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ХРОМСЕРВИС ООД е търговска фирма, специализирана в 

доставка и сервиз на системи, уреди и пособия за лабораторни 

анализи.  

 

Фирмата работи на територията на България от 1996 година чрез 

два офиса - в гр. София и гр. Русе.  

Ние сме химици и инженери и ако се обърнете към нас, ще 

получите коректното ни съдействие.  
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ООД е сертифицирана по 
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Chromservis Ltd. beginning in 1996 year and having two offices in 
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We are chemical engineers and chemists. Contact us and you will 

get our correct assistance. 
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SATURDAY, JUNE 11 th 2016 

Chairperson: Tamara Pajpanova 

PLENARY LECTURE 

9:00-

9:30 

Targeted drug delivery in cancer 

Andreas Tzakos 

9:30-

9:50 

New structural motifs of hydrogensquarates of amino 

acids and amino acid derivatives 

Ts. Kolev 

9:50-

10:10 

Angiotensin II-induced motility of reservoir smooth 

muscle organs from ghrelin and melatonin-treated 

diabetic rats. 

P. Hadzhibozheva, Georgiev, Kalfin, Ilieva, Tolekova 

FRIDAY, JUNE 10 th 2016 

11:00-

16:00 
REGISTRATION 

16:00-

16:30 
OPENING CEREMONY 

Chairperson: Emilia Naydenova 

PLENARY LECTURE 

16:30-

17:00 

Spliced analogues of trypsin inhibitor sfti-1 and their 

application for elucidation of the peptide splicing, 

tracing proteolysis and delivery of cargos to the cells.  

Krzysztof Rolka 

PLENARY LECTURE 

17:00-

17:30 

Azepinone-constrained amino acids in peptide and 

peptidomimetic design 

Dirk Tourwé 

19:00-

21:00 
WELCOME RECEPTION 



10:10-

10:30  

Anty-inflammatory and analgesic activity of newly 

synthesized peptides including pyrrole moiety 

M. Tzvetkova, H. Nocheva, D. Danalev, S. Vladimirova, 

B. Borisov, A. Bocheva 

10:30-

10:50 
COFFEE BREAK   

Chairperson: Dancho Danalev 

10:50–

11:10 
Ghrelin-positive endocrine cells in human gastric 

cancer 

J. Ananiev, S. Hamsa, K. Ivanova, MM. Ignatova, A. 

Tolekova, M. Gulubova  

11:10-

11:30 
Comparative studies on the neuropharmacological 

effects of two isomeric L-valine peptidomimetics on 

rodents. 

E. Encheva, D. Tsekova, L. Tancheva 

11:30-

11:50 
Some physico-chemical characteristics, amino acids 

and polysaccharides content of a fraction with anti-

platelet activity isolated from Galega officinalis L. 
A. Atanasov, S. Radev 

11:50-

12:10 
Interaction between the opioidergic and the 

cannabinoidergic systems after three models of stress. 

H. Nocheva,  D. Kochev, A. Bocheva 

12:30-

13:30 
LUNCH  

Chairperson: Ivanka Stoineva 

PLENARY LECTURE          

14:00-

14:30 

Autoimmunity and neurodegeneration: the mimicry 

pathway from aberrant N-glucosylated peptides to 

specific protein antigens 

Anna Maria Papini 

14:30-

14:50 

Unacylated ghrelin in plazma of wistar rats after 

consumption of fructose, sucrose and aspartame 

R. Sandeva,  A. Dimitrova, T. Vlaykova,  T. Tacheva  , S. 

Mihajlova  

14:50-

15:20 
COFFEE BREAK 



Chairperson: Lyubomir Vezenkov 

15:20-

15:40 

New neurotensin analogues: synthesis and docking 

studies 

T. Dzimbova, T. Pajpanova 

15:40-

16:00 

 

Ghrelin-positive endocrine cells in pigs gallbladder 

and extrahepatic bile ducts 

M. Gulubova, I. Valkova, K. Ivanova, I. Ganeva, D. 

Prangova, MM. Ignatova, S. Radev, Stefanov 

20:00 DINNER 

SUNDAY, JUNE 12 th 2016 

10:00-

11:00  
POSTER SESSION 

11:30-

12:00 
CLOSING CEREMONY 

 

 

 

 

 

 

 

 

 

 

 



L 01 

Spliced analogues of trypsin inhibitor SFTI-1 and their 

application for elucidation of the peptide splicing, 

tracing proteolysis and delivery of cargos to the cells  
 

Krzysztof Rolka 
 

Faculty of Chemistry, University of Gdansk, Wita Stwosza 63, 80-

308 Gdansk, Poland 

 

RNA splicing taking place during transcription of RNA is a 

common process to generate mature RNA. Autocatalytic reaction of 

certain proteins that excise their internal fragments (inteins) out of 

their precursors and ligate the flanking regions (exteins) to form a 

mature protein, discovered in the early 90’s of the last century, was 

named protein splicing. In 2004, peptide splicing has been defined as 

formation of a peptide whereby two noncontiguous fragments of the 

peptide are joined together in a proteasome (1, 2). More recently, 

Colgrave et al.(3) and our group (4) in parallel demonstrated that 

analogues of trypsin inhibitor SFTI-1 while incubated with trypsin or 

chymotrypsin, yielded spliced peptides.  

Low-molecular mass (14 amino acid residues), the relative proteolytic 

stability and the demonstrated ability to penetrate cells, make SFTI-1 

an attractive scaffold for the design of novel protease inhibitors. This 

inhibitor appears to be a useful lead structure for molecular-grafting 

concept for the development of new molecular entities with potential 

therapeutic use. 

Bearing in mind all above mentioned facts, we decided to utilize SFTI-

1 analogues to study the mechanism of peptide splicing catalyzed by 

serine proteinases. We also explored the possibilities of applying 

rationally designed SFTI-1 analogues that would undergo peptide 

splicing, as vehicles for the introduction of peptide sequences with 

potential therapeutic or diagnostic relevance into the cells. We found 

that the proteolytic route of peptide rearrangement appears to be 

similar to the peptide 2splicing catalyzed by proteasome (5); however, 

the latter enzyme is much more complex than ‘classical’ serine 



proteinases. We have also demonstrated that SFTI-1 analogues 

displaying peptide splicing can be considered as  useful tools for 

tracing proteolysis occurring inside the cells. 
 
References 

(1) Hanada, K.; Yewdell, J.W.; Yang, J.C. Nature 2004, 427, 252-256. 

(2) Vigneron, N.; Stroobant, V.; Chapiro, J. Science 2004, 304, 587-590. 

(3) Colgrave, M. L.; Korsinczky, M.J.; Clark, R.J. Foley, F.; Craik, D. J.; 

Biopolymers 2010, 94, 665-672. 

(4) Łęgowska A.; Lesner A.; Bulak E.; Jaśkiewicz A.; Sieradzan A.; Cydzik M.; 

Stefanowicz P.; Szewczuk Z.; Rolka K. FEBS. J. 2010, 277, 2351-2359. 

(5) Karna N.; Łęgowska A.; Malicki S.; Dębowski D.; Golik P.; Gitlin A.; Grudnik 

P.; Władyka B.; Brzozowski K.; Dubin G.; Rolka K. ChemBioChem. 2015, 16, 2036-

2045.  

 

 

L 02 

Azepinone-constrained amino acids in peptide and 

peptidomimetic design 
 

D. Tourwé 
 

Vrije Universiteit Brussel, Organic Chemistry 

 

Side chain topography of amino acids that are part of a peptide’s 

pharmacophore represents a crucial structural feature in peptide and 

peptidomimetic design. Constraining the side chain dihedral angles ( 

angles limits the number of low energy conformations and allows to 

obtain more potent, receptor subtype selective and enzymatically 

stable peptide ligands. We will describe this strategy for aromatic 

amino acids such a Phe, Tyr, Trp and His. The side chains of these 

residues are incorporated in or mimicked by amino-arylazepinones. A 

selection of synthetic pathways starting from amino acids that were 

used by our group to obtain the desired conformationally constrained 

4-amino-(7-hydroxy)-2-benzazepinones [Aba (or Hba)], the 

corresponding amino-indolo- and amino-triazoloazepinones (Aia and 

Ata, respectively) will be discussed. The selected biological 



applications illustrating the potential of this approach for the 

development of novel peptide-based pharmacological probes and drug 

candidates involves somatostatin, angiotensin IV, neurotensin, opioids 

and hybrid opioid/substance P peptides. 

 

 

L 03 

Targeted Drug delivery in cancer 
 

Andreas G Tzakos 
 

University of Ioannina, Department of Chemistry, Section of Organic 

Chemistry and Biochemistry, GR 45110, Ioannina, Greece 

 

Cancer is a complex and evolving disease and recent 

diagnosis/treatment options have shifted towards targeted therapies. 

Tumor targeting ligands (TTLs) are emerging as an important 

component in customized therapies. TTLs can assist grading tumors 

and tailoring treatment accordingly through installation of cell-

targeting/specific ligands to therapeutic agents. These ligands can be 

also conjugated to molecular imaging agents to follow expression of 

the targeted biomarker during treatment. Herein, we will present our 

efforts to develop novel anticancer agents targeting cancer drug 

targets, examples of selective delivery of drugs to cancer cells through 

targeting cell surface receptors as also the development of tumor 

homing peptides. 
 

Acknowledgement: This research has been co-financed by the 

European Union (European Social Fund – ESF) and Greek national 

funds through the Operational Program "Education and Lifelong 

Learning" of the National Strategic Reference Framework (NSRF) - 

Research Funding Program: ARISTEIA II. Investing in knowledge 

society through the European Social Fund. 
 

 

 



L 04 
Autoimmunity and neurodegeneration: 

the mimicry pathway from aberrant 

N-glucosylated peptides  

to specific protein antigens 
 

Anna Maria Papini 
 

Interdepartmental Laboratory of Peptide & Protein Chemistry & 

Biology 

University of Florence, Italy & University of Cergy-Pontoise, France 

www.peptlab.eu 

 

Sophisticated approaches have recently led to identify novel 

autoantigens associated with Multiple Sclerosis. These putative 

antigens, although differing from the conventional myelin derivatives, 

are conceptually based on EAE animal model. We succeeded to 

identify putative antigens based on their recognition by autoantibodies 

isolated from Multiple Sclerosis patients’ serum following the 

“Chemical Reverse Approach” we previously developed (1). 

Following this approach, we have previously shown that a family of 

N-glucosylated -turn peptide probes, termed CSF114(Glc), 

specifically identify serum autoantibodies in a subset of Multiple 

Sclerosis patients (2). These purified autoantibodies detected protein 

bands present in rat brain and a detailed proteomic analysis revealed 

the presence of proteins distinguishable by their mass. A comparison 

of their immunoreactive profile with that of commercially available 

standard proteins let us to define that Multiple Sclerosis specific 

antibodies recognize the cytoskeleton protein Alpha actinin 1 as a 

putative antigen (3). The hypothesis is that the peptide probe 

CSF114(Glc) is mimicking aberrant N-glucosylation of protein 

antigens (4) and that specific bacterial N-glucosyltransferases (5) 

trigger an immune-mediated early response correlating with 

neurodegeneration (B. Imperiali & A.M. Papini, unpublished results). 

The dramatic neurodevelopmental disease of the Autistic Spectrum 

Disorders, associated with MECP2 mutation, the Rett syndrome, was 



used as a model of naïve immune system to try to explain possible 

correlation between N-glucosylation, autoimmune response, and 

neurodegeneration not only in Multiple Sclerosis. 
 
References : 

(1) Papini, A. M. J. Pept. Sci. 2009, 15, 621-628. 

(2) Lolli, F. et al. P.N.A.S. 2005, 102, 10273-10278. 

(3) Pandey, S. et al. Molecular & Cellular Proteomics 2013,12, 277-282. 

(4) Pandey, S. et al. J. Med. Chem. 2012, 55, 10437–10447. 

(5) Gross, J. et al. J. Biol. Chem. 2008, 283, 26010-26015. 
 

 

L 05 

Anti-inflammatory and analgesic activity of newly 

synthesized peptides including pyrrole moiety 
 

Mimosa Tzvetkova1, Hristina Nocheva1, Dancho L. Danalev2, 

Stanislava P. Vladimirova3, Borislav P. Borisov2, Adriana Bocheva1 

 

1 Medical University of Sofia, Department of Pathophysiology 
2 Sofia, University of Chemical Technology and Metallurgy, 

Biotechnology Department 
3 Sofia, University of Chemical Technology and Metallurgy, 

Department of Organic synthesis and fuels 

 

Peptides have important functions in humans body. Tyr-MIF-1 

represents a tetrapeptide with opioid activity and good selectivity in 

binding to the µ-receptors. In the same time lots of pyrrol containing 

drugs with different activities take part in medical practice. A series of 

hybrid molecules representing Tyr-MIF-1 mimetics incorporated in a 

pyrrol heterocycle, with potential analgesic activity, was synthesized. 

The synthesis of peptide moiety was realized by standard SPPS 

(Fmoc/Ot-Bu strategy). Pyrrol cycle and aim hybrid structures were 

obtained by Paal-Knorr reaction. 

 The aim of the present study was to investigate the analgesic 

and anti-inflammatory effects of Tyr-MIF-1 mimetics during acute 

pain in rats. 



 The experiments were carried out on male Wistar rats.  

 The analgesic effects were evaluated using paw-pressure and 

hot-plate tests. 

 The anti-inflammatory effect was estimated in comparison 

with the referent substance indomethacin.    

 All drugs were administrated intraperitoneally (i.p.) at a dose 

of 1mg/kg, dissolved in a sterile saline (0.9% NaCl) solution.  

 All procedures were approved by the Animal Care and Use 

Committee of the Medical University of Sofia. 

 The results showed that pain thresholds of animals with newly 

synthesized peptide 1 remained low during the whole estimated time; 

but thresholds of animals with newly synthesized peptide 2 increased 

with time, becoming higher than thresholds of animals with Tyr-MIF-

1 on the 30th min. 

 The anti-inflammatory activity of the newly synthesized 

compounds was lower that the referent substance`s one. 

 

Acknowledgements: The work was supported by Grant 61/2014 from 

the Bulgarian National Scientific Research Foundation. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



L 06 

Comparative studies on the neuropharmacological 

effects of two isomeric L-valine peptidomimetics on 

rodents 
 

E. Encheva1, D. Tsekova2, L. Tancheva3 

 
1Department of Physiology, Medical Faculty, Medical University of 

Sofia,1 Georgi Sofijski Str., 1431 Sofia, Bulgaria; 
2Department of Organic Chemistry, University of Chemical 

Technology and Metallurgy, 8 Kliment Ohridsky Blvd., 1756 Sofia, 

Bulgaria; 
3Behavior Neurobiology, Institute of Neurobiology, Bulgarian 

Academy of Sciences, Acad. G. Bonchev St., Block 23, 1113 Sofia, 

Bulgaria 

 

Positional isomerism is a subtype of structural isomerism. It is well 

known that biological activity is a function of structure of the 

compounds, and that positional isomers frequently differ in biological 

activity. Two new compounds which are isomeric peptide mimetics, 

derivatives of L-Valine, and contain hydrophobic spacers of six 

methylene groups and moieties of either nicotinic or 

isonicotinic acid were expected to have different effects in 

vivo. Aim of the present study was to evaluate the effects of these 

peptide mimetics on muscular coordination, exploratory behaviour 

and memory of rodents. Socially isolated male Albino mice and 

Wistar rats were treated with effective daily doses for 3 consecutive 

days. Their cognitive functions (learning and memory-Step-

through test, exploratory activity - Hole-board test and neuro-

muscular coordination - Rota-rod test) were evaluated. The effects 

of the compounds on release and reuptake of serotonin in 

hippocampus and on stimulated Ach release were also studied in 

hippocampal slices of Wistar rats. Our results revealed a 

significant dose-dependent effect of t h e  positional isomers. 

Serotonin (5-HT) release and Ach release were changed differently 

by the two isomers. The CNS effects are most probably related to 



the presence of L-Valine and a hydrophobic spacer which increases 

liposolubility of the compounds. The main reason for differences 

in the modulating effect on cognitive functions of rodents, and upon 

neuromediator levels is most probably the positional isomerism of 

the nicotinic or isonicotinic residues.  
 
 

L 07 

Some physico-chemical characteristics, amino acids and 

polysaccharidescontent of a fraction with anti-platelet 

activity isolated from Galega officinalis L. 
 

Atanas Todorov Atanasov1, Stefan Radev2 

 
1Department of Physics and Biophysics, (atanastod@abv.bg), 

Medical Faculty, Trakia University, Armeiska Str. 11, 6000 Stara 

Zagora, Bulgaria; 
2Department of Pharmacology, Medical Faculty, Trakia University, 

Armeiska Str. 11, 6000 Stara Zagora, Bulgaria 

 

The chemical composition and some physico-chemical 

characteristics of a fraction isolated from Galega officnalis L. were 

studied. The fraction with molecular weight 100-140 kDa has 

polysaccharide-protein nature and biological activity up to 42°C. The 

fraction inhibits platelet aggregation and dis-aggregates previously 

aggregated platelet-rich plasma in vitro and in vivo. The effect of 

alkaline protease on fraction’s activity was studied. The possible 

application in human medicine was discussed. 

 

 

 

 

 

 

 

 



L 08 

Ghrelin-positive endocrine cells in pigs gallbladder and 

extrahepatic bile ducts 
 

M. Gulubova1, I. Valkova, K. Ivanova, I. Ganeva, D. Prangova, 

M.M. Ignatova, S. Radev, I. Stefanov 

 
1Department of General and Clinical Pathology, Faculty of Medicine, 

Trakia University, Stara Zagora, Bulgaria 

 

In human biliary pathways and gallbladder there have been several 

reports describing endocrine cells (ECs) mainly in chronic 

inflammation. In pigs’ biliary structures we couldn’t find data about 

ECs. 

Ghrelin is peptide hormone participating in the growth-hormone-

release and in modulation of food intake. It has also proinflammatory 

functions. Ghrelin-positive ECs are the main source of Ghrelin. 

The present study reveals presence of ghrelin+ ECs in pigs’ 

gallbladder cystic and choledochal duct – by immunohistochemistry. 

Results: In pigs gallbladder ECs are very rare. Single Chromogranin 

A+, Somatostatin+ and Serotinin+ECs were observed. In choledochal 

duct there are Chromogranin A+, Somatostatin+, Gastrin+, PGP 9,5+ 

and Ghrelin+ECs more in number as compared to gallbladder. 

Most ECs were located in d.cysticus. They were also Chromogranin 

A+, Somatostatin+, Gastrin+, PGP 9,5+ and Ghrelin+ECs. 

In conclusion we support that various ECs including Ghrelin exert 

action on physiology and pathology conditions in biliary tree in pigs. 

 

 

 

 

 

 

 

 



L 09 

Angiotensin II-induced motility of reservoir smooth 

muscle organs from ghrelin and melatonin-treated 

diabetic rats 
 

P. Hadzhibozheva1, Ts.Georgiev1, R. Kalfin2, G. Ilieva1, A. 

Tolekova1 
 

1Dept.of Physiology, Pathophysiology and Pharmacology, Medical 

Faculty, Trakia University, St.Zagora, Bulgaria 
2Institute of Neurobiology, Bulgarian Academy of Sciences, Sofia, 

Bulgaria 

 
The dysfunction of reservoir organs is frequently observed in diabetic 

patients. The gastroparesis, cystopathy and changes in intestinal motility are 

among the first significant complications connected with the progression of 

diabetes. The reason for these complications is the impaired smooth muscle 

function and the etiology includes oxidative stress, apoptosis, neuronal loss, 

and accumulation of glycated products. Considering the leading role of 

oxidative stress in the pathogenesis of diabetes, the scientific efforts are 

directed to the search for effective antioxidants. Such possible antioxidants 

with a therapeutic potential for treatment of diabetic smooth muscle 

dysfunction are ghrelin (GHR) and melatonin (MLT). 

The present study aims to assess the effects of short–term GHR or MLT 

treatment on the motility of stomach, rectum and urinary bladder of rats with 

streptozotocin(STZ)-induced diabetes. Male Wistar rats were divided into 4 

groups:control; STZ-treated:by a single STZ injection; GHR-treated:single 

STZ injection in combination with GHR treatment 100µg/kg/ for 7 

consecutive days; MLT-treated:single STZ injection in combination with 

MLT treatment 10mg/kg/ for 7 consecutive days. The experiment lasted 42 

days and in the end, preparations from the reservoir organs were prepared 

and influenced by AngiotensinII (AngII). The analysis of power and kinetic 

parameters of the obtained contractions was made with KORELIA Software. 

Experimentally induced diabetes affected differently Ang II-induced 

contractile activity of reservoir organs. There were changes in the duration 

of the response to Ang II of the preparations from stomach and urinary 

bladder of diabetic animals, while Ang II – provoked reactions of rectal 

preparations were with significantly decreased force parameters. In MLT-



treated group, hyperactive responses to Ang II of stomach preparations and 

weak Ang II-induced contractions of urinary bladder preparations were 

observed. Administration of GHR in diabetic animals almost completely 

recovered the normal characteristics of urinary bladder contractions and 

increased time parameters of the contractions from stomach preparations. 

The response to Ang II of rectal preparations from animals treated with GHR 

or MLT was not ameliorated.  

In conclusion, the seven-day administration of MLT did not completely 

counteract the negative effect of STZ on reservoir organs motility. Although 

partial, there were registered favorable effects of short-term application of 

GHR in animals with experimentally induced diabetes. The beneficial effect 

on Ang II-induced motility of stomach and urinary bladder probably was due 

to pro-kinetic properties of GHR on the smooth muscle. 

 

Acknowledgements: This study was supported by Grant DDVU-02-

24/2010 from National fund, Sofia, Bulgaria and Grant 22/2014 from Trakia 

University, Stara Zagora, Bulgaria. 

 

 

L 10 

Unacylated ghrelin in plazma of Wistar rats after 

consumption of fructose, sucrose and  

aspartame 

 
R. Sandeva1, A. Dimitrova, T. Vlaykova, T. Tacheva, S. Mihajlova 

 
1Department of Physiology, Pathophysiology and Pharmacology, 

Medical Faculty, Trakia University 

 

Unacylated ghrelin (UAG) or des-acyl ghrelin (DAG) emerges 

nowadays as an importanthormone, separate from the other 

preproghrelin gene-derived peptides, acyl ghrelin (AG) andobestatin. 

DAG amounts to 80-90% of the circulating orexigenic hormone 

ghrelin. Anincreasing number of studies suggest that both AG and 

DAG may mediate peripheralbiological actions and UAG can act as a 

potent functional inhibitor of ghrelin. Overconsumption of sucrose and 

fructose (in form of high fructose corn syrup) in  the lastdecades has 



led to increased incidence of the metabolic syndrome, type 2 diabetes 

mellitus,arterial  hypertension, fatty liver  and   other diseases. 

Reportedly diabetic patients exhibitincreased consumption of artificial 

sweeteners, i.e. aspartame. Therefore, the aim of this studywas to track 

changes in unacylated ghrelin in plasma in a control and three 

experimental(fructose, sucrose and aspartame)   groups of rats and to 

compare them with   somemorphological and metabolic indicators. An 

8-week burdening of 28 male Wistar rats with15% fructose (Group F, 

n = 7), 10% sucrose (Group S, n = 7) and 0.3% aspartame solutions 

(Group A, n = 7) was carried out. Increase in average body weight and 

the weight of intra-abdominal fat deposits was found in the following 

order: sucrose group>fructose group>aspartame group>controls. An 

increase in unacylated ghrelin levels and in fundamentalmetabolic 

parameters (glucose, triglycerides, total and LDL-cholesterol, AST, 

ALT) of thefructose and sucrose groups was registered, as well as 

some metabolic changes in theaspartame group. The development of 

metabolic disorders and changes in unacylated ghrelinplasma levels in 

experimental rats after 8-week consumption of different 

sweetenersdemonstrates the need for urgent changes in human 

nutrition, which could lead to reduction ofobesity cases and related 

chronic noninfectious diseases. 

 

 

L 11 

Interaction between the opioidergic and the 

cannabinoidergic systems after three models of stress 
 

Hristina Nocheva1, Dimitar Kochev2, Adriana Bocheva1 

 
1 Medical University of Sofia, Faculty of Medicine, Department of 

Pathophysiology 
2Medical University of Sofia, Faculty of Medicine, Department of 

Neurology 

 

During stress several physiological functions, pain perception 

among them, undergo changes. Decreased nociception during stress is 



known as stress-induced analgesia (SIA), and its mechanisms of 

development include an opioid and a non-opioid component.  

The opioid system comprises several receptor subtypes (mu, delta, 

kappa) and their endogenous ligands, while in non-opioid one 

epinephrine, serotonin, nitric oxide, and endocannabinoids take place.  

The aim of our study was evaluation of opioid system participation 

in endocannabinoids` effects on SIA after different stresses 

(immobilization, heat and cold stress). In order to achieve the goals we 

excluded the effects of opioid receptors through administration of the 

non-selective opioid receptor antagonist naloxone. 

The experiments were carried out on male Wistar rats subjected to 

1 hour acute immobilization, heat or cold stress. The opioid receptor 

antagonist naloxone was administered after the end of each stress, and 

additionally, the cannabinoid receptor (CBR) agonist anandamide was 

injected. 

 Pain perception was assessed by Paw pressure and Hot plate test. 

All procedures were approved by the Animal Care and Use 

Committee of the Medical University of Sofia. 

Our results showed that antagonization of opioid receptors 

decreased mostly hot stress-induced analgesia (hot-SIA, where the 

opioid component is most expressed). Immobilization- and cold-SIA 

were affected to a lesser extend (the opioid component in development 

of both stresses is less expressed than in hot-SIA).  
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Ghrelin is a recently discovered peptide, described predominantly 

in gastric endocrine cells. Gastric ghrelin – positive cells were studied 



in chronic atrophic gastritis, H. Pylori-related gastritis and gastric 

carcinoids mainly. 

Presence of ghrelin- positive cells in gastric cancer was less 

investigated. 

The aim of the present study was to describe ghrelin-positive cells in 

gastric cancer of diffuse and intestinal types and in surrounding 

mucosa from antral, fundic and corpus regions. 

Endocrine cells were revealed immunohistochemically with 

antibodies against chromogranin (Cha), gastrin (Gas), somatostatin 

(Som), serotonin (Ser) and ghrelin (Ghr). 

Results: Ghrelin positive cells were found in all cancers (diffuse type 

gastric cancer), (0,68-3,17 cells/mm2). In antral mucosa Ghr+ cells 

were between 8,16-76,57 cells/ mm2 followed by fundus mucosa  

between 29,70-20,72 cells/ mm2, and by corpus mucosa between 36,6-

29,70 cells/ mm2. Co-localization studies showed that some of the 

Cha+cells, Gas+ cells, and Som +cells  were also Ghr+. 

In conclusion we may state that in gastric cancer from the diffuse type 

there could be detected Ghr +ECs. Ghrelin could be secreted not only 

by separate Ghr + ECs but also by ECs positive for gastrin and 

somatostatin. 
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 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 non-

peptide molecules. Chemical modification of the native peptide, 

however, may result in a radical change in receptor affinity and 

specificity. 

The purpose of this work is to synthesize new neurotensin analogues 

and to identify interactions between them 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 hat 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. 

 

Acknowledgement: This work is partially supported by the project of 

the Bulgarian National Science Fund, entitled: “Bioinformatics 

research: protein folding, docking and prediction of biological 

activity”, code NSF I02/16, 12.12.14. 

 

 

 

 

 

 

 

 

 

 

 

 

 



L 14 

New Structural Motifs of Hydrogensquarates 

of Amino Acids and Amino Acid Derivatives 

 
Tsonko Mitev Kolev 

 
Institute of Molecular Biology “Roumen Tsanev”, Bulgarian 

Academy of Sciences, “Acad. G. Bontchev” Str., Build 21, 1113 

Sofia, Bulgaria and 

Plovdiv University “P. Hilendarski”, Department of Organic 

Chemistry, “Tzar Assen” Str. 24 

Plovdiv 4000, Bulgaria 

 

Search of new materials with electrooptical (EO) and nonlinear 

optical (NLO) properties in the bulk requires a strategy for obtaining 

non-centrosymmetric crystals and the employment of chiral agents 

(e.g. chiral counter ions) is a powerful technique for obtaining such 

crystals. Considerable progress has been made in recent years by 

controlling the assembly of individual molecules in solids, using 

hydrogen bonding as a powerful non-covalent force for organizing 

organic molecules. Squaric acid (H2Sq) provides a very useful 

template for generating strong  hydrogen bonded self-assemblies from 

polarizable cations in general and amino acids in particular. In the last 

20 years series of noncentrosymmetric crystals have been synthesized, 

isolated spectroscopically and structural elucidated by means of the 

single crystal X-ray diffractions study. The possibility of this strong 

acid to stabilize both hydrogensquarte anion (HSq−) and squarate 

dianion (Sq2−) allows controlling its self assembly in the crystals and 

tuning their spectroscopic, optical electrooptical and non-linear-

optical properties. On the other side formation of squaric acid amides 

and diamides is another possibility to generate new organic materials 

with non-linear-optical application. In this contribution are presented 

the structures of hydrogensquarates of the most proteinogenic amino 

acids. The structures of the HSq studied suggest the same anion can 

serve as very sensitive indicator for amino acid and their derivatives. 
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It is supposed that one of the most important roles for the rate 

acceleration of peptide bond formation can be attributed to the vicinal 

cis-2’-OH group in the ribofuranose ring of A76 in peptidyl-tRNA [1], 

whereas other authors pay attention to the role of nucleobase in A76 

of peptidyl t-RNA [2]. In the present paper, authors study the role of 

the cooperative effect between the vicinal cis-2’-OH group in the 

ribose ring and nucleobase in A76 of peptidyl-tRNA, in the rate 

acceleration of the peptidyl transferase reaction. The synthesis 

procedure includes aminoacylation, applying the phosphorous 

acid/methyl oxirane chemistry [3-5]. Because of the unproved 

selectivity of nucleoside aminoacylation by the above mentioned 

synthetic protocol, 5’-OH group of the ribose/2’-deoxyribose ring was 

pivaloylated, using the appropriate procedure [6, 7] and also the 

nucleobase functionality was protected, where it was necessary [8, 9]. 

Thus the protected nucleosides were successfully aminoacylated by 

the originally developed procedure. The results describe that in the 



cases, when adenosine was applied as substrate, the yields were 

highest compared to the other nucleosides. Moreover, ribonucleosides 

gave higher yields than 2’-deoxyribonucleosides. The results in this 

study could contribute to the confirmation the crucial role of vicinal 

cis-2’-OH group in the ribose ring and the important role of adenosine 

base, as well as to the industrial large scale preparation of 

aminoacylated nucleosides and their 2’-deoxy analogues, necessary 

for the pharmaceutical industry and drug discovery. 
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The chemistry of oxophosphorus acids and their derivatives 

have found a variety of applications in the synthesis of different 

compounds [1, 2]. One of them includes implication of the 

phosphorous acid and methyl oxirane chemistry to the ribozyme-

mimetic preparation of methyl esters of various natural alpha-amino 

acids [3, 4]. Here, we develop this methodology to the synthesis of 

different esters between the natural amino acids and a variety of 

alcohols including aliphatic, aromatic and aliphate-aromatic species. 

As it can be seen, the yields of the products were different, depending 

on the amino acid and alcohol moiety used. Similar to the synthetic 

scheme for the preparation of methyl esters of natural amino acids, it 

is proposed, that during the reaction, a cyclic phosphonamidoate N-

carboxy anhydride (PANCA or HPANCA), like urethane N-carboxy 

anhydride (UNCA) could be obtained [5,6]. These reactive species are 

susceptible to the nucleophile attack and could lead to the consecutive 

ring opening with N-phosphonylated amino acid ester and N-(2-

hydroxypropyl)-phosphonylated amino acid ester formation. Authors 

hope that the described synthetic procedure will provide the 

development of these pathways for the industrial ribozyme-mimetic 

preparation of a variety of esters as of different natural amino acids as 

well as alcohols, proving that the key role in the anabolic processes 

was played by the primitive ribozymes at the early stages of Earth 

evolution - during the Primordial RNA World. 
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With the present work authors suggest a synthesis protocol for 

the ribozyme-mimetic phosphonylation reaction, similar to the process 

of amino acids, peptides and proteins activation by their 

phosphorylation, proceeding in Nature. The previous works were 

related to the ribozyme-mimetic preparation of esters of the natural 

amino acids [1, 2], amides and peptides [3, 4] and aminoacylated 

nucleosides [5, 6], using the chemistry of phosphorous acid/methyl 

oxirane. These products were prepared as their N-phosphonylated or 

N-(2-hydroxypropyl)-phosphonylated amino acid or peptide 

derivatives. It was assumed that during the reaction–a corresponding 

cyclic amino acid H-phosphonoanhydride, namely: cyclic 

Phosphonamidoate N-Carboxy Anhydride (PANCA) or also: H-

Phosphonamidoate N-Carboxy Anhydride (HPANCA), was prepared 

as an intermediate, which was susceptible to the nucleophile attack, 

resulting in the relevant product preparation. When water molecules 

are used as nucleophile, the respective ring opening is followed by the 

consecutive preparation of the appropriate N-phosphonyl and N-(2-

hydroxypropyl)-phosphonyl amino acid. Moreover, the synthesis 

procedure was developed to the preparation of N-phosphorylated and 

N-(2-hydroxypropyl) phosphorylated amino acids by oxidation of 

their phosphonylated precursors at mild reaction conditions, using J2 

in H2O [7]. We suppose that the optimized synthetic protocol for the 

ribozyme-mimetic phosphonylation of natural and unnatural amino 

acids would provide a development of this strategy to the large scale 

preparation of N-phosphonylated and N-(2-hydroxypropyl) 

phosphonylated amino acids that could be used as starting materials 

for the obtaining of amino acid derivatives. 
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Lipases can be used as catalysts for a wide range of important 

for practice reactions, among which acetylation of primary alcohols or 

amines. Well-known is also the fact that this class of enzymes are able 

to catalyze the reverse reaction of deacetylation under appropriate 

conditions [1]. In its studies Joubioux et al. reported kinetic studies on 



the reaction of blocking of the secondary hydroxyl, and amino group 

in aliphatic alcohols and amines, catalyzed by Candida antarctica 

lipase B by using myristic acid as the acyl donor [2]. Chien et al. 

examined the reaction of stereoselective deacetylation of 1,2,3,5-tetra-

O-acetyl-β-D-ribofuranose in the presence of lipase from Candida 

rugosa, and Fernandez-Lorente et al. the same reaction in 1,2,3,4,6-

penta-O-acetyl-α-D-glucopyranose. Both groups demonstrate the 

specificity of the lipase produced by Candida rugosa compared to the 

hydrolysis of the acetyl group bonded to a primary hydroxyl group [1, 

3]. Herein, we report for our investigation on the reaction of 

acetylation of specifically protected amino acids containing different 

types of hydroxyl functions in their lateral chain using levulinic acid 

as the acyl donor in organic solvents. Two lipases, commercial 

available Novozyme 435 and lipase B from Candida Antarctica 

NBIMCC 8340 isolated by us, were studied. Reaction conditions and 

obtained results will be discussed. 
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Lipoxygenase (LOX) is an enzyme found in many plants and 

animals, which catalyses the oxygenation of polyunsaturated fatty 

acids (PUFA) to form fatty acid hydroperoxides. The latter are present 

in a wide range of biological organs and tissues, but are particularly 

abundant in grain legume seeds (beans and peas) and potato tubers [1].  

Lipoxygenase from different sources, catalyses oxygenation at 

different points along the carbon chain, which is referred to as 

“positional” or “regio” specificity. Such specificity has significant 

implications for the metabolism of the resultant hydroperoxides into a 

number of important secondary metabolites [2, 3]. 

According to the literature it is known that primary alcohols 

and amines inhibit lipoxygenase activity. Herein, we report our studies 

on inhibitory effect of natural amino acid serine on lipoxygenase 

isolated from avocado. In addition, we will report the obtained Km, 

Vmax and Ki constants and will make some conclusions concerning 

structure-activity relationship.  
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A simple and efficient manner for preparation of small 

dipeptide containing aromatic amino acid was carried out. Method of 

mixed anhydrides was used in the presence of Piv-Cl. The FT-IR- 

spectral analysis were applied for elucidation and characterization of 

typical IR-bands of the investigated compound and intermediates. The 

obtained  information, especially for the characteristic IR-bands of 

amide fragment(-NH-CO-) and out-of-plane vibrations of the aromatic 

residues can be provids a structural information about the 

configuration of amide O=C-NH group in the peptide molecules. The 

corresponding vibrations of other molecule fragments which are 

characterized the studied compound are obtained. The experimental 

IR-characteristic bands were accompanied with spectral elucidation 

and structural prediction of the investigated compound. 
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Currently, there is an increasing interest towards a-glucosidase 

inhibition of various diseases including diabetes mellitus type-2, 

cancer, HIV, B- and C-type viral hepatitis. Cinnamic acid derivatives 

have been shown to be potentially valuable as a new group of -

glucosidase inhibitors. Therefore, herein, the -glucosidase inhibitory 

activity of trans-cinnamoyl and hydroxycinnamoyl amino acid amides 

was studied in vitro. Results reveal that amongst the tested 

hydroxycinnamoyl amides, N-feruloyl-L-proline ethyl ester had more 

potent a-glucosidase inhibiting activity than that of acarbose (IC50 2.50 

± 0.21 g/ml), which was used as the positive inhibitor in yeast -

glucosidase. 
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Cinnamic and hydoxycinnamic acid esters (α, β-unsaturated 

esters), functional derivatives of cinnamic acids (cinnamic, ferulic 

sinapic) are secondary plant methabolites derived from 

phenylpropanoid pathway. Cinnamates of both natural and synthetic 

origin, continue to be of great interest due to diversity of biological 

activities they possess, such as: antioxidant, antimicrobial, anticancer, 

anti-inflammatory, anti-tyrosinase and etc. The desired esters were 

synthesized by cinnamic acids and non-proteinogenic amino acid or 2-

aminoalkohol, using dicyclohexylcarbodiimide (DCC) method. The 

evaluation of biological activity is in progress. 
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Influenza A viruses are amongst the most severe human 

pathogens leading to high morbidity and mortality worldwide.  

Due to the high mutation rate and the unpredictable potential 

for influenza pandemic outbreak, the development of novel anti-

influenza drugs is an undeniably attractive area of research. 

In the present study amino acid amides of rimantadine and 

oseltamivir were synthesized and their in vitro antiviral activity 

against influenza A viruses (А/H3N2 and А/H1N1) was studied. 

Results reveal that amide modification of N- and side chain protected 

tyrosine, histidine, aspartic- and glutamic acids did not exhibit 

significant enhancement of the effect in vitro against both influenza A 

virus strains. 
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A cascade bombardment solution-phase synthesis of a 

pentapeptide library cocktail was realized, used for dermatological 

compositions. The created peptide library includes constant 

tetrapeptide part (a section starting from the N-terminus) and any 

natural amino acid residue in position 5 at the C-terminus: Lys-Thr-

Thr-Lys-X where: X is any natural amino acid. The synthesis protocol 

was fulfilled by carrying out the reaction between the previously 

prepared partially protected matrix tetrapeptide: Z-Lys(Z)-Thr(Bn)-

Thr(Bn)-Lys(Z)-OH and a mixture of natural alpha-amino acid methyl 

esters, where the molar ratio between the matrix tetrapeptide and a 

natural alpha-amino acid mixture was 1 : 1,2. The side chain of some 

natural amino acids was additionally protected, if it was necessary. 

Initially, the matrix tetrapeptide was synthesized applying the 

conventional TBTU/DIPEA chemistry in CH2Cl2/DMF as reaction 

media. At the end of the coupling stage of the cascade bombardment 

reaction (48 hours), the product was crudely purified from other 

undesired byproducts, saponified (with NaOH) and deprotected by 

catalytic hydrogenation, using H2 and Pd/C. Thus, the obtained 

peptide cocktail, containing dermatological pentapeptides could be 



applied for cosmetic compositions. A peptide cocktail was analyzed 

using MALDI TOF or Electrosparay Mass Spectrometry. The method 

could increase the large scale preparation of a variety of peptides, 

including natural and unnatural amino acids, used in the formulation 

chemistry and cosmetic industry.                  

 
 
Fig.1 Solution-phase synthesis of a partially protected dermatological peptapeptide cocktail: 

Z-Lys(Z)-Thr(Bn)-Thr(Bn)-Lys(Z)-AA-OMe by cascade bombardment condensing reaction. 

AA is any partially protected natural alpha-amino acid. 
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Copper peptide GHK-Cu (copper complex of glycyl-L-

histidyl-L-lysine) is a tripeptide having a wide range of biologically 

active effects such as: diabet treatment, improving angiogenesis, 



increasing the levels of the antioxidant enzymes, stimulating wound 

contraction, growth factor production and cell proliferation, increasing 

synthesis of collagen, activation of fibroblasts etc., that lead to its 

increased application in formulation and cosmetic chemistry, 

medicine, medicinal chemistry and pharmaceutical industry. This 

peptide was synthesized as its tripeptide precursor: glycyl-L-histidyl-

L-lysine. Three synthetic protocols for solution phase synthesis of 

copper peptide precursor GHK from N→C terminus were realized  and 

compared each other: 1) synthesis in aqueous media, using 

TBTU/DIPEA chemistry and applying Boc-Gly-OH as acyl 

component and triethylammonium salts of side-chain protected L-His 

and L-Lys in the presence of ultra dispenser - to increase the substrate 

and reagent solubility; 2) synthesis in water, using TBTU/DIPEA 

chemistry, applying Boc-Gly-OH as acyl component and methyl esters 

of side-chain protected L-His and L-Lys in the presence of ultra 

dispenser; 3) conventional method, using TBTU/DIPEA chemistry, 

CH2Cl2/DMF as solvents, creating the reaction media, Boc-Gly-OH as 

acyl component and methyl esters of side-chain protected L-His and 

L-Lys. Results described that the first and the second protocols do not 

retreat to the conventional peptide synthesis, giving comparable yields 

and environmentally friendly conditions. The synthetic protocols 

could be applied in the large-scale synthesis of this peptide precursor, 

required in pharmaceutical chemistry and cosmetic industry. 

                        
 

                  (1)                                               (2)                                       

 
Fig.1 A partially protected (1) and unprotected (2) copper peptide precursor: glycyl-L-

histidyl-L-lysine. 
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Synthesis of newly L-Asp derivatives as surface active 

agents 

 
B. Anchev, D. Tsekova, A. Yakub, S. Karakashev 

 

Surfactants are type of compounds with wide range of 

applications. They play key roles during the formation, storage and 

exploitation of colloidal dispersion systems. Most of the commercially 

available surfactants have high chemical resistance, which means they 

are poorly biodegradable and consequently can be a real danger for the 

marine environment.  Because of that some classical representatives 

of the surfactants as sodium dodecylium 

benzensulfonates,   aminophenoletoxilates  and some quaterner 

amonium salts are under restriction in many countries of Europe and 

in USA. For this reason, in the last decade many researchers focused 

their efforts in development of new type surfactants, that possess good 

levels of biodegradability and biocompatibility. Amino acids, as 

netural building blocks of many important bioactive compounds are 

suggested as excellent raw martial for  the synthesis of such 

surfactants.  

Our work is focused on the preparation of gemini surfactctant 

based on L-Asp. This aminoacid contains additional carboxilic group 

in the side chain, which allows its usability in the synthesis of gemini 

anion active surfactant as well as  nonionic surfactants in case of 

esterification or amidation. Data for L-Asp based surfactants are 

avalable in the literature but quite limited. Synthesis and 

physicochemical data of some representatives obtained in our work 

will be presented and discussed.  
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Self-assembly properties of nycotinoyl-L-valyl 

derivatives 

 
I.Ivanov,  D. Tsekova, Ts. Vassilev 

 

Synthesis of low molecular weight compounds, all of which 

containing nicotinoyl-L-Valyl,  and also any of the other moieties: 

phenyl, benzyl, propyl and sec. butyl is reported. The main accent is 

the comparison of the self-assembly properties of these compounds in 

conditions of solution, thermal treatment and metal cations 

availability.  Studies of the temperature influence by differential 

scanning calorimetry (DSC) and solvent influence by UV are used to 

discuss the self-assembly behavior of the examined compounds. 
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Crystallization of lysozyme and ferritin in the presence 

of α-aminoacid derivatives 

 
D. Koleva, B. Anchev, I. Dimitrov, F. Hodzhaoglu, D. Tsekova 

 

We report the crystallization of the model proteins lysozyme 

and ferritin in the presence of α-aminoacid derivatives.  For this reason 

L-Val containing peptidomimetics in solid state and L-Asp based low 

molecular weight surfactants have been used. Results obtained show 

that the effect of the additives on the crystallization behavior depends 

mainly on the additive concentration.  Crystals grown with additives 

differ by sizes, number and induction time by these, grown as controls 

– at the same conditions, but without additives.  

Key words: protein crystallization, additives, peptidomimetics  
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Introduction: Two newly synthesized neuropeptides P1 

(analogue of Tyr-MIF-1) and P2 (analogue of Nociceptine), are 

objects of present work (Pajpanova et al, 2013). Our previous   data 

demonstrated their low toxicity and biological activity. 

Purpose: To study their central nervous system (CNS) activity 

and their modulating effects on dopamine levels in mice brain.  

Methods: The new neuropeptides were applied on male ICR 

mice in effective doses (5 mg/kg intraperitoneally-i.p.).Their 

interactions with barbiturates were measured by the time of 

hexobarbital (HB) narcosis (100 mg/kg i. p.). The effects of both 

compounds on the nociception also were studied using Acetic acid test 

(number of abdominal cramps for 20 minutes). In another experiment 

dopamine uptake in mouse brain was determined by method of Lai et 

al. The statistic was performed with Student – Fisher test.  

Results: Two new neuropeptides shorten significantly the 

duration of HB narcosis (Р1 by 40% and Р2 by 50%). In the same time 

a significant decrease in brain Dopamine uptake also was established 

by both compounds (P1 decreased it by 50% and P2 - by 77% in 

compare to control group). The new analogue of Nociceptine- 

compound P2 affected also the nociception (decreased it significantly 

by 25 %.). We assume that its effect probably is specific and it is also 

dose-dependent (4, 8 and 16 mg/kg b.wt. i.p.). 

Conclusion: Two newly synthesized neuropeptides- Р1 и Р2 



are promising pharmacological agents. They have significant CNS 

effects and changed some brain neuromediators via decrease 

dopamine uptake.  Р2 has also dose-dependent analgesic effect.   

Key words:   neuropeptides, hexobarbital narcosis, nociception, 

dopamine uptake  
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Besides the natural protein enzymes, the ribozymes 

(RNAzymes) and artificial deoxyribozymes (DNAzymes) play 

substantial role in a wide range of biologically important processes, 

including protein biosynthesis on the ribosome, RNA-se activity 

revealed by hairpin and hammerhead ribozymes, recombinant 

technology and gene therapy etc. Moreover, the artificial RNAzymes 

(Thomas Chech, 1982) and predominantly DNAzymes discovered by 

Gerald Joyce and Ronald Breaker in 1994 could be applied in the 

nanotechnology, including single molecular and colorimetric 

detection, nucleic acid quantification, site-specific RNA cleavage etc. 

For understanding the nature of these molecules, the catalytic role and 

mechanism of their action could be revealed by mechanistic studies, 

using kinetics of biomimetic reactions with low-molecular substrates. 



In this aspect, by the present study, authors describe the kinetic of 

ribozyme-mimetic aminoacylation (by glycination) of ribonucleosides 

(A,G,C,U) and 2’-deoxy ribonucleosides (dA,dG,dC,T) to give 

additional contribution to one of the most important and complicated 

reaction in nature, i.e. peptidyl-transferase reaction, proceeding on the 

ribosome. The results conclude that the main role in this reaction is 

attributed to 2’-OH group in the ribose ring, but the nucleobase plays 

an important role too. The kinetic study excluded research of the 

amino acid residue influence, which will be described elsewhere. By 

this kinetic experiment authors hope to give an additional contribution 

to the whole mechanism of peptidyl transferase reaction, proceeding 

on one of the most important cell organelle-ribosome.   

 

 
Fig.1. Reaction scheme for ribozyme-mimetic glycination of 5’-O-pivaloylated nucleosides 

and their 2’-deoxy analogues. 
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AM251 decreases the positive effect of KTP on 

expression of CB1 receptors in rat’s amygdala 

 
Radka Hadjiolova, Boycho Landzhov, Lina Malinova, E. 

Dzhambazova 

 

The endocannabinoid system is a modulatory system that has 

been strongly associated with the regulation of functions as learning 



and memory, pain perception and sensory physiology. Studies of the 

endocannabinoid system support its importance for multiple aspects 

of brain function. It is known that cannabinoid CB1 receptors are 

particularly concentrated in limbic structures such as the hippocampus 

and amygdala. There is also considerable evidence describing the 

common feature of opioid and cannabinoid receptor systems. Opioid-

modulating peptides had been widely proved as the modulators of 

opioid functions. Literature data and our previous investigations 

showed that the short-chain opioid-like neuropeptide/neuromodulator 

kyotorphin (KTP) binds to a specific receptor and plays a role in pain 

regulation, thermoregulation, and exploratory behavior. It also alters 

the pattern of NADPH-d-reactive neurons in the hypothalamic 

paraventricular nucleus and striatum of Wistar rats. To our knowledge, 

no attention has been directed to the interaction between KTP and 

cannabinoid systems. Therefore, the objectives of the present study 

were twofold: 1) to investigate the effect of KTP on density of CB1 

immunopositive neurons in the amygdala of male Wistar rats; 2) to 

examine whether this effect is prevented by CB1 receptor antagonist 

AM251. Our results revealed that density of CB1 receptors was 

significantly increased in rats treated with KTP compared to the 

control. This effect was completely abolished by administration of 

AM251, which indicate the involvement of neuropeptide in the 

endocannabinoid signaling. We suggest that positive effect of KTP on 

expression of CB1 receptors of amygdala are due to interactions of 

monoaminoergic and opioidergic systems with endocannabinoid 

neurons. To our knowledge, no attention has been directed to the 

interaction between KTP and cannabinoid systems. The involvement 

of neuropeptide in the endocannabinoid signaling is further evidence 

for its essential role in regulatory effects of animal behavior. 

Keywords: kyotorphin, AM251, endocannabinoids, amygdala 
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Vasoactive intestinal peptide and parkinson’s disease 
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Animal models with lesions of the dopaminergic nigrostriatal 

pathway are useful for developing therapies for Parkinson’s disease. 

One popular model is the unilateral stereotaxic injection of the 

neurotoxin 6-hydroxy-dopamine (6-OHDA) into substantia nigra of 

rats. In this model there is immediate and almost complete destruction 

of dopamine neurons of the substantia nigra pars compacta, resulting 

in near total depletion of dopamine and up-regulation of the 

postsynaptic dopamine receptors in the striatum ipsilateral to the 

lesion. Using this experimental model which represents the end-stage 

of Parkinson’s disease, we aimed to measure the levels of glutathione 

reductase activity, lipid peroxidation and their lateralization in 

different brain regions (cortex, striatum, hippocampus) in the presence 

or absence of vasoactive intestinal peptide (VIP), which is a 28-amino 

acid “brain-gut” neuropeptide.  

A total of 20 male Wistar rats, weighing 150-200 g at the time 

of surgery, were randomly divided in groups and housed in cages with 

free access to rat chow and water. The rats were anesthetized with 

chloral hydrate (400 mg/kg, i.p.), had their heads shaved, and placed 

in a stereotaxic apparatus. The target coordinates were: AP = +0.2; LR 

= -3.0; H = -5.6 according to the stereotaxic atlas. The experimental 

group received an injection of 20 g/2 l of 6-OHDA, while the 

control group received an injection of 2 l saline. All injections were 

made into the right striatum area by a Hamilton microsyringe at a rate 

of 1 l/min. The wound was closed with stainless steel clips and the 



rat was allowed to recover before being returned to its cage. VIP (13 

g/2 l) was injected into the right striatum 15 min before 6-OHDA 

lesion and at the 21st day after surgery. Our experiments showed that 

the neuropeptide decreased the activity of enzyme glutathione 

reductase and inhibited lipid peroxidation in the experimental model 

of Parkinson’s disease counteracting in such way against membrane 

damage and ameliorating the cell viability. 
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Introduction: Parkinson’s disease (PD) results in progressive 

loss of dopamine (DA) neurons and leads to motor disorders. The close 

connection between and DA-ergic system and Neurotensin (NT) 

mediation was established and suggests that NT is associated with PD. 

It was reported that NT can modulate the activity of DA neurons. Our 

previous data demonstrated significant CNS-activity in rodents of 

some new NT-analogues (Pajpanova et al. 2013). 



Aim: To evaluate the potential modulating effect of two new 

NT-analogues on the behavior and brain activity in rats with model of 

PD. 

Methods: PD-model was induced in male Wistar rats via 

unilateral injections of 6-hydroxydopamine (6-OHDA) and verified by 

apomorphine test. Animals were treated 5 days with two new NT 

analogues in effective doses after the induction of PD. Standard tests 

were used for evaluation of neuro-muscular coordination (Rot-a-Rod) 

and learning and memory (step-trough test). Electrocorticography 

(ECoG) was used to measure the brain activity in inactive condition. 

Experimental data are processed by Student-Fisher test. 

Results: Rot-a-rod test showed gradual improvement in the 

motor performance of NT-treated animals compared to control PD-

rats with saline. Similar tendency was established in cognitive test for 

learning and memory. In the same time ECoG show differences in 

spectral composition and patterns above the lesioned areas and their 

hemispheric counterparts in the animals treated with NT-analogues 

compared to saline treated PD-rats and similarities with the healthy 

ones. 

Conclusion: The two new NT-analogues are promising anti-

PD agents and deserve further studies. 

Key words: neurotensin, Parkinson's disease, 6-hydroxydopamine, 

neuropeptide, EEG 
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The endomorphins are a group of endogenous opioid peptides 

consisting of endomorphin-1 (Tyr-Pro-Trp-Phe-NH2) and 

endomorphin-2 (Tyr-Pro-Phe-Phe-NH2). They are tetrapeptides with 

the highest known affinity and selectivity for the μ-opioid receptor. 

Endomorphins are small neuropeptides that are produced by the body 

and act to reduce pain. The pain is frequently observed symptom of 

various diseases. Some of the greatest achievements in medicine in 

theoretical and in clinical aspect are connected with the research on 

pain and especially on the development of analgesic drugs. α-

Aminophosphonic acids are analogues of natural α-amino acids 

occupy an important place among the various compounds containing 

a P–C bond and an amino group. They have reached a position of 

eminence in the research works aimed at discovery, understanding, 

and modification of physiological processes in living organisms and 

also they are a potential source of medicinal lead compounds. 

Herein, we report the synthesis and characterization of novel 

endomorphin analogs containing phosphonate moiety. The new 

endomorphins with N-terminal phosphonate were prepared using 

SPPS by Fmoc (9-fluorenylmethoxy-carbonyl) chemistry. The 

phosphonate moiety was incorporated by modification of Kabachnik-

Fields reaction. All of the newly synthesized peptide was C-terminal 

amides. It has been determined that the peptides with C-terminal 

amide group are more resistant to enzyme degradation and that their 

conformation suits better the interaction with μ-opioid receptors. The 

crude neuropeptides were purified on a reversed-phase high-

performance liquid chromatography (RP-HPLC) and the molecular 

weights were determined, using electrospray ionization mass-



spectrometry, and also determining of the specific angles of optical 

rotation. The biological trials are in the progress. 
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Somatostatin is an endogeneous cyclic tetradecapeptide 

hormone that exerts multiple biological activities via a family of five 

receptors. The dual actions of natural somatostatins (inhibition of 

hormone release and cell growth) made them logical candidates as 

anticancer drugs, as well as for the treatment of neuroendocrine 

disorders. Some peptide analogs of this enzyme are widely used in 

clinical practice. However, their clinical efficacy is limited because of 

some disadvantages. In this respect, the search for new drugs of this 

type is an important task. 

BIM-23052 (DC-23-99) D-Phe-Phe-Phe-D-Trp-Lys-Thr-Phe-



Thr-NH2 is a linear SST analog with established in vitro GH-inhibitory 

activity in nM concentrations. It is characterized by high affinity to 

str5, sstr3 and sstr2, as sstr5 and sstr2 are present in high level in the 

cell membranes of a large number of tumor cells.   

This gave us the reason to synthesize modified analogues of BIM 

23052, which are expected to possess anti-tumor activity. 

To study the relationship structure-biological activity a series 

of new analogs of BIM-23052 have been synthesized, where Thr, at 

position 6 was replaced with conformationally hindered Tle, Aib, 

Ac5c and Ac6c.  

We have also synthesized new analogues with modifications at 

the N-position by condensation with 3-carboxyphenyl boronic acid, in 

order to determine the influence of boron on the biological activity. 

The cytotoxic effects of the compounds were tested in vitro 

against a panel of tumor cell lines: HT-29, MDA-MB-23, Hep-G2, 

HeLa and normal human diploid cell line Lep-3. 

The peptides were synthesized by standard solid phase peptide 

chemistry methods – Fmoc (fluorenylmethoxycarbonyl) - strategy. 
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Photodynamic therapy (PDT) with a photosensitizers 

functionalized with biologically active compounds as amino acids and 



short peptides appears to be a promising strategy for management of 

variety of cancer types [1-2]. PDT is based on effective action between 

a photosensitizer (PS), atmospheric molecular oxygen and specific 

light from visible to near infrared spectra (630 – 850 nm). Thus results 

in generation of singlet oxygen and other reactive oxygen species 

(ROSs) which can oxidize the varieties of biomolecules with 

consequential cytotoxicity [3]. Particular functionalization of 

phthalocyanine macrocycle with biologically-active peptides aims to 

improve the solubility as well as to enhance the cellular uptake and 

target organelles selectivity. The proper peptides can advance the PS 

action with dual efficacy on cancer cells namely synergistic 

cytotoxicity. 

The study presents synthesis of tetra- and octa- aminophenoxy 

substituted Zn (II) phthalocyanines which moiety is a suitable unit for 

binding of biologically active compounds such as cancer – specific 

and cell penetrating peptides for efficient cancer therapy. 
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Amantadine was a drug that was once used to treat the 

influenza virus A. The influenza virus A became resist to amantadine 

due to the misuse of the drug. In 2005 the drug was used in China as a 

way to treat the avian influenza. The Chinese gave approximately 2.6 

billion doses of amantadine to the chickens, which is what caused it to 

become resistant. The avian flu threat served as a catalyst for scientist 

to prepare a new antibiotic that could be used to treat the drug-resistant 

bacterial and viral strains. According to Plumb’s Veterinary Drug 

Handbook, amantadine is safe to use in small animals and equine. It 

also states that amantadine is still able to treat some influenza viruses, 

but they have found that the greatest interest in its use is treating 

chronic pain. The influenza virus it is able to treat is found in equine 

and is known as equine-2 influenza virus. The handbook states that 

amantadine is safe for humans and that it is no longer used for fighting 

the influenza virus but used in Parkinsonian Syndrome.  Amantadine 

is an amino-analogue of adamantane.  

Our goal was to modify amantadine with L-Alanine, L-Valine and L-

Lys and to investigate their antiviral activity against influenza virus A 

(H3N2). The structures of new analogues were confirmed by NMR 

and MS analyzеs. 
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9-(4-Hydroxy-3-hydroxymethylbutyl) guanine (Penciclovir) is 

a potent and selective inhibitor of members of the herpes virus family.  

The amino acid ester derivatives penciclovir were synthesized 

as potential prodrugs of penciclovir, and were evaluated for their 

antiviral activity. Esterification of penciclovir with Boc, -L-

phenylalanine, - L-(4-F)-phenylalanine, -D-(4-F)-phenylalanine using 

conventional coupling method (DCC/DMAP) afforded the di-O-ester 

derivatives in 47-55% yields. Cleavage of (Boc) group 

(TFA/CH2CH2) followed treatment of the resulting free amine with 

methanolic HCI solution leads to HCI.di-O-ester derivatives - 98% 

yields. The structures of the products were characterized by NMR and 

MS spectra. The synthesized penciclovir analogues were evaluated in 

vitro against HSV-1 and 2. The synthesized compounds did not exhibit 

antiviral activity. 
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We synthesized rimantadine and amantadine derivatives with 

amino acid Glycine, containing thiazole and thiazolyl-thiazole ring 

and explored antiviral activity against influenza virus A. The results  

showed that modification of adamantine analogues reduced antiviral 

effect in comparison with these modification with natural amino acids. 

The chemical stability of some of them was studied at pH 1.0 and 7.4 

and 37°C. An HPLC method was developed for quantification of the 

ester concentration. 
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The octapeptide  angiotensin II (Ang II) is the major effector 

of the renin-angiotensin system. Ang II exerts its effects by binding to 

Ang II type 1 (AT1) and Ang II type 2 (AT2) receptors. The olfactory 

bulbectomy (OBX) model is an animal model of depression that 

produces behavioural, physiological, and neurochemical alterations 

resembling clinical depression. To examine the involvement of Ang II 

and AT1 receptors in locomotion we studied the effects of Ang II, 

losartan (AT1 receptor antagonist) infused uni- and bilaterally into 

hippocampal CA1 area of OBX-rats. The changes in locomotor 

activity were registered in an Opto Varimex apparatus. The increased 

locomotor activity is a typical behavioural phenomenon in OBX rats. 

Microinjected bilaterally and left-side into the hippocampal CA1 area 

Ang II (0.5 μg) increased the number of horizontal and vertical 

movements in bulbectomized rats, while losartan (100 μg) infused 

bilaterally and the left-side, but not into the right-side, decreased the 

number of both horizontal and vertical movements in OBX rats, as 

compared to saline-treated OBX controls. It was found that the effects 



of Ang II and losartan were opposite and asymmetric in left and right 

CA1 area. These data reveal a pronounced lateralized Ang II effect on 

the locomotor activity of OBX rats and point to a possible AT1 

receptors involvement in the mechanisms of the olfactory bulbectomy 

syndrome in rats.  

Key words: Angiotensin II, Losartan, Locomotor activity, Asymmetry, 

Hippocampus, Depression  
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The brain renin-angiotensin system is involved in learning and 

memory, but the role of angiotensin II (Ang II) and its receptors in 

these processes is not well established. The present study investigated 

the effects of losartan, a selective angiotensin type 1 (AT1) receptor 

antagonist and Ang II, microinjected into CA1 hippocampal area of 

rats with olfactory bulbectomy (OBX) model of depression, on the 

learning and memory processes. Two avoidance paradigms: active 

avoidance test (shuttle box) and passive avoidance test (step through) 



were used to evaluate the effects of the drugs. After stereotaxic 

implantation of guide canulae into the CA1 hippocampal area, Ang II 

(0.5 μg) and losartan (100 μg) were microinjected separately before 

each training session. It was found that intra-hippocampal injection of 

losartan ameliorates memory deficits induced by the bulbectomy, 

unlike Ang II, which did not show any significant effect. The data 

suggest an involvement of AT1 receptors in modulation of avoidance 

memory deficits in rats with an OBX model. 

Key words: Losartan, Angiotensin II, Hippocampus, Depression, 

Learning and Memory 
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There are conflicting evidences showing the effect of AT1 

receptor antagonists on learning and memory processes. The effects of 

angiotensin II (0.5 μg) and losartan (100 μg)  administration into CA1 

hippocampal area on the avoidance performance in olfactory 

bulbectomized (OBX) rats using active avoidance (shuttle box) test 



and passive avoidance (step through) test were investigated. Rats were 

microinjected unilaterally trough implanted guide cannulas into the 

CA1 area of the dorsal hippocampus and the drugs were administered 

separately, 5 minutes before each training session. The 

microinjections of losartan into the left, but not the right CA1 

hippocampal area improved the acquisition and retention of active and 

passive avoidance learning, thus suggesting dependence on the side of 

injection. The unilateral (left or right) administration of angiotensin II 

did not affect significantly the performance of OBX rats in the 

avoidance tasks. These findings suggest that the lateralized 

ameliorative effect of losartan on learning and memory in OBX rats 

could be attributed to a hemispheric asymmetry in the components of 

the hippocampal renin-angiotensin system, including the expression 

and/or activity of different peptides, enzymes and receptors.  A 

differential distribution of the AT1 receptors in the left and right 

hemisphere could contribute for the asymmetry in the behavioral 

effects of the AT receptor antagonist. 

Key words: Angiotensin II, Losartan, Learning, Memory, Asymmetry, 

Hippocampus, Depression  
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Introduction Recent literature data suggested that neurotensin 

(NT) can affect social behavior in animal and humans. There are 

encouraging pilot studies about NT analogs in treatment of repetitive 

behaviors in mice. New NT analogue (called NT-4), combined 

hydrides bioactive peptides with active functional groups and belongs 

to a new class of short-chain neuropeptides (Pajpanova et al. 2013).  

In our previous studies NT-4 antagonized the narcotic effect 

of hexobarbital narcosis. It has improving effect on the cognition in 

dement mice and affects dopamine brain neurotransmission. 

Goal: to study the effect of NT-4 on behavioral and social interactions 

in mice  

Material and methods: Male C57BL/6 mice were used and 

kept isolated socially in separate cages for 7 days. Effect of NT-4 in 

dose 10 mg/kg i.p. in single and in repeated doses (3 days) was studied 

on social behavior and novelty on the 1 st hour after NT-4 acute 

administration and on the 24 hour after its repeated 3 day treatment 

using three-chamber social and social novelty preference test.  

Results: Significant change in social interactions of animals 

by NT-4 treatment was found. It was established an increase in 

duration of stay (in left) of the treated mice in compare to the controls. 

In the same time some parameters of social novelty test decreased 

(significantly only in acute NT-4 treated mice). The total novelty and 

frequency of entries decreased as well as the velocity (in right) after 

NT-4 acute treatment in comparison to control group. 

In conclusion: New neurotensin analogue NT-4 has 

significant effects on social interactions and social behavior of animals 

and deserves further studies. NT-4 has stronger effect in single 

administration than in 3 day treatment. 
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The resistance of cancer cells to conventional chemotherapeutics 

is partly due to cell’s compromised ability to undergo apoptotic cell 

death. Targeting critical apoptosis regulators is a promising strategy 

for the development of new classes of drugs. A recent approach in 

pharmacy is also design of peptide-mimetics that comprised of 

functionally different subunits so affecting several pathways 

simultaneously.  

We focused our work on synthesis and study the effect of 

bifunctional AVPI-RGD peptides and the combined effect of these 

hybrids with TRAIL (trigger of the death-receptor apoptotic pathway) 

and cisplatin (triggers intrinsic pathway) drugs over different cell 

lines. AVPI tetrapeptide is the essential functional region of pro-

apoptotic SMAC molecule that inhibits several IAPs proteins 

(inhibitors of apoptosis). Doing that it helps activation of both 

apoptotic pathways via reactivation of caspases. RGD is a peptide 

known to interact with specific over-expressed proteins on the 

membrane of cancer cells and it is of interest because targeting cancer 

cells is still an overwhelming problem for most of the drugs. 

All AVPI-RGD hybrids were synthesized by Fmoc solid-phase 

method. Modifications were made in proline residue of AVPI and 

arginine residue of RGD in order to be increased cytotoxicity and 

selectivity of our compounds. Next we studied the compounds for 

potential cytotoxic effect by calorimetric MTT analysis. We were also 

interested if these novel compounds sensitize pretreated cancer cells 

to TRAIL and cisplatin, as it is supposed by literature data. We used 

several cell lines (MCF-7, MDA-MB-231, HepG2 and PC3) in order 

to check for line-selectivity.  

Keywords: AVPI, RGD, apoptosis 
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Among the peptide family, short peptides are very appealing 

for drug discovery and development because of their cost-

effectiveness, possibility of oral administration, and simplicity to 

perform molecular structural and quantitative structure-activity 

studies. Small peptides are under development as possible anti-tumour 

agents as well. 

Arginine-Glycine-Aspartic (RGD), is the specific recognition 

site of integrins with theirs ligands, and regulates cell-cell and cell-

extracellular matrix interactions. The RGD motif can be combined 

with integrins overexpressed on the tumour neovasculature and 

tumour cells with a certain affinity, becoming the new target for 

imaging agents, and drugs, and gene delivery for tumour treatment. 

 RGD peptides conjugated with different cytostatic agents are 

likely to exhibit an antitumour and antiangiogenic synergetic effect. 

During the last few years, a number of RGD-cytotoxic drugs were 

developed and showed promising activities in vitro and in vivo. 



Despite the few RGD analogues being approved for clinical 

use, development of orally active RGD peptidomimetics have been 

significantly hindered because of low bioavailabilities. This is largely 

due to the metabolic lability of this class of compounds in the presence 

of proteases and peptidases and because of their high polarity and 

charge. 

Following our long-term program for the design of 

biologically active peptides based on the non-protein amino acids, 

some short RGD-mimetics have been synthesized and their cytotoxic 

potential was studied. 

This communication reports synthesis and biological activity 

of new RGD mimetics, containing the sequence Xaa-GD, where Xaa 

is Arg-mimetic (Agb or Agp) with a view to improve the stability and 

cytotoxic activity. Synthesis was performed by the conventional and 

manual stepwise Fmoc/tBu solid-phase methods. Their purity 

characterized by RP-HPLC and capillary electrophoresis, was 87-

94%. 

All the compounds were evaluated in vitro for their cytotoxic 

activities on non-tumour 3T3 cells and tumour cell lines HepG2. 
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Hemolymph of arthropods and mollusks is a complex mixture of 

biochemically and pharmacologically active components. Moreover, the 

antimicrobial peptides from the hemolymph are important components of 

the innate immunity. Some isoforms and peptides serve as effector 

molecules of the defense system, providing an efficient initial effect against 

infectious pathogens. Recently, the interest to these compounds increases 

because the resistant to conventional antibiotics has become a serious 



medical problem.  

 Several peptides were identified in the hemolymph of arthropod crab 

Eriphia verrucosa. Their molecular weights between 600 and 2000 Da and 

amino acid sequences were determined by electrosprey ionisashin 

masspectrometry (ESI-MS). Quite a series of proline-rich peptides were 

determined. They show high homology with hemocyanin, arginine kinase, 

cytochrome c oxidase, actin, antimicrobial peptide etc.,  

We tested the antimicrobial activities of peptides isolated from the 

hemolymph of the crab E. veruccosa against Gram+ and Gram- bacteria. 

Peptides in the hemolimph exhibited inhibition effects against Bacillus 

subtilis, Salmonella enteritis, Staphylococcus epidermidis 1093 and 

Escherichia coli 3397 and were considered to be promising candidates for 

the treatment of microbial infections and suppression of microbial 

resistance. 
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Molluscan hemocyanins (Hcs) are a family of extracellular 

oxygen transport proteins with high molecular mass. We have 

analysed and compared the structure of functional unit “e” of 

hemocyanins isolated from garden snail Helix aspersa (HaH) and 

Helix lucorum (HlH). A partial cDNA sequence of H. aspersa 

hemocyanin encoding a protein of 415 AK was isolated and compared 

with a gene sequence of H. lucorum hemocyanin which is known. The 

deduced amino acid sequence shows a high degree of similarity with 

hemocyanin unit -HiH-e of H. lucorum (72,5%), suggesting for a 

common structure. Both functional units, -HaH-e and -HlH-e, were 

isolated using ion-exchange chromatography and their o-Diphenol 

oxidase activity (o-diPO) was analysed using L-Dopa and dopamine 

as substrates. With L-Dopa as substrate the native FUs did not show 



any o-diPO activity. Therefore the native FUs were converted to 

enzymatic active form, after treatment with trypsin. It is known that 

the access to the active site is covered by the C-terminal domain in a 

functional unit of molluscan hemocyanin, which could explain a very 

low catalytic activity of molluscan Helix hemocyanins where the 

entrance to the active site is probably blocked by Leu or Phe residues, 

respectively. After trypsinolysis and removal of the C-terminal peptide 

of the FU-e of H. aspersa (KLIPEPSVLFVAAHEDVHVE, Mw 

2229,5 Da) and H. lucorum 

(IQIIAPDGAILDSHLLHEPTVSFVPARHDLHLK  Mw = 3654,2 

Da) hemocyanins a channel in Hcs is opened and the binuclear copper 

active site becomes accessible for phenolic substances. Two peptides 

were identified and analysed by MALDI-TOF_TOF after incubation 

of H. aspersa (KLIPEPSVLFVAAHEDVHVE, Mw 2229,5 Da) and 

H. lucorum (IQIIAPDGAILDSHLLHEPTVSFVPARHDLHLK  Mw 

= 3654,2 Da) with trypsin and the highest artificial induction of o-

diPO activity was observed of both functional units. 
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Проведено е експериментално токсикологично и 

фармакологично изследване на четири оригинални 

бензазепинови производни, при които бензазепиновият 

хетероцикъл е свързан с дипептид, съдържащ N-(3,4-

дихлорофенил)-D,L-Ala-OH. От предишни проучвания е 

доказано, че бензазепинът повишава нивото на невромедиаторите 

допамин, норадреналин и серотонин в мозъка чрез инхибиране  

на тяхното обратното поемане в пресинаптичните неврони. На 



съединенията е определена остра токсичност-LD50 върху опитни 

животни и  антидепресивната им активност чрез методи и модели 

за изследване на тревожност и  депресивно поведение. 

Резултатите показват, че острата токсичност на съединенията 

след интраперитонеално приложение на мишки варира от 1000 до 

2000 mg/kg, което определя тези съединения като слабо токсични 

по скалата на Hodge и Sterner. Скринингът за антидепресивна 

активност, влиянието върху активното и пасивно избягване, е 

проведен в сравнение с антидепресантите вилоксазин и 

миансерин.  
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An acetylcholinesterase inhibitor (AChEI) or anti-

cholinesterase is a compound that inhibits the cholinesterase enzyme 

from breaking down acetylcholine, increasing both the level and 

duration of action of the neurotransmitter ACh. AChEIs occur 

naturally as venoms and poisons; they are used as weapons in the form 

of nerve agents, and as constituents of medicines for Myasthenia 

Gravis treatment. They are used to increase neuromuscular 

transmission to treat Glaucoma and to treat Alzheimer disease (AD); 

and they are used as an antidote to anticholinergic poisoning.  



Herein, we report the kinetic investigation, inhibitory activity of five 

peptide amide of galanthamine  Boc-Val-Asn-Leu-Ala-Gly-OGal, 

Boc-Val-Asn-Leu-Ala-Val-Gly-OGal, Boc-Asp-(norGal)-Asp-Leu-

Ala-Val-NH-Bzl, Boc-Asp-(norGal)-Asp-Leu-s-Ala-Val-NH-Bzl, 

Boc-Asp-(norGal)-Val-Asn-Leu-s-Ala-Val-NH-Bzl. Also, values of 

IC50 (50 % inhibition effect on the enzyme AChE) were determined.   
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The hyper production of melanin is a reason for malignant 

melanoma, the most life-threatening skin cancer. The hypo production 

of the same pigment leads to one of the increasingly occurring skin 

defects, vitiligo (loss of skin color). Recently, tyrosinase inhibitors and 

activators attract a lot of attention because of their ability to influence 

the activity of this key enzyme. Such kind of compounds is 

increasingly used as ingredients in cosmetic creams and products [1]. 

According to the literature data, peptides containing aspartic or 

glutamic acid residues usually do not bind very well to tyrosinase [2]. 

Strong tyrosinase-binding peptides always contain one or more 

arginine residues, often in combination with phenylalanine, while 

lysine residues can be found equally among nonbinding peptides as 

well as moderate tyrosinase-binding peptides. The presence of the 

hydrophobic, aliphatic residues valine, alanine or leucine appears to 



be important for tyrosinase inhibition. Therefore, good tyrosinase 

inhibitory peptides preferably contain arginine and/or phenylalanine 

in combination with valine, alanine and/or leucine. A special place is 

given to peptides, because of their good bioavailability and low or lack 

of toxicity [3]. 

Herein, we report the kinetic investigation, inhibitory activity and IC50 

of two peptide amide of galanthamine Boc-Asp(norGal)-Asp-Leu-

Ala-Val-NH-Bzl and Boc-Asp(norGal)-Asp-Leu-β-Ala-Val-NH-Bzl. 
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Since last century studying the properties of various 

heterocyclic compounds including pyrrole, as anti-inflammatory and 

anti-pain agents is explored strongly [1]. It is interesting to note that a 

number of molecules containing in its structure pyrrole heterocycle are 



approved as drugs with diverse activities in medical practice [2, 3]. 

Design of a series of substituted with specifically modified 

pyrrole heterocycle at N-terminus amino acids was done. The aim 

compounds (figure) were synthesized in acid conditions using Paal-

Knorr reaction between substituted pyrrole and natural amino acids.  

 

                            
 

where 1a-1g: X = Cl, R1 = COOC2H5. 

Further, after purification and characterization antibacterial 

activity against model gram positive (Bacillus cerreus 1085), gram 

negative (Pseudomonas fluorescens) microorganisms and fungi 

(Candida lipolytica) were studied by means of standard disk diffusion 

method. In addition, growing curve of microorganisms was 

investigated. Specific reaction conditions and the obtained results for 

antibacterial activity will be discussed.  
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 Cardiovascular diseases (CVD) including hypertension and 

myocardial infarction, belong to the most common problems of 

worldwide. Although synthetic antihypertensive drugs are available 

on the market, nutritionists claim that peptides which lower blood 

pressure are safer than “traditional” drugs and can be used as 

preventive agents. Recently there is some scientific evidence that diet 

has a direct relationship to cardiovascular diseases 

 Most of peptides inhibitors of ACE are relatively short 

sequences containing from 2 to 12 amino acids. Among them di- and 

tripeptides are more favourable as potential functional food additives 

candidates due to their high antihypertensive activity and low 

bitterness. Fernandez et al. [1] emphasize the role of ACE inhibitor 

peptides as a target for drug design resulting from the function of ACE 

in cardiovascular and renal diseases. 

 The purpose of the present study was to investigate short 

bioactive peptide as a novel inhibitors of angiotensin-I converting 

enzyme, which were predicted to possess better ACE inhibitory 

activity and lesser side effects. We hope that newly synthesized 

peptides will be good additives in functional foods of hypertension. 

 For the synthesis of each of the target peptides: H-Val-Ala-

Trp-OH, H-Val-Ala-Pro-OH, H-Leu-Ala-Pro-OH, H-Ile-Ala-Lys-

OH, were used SPPS and microwave assisted SPPS. The obtained 

reaction mixtures were purified by HPLC and characterized by UPLC-

MS and NMR. We determined the relative inhibitory activity of the 

synthesized peptides and compared it to the commercially available 

ACE inhibitor- Lisinopril® , using modified method of Jimsheena and 



Gowda [2] 
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 Stress increases the demands toward the organism leading to 

neuro-endocrine, immunologic and psychological changes aimed at 

maintaining homeostasis and guaranteeing the survival. During stress 

response („fight or flight” syndrome) pain perception decreases – a 

phenomenon known as stress-induced analgesia (SIA). SIA consists 

of two components – an opioid and a non-opioid one. Opioid SIA 

results from activation of endogenous opioid system, while in non-

opioid one epinephrine, serotonin, nitric oxide, and endocannabinoids 

take place.  

 The peptides of the Tyr-MIF-1`s family are known to decrease 

SIA through binding to opioid and their own non-opioid receptors. On 

the other hand the endocannabinoids modulate the effects of stress.  

 The aim of the present study was to reveal the influence of the 

abovementioned peptides and the cannabinoids on hot stress-induced 

analgesia (hSIA). 

 The experiments were carried out on male Wistar rats 

subjected to acute hot stress (1 hour). The animals were injected with 

cannabinoid receptor (CBR) agonist (anandamide) or CBR antagonist 

(AM251), and the peptides from the Tyr-MIF-1 family. 



 Pain perception was assessed by Paw pressure and Hot plate 

test. 

 All procedures were approved by the Animal Care and Use 

Committee of the Medical University of Sofia. 

 Our results showed that administration of CBR agonist and 

MIF- 1 increased hot stress-induced analgesia (hot-SIA), while 

anandamide along with the other three peptides decreased hot-SIA. 

 Administration of the CBR antagonist along with each of the 

four peptides decreased hot-SIA during the whole time of the 

experiments. 

A possible explanation of such results could be the activation of 

different opioid/non-opioid receptors by the Tyr-MIF-1 peptides along 

with the CBR. 

 In conclusion our assumption is that the ECS takes part in an 

anti-stress system of the body aiming at decrease the effects of acute 

stress and prevent its eventual harmful impact on organism. 

Key words: Tyr-MIF-1 family of peptides, endocannabinoids, stress-

induced analgesia, pain perception 
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 Objectives. The aim of the present study was to investigate the 



analgesic effects of N/OFQ(1-13)NH2, JTC-801 (a NOP receptor 

antagonist) and a newly synthesized analog on analgesia in a 6-

hydroxidopamine model of hemiparkinsonism in rats.  

Methods. The experiments were carried out on male Wistar 

rats (180-200g at the time of the surgery). Right-sided 

hemiparkinsonism has been induced by stereotaxic microinjection of 

6-hydroxidopamine into the ventrolateral striatum. Experiments 

started 15 days after surgery. All the evaluated substances were 

injected intraperitoneally. Changes in nociception were measured by 

paw-pressure test and adopted as a sensitivity indicator.  

  Key Findings. The results showed that N/OFQ(1-13)NH2 and 

the newly synthesized analog decreased the pain threshold compared 

to the control animals. JTC-801 led to a more expressed decrease in 

pain threshold compared to N/OFQ(1-13)NH2 and the analog. 

Conclusion.  We tried to elucidate the participation of the 

nociceptinergic mediator system in the sensory disorders in 

Parkinson`s disease. The results obtained suggest that the effect is 

more a modulating one, since the NOP-receptor agonist and the 

antagonist led to unidirectional changes that differ in magnitude. We 

assume that the nociceptinergic system is involved in sensory 

modulation in the adopted model of hemiparkinsonism.  

Key words: nociceptin, N/OFQ(1-13)NH2,  JTC-801, NOP ligands, 

analgesia, Parkinson disease model 
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 Parkinson’s disease (PD) results primarily from the death of 

dopaminergic neurons in the substantia nigra, but it is now clear that 

its pathogenesis is underlined by interaction of different mediatory 

systems. The endocannabinoid system (ECS) is vastly distributed in 

the central nervous system and represents a potential therapeutic 

approach for a number of neurologic diseases, PD among them. MIF-

1`s modulating action on ECS is also of interest as well as ECS and 

peptides combined effect on pain perception in PD. 

 Cannabinoids` and MIF-1`s interactions were estimated in a rat 

model of 6-hydroxydopamine hemiparkinsonism by Paw pressure test. 

 Anandamide influenced pain perception in control animals as 

well as in animals with experimental PD. MIF-1 modulated ECS in 

PD-animals compared to controls. 

 Our conclusion is that MIF-1 interacts with ECS and modulates 

pain perception in 6-hydroxydopamine hemiparkinsonism model in 

rats. 

Key words: Parkinson`s disease, MIF-1, cannabinoid system, pain 

perception, 6-hydroxydopamine hemiparkinsonism 
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Since the discovery of ghrelin to today numerous studies have 

confirmed the role of ghrelin as a regulator of hunger. Scientists 

thoroughly examine its relationship with obesity and associated 

metabolic syndrome ас а pandemic of the XX century. Тхе 

еndocrinological role of ghrelin is not limited to obesity and metabolic 

syndrome. In recent years was studied its relation to the numerous 

endocrine organs. The levels of ghrelin are discussed in connection 

with oxidative stress and there is a hypothesis that reduced levels of 

circulating ghrelin may be associated with increasing levels of 

oxidative stress in individuals with obesity. There is an effect of 

ghrelin and its agonist hexarelin on kardiomoitsitite. These peptides 

have a positive inotropic effect and an anti-arrhythmic action, which 

is likely due to prolongation of action potential duration. The ghrelin 

models the electrical efficiency of the neurons of the area postrema, 

which plays the role of controlling the vomiting center in detecting 

toxicological agents in the body.  

Keywords: Ghrelin, hunger, oxidative stress, anti-arrhythmic action, 

metabolic syndrome 
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smooth muscle activity of organs in pelvic cavity  
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Nikolova, V. Gadjeva, A. Zheleva, A. Tolekova 
 

Persistent hyperglycemia during diabetes mellitus impairs 

contractile responses of smooth muscles to pressor hormones like 

Angiotensin II (Ang II), vasopressin and other. The main etiological 

factor for this diabetic disturbance is excessive formation of reactive 

oxygen radicals leading to oxidative stress and disrupted cell calcium 

signalling machinery. Therefore antioxidants have the potential to 

improve smooth muscle diabetic dysfunction.   

The purpose of this study was to assess the effects of 

administration of nitrosurea SLCNUgly on the oxidative and glycemic 

status and on Ang II – induced motility of organs from pelvic cavity 

of rats with streptozotocin (STZ). 

  Mature female Wistar rats were divided into three groups: 

control group (intact animals); STZ-treated group (single injection of 

60 mg/kg STZ); group, treated seven consecutive days after STZ 

injection with 10mg/kg SLCNUgly. In the end of experimental period, 

longitudinal strips from urinary bladder, rectum and uterus were 

prepared and influenced by Ang II (1µmol). The obtained contraction 

curves were analyzed by calculation of force and time-parameters of 

the contractile process. The concentrations of ascorbate radicals, ROS 

production and lipid peroxidation (malondialdehyde) were evaluated 

in tissue homogenates from liver, kidney and pancreas.   

 The seven-day administration of SLCNUgly improved 

significantly glycemic, but not oxidative status. It caused additional 

reduction of Ang II-mediated response and greatly decreased the half 

relaxation phase of the myometrial response. Rectal preparations from 

SLCNUgly-treated diabetic rats responded to Ang II with reduced 

force parameters. Nitrosurea tends to normalize force and time 

parameters of urinary bladder. 

SLCNUgly exerts nonuniform effects on diabetic visceral 



smooth muscle dysfunction, depending on their different functional 

characteristics and on the changes of their Ang II receptors. The 

duration of treatment is not sufficient to develop the overall 

antioxidant effect of SLCNUgly for amelioration of tissue oxidative 

damages and to restore oxidative balance. 

Key words: Angiotensin II, SLCNUgly, smooth muscle contraction, 

oxidative stress, STZ 
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Leptin, the obese gene product, is an adipocyte-derived 

hormone that regulates body weight and metabolism by influencing 

food intake and energy expenditure. Postmenopausal status and high 

consumption of fructose are associated with increased incidence of 

visceral obesity and risk of metabolic syndrome, type 2 diabetes and 

cardiovascular diseases. The main objective of this study was to 

determine alterations in body weight, abdominal fat mass, plasma 

leptin levels, serum glucose and lipid profile ( total cholesterol, 

triacylglycerol, high-density lipoprotein cholesterol and low-density 

lipoprotein cholesterol) in ovariectomized rats subjected to a fructose 

rich diet. Twenty-four adult female Wistar rats were divided into four 

groups: control sham-operated (Sham, n = 6), ovariectomized (OVX, 

n = 6), sham-operated plus fructose (Sham-F, n = 6 ) and 

ovariectomized plus fructose (OVX-F, n = 6). Fructose was given to 



the rats as 10% solution in drinking water for 8 weeks.  The results 

indicated that plasma leptin levels were increased significantly in 

OVX and OVX-F groups compared with Sham and Sham-F groups 

(4466,66 ± 179,23 pg/ml and 2758.33 ± 682.47 pg/ml vs. 1965.33 ± 

179.23 pg/ml and 1706.50 ± 232.15  pg/ml, respectively). Although 

leptin levels were not significantly different in sham-operated and 

sham-operated plus fructose groups there is a tendency to reduce leptin 

levels in  sham-operated plus fructose group. The body weight was 

significantly increased in OVX, OVX-F and Sham-F groups compared 

with the Sham group. Abdominal adipose tissue and biochemical 

parameters were significantly higher in OVX and OVX-F compared 

to those of control animals. In conclusion, excessive consumption of 

fructose may contribute to metabolic disorders and expressed 

predisposition to chronic non-infectious diseases observed in the 

postmenopausal condition. Furthermore, the results showed that high-

fructose diet and ovariectomy affect leptin levels in different 

directions, which may be due to interference on the various signal-

transduction mechanisms in leptin synthesis and secretion. 
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 Oxidative metabolism is essential for the survival of cells. The 

oxidative status of cells is a dynamic balance between the levels of 

constantly generated reactive oxygen species (ROS) containing 



molecules, and the activity of antioxidant cell defense. Disruption of 

this balance is known as oxidative stress. Being highly reactive 

molecules, the pathological consequence of ROS excess is damage to 

proteins, lipids and DNA. Consistent with the primary role of ROS 

formation, this oxidative stress damage may lead to physiological 

dysfunction, cell death, pathologies such as diabetes and cancer, and 

aging of the organism. Different stress models have different degrees 

of influences on enzymatic and non-enzymatic antioxidant defense 

systems, protein oxidation and lipid peroxidation in the brain. One of 

the mechanisms known to play a part in the response of an organism 

to stress is activation of the endogenous opioid system. Primary 

objective of this work was to screen the effects of Tyr-Cav-MIF-1 and 

Tyr-Cit-MIF-1 on lipid peroxidation and antioxidant enzyme activities 

in rat brain after immobilization (IS), cold (CS) and heat (HS) stress. 

The obtained results demonstrate that both peptides exert certain brain 

protective effects against pro-oxidative action of some kind of 

physical stress especially in immobilization and cold stress.  

Key words: Tyr-Cav-MIF-1, Tyr-Cit-MIF-1, canavanine, stress, lipid 

peroxidation and antioxidant enzyme activities 
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The conventional peptide synthesis requires using of hazard 

organic solvents such as dimethylformamide, dimethylacetamide, 

dichloromethane, ethylacetate, acetonitrile etc. Unlike them, water is 

a fundamental solvent, which plays a pivotal role in living cells mainly 

as reaction media, where all biochemical reactions proceeds. This role 

can be directed to the chemical industry to some extent. As a protic 

solvent, aqua can simultaneously participate as catalyst and as reaction 

media. Particularly, water molecules do not negatively influence to the 

condensing reaction in the peptide synthesis, as the coupling reagents 

activate the N-protected amino acid carboxyl group by its 

transformation to the activated ester, which are preferably attacked by 

the alpha-amino group of the carboxy-protected amino acid. The 

difficulty concludes in unsatisfactory solubility of some amino acids 

(Val, Leu, Ile, Tyr, Trp, Phe etc.) and their C- or N-protected 

derivatives. Therefore, ultrasonicator could be used to increase their 

solubility. In the present paper authors applied this strategy for the 

synthesis of two peptides from Acetyl-tetrapeptide-9 family, 

commonly used in the formulation chemistry and cosmetic industry. 

The acetylated tetrapeptides were synthesized in water, using 

TBTU/DIPEA chemistry and ultra dispenser in one case and for 

comparison the same peptides were synthesized in CH2Cl2/DMF, 

using standard protocol, applying TBTU/DIPEA chemistry. The data 

describe that the protocol, applying water as solvent gives good and 

comparable results, according to the  yields of the final product. The 



obtained results give hope to apply these synthetic protocols to a large 

scale preparation of the above described two members from the 

Acetyl-tetrapeptide-9 family, requiring in the pharmaceutical 

industry. 
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Fig.1 Two peptides from the Acetyl-tetrapeptide-9 family: Ac-Q-D-V-H and Ac-G-D-V-E 
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Design of mini-reactor with pH and turbidity 

monitoring for aggregation studies in solutions 

 
D. Koleva, F. Hodzhaoglu, I. Dimitrov 

 

An experimental system with temperature control and probe 

type sensor for in situ studies in solutions is developed. The probe type 

sensor utilizes a small-scale turbidimeter composed of optical fibers, 

a mechanical mild stirrer and micro or semi-micro pH electrodes. Such 

type of sensor could be used in volumes as small as 500 µl. The 

multifunctional design enables simultaneous monitoring of several 

experimental parameters in real time without experiment 

discontinuance. The developed setup was successfully tested with 

several commercial insulin solutions for infusion. It could find a wide 

application in studies of the aggregation and phase formation 

processes in solutions of peptides, proteins or other macromolecules. 
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Neurotensin (NT) is a neurohormone and / or neuromodulator 

containing 13 amino acid residues. The 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. The two main cleavage bonds 

in the metabolic deactivation of NT (8–13) are Arg8–Arg9 and Tyr11–

Ile12. To avoid such degradation, the terminal Arg unit was replaced 

by canavanine (Cav), which was recently described as a non-

proteinogenic Arg analogue. Because lysine was shown to be an 

attractive alternative residue at position 9 of the parent peptide, lysine 

replacement of the second arginine moiety was also performed. 

The purpose of this study was to to evaluate the stability of the 

new synthesized analogues in different values of pH, available 

physiologically. The analogues have shown significant stability and 

kipped 90% of their outcome concentration in different pH values. 
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Based on our previous studies on chelating properties of silica 

gel modified with 4- aminoantipyrine and also silica gel modified 

with cysteine, herein we obtained a new silica gel sorbent non-

covalently bonded with amide of cysteine with 4- aminoantipyrine. 

The modified Boc-S-benzyl-L-cysteine amide of 4-

aminoantipyrine modified silica gel was used as a sorbent for solid 

phase extraction of Au (III) from aqueous solutions. The degree of 

sorption of Au (III) was examined at different acidity of the sample 

solutions. 

The analyte ions retained on the sorbent was eluted with solution 

of thiourea in HCl. 

Au (III) in eluates and effluates was determined by FAAS.  
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The extraction of Au (III) chloro complexes from 

hydrochloric acid solutions on amino acids modified silica gel was 

investigated.  

Several parameters affecting the extraction efficiency such as the pH 

of sample solution, eluent type and volume, sorbent amount and 

interfering ions were optimised in order to achieve quantitative 

retantion of Au(III). Metals loaded on the sorbent can be recovered 

using thiourea in HCl solution as eluent. The analyte ions in eluates 

and effluates were determined by FAAS.  

The sorption ability of the different amino acids, used as modifiers 

for silica gel sorbents was compared and discussed.  
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Boc-S-benzyl-L-cysteine amide of 4-aminoantipyrine 

modified silica gel was prepared and used as sorbent for selective 

solid phase extraction of Pt (IV) from aqueous solutions. The degree 

of sorption of Pt (II)/ Pt (IV) was studied at different acidity of the 

sample solutions and various sorbent amounts. The Pt (IV) ions 

retained on the sorbent were eluted with solution of thiourea in HCl. 

The influence of the concentration of reducing agent on the 

preconcentration of Pt (IV) was examined. Both processes of sorption 

and elution were followed by ICP-OES measurements of Pt in 

effluate and eluate solutions.  
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Delta opioid receptor (DOR) takes part in the control of chronic 

pain and emotional responses therefore it is an interesting object for 

QSAR modelling and molecular docking studies with delta-opioid 

selective enkephalin analogues. 

The purpose of this study is to find the structure-activity 

relationship of a series of delta-opioid  selective enkephalin analogues, 

basing on the quantitative parameters of in vitro bioassay (efficacy, 

affinity and potency) [2] and the results of the molecular docking with 

three models of DOR: (1) DOR with crystal structure (PDBid:4ej4) 

[3]; (2) a theoretical model of DOR (PDBe:1ozc) [4]; (3) a model of 

DOR obtained by homology modelling (named Model B) [5]; The 

relationship of the quantitative parameters of in vitro bioassay with the 

results from the molecular docking was modelled with first to third 

degree polynomials and surface fitted method. 

We suggest that the polynomial surface fitting of the third order 

has the best fit, assessed by least squares method for model of DOR 

obtained by homology modelling. Hence, the third order of 

polynomial could be used for determination the relationship structure-



biological activity between the three models of DOR and a series of 

delta-opioid selective enkephalin analogues. 

Keywords: QSAR, Docking, Ligand-receptor interaction, GOLD, 

Delta opioid receptor 
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C1q is a crucial recognizing first subcomponent of the classical 



complement pathway and as such is also involved in pathological 

conditions, such as autoimmune disorders like systemic lupus 

erythematosus (SLE). Molecular events that lead to generation of 

autoantibodies against C1q (anti-C1q) are still unknown, although 

some hypothesis, concerning the exact timing and mechanism exist. 

C1q is thought to undergo a conformational transition exposing neo-

epitopes that lead to recognition of the molecule as immunogenic. 

Naive phage library was used to search for single-chain variable 

fragments (scFv) that mimic the globular head regions of natural C1q 

(ghC1q), thus inhibiting its recognition from autoantibodies. After 

several panning rounds, a promising clone was isolated and 

sequenced.  

Based on its nucleotide sequence, a structural 3D model of resulting 

polypeptide chain was generated, as homology model according to 

alignment on the deposited crystallized scFv PDBs. The resulting 

structure was used to find conformational and electrostatic similar 

regions between homology structure and natural C1q globular heads. 

This similarity helps to clarify regions from C1q molecule crucial for 

generation of SLE autoantibodies. The model will be further helpful 

for SLE patogenesis-assossiated conformational or sequential neo-

epitopes search in the three ghC1q chains. 
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Mass spectrometry analysis of immunoglobulin at 

different conditions  
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The immune system is capable of producing a large repertoire of 

antibodies that can recognize a wide variety of different molecular 

structures and conformations. Polyspecific antibodies represent a first 

line of defense against infection and regulate inflammation, properties 

hypothesized to rely on their ability to interact with multiple antigens.  

The specific binding portion of the antibody (paratope) binds 

very specific to a particular part of the antigen (epitope) that led to the 

formation of the antibody. Through this connection immunoglobulin 



has its effect. The polyspecificity of a fraction of IgG antobodies, 

present in all healthy individuals, can be increased in vitro by transient 

exposure to protein destabilizing agents: 

  low or high pH 

  high salt concentration 

  chaotropic agents     
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Hemocyanins (Hcs) are large, oligomeric blue 

coppercontaining glycoproteins that play a role as dioxygen carriers in 

the hemolymph of most molluscs and several arthropods. Molluscan 

Hcs usually have powerful immunogens, probably due to their high 

carbohydrate content and specific monosaccharide composition. 

Although that βc-structural subunit of Helix lucorum hemocyanin (βc-

HlH) manifested immunological potential and antitumor activity, its 

oligosaccharide structure is still incomplete. 

Glycopeptides were isolated from the structural subunit βc-

HlH after overnight digestion with trypsin and the resulting peptides 

were subjected to reversed phase by high-performance liquid 

chromatography (RP-HPLC). Fractions testing positive in the 

orcinol/H2SO4 glycosylation test were lyophilized and further studied 

by tandem mass spectrometry, using a Q-Trap LC/MS/MS system.  

Glycopeptides, selectively detected in a proteolytic fraction by 

the appearance of collisionally induced marker oxonium ions such as 

m/z 163 [Hex+H]+, 204 [HexNAc+H]+, or 366 [HexHexNAc+H]+, 

were sequenced. Additional carbohydrate structures were analyzed in 

the same way and authentic binding sites could be revealed. We 

analyzed a number of glycopeptides by Q-Trap-LC/MS/MS, identified 

the sugar chains and peptide sequences and confirmed six N-

glycosylation sites from gene sequence of structural subunit βc-HlH.  


