. (IF -
0.586,2016) ISSN: 1334-417X

Abstract: A novel methodology for the synthesis of sulfo- and oxy-modified amino acid
analogues of arginine (Arg) has been developed using both conventional and polymer assisted
synthesis from ready available amino acid precursor. Introduction of guanidine group was made
also by the MWA synthesis. The in vitro inhibitory effect of the amino acid analogues on the
growth of murine erythroleukemia cells, clone F4N in culture was also studied.
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Keywords: canavanine, mimetics, polymer assisted synthesis, micro wave assisted
synthesis, erythroleukemia cells

PaspaboTeH e HOB MeTO/] 32 CUHTE3 Ha Cypdo- U OKCU-MOAUPUIIMPAHN AMUHOKHUCETUHU
QHa/I03M Ha apTrUHHHA, KOWTO e MOAXOJAIl KaKTO IMpPH KOHBEHIMOHAJHHS, Taka U INpHU
TBbpA0daA3HUS UM CHHTe3. BBbBeXJaHeTO HA TyaHHJWHO TrpynaTa € HW3BBPUIEHO U C
MU3I0JI3BAHETO HAa MHUKPOBBJHOB CHUHTe3. [IpoBefeH e in vitro CKpUHMHI Ha aHaJIO3UTE C
M3M0JI3BaHe Ha MULIH epUTPOJIEBKEMUYHHU KJIETKH, KJI0H F4N.

6.1.4. Tsanova A., Jordanova A., Dzimbova T., Pajpanova T., Golovinsky E., Lalchev
Z. (2014) Interaction of Methionone-Enkephalins with Raft Forming Lipids:
Monolayers and BAM Experiments. Amino Acids 46(5), 1159-1168 (IF -
3.173) ISSN: 0939-4451 (Print) 1438-2199 (Online)

Abstract: Enkephalins (Tyr-Gly-Gly-Phe-Met/Leu) are opioid peptides with proven
antinociceptive action in organism. They interact with opioid receptors belonging to G-protein
coupled receptor superfamily. It is known that these receptors are located preferably in
membrane rafts composed mainly of sphingomyelin (Sm), cholesterol (Cho), and
phosphatidylcholine. In the present work, using Langmuir'’s monolayer technique in
combination with Wilhelmy’s method for measuring the surface pressure, the interaction of
synthetic methionine- enkephalin and its amidated derivative with 1-palmitoyl-2-oleoyl-sn-
glycero-3-phosphocholine (POPC), Sm, and Cho, as well as with their double and triple mixtures,
was studied. From the pressure/area isotherms measured, the compressional moduli of the
lipids and lipid-peptide monolayers were determined. Our results showed that the addition of
the synthetic enkephalins to the monolayers studied led to change in the lipid monolayers
characteristics, which was more evident in enkephalinamide case. In addition, using Brewster
angle microscopy (BAM), the surface morphology of the lipid monolayers, before and after the
injection of both enkephalins, was determined. The BAM images showed an increase in surface
density of the mixed surface lipids/enkephalins films, especially with double and triple
component lipid mixtures. This effect was more pronounced for the enkephalinamide as well.
These observations showed that there was an interaction between the peptides and the raft-
forming lipids, which was stronger for the amidated peptide, suggesting a difference in folding of
both enkephalins. Our research demonstrates the potential of lipid monolayers for elegant and
simple membrane models to study lipid-peptide interactions at the plane of biomembranes.

Keywords: Methionin-enkephalins, Raft-forming, lipids, Langmuir monolayers,
Compressional modulus, Brewster angle microscopy

Enkedanunure (Tyr-Gly-Gly-Phe-Met / Leu) ca omuouaHU HeNTUAW C A0Ka3aHO
AHTUHOLMLENTHUBHO JleficTBUMe B opraHvM3Ma. Te B3aWMOJeNCTBAT C OMHMOUJHUTE PELENTOpH,
MPUHAJJIEXKANY KbM cynepdaMuinuaTa Ha G-MpoTeuH cBbp3aHuTe pelrientopu. U3BecTHO e, ye
Te3W pelLenTopHy ca pa3NooKeHU B MeMOPAHH, CbCTaBEeHU OCHOBHO OT cOUHTroMuesnH (Sm),
xosiectepos (Cho) u docdatugunxonud. B Hacrosimata pab6oTa, U3MOJ3BAaWKH MeETOJa Ha
Langmuir 3a MoHOC/OH B KOMOMHALMUS C MeTojAa Ha BuiaxeamMu 3a u3MepBaHe Ha
MOBBPXHOCTHOTO HAJISITAHE, € WU3C/Ie/IBAHO B3aUMOJIEUCTBUETO Ha CUHTE3UPAHUS METHUOHHH-
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eHkedpaJMH W HEroBO aMHU/JAUPAHO MNPOU3BOAHO C 1-MaJIMUTOWJI-2-0JIEOUJI-TIUIEPO-3-
dochoxonun (POPC), CM, u Yo, KaKTO U C TeXHUTE JBOWHHU U TPOWUHU cMecH. OT U3MepeHHUTe
M30TepMH Ha HajsiraHe / IJIOLL ce OMNpejessAT KOMIPECUOHHUTe MOJAYJU Ha JIMNOUJUTE U
JUNUJ-TEeNTUAHUTe MOHocJoeBe. HamwuTe pe3sysaTaTu nokas3BaT, 4e [J006aBAHETO Ha
ekepeaJMHUTE KbM H3CJAeJBAHUTE MOHOC/JI0EBE BOJU [I0 MPOMsHA B XapaKTEPUCTUKUTE Ha
JIUIIMJHUTE MOHOCJO0EBE, KOSITO € IO-CHJHA B cjydasd ¢ eHKebasuHaMu[. B pombiiHeHUe,
W3MOJI3BAalKKM MHUKPOCKONHS 1oJ 'br'bja Ha Brewster (BAM), O6eule omnpejesieHa
NOBBbPXHOCTHATa MOP$OJI0rus Ha JIUNUAHUTE MOHOCJI0EeBe NIPeJiU U C/lefl NHXXeKTUPAHeTO U Ha
nBata ekebadpuHu. BAM wu306pakeHUsITA MOKA3BaT YBeJHWYaBaHe HA I[JIBTHOCTTA Ha
IOBBbPXHOCTTAa HAa QUIMHUTE CbC CMECEeHU NMOBBbPXHOCTHU JUNUAY / eHKeda/MHHU, 0COOEHO C
JIBOMHU W TPOHWHU KOMIIOHEHTHM Ha JHUNUJAHU cMecd. To3n edeKT e mo-u3pa3eH U IpHU
eHKedanuHaMuza. Te3u Hab/I04eHUs I0KAa3BaT, Ye UMa B3auMo/JeliCTBUe MeX/y NelNTHIUTe U
JIUNIUJWTE, KOETO e I0-CUJIHO 3a aMUJMpaHMA INeNTH[, KoeTOo INpejlosara pas/jvMKa BbB
donpuHra Ha aABara ekedbaduHu. Hammrte wuscienBaHusT [EeMOHCTPUpAT MOTEHLMA A Ha
JIUIIMJHUTE MOHOCJO0EBe KaTo eJleraHTHU W NPOCTU MeMOGpaHHM MOJeJU 3a U3cjie[BaHe Ha
JIUNUJ-TIENTUAHUTE B3aUMO/elCTBUS B OMOMeMOpaHHUTe.

6.1.5. Kalauzka R., Dzimbova T., Bocheva A, Pajpanova T. (2015) MIF-1 and Tyr-
MIF-1 analogues containing unnatural amino acids: synthesis, biological
activity and docking studies Medicinal Chemistry Research, 24(6), 2393-2405
(IF - 1.277) ISSN: 1054-2523

Abstract: Melanocyte-inhibiting factor (MIF-1) is the first hypothalamic tripeptide which
has been demonstrated to act not only in the brain but also in the pituitary. Tyr-MIF-1 acts as an
opiate agonist. It binds selectively and with a high affinity to the p-opioid receptor when
compared with the 6-and k-opioid receptors. A large number of analogues of MIF-1 and Tyr-MIF-
1, containing various modifiers in their structures, have been synthesized and their analgesic
effect was determined by various in vivo tests. The aim of current study was: (1) to synthesize
new MIF-1 and Tyr-MIF-1 analogues containing sulfoarginine (sArg) and norsulfoarginine
(NsArg) in the second and third position, respectively; (2) with the help of docking procedures
to find the relationship between structure and biological activity of MIF-1 and Tyr-MIF-1
analogues previously synthesized and biologically tested; (3) using found correlation to predict
the biological effect of newly synthesized analogues. New analogues of MIF-1 and Tyr-MIF-1
were synthesized using methods of peptide synthesis in solution. Docking was performed with
GOLD 5.0 and a correlation between the obtained docking data and the values from in vivo test
was found. Some structure-activity relationships were determined. According to the correlation,
we made assumptions about the biological effect of sArg and NsArg containing MIF-1 and Tyr-
MIF-1. A computational approach could be very useful in the elucidation of the structure-activity
relationship and in the design of new analogues with desired biological effect.

Keywords: Arginine mimetics, MIF-1, Tyr-MIF-1, Nociception, p-Opioid receptor,
Docking, GOLD
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B pesysTaT oT npejacraBeHaTta pa6ota ca cuHTe3dupaHu MIF-1 u Tyr-MIF-1 ananosy,
CbAbpXKalM cypOapruHUH M HOPCY/1POaprUHUH C M3M0JI3BaHETO Ha CUHTe3 B pasTBop. C
MOMOILTA HA JJOKUHT Ge yCTaHOBEHA Bp'b3Ka MeXAy GHOJIOTMYHO JeHCTBHE U CTPYKTYpa, KOeTo
JlaBa Bb3MOXKHOCT 3a IIpe/icka3BaHe Ha 6MO0JIOrMYHUSA epeKT Ha HOBOCUHTE3UPaHHUTe aHaJ03H.
To3u nmoaxox Moxe Ja ObJe HMpUaraH yCHEUIHO MPH AW3aiiHa Ha HOBU aHAJIO3U C JKEJIAaHO
OUOJIOTUYHO JIeHCTBUE.

6.1.6. Kolev Ts., Pajpanova T. Dzimbova T., Zareva S., Spiteller M. (2015) New
structural motif of hydrogensquarate anions in the presence of DL-Serinium

cation. Spectral and structural elucidation. Journal of Molecular Structure
1102, 235-241 (IF - 1.753) ISSN: 0022-2860

Abstract: A new crystalline complex of DL-serine and squaric acid (H2Sq) in
stoichiometric ratio 1:1 (DL-Ser-HSq) was synthesized, isolated and structurally characterized
by single crystal X-ray diffraction. The compound crystallizes in the monoclinic space group
P21/n and its structure consists of a 3D supramolecular network of hydrogensquarate anions
and serinium cations directed by intermolecular hydrogen bonding interactions. The 3D
network is formed by hydrogen bonds with participation of C=0-0H, hydrogensquarate ion and
NH3+ group, (Sq) C=0..0=C (OH) (2.525 A), -NH3+..0=C (Sq) (2.915, 2.985 and 3.016 A),
hydroxyl group CH2-OH...0=C (Sq) (2.739 &), 0..H-N+ (3.016 A) and (C-OHA...0=C (Sq) (3.242),
respectively. The structural information shows a new structural motif, a non-classic a-chain of
the hydrogensquarate anions with dihedral angle between neighbouring HSqanions 43.66°. The
Raman and infrared spectra of the new crystal were measured in the 4000-50 cm-1 and 4000-
400 cm-1 region frequency range respectively. The assignment of bands in infrared and Raman
spectra of the crystal was performed on the basis of DFT (B3LYP) calculations, X-ray structural
results and by the comparison with literature data.

Keywords: DL-Serine hydrogensquarate, Crystal structure, Solid-state IR and Raman
spectroscopy, Vibrational assignment, DFT calculations

belie cvHTe3WpaH HOB KpuUCTajsieH KoMIlieKC OT DL-cepuH W KBaZpaTHaTa KHUCeJHHA
(H2Sq) B crexuomerpuyHo cboTHomeHue 1: 1 (DL-Ser-HSq), u3onupaH U CTpPyKTypHO
XapakTepu3MpaH C peHTreHoBa Audpakuuss Ha eJUHWYEeH KpucTaad. CbeAUHEHHUETO
KpHUCTaJU3upa B MOHOKJIMHUYHATA MPOCTPaHCTBeHa rpymna P21 / n u HeroBaTa CTpPyKTypa ce
cbcTou OT 3D HajAMoOJIeKyJIHA MpeXa OT XUAPOTeHCKyapaTHHM aHWMOHU U CEpUHOBU KaTHUOHH,
HAaco4yeHU 4Ype3 B3aUMOJEWCTBUSA Ha MEXJYMOJIEKYJIHU BOLOpPOJAHM Bpb3kU. 3D Mpexara ce
dopmupa oT BoAOPOAHU BPB3KU C yyacTueTo Ha C=0-OH, xujporeHckyapaTeH HoH u NHs*
rpyna, (Sq) C=0..0=C (OH) (2.525 A), -NH3* Sq) (2.915, 2.985 1 3.016 A), XuIpOKCU/IHA rpyna
CH2-OHrO = C (Sq) (2.739 A), O-H + (3.016 A) u 3.242). CtpykTypHaTa MHpopmMalus nokassa
HOB CTPYKTypeH MOTUB, HeKJIacMyecKa o-Bepura Ha XUAPOTEHCKyapaTHUTE aHUOHU C
JuepudeH bI'bJ MexAy cbcenHu HSq aHuonu 43.66°. PamaHoBHUTE U HHPpayepBEHUTE
CIEKTPU Ha HOBUs KpucTas ca usmeperu B 4000-50 cm! u 4000-400 cm! yecTOTEH AUANa30H.
PasnpejiesissHeTOo Ha UBULUTE B UHPpauyepBEeHUTE U PaMaHOBUTE CIEKTPU HA KpPUCTajia ce
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u3BbpUIBa Ha 6a3ata Ha DFT (B3LYP) u3suucieHusi, peHTreHO-CTPYKTYpPHU pe3y/ITaTH U Ypes
CpaBHfAIBaHe C IUTepaTypaTa JaHHH.

6.2. Ily6aMKauuy B YY>KJAeCTPAHHU CIMCAaHUA 6€3 UMIAKT PaKTop
6.2.1. Balacheva A, lliev I., Detcheva R., Dzimbova T., Pajpanova T., Golovinsky E.

(2012) In vitro assessment of the cytotoxic effects of novel RGD analogues.
BioDiscovery 4, 1-6. ISSN: 2050-2966 (Indexed: Google Scholar, DOA])

Abstract: The RGD sequence is present in many extracellular matrix proteins and
intracellular proteins, including caspases. Synthetic RGD peptides may affect adhesion,
migration and tumour metastasis, or directly induce apoptosis. Several RGD peptides were
synthesized, and their anti-adhesive and cytotoxic properties were analyzed in vitro. Here we
present the cytotoxic activities of RGD, R(NO2)GD, CavGD and RGD-OMe on non-tumour 3T3
cells and tumour cell lines HepG2 and MCF-7. The cell growth inhibitory effects of RGD-OMe are
significantly higher than those of RGD on the cell lines used. Evidently the modification in the
carboxylic group of RGD with simple esterification increases the cell growth inhibitory effects of
the parent compound.

Keywords: RGD, cytotoxic activity, canavanine

CuHTe3upaHu ca HAK0JKO RGD menTuza u ca usciesBaHU TeEXHUTe aHTU-a[IXe3UBHU U
LIUTOTOKCUYHU cBoWcTBa. O4yakBaHO MoAuUKaLMATAa Ha KapOOKCW/IHATa rpyna JOpu U C
npocra ecrepudukalnus BOAM [0 NMOBHLIABAHE HA UHXUOUTOPHUS ePeKT BBbPXY KJIETbUHUSA
pacTex Ha TYMOPHUTe KJeTb4yHU JIUHUU HepG2 u MCF-7.

6.2.2. Georgiev K. Dzimbova T., Iliev I, Balacheva, A., Detcheva R., Pajpanova T.
(2014) Growth Inhibition of HepG2 Cell Line by Canavanine, Norcanavanine
and their Hydrazide Derivatives. Der Pharma Chemica 6(1),360-369 ISSN:
0975-413X (SJR 0.188, Scopus)

Abstract: A number of hydrazide derivatives of the non-protein amino acid L-canavanine
(Cav) and its structural analogue L-norcanavanine (NCav), have been synthesized and their
growth-inhibitory effects evaluated in cultured non-tumor 3T3 cells and tumor cell line HepG2
by the MTT assay. The Cav derivatives (Cav-CONHNCeHs, Cav-CONHN(CH2CH:Cl)2, and Cav-
CONHNH?) and NCav derivatives (NCav-CONHNHCeHs and NCav-CONHN(CH.CH>Cl); exhibited
higher cell growth inhibitory effects on both cell lines compared to their parent compound.
These effects were considerably higher on the tumor cells HepG2 in comparison to the non-
tumor 3T3 cells. Introduction of the hydrazide group constitutes an effective structural
modification, which significantly amplifies the growth inhibitory properties of the parent
compound against tumor cells HepG2. These results confirm our previous conclusion that a
proper hydrazide modification of the carboxylic group of Cav and its analogues may lead to a
significant increase in the inhibitory effect of the compounds on the growth of tumor cells. On
the other hand, NCav derivatives showed higher cytotoxicity on the HepG2 cells in comparison
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with the respective canavanine analogues. Evidently the length of the carbon side chain
influences the cytotoxicity of the compounds also.

Keywords: Cytotoxic activity, Canavanine, Norcanavanine, Hydrazide deivatives, Human
tumour cell lines

CUHTe3WpaHU ca XUJpPa3WJHU aHa/J03M Ha HENPOTEMHOTreHHUTE aMUHOKUCEJUHU
KaHaBaHWH W HOpPKaHAaBaHHWH W e M3CjeJiBaH TEXHUS MHXUOUTOpeH edeKT BBbPXYy pacTexa
TYMOPHU U HETYMOpPHHU KJeTKH. MoaudukanusaTa Ha KapOOKCUIHATA Trpyna BoOAU [0
nopuiiaBaHe Ha edekTa. HopkaHaBaHMHOBUTE MPOU3BOJAHU Ca MO-IUTOTOKCUYHU OT
CbOTBETHUTE KaHABAaHWHOBH.

6.2.3. Dzimbova T., Pajpanova T. (2017) Docking Studies of the New Neurotensin
Analogues. Journal of Computational Methods in Molecular Design, 7 (1), 11-16
ISSN: 2231- 3176 (Indexed: Open | Gate, Genamics, Google Scholar, ISA (
Indian Science Abstracts ), CAS Database (Chemical Abstract Services), CABI
(UK), Index Copernicus, Hinari, EBSCO etc.)

Abstract: Neurotensin (NT) is a neurohormone and/or neuromodulator containing 13
amino acid residues. Neurotensin receptors (NTR) are transmembrane receptors that bind
neurotensin. The active fragment of neurotensin is 8-13 (RRPYIL). The main drawback in the use
of NT or any other endogenous peptide as a drug is extremely short half-life as a result of their
rapid degradation by the action of peptidases. To overcome this problem, various neurotensin
analogues were synthesized, which include linear peptides, cyclic peptides and nonpeptide
molecules. Chemical modification of the native peptide, however, may result in a radical change
in the receptor affinity and specificity. The purpose of this work is to identify interactions
between newly synthesized neurotensin analogues and neurotensin receptor (NTR1) and to
establish the relationship between structure and action using computational methods. All new
analogues were synthesized using SPPS. The results of docking shows that the tested analogues
of neurotensin bind in the active site of the receptor, but significantly weaker than NT.
Replacement of arginine residue in the second position with canavanine strongly increases the
total energy of the ligand-receptor complex, therefore it is more unstable than the complex
NT/NTR1.

Keywords: Neurotensin, Neurotensin receptor, Docking, GOLD, Canavanine

JIOKMHI'BT HAa HOBOCUHTE3UPAHUTE aHAJI03W HA HEBPOTEH3WHA TOKA3Ba, Y€ BCUUKHU Te ce
CBBbP3BAaT B AaKTHBHHUS LEHTHP HA HEBPOTEH3WHOBHUS PElEeNTop, HO 3HAYUTEJHO M0-C1abo OT
caMuysi HeBpOTEH3HMH. 3aMsIHaTa Ha apTUHUHOBUST OCTAThK B'bB BTOpPA MO3UIIUS C KAHABAHUHOB
CUJIHO TOBUILIABa eHeprusiTa Ha 06pa3yBallUsT ce JIMraH[-peLenTopeH KOMILJIEKC, eTO 3all0 e
no-HectabuseH oT komiiekca NT/NTR1.
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