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The Program of the Workshop

Tuesday, 17 November 2015

8.30-9.00 REGISTRATION
9.00-9.30 OPENING CEREMONY

Session A.

Chairpersons:

Prof. Reni Kalfin, PhD
Institute of Neurobiology, Bulgarian Academy of Sciences

Assoc. Prof. Neli Koseva, PhD
Institute of Polymers, Bulgarian Academy of Sciences

Secretary: Tanya Zhivkova, MSc
Institute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences

9.30-10.00
AO1l. AN OVERVIEW ON THE PROTECTIVE ROLE OF
VASOACTIVE INTESTINAL PEPTIDE - DEDICATED TO THE 10TH

ANNIVERSARY
Reni Kalfin', Maria Lazarova®, Nina Ivanovska’, Federica Pessina®, Giampietro Sgaragli®,
Nilanjana Maulik*, Dipak Das*

YInstitute of Neurobiology, Bulgarian Academy of Sciences, Sofia, Bulgaria
?Institute of Microbiology, Bulgarian Academy of Sciences, Sofia, Bulgaria
3Department of Neuroscience, Siena University, Siena, Italy
*Department of Surgery, University of Connecticut Health Center, Farmington, USA

10.00 - 10.30
AO2. CHEMICALLY MODIFIED ALGINIC ACID AND CHITOSAN -
SYNTHESIS AND APPLICATIONS
V. Mitoval, E. Stoyanova®, T. Tamer®, A. Omar®, M. Mohy Eldin?, N. Koseva®
YInstitute of Polymers, Bulgarian Academy of Sciences,
’Polymer Materials Research Department,
Advanced Technologies and New Materials Research Institute, MUCSAT
New Borg El-Arab City 21934, Alexandria, Egypt




10.30-11.00
AQOS. ROLE OF THE AMINO GROUP IN THE STRUCTURE AND

DESIGN OF POTENTIAL INHIBITORS OF AMINOPEPTIDASE A
V. Petroval, T. Aleksandrova?, M. Dimitrova®, V. I;avloval, D. Tasheva?, 1. lliev?, V. Mitev?,
I. lvanov
! Institute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences, Sofia, Bulgaria
2University of Sofia “St. KI. Ohridski”, Faculty of Chemistry and Pharmacy, Bulgaria
Department of Medical Chemistry and Biochemistry, Medical University of Sofia, Bulgaria

11.00 - 11.20 COFFEE BREAK

11.20-11.50
AO4. HABERLEA RHODOPENSIS METHANOL EXTRACTS

REVITALIZE YEAST CELLS
Milena Georgieva’, Dessislava Staneva’, Daniela Moyankova?, Dimitar Djilianov? and
George Miloshev*
YL aboratory of Yeast Molecular Genetics, Institute of Molecular Biology “Roumen Tzanev”,
Bulgarian Academy of Sciences, Bulgaria
ZAbiotic stress, Agrobioinstitute, Sofia, Bulgaria

11.50 - 12.05
AOS. HUKJVIOOKCUTEHA3ZHU UHXUBUTOPHU - OT
OAPMAKOJIOTI'UATA 10 KNIMHUYHUTE ITPAKTUKHA

Jlopa I[s[KOBal, Panoctuna AneKcaHI{pOBa2
lHhtcmumym no Heepobuonocus, bvreapcka akademus na Haykume
2I/IHcmumym N0 eKCHEPUMEHMANIHA MOPGON02Usl, NAMONI02US U AHMPONOJIO2US C
mysetl, Bvreapcka akademus Ha HayKume

12.05-12.20
AOG6. SELECTIVE SILENCING OF GADG65-SPECIFIC B
LYMPHOCYTES DELAYS DISEASE ACTIVITY INMICE WITH STZ -
INDUCED T1D
Gabriela Boneva' ?, lliyan Manoylov', Andrey Tchorbanov*
1. The Stefan Angelov Institute of Microbiology, Bulgarian Academy of Sciences,
Sofia, Bulgaria
2. Sofia university “St KlimentOhridski”, Sofia, Bulgaria




12.20-12.35
AQO7. SELECTIVE ELIMINATION OF ALLERGEN-SPECIFIC B
LYMPHOCYTES WITH CHIMERIC PROTEIN-ENGINEERED

MOLECULES
Kiril Valentinov Kolev, Nikola Stoyanov Kerekov, Andrey Ivanov Tchorbanov
Laboratory of Experimental Immunology, Institute of Microbiology, Bulgarian Academy of
Sciences, Sofia, Bulgaria

12.35-13.00
Poster presentation and Discussion

13.00-14.00 LUNCH TIME

Session B.

Chairpersons:

Assoc. Prof. Stefka Valcheva-Kuzmanova, MD, PhD, DSc
Medical University, Varna

Assoc. Prof. Radostina Alexandrova, PhD

Institute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences

Secretary: Lora Dyakova, MSc
Institute of Neurobiology, Bulgarian Academy of Sciences

14.00- 14.30
BO1. BUOJIOI'NYHO AKTUBHU KOMITIOHETHU HA PACTEHUETO
APTHUIIOK U NTPUJIO’)KEHUETO UM BbB BETEPUHAPHATA U
XYMAHHATA MEJIUIINHA

Bans MnanenoBa
Institute of Biology and Immunology of Reproduction, Bulgarian Academy of Sciences,
Sofia, Bulgaria

14.30-14.45
BO2. AHTUBUPYCHM CBOVCTBA HA MEJUIIMHCKOTO
PACTEHHME MELISSA OFFICINALIS

Mupocinasa [lepMeHKHEBA
Hncmumym no 6uonoeus u umyHono2us Ha pasmuodicagarnemo ,, Axao.Kupun bpamanog” -
bAH




14.45-15.00
BO3. ANTI-VIRAL ACTIVITY OF MEDICAL BULGARIAN PLANTS
AGAINS HUMAN HERPES VIRUS TYPE 1 AND 2
Venelin Tsvetkov, Petia Angelova, Kalina Shishkova, Anton Hinkov, Stoyan Shishkov
Laboratory of Virology, Faculty of Biology, University of Sofia ““St. KI. Ohridski’’,
Sofia, Bulgaria.

15.00-15.15
BO4. THERAPEUTIC STRATEGY FOR SURVIVAL OF MICE
INFECTED WITH INFLUENZA VIRUS BY COMBINATION OF S-

ADENOSYL-L-METHIONINE AND OSELTAMIVIR

A. Dimitrova®, M. Mileva', D. Krastev?, G. Gegova', A.S. Galabov'
The Stephan Angeloff Institute of Microbiology, Bulgarian Academy of Sciences,

Sofia, Bulgaria
2 Medical University of Sofia, Medical Colleague “Jordanka Filaretova”,
Sofia, Bulgaria

15.15-15.30
B05. AKTUBHOCT HA HUMAN POLYOMAVIRUS 1
/BK BUPYC/ IIPU BBBPEUHO- TPAHCIIVTAHTUPAHU NAIIMEHTH
B BbJII'APUASA

I'eopru Towes’, 3narko KbiBaues?
Meouyuncku gpaxynmem, CE ,, Ce. Kn. Oxpuocku”, Cogus, bvreapus,
YMFAJI ,, Cogpusimeo™

15.30 — 15.50 COFFEE BREAK

15.50 - 16.05
BO6. IPUJIOKEHUE HA HAHOBUOTEXHOJIOI'MMTE IIPU
PA3JIMYHU BUPYCHHU 3ABOJISIBAHUA

A. Iagnosa’, JI. ITeruesa’, I1. FeHOBa-Kaﬂy3, Cr. prMOBa3, T. KaHTap,Z[)KI/IeBs
'CV,, Cs. Knumenm Oxpuodcku“, Buonoeuuecku gpaxyimen,
2Byn Buo — HI[3ITB, Cogus,
3Hab;u0HaneH Lenmwvp no 3apazuu u IHapazumnu Bonecmu, Cogus

16.05-16.20
BO7. VITAMIN D DEFICIENCY IS CONSIDERED TO BE A RISK

FACTOR FOR MULTIPLE SCLERQOSIS
Vera Kolyovska®, Velichka Pavlova®, Dimitar Maslarov’
YInstitute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences, 1113 Sofia, E-mail: verakol@abv.bg
“Medical University of Sofia, Neurology Clinic, First MHAT-Sofia



16.20-16.35
BOS8. VITAMIN D AND AUTOIMMUNE DISEASES
Vasil Boyanov’, Kiril Lazov?, Liliya Lazova®
'Medical University of Sofia, ? Institute of Biology and Immunology of Reproduction
"Acad. Kiril Bratanov", Bulgarian Academy of Sciences

16.35-16.50
BO9. FATTY ACID COMPOSITION OF DIFFERENT TYPES FLOUR
S. Ivanova, N. Mihalkova, G. Marinova, V. Batchvarov, P. Parvanova
Institute of Cryobiology and Food Technologies, Sofia, Bulgaria

16.50-17.05
BO10. TRACE ELEMENT COMPOSITION OF CHEESE FROM EWE'S
MILK KARAKACHAN BREED RHODOPE TSIGAY AND MIDDLE

RHODOPE BREED SHEEP
S. Ivanova®’, D. Gadjev?, L. Angelov', T. Odjakova®, B. Blajev®
! Institute of Cryobiology and Food Technologies, Sofia, Bulgaria
2Experimental Station of Stockbreeding and Agriculture- Smolyan, Bulgaria
®Central laboratory for chemical testing and control, Sofia, , Bulgaria

17.05-17.20

BO11l. POTENTIALLY HARMFUL EFFECTS OF GRAPEFRUIT
Liliya Lazova', Vasil Boyanov*, Kiril Lazov?
"Medical University of Sofia, ? Institute of Biology and Immunology of Reproduction
"Acad. Kiril Bratanov", Bulgarian Academy of Sciences

17.20-17.35
BO12. 3IPABOCJIOBHO XPAHEHE. XPAHEHE I1PU
HOJIMKUCTO3EH OBAPUAJIEH CUHAPOM

Hanexna CrostnoBa, Crepanu JJumurpona
Meouyuncku ¢paxynmem, Meouyuncku ynusepcumem, Coghus

17.35-17.50
BO13. POLYTETRAFLUOROETHYLENE (TEFLON) AND ITS

IMPACT ON PEOPLE, ANIMALS AND ENVIRONMENT
Liliya Lazova', Kiril Lazov?, Vasil Boyanov*
"Medical University of Sofia, ? Institute of Biology and Immunology of Reproduction
"Acad. Kiril Bratanov", Bulgarian Academy of Sciences

17.50 — 18.30 Poster Session and Discussion



Wednesday, 18 November 2015

Session C.

Chairpersons:

Prof. Todor Dudev, PhD
Faculty of Chemistry and Pharmacy, Sofia University “St. KI. Ohridski”

Assoc. Prof. Radostina Alexandrova, PhD
Institute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences

Secretary: lvelin Vladov, MSc
Institute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences

9.00-9.30
CO1. GALLIUM AS THERAPEUTIC AGENT: COMPETITION

BETWEEN GA*" AND FE** IN METALLOPROTEINS
Valia Nikolova', Silvia Angelova?, Nikoleta Markova®, Todor Dudev*
YFaculty of Chemistry and Pharmacy, Sofia University “St. KI. Ohridski”
?Institute of Organic Chemistry with Centre of Phytochemistry,
Bulgarian Academy of Sciences

9.30-10.00
CO2. LET US SPEAK ABOUT COPPER
Radostina Alexandrova
Institute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences

10.00 - 10.15

CO3. GOLD COMPOUNDS AS ANTITUMOR AGENTS
Tanya Zhivkova, Radostina Alexandrova
Institute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences

10.15-10.45
CO4. PROPERTIES OF LANTANIDES COMPLEXES OF MONENSIN
Ahmed Nedzhib, Ivayla Pantcheva
Laboratory of Biocoordination and Bioanalytical Chemistry,
Faculty of Chemistry and Pharmacy, "St. KI. Ohridski™ University of Sofia




10.45-11.00
CO5. LEAD, CADMIUM AND NICKEL IN HOMEMADE WINE FROM

STARA ZAGORA REGION
P. Gidikova, G. Sandeva, R. Deliradeva
Medical Faculty, Trakia University, Stara Zagora, Bulgaria

11.00 - 11.20 COFFEE BREAK

Session D.

Chairpersons:

Assoc. Prof. Anna Tolekova, MD, PhD
Medical Faculty, Trakia University, Stara Zagora, Bulgaria

Assoc. Prof. Boryana Ruseva, MD, PhD
Medical University, Pleven

Secretary: Boyka Andonova-Lilova, MSc
Institute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences

11.20-11.50
DO1. EFFECTS OF CHLOROGENIC ACID, FERULIC ACID, GALLIC
ACID AND QUERCETIN ON LEARNING AND MEMORY IN THE

ONE-WAY PASSIVE AVOIDANCE TASK IN YOUNG/HEALTHY RATS
S. Valcheva-Kuzmanova®, A. Georgieva, I. Belcheva?, S. Belcheva®®, R. Tashev®*
'Department of Preclinical and Clinical Pharmacology, Medical University Prof. Dr.
Paraskev Stoyanov, Varna, Bulgaria
Department of Behavior Neurobiology, Institute of Neurobiology, Bulgarian Academy of
Sciences, Sofia, Bulgaria
3Faculty of Pre-School and Primary School Education, SU "Sv. KI. Ohridsky",
*Department of Pathophysiology, Medical University of Sofia, Bulgaria

11.50-12.05
DO2. INTERACTION BETWEEN ANGIOTENSIN Il RECEPTORS OR
INTERVENTION OF ANGIOTENSIN Il DERIVATIVES FOR

CONTRACTILE ACTIVITY OF VISCERAL SMOOTH MUSCLES?
P. Hadzhibozheva, A. Tolekova, Ts. Georgiev
Dept. of Physiology, Pathophysiology and Pharmacology, Medical Faculty, Trakia
University, Stara Zagora, Bulgaria

10




12.05-12.20
DO3. IN VITRO STUDY OF ROSEMARY OIL EFFECT ON SMOOTH
AND STRIATED MUSCLE
Plamen Zagorchev
Department of Biophysics, Faculty of Pharmacy, Medical University-Plovdiv

12.20 -12.50
DO4. INTERRELATIONS BETWEEN HEPCIDIN AND HOMEOSTASIS
OF COPPER AND IRON
Tsvetelina Petkova — Marinova®, Boryana Ruseva®, Bisera Atanasova®
!Department of Physiology, Medical University — Pleven
2Um’versity Hospital “Alexandrovska”, Department of Clinical and Immunological
Laboratory, Medical University — Sofia

12.50 — 14.00 LUNCH TIME

14.00-14.30
DO5. APIPUNCTURE OR BEE VENOM IN ACUPUNCTURE-

LITERATURE REVIEW
Y. Staykova-Pirovska®, N.Pirovski?, N.Dimitrov?
Medical Faculty, Trakia University, 11 Arsenalska str., 6000 Stara Zagora, Bulgaria

Session E.

Chairpersons:

Prof. Ivo Grabchev, PhD
Faculty of Medicine, Sofia University “St. KI. Ohridski”

Assoc. Prof. Radostina Alexandrova, PhD
Institute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences

Secretary: Desislav Dinev, MSc

Institute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences

11




14.30-15.00

EO1. MODIFIED WITH 1,8-NAPHTHALIMIDE METALLODENDRIMERS
AS ANTIMICROBIAL AGENTS
Ivo Grabchev', Desislava Staneva?, Evgenia Vasileva-Tonkova®, Paula Bosch?

Sofia University “St. Kliment Ohridski”, Faculty of Medicine, Sofia, Bulgaria
2University of Chemical Technology and Metallurgy, Sofia, Bulgaria
®Institute of Microbiology, Bulgarian Academy of Sciences, Sofia, Bulgaria
* Institute of Science and Technology of Polymers, CSIC, Madrid, Spain

15.00-15.30

EO2. ANTIMICROBIAL ACTIIVITY OF SYNERGISTIC

COMBINATIONS OF BIOLOGICALLY ACTIVE COMPOUNDS
I. Lazarkevich, A. Sotirova, T. Avramova, D. Galabova

The Stephan Angeloff Institute of Microbiology, Bulgarian Academy of Sciences,
Sofia, Bulgaria

15.30 — 15.50 Coffee Break

15.50 - 16.05
EO3. MECHANISMS OF BACTERIAL COAGGREGATION
Ivo Gantchev
The Stephan Angelov Institute of Microbiology, Bulgarian Academy of Sciences
Sofia, Bulgaria

16.05-16.20
EO4. COAGGREGATION BETWEEN Bacillus subtilis and Escherichia

coli K-12 STRAINS
Ivo Gantchev
The Stephan Angelov Institute of Microbiology, Bulgarian Academy of Sciences
Sofia, Bulgaria

16.20 - 16.35
EO5. METABOLIC SYNDROME AND CHANGES IN GUT

MICROBIOTA
R. Sandeva’, B. Chakarova®, G. Sandeva?®, A. Dimitrova®
Trakia University, Medical Faculty, Department of Physiology, Pathophysiology and
Pharmacology, Stara Zagora, Bulgaria
*Trakia University, Medical Faculty, Department of Hygiene, Epidemiology and Infectious
Diseases, Stara Zagora, Bulgaria
*Medical University - Pleven, Department of Physiology and Pathophysiology,Pleven

12



16.35-17.05
EO6. COMPOSITE MATERIAL COTTON FABRIC-HYDROGEL-
NANOPARTICLES WITH POTENTIAL APPLICATION AS WOUND

DRESSING
Desislava Staneva', Evgenia Vasileva-Tonkova?, Tatyana Koutzarova®, lvo Grabchev*

YUniversity of Chemical Technology and Metallurgy, Sofia, Bulgaria
? Institute of Microbiology, Bulgarian Academy of Sciences, Sofia, Bulgaria
3Institute of Electronics, Academy of Sciences, Sofia, Bulgaria
*Sofia University St. Kliment Ohridski, Faculty of Medicine, Sofia, Bulgaria

17.05-18.00 Poster Session and Discussion

13
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Thursday, 19 November 2015

Session F.

Chairpersons:

Assoc. Prof. Diana Rabadjieva, PhD
Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences

Assoc. Prof. Radostina Alexandrova, PhD

Institute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences

Secretary: Abdulkadir Abudallech, PhD

Institute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences

9.00-9.15
FOl1l. HYDROGEL WOUND DRESSINGS
B. Yerusalimova, E. Vassileva
Laboratory on Structure and Properties of Polymers, Faculty of Chemistry and Pharmacy,
Sofia University “St. KI. Ohridski”, Sofia, Bulgaria

9.15-9.45
FO2. INNOVATIVE NEW MATERIALS FOR WOUND HEALING
Radostina Alexandrova®, Orlin Alexandrov®
YInstitute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences
Health Service, Gorna Malina, Bulgaria

9.45-10.15
FOS3. BRIEF OVERVIEW OF NEW MATERIALS FOR BONE

IMPLANTS
Radostina Alexandrova®, Boyka Andonova-Lilova®, Abedulkadir Abudalleh’, Tanya
Zhivkova®, Lora Dyakova?, Orlin Alexandrov®, Nabanita Saha*
YInstitute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences
?Institute of Neurobiology, Bulgarian Academy of Sciences
*Health Service, Gorna Malina, Bulgaria
“Tomas Bata University in Zlin, Czech Republic

14




10.15-10.30
FO4. BRUSHITE BONE CEMENTS BASED ON AMORPHOUS

CALCIUM PHOSPHATE AND TARTARIC ACID
D. Rabadjieva’, S. Tepavitcharova®, R.llieva', R. Gergulova', K. Sezanova', A. A. Apostolov?
YInstitute of General and Inorganic Chemistry, Bulgarian Academy of Sciences,
Sofia, Bulgaria
?Faculty of Chemistry and Pharmacy, Laboratory on Polymers, Sofia University,
Sofia, Bulgaria

10.30-11.00
FOG6. ANTIOXIDANT STATUS AND HISTOLOGICAL STUDIES
AFTER IMPLANTATION OF MODIFIED HYDROXYAPATITE IN RAT

CALVARIA
Vasileva R.}, E. Dyulgeroval, R. Ilieva?, M. Gabrashanska®, M. Alexandrov®, V. Nanev?®, 1.
Vladov?®, N. Tsocheva-Gaytandzhieva®, P. Dimitrov®
'Medical University, Faculty of Dental Medicine, Sofia, Bulgaria
?Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences,
Sofia, Bulgaria
%Institute of Experimental Morphology, Pathology and Anthropology with Museum, Bulgarian
Academy of Sciences, Sofia, Bulgaria

11.00 - 11.20 COFFEE BREAK

11.20-11.35
FO7. PHOSPHORILATED CHITOSAN:
SYNTHESIS AND BIOMEDICAL APPLICATIONS
R. Rikova, E. Vassileva
Laboratory on Structure and Properties of Polymers, Faculty of Chemistry and Pharmacy,
Sofia University “St. KI. Ohridski”, Sofia, Bulgaria

11.35-11.50
FO8. MEDICAL ADVANCEMENTS IN THE TREATMENT OF

DIABETES MELLITUS TYPE 1

Plamen Slavov, Kalin Stoyanov
Medical Faculty, Sofia University “St. Kl. Ohridski”

15



Session G.

Chairpersons:

Assoc. Prof. Julia Radenkova-Saeva, MD, PhD
Clinic of Toxicology, Department for Adult, Emergency University Hospital
“N.L.Pirogov”

Assoc. Prof. Radostina Alexandrova, PhD
Institute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences

Secretary: Delka Salkova, DVM, PhD

Institute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences

11.50 - 12.20
GO1. AN EPIDEMIOLOGICAL STUDY OF ACUTE POISONING BY

PHARMACEUTICAL AGENTS WITH FATAL OUTCOME
Radenkova — Saeva J.
Toxicology Clinic, Emergency University Hospital «Pirogovy», Sofia, Bulgaria

12.20-12.35
GO2. IMJIOTHO MPOYYBAHE CPEJl HAIIMEHTU HA ITIEPOPAJIHA
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Abstract

Alginic acid and chitosan are natural polymers widely investigated for various
biomedical applications due to their inherent properties such as biocompatibility, excellent
biodegradability, low toxicity, as well as abundant availability and considerably low
production cost. Since last two decades, increasing attention has been focussed on delivery
systems derived from their polyelectrolyte complexes, formed via electrostatic interactions
between the two oppositely charged polysaccharides. In order to enhance specific properties
methods for their chemical modifications have been developed.

22




The article briefly reviews specific methods for introduction of additional functional
groups — phosphate groups in the alginic acid and additional amino groups in chitosan.
Changes in the properties as a result of the modification are also discussed. Examples of oral
drug delivery systems are also presented.

Key words: alginate, chitosan, phosphorylation, amination, polyelectrolyte complex,
drug delivery

1. Introduction

Alginic acid belongs to the family of polysaccharides. It is a
linear copolymer composed of two monomer units — saccharide epimers, namely B-D-
mannuronic acid (M) and a-L-guluronic acid (G) coupled through (1-4)-glycosidic linkages.
The monomers are arranged in homopolymeric sequences G-blocks (..GG..) and M-blocks
(..MM.)) or in heteropolymeric MG-blocks with alternating M and G-residues (..MGMG..).
The polyacid has a pKa around 3.5 depending on the content of M and G blocks [1]. Alginic
acid, also called alginate, is found in the cell walls of brown algae. Industrially, it is also
produced by two bacterial genera Pseudomonas and Azotobacter.
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Fig. 1. Structure of a sodium alginate fragment.

Modern tendencies in biomaterials design are focused on mimicking many functions
of the extracellular matrices of body tissues. Materials derived from natural polymers have
recently been regaining attention due to their inherent biocompatibility. Alginate has been
extensively investigated and used for many biomedical applications, due to its
biocompatibility, low toxicity, relatively low cost, and mild gelation by addition of divalent
cations such as Ca®* [2]. Therefore, alginates are typically used in the form of hydrogels
including wound healing, drug delivery and tissue engineering applications.

Alginate hydrogels can be prepared by various cross-linking methods. The most
common one among them is the ionic cross-linking method. Calcium chloride (CaCl,) is the
frequently used agent to obtain ionically cross-linked alginate. The guluronate blocks allow a
high degree of coordination of the divalent ions which favours the formation of junctions
between the guluronate fragments of different alginate chains. This interaction is termed the
egg-box model of cross-linking resulting in a gel structure [3].

Alginate gels have been investigated for the delivery of a variety of low molecular
weight drugs. Typically, alginate gels possess nanoporous structure with pore size about 5 nm
[4] which causes rapid diffusion of small molecules out of the gel. Therefore, chemical
modifications have been used to introduce new functions and control properties of the
alginate-based materials.

Alginate has also been widely exploited in drug delivery applications in combination
with oppositely charged synthetic and natural polymers. Among polysaccharides, chitosan is
a cationic polymer, derivative of chitin which is the second most abundant natural polymer in
the world. Usually, commercially available chitosan is composed of 80% p-D-glucosamine
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and 20% N-acetyl-pB-D-glucosamine [5]. Chitosan has a pKa value of 6.1-6.5 depending on
the degree of deacetylation and its molecular weight. Due to its biocompatibility, chitosan
has been widely used in the areas of food industry, cosmetics, medicine and pharmacy [6].

Chitosan exhibits antimicrobial activity against a wide range of microorganisms.
Being a positively charged molecule, its target is the negatively charged cell wall of bacteria,
where it binds and disrupts its normal functions [7, 8].
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Fig. 2. Chemical structure of chitosan.

2. Chemical modification of alginate — introducing phosphate groups

Alginate-based biomaterials have been designed for use in cell encapsulation, drug
delivery, wound healing and tissue engineering. The variety of applications has induced
research on property enhancement and introduction of new functionalities through chemical
modification. Coleman et al. [9] prepared phosphorylated alginate derivatives (PAIg) using
the urea/phosphate method, which had been applied to cellulose phosphorylation [10]. The
reagents used in the reaction were urea and phosphoric acid (Fig. 3). Adduct was formed due
to strong hydrogen-bonding which catalyzed the condensation of phosphoric acid into
ammonium polyphosphates followed by phosphorylation of the alginate. The degree of
substitution (DS) was defined as the mole fraction of the phosphorylated alginate subunits.
DS from 5 to 26% was achieved depending on the amount of urea and phosphoric acid added
in the reaction. The molecular weight of the phosphorylated product was reduced by a factor
of 2-4 while the molar-mass dispersity was increased. A detailed NMR investigation provided
data that phosphorylation occurred mainly at the equatorial hydroxyl groups of mannuronic
units (M3 site) and to a smaller degree at the axial hydroxyl groups (M2 site) being more
sterically hindered. Hydroxyl groups of guluronic units also underwent conversion but the
NMR data did not evidenced regioselectivity for the G2/G3 sites.

Applying the same procedure we have performed phosphorylation of alginate which
was lyophilized prior modification. Depending on the reagents ratio the phosphorus content
(determined by inductively coupled plasma optical-emission spectroscopy) varied from 5.5
w% to 16 w%, i.e. degrees of substitution from 10 to 30 mol%. It was observed that the
products with the highest degree of substitution contained about a 34 w% insoluble fraction.
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M, 5 1 (o] ~ - > HOOC o o] 1
0 o d 110°C-150°C/1h N 3,
HO 2 /5] — a4 \s |9 ° o’
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Fig. 3. Phosphorylation reaction conditions and possible sites for modification of the
mannuronate block (MM) in the alginic acid macromolecule.
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The phosphorylated alginates did not produce cross-linked beads upon extrusion of
their 3 w/v% solutions into a 0.1 M CaCl; solution [9]. This behavior was attributed to the
reduced molecular mass of the modified polymer and conformational changes due to
introduction of the phosphate groups. Nevertheless, ionically cross-linked hydrogel beads
were prepared when blends of PAlg and alginate (in ratios from 1:1 to 5:1, respectively) were
extruded into a 0.1 M CaCl, solution. Moreover, The Ca-Alg/PAlg beads displayed higher
stability toward calcium extraction which implied that the phosphate functions of the
modified polymer participated in the inter-chain cross-linking. In vitro mineralization of Ca-
Alg and Ca-Alg/PAlg capsules was tested in simulated body fluid (SBF), however,
mineralization was not induced. The capsules displayed increase in calcium content after
immersion in a Ca(OH), solution. This pretreatment facilitated the mineralization at the
surface of the Ca-Alg beads. The ratio calcium to phosphorus was close to the mineral deposit
consistent with the formation of hydroxyapatite.

Kim et al. [11] applied modified approach for phosphorylation of alginate. In order to
avoid the elevated temperatures and degradation of the macromolecules as a consequence of
that, another set of reagents H3PO,4/P,Os/Et;PO,4 was used in the phosphorylation procedure.
The reaction was performed at 37 °C. Degree of substitution of 12.5 mol% for PAIlg was
achieved. Comparing the three available methods for phosphorylation of polysaccharides
applying three different combinations of phosphorylating agents HzsPO,/urea, P,Os/MeSO3;H
[12] and H3PO4/EtsPO4/P,0s, the latter one is carried out under milder conditions yielding
less degraded product with satisfactory degree of substitution. Phosphorylated alginic acid
calcium complex (CaPAlg) was prepared by dissolving of PAlg powder in a 1.0 N Ca(OAc),
solution at pH ~ 8 followed by dialyses and freeze-drying. A DS value of 112.5 mol% of Ca
ion for the CaPAIlg complex was found, i.e. approximately 1.13 mol of Ca element per 1 mol
of the cyclic monosaccharide units. These results evidenced that all carboxylate and
phosphate functional groups were involved in salt formation without any obvious gelation and
the calcium ions were evenly distributed along the polysaccharide chain. The phosphorylated
alginic acid calcium complex CaPAlg was used in gel formation with sodium alginate as an
alternative approach to the traditional method using CaCl, as cross-linking agent. The
optimum results were obtained from the CaPAIlg/NaAlg combination in ratio 40:60 showing
effective gelation within 3-10 min. Moreover, cell culture assay revealed that CaPAlg
hydrogels provide favorable microenvironment for 3 day encapsulation of cells. These
experimental facts supported the assumption that the CaPAlg complexes would be potentially
suitable for the preparation of injectable hydrogels.

Phosphorylated alginate membranes demonstrated great potential in another
interesting application - dehydration of various solvents. A membrane obtained from sodium
alginate by casting and drying, followed by crosslinking with phosphoric acid was suitable for
separation of ethanol-water mixtures at 30°C. [13]. Due to their good affinity towards water
molecules, polysaccharides are promising materials for dehydration membranes. Alginate
membranes have gained special attention as they demonstrated the highest flux and separation
factor among the hydrophilic materials tested for dehydration of solvents by pervaporation
technique [14].

3. Chemical modification of chitosan — introducing of additional amino groups
The antimicrobial activity of chitosan increases with decreasing of pH [8, 15, 16]
which is due to the fact that its amino groups become ionized at pH below 6. The

antimicrobial activity of chitosan rises also with increasing degree of deacetylation which is a
consequence of the increased number of ionisable amino groups [17].
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Mohy Eldin et al. [18] proposed a method for introducing additional amino groups into
the backbone of chitin, affording chitosan with high antibacterial activity. In the first step
chitin was modified using parabenzoquinone (pBQ) as activation agent and ethylene diamine
(EDA) as source of amino groups. The aminated chitin was treated with 40 % aqueous
solution of NaOH at 120 °C -150 °C to obtain chitosan with higher content of amino groups

(Fig. 4).
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Fig. 4. Reaction steps for introduction of additional amino groups in chitosan.

The antibacterial activity of the modified chitosan was tested on four different
bacterial strains: two of them were gram negative (Escherichia coli, Pseudomonas
aeruginosa), and other two — gram positive (Bacillus cereus, Staphylococcus aureus) [18]. It
was found that the antimicrobial activity of chitosan was dependent on the degree of grafting,
degree of deacetylation, the molecular weight and the pH of the tested media. Similarly to the
unmodified chitosan, the modified one exhibited bactericidal activity against all of the treated
strains examined, especially on the gram negative bacteria (Escherichia coli, Pseudomonas
aeruginosa). The antibacterial activity enhanced with increasing the number of introduced
amino groups. According to the cytotoxicity assay, the toxicity of aminated chitosan was
negligible. Modification improved also the solubility of the polymer at pH ranging from 5 to
6.

4. Interpolymer complexes between alginate and chitosan and their applications

lonic interactions between the anionic carboxyl residues of alginate and the cationic
amino groups of chitosan lead to polyelectrolyte complex (PEC) formation, schematically
presented in Fig. 5. In the last decade, different PEC forms based on alginate and chitosan
have been studied as carriers for proteins and drugs [19]. The interaction between alginate and
chitosan is known to be pH-dependent and strong complexes are obtained at pH around 4.0—
6.0. Using phosphorylated alginate it was possible to broaden the acidic pH region (pH<4.0)
in which stable interpolymer complex with chitosan was formed. The pH sensitivity of
alginate/chitosan PEC has been studied for the development of oral delivery of low molecular
drugs, proteins or peptides [20].
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Metronidazole was entrapped into chitosan-treated alginate beads via an ionotropic
gelation method, and the resulting beads were effective in eradication of Helicobacter
pylori when orally administrated into mice [21].

Abdelbary et al. [22] demonstrated that chitosan interpolymer complexes with sodium
alginate allowed a more extended release of nicorandil, with respect to those observed with
each polymer alone. The addition of Imwitor 900 K, a monoester rich glyceryl stearate,
allowed obtaining a prolonged release over 8 h.

The drug B-lapachone (B-lap) represents a powerful antineoplastic agent yet with
limited pharmaceutical use. In view of overcoming its limitations, controlled delivery systems
of B-lap in simulated gastric fluids in vitro from chitosan (CS) and alginate (ALG) hydrogel
beads with purpose for oral administration were investigated. The ALG-CS hydrogel beads
were obtained by coacervation with sizes of approximately 1 mm, and demonstrated good
stability and low porosity. The in vitro drug release profile was with low burst effect,
especially in an acid medium, allowing a prolonged release of ~ 72 h. The beads were
resistant to the acid medium and might be considered for development of B-lap therapy of
colorectal cancer [23].

One of the most important characteristics of alginate/chitosan polyelectrolyte
complex is the swelling behaviour which always affects the drug release profile from loaded
systems. We prepared alginate beads coated with polyelectrolyte complex by immersing the
preformed ionically cross-linked ALG beads into solutions of chitosan or aminated chitosan
(ACS). After drying the swelling profile and equilibrium degree of swelling of the three types
of beads were compared at different pH of the solution. It was observed that polyelectrolyte
coating influenced the degree of swelling and the effect of the aminated chitosan was more
expressed when ASC solutions with concentration below 1% were used for the beads coating.
The data for the swelling degree of non-coated beads and treated with 0.25% solution of
chitosan or aminated chitosan are presented in Fig. 6.
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Fig. 6. Degree of swelling of non-coated alginate beads (ALG) and coated with
polyelectrolyte complex formed in 0.25% solution of chitosan (ALG-CS) or aminated
chitosan (ALG-ACS) at pH 5 and 37 °C.

The swelling behaviour of chitosan grafted alginate (CS-g-ALG) hydrogel
microcapsules was evaluated under physiological conditions and compared with the alginate-
chitosan mixed polyelectrolyte complex (PEC) [24]. The mechanism of pH-sensitive swelling
involves the protonation of amine groups of chitosan under low pH and deprotonation of
carboxyl groups of alginate at high pH. The sensitivity of beads toward swelling depended on
many factors: chitosan concentration and molecular weight, pH and temperature of the
medium. It was observed that the highest values of the equilibrium swelling degree for grafted
and mixed beads 120% and 100%, respectively, were obtained at 0.3 % CS and pH 6.8. The
beads preserved their shape for 6 h from the initial swelling time and then all beads started to
disintegrate.

5. Conclusions

Polysaccharides have been extensively studied and widely used for biomedical
applications, such as tissue engineering, drug and protein encapsulation and delivery. Both
chemical and physical methods have been developed to modify their structure and properties
with the aim to broaden the range of biomaterials derived from polysaccharides. Alginate and
chitosan, and combinations of them are particularly appropriate for the design of oral delivery
systems based on their biocompatibility, biodegradability, pH sensitiveness,
mucoadhesiveness, etc. Detailed studies on the formation and properties of the alginate—
chitosan complexes provide information to facilitate the large-scale production of
microcapsules/beads as drug or peptide oral delivery systems.
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agreement between the Bulgarian Academy of Sciences and the Academy of Scientific
Research & Technology of the Arab Republic of Egypt.
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Aminopeptidase A (Glutamyl aminopeptidase, APA; EC 3.4.11.7) is a zinc-dependent
membrane-bound peptidase of the M1 family, which catalyzes the cleavage of glutamic or
aspartic amino acid residues from the N-terminus of polypeftides. It is activated by Ca?* and
inhibited by chelating agents and heavy metals such as Pb*". The enzyme is a part of renin
angiotensin system (RAS). It degrades angiotensin Il (Angll) into angiotensin 111 (Anglll), a
substance which has been recently proposed to be the main effector of the brain RAS in the
regulation of vasopressin release. Thereby, APA participates in the control of blood pressure.
Furthermore, the enzyme is involved in blood vessels formation, and is a putative target for
angiogenesis in cancer.

Specific APA inhibitors are regarded as potential central antihypertensive agents as an
alternative of the current treatments based on the suppression of Angll formation by
angiotensin-converting enzyme (ACE, EC 3.4.15.1) inhibitors.

Recently, the synthesis of a novel class of APA inhibitors - B-aminotiols, was
described. Two of those compounds - (S)-4-amino-5-mercaptopentanoic acid (1) and (S)-3-
amino-4-mercaptobutane-1-sulfonic acid (2) - are effective (K; < 0.1 uM) inhibitors of the
enzyme. However, the expensive multistep synthesis of (1) and (2) limits their application in
practice. This is a prerequisite for further studies on the design of new specific inhibitors of
APA.

The purpose of this work was to determine the importance of amino group in the
structure of potential APA inhibitors representing compounds similar to (1) and (2) in terms
of their effectiveness. For this purpose, two compounds were synthesized - 3-
((diethylcarbamothioyl)thio)propanoic acid (3) and 2-(4-carboxybutyl)isothiouronium
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chloride (4). In our experiments, the substance (3) did not inhibit the enzyme, whereas (4) was
a weak APA inhibitor with K;> 0.01 M. These results point out the central role of NH,-group
in the structure of this type of inhibitors in terms of effectiveness of inhibiting the enzyme.
Furthermore, binding of (2) and (4) in the active site of APA was modeled by the methods of
molecular mechanics. The results proved that NH-group plays a crucial role for the inhibitor
binding and correct orientation in the enzyme active center.

In conclusion, the above findings about the crucial role of amino group in the structure
of potential APA inhibitors, give valuable information for the design and development of new
inhibitors of the enzyme.

Acknowledgments: This work was supported by grant Ne 12/29.06.2015 — Medical
University, Sofia and the University of Sofia “St. KI. Ohridski” Scientific Fund (grant Ne
29/2015).
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Abstract

The endemic plant Haberlea rhodopensis is known for its ability to withstand drought and to
revitalize when returned to optimal conditions after a long time in desiccation. It is a mere fact
that this plant not only can completely resurrect from a dried state but is also able to bring
back the natural biochemical compositions of its cells. Therefore, H. rhodopensis offers
interesting possibilities for investigation of the exact mechanisms of the revitalization process.
Moreover, this plant creates broad horizons for search of unique bioactive chemical
substances in its cells.

Here, by using the yeast Saccharomyces cerevisiae as a model we have demonstrated that
methanol extracts from the plant H. rhodopensis possess specific properties to revitalize and
ameliorate cellular growth as well as to balance intracellular metabolic states. Our results add
valuable knowledge on the effects of natural compounds on ageing and reinforce the idea of
using yeast as a model organism in the development of rapid tests for studying the efficacy of
different bioactive substances.

Keywords: resurrection plant, Haberlea rhodopensis, Saccharomyces cerevisiae, ageing,
cellular vitality, metabolism, model organism
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AOS. HUKIIOOKCUTEHA3ZHU UHXUBUTOPHU - OT
OAPMAKOJIOTUATA 10 KIMHUYHUTE ITPAKTUKH
Jlopa I[ﬂKOBal, Panocruna AHGKC&HI[pOBaZ
1thcmumym no Hegpobuonocus, bvreapcka akademus na Haykume
2HHcmumym no eKcnepumMeHmaina Mop@pono2us, namono2us u aHMpPoOnoL02Us C
myseti, bBvreapcka akademus na naykume

OtkpuBaneTo Ha acnupuHa ot Penuke Xodman npe3 1899 r. mocraBs HayaIOTO Ha
HaW-IIUPOKO  M3MOJI3BaHaTa M J0  JIHEC rpymna JieKapcTBa-  HECTEPOUTHHUTE
npotuBoBb3nanurenHu cpeacrsa (HIIBC). IllupokusaT cnexkTbp Ha JAEHCTBUE HA TE3U
JIEKapCTBEHH CPECTBA T'M IPAaBH MOIXOISIIN 32 JICUEHUETO Ha peAuiia NaTo(u3HOoIOrHIHN
CBCTOSIHUS- TPOHIIAKTHKA HA CHhPACYHO-CHIOBU 3a00JsiBaHMs, OOJieK4aBaHe Ha OoiKara, B
pe3ynraT Ha peaula BB3MAJUTETHU MPOLECH M JIETCHEpAaTUBHU CTaBHU 3a00IIsSBaHUA.
Mexanusmbt Ha aeiictBue Ha HIIBC craBa msBecten uak npe3 1971 r., xorato /. Beiitn
OTKpHBa 0O0Il[aTa MHIIEHA HAa TE3M JIEKapCTBa- €H3MMBT HukiaookcureHasa (COX). Hemro
MoBeYe, MPOTUBOBB3MAIUTEIHUAT UM €(DEeKT ce IBJDKM Ha TOHM)KaBaHE Ha aKTHBHOCTTA Ha
TO3W €H3UM, a OT TaM M IMOTHCKaHE CHHTE3aTa Ha MEIMATOPUTE Ha EKCYAaTUBHOTO
Bb3nasicHue. [10-KkbCHO cTaBa sCHO, ue eH3uMBT uMma aBe nu3opopmu- COX 1 (KOHCTHUTYTUBHA
OKCUT€Ha3a, ydacTBama B pemuna ¢usuonornunu mnpouecu) u COX 2 (uaymupyema
OKCUT€HAa3a, 4YMITO KOHIIGHTpalMsi HapacTBa B pe3yJTaT Ha Bb3MAJUTEIHA pPEaKIUs,
OHKOTeHHHM M MuTOoreHHu crumyinu). Otkpuanero Ha COX 2 mpe3 1990 r. Boau 1o peauia
na00opaTOpHU M3CIIeIBaHUS, KOUTO JIOKAa3BaT, Y€ JCHCTBHETO HA TE3U CPEICTBA C€ IBIDKU
OCHOBHO Ha MOTHCKAaHETO aKTHBHOCTTA Ha Ta3u M30(opMa, a CTPAaHUYHHUTE €(EeKTHU- OCHOBHO
oT notuckane aktTuBHocTTa HAa COX 1. ToBa BoAM /10 MosiBaTa Ha Ma3apa Ha JIEKapCTBa, YUATO
mumena e eamHctBeHo COX 2 (celecoxib, rofecoxib, valdecoxib, lumiracoxib u mp.).
Hannuuero Ha kapAMOBacKylapHU CTpaHWYHM €(PEeKTH NHpu ymnoTpedaTa Ha KOKCHOUTE €
IPUYMHA TOJIIMA YacT OT TAX Ja ObAaT cBajieHW OT masapa. Bce ole ce Thpcu Bpb3KaTa Ha
tpanuunonHure HCIIB (ubymnpodeH, acnupuH, HaIpUKCEH U Jp.) U PUCKBT OT ChPJEYHO-
CHJIOBH CTPAaHUYHU €(PEKTH.

Pa3znuuHuMAT MEXaHW3bM HA JEHCTBHE Ha MapaleraMmosa B CPAaBHEHHME C OCTAHAJIUTE
HCIIB Boau no orkpuBaneto Ha COX 3 mpe3 2002 r. ot CumbHC U cbTp. Bee omie ce 3Hae
MaJIKoO 3a Ta3u u3o(popMa Ha LUKIOOKcUreHasuTe. MI3BCTHO e, 4e ce KoJupa OT ChILUS I'EH,
koiito kogupa COX 1 (PTGS1), HO mpoayKThT My He € (YHKIMOHAIHO aKTHUBEH IPU
YOBEKa.

Brrnpeku Hexenanute cTpaHuYHHU eeKkT u 6opOaTa Ha YUSHUTE J1a Ce CIPABAT C THX,
HCIIB ocraBaT e€IHM OT HaW-IIUPOKO H3IMOJI3BAHUTE JIEKAPCTBEHU CPEJICTBA B CBETOBEH
Mmamab. Bce ome ce Thpcu ponATa Ha TE3M JIEKapcTBa B MPO(UIAKTHKATa Ha ChPICYHO-
ChJIOBUTE 3a00JsiBaHus U OosiecTTa Ha Aunnxaiimep. B mocnennure neceTuneTusi HHTEPECHT
Ha YYEHHUTE € HACOUYEH U KbM TsAXHaTa MOTEHIIMAIHA aHTUTYMOPHA aKTUBHOCT.

bnazooapuocmu: Jlorosop Ne JIOHU b 02/30 ot 12.12.2014, ®oup “Hayunu uzcneaBanus’”,
MunuctepcTBo Ha 00pa3zoBaHueTo U HaykaTta, Codus, boarapus.
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Autoimmune disease develops when the immune system attacks self-antigens. Type 1
diabetes (T1D) is associated with pancreatic B cell destruction as a result of infiltration of
activated immune cells. Self-specific B cells play a main role in the disease pathogenesis by
generation of autoantibodies as well as by serving as important autoantigen-presenting cells.
B lymphocytes also modulate T cell mediated immune responses’ and are one of the major
contributors for T1D. Therefore, targeting autoreactive B cells can be used as apotential
treatment to prevent the disease onset.

The co-crosslinking of BCR with FcyRIIb (the IgG-inhibitory receptor), regulates negatively
BCR signaling and inhibits BCR-induced cellular proliferation and other downstream
biological responses through immunoreceptor tyrosine-based inhibition motifs (ITIMs) in the
cytoplasmic tail®. Thus, FcyRI1b is an attractive target for down-regulation of autoimmunity.
GADG65(glutamic acid decarboxylase) is an enzyme required for the synthesis of -
aminobutyric acid and is a key antigen in T1D. We designed a chimeric molecule using
antibody against FcyRIIb conjugated with copies of a peptide containing epitopes of GADG5.
The chimeric antibody should bind specifically to the inhibitory receptor on B lymphocyte’s
surface leading to cell suppression.

Treating rodents with multiple low doses of streptozotocin (STZ) is a model for studying T1D
disease development®. STZ treatment induces production of antibodies against nucleic acids
and insulin in healthy Balb/c mice®. We are going to test the constructed chimeric antibody on
STZ — treated Balb\c mice and determine its efficacy. Hence, we intend to examine the
presence of antibodies against GADG65 in mice sera. Pancreatic tissue from the experimental
mice will be used for histochemistry and immunohistochemistry, where we are going to
observe infiltration of mononuclear cells and B cells death.

Our expectations are amelioration of disease symptoms like decrease in the levels of anti-
GADSG65 antibodies, stabilization of glucose levels in the blood and reduction in pancreatic
islets destruction.

1. Lund FE, Randall TD. Effector and regulatory B cells: modulators of CD4" T cell
immunity. Nat Rev Immunol. 2010; 10: 236-247. doi: 10.1038/nri2729

2. Ravetch JV, Lanier LL. Immune inhibitory receptors. Science. 2000;290:84-89. doi:
10.1126/science.290.5489.84

3. Like AA, Rossini AA (1976) Streptozotocin-induced pancreatic insulitis: new model
of diabetes mellitus. Science 193:415-417

4. Huang SW, Taylor GE. Immune insulitis and antibodies to nucleic acids induced with
streptozotocin in mice. ClinExplmmunol 1981;43:425-429
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Sciences, Sofia, Bulgaria

E-mail: kiril.kolev@outlook.com, tel. (02) 979 6357

Objectives: Der pl is allergenic molecule of Dermatophagoides pteronyssinus (Dpt) which
causes house dust allergy. The pathological Der p1-specific B cells produce allergen-specific
IgE antibodies that mediate most of the hypersensitivity allergic reactions.

Aim: It may be possible to influence Der pl- specific murine B cells in mouse model of
allergy by administration of chimeric molecule, containing a monoclonal antibody against the
inhibitory B-cell receptor FcyRIIb coupled to a B and a T cell epitopes from the Der pl
allergen. Co-crosslinking of the immunoglobulin receptors and FcyRIIb by this molecule is
expected to deliver higher affinity and suppressive signal selectively silencing these B cells
and the subsequent allergic response.

Methods: A synthetic peptide, Der p1 p52-71 and anti- mouse FcyRIIb monoclonal antibody
will be used for the construction of Der pl chimera. We have already analysed the effects of
the chimeric molecule in vitro and in vivo - against human B-cells using PBMC from allergy
patients; Der pl-specific IgE and 1gG antibody production by ELISA; B-cell proliferation by
ELISpot; apoptosis by flow cytometry using AnnexinV-FITC/PI staining. We intend to
perform the same group of experiments in mouse model of house dust allergy.

Conclusion: These results from human model bring us up the idea to examine the effect of
the chimera in murine model where the whole set of lymphocytes are available and we can
monitor more specifically the allergic response. The constructed chimeric molecule could
bind Der p1 specific B-lymphocytes and could suppress their proliferation and production of
anti-Der p1 IgE antibodies.
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Cynara scolymus / apTumiok/ , npuHajyiexan] KbM cemeicTBo CII0KHOIIBETHH, UMa BUJ Ha
Hepas3llb(Halla [IBETHA MbIIKAa Ha OOMIMBO pacTeHHe. APTUIIOKHT € M3MOJ3BaH Omle OT
JIPEBHU BPEMEHA 3a JICUCHHE Ha YEepPHOAPOOHM M XPAHUTEIHM 3a00JIsIBAHUSA TIPU XOpa U
JKUBOTHU. SIJI7TMBA YacT, KOSITO C€ M3IMOJ3Ba B KYJIMHAPUATA, Ca TJIABHTE, a 3a MPOU3BOJICTBO
Ha XPaHUTETHH JOOABKU M €KCTPAKTH CE M3IOJI3BAT JincTara u crhbara (1,7,8).

[Ipy wu3cnenBaHusTa HA XUMUYHUS ChCTaB € JOKAa3aHO, Y€ apTUIIOKa UMa Oorat Habop OT
OMOJIOTUYHOAKTUBHU  KOMIIOHEHTU - (eHONM, (PIaBOHOUIM, BUTAMHUHH W MHHepanu(2,3,
Tabm.1).

Polyphenol(mg/100 g edible | Raw Cooked
portion) Mean | SD Mean | SD
Chlorogenic acid 276-1 | 309 307-5 | 103
Total monocaffeoylquinic acids | 16-9 1-0 66-7 0-6
Cynarin 0-0 0-0 18-3 0-5
Total dicaffeoylquinic acids 309-7 | 21-8 396-3 | 84
Luteolin-glycoside 7-5 0-2 7-9 0-3
Apigenin-glycoside 10-0 0-7 9-8 0-1

Tabmuna 1. M30panu nonudenonn 3a aHanu3 Ha CypoBH W BapeHu riaBu ot Cynara
scolymus L (copt Violetto di Provenza) (7)

LII/IHapI/IH’bT € ¢IHO OT OCHOBHHUTC U YHHUKAJIHU XWUMHWYHHU BCHICCTBA HA APTHUIIOKA, KAaTO I10-

BHCOKaTa My KOHIICHTpAIUsI Ce OMpe/essi B jucTara Ha pacteHrero(4). HeroBata xumuuna
ctpykrypa e  1,3-O-gukadeomnxuHoBa  KHCEIMHA, KOATO  IpPHUTEXaBa  HM3Pa3eHU

35




AHTUOKCUJIAHTHH CBOMCTBA. XENaTONPOTEKTUBHUTE CBOWMCTBA HA apTUIIOKA CE€ IbJDKAT
MpeIMMHO Ha IMHAPHHA,KOWTO MMa MIIHYOTOHHO JIEHCTBUE M C TOBa o0e3neyaBa MoO-100po
(yHKIIMOHHUpAHE HA YepHUS AP00,Thil KaTO 3a0aBSHETO HA OTJEISIHE U TPAHCIIOPTUPAHE HA
AITbYKATa OT JKIBUHUSA MEXyp KpUE PHUCK 3a yBpexkaaHe Ha dvepHus apo0.. Kip4yHo-
CTUMYJIMPAIX BEMIECTBA KAaTO I[MHApWHA JOMPUHACAT 3a IMO-€)EKTUBHOTO OTIEISIHE Ha
TOKCHHHUTE OT xurbukara (1,13). XematonpoTeKTUBHHUAT €()EeKT Ha IUHApUHA Ce Ha0r0aBa
[IPU UHAYIHPaHa TOKCUYHOCT ¢ BbIyiepojeH Terpaxiopuna (CCL4) B u3onupaHu XenaTonUuTH
Ha eX (1,8,¢wur. 1).

HO \ / OH

HO HOOC OH OH

OH

Cynarin

Qurypa 1. CtpykTypara Ha uHapuHa(4)

WNHyauHBT € Apyra HepasJ/ielHa 4acT OT ChCTaBa Ha PACTEHUETO, TOBA € BOJOPAa3TBOPUM
BBITIEXUAPAT OT Tpynara Ha QpyKTaHUTE. B XMMUYHO OTHOIIEHHE MHYIUHBT IPEICTABIISABA
GbpyKTaH ¢ JMHEHHO MOJIMIUCIEPCHA BBIJIEXUAPATHA YaCT, ChCTOSI C€ IJIaBHO, HO HE CaMo
ot B(2«1) dppykrosmi-ppykro3uau Bpb3ku(4,10,11,12). OpyKTaHUTe OT TUMA HA MHYJIMHA
nojanoMarar (yHKIMMTE Ha CTOMAIIHO-YPEBHUS TpPaKT, CTUMYJIMpailku MUHepalHaTa
abcopOuus , TJIaBHO, Ha KaJlUui U MarHe3uil. UHynuH-nonoO0HUTE PpyKTaHU CcE€ yCBOSIBAT B
1e0eI0To YepBO U MO TO3M HAuMH MPEBB3XOJAT MOBEYETO JUeTHYHM (udpu. ChIilo Taka Te
CTHUMYJIUPAT OTIEISTHETO HA CTOMAITHO-YPEBHU METTH/IN,KOUTO MTOMAarar 3a peryJivpaHeTo Ha
JUMUIHUS MeTa0O0IU3bM U NOJ00pSBaHETO Ha YpeBHATa MUKpodopa. M3cneaBaHusita mnpu
YyoBeKa IMOKa3BaT, Y€ MHYJIWHBT MMa MHOTO J00bp MpoOHOTHYEH €(PEeKT, KOETO HaMalsiBa
pHUCKa OT KaHIeporeHesa Ha jebenoro yepBo(11).

Jpyru GEeHONHN CheIWHEHHs Ha apTHIIOKA, KOUTO Ca OT TOJsIMO 3HAYCHHE 332 MEIMIIMHATA
1opaji aHTUOKCHJIAHTHUTE CU CBOWCTBA, Ca alUT€HUH, JYTEOJIHH , PAa3IHMYHU MO3UIUH Ha
n30Mepu Ha KadeeBaTa KHCENMHA M €CTepH HAa XWHUHOBaTa KucenuHa. JleiicTBuero Ha
JYTEOJIMHAa € Ja 3allUTaBa JMIONPOTEMHUTE C HHUCKA IUIBTHOCT OT OKHUCIEHHE,(5,6).
ExcTpaktuTe OT apTumoka wuMmar OmaromnpusteH eQeKT BBPXY ChPIACYHO-CHIOBUTE
3a00JsIBaHMs , IPOBOKUPAHU OT BUCOKHTE HHMBA Ha XoJiecTepoll. B onutute ¢ XemarouuTure
Ha IUTBX € JOKa3aHo, 4e TMpHJIAaraHeTo Ha TOJEeMH JO03M OT Te3W EKCTPaKTH BOIH [0
MHXUOMpaHe Ha OMOCUHTE3aTa Ha X0JecTepod (4).

OcBeH ToBa , apTUIIOKBT chabpxka BuTamMuHu-A,E.K, C, B1, B2,B3 ,P u munepanmu-xensso,
CelleH, MarHe3ui 1 LUHK.

Besiko pacTeHre mma cBOSl YHUKaJHa KOMOWHAIMS OT OMOJOTHMYHO aKTUBHH KOMIIOHEHTH,
KOUTO ca TOJEe3HH 3a OpraHu3Ma M Ce HM3I0J3BaT OT HapOoJHAaTa MEHUIIMHA 3a JICUEHHE.
ApPTUIIOKBT € €IHO pacTeHue ¢ Oorara KOMOWHAIWs OT BEIIECTBA C TOJIE3HO JEHCTBHE 3a
pa3IMYHU CUCTEMH Ha OpraHm3Ma.TepaneBTUYHHTE KaueCTBAa HA PACTEHUETO C€ JABJDKAT He
caMO Ha €JHO ChEIUHEHHWE, a Ha  KOMOWHAIMATa OT HSIKOJIKO OWOJIOTHYHOAKTHBHU
KOMIIOHEHTH, KOHMTO C€ ChAbpXKaT B Hero.bmaronmpusTHOTO My JEHCTBHE BBPXY
XPaHOCMMWJIATENIHUSL TPAKT M ChPAEYHO-CHJOBAaTa CUCTEMA € J0Ka3aHO. ApPTHUIIOKBT HMa
AKI'bUOTOHHO JCHWCTBHUE, OKa3Ba MPOOHMOTHYEH e(EKT U MHXUOHpA XOJEeCTEepOIoBaTa CUHTE3A.
O0aye,B3eMaiiki NpeIBUJ CbIBPKAHUETO HA TOJIAM HAa0Op OT CHJIHM AHTHOKCUAAHTH B
CchCTaBa My, MOXeE Ja C€ MPEIMOI0XKH, Y€ TOM uMa epeKTH U BbpPXY APYTUTEe CHCTEMH Ha
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opraHusma. Ha TtoBa NpCANOJIOXKCHUC CC€ ObIIKU H3CJICAOBATCIICKUAT HHTCPEC KbM
PACTCHUCTO aPpTHUIIOK OT CTpaHa Ha 6I/IOXI/IMI/II_II/I, (bapMaKOJ'IOSI/I, 010034 U JUCTOJIO3H.

References:

1.0zlem Aksu, Basar Altinterim,Hepatoprotective effects of artichoke (Cynara
scolymus),ISSN:  2148-0273 Cilt 1, Sayt 2, 2013 / Vol. 1, Issue 2, 2013
2.Bianco, V.V., Cirulli, M., 1999. Carciofo. In: Fisionomia e profili di qualita dell’orticoltura
meridionale. Consiglio Nazionale delle Ricerche. P.O. “‘Ricerca e Sviluppo Tecnologico ed
Alta Formazione™’ 94/99, pp- 249-274.
3.Lattanzio, V., Cardinali, A., Di Venere, D., Linsalata, V., Palmieri, S., 1994. Browning
phenomena in stored artichoke (Cynara scolymus L.) heads: enzymatic or chemical reactions?
Food Chemistry 50,1-7
4. Vincenzo Lattanzioa, Paul A. Kroon, Vito Linsalata, Angela Cardinali,Globe artichoke: A
functional food and source of nutraceutical ingredients Journal of functional food 1(2009)
1 3 1 -1 4 4
5.Aubert, S., & Foury, C. (1981). Couleur et pigmentation antohicyanique de I’artichaut
(Cynara scolymus L). In V. Marzi & V. Lattanzio (Eds.), Studi sul Carciofo (pp. 57-76). Bari:
Industrie Grafiche Laterza.
6.Lattanzio, V. (1981). Attuali conoscenze sui polifenoli del carciofo. In V. Marzi & V.
Lattanzio (Eds.), Studi sul Carciofo (pp. 13-32). Bari: Industrie Grafiche Laterza.
7.E. Azzini, R. Bugianesi, F. Romano, D. Di Venere, S. Miccadei, A. Durazzo, M. S.
Foddai,G. Catasta, V. Linsalata and G. Maiani,Absorption and metabolism of bioactive
molecules after oral consumption of cooked edible heads of Cynara scolymus L. (cultivar
Violetto di Provenza) in human subjects: a pilot study,British Journal of Nutrition (2007), 97,
963-969

8. Adzet T, Camarasa J & Laguna JC (1987) Hepatoprotective activity of polyphenolic
compounds from Cynara Scolymus against CCI4 toxicity in isolated rat hepatocytes. J Nat rod

50, 612-617.
9.Evans, H. M., and Bishop, K. S. (1922) On the existence of a hitherto unrecognized dietary
factor essential for reproduction. Science 56, 650-651
10. Marcel B. Roberfroid, Concepts in Functional Foods: The Case of Inulin and
Oligofructose, J. Nutr. 129: 1398S-1401S, 19909.
11.Marcel B. Roberfroid, Inulin-Type Fructans: Functional Food Ingredients J. Nutr. 137:
24935-2502S, 2007

12.Waterhouse AL, Chatterton NJ. Glossary of fructan terms. In: Suzuki M, Chatterton NJ,
editors. Science and technology of fructans, Boca Raton, FL: CRC Press; 1993. p. 2-7.
13.Shalaby, M. A.and Hammoda, A.A. Hepatoprotective effect of artichoke leaves aqueous
extract in CCL4 intoxicated rats, Volume 4, Issue 1, 138-154. ISSN 2278 — 4357
14.Weaver CM. Inulin, oligofructose and bone health: experimental approaches and
mechanisms. Br J Nutr. 2005;93: Suppl 1:599-S103
15. Delzenne NM, Daubioul C, Neyrinck M, Lasa M, Taper HS. Inulin and oligofructose
modulate lipid metabolism in animals: review of biochemical events and future prospects. Br
J Nutr. 2002;87: Suppl 2:5255-9.

37



BO2. AHTUBUPYCHH CBOVMCTBA HA JJEUEBHOTO
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Pe3rome

[Ipe3 mocneqHUTEe TOAWHM CHIIHO HApacTHa THhPCEHETO Ha BENIECTBA OT PAaCTHTEIECH
MPOM3XO0/J], KOUTO Ja ObJAaT YCIEIIHO MPUIAraHy 3a JCUYCHUETO Ha Pa3IMYHUd HHPEKIIHO3HU 1
HernH(EKIMO3HU 3a001aBaHus pH kuBoTHUTE U YoBeka. Melissa officinalis L. wiu marounna
€ pacTeHue, KOETO € MHOTO pa3mpocTpaHeHo B bwirapust m uma no0pe M3BECTHH JIeUCOHU
cBoiictBa. Jl0 MOMEHTa € JIOKa3aHO, Y€ TO IPHUTEKaBa aHTHBUPYCHA, AHTHI'BOHA,
aHTHOaKTepUaiHa, ceaaruBHa u Ap. edhextuBHOCT. Cpesl BUPYCHTE 3a KOUTO MMa CBEJCHHE,
Yye MaToYMHaTa MposBsBa aHTUBUPYCHO neiicTBre ca Newcastle disease virus, Vaccinia virus,
Herpes simplex virus, Semliki Forest virus u Pseudorabies virus. Kem MmomeHTa
W3CIICIBAHUATA B Ta3k 00JIACT ca HACOYEHH KbM M3SICHSABAHE HA MEXaHU3MbBT HA aHTHBUPYCHO
JeCTBHE HAa MAaTOYMHATA, KAKTO M KbM pa3pabOTBAHETO Ha JE€YeOHM IMpernapard, KOUTO Ja
ObJaT ynoTpeOsBaHu ¢ MPEBAHTUBHA MJIM TEPANIEBTHYHA IIEIL.

KarouoBn AYMU: MATOYNHA, aHTUBUPYCCH e(i)eKT, JeueOHn pacTCeHuA

BnBenenue

Bupycure ca enHu oT Haif-uecTHTE NPUUMHUTENNW Ha MH(EKIMO3HU 3a00JIIBaHUS C
pa3nuyYHa CTENeH Ha TeKECT MPU YOBEKa U KUBOTHHUTE. TOBa Hallara ThpCeHETO Ha €(KTUBHU
AHTUBUPYCHHM TIpenapatd OT CHHTETUYEH WM €CTECTBEH IIPOW3XO0J, KOUTO Ja ObaaT
MpUJIaraHy ¢ IPEBaHTHBHA WM T€pareBTHYHA IIeJl.

JleueOHUTE pacTeHHs ca W3TOYHUK Ha Oorar HaOOp OT BelIecTBa C AHTUBUPYCHU
CBOMCTBAa, KOMTO OCBEH TOBAa MMAT IO-HUCKAa CTENEH Ha TOKCHUYHOCT U pa3BUTHE Ha
PE3UCTEHTHOCT B CPaBHEHUE C CHHTETUYHUTE IIpenapatu [9,24].

Marounnata (Melissa officinalis L., lemon balm) e o0GekT Ha u3nenBaHe Ha peauIiia
W3CIIEIOBAaTENN Thid KAaTO MMa MHOTOCTPAHHO MO3WUTHUBHO JEUCTBUE BBPXY 31PABETO Ha
4yoBeKa W JKMBOTHHUTE. Jl0Ka3aHO €, ye MarouMHaTa MMa aHTUI'bOHO, AHTHOAKTEPUAIHO,
CeJaTUBHO W aHTUCMACTUYHO AeiicTBue [6,11,15]. ANKOXOTHHUAT E€KCTpaKT HAa MaTOYMHATA
uMa u in Vitro antumyrareneH edekrt [22]. Bwrnpeku, ye e moOpe mo3HaTa KaTo Jie4eOHO
pacTeHue HaTPYIMBaHETO Ha MO3HAHUS 32 TIOJ3UTE U PUCKOBETE OT yIOTpedaTa U MoIbKaBaT
[5].

EnHo or Haii-BakHHMTE OMOJIOTMYHHM CBOWCTBA HAa MaTOYMHATA € AHTHUBUpPYCHATa H
AKTUBHOCT. AHTHUBUPYCHAaTa aKTUBHOCT Ha BOJIHUTE €KCTPAKTH OT MaTOYMHA cpeury Herpes
simplex virus u Vaccinia virus e 6mia ycraHoBeHa oimie mpe3 1965 roguna ot Kucera et al
[19]. Bb3 ocHOBa Ha gaHHHTE 3a aHTHBUPYCHUAT edekt Ha M. officinalis, yuenure cmsrar, ue
€KCTPaKTH OT TOBa PACTEHHE MOXKE Ja MOCIyXaT KaTO OCHOBAa 3a pPa3BUTHE HA HOBHU
aHTUBUpPYCHM npenaparu [1,6,12,15].

Oo6mm nannu 3a Melissa officinalis L.

JloOpe mo3HaTo OT OMIKOBUTE YailOBE 32 MacoBa KOHCYMAllWs, TOBa MHOTOT'OJUIITHO
TPEBUCTO PACTCHHE MMa OCJIM IIBETOBE M THMHO3EJICHH JINCTA C XapaKTEePEH JIMMOHEH apomar,
OKa3Ba peamua moysu BbpXy 3apasero (Pur.1). Melissa officinalis L. e unen Ha cemelicTBO
Lamiaceae n mpousxoxna oT 3anagaHa Asusi U u3TouyHoTOo CpenuzemHomopue. B Hamm gHU
JAHHU 332 HEWHOTO pasmnpocTpaHeHue uma B 151 cBAT - oT CeBepHa Amepuka a0 Hosa
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3emannus [10,28]. Marounnara ce cpema u B bbiarapus. Y Hac TS € U3BECTHA OLIE KaTo
MAaTOYHHK, JUMOHYE, MUeTHUK. OT MEIUIIMHCKO 3HAYCHHUE ca JUCTaTa U €TePUYHHUTE Macia
NOOWBaHU OT PacTeHUETO [6];

®ur.1 Melissa officinalis L. ITokazaHo e cxXeMaTH4HO H300paKEHHE ChIBPIKAIIO
BCHMYKM YaCTHU Ha paCTeHI/IeTO U CHHMKaA II0O KaKbB HAYUH HU3IJICKIa B npnpouaTa.
(M3TounuIm:
http://bilki.bg/userfiles/editor/image/matochina_Melissa-Officinalis.jpg;
www.sector39.co.uk/garden/plants/lemonbalm_600w.jpg)

OCHOBHHU OMOJIOTHYHO AKTHBHH BElECTBA ChIBPIKALIM C€ B €TEPUIYHOTO MACJIO U
excrpakrute ot M. officinalis.

dutoxumuunuTe u3cnensanus Bbpxy M .officinalis ca nokasanu Hanmumero Ha
MHOTOOPOIHM CBHCTaBKH, BKIIIOYUTEIHO TOJU(PCHOIHH ChEAWHCHUS, CTEPUYHH Macia,
ABOWIIHK U CITy3HU BEIIECTBA, MOHOTEPIICHOMTHU AIJICXUN, CECKBUTEPIICHH, (DJIaBOHOUAN U
taHuHu [13,16,17]. [maBHUTE KOMIIOHEHTH Ha €TEPUYHOTO Macio ca 39% uurponenain, 33%
nuTpan (MTPOHEINO, TuHao) u 2% repanuoi [8].

Cuurta ce, e OCHOBHATA POJIS B aHTHBUPYCHOTO JICHCTBHE HA MATOYMHATA CE IBJDKU Ha
TaHWUH-TIOI00HKTE KadeeHa U po3MaprHOBa KicenuHu (DPur.2) monydeH: OT U3BIICIU Ha TOBA
pactenue [6,11,13]. Cnopen Toth, J et al. (2003) po3mapuHOBaTa KHCETHWHA, KATO aKTHUBHO
BEIIIECTBO B MAaTOYMHATA, HMa BakKHA POJIs TIpH JieueHue Ha Herpes simplex virus [25].
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®ur.2 Kadeena xucenwna (JIs5BO) W po3MapuHOBa KucenuHa (IscHO).(M3Tounum:
http://www.mpbio.com/images/product-images/molecular-
structure/02104797.png;https://upload.wikimedia.org/wikipedia/commons/thumb/4/4f/Rosma
rinic_acid_acsv.svg/320pxRosmarinic_acid_acsv.svg.png)

AHTHBHpPYCeH edeKT HAa MATOYHHATA

Joka3zaHo e, ye ekcrpaktu ot M. officinalis umar antuBupycen edekr Bbpxy Newcastle
disease, Vaccinia virus, Herpes simplex, Semliki Forest virus u Pseudorabies virus
[4,12,20,23]. YcraHOBEeHO €, 4Ye MpPHU PA3TUYHU TECT-CUCTEMHU (KJICTHYHUTE KYITYpH U
OIJIOJICHH KOKOIIM SIiI1a) BOJHUSAT W AIKOXOJHHUAT €KCTPAKT OT OWJIKara MMaT pa3iinuyeH
edexT Bppxy Bupycure [12,14,19].

Newecastle disease virus , Vaccinia virus u Semliki Forest virus

[Mpoyusaiiku antuBupycHus edekt Ha M. officinalis, Kucera et al. (1965) ycranossBar,
4ye BbBEXKIAHETO Ha BOJIEH €KCTPAKT OT MAaTOYMHA B MUJICIIKU eMOPUOHH, MPEaN 3apa3siBaHe
CbC CMBPTOHOCHA J103a OT T€3HM BUPYCH, BOAM 10 IpoTeKuus Ha eMOpuoHa. EdekTpT 0baue
6un oOpatum, ako B NHJICIIKUTE €MOpPHOHHM C€ WMHXKEKTUpa >kesnaTuH. [Ipu mpunarane Ha
eKCTpaKTa BbPXY MOHOCJIOW OT mujemku (puOpobiactu, U TpuTe BHUpyca OWUIIM YCIELIHO
nHakTHBHpaHu. Criopes aBTOpUTe €()EeKThT Ha EKCTpaKTa OT MAaTOYMHA BBbPXY BUPYCHUTE ce
ObJDKM Ha MHXUMOMpaHEe Ha XeMarilyTHHallMOHHaTa MM crnocoOHocT. Ilpenmonara ce, ue
aKTUBHMAT (PAaKTOp Ha 3allluTa € TaHUH, Thi KaTO BUPYCUTE C€ aKTUBU3MpAT NpHU MpUOaBsSHE
Ha JKeJJaTUH WIN MPH JOMBIHUTEIIHO Pa3peXkJaaHe Ha €KCTpaKTa, PU KOETO aHTUBUpYCHATa
aKTUBHOCT ce€ OJIOKMpa W3IsUI0. ABTOpUTE 3aKiIIOYBAaT, Y€ OCBEH HEyTpalu3alloOHHA
aKTUBHOCT B MPOILECa HA aHTUBHUPYCHA 3alllMTa Ha €KCTPAaKTa OT MaTOYMHA Ba)KHA POJIs UMa U
MOBHPXHOCTTA Ha KJIETKAaTa TOCTONMHUEeMHHK [19].

Herpes simplex virus

Kosxuure nndexnnu npuunaenn ot Herpes simplex virus 1 (HSV-1) u Herpes simplex
virus 2 (HSV-2) ce xapakrepu3upar ¢ 00JIE3HEHO MapeHe CHIIPOBOJCHO ChC CHPOEK, KAaKTO U
XapaKTepHU CTPYMBAHM HAa BE3WKYIH MO PA3IMYHU YacTH Ha TSIIOTO - YCTHUTE, YCTHATa
JUraBuIla M reHuTanHata obnact [24]. MmMa gaHHu, ye TeXkW (GopMu Ha MHGDEKLUs KaTo
KEpPaTOKOHIOHKTUBUTH U eHredanutu npuauHern oT HSV ca HaOmronaBanu npu manueHTH ¢
HaMaJieH KJIeThYE€H HMYHHUTET, PELUIUEHTH C TPAHCIUIAHTAlMs Ha KOCTEH MO3BK WIH
MalUeHTH C MPUIOOUT CHHAPOM Ha MMYyHHa HemocTaThuHOCT [3]. Cren mbpBOHAYAIHOTO
uHpeKTHpaHe ¢ BUPYChT Ha Herpes simplex tun 1, Toi poctura 10 HEPBHUTE TaHTIIUITHU
KJIETKA M OCTaBa TaM B JIETATHO ChcTosiHME. CMsATa ce, 4e pa3nudHu (akTopu OTcaadBaIu
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3alMTHUTE CUJIM Ha OpraHM3Ma KaTo HallpUMep TpecKa, CTpeC, yMopa, MEHCTpyauus WU
U3JlaraHe Ha YJATPaBUOJIETOBU UM MOTaT Ja JIOBEAAT 10 peakTHBAIMs Ha WH(peKIusITa Ha
II'bpBOHAYAIHOTO MscTO [3]. 3apa3sBanero ¢ HSV-2 npu xopara, € npuunHa 3a HEOHaTaJIHU U
(haTamHu HHOEKIUY KaTo MEHUHTUT M pak Ha MaToyHaTa mmumiika [20].

Hyxneozunuusr ananor auukioBup (ACV) e cpen Haii-pa3npocTpaHeHUTE Mpenaparu
3a yeyeHue Ha mHpeknuu npeau3Bukanu ot HSV. Ilopagu HapacTBamiata yCTOWYHUBOCT U
pa3BUTHE HA PE3UCTEHTHOCT KbM JIEKAPCTBA OT TO3W THUII, UMA BCE IMO-TOJISIMAaTa HYXJAa OT
pa3paboTBaHEe HAa HOBH TEpalleBTUYHH CPEJCTBA 3a JiedeHue U npeeHuus ot HSV undeknun
[3].

MmuoxectBo ekcriepuments ¢ M. officinalis mokassar, 4e ekcTpakTUTE OT TOBA paCTEHUE
IIpUTEKaBaT aHTUBUPYCHA akTUBHOCT cpeuty HSV [4,14,23].

Pactenmnero mox ¢opmara Ha KpemMoBe 3a JIOKAJHO MPUIIOKEHHE MMa MHOTO JT0OBD
nedebeH eQeKT MpU CUCTEMHO TPETHpaHe cpenly xepnec gaduanuc. [Ipu 5-1HeBHO TpeTupane
c kpem ¢ 1:70 ekcTpakT OT JHcTaTa Ha MaTOYMHA C€ OTYMTA HE3HAYUTENIHA TEHACHIUS MPHU
o0JIeKUYaBaHETO Ha CUMIITOMHUTE B M0J13a HA aKTUBHOTO JieueHue [18]. B npyro mpoyuBane Ha
MaUEeHTH C OCcTpa u3siBa Ha cumnTomu Ha HSV, o6aue, mo-npoabmkuTenHoTo aedenue (5-10
JTHH) ChC CHUIHSI KpeM € uMaiio "MHOTo 100bp" neuedben edexr [26,27].

[Tpu mpoyuyBaHe aHTUBUPYCHUSAT e(EeKT Ha BOJEH €KCTpakT oT M. officinalis cpemry
HSV-1, Astani et al. (2012) cpmo ycraHOBSBaT BHCOKAa AHTUBUPYCHAa AaKTHBHOCT Ha
€KCTpaKTa, IOpU MPH MHOTO HUCKU KoHleHTpauuu (1.5 pg/ml), kato nmomoben edexr e oun
HaOJII0aBaH U MPH CAMOCTOSATEIIHO TPETUPaHE C (DEHOTHN CheINHEHHS, TIOTYIYEHHU OT CHIIOTO
pactenue, HO B 100 kpaTHO 1o roxemMu 1034 [7].

MexaHu3mMbT Ha JAEUCTBUE, KOWTO HM3MOJI3BAT AHTUBUPYCHUTE JIEKAPCTBA OCHOBHO
3aBHCH OT TAXHATa CIIOCOOHOCT J1a MHXHOUpPAT BUPYC-CIEU(PUUHN €H3UMHU, THMUIMH KUHAa3a,
n JIHK nonumepasa [19]. ExkcTpakTsT OT MaTounHa uHXUOMpa HamMHOkaBaHeTo Ha HSV-1 B
in Vvitro ycnoBus, HO HeroBara aHTHBUpYyCHa JedHOCT nmpu HSV-2 ome He € HambiIHO
nepunupana [20].

Pseudorabies virus (PsRV)

Pseudorabies virus mpuHamiexu KbM cemeiictBoTo Herpesviridae OcHoBeH
TOCTOIIPUEMHHUK Ca CBUHETE, a KaTo BTOPUYHHM TOCTONPUEMHHMLHU CE€ SIBABAT MHOIO JPYTH
BUJIOBE CEIICKOCTOIIAHCKH, JIOMAIITHH U JIUBU )KUBOTHH, KaTO KOHE, KPaBH, OBIIE, KO3H, KydJeTa,
KOTKM M Jp. Xopara M 4YOBEKONOAOOHHMTE MalMyHH ca Henoaamiuu [21]. Bupycst
MpUYMHsABa OoJiecTTa Ha Ayeckd, M3BECTHa omle Karo JbxkiauB Osc. OcBeH, ue e
OCTPONPOTHYAILIO0 3apa3HO 3a00JsBaHe, KOETO YBPEXkAa IEHTpalHaTa HEpBHAa CHCTEMa
OoyilecTTa BOAM H JI0 TEKKH MKOHOMHYECKH 3aryOW B CBHHEBBICTBOTO. [IpH eKcnepuMeHTH
npoBeaeHHu IN Vitro, ¢ Bb3NpHEMYMBU KbM BHPYCa KICTHYHU JMHUH OT TOBEXKIU M 3ACIIKU
OBOpeK € yCTaHOBEHO, Y€ BHPYCHATA PEIUIMKAINS Ce TOBJIHSBA TPU TUPEKTHO TPETHUpaHEe Ha
PSRV c excrpakra, npenu 3apa3siBaHe Ha KJIETHUHUTE KYJITYpH €THOBPEMEHHOTO J100aBsHE Ha
PSRV u ekcTpakT KbM KJIETHUHUTE KYJITYpH, BOAM /10 OJOKUpaHE HAa BUpYCHATa aacopOnus
[2]. CHIUAT €KHIl yCTaHOBSBA U 100pa MPEKUBIEMOCT Ha CBUHCKU OOIIMTH CJIE/l TPETUPAHE C
pa3IMYHH KOHIICHTPAIIMU Ha BOJIEH €KCTPAKT OT MaTOYHHA [2].

3akiaro4enue
Hatpynanute nutepaTypHu AaHHU CBBbp3aHu ¢ M. officinalis Bce oie He ca JOCTaThYHU

KAaKTO IO OTHOIICHHE Ha KOHKPETHUS HAuMH Ha JEHCTBUE, Taka M IO OTHOILIEHHE Ha
BB3MOXHOCTTA 32 M3MOJI3BaHE HA EKCTPAKTUTE U €TEPUIHOTO Maciio oT M. officinalis cperry
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Apyrd BUpycu. JlOMbIHUTENHM NpoydYBaHHS (DOKycHpaHH BBPXY CbH3AaBaHETO Ha IIO-
e(peKTUBHM JIeKapcTBa 4Ype3 KOMOMHMpaHEe Ha eTepUYHUTE Macja C Bede I103HATUTE
AQHTUBHUPYCHH TIperapatu OW YBENUYMIIO TEXHUS IOJIOXKUTENIEH €(PEeKT BBPXY YOBEUIKOTO
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BOS3. ANTI-VIRAL ACTIVITY OF MEDICAL BULGARIAN
PLANTS AGAINS HUMAN HERPES VIRUS TYPE 1 AND 2

Venelin Tsvetkov', Petia Angelova’, Kalina Shishkova®, Anton Hinkov?*, Stoyan Shishkov*
YLaboratory of Virology, Faculty of Biology, University of Sofia “‘St. KI. Ohridski’’, 8
Dragan Tzankov Blvd,1164 Sofia, Bulgaria.

Human Herpes Virus (HHV) type 1 and 2 are cause of hidden pandemics in global scale, as
well as sever clinical symptoms associated with active replication in the human host. For
ethological treatment of those diseases are used different drugs, mostly used are nucleoside
analogues. As until now there are 11 license anti-herpes drugs. Most of them are based on
acyclovir and his derivative. Although the large number of available drugs, their usage leads
to development of drug resistance strains and also to unwanted side effects. On the other side
of the coin are the plant based drug products. The benefits of their usage are shown in higher
tolerance from the side of organism, combined with lower cytotoxicity.

In the current report we present summarized overview of our results connected with
established anti-herpes effect of isolated extracts from representatives of Genera: Lamiaceae,
Asteraceae, Adoxaceae and Gesneriaceae. The plant extracts are obtained from in vivo and in
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vitro cultured plants, using different extraction techniques. We established their antiviral and
cytotoxic activity. For that purpose we used MDBK (cell line). For visualization of the results
we used number of methods, which includes direct contact assay, modified MTT assay for
cytotoxicity and inhibiting concentration 50 (IC50). Obtained data shows the potential of
some of the extracts to be taken under further examination, in conjunction with their medical
application. Gained results are due to long term working by the team of laboratory of
Virology, department of Biology, Sofia university.
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BO4. THERAPEUTIC STRATEGY FOR SURVIVAL OF MICE
INFECTED WITH INFLUENZA VIRUS BY COMBINATION OF S-
ADENOSYL-L-METHIONINE AND OSELTAMIVIR
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E-mail: dimitrova.dr@gmail.com

Influenza is a highly contagious viral infection of the respiratory system. Many studies
provide compelling evidence that the excessive production of reactive oxygen species are
crucial mediators of the acute lung injury in influenza A virus infection.. Therefore
antioxidants are potentially useful against this ongoing clinical problem. Our studies show
that S-adenosyl-L-methionine (SAM) has a protective effect in a model of influenza infection
in mice. This substance converts in glutathione - the main antioxidant in the body, through
multistep biochemical cycle. In the present study, we report the effect of combined treatment
with SAM and the antiviral agent oseltamivir. SAM was given as a single daily doses of 50
and 100 mg/kg in different mice groups starting from 5 days before infection until day 4 after
infection. Oseltamivir was given twice at daily dose of 1.25mg/kg for 5 days, starting from 4
h before infection. End-point evaluation was 14 day survival. Survival was 70% with
Oseltamivir and raised to 90% with oseltamivir and SAM in both of doses. SAM alone does
not show any antiviral activity. The present findings suggest that therapy with molecules
converted in antioxidants in the body increases survival by modulating the host defense
mechanisms, and by a direct antioxidant effect against oxidative stress associated with viral
infections. This study demonstrated the effectiveness of combining agents that act through
different mechanisms - antiviral drug oseltamivir as specific NA infibitor of influenza virus,
and SAM as precursor of most important antioxidant glutathione.
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Pe3rome

HanoTtexHonoruure ca MpUiIOKUMH M MPUTEkKaBaT BUCOK OMOJOIMYEH MOTEHLMAN, KOUTO €
0JIe3eH B JIabopaTopHaTa JAMAarHOCTUKA Ha peAuia 3a00JsBaHus, BKIIOYUTEIHO U BUPYCHU
nHpexkuuu. Yectata U3MOI3BaHE HA JIEKAPCTBEHH MpenapaTtu U CTPAaHUYHUTE €PEeKTH, KOUTO
ce MOoJIydaBaT Cie]] IPOABDKUTENIHATa UM yIoTpeba MoraT Aa ObJaT 3aHMKEHU JPacTHYHO
Yype3 MOCTAaBSIHETO Ha aKTHBEH OMOAreHT B ChOTBETHHS OpPIraH B HE MO-BUCOKa OT HY)KHarTa
no3a. [foreHnManHO TOBa MOXE J1a C€ MOCTUTHE Ype3 MpHIaraHe Ha MOJIEKYJIHO IIPUIIEIBAHE
ype3 HaHOoycTpolcTBa. M3cnenBanusTa W NpUIIOKEHUATA C€ pa3iMyaBaT B rojisiMa CTEIEH,
Bapupalld OT KOHBEHIIMOHaNHaTa (HU3MKa JO CbBCEM HOBH MOJIXOAM, OazupaHu Ha
MOJIEKYJIHO caMOChbOMpaHe, OT pa3BUTHE HAa HOBU MaTepuau ¢ pa3Mepd B HaHOCKaiara Jio
JUPEKTEH KOHTPOJ HAa MaTepusATa Ha aTOMHO HMBO. HaHOceH30puTe ca HOBUAT IOXBAaT 3a
JETEKIMsI Ha TIOTCHIMATHW OWOTEPOPUCTUYHU WH(PEKIHNO3HH areHTH. Pas3paboTBar ce
CIIEKTPOCKOIICKM M3CJIEABAHUSA C BHCOKA YYBCTBUTEIHOCT U cHenuduyHocT 3a OBbp3a
JETeKIUsl Ha cleAd OT BUpPYCH, Oa3upaHM Ha paMaHOBaTa CHEKTPOCKOMUS, H3MOJ3BalKu
cpeOBbpHU HAHOCOH/IM, KOMTO 3HAYUTEITHO yBEIMYaBaT CUTHAA.

KonTtponrstr Ha BupycHu uHpexnuu xato HBV, HIV u np. e mpeausBukarenHa 3ajaua,
0coO0EHO B pa3BUBALIMTE C€ CTPaHH, KbBAETO € OrpaHUYeH JOCTBIBT JO PaHHO
IUArHOCTULIMpAaHE W €(PEKTUBHO aHTUBUPYCHO JIEUEHHUE, MOpaaud BHUCOKUTE LEHH U
HeeUKacHO 37paBeoria3BaHe. BbIpekn ue HACTOSIIUTE JUArHOCTHYHU TEXHOJIOTMU Morat
HajgexaHo na aerekrtupar HBV, HIV u ap. Te ca oTHOCHTENHO TpyOE€MKH, HEMPAKTUYHH U
M3HMCKBAT CKbIIU pecypcu. [IpeaumcTBara Ha HAHOTEXHOJIOTMUTE €A MMOHEPHU 3a Pa3BUTUETO
Ha HOBa TeHepauus JabOpaTOpHU METOJOJOTHHU 3a TUArHOCTHIMpPaHEHA peaulla BUPYCHU
3a0onsBaHMs. Upe3 W3MOM3BAHETO HAa MUHHUATIODHM CEH30pH, OllarojapeHue Ha
KOMOMHanMsATa OT HaHOMaTepuaiad (MEeTaJHU/HEOpPraHWYHM HAaHOYaCTHULM, BBIVIEPOAHU
HAHOTYOM M JIp.) U TEXHOJOIMUTE Ha MUKPO/HAaHOHUBO, OM MOIJIa Ja ce peaqu3upa paHHaTa
nuarHoctuka Ha HBV u npyru Bupycu oT MHOTO MaTbk 00€M KPBB, CEPyM HIIH TIJIa3Ma.
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Hanorexnosorusita Moxe JAa Cb3AajJ€ MHOIO HOBU MaTe€pUald M YCTPOWCTBA C MHOTO
MIPUJIOKEHUS KaKTO B MEIUIIMHATA, TaKa U B €JIEKTPOHUKATA, MPOAYKIUATA HA EHEPrus U Ap.
Ot mpyra crpana o0ave, HAHOTEXHOJOTHUTE MOBIUTAT MHOTO TEMH OTHOCHO TOKCHYHOCTTA,
BIUSHUETO HAa HAHOMAaTepuajuTe BBPXY MpUpoJaTa W TEXHHS MOTEHUHaleH edeKT 3a
HMKOHOMHUKATAa.

KiarouoBn jaymm: HaHOOMOTEXHOJIOTMM, BUPYCHM 3a00JsBaHUS, paHHA JAMarHOCTHUKA,
IPUIIOKEHHE

BO7. VITAMIN D DEFICIENCY IS CONSIDERED TO BE A RISK

FACTOR FOR MULTIPLE SCLEROSIS
Vera Kolyovska®, Velichka Pavlova®, Dimitar Maslarov®
YInstitute of Experimental Morphology, Pathology and Anthropology with Museum, Bulgarian
Academy of Sciences, 1113 Sofia, E-mail: verakol@abv.bg
Medical University of Sofia, Neurology Clinic, First MHAT-Sofia

Abstract

Vitamin D deficiency (VDD) is believed to be a global epidemic. Vitamin D for humans is
obtained from sun exposure, food and supplements. Humans with multiple sclerosis (MS) and
other autoimmune deceases have a higher Vitamin D deficiency. Preliminary evidence
suggests that persons with high circulating levels of vitamin D are at lower risk of MS, thus,
vitamin D supplementation may reduce the risk of developing MS, may also reduce the
relapse rate among patients with relapsing-remitting MS. VDD has increasingly been
diagnosed in patients and consequently vitamin D supplementation has been prescribed. Low
vitamin D may be associated with clinical MS breakthrough within 2—3 years. Associations
were detected in a large international sample of patients with MS between latitude, deliberate
sun exposure and vitamin D supplementation and health outcomes including disability,
relapse rate and quality of life. Vitamin D is likely to have a pivotal role in these associations.
Its role in MS health outcomes urgently requires detailed exploration with well-designed
clinical trials.

Key words: vitamin D, vitamin D deficiency, sun exposure, multiple sclerosis

In October at the Congress of the European Committee for Treatment and Research in
Multiple Sclerosis (ECTRIMS) 2015 in Barcelona few publications about Vitamin D
deficiency and low sunlight exposure have been presented.

Multiple sclerosis (MS) is a progressive neurodegenerative disease with a complex
aetiology. MS is a familial disease, and genetic background plays a significant role in disease
development, although of lesser importance than environmental and lifestyle factors. Previous
research has examined potential environmental and lifestyle risk factors for MS disease
development and progression. The longest studied of these factors has been the association of
increasing latitude with MS incidence [4].

The researchers detected significant associations between latitude, deliberate sun exposure
and vitamin D supplementation and health outcomes of this large group of people with MS.
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Vitamin D is likely to have a key role in these associations and its role in the health outcomes
of people with MS urgently requires further study [4].

Multiple sclerosis (MS) is the eighth most common neurologic disorder in Europe,
affecting more than 500,000 people, most of them young adults aged 20 to 40 years, and
costing the economy some 14.6 billion euros (that's $16.45 billion) each year. MS is also the
second leading cause of disability in Europe, but as traffic accidents become less common in
an ever more safety-conscious society, it's now the leading cause of disability in some
countries, Xavier Montalban, MD, PhD, professor, neurology, Autonomous University of
Barcelona, Spain, and president, European Committee for Treatment and Research in
Multiple Sclerosis (ECTRIMS), told a press conference factors influencing risk for MS that
will be discussed during the congress include:

- Low sunlight exposure and vitamin D deficiency;

- Viral infections;

- Hygiene;

- Salt intake;

- Cigarette smoking;

- Individual gut microbiome;

- Intake of fatty acids [1].

Vitamin D was named in 1922 by American biochemist EImer McCollum (1879 - 1967),
who performed experiments to understand the contents of fish liver oil. It was named “D”
because it was the fourth substance he identified.

Vitamin D is a group of fat-soluble secosteroids responsible for enhancing intestinal
absorption of calcium and phosphorus in our bones and aid in cell to cell communication
throughout the body. Five forms of vitamin D have been discovered, vitamin D; - Ds. In
humans, the most important compounds in this group are vitamin D3 (also known as
cholecalciferol) and vitamin D, (ergocalciferol). Cholecalciferol and ergocalciferol can be
ingested from the diet and from supplements. The body can also synthesize vitamin D
(specifically cholecalciferol) in the skin, from cholesterol, when sun exposure is adequate
(hence its nickname the "sunshine vitamin®™). Vitamin D3 is made in the skin when 7-
dehydrocholesterol reacts with ultraviolet light at 270-300 nm wavelengths - peak vitamin Ds
production occurs between 295-297 nm. It is only when the UV index is greater than 3 that
these UVB wavelengths are present [5].

Vitamin D inhibits the development of autoimmune diseases such as diabetes,
rheumatoid arthritis, lupus and multiple sclerosis. Vitamin D for humans is obtained from sun
exposure, food and supplements. Preliminary evidence suggests that persons with high
circulating levels of vitamin D are at lower risk of MS, thus, vitamin D supplementation may
reduce the risk of developing MS, may also reduce the relapse rate among patients with
relapsing-remitting MS. The results of previous studies suggested that MS risk is related to
vitamin D status at different ages, possibly starting in utero and extending through early
childhood, adolescence and adult life. Independent data may argue for potential additional
mechanisms associated with a 25-OH-D decrease immediately prior to disease manifestation.
Here are referred evidence for the relationship between sun exposure, vitamin D, and the data
of MRI in patients with multiple sclerosis.

Vitamin D deficiency is often misdiagnosed as fibromyalgia. Higher 25-OH-D serum
levels were reported with lower risk to develop MS later in life [5].

Results from epidemiological and clinical studies clearly suggest that changes in
vitamin D serum concentrations are correlated with the magnitude of the risk of developing
MS, the phases of relapsing-remitting MS and with gender differences in vitamin D
metabolism. Experimental and clinical studies also have established that 25-hydroxy vitamin
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D (25(0OH)D) and 1,25-dihydroxy vitamin D (1,25(0OH)2D) exert an immunomodulatory
effect in the central nervous system and peripheral organs of the immune system [5].

The scientists investigate both 25-OH-D serum levels and Immunoglobulin G (1gG)
response against Epstein-Barr virus (EBV) before the first clinical MS manifestation in
individuals who had donated blood prior to disease onset [5].

In some studies when considering vitamin D as a key environmental factors were not
taken into account or excluded the effect of other proven risk factors (infection with the EBV,
smoking). In the study of insolation is important to remember that the relationship between
the amount of vitamin D formed and the level of insolation is not direct, it contributes to the
presence of clothing, use of sunscreens, skin type and color, as well as the time of day. In
addition, there are indications that the insolation has independent immunomodulatory effect
of vitamin D. Thus further studies on possible interactions between different environmental
factors and these factors' role in the disease pathogenesis are justified and necessary [5].

The association between Body Mass Index (BMI), sunlight and age at onset supports
the theory that childhood and adolescence could be a particularly vulnerable period in the
development of MS. Moreover, the scientists suggest that sunlight avoidance and being
overweight trigger the disease [3].

Although several vitamin D-associated environmental and genetic factors were
included in the study, none were associated with the age of onset of MS. The findings suggest
that the protective effects of Ultraviolet B (UVB) light and the harmful effects of adipose
tissue may be independent and not necessarily related to vitamin D. Both types of vitamin D
supplements, 25(OH)D and 1,25(0OH),D, demonstrated anti-inflammatory immune response
modulation, noted the investigators. In addition, recent mouse studies have suggested the
importance of vitamin D in de- and remyelination [3].

UVB irradiation is also immunosuppressive, and works indirectly via vitamin D-—
induced immunomodulation, and through both systemic mechanisms and local signaling
pathways in the skin. This finding parallels the recent EnvIMS case control study in a
Norwegian population that showed an association between infrequent summer outdoor
activities in adolescence and increased risk of MS [3].

Also, results from an epidemiologic study of French farmers has shown that UVB
exposure was markedly associated with MS prevalence, and also supports the hypothesis
of an influence of sun exposure or vitamin D on the pathogenesis of MS [3].

Vitamin D, which can be obtained through exposure to the sun or fortified foods, plays
a role in the pathogenesis of MS. It has been shown to improve physical function and decrease
inflammation. Evidence also links vitamin D to cognitive performance in older adults. That
vitamin D affects cognition makes some biological sense. We know there are vitamin D
receptors in the brain on both animals and humans. This suggests a function in cognition. The
low and normal vitamin D groups were similar in terms of marital status, income, and
employment level. The researchers noted that both groups were highly educated, with many
having at least a college degree [1].

As for lifestyle, those with low vitamin D are engaged in less physical activity than the
normal vitamin D group, and they smoked more and drank more alcohol. This low vitamin D
group also tended to participate in fewer leisure activities. Cognitive performance and anxiety
in MS seem to be affected by low vitamin D level and improve after vitamin D replacement.
The things that vitamin D does is increase a number of factors, including growth factors, and
one of these is BDNF [brain-derived neurotrophic factor], which we know plays a role in
cognition as well as in inflammation. One of the first things patients with MS are told to do in
the clinic is start taking vitamin D supplements at a recommended dose of 4000 to 5000 IU a
day. For Canadian patients with MS, "there's no point™ in even getting serum vitamin D
checked because almost all will have low levels [1].
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Vitamin D insufficiency is believed to be a worldwide epidemic.

But the Vitamin D toxicity also known as hypervitaminosis D was previously believed
to be rare. But with an increase in vitamin D supplementation several cases have been
reported in literature. Fat soluble vitamins like Vitamin D, due to their ability to accumulate in
the body, have a higher potential for toxicity than water soluble vitamins. The main clinical
consequence of vitamin D toxicity is hypercalcemia. Critically discussed is the mechanism of
toxicity and hypothesize the possible molecular/metabolic factors which might have been
responsible for this non toxic presentation. This case study highlights the fact that physicians
need to consider the risk of medication errors while prescribing Vitamin D therapy. Clinical
trials to study Vitamin D toxicity in humans is not possible ethically. Thus the evidence base
regarding the safety profile of Vitamin D supplementation in humans has been build through
case reports. This review of the paradoxical clinico-laboratory manifestation of
hypervitaminosis D could possibly contribute to existing literature [2].

Epidemiological data over many years has confirmed the striking latitude gradient of
MS incidence, both world-wide and within countries. Australia is a good example, with the
incidence of MS varying around seven-fold between cities in northern versus southern
Australia. This has long been postulated to be due to sun exposure, and elegant Australian
studies have confirmed that both recalled time in the sun, particularly winter sun during
childhood and solar skin damage relate inversely to incidence of MS [4].

There has been a long delay in testing the effects of vitamin D supplementation on
disease course in MS, presumably due to little commercial incentive to test this non-
patentable naturally occurring agent however a number of large international studies are now
underway to examine this issue. Trials to date suggest a benefit, with markedly reduced
conversion of optic neuritis to MS and fewer lesions when added to existing disease-
modifying medication. While the effect is biologically plausible, it is possible that higher
serum vitamin D levels are just a marker of increased sun exposure, and it is both the direct
effect, and other as yet unknown indirect effects of sun exposure that mediate beneficial
immunomodulatory improvements in disease course for MS patients [4].

The researchers sought to shed more light on whether latitude was associated with
disease activity not only disease incidence, and whether we could detect a signal of a
beneficial effect on disease course and other health outcomes for MS patients who
supplemented with vitamin D. Our data showed that disability was indeed related to latitude
with increasing disability the further away from the equator people lived, with a 2-3 %
increase in odds of a higher disability category for each degree further from the equator.
Similarly, there was some association between lower disability and intentional sun exposure
and increasing dose of vitamin D supplementation. Taking vitamin D supplements was also
associated with around a third lower annualised relapse rate, while increasing latitude was
associated with a small increase in the odds of more relapses. Intentional sun exposure was
not associated with relapse rate in our sample [4].

Data suggest a complex relationship between the variables of interest of latitude, sun
exposure and vitamin D supplementation, and the additional variables controlled for in the
study, namely exercise levels and frequency of fish consumption. The latter two are both
likely to affect serum vitamin D levels, as well as having associations with the outcome
variables of interest in their own right [4].

Therefore, until further high quality evidence is available, clinicians may wish to
consider relevant MS guidelines on vitamin D supplementation when making decisions about
the care of people with multiple sclerosis. Adequately powered, multi-centre trial with a
focus on clinical as well as immunological and MRI outcomes that are meaningful to people
with MS, and are able to provide insight into the benefits of vitamin D in people with MS, are
still required.
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Vitamin D is a fat-soluble steroide, holesterole derivate, mainly synthetized in skin by UV
radiation. Its main forms are vitamin D2 (ergocalciferol) and vitamin D3 (also known as
cholecalciferol). It has well-known control function of calcium and phosphate metabolism.
But this hormone rather than a vitamin has other roles. It has important place for maintaining
homeostasis of organism confirmed by expression of vitamin D receptors (VDR) in different
tissues, such as brain, heart, skin, bowel, gonads, prostate, breasts and the immune cells.
Hypovitaminosis D is associated with latitude and reduced sun exposure, urban lifestyle,
smog and microparticles in air, night work, dark skin. Hypovitaminosis shifts immune answer
in direction of Thl, which is present in most autoimmune diseases like MS, rheumatoid
arthritis, psoriasis, diabetes type 1. Some studies show that high levels of vitamin D enhance
risk of development of asthma and allergies, which are mediated by Th2. In conclusion
vitamin D maintain balance between Thl and Th2, and in this way is important in
pathogenesis of autoimmune diseases.
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Summary

The objective of the present investigation was to study the fatty acid composition of
flour from naked oat variety "Mina", rye, barley and triticale variety "Vihren".

The saturated fatty acids (SFA) of analysed flour has the highest concentration at
barley - 48,44 g / 100 g fat and lowest in rye flour- 16,27 g / 100 g fat. The monounsaturated
fatty acids (MUFA) on the examined sample have the greatest amount in the naked oat 37,44
g/ 100 g fat and lowest in the flour from tritikale- 17,80 g / 100 g of fat, while the content of
polyunsaturated fatty acids (PUFA) is highest in rye flour- 65,07 g / 100 g fat and lowest in
barley- 29,81 g / 100 g fat. Barley’s flour has the highest content of saturated fatty acids
compared to the other three types of flour, making it less favorable a healthy perspective
when used for animal and human nutrition. The biologically active monounsaturated fatty
acids are in the highest concentration in the oat flour. Studied flours are poor of omega-3 fatty
acid. The proportion of omega-6 and omega-3 fatty acids is most favorable to the animal and
human nutrition with barley flour.

Keywords: flour, oats, rye, barley, triticale, fatty acids

Introduction

The cereals food provide half of the daily energy intake of people in developed
countries and about 80% in developing countries.

The cereals foods occupy about 60% of food production and are cheap and accessible
source of nutrients. They are the main source of carbohydrates, but contain protein, fat,
minerals and vitamins of group B. The total fat in cereals food varies between 1 and 10%
depending on the type of culture, variety and growing conditions.

Fatty acid composition of oat it consists of three main fatty acids - palmitic (C16: 0),
oleic (C18: 1) and linoleic (C18: 2) which amount exceed of 95% and an insignificantly
amount of fatty acids such as stearic (C18: 0), linolenic (C18: 3) etc. (Leonova et al., 2010).

The major fatty acids in rye are representatives of unsaturated - 74.6%, of which
56.5% are of linolenic acid (Body & Hansen, 1978). Rocha et al., established in their research
when to combining the flour from corn and rye and the use of yeast that palmitic (C16: 0),
oleic (C18: 1) and linoleic (C18: 2) acids are main fatty acids in various combinations for the
preparation of bread, such as the content of C18: 2 amounts to 52% of the total fatty acids
(Rocha et al., 2012).

Yousef et al. (2012) establishes the following fatty acid composition of barley -
saturates 25.03%, of which palmitic-16.72%, lauric - 2.73% and stearic- 1.82% and
unsaturated fatty acids 71.06%, which as 49,23% are essential fatty acids.

The fatty acid composition of triticale established by Khan & Eggum (1978), include
linoleic (C18: 2) -59.3, oleic (C18: 1) - 15.0 and palmitic (C16: 0)- 18,6 g / 100g fat. Morrison
(1977), determine the content of total fat in triticale from 3,2 to 4,6 %, linoleic from 57-59 g/
100g fat and linolenic from 3- 4 g / 100g fat.

The objective of the present investigation was to study the fatty acid composition of
flour from naked oat variety "Mina", rye, barley and triticale variety "Vihren".
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Materials and methods

The determining of fatty acid composition are used four types of flour: flour from
naked oat variety "Mina" and triticale flour variety "Vihren" received laboratory roller mill
with separation of bran part wholegrain rye flour produced by the company ,, Tehra "and
wholegrain barley flour produced by" My Organic market ".

The extraction of total lipids was carried out by the method of Bligh&Dyer (1959), by
means of methanol and chloroform. The fatty acid methyl esters /FAME/ were analysed with
the aid of gas chromatograph Shimadzu-2010 (Kyoto, Japan). The analysis was carried out
on capillary column CP7420 (100m x 0,25mm i.d., 0,2um film, Varian Inc., Palo Alto, CA),
with carrier gas- hydrogen and make- up gas- nitrogen. A five step temperature of the furnace
was programmed.

Results and Discussion

The fatty acid composition of analysed flour from naked oat variety "Mina", rye,
barley and triticale variety "Vihren" is presented mainly of unsaturated fatty acids (Figure 1).

Figure 1. Groups of fatty acids in the flour
trom oat, 1ye, barley and triticale
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The saturated fatty acids (SFA) from the examined flours have the highest
concentration in barley- 48.44 g / 100 g fat and lowest in rye flour-16.27 g / 100 g fat.
Monounsaturated fatty acids (MUFA) on the examined samples have the greatest amount in
the naked oat 37,44 g / 100 g fat and lowest in the flour from tritikale- 17,80 g / 100 g of fat,
while the content of polyunsaturated fatty acids (PUFA) is highest in rye flour- 65,07 g / 100
g fat and lowest in barley- 29,81 g / 100 g fat.

52



Figure 2. Saturated fatty acids in the flour of oat,
rye, barley and triticale
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Of the saturated fatty acids, have a portion of palmitic (C16: 0) and stearic (C18: 0)
fatty acids and the four types of flour. Palmitic (C16: 0) acid have a highest concentration in
the barley flour- 31,44 g / 100g fat and lowest in the rye flour- 13,56 g / 1009 fat. Similar is
the case in the stearic acid- barley flour- 8,43 g / 100g fat and rye flour- 0,95 g / 100g fat
(Figure 2). In the barley flour was detected a higher concentration of myristic (C14: 0) acid-
4.64 g/ 100g fat, while in other types of flour is in the range from 0.31 to 0,41 g / 100g fat.
The other representatives of the saturated fatty acids are in quantities below 1 g / 100g fat.

The representatives of monounsaturated fatty acids, which are relevant for human
nutrition are oleic acid C18: 1cis9 and vaccenic acid C18: 1trans1l. Oleic acid (C18: 1cis9) is
in the highest concentration in the oat flour- 34,59 g / 100 g fat, while the flour of triticale is
the lowest- 15,67 g / 100 g fat. The flour of rye and barley are similar of content of oleic acid,
respectively with a content of 16.31 and 16,41 g / 100 g fat. The amount of vaccenic acid
(C18: 1trans11) ranges from 0.02 (oat flour) g / 100 g fat to 0,08 g / 100 g fat (triticale flour).

The total content of cis and trans isomers in the analyzed flour is present in the figure
3. The trans isomers are in highest amount in the rey flour -1,04 g/100g fat and lowest in the
barley flour-1,26 g/100g fat, while on the cis isomers was found the highest contents in oat
flour 34,60 g/100g fat and lowest in triticale flour-15,78 g/100g fat.

Figure 3. C1s and trans 1somers in the flour of oat,
rye, barley and triticale
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The PUFA in the analyses flour was present mainly of linoleic (C18:2) acid from
21,37 (barley flour) to 58,81 (triticale flour) g/100 g fat and a- linolenic(C18:3) from 1,24
g/100 g fat in the oat to 6,70 g/100 g fat in the barley (Figure 4).

Solely in the rye flour is established the highest content of dihomo- y- linolenic acid
(C20:3n6)- 11,29 g/100 g fat.

Figure 4. Polyunsaturated fatty acids in the flour of
oat, rye, barley and triticale
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The total content of the omega-3 fatty acid is lowest in the oat flour- 1,30 g / 100g fat,
followed by the tritikale flour - 4,12 g / 100g fat, rye flour- 5,28 g / 100g fat and lowest in
barley flour. In terms of the amount of omega-6 fatty acids in the analysed samples of flour
rye and triticale have a highest concentration- 59.77 and 59,08 g / 100g fat, in oat flour is
38,91 g / 100g fat and barley flour is the lowest content-22,55 g / 100g fat (figure 5).

Figure 5. Content of omega-3 and omega-6 fatty acids in
flour of oat, rey, barley and triticale

70
60
50
i oat flour
40
rey flour
30 “barley flour
20 @ triticale flour
10
0

T n-3 Zn-6 T n-6/Zn-3

On the base of survey we are found the low content of omega-3 fatty acid in the
studied flour, as a result of which the ratio between the two groups of fatty acids - omega-6
and omega-3 is a relatively high coefficient from 11.32 in rye flour to 29.93 in oat flour, with
the exception of the flour of barley, wherein the ratio is 3.14.

54



Conclusions

From studies conducted on the fatty acids composition of oat flour, rye, barley and
triticale can made the following conclusions:

R/
L X4

R/
A X4

R/
A X4

Barley’s flour has the highest content of saturated fatty acids compared to the other
three types of flour, making it less favorable a healthy perspective when used for
animal and human nutrition.

The biologically active monounsaturated fatty acids are in the highest concentration in
the oat flour.

Studied flours are poor of omega-3 fatty acid. The proportion of omega-6 and omega-
3 fatty acids is most favorable to the animal and human nutrition with barley flour.

References

1.

Body D., R. Hansen. The occurrence of C13 to C31 branched-chain
fatty acids in the faeces of sheep fed rye grass, and of C12 to

C34 normal acids in both the faeces and the rye grass. Journal of
the Science of Food and Agriculture, 1978, 29 (2), 107-114.

Khan M., L. Eggum. Effect of baking on the nutritive value of Pakistani bread.
J.Sci.Fd.Agric., 1978, 29,1069-1075

Leonova S. Mobilization of lipid reserves during germination of oat (Avena sativa
L.), a cereal rich in endosperm. Journal of Experimental Botany, 2010, 61, 3089-
30909.

Morrison W. R. Cereal lipids. Proc. Nutr. Soc., 1977, 36,143-148.

Rocha J. Fatty acid composition of non-starch and starch neutral lipid extracts of
Portuguese Sourdough bread. Journal of the american chemist’s sosiety, 2012, DOI:
10.1007/s11746-012-2110.

Youssef M. Assessment of total lipid fractions and fatty acids composition in raw,
Germinated Barleys and talbina products. Food and Public Health, 2012, 2, 16-23

55


https://springerlink3.metapress.com/content/?Author=Jo%c3%a3o+M.+Rocha
https://springerlink3.metapress.com/content/71368417g0u57k21/
https://springerlink3.metapress.com/content/71368417g0u57k21/

BO10. TRACE ELEMENT COMPOSITION OF CHEESE FROM EWE'S
MILK KARAKACHAN BREED RHODOPE TSIGAY AND MIDDLE

RHODOPE BREED SHEEP
S. Ivanova®’, D. Gadjev?, L. Angelov', T. Odjakova®, B. Blajev®

! Institute of Cryobiology and Food Technologies, Sofia 1407, 53 Cherni vrah blvd.

2Experimental Station of Stockbreeding and Agriculture- Smolyan, Smolyan 4700, 35
Nevyastata St.

3Central laboratory for chemical testing and control, Sofia 1330, 120 Nikola Mushanov blvd
*E-mail: sylvia_iv@abv.bg

ABSTRACT

The purpose of this study was to investigate the trace element composition of white
brined cheese made from ewe's milk from Karakachan breed, Rhodope Tsigay and Middle
Rhodope breed sheep on the pasture grass during the May-July period in the region of
Smolyan (Middle Rhodopes).

The cheeses are tested for essential trace elements copper, iron and zinc and ultra trace
elements manganese, chromium and strontium. During the lactation concentration of copper is
higher in milk from Karakachanian breed (average for the period 0,314 mg/l), iron and zinc in
the milk of Rhodope Tsigay (average 1,401 mg/l and 6,248 mg/l), manganese, chromium and
strontium in milk from Karakachan breed respectively- 0,173 mg / I, 0,153 mg / | and 1,002
mg / I. In the production of white brined cheese from ewe's milk from three breeds are found
the highest concentrations of copper and iron in the breed Rhodope Tsigay (respectively 0,637
mg / kg and 19,667 mg / kg) of iron in the Rhodope Tsigay (3,405 mg / kg), for manganese
and strontium in Middle Rhodope breed sheep (respectively 1,053 and 4,860 mg / kg) and
chromium in Karakachan breed- 0,776 mg / kg.

Keywords: ewe's milk, white brined cheese, Karakachann breed, Rhodope Tsigay, Middle
Rhodope breed sheep, trace elements

INTRODUCTION

The milk is a complex of biologically active components, which promotes the growth
and development of small mammals. It is believed that is a complete food, which is a good
source of protein, fats, sugars, vitamins and minerals. For this reason, milk and dairy products
are important components in human nutrition, consumed in different ages throughout the
world. Dairy products are an important source of minerals, which is determined by the
growing conditions, breed and forage. Technological treatment of milk to dairy products also
had an effect, due to the loss of the mineral components in the whey. The trace elements are
essential constituents of milk necessary for the vital activity of adolescent subjects and in
human nutrition, as well as subsequent technological processing to dairy products.

Milk and dairy products are an important source of mineral salts in many European
countries and represent 10-20% of the daily intake. The content of macro and trace elements
in milk depends on the content in the soil and feedingstuffs to feed ruminants (Malbe et al.,
2010).

Abdulkhaliqg et al. (2012), explore the cow milk and dairy products containing metals
and establish cadmium content from 0.022-0.057 pg / g, lead by not established to 0.93 ug/ g,
coper from 0.62-0.85 pg / g and iron from 3.2-12.91 ug/ g. Borys et al., (2006) in his research
on ewe's milk the following results for trace elements chrome- 0,024, zinc- 6.66, iron- 0.69
and copper-0.09 mg / kg and in different types of cheeses for chromium in the range from
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0,048 to 0,084 mg / kg, zinc- 17.95 to 27,77 mg / kg, iron from 1.94 to 3,28 mg / kg, copper
from 0.18 to 0,35 mg / kg.

Levkov et al. (2015), established the concentration of copper in the ewe’s milk varied
from 0.66 to 1.47 mg / kg, Fe from 1.52-3.82 mg / kg, Mn from 0.04-0.13 mg / kg and Zn
from 2.90-6.27 mg / kg. In the white brined cheese content of Cu (2.49 to 8.08 mg / kg)
showed slightly higher concentration of all samples collected in comparison with the literature
data. The iron content is in the range of 3.81-12.09 mg / kg, Mn from 0.12 - 0.70 mg / kg, Zn-
4.21-18.33 mg / kg and Cr from 0.04-0.14 mg / kg.

Zamberlin et al., (2012) found in different types of cheese iron content from 0,1 to 0,8
mg / 100g, zinc from 0,9 to 5,3 mg / 100g, manganese traces and copper traces to 0 07 mg /
100g. Yilmaz (2012), established in the white cheese copper in the range from 1,2 to 6,4 mg /
100g and zinc from 0,4 to 3,69 mg / 100g. Mustafa et al., (2013), in the cheese from different
regions in Sudan detected concentration of manganese from 0,3 to 0,13 mg / 100g, zinc- 5,39
to 7,9 mg / 100g and iron from 0, 34 to 0,77 mg / 100g.

The objective of the present investigation was to study the trace element composition
of white brine cheese made from ewe's milk from Karakachan breed, Rhodope Tsigay and
Middle Rhodope breed sheep on the pasture grass during the May-July period in the region of
Smolyan (Middle Rhodopes).

MATERIAL AND METHODS

The investigated 18 samples white brined cheese (3 x 6 samples) produced from buik
samples of ewe’s milk from (18 samples, 3 x 6 samples) by BDS 15-2010- Bulgarian white
brine cheese from the Karakachan breed, Rhodope Tsigay and Middle Rhodope breed sheep
on the pasture grass during the May-July period in the region of Smolyan (Middle Rhodopes)
by BCS 15-2010- Bulgarian white cheese.

The mineral composition of the white brined cheese from the Bulgarian Rhodopean
cattle breed was determined by dry ashing of the sample and its mineralization in a muffle
furnace at 450°C for 72 hours. Ash residue was dissolved with 6n HCI and diluted with
double distilled water to a certain volume. The analysis of the trace elements is made of
atomic emission photometer- AES-ICP "Varian- Liberty II", as follows Cu- 324,75 nm, Zn-
213,85 nm, Fe- 259,94 nm u Mn- 257,61 nm.

The data obtained were processed statistically with software Statistic for Windows
2010.

RESULTS AND DISCUSSION

The copper is an essential element important for the absorption of iron and is a
cofactor of the enzyme in glucose metabolism and the synthesis of haemoglobin, connective
tissue and phospholipids. Copper deficiency in humans occurs only in long-term hunger. The
copper content in the analysed ewe’s milk on the lactation period varied within wide limits,
which is due to the geological structure of the area and transfer it through a grassy
associations consumed by test animals three breeds. Average for the May-July period of
copper found in Karakachan breed of sheep is 0,314 mg / |, in the Rhodope Tsigay reported
the lowest content of copper-0,154 mg / | and Middle Rhodope breed sheep accumulation is
0,230 mg / I. The copper content in the examined white brined cheese during the survey
period is similar between Karakachan Rhodope sheep breed, respectively 0.407 and 0,404 mg
/ kg, while in the Rhodope Tsigay founded a highest concentration-0,637 mg / kg.
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Figure 1. Essential trace elements in ewe's milk of three
breeds of sheep
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The zinc is an essential trace element for growth, sexual development, wound healing,
and the normal functioning of the immune system and other physiological processes. Zinc is a
component of the hormone insulin. It is a cofactor for many enzymes that are involved in
most metabolic processes. Dairy products such as milk, cheese and yogurt are very important
in human nutrition, but not a sufficient source of zinc. Milk from the target species is
characterized by low zinc content in Karakachan breed sheep- 4,764 mg / | and high in the
Rhodope Tsigay- 6,248 mg / |. In white brined cheese the content of zinc is similarly low at
Karakachan breed-13,233 mg / kg, but the highest concentration is in the Middle Rhodope
breed- average 19,667 mg / kg.

Figure 2. Essential trace elements in white brined cheese
from ewe's milk of three breeds of sheep
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Iron is an essential trace element and is involved as a catalyst in certain metabolic
reactions. As a component of haemoglobin, cytochromes, and other proteins, iron plays an
important role in the transport, storage and utilization of oxygen. It is also a cofactor for many
enzymes. Milk and milk products are a poor source of iron. The iron content in the white
brined cheese during the lactation has variables. Ewe's milk analysed during the period May-
July three breeds with the highest concentration of iron in the Rhodope Tsigay -1,401 mg / |
and the lowest average in the Middle Rhodope breed sheep-0,699 mg / |. The iron content in
the white brined cheese in reared breeds are maintained as in the milk from which it is
produced and does not suffer changes caused by the technological process. The amount is the
highest in Karakachan breed - 3,405 mg / kg and the lowest average in the Middle Rhodope
breed - 2,953 mg / kg.

Manganese is an essential trace element that is involved in the metabolism of
carbohydrates, lipids and proteins. Manganese is a specific cofactor for enzymes involved in
the synthesis of mucopolysaccharides and non-specific cofactor for many enzymes. It is in

58



significant amounts in all foods. Its deficiency has not been registered as a cause of
disturbance or disease. From 3 to 5% of the total dietary intake of manganese absorbed
successfully, the remainder is eliminated from the body through feces.

The concentration of manganese in the analyzed ewe’s milk average for the period is
0,173 mg / | at Karakachan breed, 0,142 mg / | in the Rhodope Tsigay and 0,119 mg / | on
Middle Rhodope breed sheep. In the production of white brined cheese, the amount of
manganese is the highest average in the Middle Rhodope breed sheep - 1,053 mg / kg and the
lowest at Karakachan breed- 0,926 mg / kg, which is probably conditioned by technological
processing.

Figure 3. Ultra trace elements in ewe's milk of three
breeds of sheep
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Micronutrient chromium involved in regulating blood sugar levels, assists in the
formation of insulin from the pancreas, the transport of certain proteins in the body, growth
can overcome hypertension, prevents the development of diabetes mellitus. Shortage of
chromium in the body need twice as much energy to maintain blood glucose levels within the
normal range for humans. The physiological needs of the body of chromium are not strictly
fixed. According to the requirements of the WHO, the recommended intake for adults ranges
from 50-200 pg / day. With advancing age, the amount of chromium in the body decreases.
The chromium content in the analysed milk from sheep of Karakachnska breed, Rhodope
Tsigay and Middle Rhodope breed of sheep in the range from 0,121 to 0,153 mg / I. In the
production of white brined cheese from milk obtained established that chromium is the lowest
concentration in the Rhodope Tsigay- 0,690 mg / kg and highest in Karakachan breed- 0,776
mg / kg, therefore we have lost in the technological processing of the final product .

Figure 4. Ultra trace elements in white brined cheese
from ewe's milk of three breeds sheep
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Strontium in the human body is contained in an amount between 0,01 and 0,01 mg /
kg body weight. Increased content strontium was observed in some areas (soil, water, plants)
in which the observed softening of the bones of the skeleton of the animal, so-called.
"Strontium rickets" not amenable to treatment with vitamin D, phosphorus and calcium
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(Stoyanov, 1999). Shortage of silicon in the body, calcium is poorly absorbed and strontium
begins to replace him in bone tissue. Strontium are retained in the body for a long time. After
carrying out his destructive work in human bones is returned to nature, leaving the body.
Wegener (1963), establishes the strontium content in sheep milk to 4% per liter. Total
strontium content in the analyzed ewe's milk of three breeds for the period is as follows
Karakachan breed- 1,002 mg / I, Rhodope Tsigay- 0,642 mg / | and Middle Rodope breed-
0,660 mg / I. Produced white brined cheese, after technological processing retain the amount
of strontium from milk. The cheese of Karakachan breed sheep was containing- 4,712 mg / kg
strontium from Rhodope Tsigay -4,680 mg / kg strontium and Middle Rhodope breed - 4,860
mg / kg strontium.

CONCLUSIONS

Processing to manufacture the white brined cheese from ewe’s milk of three different
breeds sheep led to the preservation of content amounts of copper, iron, chromium and
strontium and losses of zinc and manganese.
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Grapefruit is a subtropical citrus tree originating as an accidental cross between two
species - sweet orange and pomelo. Similar to other citrus fruits it is known with its good
nutritional properties - a rich source of vitamin C, antioxidants, lowering cholesterol etc.

But in some cases using it can be dangerous. Grapefruit's adverse effects are mainly due
to drug interractions and photosensibilization.

Grapefruit contains a number of polyhenolic compounds, including flavanone naringin,
bergamottin and dihydroxybergamottin. They inhibit the drug metabolizing enzyme CYP450
thus increasing the biovailability of at least 85 drugs. Some of this interractions can be rather
dangerous for the patient. We will discuss its interraction with statins. They are among the
best selling drugs and have very high risk for interraction with grapefruit. A daily glass of
grapefruit juice increases blood levels of Simvastatin and Lovastatin by about 260%. That
increases risk of side effects of statins, one of which is rhabdomyolyses. It can lead to kidney
failure, liver injury, imbalance of electrolytes resulting in heart arrhythmias etc.

Citrus fruits contain psoralens and flurocoumarins which are photoactive compounds and
make skin more sensitive to the sun. There are higher levels of psoralens in grapefruit than in
other citrus fruits. Researchers discovered that melanoma risk is 36% higher in people who
consume grapefruit and/or other citrus fruits every day compared to those who consumed
them less than twice per week. But citrus fruit can't lead to melanoma without excessive sun
exposure.

In conclusion - citrus fruit especially grapefruit should be utilised carefully from people
who administer medicines which can interract with it and from those who have risk factors for
developing melanoma.
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Haunabr Ha JKMBOT M HAYMHBT HA XpaHEHE OOYCIaBAT YOBEIIKOTO 31paBe.Kato
3JIpaBOCIIOBHO C€ MapKUpa TOBAa XpaHEHE, KOETO OTroBaps Ha META0OJIMTHUTE MOTPEOHOCTH
Ha opranusma.To TpsOBa ga Obae OanmaHcHpaHO, pa3HOOOPA3HO M JIa BKIOYBA MHHHMYM 3
I'BTH TIPUEM XpaHa 3a JICHOHOIMe. XpaHuTe Ouxa MOrIH J1a ce nudepeHIpaT B CICIHUTE
KaTeropuu B 3aBUCHUMOCT OT OMOJIOTUYHATA CU aKTHBHOCT:

-Kareropust A- xpaHu, Hali- 60TaTH Ha €CCHIIMATHN HYTPUEHTH U MUKPOHYTPHCHTH;
-Kareropust b-BucokoeHepruiiHu XpaHu, IOCTaBAIIH SCCHIIMATHNA HYTPUCHTH,

-Kareropust B- mouTtn HechabpKald €CCHIMATHA HYTPUEHTH XpaHU, HO JTOCTABSIIHA MHOTO
KaJIOPHH.

OnTUMalTHOTO pasnpeesicHUe 3a XpaHaTa mpe3 JeHs TpsAOBa ga Oble Ha 4 mprueMa: 3aKycKa-
20%, 00s1-40%, BTOpa 3akycka-10% u Beueps-30%.

CrienivayHu AWETH Ce M3HUCKBAT MPH ONpezeiieHu 3aboisiBanus. Jluera ce mpernopbuBa U Mpu
MOJIMKUCTO3HUSI OBapualieH CUHApPOM. ToW ce MpuuYuHsIBAa OT XOPMOHAJIEH aucOanaHc B
KEHCKOTO TSUI0, KaTO pPe3yaTaT OT HEMpaBUIHO (DYHKIMOHMpPAHE Ha SIMYHUIIMTE, ITAHKpeaca,
HaI0BOpEUHHTE XKJIIE3H, XUMo(puU3aTa, IUTOBUIHATA XKJIE3a U XUIIOTAIaMyca.

B MOBEYETO ciydau ce CBBpP3Ba C XHIIepaHIPOTeHU3bM, HHCYJIMHOBA
PE3UCTEHTHOCT U 3aTNIbCTsIBaHe. [IpU WHCYJIMHOBA PE3UCTEHTHOCT ThKAHHWTE Ha TSUIOTO Ca
HEMOJIATIMBY KbM e(eKTa Ha WHCYJIMHA, B OTTOBOP Ha KOETO TSUIOTO MPOW3BEXKIA IMOBEYE
WHCYJIMH. BHCOKMTE HUBa Ha MHCYJIMH BOJSAT JIO yBEJIMYaBaHE Ha IMPOU3BOACTBOTO Ha
MBXKHS TIOJIOB XOPMOH — TECTOCTEPOH, KOETO IMPEYr Ha PAa3BUTHUETO Ha (POJIUKYIHTE U
HOpMaJTHaTa OoBynanus. M Thil KaTo MHCYJUHBT € HEOOXOUM 3a YCBOSIBAHETO HArJIFOKO3aTa
OT XpaHara, MPU HHCYJWHOBAa PE3MCTEHTHOCT TIIOKO3aTa Ce HaTpymBa mox ¢opmara Ha
Ma3HUHH.

HsMa KOHKpeTHO Nle4eHHe Ha MOJMKHCTO3HUTE SIMUHUIM, HO CUMIITOMHTE MoraT Jaa Obaatr
MOBITMSIBAHN MEAMKAMEHTO3HO, XUPYPTUYHO U C TPOMSIHA B HAUWHA HA )KUBOT.

Jluerara TpsiOBa Na ChABpPKA XpaHU, KOUTO MPEAU3BUKBAT OTIECNISHETO HAa HHCYIUH U
TIIIOKaroH, KOWTO Y4YacTBaT B IOAIBPKAHETO HAa HOpPMajlHa KpbBHATa 3axap.XpaHara Ja
BKJIIOYBA 3][PaBOCIOBHA KOMOWHAIMS OT 3€JIE€HYYIH, IUIOJIOBE, ITbJIHO3BPHECTH XpaHH,
MIPOTEHHH HAa PACTUTETHA OCHOBA /ITBIHO3BPHECTH, 0000BH/ M 3IPaBOCIIOBHA Ma3HUHU.
IIpenopbuBa ce na ca 3acThIIEHN NPEAMMHO BbIUIeXuapaTH ¢ HUCHK u cpeaeH ['M. Karto
XpaHUTeNHA 100aBKa KbM OajaHcHpaHaTa JAMETa ce BKIKOYBA: HHO3UTOJ, (oJIMeBa KUCENNHa,
BUTaMUH A ¥ BuUTaMuH E.

W3non3Bana nureparypa: YueOHUK MO ,, XUTHeHa, XpaHeHe U npodecnoHanHu 6oiectu” , mof
penakuusTa Ha pod.1-p boxxunap ITonos
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BO13. POLYTETRAFLUOROETHYLENE (TEFLON) AND ITS IMPACT ON
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Liliya Lazova', Kiril Lazov?, Vasil Boyanov*
! Medical University of Sofia; 2 Institute of Biology and Immunology of Reproduction
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E-mail: lili_9204@hotmail.com

Polytetrafluoroethylene (PTFE, teflon) is widespread plastics in industry and households. It is
used as non-stick coating for pans.

When heated above 250 °C, toxic products like carbonyl fluoride and hydrofluoric acid
formed. This products cause flu-like symptoms in humans known as polymer fume fever.
They can be lethal to birds as they have much more sensitive to toxins respiratory tract.

Using scratched utensils hides additional risks. Toxic products start to form at lower
temperature and in greater amount. Moreover Teflon often lies above aluminium which is
dangerous when in contact with food.

Perfluorooctanoic acid (PFOA) is used as a surfactant in the emulsion polymerization of
PTFE. It has cancerogenous properties.

Thermolysis of teflon can produce trifluoroacetate, chlorodifluoroacetate, polyfluoro- and
polychlorofluorocarboxilic acids. Some of these products have recently been linked with
destroying ozone and acting as greenhouse gases.

References:

Ebnesajjad S. - Fluoroplastics, Vol. 1, 2014

Peterson M. E., Talcott P. A. — Small Animal Toxicology, 2013
http://www.nature.com/nature/journal/v412/n6844/abs/412321a0.html
http://www.peteducation.com/article.cfm?c=15+1829&aid=2874
https://en.wikipedia.org/wiki/Polytetrafluoroethylene
https://en.wikipedia.org/wiki/Perfluorooctanoic_acid
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Gallium, an abiogenic metal, has been employed (in the form of soluble salts) to fight
various forms of cancer, infectious and inflammatory diseases [1-3]. The rationale behind this
lies in the ability of gallium cation, Ga**, to mimic closely in appearance the native ferric ion,
Fe**, thus interfering with the biological processes requiring Fe**. However, Ga®*" cannot
participate in redox reactions and, when substitutes for the “native” Fe®" in the enzyme active
site, renders it inactive. Although a significant body of information on the Ga®>* — Fe®*
competition in biological systems have been accumulated, the intimate mechanism of the
process is still not well understood and several outstanding questions remain: (1) What are the
basic physical principles governing the competition between the two trivalent cations in
proteins? (2) What is the effect of different factors such as the pH of the medium and the
composition, overall charge and solvent exposure of the binding site on its metal selectivity?
(3) What type of metal centers are the most likely targets for Ga>* therapy? (4) To what extent
are the Fe*"-binding sites in the key enzyme ribonucleotide reductase vulnerable to Ga®*
substitution?

Here, we endeavor to address these questions by studying the competition between
Ga** and Fe*" in model metal binding sites of various compositions and charge states. As the
interactions between the metal ion and protein ligands play a key role in the Ga*/Fe**
competition, they were treated explicitly using density functional theory (DFT). The region
inside the metal binding site was represented by an effective dielectric constant, €, varying
from 4 to ~30, mimicking binding sites of increasing solvent exposure. The results obtained
are in line with available experimental data and shed light on the intimate mechanism of the
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Ga**/Fe** selectivity in few biological systems such as serum transferrin and ribonucleotide
reductase (a putative target for anticancer therapy).
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Monensin is a natural antibiotic produced by Streptomyces cinnamonensis. It is widely
applied in stock farming and veterinary medicine due to its pronounced coccidiostatic and
antibacterial properties. The main form of the ionophore is Monensin A (Fig. 1) (Monensic
acid, MonH), accompanied by two minor factors, Monensin B and
Monensin C, also produced by the Streptomyces bacteria. From a
chemical point of view, Monensin A is a polyether derivative of a
monocarboxylic acid. Its monohydrated form (MonHxH,0) exists in a
pseudo-cyclic conformation (Fig. 2) secured by head-to-tail H-bonding
between the carboxylic moiety and an alcoholic hydroxyl group.
Oxygen atoms pointing inside the cavity ensure its hydrophilic

character, while the alkyl-rich polyether
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depending on the nature of the metal(ll) ion and reaction conditions. Generally, the metal
complexes of Monensin enhances significantly biological activity of non-coordinated
ionophore as the antibacterial and the anticancer studies revealed. Recent studies show that
the anticancer activity of polyether ionophores may be a consequence of the induction of
apoptosis leading to apoptotic cell death, arresting cell cycle progression, induction of the cell
oxidative stress, loss of mitochondrial membrane potential, reversion of multidrug resistance,
synergistic anticancer effect with other anticancer drugs, etc. Broad investigation of the
mechanisms of action and development of new polyether ionophores derivatives may provide
more effective therapeutic drugs for cancer treatment.

In the present research we focused our interest towards evaluation of coordination
ability of MonH in the presence of trivalent rare-earth ions (Ln(lll)). Lanthanides are not
specified as biometals, but due to their specific spectral properties (partial occupation of the
4f-electron layer) they are intensively used in X-ray, fluorescent, MRI and NMR studies of
biological systems.

In the course of the experimental work we optimized reaction conditions for the
synthesis and isolation of 10 new complex species of Monensic acid as a ligand. The newly
synthesized complexes have been characterized in the solid state using various spectroscopic
methods, their behavior in solution was studied by circular dichroism. We performed an initial
assay of their antibacterial activity against Gram-positive aerobic bacteria (B. Subtilis, B.
Mycoides, S. Lutea) using the "agar diffusion method.” The data revealed that the rare-earth
complexes of Monensin potent the antibacterial activity of the ligand.

COS5. LEAD, CADMIUM AND NICKEL IN HOMEMADE WINE FROM
STARA ZAGORA REGION

P. Gidikova, G. Sandeva, R. Deliradeva

Medical Faculty, Trakia University, 11 Armeyska Str, 6000 Stara Zagora, Bulgaria
E-mail: pgidikova@yahoo.com

Abstract

This paper examines the levels of lead, cadmium and nickel in 14 samples of homemade
grape wine from two villages located near Stara Zagora and the military testing ground
Zmeyovo. Ten control samples were collected from the most remote village of the region,
situated in Sredna Gora mountain. The wines were from vintages 2005-2014. Direct
measurements of the metals were carried out by flame atomic absorption spectroscopy. The
mean lead concentrations in the two groups were identical — 0.19 mg/L. Four samples from
the study group and three from the control slightly exceeded the permissible limit of 0.2 mg/L
[4]. Four of the registered excessive samples came from vintage 2014. It should be noted that
the norm of lead in wine from vintages 2016 onwards will be reduced to 0.15 mg/L. All tested
samples, including controls, contained lead above this value. The mean cadmium
concentration in the test group (0.028 mg/L) was significantly higher than the one in the
control group (0.020 mg/L). The mean group concentrations for nickel were not significantly
different, although its level was higher in the test group — 0.22 mg/L, compared to the control
—0.19 mg/L. None of the measured nickel concentrations exceeded the limit of 0.3 mg/L [2].
The results for lead and cadmium from our study were comparable with levels in wines from
the FYR Macedonia [5], and were a lot higher than Argentine and Hungarian wines [3,6]. A
Bulgarian study of wines from the region of KCM Plovdiv [1] found that after washing the
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grapes concentrations of heavy metals in wine reduced by two to three times. The authors
recommend popularizing among manufacturers of homemade wine the practice of grape
washing.

Acknowledgements: This study was made possible thanks to a grant by the Bulgarian
Ministry of Education and Science through Project 13/2015, Medical Faculty, Trakia
University.
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The application of gold in medicine is traceable for several thousand years, since the dawn of
civilization. Even in the 19" century gold was considered to be a "cure-all' for diseases. The
rational use of gold in medicine began in the early 20™ century with the discovery of Robert
Koch that gold cyanide can kill the bacteria that cause tuberculosis (Micobacterium
tuberculosis) in cultures. In the 20" century following the observations of Jacques Forestier,
gold compounds were successfully introduced in the treatment of rheumatoid arthritis.
Recently research into gold-based drugs for a range of human diseases has seen a renaissance.
Old as well as new Au(l) and Au(lll) compounds have been investigated as potential anti-
cancer, anti-parasitic and anti-HIV agents. Gold has been also used in reconstructive medicine
and dentistry.
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History

The application of gold in medicine, to treat a number of pathological problems, is traceable
for several thousand years. It dates back to ancient Arabic and Chinese physicians. Even in
the 19" century gold was considered to be a "cure-all' for diseases [21].

The rational use of gold in medicine began in the early 20" Century when Robert Koch
discovered that gold cyanide K[Au(CN),] could kill the bacteria that cause tuberculosis
(Mycobacterium tuberculosis) in cultures, thus offering a scientific basis for the
pharmacological applications of gold compounds. Treatment of pulmonary tuberculosis with
gold compounds was popularized, particularly by Danish physicians, in the mid-1920s [2].
K[Au(CN)] was changed by the less toxic Au(l) thiolate complexes.

Gold in the treatment of rheumatoid arthritis

In the early 1930's, the French Jacques Forestier was the first to use these thiolate complexes
to treat rheumatoid arthritis (RA), a condition which he believed to be related to tuberculosis.
Chrysotherapy - the treatment of RA patients with monovalent gold drugs possessing anti-
inflammatory and other properties - has been used with some success for more than 70 years.
However, the metabolites generated from gold drugs have not been identified positively and
the mechanisms of action are not known with certainty [13; 25].

The role of gold in different phases of an immune reaction has been studied. The results
obtained reveal that this metal gold plays an important role already in the initiation, namely
the uptake and presentation of foreign antigens. Thus, gold is taken up by the macrophages
and stored in the lysosomes (called aureosomes) where this metal inhibits antigen processing.
The ability of Auranofin (the only approved oral gold complex of value in suppressing
rheumatoid arthritis) to inhibit MHC-restricted antigen presentation in professional antigen-
presenting cells has been reported [7; 19]. Especially peptide antigens, which contain sulfur
such as cysteine and methionine, are important. There are data suggesting that chronic
inflammatory diseases such as RA are caused by prolonged production of proinflammatory
cytokines including tumor necrosis factor (TNF) and interleukin 1 (IL-1). The nuclear factor
kappaB (NF-kappaB) plays an essential role in transcriptional activation of TNF and IL-1.
NF-kappaB is induced by many stimuli including TNF and IL-1, forming a positive
regulatory cycle that may amplify and maintain RA disease process. Therefore, NF-kappaB
and enzymes involved in its activation can be considered to be possible targets for anti-
inflammatory treatment [20].

It has been found that gold suppresses nuclear factor kappaB (NF-kappaB) binding activity as
well as the activation of the I-kappa B-kinase. This mechanism results in a subsequently
reduced production of pro-inflammatory cytokines, most notably tumor necrosis factor
(TNF)-alpha, interleukin-1 (1I-1) and interleukin-6 (1I-6). On the subsequent T-cell level, gold
has been shown to induce an upregulation of IL-4 mRNA, a potent antiinflammatory
cytokine, resulting in a shift of the T-cell population to the Th2 profile. The activation of T-
lymphocytes is also inhibited. On the effector level, gold inhibits proteolytic enzymes and can
result in the destruction of synovial fibroblasts, their proliferation is a hallmark of the invasive
pannus in the rheumatoid joint [3].

Gold compounds as antiviral and antiparasitic agents
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Highly active antiretroviral therapy (HAART) has resulted in decreased mortality and
morbidity from the acquired immune deficiency syndrome caused by the human
immunodeficiency virus (HIV). Drug resistance and toxicity of HAART has led to the search
for novel inhibitors of HIV infection. Gold-based inhibitors of HIV reverse transcriptase
(RT), protease (PR) and viral entry of host cells have been reported [15; 17; 16]

Entamoeba histolytica is the causative agent of amoebiasis in humans and is responsible for
an estimated 100,000 deaths annually, making it the second leading cause of death due to a
protozoan parasite after Plasmodium [29]. The WHO considers amebiasis as one of the major
health problems in developing countries; it is surpassed by only malaria and schistosomiasis
for death caused by parasitic infection [28]. Treatment relies on metronidazole, which has
adverse effects, and potential resistance of E. histolytica to the drug is an increasing concern
[1]. It has recently been reported that auranofin is active against E. histolytica in culture.
Auranofin was ten times more potent against E. histolytica than metronidazole. It has been
suggested that auranofin targets the E. histolytica thioredoxin reductase, preventing the
reduction of thioredoxin and enhancing sensitivity of trophozoites to reactive oxygen-
mediated killing. In a mouse model of amebic colitis and a hamster model of amebic liver
abscess, oral auranofin markedly decreased the number of parasites, the detrimental host
inflammatory response and hepatic damage [8]. Some gold-containing compounds have been
found to exhibit potent antileishmanial activity [6].

Gold as an implant in medicine and dentistry

Gold implants are used in various medical procedures, including reconstructive surgery of the
middle ear, upper lid closure in facial nerve paresis-induced lagophthalmos, drug delivery
microchips, use on the surface of voice prostheses, and endovascular stents. In order to
achieve better therapeutic benefits, clinical reports have documented that the surface of gold
implants have been modified or encased in biocompatible alloplastic materials, or they have
been replaced by cheaper and more biocompatible materials. Gold is also applied to a long list
of dental prostheses, including inlays, onlays, crowns, bridges, periodontal splints, and post
and cores. It has sufficient strength and corrosion resistance, and it is relatively
biocompatible. In addition, gold dental prostheses have a long life cycle. Gold was first used
in dentistry over 2500 years ago, and its dental applications have increased steadily, especially
during the past 100 years [11]. Esthetic concerns and cost make it a less desirable prosthesis
today than in the past [9].

Gold compounds as anticancer agents

Studies of the anti-tumour activity of gold compounds were stimulated by at least two
observations: i) Patients treated with gold for rheumatoid arthritis (Chrisotherapy) had lower
rates of malignancy than other patients [18]; ii) The efficacy of cisplatin against cancer
stimulated great interest because gold in the +111 oxidation state is isoelectronic with platinum
(1) and forms similar square-planar complexes [24;10 ; 22; 26].

Gold(l) and gold(111) complexes do interact with DNA via various chemical mechanisms to
produce different conformational changes [25].

The precise mechanisms through which cytotoxic gold compounds produce their biological
effects are still largely unknown. In a recent review the possible modes of action and the most
probable biomolecular targets for some of the most extensively studied gold compounds were
discussed: auranofin and analogues, gold(Ill) porphyrins and gold(Ill) dithiocarbamates. For
these three families markedly distinct molecular mechanisms were invoked: a direct
mitochondrial mechanism involving thioredoxin reductase inhibition in the case of the gold(l)
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complexes, the influence on some apoptotic proteins—i.e. MAPKs and Bcl-2—for gold(l1I)
porphyrins, and the proteasome inhibition for gold(lll) dithiocarbamates. In a few cases the
distinct mechanisms may overlap [4].

Nowadays, gold compounds constitute a family of very promising experimental agents for
cancer treatment. Indeed, several gold(l) and gold(Il1l) compounds were shown to manifest
outstanding antiproliferative properties in vitro against selected human tumor cell lines and
some of them performed remarkably well even in tumor models in vivo. Something more,
some gold compounds (i.e. gold(lI1)-dithiocarbamato derivates) showing outstanding in vitro
and in vivo antitumor properties have been found to express reduced, or even no, systemic
and renal toxicity, compared to the reference clinically-established anticancer drug cisplatin
[31] and have been suggested to be suitable candidates for clinical trials [23].

Side effects

Gold has been shown to have generally mild side effects (mostly kidney dysfunction and
pulmonary that are not significant) and thus the treatment can be conducted for long periods
in many cases [5; 31]. Contact allergy to gold (gold jewelry, dental restorations, implants) has
been established [14; 12; 27].

In conclusion, gold remains one of the most fascinating antirheumatic agents and has been
also found to express impressive anti-cancer, anti-HIV and anti-parasitic potencies. The future
research in this field will lead to new fundamental knowledge of gold action, possible
allowing development of new gold-based drugs for the treatment of various pathological
conditions.

Acknowledgement: This study was supported by Grant Ne DFNI b 02 30 from 12.12.2014,
Fund “Scientific Research”, from 12.12.2014, Bulgarian Ministry of Education and Science
and a bilateral project between Bulgarian Academy of Sciences and Romanian Academy.
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The phenolic acids chlorogenic (CA), ferulic (FA) and gallic (GA) and the flavonoid
quercetin (Q) are polyphenols abundant in natural food sources. Polyphenols exhibit strong
antioxidant properties. There are data that they cross the blood-brain barrier and accumulate
in the brain. These substances have been tested in different models of impaired memory. The
aim of the present study was to investigate their effects on learning and memory processes in
young/healthy rats.

Male Wistar rats were treated in the course of 7, 14, 21 and 30 days. There were 5 groups for
each treatment period. Control groups were treated with saline. The other 4 groups received
CA, FA, GA or Q at an equal dose of 20 mg/kg. At the end of each period, learning and
memory processes were evaluated using the one-way passive avoidance task (step-through).
Step-through latency was recorded in two retention tests on the 3" and 24™ h after an
acquisition trial. Administered for 7 days, the experimental substances had no significant
effects on rat behavior. Applied for 14 and 21 days, GA and Q significantly prolonged the
latency time in both retention tests. After 30 days of treatment all tested polyphenols
significantly improved the recorded indices of memory. The onset of the effect after 14/30
days of treatment may be explained by the accumulation of polyphenols in the brain following
a long-term consumption. Our results suggest that CA, FA, GA and Q applied subchronically
improve memory and cognition of young/healthy rats.
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Abstract:

This study aims to explore the role of AT1 and AT2 receptor subtypes for the development of
Angiotensin Il (Ang Il) — induced visceral smooth muscle contractile activity. For in vitro
experiments mature female Wistar rats were used. Longitudinal strips from stomach, uterus,
urinary bladder and rectum were prepared and treated by Ang Il in a dose of 10° M. The
significance of Ang Il receptors was investigated by application of selective inhibitors: AT1
antagonist Losartan or ATZ2 receptor blocker PD 123319. After AT1 or AT2 receptor
blockade, the change in the response to Ang Il of stomach and urinary bladder preparations
was similar: AT2 receptor blockade led to development of significantly powerful
contractions, while AT1 blockade suppressed them considerably. The administration of
selective blockers significantly reduced the amplitude of Ang Il-provoked uterine and rectal
contractions in a similar pattern.

The study demonstrates that in Ang Il - mediated contractile process of rat stomach and
urinary bladder AT2 receptors antagonize the actions of AT1 receptors, while in the uterus
and rectum both receptor subtypes act synergistically. The locally produced angiotensin
derivatives probably also participate in Ang Il — induced smooth muscle activity by
interaction with AT2 or another receptor type, different from AT1.

Introduction:

Renin-angiotensin system (RAS) is a hormonal system, involved in blood pressure
regulation and electrolyte balance in the body. The system consists of different in length and
action peptides, named angiotensines, with octapeptide Angiotensin 1l (Ang Il) being the
main effector in it. The information about the physiological role of RAS was extended with
the establishment of multiple effects of Ang Il outside the cardiovascular system and kidneys.
The discovery of the local expression of RAS components in a number of organs and tissues
showed the presence of alternative pathways for Ang Il formation [14]. This significantly
changed the existing concept and nowadays RAS is regarded as multicomponent system,
operating through different signal pathways, and having a great importance for the regulation
of the physiological processes as well as the onset and progression of many diseases.

The classical antihypertensive therapy involves the application of different groups of
drugs. Most of them are targeted on RAS and aim blocking of Ang Il formation and its
effects. However, this is only “the one side of the coin," because the significance of Ang Il for
the organs which are outside the cardiovascular system is still under investigation. It is known
that Ang Il induces contractile responses of visceral smooth muscle, mediated primarily by
AT1 receptor [6,7]. However, the importance of AT2 receptors for smooth muscle contraction
still remains a mystery [8]. The classical assumption, that activation of the AT2 receptor
counteracts AT1-mediated responses is not enough to explain the role of AT2 receptors in the
development of smooth muscle contraction. There is an accumulating data in the literature,
revealing the significance of the two subtypes Ang Il receptors in various processes. This is
evidence that AT1 and AT2 could share common signaling pathways and presents the
underexplored AT2 in a new light as an independent receptor with an important signaling [2].

This raises a number of questions about the change in contractile activity of visceral
smooth muscle tissues as a result of antihypertensive treatment and influencing the formation
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or the effects of Ang Il. In many cases, the progression of an untreated cardio-vascular disease
or the treatment of hypertension with conventional antihypertensive agents could lead to side
effects, concerning the normal function of many smooth muscle organs. Therefore, the
investigation of the effects and mechanisms of action of Ang Il on visceral smooth muscle
would help to elucidate the physiological role of this peptide for normal smooth muscle
activity as well as for the pathogenesis and treatment of micturition disturbances, uterine and
digestive disorders.
Materials and methods:

Female mature Wistar rats, weighting 250-300 g were used. The animals were anesthetized
with Nembutal 50 mg/kg/ i.p. and exsanguinated. Abdominal cavity was opened and the
stomach, uterus, urinary bladder and rectum were dissected out. The isolated organs were
transferred immediately in cold Krebs solution (3°C). The experiment was carried out in
accordance with the National regulations and European Directive of 22.09.2010 (210/63/EU)
concerning the protection of animals used for scientific and experimental purposes.
The composition of Krebs solution, the preparation of the tissue samples and the isolated
tissues setting were as it was previously described [9,10] The investigated preparations were
divided into 3 groups: the first one was influenced only by Ang II (1uM); the second one — by
the selective blocker for AT2 receptors - PD 123319 (100 nM) and 15 min after that - by Ang
I (1uM) and the third one — by the selective blocker for AT1 receptors - Losartan (100 nM)
and 20 min after that — by Ang II (1 uM). Mechanical activity was digitized and recorded by
ISOSYS-Advanced 1.0 software (Experimetria Ltd., Hungary). The conversion of the data for
later analysis was performed by KORELIA software [20,21]. All the chemicals and drugs
(Ang I, PD 123319, Losartan and the reagents for the preparation of Krebs solution) were
purchased from Sigma-Aldrich Chemie GmbH, Germany.

Figure 1. Smooth muscle
o — T —T—— ————— contraction (SMC) - graph and
® T T T U R D | time — parameters: Fpax

" Fmax/2

maximal force of the SMC;
Fmax/2 — half of the maximal
force of SMC

The — half - contraction time:
time interval between the
beginning of the SMC and
Fmax/2

T. — contraction time: time
interval between the beginning
of the SMC and Fpax

Thr — half-relaxation time: time
interval between Fnax and
Frax/2

Tenr — contraction plus half-

=tme (s) relaxation time: time between

the beginning of the SMC and
Frax/2

Analysis. The duration of the interval for analysis of tonic contraction was defined from the
beginning of the contraction, until the amplitude fell to 50%. The recorded force - vs. time
curves permit determination of amplitude and the integrated force (represented by the area
under the curve - AUC). The different phases of the provoked contractions were clarified and
analyzed by application of time-parameter analysis, similarly to that made in the study of
Raikova & Alajov, 2004 [16]. Following time-parameters were introduced and examined: half
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- contraction time (Ty); contraction time (T.); half-relaxation time (Ty,); contraction plus half-
relaxation time (Ten) (Fig. 1). The calculation of time-parameters was made by KORELIA-
Dynamics program [19]. The program offers opportunities for interpolation and graphical
visualization of experimental data with a cubic spline. Data obtained were processed by the
statistical program Statistica 8.0, StaSoft, Inc. and presented as mean + standard error, P-
value < 0.05 was considered to be statistically significant.

Results

After AT1 or AT2 receptor blockade, the change in the response of stomach and urinary
bladder preparations to Ang Il was similar: AT2 receptor blockade led to the development of
significantly powerful contractions, while AT1 blockade suppressed them considerably (Fig.

2 and Fig. 3).
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Fig. 2. Contractile activity of stomach preparations induced by Ang Il alone (1); Ang Il
applied 15 min after PD 123319 (2); Ang Il applied 15 min after Losartan (3).

When AT1 blockade was performed, the response of stomach and urinary bladder
preparations to Ang Il was developed for a longer period of time, evidenced by all statistically
significantly extended time-parameters of the contraction. The time-parameters of the
contractions induced by Ang Il when AT2 receptors were inhibited, were not significantly
different from those of the responses induced by Ang Il only.
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Fig.3. Contractile activity of urinary bladder preparations induced by Ang Il alone (1);
Ang Il applied 15 min after PD 123319 (2); Ang Il applied 15 min after Losartan (3).

There was statistically significant difference between the amplitudes of rectal contractions
provoked only with Ang II (4.74 £+ 0.44 g) and the contractions of the other two groups of
preparations (Fig. ...): 2.86 + 0.33 g (PD 123319 + Ang II) and 2.79 £+ 0.25 g (Losartan + Ang
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I1). The observed changes in the power of rectal contractions were in the similar pattern. AT,
receptor blockade significantly prolonged all of the time - parameters of the contraction,
comparing to those, calculated when Ang Il was applied alone. The application of Losartan
caused a development of a very rapid and short rectal relaxation (Fig....).

.

1

o

Fig.4. Contractile activity of uterine horn preparations induced by Ang Il alone (1); Ang Il
applied 15 min after PD 123319 (2); Ang Il applied 15 min after Losartan (3).

The administration of selective blockers caused a similar decrease in the amplitude of
Ang2-induced uterine contractions to 4.13 + 0.7g (PD+Ang II) and 4.44 + 0.54 g (Los+Ang
I1) compared to the contractions induced with Ang Il alone (5.84 + 0.28 g). The application of
AT1 or AT2 blocker led to faster decay process as Thr and Tchr in both groups were very
similar.
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Fig.5. Contractile activity of rectal preparations induced by Ang Il alone (1); Ang Il
applied 15 min after PD 123319 (2); Ang Il applied 15 min after Losartan (3).

Discussion

Since Ang Il exhibits equal affinity for binding to both AT1 and AT2 receptors, the
reaction to the peptide of the given tissue is largely determined by the response of both types
of receptors (13). Therefore, when ATL1 receptors are blocked and AT2 are free to interact
with Ang Il, AT2-mediated effects become dominant [4,17].

The decreased power and prolonged phases of Ang Il-mediated contractions of urinary
bladder and stomach when AT1 were blocked, confirmed the leading role of these receptors
for the development of Ang Il-induced responses in these organs [1,12]. However, the
registered increase in the strength of Ang Il-provoked contraction when AT2 blocker was
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applied, suggests a possibility for an antagonistic participation of AT2 receptors or active
metabolites of Ang I, in the answer of the stomach and bladder to this peptide. It was found
that shorter angiotensin fragments, formed from enzyme destruction of Ang Il, may play role
as endogenous ligands for AT2 receptors. Ang 11, Ang IV and Ang (1-7) exhibit substantial
selectivity for AT2 in comparison with AT1 [3]. This data provides directions to consider the
possible involvement of AT2 receptors or locally formed angiotensines for the overall
contractile process in stomach and urinary bladder.

Interestingly, the analysis myometrial contractions reveals that AT1 and AT2 possibly
exhibit a synergistic effect and only the activation of both receptor subtypes could contribute
to a maximal uterine response to Ang Il. Similar results were obtained in the study of the
rectal contractions. A possible explanation for this synergistic interaction could be searched in
an activation of a common signaling pathway. Such a convergence of signal transduction
chains was described from some autors [11,15], which indicate that there is an involvement of
a common signaling pathway with participation of phospholipase A2, when activation of both
angiotensin receptors occurs. A presence of additional pathways that may be activated when
blockade of Ang-2 receptors was performed and lead to formation of active peptides could be
suggested as well. In the smooth muscle of the uterus and rectum, the presence of all
components of RAS, including the enzymes was demontrated [4,5,18]. Therefore, the
existence of alternative pathways for defragmentation of Ang Il in these organs is possible.
The resulting fragments reduce smooth muscle tone by interacting with a different from AT1
and AT?2 receptor [4].

In conclusion, the study demonstrates that in Ang Il - mediated contractile process of rat
stomach and urinary bladder AT2 receptors antagonize the actions of AT1 receptors, while in
the uterus and rectum both receptor subtypes act synergistically. The locally produced
angiotensin derivatives probably also participate in Ang Il — induced smooth muscle activity
by interaction with AT2 or another receptor type, different from AT1. The possible local
formation of active angiotensin fragments would alter significantly the development of the
normal Ang Il-induced contractile activity of the investigated organs.
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Abstract

Rosmarinus officinalis has been extensively used predominantly empirically since ancient
times for maintaining a human health. The unfractionated oil extract from this herb is known
as Rosemary oil (RO). It consists of many compounds with distinct biological activities which
are studied in vivo and in vitro and many effects as antimicrobial, anti-inflammatory,
antitumor and antioxidant are investigated. Effects of this oil on smooth muscle contractility
are studied in a previous paper but keeping in mind that essential oils are predominantly used
for manual massages the actions of RO on skeletal muscles are more important.

The aim of this study was to investigate the influence of Rosemary oil on striated muscles
contraction provoked by electrical field stimulation and to compare with this on smooth
muscles. We use abdominal transversal muscles strips isolated from guinea pigs. The twitch
and tetanic muscles force were provoked by means of repeated multipulse electrical field
stimulation (EFS), square-wave pulses of supramaximal intensity for 3s followed by a 7s
pause. The concentration effect curve of the action of Rosemary oil (1,5.uM +1,5.mM) on this
type electrical field stimulated - muscle activity was plotted on a graph. During our
observation, we investigated the effect of Rosemary oil on contractile properties of abdominal
muscles and calculated half maximal effective concentration (EC50). Our study revealed the
myorelaxant activity of the essential oil on both type of muscle tissue after application of
concentrations higher than 0,15 mM.

Key Words: Rosemary Oil, Electrical field stimulation, Striated and smooth muscle
contractility

Introduction

The interest of the scientist to the herbal remedies has grown considerably, because of their
harmless effect especially as therapeutic agents to reduce inflammation and pain. Rosemary
oil is one of the most popular essential oils and has become popular over the years as its
various medical application. According to the European Medicines Agency (EMA) from
2010, rosemary is a traditional herbal medical product [5]. Rosemary essential oil can be used
for treating as an adjuvant in the relief of minor muscular and articular pain and in minor
peripheral circulatory disorders [4]. Rosemary oil contains virtually only substances from the
group of the terpenes: a-Pinen 12,1% (9,0%—-14%), Campher 5,0% (2,5%-6,0%), b-Pinen 5%
(4,0%-9,0%), b-Myrcen 1,5% (1,0%-2,%), Limonen 3,9% (1,5%-4,0%), Cineol 44,7%
(38,0%- 55,0%), r-Cymen 1,4% (0,8%-2,5%), Campher 10,1% (5,0%-15,0%), Bornylacetat
1,0% (0,1%-1,5%), a-Terpineol 2,2% (1,0%-2,6%), Borneol 3,8% (1,5%-5,0%). The areas of
application for rosemary oils are considered to be for dyspeptic complaints (46 g drug, to be
taken internally), as an adjuvant for rheumatic diseases (external use, bath supplement, spirit,
ointment), for circulatory complaints (external use), additionally to prompt wound healing, as
a mild antiseptic and for use on the biliary tract and the small intestine because of its
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spasmolytic effects [13]. The antibacterial, antifungal and anti-oxidant effects of RO have
been described from many authors [2,12]. The oil also has antiseptic and antispasmodic
qualities and it is therefore used in some respiratory diseases. Some rosemary constituents
have analyzed in vitro and in vivo as a potential anticancer agent [7]. Its ability to reduce
DNA damages and tumor formations determine the possible application as the chemo
preventative agent [14]. Its anti-inflammatory and analgesic potential of RO was proven [16].
The smooth muscle cells have undergone relatively low differentiation and specialization
during phylogeny and possess a variety of receptors specific to physiologically active
compounds. That is why the smooth muscle model are widely used in medical and biological
studies that deal with the mechanism of action of numerous pharmacological agents: drags,
synthetic substances like the model products [15] or water-soluble fractions isolated from row
biologically active compounds [1]. Smooth muscle cells are abundant in membrane receptors
whose activation most often results in changes in the muscle tonus, namely muscle
contraction or relaxation. The experiments with smooth muscles spontaneous activity are
impeded by the fact that rosemary oil has different actions. Some authors induced
contractions on muscles strips from ileum by KCI and demonstrated the involvement of
calcium channels in this activity [17]. However, there is no scientific evidence concerning the
RO effect on contractility of abdominal transversal muscles and mechanism of its action is
unknown. This determines our interest to RO as a potential product for reduction of striated
muscle contraction.

Methods

The impact of rosemary oil on spontaneous contractile activity (SCA) of the smooth-muscle
strips (SMS) from a guinea pig stomach was examined. This model enables simultaneous
registration of the spasmolytic effects of Rosemary oil on smooth muscles and comparison
with electrical field indirect (nerve) and direct striated muscles stimulation.

Animals and tissue preparations

Ethics statement: All experiments (in vivo and in vitro) were approved by the Bulgarian Food
Safety Agency and the Ethics Committee of the Medical University of Plovdiv, Bulgaria.

Fifteen male Guinea pigs (300+350) g were kept under standard laboratory conditions
(temperature 22+1°C, humidity 45% and 12-h light cycle). All in vitro experiments were
approved by the Bulgarian Food Safety Agency.

Preparation of the smooth muscle fibres: The specimen of smooth muscles used for the
experiments were taken from the stomach of male guinea pigs. The strips of stomach muscle
are 12-14 mm in length and 1-2 mm wide and come from the corpus region of the stomach.
The SMS were prepared in a circular direction, starting with the serosa, along the big
curvature and as far as possible in the direction of the fibres.

Preparation of the striated muscle fibres: Male Guinea pigs were euthanized and transversus
abdominis striated muscles (ASM) were isolated. Preparations were obtained while cutting
the muscle tissue in strips (20.0 = 1.5 mm length, 3.0 = 0.5 mm width). The samples were
immediately rinsed and cooled (4°C) preparation solution.

Measurement of the striated muscles electrical field stimulation (StM-EFS) and the
spontaneous contractile activity (SCA) of the smooth muscles
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The muscle strips were isometrically fixed in individual organ baths containing 15 mL
modified Krebs’ solution (KS) with temperature 35.5 = 0.2 °C and constantly oxygenated
with 95% O, and 5% CO,. The preparations were connected to an isometric force transducer
(TRI 201, LSi LETICA; Pnlab s.l., Barcelona, Spain). Preparations were allocated to the
organ baths in a random manner and muscle tension (7 mN) was applied to achieve
isometrical recording. They were allowed in an equilibration period of 20 minutes. For
inducing contractile activity, we used electrical field stimulation (EFS) through platinum
electrodes. The electrodes were connected to both sides of each strip and to an electronic
stimulator (EFS-PZ03, C-optic, Bulgaria). Contractions similar to those induced by indirect
(nerve) stimulation were achieved by a pulse with following parameters: repeated multipulse
EFS, square-wave pulses of supramaximal intensity (80V) and 0.02 ms in duration were
applied at a frequency of 5 Hz for 3s followed by a 7s pause (NS). Tetanic contractions were
induced by a pulse with intensity 60V; duration (Timp) = 0.5 ms and frequency 50 Hz which
determinate conditions, similar to direct (muscle) stimulation (MS). Shiina et al. (2010) and
Su et al. (2012) conducted experiments with EFS and similar to our parameters. The
mechanical muscles activity was recorded according to experimental protocol represented
previously [8] with 500 ms interval of discretisation for SCA of SM registration and with 1
ms interval of discretisation for EFS of ASM.

Concentration-response curves for Rosemary oil

The normal contractile activity was recorded after the equilibration period when ASM was
stimulated direct (60V; Timp=0.5ms and frequency 50 Hz) and indirect (80V; Timp=0.02ms
and frequency 5 Hz). For indirect stimulation, RO in concentration 3 uM was added to the
organ baths and the change in the contractile activity was recorded for a 5-min period. The
strips were washed out with KS before adding a higher concentration. RO concentrations 15
uM; 30 uM; 45 uM; 90 uM; 120 pM; 150 uM; 300 uM; 600 uM and 900 uM were studied
and a concentration - effect curve was obtained. For direct stimulation, RO was applied in the
same concentration and with higher one 1,5mM. The cut-off time for each experiment was 45
minutes after muscle isolation. The concentration-response curve of Rosemary oil effects on
CCA of SMS was calculated after application of concentrations of RO used for EFS and the
lower two 0,3 uM and 1,5 pM.

Drugs and solutions

Rosemary oil Ph.Eur. (Ch. B. 296330, WE 06100393, Typ Tunesien, Dullberg comp.
Hamburg, Germany. The preparation solution contains Na* (143 mmol/L); K* (5.84 mmol/L)
and Ca?* (3.7mmol/L).Composition of KS: Na* - 143 mmol/L; K* - 5.84 mmol/L; Ca®" - 2.5
mmol/L; Mg2+ - 1.19 mmol/L; CI" - 133 mmol/L; HCO3; - 16.7 mmol/L; H,PO, - 1.2
mmol/L and glucose - 11.5 mmol/L.

Statistics
Data are presented as MEAN and standard error of mean (SEM). Normal distribution was
tested with One-sample Kolmogorov-Smirnov test. One-way analysis of variance (Kruskal-

Wallis test) and Dunn's Multiple Comparison post hoc tests were used. The number of tested
preparations is given as n. Results were considered significant at P <0,05.
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Results

We evaluated the effects of RO in concentrations of 3 uM (n=7; P >0.05); 15 uM (n=8; P
>0.05); 30 uM (n=8; P >0.05); 45 uM (n=8; P <0.05); 90 uM (n=8; P <0.05); 120 uM (n=9; P
<0.05); 150 uM (n=7; P <0.05); 300 uM (n=7; P <0.05); 600 uM (n=7; P <0.05); 900 uM
(n=7; P <0.05) and 1,5 mM (n=7; P <0.05) on the muscle force, generated by ASM after StM
EFS MS. The maximal muscle force after MS in absence of RO was taken as 100% (Fig.1.).

muscle force increase, %

200 -

150 -

=—5M
100 -

== S5tM EFS
50 - MS

== StM EFS
0 0——‘—"*/"———-"'-..‘ NS

=50 -

b

-100 | b |
0,3 3 30 300 ROSEMARY OIL [RO), pM
Kruskal-Wallis test P<0.0001
Dunn's Multiple Comparison Test Differenceinranksum | Pvalue Summary
SM vs  StMMS 26,90 P=0.001 HEE
SM vs  StM NS 2520 P<0.001 Rk
StIMMS  wvs  SIMNS 2,300 Px=0.05 ns

Figure 1. top: Concentration-response curve of 3uM=+ 0,9mM RO on the generated muscle
force of AMS after StM EFS-MS and StM EFS-NS, and representation of the effects of
0,3uM= 1,5mM RO on the spontaneous contractile activity of the smooth muscle strips of the
guinea pig stomach. bottom Kruskal-Wallis test and Dunn's Multiple Comparison post hoc
analysis.

The concentration-response curve of RO on the generated muscle force of AMS after StM
EFS MS was calculated (n=7) with RO in concentrations of 3 uM (P>0.05); 15 uM (P>0.05);
30 uM (P >0.05); 45 uM (P <0.05); 90 uM ( P <0.05); 120 uM (P <0.05); 150 uM (P <0.05);
300 uM (P <0.05); 600 uM ( P <0.05) and 900 uM (P <0.05). Graphical representation of
0,3uM (P>0.05); 1,5 uM (P>0.05); 3 uM (P>0.05); 15 uM (P<0.05); 30 uM (P <0.05); 45 uM
(P <0.05); 90 uM ( P <0.05); 120 uM (P <0.05); 150 uM (P <0.05); 300 uM (P <0.05); 600
uM (P <0.05) and 900 uM (P <0.05). RO effects on SCA of SM was plotted by n=7.

The maximal muscle force of preparations was reduced with 50 % when 0,15 mM RO (EC50
=0,15 mM) after MS and with 0,10 mM RO after StM EFS-NS. We found no significant
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difference in the duration of muscle twitches before and after treatment with RO (data not
shown).

Single effect of 0,5 mM RO on the smooth muscle strips of the guinea pig stomach reveals
time dependance and control calculation on 5min was 49,5% lower as the initial one. After
20min continuous application of the same concentration leads to 80% reduction of SCA of
guinea pig SM strips (Fig. 2).

The application of EFS NS evokes a twitch muscle contraction. In the background of
0,10mM RO, applied for 5 min, the maximal muscle force (4.8 = 0.7 mN) was reduced to 2.3
+ 0.4 mN (Fig. 3.- top) after 20 min the maximal muscle force was (1.6 = 0.5 mN) (Fig. 3.-
top). The application of stimuli with high frequency and long lasting duration of 0,5ms evokes
a tetanic muscle contraction. In the background of 0,15 mM RO, applied for 5 min, the
maximal muscle force (6.3 = 0.5 mN) was reduced to 3.1 = 0.8 mN. If 0,15 mM RO presences
in the medium for 20 min we can detect only a little alteration of the normal muscular tonic
activity. The muscle response to the electrical stimulus 500us 60V 50Hz can be calculated as
a 5%- rise of the tonic striated muscle force (Fig. 3.-bottom).
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Figure 2. The record of mechanical activity of the smooth muscle strips of the guinea pig
stomach after administration of 0,5mM RO in 210s.
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Figure 3 . top: Effects of 5 min and 20min 0,10 mM RO action on the maximal muscle force
generated by AMS after NS. Muscle contractions (80V; 0.02ms; 5 Hz) before and after
addition of RO to the organ baths. Arrows (1) indicate the initial moment of NS. bottom:
Effects of 0,15 mM RO of 5 min and 20min action on the maximal muscle force generated by
AMS after MS (60V; 0.5ms; 50 Hz) before and after addition of RO to the organ baths.
Arrows (1) indicate the initial moment of MS.

Discussion

Due to the main application of essential oils in aromatherapy massage it will be important to
prove their ability to penetrate through the skin and the existence of the local effect. But
action on muscles is different and nonspecific[10]. The specific effects of the natural products
are analyzed on different models in vitro — on cellular or tissues cultures. Cell cultures are
informative for investigation of the effects on cellular level.[4] But to analyze the effect of
some products on the whole organism is necessary to choose a subject, which is most close to
the real subject. The chemical diversity of the essential oil is constituent determines the
diversity of their ability to affect various biological structures, intramural nerves, membrane
receptors or channels. RO is one of the most popular essential oils and has a wide array of
health benefits. One reason for this can be seen in represented results, which reveal its ability
to modulate muscle contraction of the both types of muscles (smooth and skeletal). The main
advantage of our experimental model with striated muscles is a fully preserved nerve and
muscle tissues and the most important preserved natural connection between them-
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neuromuscular junction, which provides functional communication between them. The
activation of nicotinic receptors by acetylcholine, followed by increased Na* and K*
permeability is the main mechanism of skeletal muscle contractions. The muscle force
generated depends mostly on the intracellular Ca** and the nicotinic receptors are one of the
possible pathways of Ca** influx [3, 6]. The influx of Ca?* is regulated by action potentials via
transverse tubule L-type Ca®* channels which also play a major role in the Ca** release from
the sarcoplasmic reticulum. A single depolarizing stimulus leads to the opening of only a few
channels [9] and a subsequent depolarization resulting in feedback connection, new acts of an
opening of more channels, increased Ca?* influx and muscle contraction. In this research for
single stimulation is used right angle 80V impulse with a 0,02ms duration which results in
twitch contraction and nerve and muscle stimulation together can be done by means of
increasing of pulse duration up to 0,5ms. The motor-induced responses were studied in
implementing the EFS on controls on such pre-treated with 0,3uM-+1,5mM RO. The maximal
muscle force of preparations after NS was reduced with 50% when 0,10 mM RO was present
in the medium. For tetanic EFS Rosemary oil EC50 is bigger 0,15mM, but two effects of
electrical stimulation: direct and nerve are statistically undistinguished - Dunn's Multiple
Comparison test P>0,05 (Fig. 1.). In our results, there are no differences between nerve and
direct EFS of AMS after application of Rosemary oil and that fact leads to a conclusion about
an existence of only one a direct muscle action of RO without any effect on the nerve
structures. In smooth muscles experiments, EC50=0,5mM of RO is 5 times higher and one
reason for that is a representation of many different receptors and channels in this type of
tissue (Fig. 2).An application of RO in high concentrations on smooth muscles leads to
spasmolytic effect which is reduced at low concentrations in vitro [11].

Our study revealed the time-dependent myorelaxant activity of RO on both types of muscle
samples. It is known that a fundamental prerequisite for skeletal muscle relaxation is the
reduction of intracellular Ca®* concentration. This reduction can be done in different ways : an
inhibition of transmembrane Ca®* transport and Ca®* release from intracellular calcium
stores, activation of different types of Ca’’pumps, repolarization, a release of various
intramural mediators, other channels, second messengers, enzyme action and many others as
well as the synchronized activation of several of the said processes [18]. The long lasting
application of RO for skeletal (EC50=0,15mM, Fig. 3) and smooth (EC50=0,50mM, Fig.2)
muscles describes the similar effects resulting in response amplitudes reduction and most
likely possess the identical mechanism of action. An experimental program, in vitro,
conducted with striated muscles diminishes a number of this muscle-relaxation agents to
several ones: N-Ach receptors, Ca’"channels, and hyperpolarization, but all connected with
Ca2+transmembrane transport.

Conclusion
The present results suggest that Rosemary oil depresses force development, most probably by

acting as a calcium influx reduction and can be used against cramps of skeletal muscle and for
smooth muscle relaxation.

86



References

1. Argirova MD, Stefanova ID, Krustev AD. New biological properties of coffee
melanoidins. Food & Function., 2013,4.8: 1204-1208.

2. Bozin B, Mimica-Dukic N, Samojlik I, Jovin E. Antimicrobial and antioxidant properties

of rosemary and sage (Rosmarinus officinalis L. and Salvia officinalis L., Lamiaceae)

essential oils. J. Agric Food Chem., 2007,55 (19): 7879-7885.

Burkholder T. Mechanotransduction in skeletal muscle. Front Biosci. 2008. 12:174-191.

4. Draganova-Filipova, M., V.Sarafian, , L. Peychev, Effects of propolis on cell proliferation
and immune response. Pharmacia, 2007, 54, 3-4, 42-47

5. EUROPEAN MEDICINES AGENCY. Community herbal monograph on Rosmarinus
officinalis L., aetheroleum, 2010 http://www.ema.europa.eu/docs/en_GB/document_library
/Herbal_Community_ herbal _monograph/2009/12/WC500018312.pdf

6. Han P, Trinidad B & Shi J. Hypocalcemia-induced seizure: demystifying the calcium
paradox. ASN Neuro., 2015,7(2), 1759091415578050. d0i.10.1177/1759091415578050.

7. Huang M,. Ho CT, Wang ZY. Inhibition of skin tumorigenesis by rosemary and its
constituents carnosol and ursolic acid. , 1994, Cancer Res., 54( 3): 701-708.

8. lvanov I, Nikolova S, Aladjov D, Stefanova | & Zagorchev P. Synthesis and contractile
activity of substituted 1,2,3,4 Tetrahydroisoquinolines.,2011, Molecules. 16, 7019-7049.

9. Johnson B, Scheuer T & Catterall W. Voltage-dependent potentiation of L-type Ca2+
channels in skeletal muscle cells requires anchored cAMP-dependent protein kinase. Proc.
Natl. Acad. Sci. USA. 1994, 91, 11492-11496.

10. Lis-Balchin M.. Aromatherapy Science: A Guide for Healthcare Professionals.
Pharmacological study of essential oils: in vivo and in vitro , 2005, ISBN: 0-85369-578-4,
45-57

11. Sagorchev P, Lukanov J, Beer AM. Investigations into the specific effects of rosemary
oil at the receptor level. Phytomedicine., 2010, 17 (693-697

12. Santoyo, S., Cavero, S., Jaime, L., Ibanes, E., Senorans, F.J., Reglero, G., Chemical
composition and antimicrobial activity of Rosmarinus officinalis L. essential oil via
supercritical fluid extraction. J. Food Prot. 2005.68 (4), 790—795.

13. Schilcher, H., Kammerer, S., Wegener, T., Leitfaden Phytotherapie. 3. Auflage.
Elsevier, Urban & Fischer, ME unchen, pp. 201-202.

14. Singletary K, MacDonald C, Wallig M. Inhibition by rosemary and carnosol of 7,12-
dimethylbenz[a]anthracene (DMBA)-induced rat mammary tumorigenesis and in vivo
DMBA-DNA adduct formation. Cancer Lett., 1996. 104 (1): 43-48.

15. Stefanova ID, Argirova MD, Krustev AD. Influence of model melanoidins on
calcium-dependent transport mechanisms in smooth muscle tissue. Molecular Nutrition &
Food Research., 2007, 51.4: 468-472

16. Takaki L, Bersani-Amado E, Vendruscolo A, Sartoretto SM, Diniz SP, Bersani-Amado
CA, Cuman RKN.. Anti-inflammatory and antinociceptive effects of Rosmarinus
officinalis L. Essential oil in experimental animal models. J. Med. Food., 2008, 11(4):
741-746,).

17. Ventura-Martinez R, Rivero-Osorno O, Gomez C, Gonzalez-Trujano ME. Spasmolytic
activity of Rosmarinus officinalis L. involves calcium channels in the guinea pig ileum. J.
Ethnopharmacol., 2011, 137 (3): 1528-1532.

18. Widmaier ER, Hersel R, Strang KTMuscle. Vander's Human Physiology: The
mechanisms of body f unction (12th ed.). New York, NY: McGraw-Hill., 2010, 250-291

w

87


http://www.ncbi.nlm.nih.gov/pubmed/?term=Bozin%20B%5BAuthor%5D&cauthor=true&cauthor_uid=17708648
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mimica-Dukic%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17708648
http://www.ncbi.nlm.nih.gov/pubmed/?term=Samojlik%20I%5BAuthor%5D&cauthor=true&cauthor_uid=17708648
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jovin%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17708648
http://www.ncbi.nlm.nih.gov/pubmed/17708648
http://www.scopus.com/authid/detail.url?authorId=24402444500&eid=2-s2.0-54249118768
http://www.scopus.com/authid/detail.url?authorId=6701666142&eid=2-s2.0-54249118768
http://www.scopus.com/authid/detail.url?authorId=25522094600&eid=2-s2.0-54249118768
http://www.scopus.com/source/sourceInfo.url?sourceId=50124&origin=recordpage
http://www.ema.europa.eu/docs/en_GB/document_library/Herbal_Community_herbal_monograph/2009/12/WC500018312.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Herbal_Community_herbal_monograph/2009/12/WC500018312.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Herbal_Community_herbal_monograph/2009/12/WC500018312.pdf
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ventura-Mart%C3%ADnez%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21896322
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rivero-Osorno%20O%5BAuthor%5D&cauthor=true&cauthor_uid=21896322
http://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%B3mez%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21896322
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gonz%C3%A1lez-Trujano%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=21896322
http://www.ncbi.nlm.nih.gov/pubmed/21896322
http://www.ncbi.nlm.nih.gov/pubmed/21896322
http://www.ncbi.nlm.nih.gov/pubmed/21896322
http://www.ncbi.nlm.nih.gov/pubmed/21896322

DO4. INTERRELATIONS BETWEEN HEPCIDIN AND HOMEOSTASIS
OF COPPER AND IRON

Tsvetelina Petkova — Marinova’, Boryana Ruseva®, Bisera Atanasova®
'Department of Physiology, Medical University — Pleven
2Universily Hospital “Alexandrovska”, Department of Clinical and Immunological
Laboratory, Medical University — Sofia

E-mail: cveti_doc@abv.bg

Introduction

It is well established that copper and iron have significance for important physiological
processes. With the development of scientific knowledge, there is increasing recognition of
the importance of their optimal intake for normal erythropoiesis.

Copper (Cu) and iron (Fe) belong to the group of transition elements [3]. Both metals exhibit
similar physico-chemical properties due to their ability to accept or donate electrons and to
participate in electron transfer reactions [3,18]. Copper is a crucial for life trace element
performing a number of physiological functions. Copper is included as a cofactor or allosteric
component in enzymes involved in cellular respiration, defence against oxidative stress, iron
metabolism, formation of connective tissue, synthesis and metabolism of neurotransmitters,
melanin synthesis, nerve myelination [18,41,46,47]. In addition, as a component of copper-
dependent transcription factors, copper also plays an important role in the regulation of gene
expression [41,47,49].

Iron is the most abundant metal found in the human body. Over 65% of the body iron is
included in the haemoglobin of circulating erythrocytes participating in oxygen transport and
delivery [29]. Iron is also an integral component of haem-containing and non-haem-
containing enzymes involved in electron transport, defence against free radical formation,
phagocytosis, amino acid metabolism, DNA synthesis [3,36]. The role of iron as a cofactor is
attributed to its redox active properties, similarly to copper [30]. However, the same physico-
chemical properties of copper and iron that make them catalysts essential for the life,
determine their toxic effects. Both metals (as Cu'* and Fe?*) are capable to participate in the
Fenton reactions producing the most reactive hydroxyl radicals *OH [3,24,41]. Therefore, a
strict regulation of copper and iron homeostasis is needed to meet daily requirements of these
trace elements as well as to prevent their toxic effects.

During the recent years, numerous scientific advances in the field of copper and iron
homeostasis have been gained. As the uptake of both metals as the defence against their toxic
accumulation were found to be controlled by genetic mechanisms. Multiple points of
intersections between the two metals appear to exist at different levels of their metabolism.

The objective of our review is to study the interrelations between homeostasis of copper and
iron and to provide evidence for the role of hepcidin in connections between them.

Systemic copper homeostasis is achieved by the balance between intestinal copper absorption
and copper excretion [3]. Copper absorption occurs primarily in the small intestine by an
active saturable transport mechanism at lower levels of dietary copper and by passive
diffusion at high levels. The major route of excretion is via the bile [41,42]. A population
reference intake (PRI) has been established for the European population of 1.1 mg/day for
adults [42]. Copper exerts its physiological effects when included in the structure of
ceruloplasmin, a protein produced by the liver. Approximately 90% of plasma copper is in
complex with ceruloplasmin [37,45]. Free ionic copper, similarly to iron, has toxic effects.
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Intracellular transport and storage of copper are provided by the proteins chaperones and
metallothioneins, thus preventing release and toxic accumulation of free copper ions in the
cytosol [3,18,41,49].

Copper exhibits important interactions with iron at the level of three major processes in iron
metabolism — intestinal iron absorption, iron mobilization from storage sites and iron
utilization by the bone marrow.

Interactions between copper and iron at the level of intestinal absorption

Iron and copper are tightly intertwined during the process of absorption in the duodenum.
Their absortion is provided by the activity of protein molecules, mainly transporters, at the
apical and basolateral surfaces of intestinal epithelial cells.

Non-haem iron is absorbed in the duodenum as its reduced ferrous state (Fe?*). Duodenal
cytochrome b (Dcytb, Cybrdl) is the major ferric reductase in the duodenum, expressed on
the apical membrane of duodenal enterocytes [26,30]. It was initially considered that Dcytb
had only ferric reductase activity. Newer investigations confirm that in addition to the
capability to reduce iron complexes, Dcytb also exhibits cupric reductase activity [26,50].
Reduction of iron and copper enables their uptake into enterocytes via divalent metal
transporter 1 (DMT1) and copper transporter 1 (Ctrl), respectively. These data suggest that
Dcytb plays an important physiological role in both iron and copper intestinal absorption.
Divalent metal transporter 1 is a protein expressed in the apical membrane of duodenal
enterocytes [25]. DMT1 ensures the uptake of non-haem ferric iron after it has been reduced
to ferrous form by Dcytb [24,30]. It was initially identified as iron transporter, also able to
transport a broad range of divalent metal ions, including copper [16]. The issue of the role of
DMT1 in copper transport still remains debatable. It has been demonstrated that DMT1 is able
to transport Cu* [1]. Subsequent studies have found competitive inhibitions between iron and
copper for their cellular uptake as well as influence of both metals on DMT1 expression and
activity [2,4]. These interactions between iron and copper are potentially associated with
reciprocal alterations in their absorption and bioavailability [4]. However, recent research has
shown that DMT1 does not stimulate the transport of Cu** and Cu®* [20].

Involvement of iron-related proteins in transport of copper suggests that physiological or
pathological changes in the levels of these proteins could lead to modulations in metabolism
of copper.

The process of cellular iron efflux from duodenal enterocytes depends on the basolateral iron
transporter ferroportin (Fpnl, Iregl). Ferroportin is a protein which transfers ferrous iron into
the plasma. It is the solely known iron exporter in vertebrates. Ferroportin is expressed on the
membranes of enterocytes, liver Kupffer cells and hepatocytes, splenic macrophages, and
placental cells [12]. Cellular iron efflux from enterocytes is also proposed to depend on
another membrane-bound protein, the multicopper ferroxidase hephaestin, anchored in the
basolateral membrane [48]. The multicopper ferroxidases are a family of cuproenzymes
involved in iron export from different tissues. These enzymes catalyze the oxidation of
ferrous (Fe®") iron into the ferric (Fe*) state, which enables subsequent binding of iron to its
plasma carrier, transferrin [8].

Hephaestin is also shown to be needed for the activity of ferroportin, and both proteins act in
concert [9]. In an absence of a multicopper ferroxidase, ferroportin undergoes degradation,
leading to decreased iron efflux into the circulation [10,23].

The recommended dietary intake (RDI) of iron has been estimated as 8-10 mg/day for adult
males and 15-20 mg/day for women of reproductive age [43].
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Interactions between copper and iron at the level of iron mobilization from storage sites

Iron metabolism is unique by the fact that most of the iron required daily has endogenous
origin. It is supplied by the process of recycling senescent erythrocytes within the
macrophages of liver and spleen. Another multicopper ferroxidase, ceruloplasmin (ferroxidase
1), ensures the oxidation of ferrous iron after it has been transferred through the membrane by
ferroportin [24]. Ceruloplasmin is thought to have an essential physiological role in iron
mobilization from sites of its storage, namely reticuloendothelial cells and hepatocytes [17].
Ceruloplasmin is mainly expressed as a serum protein secreted by the liver, and, to a less
extent, as a membrane-bound protein in astrocytes [19].

The multicopper ferroxidases are the best known links between iron and copper metabolism
[39]. They play a central role in iron homeostasis for a wide range of species [45]. Decreased
activity of the multicopper ferroxidases hephaestin and ceruloplasmin is considered to lead to
disturbances of iron homeostasis [7,15,17,40,48]. A new member of the multicopper
ferroxidase family has recently been identified, zyklopen, which is involved in placental iron
transport from the mother to the fetus [8].

Interactions between copper and iron at the level of iron utilization by the bone marrow

The majority of iron transported in plasma is directed to the erythroblasts, where it is
incorporated into the haem for haemoglobin formation [24]. Iron uptake by the erythroid
precursors occurs via a process of receptor-mediated endocytosis. The endosomal DMT1 has
been shown to mediate the transport into the cytosol of iron released from transferrin. Iron is
subsequently delivered to mitochondria for heme synthesis [24,25,29,30].

Copper is tightly involved in iron utilization by the bone marrow [49]. Ferroxidase Il is
responsible for the oxidation of iron during erythropoiesis [51]. Ferrochelatase and
cytochrome-C oxidase are copper-containing enzymes necessary for haem biosynthesis
[35,51]. A feature of copper deficiency is the development of anaemia documented in animals
and humans. It is characterized by low serum iron and accompanied by iron accumulation in
the intestine, liver, and spleen [47,51]. Current view is that anaemia in copper deficiency is
caused by impaired iron utilization or uptake by the bone marrow, rather than defective iron
absorption and mobilization [21,28,37,38].

The role of hepcidin in iron homeostasis

Iron elimination occurs primarily by the exfoliation of epithelial cells [25]. In striking contrast
to copper, there is no physiological mechanism for regulation of iron excretion [24].
Maintenance of iron homeostasis is achieved by the regulation of iron absorption, recycling,
distribution, and storage [30]. Release of iron in plasma during its duodenal absorption,
macrophageal recycling, maternofetal transfer, and storage in the liver is controlled by a small
peptide hormone, hepcidin [32,34]. Hepcidin is a newly discovered peptide, which appears to
have a central role in regulation of systemic iron homeostasis [22,32,36]. It is synthesized and
secreted by the liver in response to inflammation and excess body iron levels [24,32]. Factors
reducing hepcidin expression include anemia and hypoxia [33]. The mechanism of hepcidin
action includes binding to its receptor ferroportin followed by internalization and lysosomal
degradation of ferroportin [11,31]. Reduction in the number of iron exporters on the cell
membrane leads to diminished iron release into plasma [22,32]. This results in decreased
serum iron [44]. Hepcidin is considered to be the main regulator of iron plasma concentrations
[24,32].
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The role of hepcidin in connections between copper and iron homeostasis

Besides its direct effect on iron bioavailability by interaction with ferroportin, hepcidin also
influences iron-transport proteins. Results from experimental and observational studies show
that hepcidin inhibits expression and activity of Dcytb, DMT1, and Fpnl [6,30,52]. As we
previously described, iron-related proteins Dcytb and possibly DMT1 are involved in the
transport of different from iron metals, such as copper. These findings suggest that
physiological or pathological changes in hepcidin levels could lead to modulation of uptake
and tissue distribution for both metals iron and copper.

Metals themselves could also modulate hepcidin expression at the transcriptional level. Metal
responsive elements (MRES) are identified in the hepcidin promoter, which react to divalent
metal ions, maximally to zinc, and to a lesser extent, copper. Copper increases hepcidin
expression by an interaction between MREs in the hepcidin promoter and MRE-binding metal
transcription factor 1 (MTF1) [5,24]. Therefore, hepcidin can be considered as a sensor of
divalent metal ions [5]. Similar effects of zinc and copper have been observed on
metallothionein transcription [5,47]. Metallothioneins (MTSs) are the main intracellular copper
binding proteins which have high affinity for copper and participate in its storage and
protection against toxicity of free copper ions [3,49]. The functions of MTs in metal
detoxification and protection against oxidative stress have been well demonstrated, thus
raising the question on whether hepcidin is able to perform similar functions [5].

Hepcidin is a key hormone for iron homeostasis, but there is evidence that it also has the
ability to bind divalent metal ions, including copper [27,45], zinc [45], and even iron [13,14].
The same amino acid residues determining the biological activity of hepcidin, namely
destruction of ferroportin and hypoferremia, were found to be responsible for its copper
binding properties [45]. These findings suggest a non-hormonal role of hepcidin in iron
metabolism or potential conformational mechanism for binding divalent ions.

Conclusions

Improving our knowledge of physiological connections between hepcidin and homeostasis of
copper and iron would be of considerable benefit to the clinical practice. These findings will
gain insight into the molecular mechanisms of disturbances of copper and iron metabolism. In
contemporary life, there is significant environmental and dietary exposition to various metals,
and this requires taking into consideration potential interactions between copper and iron.
Data would also provide the basis for programs of food fortification and optimal trace element
supplementation in physiological and pathological conditions.
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Introduction

The venom of Apis mellifera has been used extensively in oriental medicine for many
centuries and has become increasingly popular as a therapy in many nations, mostly in Korea.
Bee venom acupuncture (BVA) is a kind of herbal acupuncture taking advantage of diluted
bee venom instead of distilled herbal decoction . BVA simultaneously exerts pharmacological
actions from the bioactive compounds isolated from bee venom and mechanical actions from
the acupuncture stimulation. The extracted and processed venom, or a bee sting, is applied to
the acupoints, according to the specific disease. BVA has been used to relieve various
musculoskeletal conditions- neuralgia, arthralgia, cervical disc protrusion, progressive muscle
atrophy, immune-related diseases -arthritis and rheumatism, MS, Parkinson's disease, central
post-stroke pain, cancer associated pain.

Aim

To investigate the use of bee venom and acupuncture in treating different diseases.

Materials and methods

Literature searches on experimental studies and clinical trials of BVA were performed on the
databases from PUBMED, EMBASE and others. During the search we used key terms ‘bee
venom’, ‘bee venom therapy’, ‘acupuncture’ apipuncture, pain, cancer, arthritis, chonic pain.
Results

The active compounds of BV are few peptides- melittin, adolapin, and apamin, enzymes-
phospholipase A,, and amines. They have analgesic and anti-inflammatory effects, while
analgesic effect induced by acupuncture strongly influences the psychological aspect of the
pain. Acupuncture has been demonstrated to possess neurotrophic and neuroprotective effects
while bioactive compounds of the bee venom suppress inflammation and have anti-cancer
activity. BVA  reduce pain in patients with musculoskeletal syndroms, central post-stroke
pain, cancer associated pain.It is promising alternative therapy for the long-term treatment of
diseases like rheumatoid arthritis, Parkinson's disease and MS.

Conclusion

BVA is kind of pharmacopuncture or herbal acupuncture which combines the effect of
acupuncture and medicinal effect of bee venom injected in acupoint. A lots of findings
suggested that BVA could be used with satisfactory results in many diseases thanks to his
analgesic, anti-inflammatory and anti-cancer activity.

Key words. bee venom, bee venom acupuncture, apipuncture, pain, cancer, arthritis,
alternative therapy
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Dendrimers are a relatively new class of polymers of perfectly branched and well
defined structure, possessing a good number of functional end reactive groups allowing
modification of the dendrimers. In the last years, dendrimers are becoming more and more
useful in the fields of biology and medicine due to their unique properties. That type of
investigations is focused on the dendrimers as potential antimicrobial compounds or agents
improving the antifungal or antibacterial activity of existing chemotherapeutics. Furthermore,
many chemotherapeutics have been successfully incorporated into dendrimer nanoparticles or
attached to their functional groups for improving the solubility and therapeutic efficacy. The
synthesis and investigations of metal complexes with dendrimers as ligands being an
approach to developing new drugs is a new research area in inorganic, pharmaceutical and
medical chemistry gaining much interest.
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This work describes the modification
of poly(propylenamine) (PPA) dendrimers of
different generations with 1,8-naphthalimide
units as well as the formation of their Cu(ll)
and Zn(ll) complexes. The chemical
structures of dendrimers free of metal ions
and the metallodendrimers were investigated
spectroscopy spectroscopically and it was
shown that the metal cations form complexes
with the tertiary amines in the dendrimer
core. Photophysical characteristics of the
new compounds have been determined in
organic solvents of different polarity and the
results have shown that their functional
properties depend strongly on the media
polarity. In vitro antimicrobial screening of
the metallodendrimers has revealed promising antimicrobial activities against some
pathogenic Gram-positive and Gram-negative bacteria and antifungal activity against two
yeasts. The minimum inhibitory concentrations (MICs) of the complexes against the test
organisms were also determined. The results suggest that the new metal complexes could find
application in designing new antimicrobial preparations to control the spread of infections.

PPA metallodendrimer

I. G. wish to thank for the COST TD1304: The Network for the Biology of Zinc (Zinc-Net)
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Bonchev St., Block 26,1113 Sofia, Bulgaria
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The development of novel pharmaceuticals with wide spectrum of activity for
application in human and veterinary medicine or for plant protection is necessary in
connection with the increasing resistance of microorganisms to conventional antibiotics. We
tried to implement an approach, using the combined impact of two groups of newly
synthesized derivatives of naturally occurring compounds with antimicrobial properties in
coadministration with rhamnolipid-biosurfactant. The antimicrobial potential of these
combinations was assessed against model strains from different genera, able to cause
damages to industrial manufacture, agriculture and human health.

The first group includes esters of thiosulfonic acid - compounds similar to allicin - the
main phytoncide in Allium sativa. The second group of substances with 1,4-naphthoquinone
structure are derivatives of lawsone, contained in the leaves of henna (Lawsonia inermis). The
synthetic naphthoquinone analogues comprise different substituents, which probably
determine the difference in their antimicrobial activity.
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In this study was used rhamnolipid - biosurfactant with a proven permeabilizing effect
on bacterial cell. The biosurfactant provoked changes in bacterial cell surface structures and
this suggests facilitating the access of antimicrobials into bacterial cell.

The studies on the growth of model strains (Pseudomonas aeruginosa, Bacillus
subtilis and Alcaligenes faecalis) were carried out to determine minimal inhibitory and
minimal bactericidal concentrations of combinations - synthetic analogues/rhamnolipid-
biosufactant. The results revealed that the presence of rhamnolipid - biosurfactant decreased
significantly the minimal bactericidal concentration of thiosulfonates. The combining of
naphthoquinone derivatives with rhamnolipid - biosurfactant affects only the minimal
inhibitory concentration of naphthoquinones but bactericidal effect was not registered even at
the highest tested concentrations.

The enhancement of antibacterial activity of inhibitors in the presence of biosurfactant
significantly increased the therapeutic potential of these compounds. The application of
combined preparations enables to modify the effect of the antimicrobial agents providing an
perspective approach to overcome the drug resistance. The implementation of newly
developed therapy may represent another productive antimicrobial strategy in the field of
biomedicine.

EO3. MECHANISMS OF BACTERIAL COAGGREGATION

Ivo Gantchev

The Stephan Angelov Institute of Microbiology, Bulgarian Academy of Sciences
Sofia, Acad. G. Bontchev Str., BI.26, 1113 Sofia, Bulgaria

In nature bacterial communities form biofilms under the influence of adverse factors of the
environment associated with the lowering of the content of nutrients, fluctuation in
temperature, concentration of oxygen, the presence of substances with antimicrobial activity.
The first stage of biofilm formation is expressed in coadhesion (flocculation) of cells of one
type or coaggregation of cell of species belonging to different, genetically distant genera.
The essence of the process of the congregation is expressed in the formation of cell
aggregates, which is due to the presence of specific molecules on the cell surface. They are
characterized by protein and polysaccharide nature.

Once thought to occur exclusively between dental plaque bacteria, there are increasing reports
of coaggregation between bacteria from other biofilm communities in several diverse habitats.
A general role for coaggregation in the formation of multi-species biofilms is discussed.
Keywords: coaggregation, adhesions, receptors, adherence

98
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Biofilms are densely packed multicellular communities of microorganisms attached to a
surface or interface. Bacteria seem to initiate biofilm formation in response to specific
environmental cues, such as nutrient and oxygen availability. Bacillus subtilis is an
industrially important bacterium exhibiting developmental stages. It forms rough biofilms at
the air-liquid interface rather than on the surface of a solid phase in a liquid, due to the
aerotaxis of the cells. On another hand, Bacillus subtilis has long served as a robust model
organism to examine the molecular mechanisms of biofilm formation and a number of studies
have revealed that this process is regulated by several integrated pathways. One mechanism
involved in the development of bacterial biofilms with participation of Bacillus subtilis strains
is coaggregation or interbacterial adherence that is affected by physicochemical conditions of
the environment.

In this respect the aim of this study was to explore the physicochemical parameters that
influence coaggregation between Bacillus subtilis and Escherichia coli K-12 strains. The
effect of pH and temperature on the degree of coaggregation was assessed. Coaggregation
occurred at a pH of 5-8, between 15 and 40 °C.

Keywords: coaggregation, pH, temperature, Bacillus subtilis, Escherichia coli K-12
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The last few decades have seen a rapid expansion of the proportion of obese
individuals worldwide. Metabolic syndrome and obesity are associated with alterations in the
structure of the gut microbiota and its microbiome (gene content). Gut microbes can impact
host metabolism via signaling pathways in the gut, with effects on inflammation, insulin
resistance, and deposition of energy in fat stores. Restoration of the gut microbiota to a
healthy state may improve the conditions associated with obesity and help maintain a healthy
weight. Recent work has shown a shift in the representation of
the dominant phyla of bacteria in the gut, both in humans and animal models. This review
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summarizes the latest research into the association between microbial ecology and host
adiposity and modulating of changes in gut microbiota by prebiotics, probiotics and
synbiotics.

Two groups of beneficial bacteria are dominant in the human gut, the Bacteroidetes
and the Firmicutes. Many autors show that the relative proportion of Bacteroidetes is
decreased in obese people by comparison with lean people. This disorder is also observed in
obese animals as revealed by animal studies. The identified differences are not homogeneous
among the studies. Question remains as to whether changes in the intestinal microbial
community are one of the environmental causes of metabolic syndrome and obesity or if they
are a consequence of obesity, specifically of the unbalanced diet that often accompanies
excessive weight gain. In the future, larger studies on the potential role of intestinal
microbiota in human obesity should be conducted at species level using standardized
analytical techniques and taking all of the possible confounding variables into account.
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Cotton fabric, modified with a hydrogel and containing different nanoparticles is suitable
composite material for treatment of slow healing wounds with second infections. Different
nanoparticles have shown good antibacterial efficacy. The hydrogel absorbs exudates from
wounds and hydrate it. The textile material gives mechanical stability of the hydrogel and
helps the treatment. The composite materials were obtained by surface initiate
photopolymerization of acrylamide hydrogel. The modification of the cotton fabric and
uniform distribution of the nanoparticles in the structure of the hydrogel have been analyzed
with Scanning electron microscopy (SEM), Transmission electron microscopy (TEM),
Fourier transform infrared (FT-IR) spectra, X-ray diffraction analysis (XRD), fluorescence
and colorimetric analysis.

Antibacterial efficacy of the materials containing silver nanoparticles, zinc oxide
nanoparticles and barium hexaferrite nanoparticles was evaluated against Escherichia coli
Acinetobacter johnsonii and Pseudomonas aeruginosa known as important pathogens in
clinical infections. The resulting composite material has potential to reduce the infection of
wounds and the time necessary for their healing.
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Hydrogel dressings contain 90% water and are usually clear or translucent, varying in
viscosity and/or thickness. The high amount of water regulates the fluid exchange with the
wound surface. By providing moisture to the wound, hydrogel dressings create a moist
healing environment, which promotes granulation, epithelialization, and autolytic
debridement. At the same time, the high water content of hydrogel dressings cools the wound,
producing pain relief that can last up to 6 hours. Dressing-change discomfort is also reduced
because hydrogels don’t adhere to the wound surface.

Polyethylene glycol (PEG) refers to an oligomer or polymer of ethylene oxide with a
molecular mass below 20 000 g/mol. PEG is used as an excipient in many pharmaceutical
products as well as hydrogel dressing for wounds with different origin: diabetic skin ulcers,
pressure ulcers, 1% & 2" degree burns, post-surgical incisions, cuts, scrapes and abrasions,
e.g. AMERIGEL® Hydrogel Wound Dressing.

Polyzwitterions (PZIs) are class of polymers known for their very low non-specific protein
adsorption. In this respect PZIs are competing with PEG which is the current golden standard
in the field. Still the potential of PZIs is to be explored in many different biomedical related
applications as a competitor of PEG. More specifically, PZIs based hydrogel dressings are
still not fully developed. In the literature very scarce information about PZI application in
wound dressings is available.

Thus our interest arouse to synthesize and apply PZI based hydrogels crosslinked with PEG
moieties bearing crosslinking agent as wound dressings thus taking advantage from all PEG
and PZIs advantages.

Acknowledgements: The work is within the framework of and is financially supported by the
Bulgarian National Science Fund under Contract DFNI-T02/15.

FO3. INNOVATIVE NEW MATERIALS FOR WOUND HEALING
Radostina Alexandrova®, Orlin Alexandrov?

YInstitute of Experimental Morphology, Pathology and Anthropology with Museum,

Bulgarian Academy of Sciences
Health Service, Gorna Malina, Bulgaria

102



FO4. BRIEF OVERVIEW OF NEW MATERIALS FOR BONE IMPLANTS

Radostina Alexandrova®, Boyka Andonova-Lilova', Abedulkadir Abudalleh’, Tanya
Zhivkova®, Lora Dyakova?, Orlin Alexandrov®, Nabanita Saha*

YInstitute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences
?Institute of Neurobiology, Bulgarian Academy of Sciences
*Health Service, Gorna Malina, Bulgaria
*Tomas Bata University in Zlin, Czech Republic

Abstract

Regeneration of large bone defects caused by trauma, infection, cancer (primary or
metastatic) or inherent genetic disorders (such as osteogenbesis imperfects, osteopetrosis) is
usually necessitates bone grafting materials. Autologous bone or autograft is still considered
the clinical "gold standard” but its application is hindered due to limited bone supply and
donor site morbidity. The allografts, which are transferred from other people, also have
sirious disadvantages including foreign body immune reactions and risk of transmission of
infections, lower quality compared to autologous grafts resulting in a slower rate of new bone
tissue formation. That is why there is a growing need for new materials with optimal
properties as close as possible to those of natural bone, that has to be substituted [8]. This
mini review presents the main characteristics (advantages and disadvantages) of some
materials for bone/dental implants used in current clinical practice.

Introduction

There are two major challenges facing modern biomedical sciences: i) to improve the
treatment of the so called age-related diseases, among which are bone fiseases, and ii) to
reduce the cost of health care to meet the needs of a growing percentage of elderly people
[16].

The introduction of modern implants for the replacement of tooth and bone started in 1969
when was observed that a piece of titanium embedded in rabbit bone became firmly attached
and difficult to remove [39]. Later, different groups of biomaterials have been developed.
Each one of them has its own advantages and disadvantages and is suitable for specific
applications in ortopedy and dental medicine.

Ceramics

The benefits of ceramics are well known. These materials have broad set of physico-chemical,
mechanical and biological properties which can be modified by acting on their composition,
porosity and surface texture to improve their characteristics making them more adequate for
various biomedical applications. Bioceramics have traditionally been used for the repair of
hard tissues, such as bone and teeth, mainly due to their suitable strength for load-bearing
applications, wear resistance (especially alumina, zirconia and composites thereof) and, in
some cases, bone-bonding ability (calcium orthophosphates and bioactive glasses) [3]. It is
not surprising that in the last two decades the clinical use of ceramics has continuously
increased in the world. The first material of this type used for medical purposes was alumina
[28],[27]..

Aluminium oxide (Al,O3, Alumina) has been applied in clinic since 1971. Aong the most
important properties of this materials are its inertness (biostability) with no evidence of
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adverse in vivo reactions. Zirconia (ZrO) is also a bioinert material. These types of ceramic
implants are not bioactive in that they do not promote the formation of bone. Aluminium
oxide (Al,O3) dental implants osseointegrated well but was withdrawn from market because
of its poor survival rate[1].

Zirconia (ZrO,), was used for a long time as pigment for ceramics. The name “Zirconium”
comes from Arabic word “Zargon” which means “golden in colour”. ZrO, was accidentally
identified by the German chemist Martin Heinrich Klaproth in 1789.

This biomaterial is characterized by superior biocompatibility, osseointegration and excellent
physical properties such as high mechanical strength and fracture toughness that make
zirconia a unique and stable material for use in high load situations. The advantages of
Zirconia over other ceramic materials are due to the transformation toughening mechanisms
operating in their microstructure that can be manifested in components made out of them.
Today Zirconia is used mainly for total hip replacement (THR) but many efforts are focused
to expant its application in other medical devices [35], [24], [7].

Some of the properties exhibited by zirconia (including aesthetics due to light transmission
and its white color) make it particularly suitable for application in dental implantology [29],
[2],[1]. Long-term clinical trials will clarify better the place and role of this material in this
fireld.

Metals

Metals have been used as implants since more than 100 years when Lane first introduced
metal plate for bone fracture fixation. Lane’s plate was eventually abandoned owing to
problems with corrosion [21]. Subsequently, Lambotte in 1909 [21] and then Sherman in
1912 [[34] introduced their versions of the internal fracture fixation plate [14].

Up to now, the three most used metals for implants are stainless steel, CoCr alloys and Ti
alloys. Titanium was discovered in England by William Gregor in 1791. It was named by
Martin Heinrich Klaproth for Titans of Greek mythology in 1795 [1].

Metals have been used in medicine because of their inertness and structural functions — they
express an excellent combination of strength and ductility. Unfortunately, metals do not
possess biofunctionalities like blood compatibility, bone conductivity and bioactivity. One of
the main challenges in this field is connected with biocompatibility of metals. They can
corrode easily in the body that can weakens the implant and cause harmful effects in tissues
and organs. That is why these materials need surface modifications (for example coating with
hydroxyapatite, biopolymers, etc) to improve their bone conductivity [20]; [12]; [22]; [31].
The capacity of such coatings to act as a carrier system for osteogenic agents has been
suggested [22]. Biodegradable chitosan nanoparticle coatings on titanium for the delivery of
Bone morphogenetic protein-2 (BMP-2) has been recently developed to enhance the
osseointegration of endoprostheses after revision operations [30].

It has been recommendet to test the oxide film stability of new Ti alloys in vitro in advanced
media (for instance including macrophages or bone cells) in order to simulate better in vivo
conditions[11].

Metal objects may interfere with some medical imaging systems such as magnetic resonance
imaging (MRI). In order to avoid this problem, metal biomaterials have to be non-magnetic
and with high density. Their stiffness differs from natural bone and may cause stress-shielding
and over-loading of bone [36]. Last, but not the least, metal biomatwerials have to be
composed of nontoxic and allergy-free elements.
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Bioactive glass

Bioactive glasses are a special group of synthetic silica-based bioactive materials that are able
to bond to living tissues stimulating new tissue growth.. They were discovered in 1969 by
Larry Hench.

Bioactive glasses are based on a random network of silica tetrahedra (containing Si—O-Si
bonds) that can be modified by the addition of modifiers such as Ca, Na and P (which are
bonded to the network via non-bridging oxygen bonds). They can degrade in the body at a
rate matching that of bone formation, and through a combination of apatite crystallization on
their surface and ion release they stimulate bone cell proliferation, which results in the
formation of new bone. [15]; [17]; [18]; [6]; [17].

The rates of bioactivity and resorption for bioactive glasses are different and depend on their
chemical compositions [37].

Because of their brittleness these materials are not suitable for all grafting applications, such
as sites that are under cyclic loads [16].

The clinical implementation of bone implants could be hindered for various reasons such as:
poor osseointegration; generation of wear debris; stress and imbalance between implant and
surrounding tissues; infections. The average lifetime of the current bone biomaterials is less
than 15 years [32]; [9].

The design and selection of biomaterilas depend on the intended medical application.
However, in all cases these materials are expected to be biocompatible meaning that they have
to be highly nontoxic and do not any inflammation or allergic reactions in the human body
[9].

In addition, in the biomaterials bor bone implants should be able to make possible the
realization of the following processes: Osteogenesis, Osteoconduction and Osteoinduction.

Osteogenesis — is the presence or recruitment of osteoblast precursors and growth factors
(coming from the graft, recipient bed abd vasculature) that is necessary for bore regeneration
[26]; [6]; [33].

Osteoconduction - is a function of a bone graft that provides a tridimensional scaffold for
ingrowth of host capillaries and osteoprogenitor cells [10]; [33]. Material structure and design
are critical for osteoconduction. High porosity levels are required for blood vessel ingrowth
and bone matrix deposition. Pore size/shape and type of pore interconnections influences the
biological behavious of the materials [25 [33].

Osteoinduction - The osteoblast precursors differentiate into mature osteoblasts under the
influence of osteoinductors and synthesize new bone [33]. Some factors that stimulate
osteoinduction are presented in Table 1.
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Table 1. Factors stimulating osteoinduction

Factor Function in osteoinduction

Platelet-derived growth factor (PDGF) Stimulation of fibroblast and osteoblast
proliferation

Fibroblast growth factor (FGF) Stimulation of fibroblast and osteoblast
proliferation

Insulin-like growth factor (IGF) Effects on cell proliferation and extracellular
matrix deposition

Bone morphogenetic proteins (BMPs) - | Influnces mesenchymal stem cell (MSCs)

especially BMP-2 and 7 differentiation and vascular proliferation;

BMP2 controls the switch between bone and
muscle differentiation by controlling miRNA
expression

Transforming growth factor beta (TGF-p) Acts on cellular proliferation, Matrix
deposition, vascularization

Vascular Endothelial Growth Factor (VEGF) | Induces new blood vessel formation; has
direct effects on osteoblasts through
endothelial cell-based BMP production

[23]; [38]; [33]; [13]

Depending on their specific application, biomaterials must meet some additional
requirements. For example materials for orthopaedic implants must possess enough
toughtness, elasticity, rigidity, strength and resistance to fracture. Wear resistance is
important for materials used for total joint replacement. Dental restoration needs strong and
rigid materials with good aesthetic properties
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FOS5. BRUSHITE BONE CEMENTS BASED ON AMORPHOUS
CALCIUM PHOSPHATE AND TARTARIC ACID

D. Rabadjieva’, S. Tepavitcharova®, R.llieva', R. Gergulova, K. Sezanova®, A. A. Apostolov?

YInstitute of General and Inorganic Chemistry, Bulgarian Academy of Sciences,
Acad. G. Bontchev Str., BI.11, 1113 Sofia, Bulgaria
2Faculty of Chemistry and Pharmacy, Laboratory on Polymers, Sofia University, 1 J.
Bouchier Blvd., 1164 Sofia, Bulgaria

Abstract: Double doped (with Mg®* and Zn*") amorphous calcium phosphate (ACP) with
molar ratios (Ca®*+Mg*+zn*)/P = 1.62, Mg*/(Ca®*+Mg*+zZn*) = 0.09 and
Zn**/(Ca**+Mg**+ Zn®*) = 0.03 was used as a cement solid precursor. Tartaric acid, 18%
solution, was used as a liquid phase for the bone cements preparation. The effects of MgCl,
and MgO solid modificators and of Na,HPO, liquid modificator on the cements phase
composition, setting times and morphology were investigated. It was found that the
manipulation leads to partial dissolution of ACP and subsequent crystallization of a mixture
of dicalcium phosphate dihydrate and calcium tartrate tetrahydrate in all cases. The presence
of magnesium salt increases the complexation ability of the tartaric acid and crystallization of
magnesium tartrate also expected but not detected. Na;HPO, leads not only to sodium
tartrates crystallization but also to liberation of H3PO, in the systems that could provoke a
crystallization of monocalcium phosphate monohydrate also.

Introduction

Calcium phosphate biomaterials as ceramics, cements or injectable systems have
gained acceptance in dental and orthopaedic applications, such as, repair of bone defects,
tooth root replacements, coatings on orthopaedic and dental implants [1,2] etc. Calcium
phosphate based cements (CPCs) that harden inside bone defects are preferable bone grafts
because of their good suitability for injection application using non-invasive surgery, good
osteoconductive and partly osteoinductive properties, excellent biocompatibility and
bioactivity and low price [3]. At present, there are two types of CPCs depending on the end-
product of the reaction: apatite (AP) cements and dicalcium phosphate dihydrate (DCPD) or
brushite cements [3-5]. The last have raised special interest because they are resorbed in vivo
much faster than apatite ones [6-8] due to brushite metastability under physiological
conditions. Moreover brushite based cements possess shorter setting times [3] than apatite
ones. The major disadvantage of brushite cements is their low mechanical strength. Different
carboxylic acids, such as citric, or glycolic have been used to improve the mechanical
properties of brushite cements [9-10].
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In recent years, ionic incorporations in calcium phosphate biomaterials, such as
magnesium, (Mg), strontium (Sr) and zinc (Zn), have been the subject of great interest owing
to the crucial role of these ions in the biological processes and as well changing physico-
chemical properties of the materials [11-12].

The aim of this study was to prepare brushite type cements on the base of double
doped with Mg®* and Zn?* ions amorphous calcium phosphate (ACP) and tartaric acid and to
investigate the influence of solid modificators MgCl, and MgO and of the liquid modificastor
Na;HPO, on the cement phase composition, setting times and morphology.

Experiments

Preparation of cements

Double doped (with Mg?®* and Zn?*) amorphous calcium phosphate (ACP) was used as a solid

precursor and tartaric acid, 18 % solution, was used as a liquid phase for bone cements

preparation. Modificators MgCl,.6H,0, MgO and Na,HPO, were also used. The solid and
liquid phases in a constant solid to liquid ratio of 2.85 g/ml were mixed and homogenized for

15 minutes to form a plastic mass. The latter was molded in rubber-molds with diameter of 10

mm and height of 5 mm for measurements of the initial and final setting times and

subsequently dried in air for 24 h for X-ray and SEM studies. Three series cements were

prepared:

Series A, non-modified: Starting from pure precursors: (1) (Mg ,Zn)-ACP; and (2) tartaric
acid, 18 % solution.

SeriesB, magnesium salts modified: Starting from: (1) magnesium modified (Mg, Zn)-ACP
precursor; and (2) tartaric acid, 18 % solution. 5% solid mixture of MgCl,.6H,0O
and MgO in a molar ratio 1:5 (of sorel cement) was used.

Series C, phosphate salt modified: Starting from: (1) (Mg, Zn)-ACP; and (2) Na,HPO,
modified tartaric acid, 18 % solution. The molar ratio Caz(PO4,); (in the solid phase)
: Na,HPO,4 was 1:1.

Characterization of cements

X-ray diffraction analysis - The phase composition of the cements was determined on D
500 (Germany) apparatus for XRD analysis, applying CuKa radiation obtained with the
monochromator of the secondary beam, within the 20 range of 10-60°, with a step of 0.02°20
and counting time of 30s/step.

SEM images - The dried cylindrical cement samples were broken perpendicularly to the
height of the cylinder and the surface of the rings was sputter-coated with gold. Their
morphology and microstructure were observed using scanning electron microscope JEOL
JSM-5510 equipment.

Mechanical characterization - the initial and final setting times of the cement samples
prepared in the rubber-molds were determined by the Vicat needle method [13].

Results and Discussion

Double doped (with Mg?* and Zn®*) XRD amorphous calcium phosphate (ACP) was
prepared applying two steps method: (i) continuous precipitation in the medium of simulated
body fluid at pH 8; and (ii) calcination at 400°C. As obtained cements solid precursor was
with molar ratios (Ca?*+Mg®*+Zn*)/P = 1.62, Mg*/(Ca**+Mg®*+Zn*") = 0.09 and
Zn**/(Ca**+Mg**+ Zn**) = 0.03 and a specific surface area of 26 m*/g. The liquid phase for
cement preparation was tartaric acid, 18 % solution. The ratio solid to liquid phases was kept
constant at all experiments and the modificators were used and varied.

The brushite cements setting reaction [14] consists of few stages: (i) dissolution of the
solid precursor; (it) formation of a super-saturated suspension; (iii) nucleation; and (iv) crystal
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growth. In our all experiments the phase transformation/crystallization processes occurs in an
acid media (pH 1.3). The liquid phase dissolves initial (Mg, Zn)-ACP partially or fully and
less soluble salts stable in this conditions, like brushite (CaHPO,4.2H,0) and calcium tartrate
tetrahydrate (CaC4H406.4H,0), crystallize. It is known that Mg** ions have a strong
inhibitory effect on the brushite crystals growth [15] but we have not registered it (Table 1).
The results show that the presence of MgCl,.6H,O and MgO modificators in the solid phase
(Series B) does not change visible the formation features of the cements (Table 1) while
Na,HPO, modificator of the liquid phase (Series C) decreases two times the initial time and
three times the final setting time.

Table 1. Formation features of the obtained cements

Cement Initial setting time, Final setting time,
min min
Series A, non-modified 36 60
Series B, magnesium salts 30 60
modified
Series C, phosphate salt 15 17
modified

The XRD analysis of the dried cements (Fig. 1) reveals the presence only of dicalcium
phosphate dihydrate (DCPD, brushite) and calcium tartrat tetrahydrate in the three series. The
presence of magnesium salts (Series B) increases the complexation ability of the tartaric acid
and crystallization of magnesium tartrate also could be expected. Magnesium in a large
quantity creates opportunities for crystalization of low soluble magnesium salts like
newberyite (MgHPO,4.3H,0) [16]. We failed to detect the effect of magnesium modificators
probably due to the low detection limit of the apparatus (2-3%). While the XRD spectra of the
cements of Series A and B are almost equal, the spectra of Series C show small differences. In
this last experiment the presence of Na,HPO, in the tartaric acid solution leads not only to
sodium tartrates complexation and crystallization but also to a liberation of H3PO, in the
systems which could provoke a quick crystallization of calcium phosphates, even of less
hydrates, e.g. monocalcium phosphate monohydrate (MCPM), that could not be registered but
effect on the whole spectra.
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Figure 1. XRD analysis of dried cements: (e) — brushite (DCPD), (m) — calcium tartrate
tetrahydrate

The above assumtions are confirmed by the SEM studies. Different prysmatic crystals, typical
for DCPD form the cement structures of Series A and B, while plastered zones typical for
quick spontaneous mass crystallization, and zones with a higher porosity were found in the
sample of cement Series C (Fig.2).
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Figure 2. SEM images of: cement Series A (a); cement Series B (b); and cement Series C (c);
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ABSTRACT

The study was carried out on the biochemical indices (oxidant/ antioxidant status) and
histological response after implantation of hybrid material of chitosan/nano hydroxyapatite in
rat calvarial defects. Three groups of rats were used in the experiment: 1% group — control —
healthy animals, 2" group — rats received critical size skull defect with no scaffold
implantation and 3™ group — animals received a critical size skull defect and hydroxyapatite
implants.

Biochemical and histological studies were done 3 months after the implantation. Serum
was analyzed for free radical index contents MDA, SOD, GPx and GSH. Quantitative tissue
response towards the implant was histologically investigated. MDA level was higher in group
2 compared to the rest groups. GSH content was the highest in group 1. GPx is the lowest in
group 3. There were no differences in SOD activity among the groups. No signs of
inflammation were noted from the scaffold 2 months after the implantation. Evidence was
provided in our study for good biocompatibility of the newly biomaterial.

Key words: calvaria, hydroxyapatite implant, MDA, SOD, GPx, GSH

INTRODUCTION

During the last decades a variety of biomaterials have been used for the fabrication of
orthopedic and dental implants. They serve as matrices for tissue formation and thus should
fill multiple roles including mechanical strength, biodegradability and biocompatibility.
Several attempts have been aimed to modify implant composition and morphology to
optimize implant-to-bone contact and improve integration [6]. The development of a fully
synthetic, readily available and osteogenic bone substitute as an adjunct to autologous tissue
grafts is strongly encouraged and considered as a great milestone in the clinical field [8].

The aim of the present study was to carry out a comprehensive safety evaluation of a
newly developed modified hydroxyapatite implantation. For this reason serum oxidative/
antioxidant status: malondialdehyde (MDA), superoxide dismutase (SOD), glutathione
peroxidase (GPx) and glutathione (GSH) were investigated as well as histological studies
were done in rats with calvarial defects. MDA is the biomarker of lipid peroxidation and the
enzymes SOD and GPx are the primary step of the defense mechanism in the antioxidant
system against oxidative stress [2]. The second line of defense includes the non-enzymatic
radical scavenger GSH, which scavenges residual free radicals resulting from oxidative
metabolism and escaping decomposition by the antioxidant enzymes [3].
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MATERIAL AND METHODS

Used bone implant material

In this experimental study for bone defect reconstruction was used as bone graft
substitute material a new hybrid material prepared by mixing powder of nano- hydroxyapatite
and electrospinning fibers of poly(lactic acid) PLLP 3 % solution of chitosan-in citric acid.

The composition of the proposed, hybrid material was inspired from the accepted idea
that the final group for bone graft substitutes as smart materials are polymer-based materials
and degradable polymer is ideally used in bone tissue engineering.

Animal model. Eight-week old Wistar male rats weighed approximately 350 g were
used in the experiments. The rats were allocated to three experimental groups. The rats from
group 1 are healthy animals. Animals from the group 2 received a critical size skull defect
(CSD) with no scaffold implantation. The rats from group 3 received a critical size skull
defect (CSD) and hydroxyapatite implants.

General anesthesia was given. To create a CSD in the skull the head was shaved and
cleaned with an antiseptic. A lateral longitudinal incision over the head was made under
aseptic conditions. The skull cortex was drilled and a calvarial bone defect 1.8 mm wide and 6
mm long was created. The biomaterial was implanted into the defect zone and their position
was checked. The wound was then closed with continuous subcutaneous stickes. Animals had
free access to food and water and were monitored daily in the postoperative period for any
complications or abnormal behavior.

After 3 months the animals were sacrificed with over dose of pentobarbital. Blood was
collected from the abdominal aorta in collection tubes for serum.

Histology. Immediately after death, the head was cut off at the atlanto-occipital joint,
and immersed in 10% neutral buffered formalin for a week. Then the mandible and all
surrounding soft tissue were removed and the remaining cranium was cut at two transversal
segments 3-4 mm wide at the calvarias implant levels using an Axis Diamond Disc for dental
use (Fig. 1). The obtained transversal segments were immersed in 10% formic acid for
demineralization which lasted at least three
weeks at 37°C. The acid solution was changed
every 24 hours. The demineralization process
was monitored daily, testing the specimens with
a needle. Finally the specimens were each
submitted to a neutralization process with PBS
pH 7.2 (3 changes in 24 hour intervals) and

Tansversalsegmentsot . dehydrated in ethanol. Than the materials were
the cranium 34 mm wide

7 usedforhisoogy . processed in chloroform (3 changes in 24 hour
e _intervals until the implants were totally
’ " dissolve), embedded in paraffin, cut at 6-8 um

'8 sections and stained with hematoxylin-eosin
according to the standard histological
technique. The histological evaluation of tissue
response against the implants was carried out of
Leica DM 5000B microscope.

Fig.1. Schematic rat head with a calvarial defect covered with implant. The image

shows the implant levels where two transversal segments 3-4 mm wide were obtained for
histology.
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Serum biochemistry. Serum concentrations of malondialdehyde (MDA), glutathione
(GSH), superoxide dismutase (SOD) and glutathione peroxidase (GPx) activity were
measured by colorimetric assay kits (Cayman Biomol GmbH, Hamburg, Germany).

RESULTS AND DISCUSSION

Animals

Mortality and clinical signs. No behavior changes or visible signs of physical
impairment were observed during 2 months postoperative period. Macroscopic analysis of the
implant sites demonstrated comparable scar formation and subsequent healing processes in all
experimental groups.

Histology

By means of histology it was shown that the implant was totally dissolved following
continuous processing in chloroform and it place in transversal sections appeared as empty
zone surrounding by a thin fibrous capsule which covered the calvarial defect. Foreign body
reaction around the implant was no visible (Fig. 2).

o DO ST N

Fig. 2. Cross section through the head of a rat with an implant covering calvarial defect
(Cd) on the right parietal bone. Well-formed thin fibrous capsule (Fc) around the implant.

Serum biochemistry
The biochemical indices of antioxidant/oxidant status MDA, SOD, GSH and GPx were
measured as indicators of free radical burden (Table 1).

Table 1. Oxidant/ antioxidant parameters
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MDA pmol/LL  GSH pumoVL. SOD U/mg protein  GPx U/mg protein
healthy control ~ 22,46+3,44 7,25+1,22 0,23+0,06 7,38+1,9
calvarial
defects with no 28.4+1,1 6,11£0,1 0,21+0,045 8,16+£1,53
implementation
defects with
. 26,84+3,68 5,26+0,99 0,23+0,08 5,78+1,58
implants

MDA serum levels indicated the lipid peroxidation induced by reactive oxygen species
(ROS). MDA level was increased in group 2 (with defects without any implants). It was the
highest in group 2 than that in groups 1 (control) and 3 (defects with implants).

GSH level was the highest in group 1 than that in groups 2 and 3. In group 3 GSH was
reduced significantly in comparison to the control level.

There were no differences in SOD activity among the all three groups.

GPx was lower in group 3 than that in group 1 and group 2.

This study was performed to evaluate the tissue reaction to newly synthesized implants.
The new biomaterial was well tolerated by the host organism. It didn’t evoke adverse
reactions such as long-term reactions. Histological examination demonstrated that the new
material supported bone formation. The lack of visible inflammatory complication at the
implantation site, body temperature and a histological examination provided no signs of a
systemic inflammatory reaction.

Essential alterations in the MDA level as well as in the GSH level and antioxidant
enzyme GPx were observed at the end of the experiment. These findings showed a
development of antioxidant imbalance in the hosts with calvaria defects with or without
implantation. Created calvaria defects enhance ROS production which leads to significant
increase of lipid peroxidation. ROS may play a critical role in the adverse effect of the
organisms with implants on the biological performance of implants. This has not been well
investigated previously. It is one of the main manifestations of oxidative damage. The
development of oxidative stress in rats with implantation is demonstrated by increased of
MDA, alterations in the activity of antioxidant enzymes and reduced glutathione.

Oxidative stress plays a very important role in the complications of the implants. This is
in line with available reports in this field [7, 10]. Free radicals reactive oxygen species (ROS)
are normally present in the body in small numbers. Normal levels of free radical can be
beneficial to the body while, excessive free radicals formation causes damage to the cells and
tissues. The body naturally protects itself against oxidants by forming antioxidant compounds.
Antioxidants play an important role in scavenging oxidants and consequently preventing cell
damage [5]. Inflammatory response is part of a general pattern of recovery and wound healing
that leads to eventual acceptance of foreign material placed in the body [1]. This pattern of
events typically leads to fibrotic encapsulation of the implant. Prolonged inflammatory
responses can have the consequence of more intense reactions requiring extrusion of the
implant [9, 4].

CONCLUSION AND FUTURE WORK

In conclusion the present experimental study confirms that the processes of calvaria
implantation with the new synthesized material correlate well with oxidative stress status
witch can be assed using enzymatic and non-enzymatic biomarkers. We suggest that oxidative
stress is caused of tissue pathophysiology induced by applied implants. Studies are needed of
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the coadministration of antioxidants as an approach to ameliorate implant-induced oxidant
damage.

The biological efficacy of the newly implant is well expressed in a calvarial defect rat
model. Our study gave essential information for the design of novel implanted biomaterial.

The histological examinations performed clearly indications that the implant used in the
present study successfully could be applied for covering of small skullcap defects. Indicative
for that were the lack of foreign body reaction and inflammation around the implant, as well
as, the good integration of implant with the surrounding tissues.

No signs of inflammation were noted independently from the scaffold 3 months after
implantation. We provide an evidence in our study for good biocompatibility of the newly
biomaterial. Moreover, the suitability of them for other kinds of bone defects has to be proven
in further experimental studies.
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Chitosan is a natural polymer which is non-toxic, biocompatible and biodegradable. Its
biomedical applications are defined besides by the above mentioned properties also by its
antibacterial properties. The chemical modification of chitosan aims to generate new
functions of this material and thus to further widen up its applications.

Phosphorylated chitosan (P-chitosan) has modifies properties as compared to the neat
chitosan, e.g. improved solubility, less thermal stability and less crystallinity.

Our interest towards the phosphorylated chitosan arouse because of its affinity to interact with
potassium ions due to the phosphate groups availability. In this way the phosphorylated
chitosan could play the role of a polymer scaffold for biomineralization thus resulting into
hybride inorganic organic materials as bone and dental materials.

In this presentation the main synthetic routes for preparation of phosphorilated chitosan are
outlined along with its biomedical applications reported so far.
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Abstract

Type 1 diabetes (T1D) a chronic condition characterized by abnormally high blood sugar
levels, due to the destruction of the insulin-producing beta cells in the pancreas. Because of
the pathophysiology of the disease, T1D patients have to undergo insulin therapy to stay alive.
However, the therapy does not offer a permanent cure — it merely delays the onset of
complications such as diabetic retinopathy and neuropathy. This problem has driven scientists
to find new ways of combating the disease. This article provides a comprehensive review of
some alternative methods for the treatment of type 1 diabetes, starting from pancreas
transplantation and continuing with the ideas of islet encapsulation and bioartificial pancreas.

Overview of Diabetes type |

Type 1 diabetes is mostly associated with deficiency or lack of insulin, owing to an
autoimmune response (1) against the beta cells and resulting in their destruction. T1D is
typically diagnosed during childhood, although there have been several cases of people
developing it later in life. The resulting lack of insulin leads to hyperglycemia. Common
symptoms include polydipsia, polyuria, polyphagia and rapid weight loss (2). The low levels
of insulin stimulate the process of lipolysis, leading to an acute condition known as
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ketoacidosis. Moreover, the generalized cell atrophy leads to long-term complications such as
neurapthy, nephropathy, retinopathy and cardiovascular disease.

It is widely believed that T1D is caused due to genetic and environmental factors. The risk of
a child developing type 1 diabetes is about 10% if the father has it, about 10% if a sibling has
it, about 1-4% if the mother has it. However, it has been reported that the genetic factors may
not have such a significant role. For example, studies involving identical(monozygotic) twins,
have shown that if one twin has T1D, the other has less than 50% chance of developing it (3).
However, these studies suggest that there are environmental factors at play. Viral infections
such as Coxsackievirus B, herpes, rubella, cytomegalovirus and at last but not least
enteroviruses have been known to trigger an autoimmune response against the beta cells (4).
Other less common causes of type 1 diabetes include injury to the pancreas from toxins,
trauma, or after the surgical removal of the pancreas, whereas the patients are deprived of the
endocrine function of the pancreas (5).

Type 1 diabetes must be treated with insulin. This involves injecting insulin subcutaneously
for it to get absorbed into the bloodstream where it can then access all the cells of the body
that require it. Insulin cannot be taken orally because the digestive fluids of the stomach
would destroy the insulin before it could work. However, insulin therapy is not a permanent
solution. Long-term symptoms such as neuropathy and retinopathy are simply delayed (1, 2).
Type 1 diabetes has historically been most prevalent in populations of European origin, but is
becoming more frequent in other ethnic groups. Within Europe the highest rates of childhood
diabetes are found in Scandinavia and north-west Europe, with an incidence range from 57.4
cases/100,000 per year in Finland to 3.9/100,000 in Macedonia for children aged 0-14 years.
The incidence of type 1 diabetes remains relatively low in populations of non-European
descent around the world (6).

Pancreas transplantation.

The purpose of pancreas transplantation is to ameliorate type | diabetes and remove the need
of exogenous insulin intake (2). The first successful pancreas transplantation in conjunction
with a simultaneous kidney transplantation was performed by W.D. Kelly, MD, and Richard
Lillehei, MD, from the University of Minnesota in 1966. Until 1990, the procedure was
considered experimental. Now it is a widely accepted therapeutic modality, with virtually all
insurance carriers covering the procedure. The pancreas comes from a deceased organ donor.
However, select cases of living-donor pancreas transplantations have been performed (1).
According to the International Pancreas Transplantation registry, life expectancy for pancreas
recipients 1 year following the operation is 86% (1). However, the technique constantly
undergoes improvement, achieving technological advance and more precise postsurgical
treatment (nutrition, immunosuppression etc.). Dr. Occhipinti at the university of Pisa
presented her institution's 10-year follow-up data for the 17 male and 17 female pancreas-
transplant recipients. Mean age at transplant was 37 years and mean duration of type 1
diabetes was 24 years. All underwent pancreas transplant alone, using the portal-enteric
drainage approach. Patient survival at 10 years was 97%. Only one patient survived for 5
years posttransplant as a result of stroke (7).

An alternative of whole pancreas transplantation could be merely pancreatic islet
transplantation (PIT). Seven consecutive patients with type 1 diabetes underwent islet
transplantation in conjunction with a glucocorticoid-free immunosuppressive regimen.
Pancreases were removed from brain-dead donors and stored and chilled at the University of
Wisconsin, where pancreatic islet cells were isolated and prepared. In all seven patients,
exogenous insulin therapy quickly became unnecessary once sufficient numbers of islets were
transplanted (8).
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Although pancreas transplantation or PIT almost thoroughly enhance the quality of life of
patients with type 1 diabetes, it should not be considered an eventual treatment of the disease
due to the constant intake of immunosuppressants and the limited endurance of the
transplanted tissue.

Islet Encapsulation

The potential of using encapsulated islet cells for treatment of T1D has been extensively
studied by scientists. Cell encapsulation is a method of enveloping living cells inside a
semipermeable membrane. The membrane provides an inward flow of nutrients and oxygen
as well as outward flow of waste products and therapeutic proteins. Moreover, the
encapsulation technique protects the cells from the immune system, thus circumventing graft
rejection.

Capsules are either made from biologic polymers (alginate, collagen, chitosan etc.) or
synthetic agents (12, 13). However, there are several consideration that must be taken into
account before using microcapsules in clinical applications. These include biocompatibility
and longevity of the implant, mechanical strength and durability, membrane permeability and
preservation of cellular function (9).

Generally, cell encapsulation devices fall into two categories: fairly rigid preformed or
flexible. Fairly rigid preformed devices are made of synthetic polymers which invoke a
specific response from the host such as neovascularization around the implant (10). Flexible
devices often strive to reduce response from the host by avoiding the immune system (11).
Lim and Sun are widely recognized as the first group to produce groundbreaking results
involving the encapsulation of islets. In their studies, islet cells were encapsulated in alginate
microcapsules and transplanted onto recipient rats. The encapsulated cells survived for 3
weeks, compared to the naked islet transplants that survived for only 6-8 days (14).

Few researchers have also been able to proceed to clinical trials. Soon-Shiong et al. were the
first to do so. The islet capsules were implanted into the peritoneum of a patient. Initially, the
patient’s insulin requirements were reduced by 1-2 units per day and in the ninth month he
was able to discontinue all exogenous insulin.

Another study performed by Elliot et al. which involved the usage of alginate-encapsulated
porcine islet transplantation reported a long-term survival (9 years) of the encapsulated cells.
Moreover, the patient’s daily insulin dose was reduced by 30% and C-peptide remained
detectable for over a year. There was also no sign of porcine viral infections following the
transplant (16).

Although encapsulation protects against large cells such as antibodies and T-cells, small
proinflammatory cytokines such as interleukin-1 and anti-tumor necrosis factor-a can freely
diffuse through the membrane. These cytokines are thought to cause graft injury and failure in
islet transplants (17). To resolve the problem, many researchers have begun using
coencapsulating antirejection molecules which are supposed to provide immune suppression
at a local level, while avoiding systemic toxicity (18). Studies using this method have yielded
promising results. For example, Su et al. showed that islet cells encapsulated with an IL-1
inhibitor maintained a 60% greater viability than controls when placed in solution with
proinflammatory cytokines (19). Another study by Bunger et al. showed that islets
coencapsulated with dexamethasone and implanted into mice exhibited less local tissue
fibrosis compared to the capsules, which did not contain dexamethasone, resulting in greater
graft survival (20).

Despite the success of cell encapsulation, studies have demonstrated that encapsulated islet
grafts have limited graft survival due to neovascularization complications and inadequate
oxygen supply. (21, 22, 23)
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Bioartificial pancreas

The problems associated with neovascularization, inadequate oxygen supply and issues
concerning the immune system have compelled scientists to find new ways of active oxygen
supply to islet cells inside an immunoisolating device.

The Israeli company Beta-O2 Technologies have managed to create a subcutaneous
implantable bioartificial pancreas. The device has been proved to overcome the problem with
inadequate oxygen supply to the graft, while providing protection of the donor cells from the
immune system (27).

The Beta-O2 artificial pancreas is essentially a macrocapsule that consists of an islet module
and a gas chamber, which is separate from the module. The cells in the module are implanted
in an alginate hydrogel structure which provides an adequate and fully-isolated environment
in which the cells can function. Furthermore, the hydrogels provides protection against the
body’s immune system (24).

Since the islet cells consume large amounts of oxygen in order to function properly, oxygen
needs to be injected through one of the two ports implanted under the skin. The procedure is
very user friendly and there is little possibility of failure (26).

The pre-clinical trials showed a number of positive results. Firstly, the cells in the device were
able to use around 65% of the oxygen supplied through refueling. Furthermore, the device
was able to maintain normoglycemia in diabetic rats throughout the entire implantation
period. Removal of the device resulted in an increase of glucose levels. Visual and
histological examination of retrieved devices demonstrated a physiological reaction involving
the formation of a fibrotic pocket around the device without an inflammatory response. The
fibrotic pocket showed signs of neovascularization around the device which would create
short diffusing distances for insulin and glucose. Moreover, immunohistological analysis of
the islet cells showed no signs of dysfunction (24).

The first clinical trial was performed in 2012 when a 63-year-old German patient with type- 1
diabetes was transplanted with the Beta —O2 device. The patient was observed for 10 months
at the Technische Universitdt in Dresden, Germany. The device showed persistent graft
function, along with regulated insulin secretion and preservation of islet morphology and
function without any immunosuppressive therapy (25).

Furthermore, eight patients are expected to be enrolled in a two-year investigation which will
evaluate the safety and efficacy of implanting the device. So far, only four patients have been
implanted with the device. The first patient in the study was implanted in October 2014. The
study is being conducted at Uppsala University Hospital in Sweden (25).

Conclusion

Type 1 diabetes is a serious health problem affecting millions of people worldwide. In order
to combat the disease, many treatment options have been developed such as insulin therapy,
pancreas transplantation and cell encapsulation. The field of cell encapsulation stands out as
having the most potential in treating T1D patients. Although there have been vast
accomplishments in this particular field, it is still far from seeing clinical applications. The
results have been difficult to replicate and researchers have not yet established a clear
protocol on the engineering, processing and implantation of these capsulated cells.
Nevertheless, researchers are actively looking for new ways of engineering the ideal cell
capsule. Continuous improvement in islet encapsulation techniques could transform modern
medicine and provide physicians with viable alternatives for the treatments of T1D.
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GO1. AN EPIDEMIOLOGICAL STUDY OF ACUTE POISONING BY
PHARMACEUTICAL AGENTS
WITH FATAL OUTCOME

Radenkova — Saeva J.
Toxicology Clinic, Emergency University Hospital «Pirogovy, Sofia, Bulgaria

The aim of the study was to present an analysis of acute poisoning by pharmaceutical agents
with fatal outcome. Methods: The records of the Toxicology Clinic, Department for adults,
UMHATEM “N.I.Pirogov” were reviewed retrospectively for all poisonings during a 5 year
period - from January 1, 2009 to December 31, 2013. The variables analyzed were gender,
age and type of medicines. Results: A total of 9194 patients have been hospitalized in the
Toxicology Clinic for the studied period, and 75 patients were with fatal outcome. Deaths
caused by pharmaceutical agents were twenty-one (28%), deaths caused by other agents were
fifty-four (72%). The patients with fatal exogenous intoxication by medicines were between
the ages of 31 and 88. Male mortality was higher: eleven males (52.4 %) and ten females
(47.6 %). All of the cases were intentional. Most deaths occur in the age over 70 years (71 -
88 years - 42.9%. The most often implicated groups of pharmaceutical agents were
benzodiazepines, antihypertensives, antidepressants, neuroleptics and analgetics. Conclusion:
The analysis of the data of the fatal poisonings by medicines revealed that for the studied
period of time, lethality is a stable indicator with little variations throughout the years.

Key words: acute poisonings, pharmaceutical agents, fatal outcome
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GO2. MMJIOTHO ITPOYYBAHE CPEJl ITAIIUEHTHU HA
ITEPOPAJIHA AHTUKOAI'YJIAHTHA TEPAIIUA OTHOCHO
TAXHATA UTHOOPMHUPAHOCT 3A BE3OITIACHO U E®UKACHO
INPOBEXJIAHE HA JIEYEHUETO

Cusina FCOpFI/IeBal, ['eopru XpI/ICTOBl, I'eopru Cemoscku’i, TaTsiHa I[I/IMI/ITpOBal, Anus
Ca6ax1,
n-p [laBnuna AnapeeBa- ['ateBa
1C0qu?cxu yrusepcumem ,,Ce. Knumenm Oxpuodcku”, Meouyuncku ¢haxynimem,
Meouyuncxu ynusepcumem — Cogpust, Meouyuncku gpaxynmem

2

BobBenenue: MHpopmMupaHocTTa Ha MalMEHTHUTE € OT OCOOEHO 3HAYEHHUE 3a
0e30macHOTO M e(HKACHO MpUjlaraHe Ha aHTUKoaryilaHTHa tepamwus. [IpoyuBane ot 2005
MOKa3Ba, Y€ IMOBEUETO AHKETHPAHH MallMEHTH HMMAT OrPAaHUYECHHU MO3HAHUS 32 TAXHOTO
KapJIMOJIOTUYHO 3a00JIsiBAaHE M T0OJ3aTa OT aHTUKoarynanTtHata tepanus. 2003 romunHa
yUEHU IOCOYBAT, Y€ MO3HAHUATA HA MAlMEHTUTE OTHOCHO 3HAYEHUETO Ha
AQHTUKOAryJaHTHATa Teparnus, KOPECIOHAMpa Ha KAauyeCTBOTO Ha Tepamusita U TpsOBa ja
ce OKaxke MoBeye BHUMaHKE Ha 00pa30BaHETO Ha MallMeHTUTE B Ta3u Hacoka. llem Ha ToBa
MPOyYBaHE € Jla C€ yYCTaHOBHM HHMBOTO Ha WH(OPMHUPAHOCT HA IMAIUCHTUTE CBBHP3aHa C
TAXHATa Tepanus U J1a choOpa3u epeKTUBHOCTTA HA NAJCHOTO JICUEHUE CIPSMO
nH()OPMHUPAHOCTTA HA MAIUEHTHTE. METO/: MPOBEKIAHE HAa aHKETa OT TPHHAJIECET BHIIPOCA.
Pesynraru:O0mo 39 manueHTa aHKETHpaHU. ,,3HAeTe JIM 3allo0 IpUeMare Te3u
nekcapcrBa? 22 orroBapar ,,aa“ u 17 ¢ ,He™. ,3HaeTe M KaKBU Ca HEXKEJTaHUTE
epeKxTH Ha JekapcTBaTa, KOuTo npuemare?* - ,He* orroBapsaTr 28. Exsa 9 or
AHKETHPAHUTE 3HAST CTOMHOCTUTE, B KOWTO TpsOBa na ce momabpka INR. U3Boau:
Crnopen mpoBeAEHOTO TpPOy4YBaHE YCTaHOBsBame, 4e 2/3 OT aHKETHUPAHUTE MAIUEHTU HE
ca 100pe MHPOpPMHUpPAHU OTHOCHO HEXKEIAHWUTE JICKAPCTBEHU PEAKIUU TMpU
aHTHKOArynaHTHaTa Tepamnus. ToBa Moke N1a J0oBele N0 CEPUO3HH YCIOKHEHUS.
Heo6xomuMo € ochIacTBsIBaHETO HAa aKTHMBHA oOpaTHAa BPbB3Ka OT MAIMEHTa KbM
JeKaps, 3a Ja C€ HaMalli MpOIIeHTa Ha HEeMHGOPMHUPAHM TAIMEHTH U J1a ce MoJ00pu
KauecTBOTO Ha JedeOHus mporec. [IpemocraBsHero Ha WHGOPMAIIMOHHM MaTepuaiu Ha
MAIMEHTUTE OTHOCHO CHIIIHOCTTA Ha TepanusiTa JOMpPUHACS 3a MO-eQEeKTHBHA Teparusl.
[Ipobnema c nurcara Ha WHOOPMHUPAHOCT HA MAIMHTHUTE € CHIIECTBEH M € HEOOXOIMMO
B3UMAHETO HA TPaHU MEpPKH, C LeN MOAOOpPSIBAHETO HAa KAa4ecTBOTO Ha Tepamusara |
HaMaJIIBAHETO Ha yCIOXHEHUSATA OT Hesl.

127



GO3. IN VIVO ANTITUMOR EFFECT OF THE NOVEL
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Abstract

Erufosine belongs to the group of alkylphosphocholines (APCs), which are novel synthetic
membrane-targeting anticancer agents. APCs have attracted the scientific interest not only
with their pronounced antineoplastic properties, but also with the ability to increase the
efficacy of chemotherapy and radiotherapy in vitro and in animal experiments.

In the present study, the in vivo antitumor effect of erufosine applied alone or in combination
with the conventional chemotherapeutic drug doxorubicin was assessed in hamsters with
experimental Graffi myeloid tumor. The results demonstrate the protective antitumor effect of
erufosine and doxorubicin, expressed by reduction of the transplantability, tumor growth
inhibition, decreased mortality and extension of the mean survival time. These effects were
most clearly pronounced in the experimental groups with a combined treatment. The
presented results suggest that the combined application of doxorubicin and erufosine could be
a promising antitumor treatment strategy. Further studies are needed to clarify the biological
and therapeutic effects of these substances using different experimental conditions. The
results obtained may be used for the purposes of the medical oncotherapeutic practice.

Key words: erufosine, alkylphosphocholines, Doxorubicin, Graffi myeloid tumor

Introduction

The control of the tumor is the main goal of the medical oncology that most often could be
achieved by the implementation of complex therapy. Chemotherapy is one of the methods
successfully used as a part of the anticancer treatment. Despite the undoubted achievements in
the treatment of oncological diseases in a global and national scale, conventional
chemotherapy has several disadvantages such as non-selectivity (it affects not only tumor
cells but also normal); toxicity (myelosuppression, alopecia, nausea, vomiting, general
intoxication, immunosuppression, cardiotoxicity, nephrotoxicity, hepatotoxicity, etc.); narrow
therapeutic index; multidrug resistance of cancer cells to the cytostatic drugs. These limiting
factors of the oncotherapy necessitate the conduction of further research for the development
and characterization of new antitumor agents and novel therapeutic regimens, which can be
applied in the clinical practice.

Alkylphosphocholines (APCs) are novel class of synthetic phospholipid analogs with
pronounced antineoplastic activity [8, 10, 17]. In contrast to the conventional
chemotherapeutic agents, which affect mainly the genetic apparatus of the tumor cells APCs
primarily interfere lipid metabolism and modulate lipid-dependent signal transduction [3, 17].
Most important for their antitumor effect are the inhibition of phosphatidylcholine synthesis
and the modulation of specific signaling processes such as the proapoptotic stress-activated
protein kinase (SAPK)/c-Jun N-terminal protein kinases (JNK) pathway, the prosurvival
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PI3K/Akt/mTOR pathway, and the mitogen-activated protein kinase (MAPK)/extracellular
signal-regulated kinase (ERK) pathway [10, 12, 14, 17].

Erufosine is the first alkylphosphocholine suitable for intravenous application because it does
not induce hemolytic and myelotoxic effects and even stimulates normal hematopoiesis [1, 2].
Significant antiproliferative activity of erufosine was established in different human
malignant cell lines [5, 11, 12, 13] as well as in various in vivo tumor models [4, 7].
Moreover, experimental data indicate the ability of erufosine to increase the efficacy of
chemo- and radiotherapy in experimental conditions [5, 6, 7, 14]. These findings together with
the lack of myelosuppression, which is the major side effect of conventional cytostatic drugs,
make the erufosine a promising combination partner for complex chemotherapy of malignant
neoplasms.

The aim of the present study was to assess the in vivo antitumor activity of erufosine, applied
alone or in combination with doxorubicin against Graffi myeloid tumor in hamsters.

Materials and methods

Experimental animals

Syrian Golden hamsters of both male and female sexes, 2-4 months old, weighing
approximately 100 g were purchased from a breeding base Oncology Center, Sofia. The
animals were kept under standard conditions in individual plastic cages with free access to
food and water. All experiments were conducted in accordance to the ethical standards of the
institutional and national guidelines for care and use of laboratory animals.

Experimental tumor model

Graffi myeloid tumor (GMT) was primary induced by the Graffi murine leukemia virus in
new-born hamsters [9] and maintained monthly in vivo by subcutaneous transplantation of
viable tumor cells (2x10%/mL PBS) in the interscapular area of hamsters [16]. The tumor
usually occurs between 7 and 15 days after the inoculation of the tumor cells as a solid
formation, which progressively increases in size and causes death of experimental animals
between 25" and 30" day after the transplantation. The GMT is 100% transplantable and
spontaneous regression in this experimental tumor model was not observed. For the present
experiment 2x10* viable Graffi tumor cells/0.5 ml PBS per animal were transplanted
subcutaneously (s. ¢.) on hamsters.

Antineoplastic agents

e Erufosine (EPC;3;) was kindly provided by Prof. H. Eibl (MPI for Biophysical
Chemistry, Gottingen, Germany). EPC3; was dissolved in PBS and administered
subcutaneously (s. c.) twice a week for 4 weeks. The single dose of EPC3 was 30 uM/kg
body weight (1.5 mg/100g b.w), which correspond to the 1Csy value established in
previous in vitro experiments.

e Doxorubicin hydrochloride (Dox) was purchased from Sigma-Aldrich and dissolved
in PBS. Dox was applied s. c. twice a week for 4 weeks. The single dose of Dox was 0.1
uM/kg b. w. (0.00058 mg/100g b. w.), which correspond to % ICso value established in
previous in vitro experiments.

Experimental design

For the examination of the protective effect of erufosine applied alone or in combination with
Doxorubicin, two schemes of administration of the antitumor compounds were used - starting
simultaneously with the tumor transplantation or staring after the transplantation, when the
tumors reach about 10 mm in diameter (11" day). The experimental animals were
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transplanted s. c. with 2.10* viable tumor cells and were separated in several experimental
groups as fowolls:
e Group 1 — tumor-bearing hamsters (TBH) with EPC; treatment (1.5 mg/100g b.w)
starting simultaneously with the tumor transplantation (day 0).
e Group 2 - TBH with EPCj treatment (1.5 mg/100g b.w) starting after the appearance
of tumors with diameter about 10 mm (11" day post transplantation)
e Group 3 - TBH with combined treatment with EPC3 (1.5 mg/100g b.w) and Dox
(0.00058 mg/100g b.w) starting simultaneously with the tumor transplantation (day 0).
e Group 4 - TBH with combined treatment with EPC3 (1.5 mg/100g b.w) and Dox
(0.00058 mg/100g b.w) ) starting after the appearance of tumors with diameter about 10
mm (11" day post transplantation)
e Group 5 - TBH without any treatment (untreated control).
e Group 6 - TBH with Dox treatment (0.00058 mg/100g b.w) starting simultaneously
with the tumor transplantation (day 0).

Assessment of the in vivo antitumor activity
The protective effect of the antineoplastic agents was assessed by examination of the
following biometric parameters of the tumor growth:

e Tumor transplantability (TT)
Tumor transplantability (%) was determined for each experimental group on days 8, 11, 15
and 18 as a ratio between the number of tumor-bearing hamsters and the number of all
hamsters in the group.

e Tumor volume (TV)
The tumor size was measured for each animal using a caliper and the tumor volume was
calculated by the formula: V = AB?/2, where A - major axis; B - minor axis
The change in the TV was followed for 30 days after the tumor transplantation.

e Tumor lethality (TL).
Lethality (%) was followed in dynamics between the 20™ and 50™ day after the tumor
transplantation.

e Mean survival time (MST)
At the end of experiments, the mean survival time was calculated for each group.

Statistical analysis

All data are presented as mean arithmetic value + standard deviation. Significance testing was
performed by GraphPad Prism software package using one-way analysis of variance
(ANOVA) followed by Bonferroni’s post hoc test. Values of *p<0.05, **p<0.01 and
***p<0.001 were considered statistically significant.

Results and discussion

The in vivo antitumor effect of erufosine applied alone or in combination with doxorubicin
was studied in hamsters transplanted with Graffi myeloid tumor. The biometric parameters
transplantability, tumor volume, lethality and mean survival time were used as markers for
assessment of the antitumor activity of the tested substances.

The effect of treatment with erufosine and doxorubicin on the transplantabilty of Graffi tumor
was followed for 20 days after the tumor transplantation (Fig. 1).
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Figure 1. Transplantability of Graffi tumor in hamsters treated with erufosine (EPC3) and
Doxorubicin (Dox). Experimental groups: Group 1 — tumor-bearing hamsters (TBH) treated
with EPC; from day 0; Group 2 — TBH treated with EPC3 from day 11; Group 3 — TBH
treated with EPC3 and Dox from day 0; Group 4 — TBH treated with EPC3 and Dox from day
11; Group 5 — TBH, untreated control; Group 6 — TBH treated with Dox from day 0.

The highest percentage of hamsters with palpable tumors was observed in groups 5 and 6. In
both groups, on day 8 and day 11 tumors were established in 40% and 100% of the
experimental animals, respectively. In the experimental groups treated with the EPC3 alone or
in combination with doxorubicin, starting on day 0 or day 11 the transplantability was lower
compared to the controls (groups 5 and 6). On the 8" day of the study, tumors were not found
by palpation (transplantabilty 0%) in groups 1, 2, 3 and 4. In these experimental groups
palpable tumors appeared on 11" day, with the lowest percentage in group 3 (25%), followed
by groups 1 and 2 with 50% and group 4 with 75%. On the 15" day, the transplantability
observed in groups 2, 3 and 4 reached 100%. In group 1, palpable tumors were observed in
100 % of the experimental animals on day 18 of the experiment. The highest protection was
established in the groups with treatment, starting simultaneously with the transplantation of
the tumor cells (groups 1 and 3) (Fig.1).

The influence of the different schemes of experimental therapy on the tumor volume in Graffi
myeloid tumor-bearing hamsters was monitored for 30 days. The mean tumor volume in the
untreated control group of hamsters with Graffi myeloid tumor (group 5), showed a rapid
growth (Fig.2).
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Figure 2. Tumor volume of Graffi tumor-bearing hamsters (TBH) treated with erufosine
(EPC3) and Doxorubicin (Dox). Experimental groups: as noted in Fig.1.
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As evident from the data presented at Fig. 2, the rate of the increase in the tumor volume in all
experimental groups was noticeably reduced compared to the untreated TBH (group 5) and to
the TBH treated with doxorubicin (group 6 ). The mean volume of the tumors in the hamsters
treated with a combination of erufosine and doxorubicin was significantly lower compared to
the untreated control (100% inhibition of the tumor growth on day 8 and day 15). Graphs are
shifted to the right from that of the controls. The optimal effect was established in group 3 -
tumor-bearing hamsters treated with a combination of the two drugs, starting on day 0. The
tumor volume in this group was the smallest in all stages of the study (up to the 30" day).

The lethality of the tumor-bearing hamsters treated with the anticancer agents was found to
decrease for all groups between the 25 and 40™ day of treatment as compared to the control

(Fig. 3).
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Figure 3. Lethality of Graffi tumor-bearing hamsters (TBH) treated with erufosine (EPC;)
and doxorubicin (Dox). Experimental groups: as noted in Fig.1.

The most significant decrease of the lethality was observed in hamsters treated with EPC3 and
Dox in combination (Fig. 3). As can be seen from the graph, the lowest mortality was found
for the animals treated with both agents starting from day O (group 3). In this experimental
group, 100% mortality was established on the 50" day after the beginning of the experiment.
It was found that the s. c. application of erufosine on Graffi myeloid tumor-bearing hamsters,
starting from day 0 and day 11 (groups 1 and 2) and the administration of doxorubicin starting
from day O (group 6) resulted in a non-significant prolongation of the mean survival time
(31.75 £ 5.6 days, 33.75 £ 1.3 days and 33 + 2.4 days, respectively) (Fig. 4).
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Figure 4. Mean survival time (MST) of Graffi tumor-bearing hamsters (TBH) treated with
erufosine (EPC3) and Doxorubicin (Dox). Experimental groups: as noted in Fig.1.
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Statistically significant increase of the mean survival time was found in the experimental
groups with the combined treatment with erufosine and doxorubicin starting on day 0 and day
11 (groups 3 and 4). It was found that 75% of the hamsters from group 3 and 50% of the
hamsters from group 4 survive more than 40 days (42.75 + 4.7 days and 38 + 4.6 days,
respectively), while the mean survival time of the untreated control TBH was 24.8 + 3.5 days.
(Fig. 4).

The results are in accordance with previous in vitro investigations showing pronounced
antitumor effect of erufosine on various hematopoietic malignances [5, 13]. In the present
study, the optimal protective effect was observed in experimental groups treated with
combination of erufosine and doxorubicin. The later compound have found a wide use in the
clinical practice as single or multiagent therapy against a range of hematological malignances
as well as various types of solid tumors [15]. The mode of action of doxorubicin include
intercalation between the base pairs of DNA and inhibition of topoisomerase enzymes [15]. In
contrast, erufosine act mainly on the cellular membranes. The combination of two different
mechanisms of action affecting distinct molecular targets in the tumor cells could be an
explanation for the higher effectivity of the simultaneous administration of both anticancer
agents. Since erufosine have been found to stimulate the normal hematopoiesis [1], it could
also be supposed that this alkylphosphocholine ameliorate the myelosupressive effect of
doxorubicin and thus increase the overall efficiency of the anticancer therapy.

Conclusion

The results of the present study demonstrate the protective antitumor effect of erufosine and
doxorubicin administered s. c. twice a week for 4 weeks, starting from day 0 or day 11 in
hamsters with experimental Graffi myeloid tumor. Applied experimental antitumor therapy
resulted in decrease of the biometric parameters transplantability, tumor volume and mortality
as well as in extension of the mean survival time. These effects were most clearly expressed
in the experimental animals treated with the combination of both anticancer agents.

Based on the present results, it could be suggested that erufosine is a promising antitumor
agent and its application as a part of complex chemotherapy may contribute to increase of the
effectivity and reduction of the adverse side effects of the conventional cytostatic drugs.
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GOA4. IS SUGAR ACTUALLY TOXIC? CUTTING OUT SUGAR
DRASTICALLY IMPROVES OVERALL HEALTH

Vera Kolyovska
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Sugars are used by the industry to enhance the attractiveness of foods and drinks.
These added sugars, or “free” sugars, are not easily identified in food or drink labels. Certain
manufactured foods and drinks with “safe” names, such as dried fruit and fruit juice, still
contain free sugars and can be confusing. Guidance states that daily consumption of free
sugars should be less than 10% of total energy intake (no more than 5% in the UK). However,
it is found that both tooth decay and obesity are associated with consumption of free sugars in
large quantities and at inappropriate times.
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Sugar contributes to metabolic syndrome and is the strongest evidence to date that the
negative effects of sugar are not because of calories or obesity. Government and health
organisations worldwide have recently reviewed the evidence on the role of dietary sugars in
relation to health outcomes. Hence, it is timely to review current intakes of dietary sugars with
respect to this guidance and as a benchmark for future surveillance.

Most countries reported intakes of total sugars, with fewer reporting intakes of added
sugars. No country reported intakes of free sugars. Intakes of added sugars were higher in
school-aged children and adolescents (up to 19% of total energy) compared to
younger children or adults.

Actual data about nutritional status type of children and adolescents from the city of
Sofia and Smolyan region (Bulgaria), investigated in the period 2012-2015, shows that the
frequency of the overweight and obesity increases significantly (30.0%) with comparison
analogical data of over nutrition (15.0%) in students, investigated in 1998-2002.

Sugar is making children sick and it’s not just because of the extra pounds it adds to
their waists — it’s also due to the way it breaks down in the body. Sugar calories are the
worst, because they turn to fat in the liver, driving insulin resistance, and driving risk for
diabetes, heart, and liver disease. “A calorie is not a calorie”, the researchers explain the
common misconception that all calories are created equal. Further research into the dietary
patterns contributing to added sugars intake in children and adolescents is warranted. It would
also be beneficial to policy guidance if future dietary surveys employed a uniform way of
expressing sugars that is feasible to measure and has public health significance.

Keywords: sugar consumption, dietary surveys, overweight, obesity
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GO5. ASSESMENT OF THE HEAVY METAL POLLUTION LONG-
TERM EFFECTS ON POPULATION GENETIC STRUCTURE OF
COMMON DANDELION TARAXACUM OFFICINALE

Borislava Kukurina, George Miloshev

Laboratory of Molecular Genetics, Institute of Molecular Biology, BAS,
Acad. G. Bonchev 21 Str, 1113 Sofia, Bulgaria
Emails: .borislava@gmail.com; miloshev@bio21.bas.bg

Pollution with heavy metals exposes plant populations on chronic environmental
stress. Despite the numerous studies, the long-term effect of heavy metal toxicity on the
population genetic structure remains elusive. Two apparently opposite genetic treats can be
expected due to the growth of plants on polluted soil. On the one hand, pollution can select
adapted genotypes, decreasing genetic variations and thus trigger population extinction. On
the other hand, stress may increase mutability and directional selection of newly arisen
genotypes, which can lead to speciation and evolution. The explanation for these controversial
events may come from the different species and methods used in the studies. A step toward
resolving this issue is finding a proper model for population genetic studies of plant put under
prolonged environmental pollution stress.

In the current study we have examined the usefulness of apomictic Taraxacum
officinale as a model plant for assessing population genetic alterations due to heavy metal
pollution. Sampling sites include two areas polluted with heavy metals - one around
“Kremikovtzi” and the other close to “Stomana — Pernik” metal plants, and two clean control
regions around the villages of Lokorsko and Bosnek. Molecular genetic analysis included two
hyper variable loci of Taraxacum’s genome: the intergenic spacer of ribosomal DNA and the
microsatellite marker - MSTAG4.

Our results revealed quantitative and qualitative differences between genotypes of the
examined populations. Namely strong distinction was observed between populations from
polluted and rural areas. Finally, our study confirms the reliability of apomictic Taraxacum
populations as a superior model for evaluating the influence of heavy metal pollution on the
population genetic structure.

This work is supported by grant Ne DDVU — 02/61
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Abstract

The aim of this study was to set up fast and cheap tests with good resolution for early
revealing the toxic /genotoxic/ mutagenic potential of anthropogenically contaminated soil
samples collected in the area of KCM Plovdiv.

Material and methods:Chlamydomonas reinhardtii strain 137 C+ was used as a model
organism. A set of test systems with different resolution were used for research toxic /
genotoxic, mutagenic and DNA damage potential of extracts of five soil samples collected
from different plots situated nearby KCM Plovdiv. The statistical assessment of the results
was performed using t-test ,one way ANOVA two way ANOVA (GraphPad).

Results: Data show that the level of DSBs induced after the treatment with soil extracts for
72 hours was higher than that in control and samples treated for 2 hrs. The significantly higher
levels of HSP70B were induced after the treatment with samples 1 and 5 for 72 h. This result
is analogous to results obtained by the tests of genotoxicity: spot test, growth rate and the
percentage of inhibition.

Introduction

Heavy metal pollution is a serious problem in many countries in Europe, including
Bulgaria. In our country, soils contamination with heavy metals and metalloids represents
0.7% of the agricultural lands and could results in disruption of soil functions, pollution of
surface and underground water, decreasing the yield of agricultural production and in some
cases to the disturbance of plants genome. On the other hand soil pollution could lead to
negative consequences in the ecosystems and food chain beings direct social implications
posing risks to public health .

The problem for the development of plant bio-indicators and biomarker test systems for
early diagnostics of the degree of anthropogenic load and for environmental risk assessment is
particularly relevant on global and national scale. It is directly related to the strategies for
conservation of bio-diversity, genome and plant populations protection in contaminated areas.
Till now, no rapid, highly sensitive and informative eukaryotic cellular /bioindicators and
subcellular /biomarkers for the detection and characterization of the genotoxic and mutagenic
potential of low doses of anthropogenic factors inducing oxidative stress are available.
According to [9] the requirements of "good" test-systems include: rapid, sensitive, and
relatively inexpensive methods with good resolution and capabilities to extrapolate results to
higher eukaryotes. Previously it was shown by us that unicellular green algae
Chlamydomonas reinhardtii could be used as a robust model system for plants.

The aim of this study was to set up fast and cheap tests with good resolution for early

revealing the toxic /genotoxic/ mutagenic potential of anthropogenically contaminated soil
samples collected in the area of KCM Plovdiv.
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Materials and methods

Strain C. reinhardtii: WT137 C+ was cultivated on liquid and solid TAP medium under
standard conditions in a growth chamber Phytotron GC 400 at optimal conditions— continuous
light of 5000-5500 Ix and t = 23 °C +0.1 C [4]
Sampling: Five soil samples collected from different plots situated nearby KCM Plovdiv were
kindly provided by Institute of Soil Science, Agrotechnologies and Plant Protection “N.
Pushkarov” Heavy metals contents in soil samples were measured by ICP-AES. Extraction
was performed with 0.01M CacCl, solution for 48h. In this experiments 5-7 days old cell
suspensions at the end of the exponential and the beginning of the stationary phase of growth
we used. Cells were harvested and after that treated for 72 hours under continuous light on a
shaker at a cell density of 1 x 10° cells/ml [4] The toxic and genotoxic potential of the soil
extracts were analyzed by several methods:

Genotoxicity screening: spot-test [7] is a rapid, inexpensive and informative test for the
presence of bioavailable xenobiotics in natural samples. The intensity of spots is an indicator
for the presence of xenobiotics with genotoxic/toxic potential. Preliminary data obtained from
this test outline the next steps the examination.

Growth rate (ISO 8692:2004) - for testing the inhibitory effect of test samples 72 hours
after the treatment with soil extracts. This method provides information on how the
population could overcome the harmfull action the treatment [7].

Percentage of inhibition (ISO 8692: 2004) — for the revealing the cells growth inhibitory
effects of samples at 72 h treatment; cells were counted 72 hours after impact.

Clonal assay: the toxic/ genotoxic potential of the soil samples was assessed by the colony
forming ability. Cell survival was determined by counting colonies visible to naked eye after
7-10 days growth in the light in TAP medium.The fraction of surviving colonies (SF) was
calculated [4]:

SF = % surviving macro colonies in treated sample

% surviving macro colonies in control sample

Survival fraction (SF) was calculated on the basis of colony forming ability in treated cells
vs plating efficiency (PE) in the control samples (). This test allows to analyze to what extent
the damages, caused by extracts are reversible. This test gives us information whether the
toxic/genotoxic effects, registered at the 72-nd hour, may be eliminated from the cells after
removing the distorting impact.

Mutations: The mutagenic potential of both extracts was assessed by the “visible” mutant
colonies assay, based on changes in size, morphology and pigmentation of surviving colonies
[4]. This assay is informative for the type of induced genetic damage — low-size mutants,
which are smaller than 1/3 of the average colony size (impaired cell division), pigment
mutants (gene point mutations), mosaic mutants (long-lived micro-chromosomal aberrations),
morphological mutants (altered cell wall structure and composition).

The percent of induced mutations was calculated as follows:

% induced mutations = % mutations in the treated sample — % spontaneous mutantions in
the control sample

The mutagenic activity of the extracts was evaluated by the mutagenic index (MI):

MI = % of mutations in treated sample

% of spontaneous mutations in the control sample

When Ml is < 2.5 — no mutagenic action is observed,;

MI = 2.5 - 10 — shows a weak mutagenic action;
MI > 10 — shows a strong mutagenic action [8].

Constant Field Gel Electrophoresis:-According to the requirements for the
implementation of "best practices [6] in ecotoxicology, it is necessary to use direct tests
analyzing the DNA damaging potential of xenobiotics. To that end, the quantity of DSBs
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induced after 2 and 72 hours treatment with soil extracts from the region of Plovdiv by KCM
CFGE, was defined. The procedure was previously described in detail [1].

Heat shock proteins: The level of heat shock proteins (HSPs) was determined by gel—
electrophoresis and Western blotting [2]

Statistics: Experiments were repeated at least three times using independently grown algal
cultures. Student’s t-test for statistical assessment of results was used. One-way ANOVA was
performed to compare differences among types of soil extracts (GraphPad Prism 5software).
Two-way ANOVA were applied to determine how a response was affected by the types of
soil extracts and treatment time (GraphPad Prism 5 software).

Results and discussion:
Fig 1 demonstrates the most pronounced genotoxic potential of soil samples 1 and 5
.Sample 3 displays no noticeable difference compared with the controls.

Krap Ksc sample 1 sample 2 sample 3 sample 4 sample5
Fig.1 Genotoxic potential of soil samples from the area of KCM Plovdiv

i

Fig.2 shows the percentage of inhibition of algae cells at 72 hours of the treatment (ISO
8692: 2004). Experimental data obtained is statistically significant (p <0.001). The highest
percentage of inhibition was observed after treatment with soil extracts 1 and 5 (72.60% and
64.38%), which corresponds well with the data presented on fig.1 and fig.2.

% of inhibition

4

Fig.2. Percentage of inhibition of algae cells counted 72 hours
The kinetics of growth rate was determined according to 1ISO 8692: 2004 at 24, 48 and 72
hours during the treatment. . Genotoxic potential of soil extracts 2, 3 and 4 were considerably
less. Two-way ANOVA analysis revealed well expressed relationship between treatment time
and the level of contamination (p <0.001). Our data show toxic/genotoxic potential of samples
1 and 5 - statistically significant decrease of growth rate of cells was observed.
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Fig.3 Kinetics of growth rate determined at 24, 48 and 72 hours, 1SO 8692: 2004

Survival fraction data (SF), presented in Fig. 4(a) demonstrate that cells cultivated 72 h in
contaminated samples after the plating in a fresh medium can overcome "harmful” effect of
samples. In some cases minor stimulating capacity is revealed - samples 2 and 3.Colony
forming ability test is very informative concerning long term consequences as a result of
chronic contamination and is a good basis for the revealing mutagenic capacity of samples.

Mutagenic index (MI) was calculated using data obtained by the test of “visible”

mutations. [8].
Data on fig.4 (b) show that soil extracts don’t exhibit statistically significant mutagenic
activity. Only the soil extract of sample 4 has MI=4.49 which indicates minor mutagenic
potential. Two main types of mutations dominate - size and pigment that indicates the
mechanism of cell division and the photosynthetic pigments have been affected.

a)

1.5n

b)
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soil 5;

soil 1;
1,16

soil 3;
1,43

Fig.4 Survival fraction a) and mutagenic index (Ml) b)

Effect of soils extracts on DNA.

The requirements to apply “good practices” (WHO, 1989) in ecotoxicology make it necessary
to use direct tests for analyzing DNA-damaging potential of xenobiotics. For this purpose the
quantity of DSBs, induced after 2 and 72 hours of incubation with soil extracts was measured.
Data on fig. 6 show that the level of DSBs induced after the treatment with soil extracts for 72
hours was higher than that in control and samples treated for 2 hrs. It should be mentioned
that samples collected at different plots could increase the level of DSBs slightly and in a
similar way. Results presented here are interesting because it is well known that unrepaired
DSBs could be fatal for cells. The data obtained were statistically significant: (57, 46%;
p<0,001) - (18, 44 %;

p< 0,001 ), (22,39; p<0,001) and illustrate simultaneously the impact of the soil extracts and
the treatment time - Two-way ANOVA.

FDR

Fig.6 Induction of DSBs after the treatment with soil samples for 2 and 72 hours

Induction of HSP70B
Previously, it was shown by us that HSP70B could be recommended as an early

warning marker for oxidative stress [3]. Because the such reason the level of heat shock
proteins (HSP70B) was determined after the treatment with soil extracts for 2 and 72 hours.
The highest induction of HSP70B was observed after the treatment with soil extracts 2 and 4
for 2 hours. The same two samples also demonstrated a statistically significant increasing the
level of DSBs .Quite different results were obtained when cells were cultivated for 72 hrs in
contaminated samples. The significantly higher levels of HSP70B were induced after the
treatment with samples 1 and 5 for 72 h.

It could be important to point out that even the fact that HSP70B values induced after the
treatment for 2 hours are about two fold higher than those obtained after the treatment for 72
hours, but a full match between the tested criteria is obtained by analysis of data at 72 hour
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impact. This result is analogous to results obtained by the tests of genotoxicity: spot
test, growth rate and the percentage of inhibition.
Treatment | Kcaciz | Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5
time
2 hours 3190.99 | 2599.40 | 7097.65 3701.70 | 6620.44 | 3433.55
72hours 1830.01 | 4798.76 | 2907.07 2582.36 | 3154.64 | 4124.83

Tabl.1. Induction of HSP70B after the treatment with soil extracts for 2 and 72 hours.

Conclusions:

Our data show that soil extracts from the different sampling sites near
KCM Plovdiv possess more like cell growth inhibitory effect than DNA damaging and / or
mutagenic potential,
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Abstract

In the present work a literature review of the experiments that explore the using of
honey bee and their products as bio-indicator of environmental pollution with pesticides is
presented. In all cases of pesticides implementation certain amounts of them have been
always accumulated in the bees and their products. Bees in this respect, which are in a
constant contact with the atmosphere, plants, waters and soils are the object of numerous
ecological studies aimed at establishing their role in the detection of polluted areas. A great
attention is also being paid to the honey bee products which also yield information about the
state of the surroundings inhabited by the bees. Honey is most often tested for pollutants
followed by the bee body, pollen, wax, propolis and faecal masses of the bees. The studies on
the royal jelly, nectar honey and honeydew are in single numbers. According to the
researchers the pollutants accumulate in the bees and their products to different extents.
Pesticides have been established in the bodies of honey bees in larger quantities with
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relevance to the honey. Most of the authors show that bee honey is a suitable tool for
monitoring the pollution with pesticides.
Key words: bee products, bio-indicators, honey bees, honey, pesticides, pollution

Introduction

Environment is the factor together with the genetic background of the human
influencing to a greater extent his health and quality of life. In the recent years as a result of
the activity of man (harmful emissions of burnt fuel, deforestation, the deposition of chemical,
radioactive and biological refuse, etc.) serious deviations from the normal parameters
recording the state of the environment have been observed. The environmental changes on
their part have their effect on man directly or indirectly. For example, the contamination of
soil and water with heavy metals, pesticides and chemicals leads to their accumulation in the
plants and animals inhabiting the polluted areas. The human as an end consumer accumulates
these pollutants, a part of which are deposited in the bones, teeth and stay there till the end of
life having harmed his health in the meantime.

The danger of negative changes in the environment makes the scientists look for
novel, more efficient methods for monitoring of the environment for early detection of
pollutants. Along side with the confirmed and widely used methods attempts are being made
recently for the testing different biological species (plants, insects, fish and other small
animals) as bio-indicators of changes [4, 10, 14, 16, 19]. Honey bees, due to their
morphological features, and also bee products are regarded as good indicators of
environmental pollution by toxic substances, be these heavy metals, radioactive elements, or
persistent organic pollutants such as pesticides. Bees can carry back to the hive many
contaminants deposited on utilitarian plants. The pesticides used in agriculture (especially in
spring and summer when farming activities reach their peak) may not only be the cause of the
large-scale mortality of bees, but can also get into bee products [2, 3].

It is well-known that at the time of active pasture bees gather pollen and nectar in the
radius of seven square kilometers [20]. Together with the nectar, propolis and pollen they
introduce a number of chemical and physical pollutants in the hive, which pass into the honey
and affect the production, health and life of the bees [6, 18].

According to Girotti et al. [13] honeybees can be applied, coupled to suitable

immunoassays, to the determination of azinphos-methyl and thiram pesticides.
The pollutants which exert influence on the bees and the bee products can be of different
nature. Such are for example the contaminations which man willingly or unwillingly produces
in his everyday activities (burnt gases, heavy metals and metalloids, radionucleoides and other
toxic emissions), pesticides used against different harmful agents in agriculture, the
veterinary-medical preparation used in the struggle against viral, bacterial and parasitoses in
the bees, etc. Bogdanov [5] has divided these pollutants into two main groups — those related
to the activity of the bee-keeper and the other caused by the state of the surroundings from
which the bees gather nectar and pollen. He has included in the environmental group of
pollutants the heavy metals, radioactive isotopes, organic contaminators, pesticides
(insecticides, fungicides, herbicides and bactericides), pathogenic bacteria and genetically
modified organisms. In the group of pollutants driven into the hive by the beekeeper
Bogdanov [5] mainly relates the acaricidic remedies used in the anti-parasite struggle as well
as the chemical remedies for fighting bacterial infections which also leave traces in the honey,
pollen, wax, propolis and royal jelly.

The bee acts as a detector of environmental pollution in two ways, as it signals either via
high mortality rates the presence of toxic molecules, or via the residues in honey, pollen, and
larvae the presence of heavy metals, fungicides and herbicides that are harmless to it. Bee
monitoring also contributes to the ecological impact statement by culminating in the charting
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of environmental health maps, which include such data as mortality rates, apicide number,
type and risk-level of molecules detected, and so forth [7].

The aim of the present work is to provide a literature review of the experiments that
explore the using of bee and their products as bio-indicator of environmental pollution with
pesticides.

Results

According to some authors the utilization of different types of pesticides in agriculture
can be established by detecting traces of them in the bees and bee products.

Monitoring of pesticide residues in honey, wax, and bees helps to assess the potential
risk of these products to consumer health and gives information on the pesticide treatments
that have been used on the field crops surrounding the hives [11].

According to Porrini et al. [17] in many cases, pollution caused by abuse or by
erroneous application of pesticides could not be proven without the help of honey bees. This
group of authors has carried out a monitoring of pesticides with honey bees. This work has
been applied in some areas surrounding Bologna. Each monitoring station has been consisted
of two beehives equipped with collection cages for dead bees. Once a week, families have
been checked and the number of dead bees has been recorded. When the mortality rate has
exceeded the critical threshold (250 bees/week/station), laboratory analyses have been carried
out. The authors have indicated periods of major bee poisoning risk, and identified the most
frequently used pesticides (also those that are prohibited) and the crops treated. These studies
with honey bees have revealed the type of plant protection management applied to the area
under investigation and allowed to prove the application of molecules not permitted under
certain circumstances or even forbidden.

Samples of honeybees from 14 beehive monitoring stations located in 3 townships in
the province of Bologna have been aiming to evaluate the concentration of 32
organophosphorus pesticides and 5 carbamates [12]. The most contaminated samples have
been from Granarolo Emilia where cereals (wheat, sorghum, and corn), sugar beets, and
potatoes have been the main agriculture products. Thirty-five pesticides have been detected,
with organophosphorus being the most abundant ones. Malathion has been detected in 58% of
the samples (mean level 0.360 mg/kg) followed by fenithrothion in 53% of the samples (mean
level 0.544 mg/kg) and pirimiphos methyl in 48% of the samples (mean level 0.006 mg/kg).
Temporal trends have showed that the maximum detection frequency has occurred in late
spring and has been associated with the use of treatment products and less rainfall. The results
have demonstrated the feasibility of using honeybees for assessing pesticide exposure in
agriculture settings.

A field survey has been performed on French apiaries to monitor weakness of honey
bee colonies [8]. Five colonies have been randomly selected in each apiary, leading to a total
of 125 studied honey bee colonies. For 3 yr colonies have been visited four times per year:
after winter, before summer, during summer, and before winter. Pollen loads from traps have
been collected at each visit. Multiresidue analyses have been performed in pollen to search
residues of 36 different molecules. Specific analyses have been conducted to search fipronil
and metabolites and also imidacloprid and metabolites. Residues of 19 searched compounds
have been found in samples. Contamination by pesticides has ranged from 50 to 0%.
Coumaphos and tau-fluvalinate residues have been the most concentrated of all residues
(mean concentrations - 925.0 and 487.2ug/kg, respectively). Fipronil and metabolite contents
have been superior to the limit of detection in 16 samples. Residues of fipronil have been
found in 10 samples. Nine samples have contained the sulfone compound, and three samples
have contained the desulfinyl compound. Residues of imidacloprid and 6-chloronicotinic acid
have been found in 69% of samples. Imidacloprid contents have been quantified in 11
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samples with values ranging from 1.1 to 5.7ug/kg. 6-Chloronicotinic acid content has been
superior to the limit of quantification in 28 samples with values ranging from 0.6 to 9.3ug/kg.

The frequency of occurrence and relative concentration of 44 pesticides in apicultural
(Apis mellifera) matrices collected from five French locations (24 apiaries) have been
assessed from 2002 to 2005 by Chauzat et al. [9]. The number and nature of the pesticides
investigated have varied with the matrices examined—Iliving honeybees, pollen loads, honey,
and beeswax. Pollen loads and beeswax have had the highest frequency of pesticide
occurrence among the apiary matrices examined, whereas honey samples have had the lowest.
The imidacloprid group and the fipronil group have been detected in sufficient amounts in all
matrices to allow statistical comparisons. Some seasonal variation has been shown when
residues have been identified in pollen loads. On the basis of their results (highest frequency
of presence) and practical aspects (easy to collect, matrix with no turnover, unlike with bees
that are naturally renewed), the authors have concluded that pollen loads are the best matrix
for assessing the presence of pesticide residues in the environment in given conditions.

Naccari et al. [15] have evaluated the presence of insecticides (organochlorines,
organophosphates, pyrethrins and pyrethroids) in carob, chestnut and eucalyptus honey
samples from Sicily and have carried out a risk assessment to dietary intake of these
contaminants. Their results have shown that the concentrations of all pesticides have been
under the LOD (< 0.01 mg kg-1).

The pollution of six agricultural areas of Greece by insecticides used in crop protection
has been investigated utilizing, as a bio-indicator, bee honey produced in those areas [1].
Honey samples collected randomly from apiaries located in those areas have been analyzed
for pesticide residues with a multianalytical method, able to determine simultaneously up to
10 organophosphorous insecticides from the same honey extract. Findings concerning the
acaricide coumaphos have been also included, even though it is not used in crop protection.
The above areas have been cultivated in large extent with citrus trees or cotton or sunflower
crops, which are good forages for honeybees. The main pests of those crops have been
insects; hence, insecticides are used on a large scale for crop protection. The most
contaminated samples have originated from citrus groves; 16 out of 19 have had pesticide
residues: 4 samples have had chlorfenvinphos (21.05%), 10 have had chlorpyrifos (52.63%)
and 2 - phorate (10.53%). Out of 17 samples from cotton fields, residues have been found in
8, phorate in 6 (35.29%), chlorfenvinphos in 1 (5.88%), and chlorpyrifos in 1 (5.88%). Out of
nine samples from fields of sunflower, four have had phorate residues (44.44%). In brief,
from the 50 analyzed samples, residues of chlorfenvinphos have been detected in 5 samples
(10%), residues of chlorpyrifos in 11 samples (22%), and residues of phorate in 12 samples
(24%). Their levels have ranged between 0.70 and 0.89 microg/kg. Coumaphos residues have
ranged from 0.10 up to 4.80 microg/kg and have been derived exclusively from beehives
treated with Perizin (the commercial formulation of coumaphos) for Varroa control. This
study has indicated that in agricultural areas with developed apiculture, useful information
about the occurrence and the distribution of pesticide residues due to crop protection
treatments can be derived from the analysis of randomly collected honey samples, used as
bio-indicators. It also has shown that, very often, the chemicals used by apiculturists inside
the hives in order to control disease are the main pollutants of the produced honey.
Discussion

In the summing-up and analysis of the literature data it is great number of the studies
on the bees and their products as bio-indicators of the environmental pollutions has been
carried out on the contaminations with pesticides.

It has become clear from the literature references made that in all cases of pesticide
implementation certain amounts of them are always accumulated in the bees and their
products.
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Honey is most often tested for pollutants followed by the bee body, pollen, wax,
propolis and faecal masses of the bees. The studies on the royal jelly, nectar honey and
honeydew are in single numbers.

As a whole the authors quoted in the present study think that bees and their products
represent suitable bio-indicators of environmental pollutions. According to the studies of
those of them, however who have compared the role of the different bee products as bio-
indicators [20] we have arrived at the conclusion that the pollutants accumulate in the bees
and their products to different extents. Their assertion can be confirmed by the results of
Tonelli et al. [20], according to which bee honey as compared to pollen and bees has only
yielded tips for its possible use as bio-indicator.

Conclusion

In conclusion it can be stated that the present literature review undisputedly shows that
bees and their products are a suitable model for bio-monitoring environmental pollution of
different nature which renders them a promising subject for future studies in this field.

References

1. Balayiannis, G., P. Balayiannis. Bee honey as an environmental bioindicator of
pesticides, occurrence in six agricultural areas of Greece. Arch. Environ. Contam.
Toxicol., 2008, 55(3), 462-70.

2. Barganska, Z., J. Namiesnik. Pesticide Analysis of Bee and Bee Product Samples.
Critical Reviews in Analytical Chemistry, 2010, 40(3), 159-171. DOI:
10.1080/10408347.2010.490484

3. Barganska, Z., M. Slebioda, J. Namiesnik. Honey bees and their products:
bioindicators of environmental contamination. Critical Reviews in Environmental
Science and Technology. DOI: 10.1080/10643389.2015.1078220. Published online:
04 Aug 2015

4. Barisic, D., J.J. Bromenshenk, N. Kezic, A.Verta¢nik. The role of honey bees in
environmental monitoring in Croatia. In: Honey bees: estimating the environmental
impact of chemicals, Eds: Devillers J., Pham-Delégue MH. 2002, 160-185.

5. Bogdanov, S. Contaminants of bee products. Apidologie, 2006, 37, 1-18.

6. Bratu, I., C. Georgescu. Chemical contamination of bee honey — identifying sensor of
the environment pollution. J. Centr. Eur. Agr., 2005, 6 (1), 95 — 8.

7. Celli, G., B. Maccagnani. Honey bees as bioindicators of environmental pollution.
Bull. Insectol., 2003, 56 (1), 137-139.

8. Chauzat, M., J-P. Faucon, A-C. Martel, J. Lachaize, N. Cougoule, M. Aubert. A
Survey of pesticide residues in pollen loads collected by honey bees in France. J.
Econ. Entom., 2006, 99(2), 253-62.

9. Chauzat, M-P., A-C. Martel, N. Cougoule, P. Porta, J. Lachaize, S. Zeggane, M.
Aubert, P. Carpentier, J-P. Faucon. An assessment of honeybee colony matrices, Apis
mellifera (Hymenoptera: Apidae) to monitor pesticide presence in continental France.
Environmental Toxicology and Chemistry, 2011, 30, 103-111. doi:10.1002/etc.361

10. Chovanec, A., R. Hofer, F. Schiemer Chapter 18: Fish as bioindicators. In: Markert
BA, Breure AM, Zechmeister HG, eds. Trace metals and other contaminants in the
environment. Vol. 6: Bioindicators & Biomonitors - Principles, Concepts and
Applications. Dordrecht: Elsevier, 2003, 6, 639-76.

11. Fernandez, M., Y. Pico,J. Maiies. Analytical Methods for Pesticide Residue
Determination in Bee Products. J. of Food Protection, 2002, 9, 1363-1511.

146


http://www.ncbi.nlm.nih.gov/pubmed?term=Balayiannis%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18231699
http://www.ncbi.nlm.nih.gov/pubmed?term=Balayiannis%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18231699
http://www.ncbi.nlm.nih.gov/pubmed/18231699
http://www.ncbi.nlm.nih.gov/pubmed/18231699
http://www.tandfonline.com/author/Barga%C5%84ska%2C+%C5%BB
http://www.tandfonline.com/author/Namie%C5%9Bnik%2C+J
http://www.tandfonline.com/author/Barga%C5%84ska%2C+%C5%BB
http://www.tandfonline.com/author/%C5%9Alebioda%2C+M
http://www.tandfonline.com/author/Namie%C5%9Bnik%2C+J
http://www.cabdirect.org/search.html?q=au%3A%22Bari%C5%A1ic%C2%B4%2C+D.%22
http://www.cabdirect.org/search.html?q=au%3A%22Bromenshenk%2C+J.+J.%22
http://www.cabdirect.org/search.html?q=au%3A%22Kezic%C2%B4%2C+N.%22
http://www.cabdirect.org/search.html?q=au%3A%22Verta%C4%8Dnik%2C+A.%22
http://www.cabdirect.org/search.html?q=do%3A%22Honey+bees%3A+estimating+the+environmental+impact+of+chemicals%22
http://www.cabdirect.org/search.html?q=do%3A%22Honey+bees%3A+estimating+the+environmental+impact+of+chemicals%22
http://www.cabdirect.org/search.html?q=do%3A%22Honey+bees%3A+estimating+the+environmental+impact+of+chemicals%22
http://www.cabdirect.org/search.html?q=ed%3A%22Devillers%2C+J.%22
http://www.cabdirect.org/search.html?q=ed%3A%22Pham-Del%C3%A8gue%2C+M.+H.%22
http://hrcak.srce.hr/jcea
http://www.ingentaconnect.com/content/iafp/jfp;jsessionid=32l84k3rkc2pf.victoria

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ghini, S., M. Fernandez, Y. Pico, R. Marin, F. Fini, J. Manes, S. Girotti. Occurrence
and distribution of pesticides in the province of Bologna, Italy, using honeybees as
bioindicators. Arch. Environ. Contam. Toxicol., 2004, 47 (4), 479-88.

Girotti, S., E. Maiolini, L. Bolelli, S.Ghini, E.Ferri, N.Barile, S.Medvedeva.
Analytical Techniques and Bioindicators in Environmental Control: Honeybees,
Mussels, Bioluminescent Bacteria: Rapid Immunoassays for Pesticide Detection
Chapter Soil Chemical Pollution, Risk Assessment, Remediation and Security, Part of
the series NATO Science for Peace and Security Series, Edit.: Lubomir Simeonov,
Vardan Sargsyan, 2008, 327-347.

Hijano, C.F., M.D.P. Dominguez, R.G. Giminez, P.H. Sinchez, I.S. Garcia. Higher
plants as bioindicators of sulphur dioxide emissions in urban environments. Environ.
Monitor. Assess., 2005, 111 (1-3), 75-88.

Naccari, C., A. Macaluso, G. Giangrosso, F. Naccari, V. Ferrantelli. Risk Assessment
of Heavy Metals and Pesticides in Honey From Sicily (Italy). J. of Food Research,
2014, 3(2). ISSN 1927-0887 E-ISSN 1927-0895

Nummelin, M., M. Lodenius, E. Tulisalo, H. Hirvonen, T. Alanko. Predatory insects
as bioindicators of heavy metal pollution. Environ. Poll., 2007, 145 (1), 339-47.
Porrini, C., A.G. Sabatini, S. Girotti, F. Fini, L. Monaco, L. Bortolotti, S. Ghini. The
death of honey bees and environmental pollution by pesticides: the honey bees as
biological indicators. Bull. Insectol., 2003, 56 (1), 147-52.

Rodriguez Garcia, J.C., R. Iglesias Rodriguez, RM Peiia Crecente, J. Barciela
Garcia, S. Garcia Martin, C. Herrero Latorre. Preliminary chemometric study on the
use of honey as an environmental marker in Galicia (Northwestern Spain). J. Agric.
Food Chem., 2006, 54(19), 7206-7212.

Sanchez-Chardi, A., C. Penarroja-Matutano,C.A.O. Ribeiro, J. Nadal.
Bioaccumulation of metals and effects of a landfill in small mammals. Part I1I. The
wood mouse, Apodemus sylvaticus. Chemosphere, 2007, 70 (1), 101-109.

Tonelli, D., E. Gattavecchia, S. Ghini, C. Porrini, G. Celli, A.M. Mercuri. Italy —
honey bees and their products as indicators of environmental radioactive pollution. J.
Radioanal. Nucl. Chem., 1990, 141 (2), 427-436.

GO8. OTPABAHE C TEXXKU METAJIN

biarosecra FeoereBal, Anexceit Mutes?, Aupn A(:prr1

1
Dapmayeemuuen ghaxynmem, Meouyuncku ynusepcumem, “Meouyuncku gaxyimem,

Meouyuncku ynusepcumem, Coghus

GO9. ANTIOXIDANTS AS NOVEL POTENTIAL THERAPY

AGAINST MEHG-INDUCED NEUROTOXICITY

Vladimir P. Veselinov, Radoslav F. Todorov
Faculty of Medicine, Sofia University “St. KI. Ohridski”, Sofia, Bulgaria

147


http://rd.springer.com/search?facet-author=%22S.+Ghini%22
http://rd.springer.com/search?facet-author=%22M.+Fern%C3%A1ndez%22
http://rd.springer.com/search?facet-author=%22Y.+Pic%C3%B3%22
http://rd.springer.com/journal/244
http://link.springer.com/book/10.1007/978-1-4020-8257-3
http://link.springer.com/bookseries/7108
http://link.springer.com/search?facet-creator=%22Lubomir+Simeonov%22
http://link.springer.com/search?facet-creator=%22Vardan+Sargsyan%22
http://rd.springer.com/search?facet-author=%22Concepci%C3%93n+Fidalgo+Hijano%22
http://rd.springer.com/search?facet-author=%22Maria+Dolores+Petit+Dom%C3%ADnguez%22
http://rd.springer.com/search?facet-author=%22Rosario+Garc%C3%ADa+Gim%C3%ADnez%22
http://rd.springer.com/search?facet-author=%22Pilar+Hungr%C3%ADa+S%C3%ADnchez%22
http://rd.springer.com/search?facet-author=%22In%C3%ADs+Sancho+Garc%C3%ADa%22
http://rd.springer.com/journal/10661
http://rd.springer.com/journal/10661
http://www.sciencedirect.com/science/article/pii/S0269749106001576
http://www.sciencedirect.com/science/article/pii/S0269749106001576
http://www.sciencedirect.com/science/article/pii/S0269749106001576
http://www.sciencedirect.com/science/journal/02697491
http://www.sciencedirect.com/science/journal/02697491/145/1
http://www.researchgate.net/researcher/81109065_Claudio_PORRINI/
http://www.researchgate.net/researcher/28403476_Anna_Gloria_SABATINI/
http://www.researchgate.net/researcher/39350849_Stefano_GIROTTI/
http://www.ncbi.nlm.nih.gov/pubmed?term=Rodr%C3%ADguez%20Garc%C3%ADa%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=16968084
http://www.ncbi.nlm.nih.gov/pubmed?term=Iglesias%20Rodr%C3%ADguez%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16968084
http://www.ncbi.nlm.nih.gov/pubmed?term=Pe%C3%B1a%20Crecente%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=16968084
http://www.ncbi.nlm.nih.gov/pubmed?term=Barciela%20Garc%C3%ADa%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16968084
http://www.ncbi.nlm.nih.gov/pubmed?term=Barciela%20Garc%C3%ADa%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16968084
http://www.ncbi.nlm.nih.gov/pubmed?term=Barciela%20Garc%C3%ADa%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16968084
http://www.ncbi.nlm.nih.gov/pubmed?term=Garc%C3%ADa%20Mart%C3%ADn%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16968084
http://www.ncbi.nlm.nih.gov/pubmed?term=Herrero%20Latorre%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16968084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16968084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16968084
http://www.sciencedirect.com/science/article/pii/S0045653507008314
http://www.sciencedirect.com/science/article/pii/S0045653507008314
http://www.sciencedirect.com/science/article/pii/S0045653507008314
http://www.sciencedirect.com/science/article/pii/S0045653507008314
http://www.sciencedirect.com/science/journal/00456535
http://www.sciencedirect.com/science/journal/00456535/70/1

GO10. BIUSAHUETO HA YO3 IIECTULINIU BbPXY 3/IPABETO HA
/KUBUTE OPI'AHU3MHU. OHEHKA, AHAJIN3 U YIIPABJIEHUE HA
PUCKA OT TAXHOTO 3AMBPCSBAHE
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Hucmumym no duonocus u umynono2us Ha pasmuodcasanemo ,, Axao. K. bpamanos™

In assessing the risk of contamination with residues of POPs pesticides and distribution of
crop protection products in the environment addresses all elements of the environment,
including flora and fauna. Analysis of pesticide risk in this case is done with purpose,
environmental and food safety and the impact on human health and animals. Risk
management of persistent organic pollutants are carried out through an integrated approach in
the management of the process "Environment - Health"

Key words: risk assessment, risk analysis, risk management, pollution, POPs
pesticides, environment, integrated approach, health, human, animals, soils

BbBEJIEHUE

[To-ronsiMa 4YacT OT YOBEYECTBOTO € CEPUO3HO 3arpreHa OT MPOABIHKABAIIOTO
M3MyCKaHe Ha YCTOMYMBU OPTraHUYHU 3aMbpPCUTENM B OKOJHATa cpefa. [e3u XUMHUYECKH
BEIIECTBA CE MPEHACAT MPe3 MEXKIyHAPOJIHUTE TPAHUIM Jajied OT TEXHUTE U3TOUYHHUIU U CE
3aIbPKaT B OKOJTHATA Cpeia, OMOaKyMyJIUpaT Ype3 XpaHUTETHATA BEPUTA U ITOCTABST B PUCK
YOBEILIKOTO 3/paBe U okonHaTa cpefa. CienoBaTenHO € HEOOXOIMMO Ja ce MpeirnpueMar
CIIEITHU JIEUCTBHS 3a OrpaHHYaBaHe Ha Te3u 3aMbpcuTenr. OCBEH TOBAa, OCH3HABAHETO OT
peasiHaTa OMacHOCT 32 HEOOpPATUMHUTE MOPAKEHUs BHPXY KUBUTE OPTaHU3MH OT yrmoTpebara
Ha OINACHM XHMHUYHH BEIIECTBA, HAJIOXKH CHUHXPOHH3UPAHOTO JEUCTBHE HA CBETOBHUTE
WHCTUTYIIUU U OpTaHHU3aIiy 3a MpealprUeMaHeTo Ha aJIeKBaTHH MEPKH 3a 3alUTa, KOHTPOI U
yIpaBJIeHUE U MOMpaBKaTa U MPUEMaHETO Ha PeArila HOPMATUBHH JIOKYMEHTH.
B nacrodmuar nokian ce coupaMm camMoO Ha HSKOM acleKTH OT Bb3AeiicTBueTo Ha YO3
MECTULIMIA BHPXY 3/paBETO HA YOBEKA W KMBOTHHUTE, C IIEJI Ia C€ HAMpPaBH aHAJU3 U OILIEHKA
Ha PHUCKa U C€ MPUIIOKH, TIPaBUIIEH MOJIX0/] HA yIpaBJIeHHE HAa MPOU3BOACTBOTO, yIIOTpedaTa,
BHOCBHT M M3HOCHT UM, KaTO C€ M3IIOJI3BAT HAW-IOOpUTE HAJIMYHU TIPAKTUKU U TEXHUKU U
antepHaTUBHH MeTonau. HampaBeH e oOctoeHn mpernen Ha YO3-mecTHIMIN, KaTo ce
aKIICHTHpPa OCHOBHO BBPXYy Te3u 10 CTOKXOJIMCKaTa KOHBEHIUS U I0-KOHKPETHO,
METOJIMYECKH ca OMHMCAHU CBOMCTBATa, ynorpedara u BB3ACHCTBHETO UM BHPXY 3/IpaBETO Ha
YOBEKa W JKUBHUTE OpraHu3Mu. [IpuiokeH € XapMOHU3UpPAH TOIXOJ TPU H3UCKBAHETO,
cpOupaneTo, 0oOpaboTKara Ha TaHHU, METOAMTE 32 OIIEHKA U MPOTPAMHUTE TPOAYKTH.

N3JI0)KEHUE

O6e3nokoeHa cbM OT (hakTa, ye BBIIPEKU BbBEICHUTE OPUIIMATHU 3a0paHu OT MOBEYE
OT TpU JECETWIETUS HacaM, C€ OTKPHUBAT M PErHCTPUpAT OCTAaThbUYHM KOJIUYECTBA OT
YCTOﬁqHBH OpraHu4YHU 3aMBPCUTCIN - NECTHUOUAN 110 CTokxomMcKara KOHBE€HIIUSI B
noyBuTe. ToBa € €IUH OT HaW-JECHUTE HAYMHU 3a IONMAJaHETO MM B PACTUTEIHUTE,
KUBOTHHCKUTC OpraHM3MH U B YOBCKaA. 33111>p>1<aHeTo MM B KOHIOCHTpAIWH U KOJIMYCCTBA HAJl
MPEJeTHO JOMyCTUMHUTE HOPMH, KpPHE OCB3HAT M HEOCHh3HAT PHCK 3a OKOJHATa cpela U
YJOBEKa.
TBBpACHUS, Y€ MECTUIIMINTE MOTaT Ja ObaT OMACHU 3a 3PABETO HAa YOBEKa ca B OCHOBATa 3a
yrnoTpeba Ha OpraHMYHH XpaHu. HUBOTO Ha TEe3W OCTaThUYHU KOJHYECTBA € OIpPEIEIICHO B
CBPOIMEHWCKUTE W MPABUTEICTBEHUTE CTaHAapTH 3a Oe3omacHocT Ha xpanute (ISO 31000 —
yIipaBJIeHHE Ha PUCKOBETE), KaTO Ca OMHCAHU JOIYCTHMMHUTE O€30MacHU HUBA 3a JTHEBHATa
KOHCyMalus OT TE€3H XPaHU OT BB3pPACTHU M jena. JlomycTMMuTe HHMBa ca W3YHCICHH Ha
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0a3ara Ha MOJeNM 3a OTYMTAHE HA PHCKA, KOMTO C€ IpujaraT OT MPOU3BOAMUTEIINTE Ha
necTuuad. M3BbpiiBa ce OOCTOGH TOKCUKOJOTHYEH aHalli3 W aHajh3 Ha OCTaThbUHUTE
BEIIECTBA, C IIeJl TECTBAHE HA MECTHUIMIUTE MPEAN TAXHATA PETUCTPALMS U ITyCKaHETO UM Ha
nazapa. Ilo TakbB HauMH MOXE Ja ce€ MPEeAOTBpPaTH EBEHTYaJHOTO MOBHIIABAHE
ChIBPKAHUETO HA OCTAaThLIM B IBPBHYHOTO CEJICKOCTOMAHCKO IPOU3BOACTBO MU B
XpaHuTeNHaTa Bepura ("’OT moJyieTo A0 Macara’).

[lpyu omenka Ha pHUCKAa OT 3aMbpCSBaHE C OCTAThYHH KOJIMYECTBA YCTOMYUBHU
OpraHMYHU 3aMbPCUTEIH MECTULUAN U pasnpocTpaHeHuero Ha [IP3 B okosnHara cpena ce
pasriexaaT BCHUKU €JIeMEHTH Ha 3a00MKajsIaTa cpeia, BKIIOYUTETHO (iopara u dayHaTa.
AHanu3 Ha pucCKa OT MECTULUAM B CITy4yasi ce U3BBPILBA C 1IeJl, Olla3BaHe HAa OKOJIHATA Cpea U
0€30MacHOCT Ha XPaHUTE U BB3JICHCTBUETO BHPXY 3[PaBETO HA YOBEKa M KUBOTHHUTE. 3a Ja ce
OCUTYpH BHCOKO HHBO Ha 3allUTa W Ja Ce€ MNpPeAOTBpaTH BPEAHOTO BB3JACHCTBUE Ha
YCTOMUMBUTE OpPraHWYHH 3aMBPCHUTENH, € HEOOXOJUMO TICHO CBHTPYAHHYECTBO W
KOOPJIMHHUPAHU YCHINS OT CTpaHa Ha OpraHUTE, OTTOBOPHH 32 M3IBIIHEHUE HA MOJUTUKHUTE B
o0JIacTTa Ha OKOJIHATA CPefa, 3/IPaBEONa3BaHETO, CHEPreTUKATa, MPOMULIICHOCTTA, CEJICKOTO
CTOINAHCTBO U TpaHcmopta. [loxxon 3a ympaBieHHe HAa PUCKA, MPU KOHTO, aKO CHIIECTBYBA
BEpOSTHOCT JaJieHa TIOJIMTHKAa WM JCWCTBHE Ja MOXKE Ja TMpenu3BHKa Bpega 3a
OOIIECTBEHOCTTa WJIM Ha OKOJIHATA CPE/ia, U aKO BCE OIE HE CHIIECTBYBA HAyYeH KOHCEHCYC
10 BBIIPOCA, BBIIPOCHATA MOJIUTUKA WM JCHCTBHE Na He ce mpuiara. Ctpanute TpsOBa na
pa3paboTAT IUIaHOBE 3a M3MBJIHEHUE Ha 3abJDKCHHSITA CH IO BCAKA OT TAX U OMPEACINAT
HaloHaHa (POKyCHa TOYKa, 32 Ja C€ YIeCHH OOMEHBT Ha HH(pOpMAaIus.

1. VYmpaBneHue Ha puCKa OT YCTONYMBH OPraHUYHU 3aMbPCUTEIU
VYnpaBieHne Ha pHCKa OT YCTOWYMBH OpPTaHWYHM 3aMBPCUTEIH C€ H3BBpIIBA Ype3
MHTETpUpaH NOJIX0/1 B YIPABICHUETO HA MPOLIECUTE ,,0KOJIHA cpeda — 3apase’ (¢pur.1)

Ilinannpane u peajim3anusi Ha cTpaTernuTe

Bonemu cekropu

OO0mecTBeHO 31paBeona3BaHe

/ Omna3BaHe Ha OKOJIHATA cpeaa \

OreHka Ha * Perynartopaun
3paBHHUS U EKOJIOTHYECH PUCK \ * / MeXaHU3MU
* IleaeBu cexTopH +
Vindopmarmm 1o TIpOMHIILICHOCT — 3aKgH0aagTen0TBo
OKOJIHA CpeJIa - 3/IpaBe Eneprernka JLy2KOH O
Tpancmopt OKOJIHA Cpefia — 37paBe
CeJICKO CTONAHCTBO (XEH, PUOCB)
Typuszsm *

Hay4nu u3cneBaHus l IpodecronanHo odydeHue
1 pa3paboOTKH U TIOJrOTOBKA
O0uecTBeHOCT
Hxonomudecku - Wndopmarus u

MEXaHU3MU 31paBHO 00pa3oBaHKe
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@ur. 1. MaTerpupan moaxo[ B YIpaBIeHHETO HA TIPOLIECUTE “OKOJIHA cpea — 3/1pase”
2. OneHKa Ha pUCKa OT 3aMbPCSIBAHE C YCTOMYNBY OPTaHUIHH 3aMBbPCHTEIH

Pucksbt ¢ Hexenano choutue. Toli ce u3passiBa ¢ MATEMAaTUIECKH MOJIEN (ITPOU3BEICHUE OT
EKCIIO3HIMS 110 omacHoCT) (ur.2).
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OIHEHKA HA PUCKA

PUCKDT or:

- UKOHOMUYECKH Ba)KHU
MOHHUTOPHUHIT aHaJIu3
BpeIUTEIN

- IECTUIHUIHO 3aMBbPCABAHC

ynpasBiieHHe

Pur. 2. HpI/IHHI/IHHa CXCMa Ha OTpa3sdBAHC Ha OLCHKA HAa PHUCK
[Ipu oreHkaTa Ha pUCKa, Y€CTO M3IIOJI3YBaHa € JUHEHHaTa ekcpamnoarus (¢ur.3).

3. AHanu3 Ha pUCKa OT 3aMbPCABAHE C YCTOMYMBU OPraHUYHU 3aMbPCUTENIN

AHAJIN3 HA PUCKA
Edexr
!
PaznpocTtpanenue
A
<
=
Jlo3a Ha OTKJIHK Z
( oTBETHA peaKxIys) g
s
2
s
om
| » O1ieHKa HA pHUCKa
YpapieHue Ha pUcCKa s
S
CxsBariane, Bb3IpHEMaHe Ha PHCKa =
S
=

®ur. 3. Ananu3 Ha pucka (0T IECTUIIHIH)

4. YcTounBH OpraHMyYHY 3aMbPCUTENHN NECTUIMIU 10 CTOKXOJIMCKAaTa KOHBEHIIUS.
Konpenmnusita o6xBamia Beue 23 mpuoputetHn Y O3, Mpou3BEACHU KaKTO IMPEIHAMEPEHO,
Taka U HelpeIHaMepeHo (HampuMmep OT M3TOYHHUIIM KaTO MHCHHEPATOPH 3a OTMAIbLU U Ap.).
Te ca: anmpun, XJnophaH, XJIOpAEKOH, auxyioponudpenmitpuxioperan (DDT), auennpus,
EHJIPVH, XeMnTaxJop, xekcabpomoudenm, XeKCaOpPOMOIIMKIIOOICKaH,
xekcabpomandenuieH erep u xenrabpomoaudenuiieH erep, xekcaxsuopodensen (HCB), anga
XEKCAaXJIOPLUUKIOXEKCaH, 0eTa XeKCaxXJIOPLUUKIOXEKCaH, JUHIAH, MUPEKC, MepIyopOOKTaH
cyndoHOBa KHCENUHA, HEWHUTE CcodM U nepdayopookTaH CcyiapoHw1 ¢Iyopun,
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nonuxjopupanu nuoden3o-p-nuokcunn (PCDD), monuxnopupanu nudenzodpypanu (PCDF),
nonuxjopooudenunu (PCB), TexHudecku eHaocyiddaH H CPOJHUTE MYy H30MEpH,
TeTpabpoMoueHIIIeH eTep U meHTabpoMoaneHIIICH eTep U TOKCadeH.

KonBeHuusATa npeaBmkia NpekparsBaHe Ha MPOU3BOACTBOTO, yHnorpebara, BHOCA M M3HOCA
Ha 3a0panenute YO3. T4 e noanucana Ha 22 maii 2001 r. u e B cuna y Hac ot 20.03.2005 r.
Ilenta e ma ce cBexe A0 MUHUMYM M KbAETO € BB3MOXKHO, Ja C€ IIPeMaxHe
HEIPEeIHAMEPEHOTO IPOM3BOACTBO W u3NycKaHus Ha YO3, wu3M0J3Bailku 3aMecTBald
MaTepHaly, MPOAYKTH U IIPOLECH.

[Iporpamara mo oxonmHa cpena UNEP na OOH, wu3BbpmBa rio0anHa OLEHKAa BBPXY
BJIMSIHUETO HA MbpBHUTE 12 ONaCHM XMMHUYHU BELIECTBA U INpenapary, MPUETH MOoJ 0OLI0TO
HauMEHOBaHME YCTOW4YMBU opraHudHu 3ambpcutenu (YO3). B Ttasu rpynma Ha YO3 -
NECTULUAN ca BKJIIOYCHM: ANJPUH, AUENJPHUH, EHIPUH, MHUpPEKC, TOKcadeH, XemnTaxyop,
xekcaxyiopoenseH, xiopaaH, AT, momuxnopupanu oudennmun PCB, nuokcuuu u Gpypanu.

5. CpoiicTBa 1 ynoTpeda Ha YCTOHYMBUTE OPraHUYHH 3aMbPCUTENN ECTULIUIH.
XuMmuyeckata TpalHOCT (MEPCUCTEHTHOCT) Ha MECTUIUAWTE B OKOJHATa cpeaa e
OTHOCHTEJIHA BEJIMYMHA, KOSITO CUJIHO CE BJIMsAE OT YCIOBHUSATAa B OKOJHAaTa cpena. TpsabBa na
ObIaT oTuuTaHu (HU3NIECKUTE U (PHU3UKO-XMMUYHHTE (pakTopu (CBETIMHA, TEMIEpaTypa,
yATpaBUOJIETOBA paauanus, pH ) 1 4UCTO XUMUUHUTE MPOLECH HA XUIAPOJIN3a, OKUCICHHUE U
Ip., @ ChIIO Taka M BB3MOKHOCTUTE Ha Pa3IMUYHUTE MHUKPOOPraHU3MHU Ja METa0oJu3upaT
NECTULUANTE U TEXHUTE pa3rpajHu MPOyKTH.

Ilectunpanre uMMaT pas3jidyHa YCTOMYMBOCT KbM pasjlaraHe, TbA KaTo TEXHHTE
opranu4yHd  GopMu ca  BBIJIEPOJEH HM3TOYHMK 33  XpaHEHE Ha  IOYBEHUTE
MUKpooprann3mu.ToBa IpeanocTaBs Bb3HUKBAHETO HA OCTAaThbUYHU KOJUYECTBA OT TAX B
MOYBUTE C pa3iMyHa TPAltHOCT BB BpeMeTO.Y cToUnBUTE (OPMH C€ HapHyaT NEPCUCTEHTHU
U TEXEH Hau-ipbK mpexacraButTen € HHCeKTHuuabT JJIT ¢ TpallHOCT IECEeTKM TOIUHMU.
[TonoOHM ca U apyru XJIOPOPraHUYHU NECTULUAU. XEepOUIUIUTE ce OTIMYaBaT ¢ Mo-Majka
TpPaHOCT, MEX1y KOUTO TPAIUIIMOHHU MPEICTaBUTENIN ca XepOUIMINTE CUMAa3UH U aTpas3uH.
[Ipobnem 3a okonHaTa cpera B pe3yiaTaT OT M3MOJI3BAHETO Ha MECTUIMIM € T. Hap.
“IIOCTOSIHHO OpraHu4HO 3aMbpcsiBane” (presistent organic polluation POPS).

XUMHYHU CpEACTBA 3a YHHUIIOXKABaHE HA PAa3IUYHU BPEIHU OPraHU3MH ONpPEIeNsT
nudepeHIanusaTa Ha MEeCTULUUANTE [0 Ha3HAUYE€HUWE: HWHCEKTUIUAM - 33 HACEKOMU;
OaKkTepuLIMIM - 32 OaKTepuu; GYHIHLHIM - 32 I'bOU; XepOUIMIM-3a MJICBETHN PACTEHUS U T.H.
OneHka Ha pHCKa OT OCTaThYHM KOJIMYECTBA YCTOMUMBU OpraHu4Hu 3ambpcutenun YO3
nectuuuan o CTOKXOJIMCKaTa KOHBEHIMsS Ha Teputopusita Ha PemyOnuka bwiarapus ce
U3BbpIIBA HA Oa3aTa Ha:

* MOHUTOPHHT Ha OCTAThYHH KOJIUYECTBA OT MECTUIMIU B IOUYBUTE

* MOHUTOPHUHT Ha OCTAThYHU KOJIMYECTBA OT MECTULUAN B 3eMeJlecKaTa MPOTyKIUs

* MOHHMTOPUHI Ha CBABPKAHMETO HAa XUMHUYHM M OHOJOTMYHH 3aMBPCHUTEIH B
TTOJTUBHHUTE BOJTU

* MOHMTOPMHI Ha OCTaThYHM KOJMYECTBA OT MECTHLUUAM BBB  WIH BBPXY
tpetupanute ¢ [1P3, xpanu u ¢pypaxu

* MOHUTOPHHT Ha CHIBPKAHUETO HA XUMHUYHHU U OMOJIOTUYHU 3aMbPCUTEIH

* MonuTOpHUHT Ha O0JIeCTH, HEPUATENHN U TUIEBETU

* MonutopuHr 3a Bb3aciicTBueTo Ha MO 3a npexBbpisiHE Ha YCTOMUMBOCTTA Ha
0osecTy, HENPUATEIN U IUIEBENU BbPXY 3a00MKasIIaTa PaCTUTETHOCT

* MOHUTOpPHUHT 32 NOBEJCHUE Ha Pa3NpOCTPaHEHHUE, MOJBUKHOCT U YCTOWYMBOCT B
rmovBaTa, BojJaTa M Bb3ayxa(liepuoj] Ha pasrpak/iaHe, Ha pa3najaaHe 10 MeTaboIuTHH HOpMH,
npomenute B pH u B o011aTa KOHIIEHTpAIKs HA aKTUBHOTO BEIIECTBO B II0YBATa, KAPAHTHHEH
CPOK, TOKCHKAIHs, EKOTOKCUKAIHSI, Bb3MOKHOCTA J1a BJIe3€ B KOHTAKT C MOJIOYBEHUTE BOH)
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® OHGHKa Ha MNOTCHIIMAJIHUSA Wi peajiHusad PUCK OT IHOCTBIIBAHC Ha OCTAaTbYHU
BEIIECTBA M0 XPAHUTENICH WK APYr BT, HAIIPUMEP JTaHHU, OTHACSIIU CE JIO KOHTpOJa Ha
OCTaThYHUTE TMECTUIUAN, KOUTO CE CHIBPKAT B Pa3NpPOCTPAHCHH B THPrOBCKATa Mpexa
MPOAYKTH, WIM JaHHW OTHACSIIU CE J0 PUCKa 3a 3aMbpCSIBaHE 4pe3 MouyBaTa, BOJATA,
BB3IyXa U Jp.

* Usrpaxxnane Ha ['eorpadcku nHPOpMAIIMOHHN CUCTEMU

Ha6JIIOI[CHI/ICTO U KOHTPOJBT BBPXY CBCTOAHUCTO HA 3CMHUTC U IIOUBHUTC Yy HAC CC
ochlnecTBsiBa OT HanmoHanHaTta cuctema 3a €KOJIOTHYeH MOHUTOPUHT

MecTnuman B nousuTe

I- sece {1

UsnbanumenHa Azenuus no Okonxa Cpeda

®ur.4. 3amMbpcsBaHUS HA IOYBUTE C IECTULIMIM HA TepUTOpUITA HA P bbirapus
N3Tounuk: M3nmbauuTenna arenuus mo okosHa cpeaa u soau (MAOCB), 2000 r.

B pesynarar Ha kapTorpadcku OTpaseHHTE 3aMBbPCSIBAHUS Ha MOYBHTE C YCTOWYMBH
OpraHMYHU 3aMBPCHUTENH MECTHIMIU, MOKeM Ja 0000muM, 4e B 00IacTHTe, KbJIETO MMa
HpOMI/IHIJ'IeHI/I O6eKTI/I 3a HpOI/ISBO)ICTBO Ha TCEXKH MU IBCTHHU MCTAJIU U Op&H)I(@prIHO
MPOU3BOJICTBO, c€ HalJoJaBa HATpyNBaHE HA HaAW-TOJNEMHM OCTaThbUHU KOJMYECTBA
YCTOWYMBY OPTaHUYHH 3aMBPCHUTEIN TTECTULIU/IN B TIOYBUTE.

[Ipu oueHka Ha pucKa OT 3aMbpPCSIBAHE HA MOYBUTE C YCTOMYMBU OPraHUYHU 3aMbPCUTENH
MIECTUIIU/IN C€ B3eMaT MPEIBU]I M3UCKBAHUATA HA PEIUIla HOPMATUBHU JOKYMEHTH.

Crpanute pa3paboTBaT MJIAHOBE 332 M3MBIHEHUE HA 3abJDKEHUsATA cu mo KoHBeHHHUsTA.
Bcesika oT TaX onpenens HanMoHaJIeH TPUOPHUTET, € 11eT TTo-JieceH 0OMEeH Ha HH(pOpMAIIHsl.

6. Kpurepun 3a olHEeHKa Ha pUCKa OT MECTULUIUTE C OTJe] OIMAa3BaHETO HA YOBEIIKOTO
3/paBe U OKOJHATa cpefa

PucksT oT mecTuuuaMTE BHPXY YOBELIKOTO 3[paB€ M OKOJHATa CpeAa ce MpOosiBsBa
KaTo:-0CTpa TOKCUYHOCT: OpajHa, IepMaTHa, HHXaJaTOpHA;

- JIpa3sHeHe Ha KOXkaTa Ha OYUTE;
- Cencubunmsaius

- TeparorenHo aeicreue

- MyrtarenHo aeiicteue

- Kanueporenno aeiicteue

- YcToHumBOCT B ITOYBAaTa

- IlogBHKHOCT B IOYBaTa
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- buokymynanus
HabGazata Ha Te3u kpurepuu nectuuuaute B bbarapus ce kiacuduuupar Ha TpuU
KaTeropuu 3a ynorpeoa:
I xateropus — mecTULMIU, KOUTO MOraT Ja c€ Ipujlarat camo OT KBadu(UIUpaHU
CHEIUAJUCTHU 110 PACTUTEIHA 3aIUTa;

II xareropust — necTULMIM, KOUTO MOTaT Jia ce IMpujiarat ot Juila ¢ JOKyMEHT, 4e ca

oOyueHu 3a Oe3o0macHa paboTa ¢ IeCTHIIHIN;

IIl xareropusi — MNECTUIMIX, KOUTO MOTaT Ja c€ Npwiarar OT BCHUYKH JIMIA,

HaBBPIIWIM 18 roguiiHa Bb3pacr.

[TocTOSSHHOTO OpraHUYHO 3aMbPCABAHE OTPaBsl OCTAHAIUTE OPTaHU3MU M JI0 TojsiMa
CTENEH YBEJIMYaBa IIAHCOBETE 3a YBpPEXKIaHE HAa €HJOKPUHHATAa CHUCTEMa, NMPUYUHSBA PaK,
0e3IuioAre U TeHeTUYHHU MYTaIlMi P YOBeKa. Bblpeku ToBa Te3u “IbJIrOTpaiftHu XpOHUYHH
edexT” ca Bce Olle HeA0CTaThYHO u3ciaeaanu (dur. 5).

Br3aeicTBrue Ha neCTUIMANTE BEPXY OPraHUTE HA YOBEUIKOTO TSUIIO

DEATH
FluLike Sympicms Headacke
Fevar \ ! Memory Loss
D2z ness\ \ / Pingaint Fupils
Comza Blurred Vis on
Convuscns B, e _ Teertness

—
~_—— Allorgios

Salivation

Vomiting

s

"ﬁ-’\b -

Astme 4 Additional Symptoms

-
Tightness inChest — //
Respiratory Paralysis — Blisters
% 4 3 PR VarioLs Cancers

///

Changas n Heart Rata

and Liver function
Elcvated Blood .~
Pragsurs A

Rapic Heanbest ,/ A

Reprocuciive — e

F=ilures /

S
-~

LS
o v
Cramps -~ /
o

Diarrhea //

romune Deficiency Disorders
Cenrat Nervous System Disorders
Multipls Chemcal Sensitivities
WSSy

« Fatiguo\Veakness

-  Genetic Damags

| -  Socranese of Joms

- Irntations to Skin Eyes  Noes and

+  Raaaering of Skin

-~ Swealing

+ Rashes

» Tremors

= Muscle Twitching
Behaviora Abnorvdities
Hypcractiwty

Moodnoss

_ - "WARNING

When Used as Directed
Pesticides Kill

@ur. 5. Bp3aelicTBue Ha ECTUIUINTE BbPXY OPTaHUTE HA YOBEIIKOTO TSIIO
N3Touynuk: HanroHalleH miiaH 3a IelCTBUE MO OKOJIHA CPEeia U 3/IpaBe

Bpb3kaTta Mexay HUBOTO W NPOABIDKATEIIHOCTTa HA JIEUCTBUETO HAa YCTOMYMBHUTE
XJIODOPTaHUYHU TECTULUAM BBPXY 3JpaBHUS CTAaTyC HAa YOBEKa € MpeAMET Ha MHOTO
npoyuBanus (Tabmuma 1.).
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Taboauua 1. Knacudukanus u 3apaBen puck 3a YO3 nectunuam

IMecTumun

JIA50
(mg/kg b.m.)
WHO!

Kaac

OnmaCHOCT
WHO!

Karteropust

KaHIEPOTr€HHOCT

JARC?

Bpennu epexrn

AnpuH

98

Ib

3

NmyHOTOKCHYEH,
YBPEKIAHE HA YCPHUS
Ipo0 ¥ MBKKaATa
penpoAYKTUBHA (DYHKITUS

JAueaapun

37

Ib

NMyHOTOKCHYEH,
YBPEXKIAaHE HAa YEPHUS
Ipob U MBXKKaTa

penpoayKTUBHA (HYHKIIUS

AT u

MeTa00JIuTH

113

II

2B

NMyHOTOKCHYEH,
YBpEKIaHE Ha
€CTpOreHHaTa u
€HJIOKpUHHATa CUCTEMH,

Enapun

Anepru4Hy peaxkuuu,
TOKCHYEH XelaTuT,
yBpEXKJaHe Ha
LIEHTpaJlHaTa U
nepudepHaTa HepBHa
cucTema

XenraxJjop

100

II

2B

VYBpexnaane Ha
pENpOAYKTUBHATA
(GYHKIMS 1 €HJOKpPUHHATA
cucTema

XekcaxJjiopoeH3eH

> 10000

Ia

2B

HeraruseHn edekt BbpXy
HEpBHATa, €HJIOKpUHHATA
U pErpoyKTHUBHATA
cucteMu, noppupus npu
xopa.

Tokcaden
(xamdexJiop)

80

II

2B

VBpexnane Ha
LIEHTpajHaTa u
nepudepHaTa HepBHa
cucTema

Xopaan

460

II

2B

VBpexnane Ha
€HJOKpUHHATa 1
peupoayKTUBHATA
CHCTEMH

Mupexkc
1

306

2B

Teparorenen

WHO - Knacuduxamus na CBeToBHATA 3/JpaBHA OpraHU3allMs HA TIECTULIUIUTE
JARC?. Kareropus kanmeporeHHOCT 1o MexIyHapoHaTa areHIys 3a N3CJIe/IBaHe Ha paKa

Cnopen CeeroBHata 3apaBHa opranuzanus (WHO), knacudukarusra Ha Ha
MECTUIUINUTE CE MPEACTABS B CICIHUTE KIACOBE:
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[a — u3BBHpPEIHO OMAaceH;
Ib — cunHO omaceH;
IT -ymepeno onaces;
I — cnabo onaceH.
Kareropuure 3a kaHLepOreHHOCT IO Mex1yHapOHATa areHIMs 3a U3CJIEIBaHE Ha
paka (JARCZ) ca:
Kareropus 1 — 1okazaH KaHLIEpOT'€H 3a YOBEKA;
Kareropus 2A — Bb3MOKEH KaHLIEPOI'€H 3a YOBEKA,
Kareropus 2B — BeposiTeH KaHIIEPOT'eH 3a YOBEKa,
Kareropus 3 — He ce knacuduuupa KaTo KaHIIEPOTeH 3a YOBEKa.
*JlaHHUTE ca OTYETEHHU IMIPEIU BIM3AHETO B CHJIAa HA HOBUTE CTaHJIAPTH
Oxonnata cpena e (akTopbT, KOWTO Hape] C TCHETHKaTa Ha YOBEKa BIUSE BBPXY
HEroBOTO 3/paBE U KaueCTBO Ha KUBOT. [Ipe3 mocnenHuTe roguHu B pe3yJiTaT Ha YOBEIIKaTa
NeHoCT (OTHeNnsiHE Ha BpPEJHU EMHUCHUM OT M3rOpeld TOopUBa, H3CHYaHE Ha TOPUTE,
U3XBBPIIHE HA XUMUYECKH, PAJUOAKTUBHE U OMOJIOTUYHM OTHAABIMU U Jp.) ce HabmoaaBaT
CEpUO3HU OTKJIOHEHHUS OT HOPMAJHUTE I10Ka3aTesd, OTYUTAILM CHCTOSHMETO Ha OKOJIHATa
cpena. [IpomMenuTe B OkoiHATa cpela OT CBOS CTpaHa peQUIEKTHpAT MPSKO WM KOCBEHO
BBpXY 4YoBeka. Hanpumep M3XBBPIISHETO Ha TEKKU METAIM M XMMHUKAJIM B IOYBATa U BOJUTE
BOAM JO HATPYNBAaHETO UM B PACTEHUATA U >KUBOTHUTE, KOUTO OOUTaBaT 3aMbPCEHUTE
pailonn. YoBeKkbT KaTO KpacH KOHCyMaToOp aKyMyjiHpa T€3U 3aMbpCUTENH, 4acT OT KOUTO
(HampuMep HAKOM TEXKH METalli) ce OTJiaraT B KOCTUTE, 3b0MTE W OCTaBaT TaM JI0 Kpas Ha
KUBOTA, KaTo MPU TOBa YBpeXaaT 3/1paBeTo My. [locThliBaHe Ha TOKCHHHU OT OKOJIHATa cpesia
(TeXKKM MeTaIy UM APYTd UHAYCTPUAIHU areHTH), PEIU3BUKBAT ChCTOSIHUS U 3a00IsIBaHMs,
HEraTUBHO BB3JCICTBAIlY BbpPXY CIepMaToreHezara. B pesynrar oT BpeIHOTO UM
BBb3/CCTBUE Cce€ yBeNuMYaBa W CTepuiIMTeTa Ha 4YoBelkus opranu3zbMm (CtosiHOB,1999).
Hanuuuero Ha aHTHTena wiu abHOpMaiiHa MOP(OJIOTHS HAa CHEPMAaTO30MJIUTE MoraT Ja
NPEJOTBPATAT OIUIOKAAHETO Ha siilekierkara. [Ipe3 mocieaHure roguHu ce opopMH €IHO
HOBO HallpaBJeHHE B PENpPOAYKTHBHATAa MEIUIIMHA M OMOJOTUs — U3ydaBaHE BIMSHUETO Ha
(bakTopuTE Ha OKOJIHATA CPEJa.
YcTolunBUTE OPraHUYHU 3aMbPCUTENHN 3a€AHO C AIKOXOIbT, HHKOTHUHBT, JIEKAPCTBEHUTE
BELIECTBA, TEMIIEPATYpATa, TPABMUTE, IBUEBUTE YBPEKIAHUS, TEXKKUTE METAJIN, CTPECHT U
JpyTH, OKa3BaT OTPHUIATEIHO BIUSHUE HA KAUECTBOTO Ha CIIEPMATO30UIUTE U HOPMATHOTO
npotuyane Ha criepmaTtorenesara (Coutts et al., 2007; Kobayashi et al., 201)
B cBeToBen mamiab ca mpoBeeHN 3HaYUTENICH Opoil U3cieaBaHus 3a Chabpkanue Ha YO3 B
Mal4YMHO MIISIKO € L€ OTPEEIIIHE EKCIIO3ULMATA HAa KbpMadeTaTa U CBbpP3aHusl C TOBA PUCK.
Bb3pacTTa Ha Mailikute, OposIT Ha KbpMaueTaTa U XpaHUTETHUTE HAaBULU ca KPUTUYHU
IapaMeTpH 3a ONPENEISTHE 3aMbPCIBAHETO HA MAHYMHOTO MIISIKO ¢ Y O3 ¥ HaTpyIIBaHETO UM
B YOBEWIKMA OpraHnu3bM. P beiarapus e cpen ctpaHuTe ¢ Hall-HUCKH ycTaHOBeHM HUBAa Ha PCB
(mox 5 pg TEQ/g fat) u Ha cymapHOTO ChbpIKaHUE HA TpUTe MHAMKaTopa (mox 40 ng/g fat ) B
MalYMHO MIISIKO.

B P bwbarapus HsMma [JaHHU 3a PETUCTPUPAHU Cllydad C OCTPU M XPOHHYHU
WHTOKCUKAIlMU TMpH ymnoTpeba Ha YCTOMYMBHM XJIOPOPTraHWYHU TMECTUIMAM MU He ca
U3CIIEABAHM.

B pamxuTe Ha pazpaboTBanus ot 19 eBporneicku CTpaHu MeXIyHapOIeH MPOEKT
“WHO-coordinated Exposure Study on the Levels of PCBs, PCDDs and PCDFs in Human
Milk, Organohalogen Compounds, 2003” B Pbwirapusi ¢ HW3BBPIIEHO MPOyYBaHE Ha
ChJIBP/KAHUETO HA YCTOWYMBU XJIOPOPTaHWYHM MECTULUAN B MaiumHO Misko oT 30 31paBu
KeHH, pasmpeaeneHu mo 10 ot Tpu paiioHa Ha cTpaHara (baHks -€KOJOTMYHO YHCT U JBa
(Codus u braroesrpan -B pa3ianyHa CTENEH €KOJOTHYHO 3aMbPCEHH).
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[IpenBaputenHuTe pe3yaTaTd NOKa3BaT, Y€ B MAHYMHOTO MJISIKO B €KOJIOTUYHO YHCTHS PaioOH

(banks)

OTChCTBAT CHIAPHH,

ToKcaheH U MHUPEKC.

VYcraHoBsiBa ce

HaJIM4YHue

Ha

xekcaxyopoenzen (0.012 mg/kg lipids), xmopman (0.018 mg/kg lipids), xenraxmop (0.013
mg/kg lipids), muenapun/anapun (0.004 mg/kg lipids) u Y DDT (0.499 mg/kg lipids),
npexacraseHa ot pp- - DDE (0.452 mg/kg lipids), op’-DDT (0.003 mg/kg lipids) u pp’-DDT
(0.044 mg/kg lipids)(Ta6mnura 2.)

Tab6anna 2. Konnenrpanuu B okoiaHara cpena Ha usopanute POPs B bearapus

XUMHKAII Konuenrpanuun
u
Ilox3zeMHn Boau IlouBun Bp3ayx XpaHu
Cranpapt | Craryc Crangapt Craryc Cranpapr | Cratyc Crangapt Craryc
DDT ET=0,01 I'ognmen PC=0,3 I'oguiien [IpoBunina | MACwmeco | Meco:
(Cyma) ng/l cnpaBounn | mg/kg DS copasou | EC JIHH =100 1987-4328ug/k
kconc.,ug/l HUK. standard obactu= ug/kg 1989-1100 pg/k
PT=0,1 MAC=1,5 conc., 20 pg/m3 | 1-22.10-6 1991:
ug/l 1998- mg/kg DS ug/kg ng/m3 MACkapt | KapTopu92 ug/
0,1171,; odpu [Tmenunal 7 pg.
1999- CLI=4 1997- Others-1= | =100 1995:
0,4463 mg/kg DS; | 714,7 2,3.10-6 ng/kg Musiko— to 387
2000- 1998- ng/m3
0,0058 US EPA 318,8 MAC
2001- AHR- 1999- TMIIICHAIIA
0,0003 2-3ppm 113,6 =200
2002- 2000- ug/kg
0,0034 120,1
2001- MACwms
316,4 KO
=1000
ug/kg fat
SAE = Hsma BlLpan = Hsma SAEDW Hsama EC Hsima moHuTODI
JTnokcun | 0,5 ng monutoput | 0,15 mg/kg | monutop | = MoHuTOpuH | IIpenopru
387} I-TEQ/I r WHT 0,1 ng r UTEITHH
bypanu OTtnan.Bo PCppn = I-TEQ/m3 HHUBA 3a
i MAC 0,4 mg/kg XpaH# U
PAH bypax
muTeiina MACpan =
BOJIA = 4 mg/kg
0,10 pg/l

M3tounuk: www.moew.government.bqg;3apase,Cratuctnuer rogumuuk , 2003

n.d. — He € OTKpHT
Exonorunuen npar—FEIl; [Ipar Ha 3ambpcsiBane- 113
3amutHa KoHIeHTpauus—3K; Makcumanuo nonyctuma konuentpanusi— MJIK; Huso Ha
koHneHTpauus 3a Hameca—HKH; Cyxa nousa- CII
IIpuemnus 3npaseH puck—I13P
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Crangaprt 3a JOIMYCTUMHU EMUCHH OT U3rapsiHe Ha OutoBu ortnanpir— SAEDW
donoBo HMBO Ha apomarthu BbriieBogopoau (PAH)- BLPAH

OT npoBeleHUTE H3CIEABAHUS C€ KOHCTaTHpa, Y€ OT BCHUYKU XPAaHUTEIHU BEIIECTBA
MAalYMHOTO MJIIIKO € Hal-HaCUTEHO C XJOPOPraHWYHU ChEAUHEHHS.Upe3 KbPMEHETO
OpraHU3MbT HAa MalKaTa yCHJIEHO ce caMOO4HCcTBa. [10710KUTETHOTO JAeiicTBIE Ha KbpMayeTo
3a MaiikaTta TpsOBa /a ce IMpeleHsBa C pUCKa 3a JIETeTO, 0COOCHO B MO-KbCHUTE (a3u OT
xuBoTa.ToBa 00gcHABa (HaKTHT, Y€ KOHLEHTPALUATA HA TE€3U ChEIUHEHUS MPU KbpMAUETO, €
75 IBbTU 1I0-BUCOKA OT IIPU BB3PACTHUS YOBEK.

[Topaau mupokara 3aMbPCEHOCT HAa OKOJIHATA cpea U QypakuTe ¢ MHCEKTULIUIH,
MPAKTUYECKH € HEBB3MOXKHO J1a CE€ TOJIy4aT XPAaHUTEIIHU MPOAYKTH OT 5KUBOTHHCKHU
MIPOU3X0/1, CBOOOHU OT MECTUIUAN U TO-CIIEIUAIHO OT XJIOPOPTaHUYHU CheTUHEHHUS. 3a
KOHAMHHHUPAHE Ha YOBEIIKHUS OPTaHU3bM C MMECTUILIMIN, T€3U MPOAYKTH UMAT 0KOJI0 90%
yuactue, 6iu3o 4/5 ot JJAT u 2/3 ot auenaprHa, KOUTO MOMAJaT ¢ XpaHaTa B OpraHu3Ma,
MIPOU3XO0K/JIAT OT MECOTO, AMIaTa, Ma3HUHUTE U MACJIOTO.

Cwriacno pernamenta REACH BemectBara, HapymaBaiy (yHKIMOHUPAHETO HA
€H/IOKpUHHATa CUCTEMA, MOT'aT Ja ce UACHTU(PUIUPAT KaTO 0OCOOEHO OMACHHU, 3a€HO C
XUMHUYHHUTE BEIIECTBA, 32 KOUTO € U3BECTHO, Y€ MPEIU3BUKBAT PaK, MyTallMH U Ca TOKCUYHU
3a perpoAyKTUBHUTE criocoOHOocTH. LlenTta e ymoTpebaTa uM /1a ce HaMalli v B TTOCTICICTBUE
na ObAaT 3aMECTEHU C 1M0-0e301acHU alITePHATHBH.

MHoro ca npyUMHUTE 32 Bb3HUKBAHE HA PUCK 3a 3/IpaBETO: 3aMbpceHAaTa OKOJIHA CPEJa,
MOBUIICHUAT paJualuoHeH (OH, ChBPEMEHHUAT HAUWH Ha )KMUBOT C BUCOKH HHBA HA CTPEC U
HETaTUBHU €MOIIMH, HE3/IPaBOCIOBHUST HAUUH HA XpaHEHE, HEJIEKYBAHU XPOHUYHHU
BB3MANUTENHU Tporiecy. M3naraneTo Ha MeCTUIUAN U UHCEKTUITUAN U IP. XUMUKAIH ChHIIO0
MMa Bpb3Ka ¢ (OPMHUPAHETO HA BBH3JIM U IPOSIBA HA ABTOMMYHEH TUPEOHJICH MPOIIEC.
Hackopomiao npoyuBane Ha CHA 3a nkoHOMHYECKaTa CTOMHOCT Ha 00E3IEeTeHUATA 32
n30arBaHe Ha U30paHU HEXEJaHU Pe3yJTaTH 3a 3paBETO Ha YOBEKa I0paJiy U3jaraHe Ha
xuMuKany. Ta3u uHpopMaIis MOXKe J1a Ce U3MOJ3Ba B COIIMATTHO-MKOHOMUYECKHS aHATTU3,
TP OIICHKATa Ha 3/[PaBHUTE U €KOJOTUYHU BBH3/ICHCTBHS HA XUMUKAIIH.

7. AHanu3 Ha pUCKa OT ChAPBKHUETO Ha YO3 B MPOAYKTUTE OT PACTUTEJICH U
YKUBOTHUHCKH TMPOU3XOI.

YcTaHoBeHa e TscHa Bph3ka Mex Ay chabpkanueto Ha J/IT BbB Pypaka u OTAENIHETO MY C
MJISIKOTO ¥ HATPYNBAaHETO B CUPEHETO. ChIIIACHO OBJITAPCKUTE U JPYTH MEXKTYHAPOIHU HE
ce JIOMyCKa 3a XpaHa MIISKO, ChABPKAII0 MAIKU KolndecTBa PochoopraHuyHu Mpenapary.
C Hali-HHCKO chAbpKaHHUE HAa POoHOBU ocTaThlM OT anda u 6era HCH e usmepeno B oBueTo
cupene npousseneHo B [1azapmkumiku okpsr ( 59,1,7 mkr/kr 3a 1984 1.), cneaBaHo ot
[TnoBnusckwu (73,+/-3,9mkr/kr), Crapo3aropcku ( 80+/-3,1 mxr/kr), XackoBcku (82+/-
2,6Mkr/KT), SIMOoncku (89+/- 3,1 mkr/kr), Bypracku (135+/-3,0MKr/kr), a Hali-BUCOKO B
[IneBencku okpswr (254+/-0,5 MKI/KT).

[TpennoxeHnTe U3CIEAaBHUS ca OT 0COOEHO 3HaUeHHUE 3a MPOo(pUITaKTUKATA HA
PENpOIYKTUBHUTE 3a00JIIBaHUS U 1€ MPEOCTABSAT HOBU JaHHU 32 YCHBBPIIIEHCTBAHE
OLIEHKaTa M ynpasjeHueTo Ha pucka oT EJI. Ycranoseno e, ue JI/IT npuunHsaBa U poJAUIIHUA
AHOMAJIMH TPU XOpaTa U )KUBOTHHTE.

ChappKaHHETO Ha OCTATHIU OT XEPOHUIMIN B MIISIKOTO ¥ 3aXapTa Ce ABMKU B TPAHUIIUTE OT
0,001 no 0,025 mr/kr. Te3u rpaHUIM IPECTABISBAT XUTUEHEH PUCK 32 KOHCYMAaTOPHUTE.
OmnpeneneHnuTe OCTaThIM OT aTPA3UH 3aBUCAT TSACHO OT HETOBaTa TPAMHOCT B MOYBaTa U
OTHOCHUTEJIHO BUCOKaTa My XMMHUYECKa CTAOUITHOCT.

YcTaHOBEHO €, Y€ BCHUKH XJIOPOPTaHUYHH MTECTUIUIN TIPH MOTAJaHe B OpraHu3Ma Ce
HATPyNBaT B TI'LCTUHUTE U B OPraHUTE, ChBPIKAIIN JUIHUIU, U TO B CICAHUS HU3XOISI PE:
IJIPUH — TUATAPUH, Xxekcaxnopan/Texanuecku HCH/ - JIJIT — xnmopaan —eHapuH —
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XENTaxJIop ---ToKkcadeH, T.e. Hail-CUITHO KYMYJIATUBHO JIEHCTBUE MPUTEKABA aJIPUHBT, a
Hai-c1abo TOKCUYHO —(peHBT. B TIbCTHHHUTE HA TOMAIIHUTE )KMBOTHU KyMYJIMpAT MOBEYE
ana — uzomepsT Ha HCH, 0TKOJIIKOTO raMa — u30MepbT /MUHAUHBD/ .

[Tpu 3aKknaHu )KUBOTHHU ciie]l oTpaBsiHe ¢ pochopraHuyHU CheAUHEHUS, TIHCTUHUTE ca
C HENmpHsTHA MUPHU3Ma U BKyc. MecoTo OT Telierara u OBLETE, IPaceTaTra U KOKOILIKUTE,
oTpoBeHH ¢ (HhocHOOpPraHuYHHU MpernapaTH, € ¢ MO-KKUcea peakiiys, OTKOIKOTO MECOTO T00UTO
OT Jpyrute *XuBoTHU. Haii-epukacen MeTo1 3a HamaysiBaHe Ha chabpkanueTo Ha HCH e
BapEHETO Ha MECOTO C OTBEXAaHe Ha oOpa3yBanuTe ce napu. OCHOBHATa MPUYHMHA 3a
HamaisiBane Ha J[JIT B MecoTo ipu BapeHe € CBBP3aHO C PEAYKIIMOHHOTO MY JE€XJIOPUPAHE
no AJI/1. YcraHoBeHO e, ue ciief] mpueMaHe Ha XJIOPOpraHUYHU NECTHIM/IU C XpaHaTa ce
MOHIKaBa OMOJIOTUYHATA CTOWHOCT Ha MECOTO. A TOBA C€ ABJIKHM Ha BH3/ICUCTBUETO UM
BbPXY METa00JM3Ma HA MAa3HUHUTE U HA BUTAMHUH A B YepHUs APo0.

OT nmoyBaTa yCTOWYUBUTE XJIOPOPTAHUYHU TIECTUIIUAIH ITONIAaT BB BOJOEMUTE,
pekuTe u Moperara. Te Kymynupar B opraHu3Ma Ha puoHTe.

Upes nparienia B mueaIHUSI MEJ MOTaT Jia MOMaHAT OCTAThIM OT MECTUIUIH.

[To manHM OT U3cnenBanus B 22 CTpaHu, CPEAHUTE CTOMHOCTH Ha XJIOPOPTaHUYHUTE
MECTULUAN B MacTHaTa ThKaH Ha xopata ca : JJ/IT (Bcuuku u3omepn) - ot 1,75 no 30 mr/kr;
HCH (Bcuuku nzomepn) ot 0,16 no 2,43 mr/kr; auenapus —ot 0,046 mo 0,68 mr/kr;
xenraxyiopernokcu — ot 0,0085 mo 0,19 mr/kr. Upe3 naeBHara gaxxba y Hac 10 1990 r. B
opranusma Ha yoBeka noctonsar :35,6mr (T u 22,4 mr nunaan (rama — HCH), koeto e mop
JOMyCTUMAaTa THEBHA HOpMa Ha TE€3W MECTULIMIU. 32 YOBEK ChC CPEIHO TETJIO 65 KT ce
nonycka 325 mr IJIT u 650 mr nuHas.

[[Inupokara ynorpeda Ha pa3IMuHU BUJIOBE MECTUIIUIU B PACTCHUEBBACTBOTO €
MPENOCTaBKa 3a TAXHOTO pa3nmpocTpaHeHue B ouocdepara. [lonaganero Ha MeCTULIUIUTE B
YKUBOTHUTE JUPEKTHO OT CTparocepaTa € CpaBHUTEIHO PSAIKO U CE OCHIIECTBSBA UPE3
HATPYIBAHETO UM €CTECTBEHO BBB BepUraTa (pypaku — ;KUBOTHO.

Tperupanara ¢ ECTUIIUIN PACTUTEIIHOCT, CIY>KU 32 U3XpaHBaHE Ha
CEJICKOCTOTIAHCKHTE KUBOTHU BHB BUJI HA COYEH, TPYO WJIM KOHIIEHTpUpaH (ypax, e
OCHOBEH MPEHOCTUTEN Ha MECTUIINIUTE B )KUBOTUHCKHUSI OPTaHU3bM.

YcTaHOBEHO €, 4e € Bb3MOXKHO 3aMbpCsIBaHe MpU 00pabOTKa Ha )KUBOTHHUTE, C 11T
obe3napa3uTsaBaHe, 0COOCHO, KOraTo e U3MOJ3BaT MECTUIIUIH, UMAIIX ToJIsiMa pe30pOTUBHA
CHOCOOHOCT U J00pa pa3TBOPUMOCT B Ma3HHHHU, KaTO XJIOPOPTaHUYHHUTE CheIUHEHUS U JIp.
Crnen enHokpatHa 00padoTka Ha roBena ¢ 0,25% pasrop ot AT octaTsim oT necTunuu
ca OTKPUTH B OKOJIOOBOpeuHaTa ThKaH B MPOABIDKEHHE Ha OKOJIO 2-3 Mecela, U TO B
KOJIMYECTBA MO-TOJIeMH OT 20 MI/KT.

Jle3nHpeknrpaHeTo Ha )KUBOTUHCKUTE ()ePMU U HA MOMEIICHHUATA B
MecomnpapadoTBATETHUTE KOMOMHATH C TIECTUITUIM, CHIIIO MOXE J1a IOBEJE 10 3aMbpCIBaHE
Ha MECOTO.

PHCKBT OT omacHOCTTa OT MECTUITUAUTE B MHOTO OT IIJIOJIOBETE U 3€JICHUYIIUTE
(s10BKY, YYIIKH, YEPEIIH, TPO3/e, HEKTApUHH, IPACKOBH, CJIUBH, KapTOhH, MATUHH, CIIaHAK
U ATOJIN) ChABPIKAT OCTATHYHU KOJUYECTBA OT MECTUIIU/IN, JOPH CJIe]T KaTO ObIaT U3MHUTH U
o0eleH .

MOHUTOPHUHT 32 ChABPIKAHNE HA OCTATHYHU KOJIMYECTBA OT MECTUIIAIN B JTUCTHH 3€JICHIYIN

(¢ur. 9) u nomatu (¢ur.10.)
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MoHumopuHe Ha fucmHu MoHumopuHe Ha domamu 3a

3e/1eHYyyu 3a cbObpXKaHuUe Ha cnuOBp)KaHUe Ha ocmambyu om
ocmambyu om fnecmuyuou - necmuyudu - 2004
2004
Had MK Had MK

el "26%

21 %
nod FrKo
12% 62%

L 103 FKO n0d MK

nod MAK

¢pur. 9. ¢ur.10.
Hzrounuk: Otueren goknan Ha LIJIKIITMT na M3I" 3a 2004 .

8. AHanu3 Ha pucka oT HanuyueTo Ha Y O3 necTuiuau B eKkocucreMara
OcBeH pUCKOBETE 3a 3/IpaBETO HAa YOBEKa, ynoTpedaTa Ha MECTUIIUIUTE IPUINHSIBA

BpE/Ia Ha I[sJ1aTa eKOCHCTEMA. Y CIIOPEIHO C YHUILI0)KABAHETO Ha BPEAUTEIUTE, IECTUIIUANTE
HaHACAT Bpe/a Ha HAKOU XUIIHHUIIK WIIA MTapa3uTH, KOUTO Ce XPaHAT C TsX. OOMKHOBEHO
TEXHHTE MOMYJIAlMK C€ Bh3CTAaHOBIBAT MO-TPYAHO U MO-AbIro. Hanpumep tpetupanero Ha
KOMapuTe BPEMEHHO MPEYCTAaHOBSBA PAa3MHOKaBaHETO HA MOMYJIALUUTE UM, HO IPUYMUHSIBA
IBITOTPAHU BpeAH Ha APYTU BUIOBE.
Enun ot Haii-paHHO yCTaHOBEHHUTE MPOOJIEMHU OT M3MOJI3BAHETO HA MECTULIMIUTE €, U
BpPEIUTEINTE MHOTO OBP30 CTaBaT pe3UCTEHTHU KbM XUMUKaUTe. [Ipu TpeTupaneTo um He
BCHUKH OT TSAX OMBAT YHUIIOKEHH. HSIKOM OT TAX, MMAIIM MO-pa3inyHa TeHETUKA OIIeIIABAT U
Taka OiarofapeHne Ha eCTeCTBEHATa CEeNIeKIIHsI BPEIUTEIUTE MOTaT Jja CTaHaT Pe3UCTEHTHHU.
Hesnaemm kak /1a ce cupaBsT ¢ TO3W NpoodsieM, pepMepuTe yBeIrdaBaT KOJIMUYECTBOTO HA
H3II0JI3BAHUTE HNECTHUIUIH.

3aToBa METOABT 3a U3MOI3BAHETO HA AITEPHATHBU HA TIECTUIUIUTE € €IHO PEIICHHE 32
YIPABIEHHE HA pUCKA M € MOo3HaT KaTo “MHTerpupaHo ynpapiieHHE Ha MECTHUIUANTE” (
Integrated Pest Management - IPM). To3u meton e mupoko usnonsBad B CAIL. Crapute u
BpEIHU TIECTUIIUIU Ca 3aMECTEHU OT HOBO MOKOJIEHUE MEeCTUIIUIU. MHOTO OT T€3H MECTUIUAN
ChIbPKAT OMOJMOTHYHM U OOTaHUYECKH JepuBaTtu. VHkKeHepuTe pa3paboTBAaT MOCTOSHHO
HOBU TECTUIIM]IM, & 3€MEJICJICKUTE MPOU3BOJUTEIN Ca HAChpUyaBaHU MPU H3MOJI3BAHETO HA
QITepHATUBHU MPOJYKTH W MPUIATaHETO HAa METOJM 3a HaMaJsiBaHE H3IMOJI3BAHETO Ha
XAMUYECKH MECTHIUI.

9. AHanu3 Ha pucKa OT OTHaaAbLHU, chabpxkamK Y O3 nectuuuau
ArpoxuMuuHuTe omacHU oTnaasi| (koa 02 01 08), ceeTosimm ce ot 3anexanmn Y O3
MeCTUIUIN TIpeacTaBisiBaT eaBa 1.14% OT BCHUKM 3aJIe)Kald U HETOAHHM 3a yroTpeda
nectunuay B benrapus (Tabnuma 3).
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Tadauua 3. OnacHu oTHaAbIM, ChCTOSIIM ce oT 3anexanu Y O3 nectuuuaum npe3 2010 r. B
bobarapus

Exnauna KoauuecTtBO
YO3 kg 6 547
NeCTHIIN/
XenraxJiop kg 50 312
B 2 bb ky0a
JIungan, kg
001110 104 045
-B 61 BB 99 575
Ky0a
- B 4 cKJIaga 4 470
(014 11(0) 160 904
Y03
necTUuIMAN

M3Tounuk: www.moew.government.bg;, 2013

KoM 31 nexemBpu 2011 r. B cTpanara ca uaeHTU(GULIMPAHU OTHAABLU OT CIECTHUTE 3aJIEKAIN
Y O3 nectunuau — xentaxiop (6 547 kr), DDT (50 312 kr) u nunaaun (104 045 xr),
CbhXpaHsBaHU B ckiagoBe U bb-kyOoge.
Paiionu ¢ motenuuan 3a oopazyBane Ha YO3 B eMucHu

Paitonu ¢ motenmman 3a oopasysane Ha emucuu PCDD, PCDF, PCB, HCB u PAH B
aTMOC(epHUs Bb3/1yX ca MPOMHIIIEHUTE LIEHTPOBE, KBAETO Ca Pa3Mo0KEHH ITOBEYETO OT
rOJIEMHUTE TOIIOENIEKTPUUECKH LIEHTpai, padOTEeN Ha IUTHUTHYU BBIVIMILA U Ma3yT,
IIPOMULIUIEHU IPEAIPUITHS OT METAITYPrusTa, U FOJIEMUTE IPaIOBE, KbIETO MUHABAT
OCHOBHUTE MMbTHU U K.II. apTepuu Ha ctpaHarta. [Ipe3 2010 r. He ca perucTpupaHu HOBU HUBA
Ha 3aMbpcsABaHe Ha nousute ¢ YO3.
[TonydenuTe pe3ynTatu OT MOHUTOPHHTA TIOKa3BaT, Y€ HAa TO3U €Tall U3BbPIIBAHUTE
3eMeZIeTICKH JIETHOCTH He BOJAT JJO HOBU 3aMbpPCSABAaHUS Ha OoUYBHUTE. T0O3U (QaKT ce IBIKU OT
€/IHa CTpaHa Ha HAMaJIEHOTO MOTpeOJIeHNe Ha TOPOBE U MECTUININ, KaKTO U Ha
MIPOBEXJAHUTE IPOTrPAMHU 32 €KOJIOCHOO0Pa3HO 3eMeieNue U OMOIOTUYHO MPOU3BO/ICTBO.
Pesyntature oT mouBeHus MoHUTOPHHT 3a niepuoaa 2007 r — 2010 r. moka3BaT, ye MOYBUTE
OT 3eMEeJIEJICKUTE 3eMH ca B MHOTO JIOOPO €KOJIOTMYHO ChCTOSIHUE M HE Ca yCTAaHOBEHU
3ambpeaBanus ¢ YO3 necruiuan Hax M/IK.
B nepuoga 2005 r - 2010 r. usmepenure cbabpxanus Ha PCB ca non rpanunara Ha
OTKpUBaHE.

10. YnpaBneHue Ha prcka U ObA€n10 IPOU3BOJICTBO U YIOTpeda Ha MPOTHO3HU
emucn Ha Y O3 necTuuan
IIponssonctBo: YO3 necruuny, B T.4. 1 HoBuTe Y O3 He ca npousBexaaHu B beiarapus u He
ce MpeABMXKJ1a ObEII0 MPOU3BOACTBO;
BHoc u ynorpe6a: BHochT, myckaHeTo Ha ma3apa u ynorpebara um ca 3a0paHeHH B
bearapus;
N3znoc: U3nockT Ha YO3 nectunuau e 3a0paHeH, OCBEH ako TOM He € 3a eK0JIOroch00pa3Ho
oOe3Bpexaane. Cinennure YO3 necTUIMANTE MOJUIEkKAT HA MPolieypaTa 3a yBeJOMJICHUE 32
uzHoc (PIC mponenypa), 3a0panu ¥ CTPOTH OTpaHUYESHHS: aJIPHH; XJIOP/AaH; XJIOPIEKOH;
DDT; nuenapun; eanocyndan; HCH n3zomepu; nmungan; xenraxiop; xekcaxiaopoenzen HCB
U TOKcadeH.
[Ipornosnm croiinocTu 3a emucunte Ha YO3 (PCDD/PCDF, PCB, HCB, PAH, PeCB) no
2020 .
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Pa3paboreHna e crparerus 3a orpaHMYaBaHE HA EMUCHUUTE OT ONPEICTICHH 3aMbPCUTEIN B
atMochepHUs Bb3AYX, B T.4. U Y O3, 4MUTO nparoBe U BpeMEBHU XOPU3OHTH Ca PETIIAMEH -
TUPaHU OT MEXKIYHAPOJAHUTE aHTaKUMEHTH Ha bbarapus. Ctpareruara BKIOUYBA EMUCUHTE
Ha cinenaute Y O3 B armochepuus Bp3ayx : DIOX/F, HCB, PAH u PCB.

B nocnennure ronuau P beirapus nposexia nojJyuTHKA Ha aKTUBHA NOJAKPEIA HA
MEXIYyHapOAHU UHULIMATUBH, CBbP3aHU C TJI00ATHOTO MOI00psBaHE HA €KOJIOTUYHOTO
chCTOsIHME Ha muianerara 3emsi. C ycuiusiTa, KOUTO IoJjiara 3a U3IbJIHEHUE Ha MOETH 10
cuJIaTa Ha pa3JIM4yHU KOHBEHIUH, CIIOro0U U MPOTOKOJIH 3aIbJKEHUS TS 1aBa CBOS IIPUHOC B
Ta3W HACOKa, HE3aBUCHMO OT OTPAHMYCHUTE BH3MOKHOCTH OT TEPUTOPHAJICH, IEMOTPaCKu U
MKOHOMUYECKH XapakTep. Y CTOWYMBOTO pa3BUTHE € €1HA OCHOBHA LETI.

B bbarapus chliecTByBar peluiia IporpaMu 3a MOHUTOPUHT Ha Pa3IMuHU 3aMbpPCUTEIH B
KOMIIOHEHTUTE Ha OKOJHaTa cpena, BkirouutesHo n YO3, karo yact or Hanmonannara
CHUCTEMa 32 MOHUTOPHHT Ha OKOJIHATa cpefa.

HCMOC e cw3nagena u ¢ynkinuonupa B cboTBercTBUe ¢ wi.l, 1.7 or 300C. Cucremara
OCHUT'ypsiBa CBOEBPEMEHHA U J0CTOBEpHA MHGOPMAIIHS 32 ChCTOSHHETO HA KOMIIOHEHTUTE HA
OKOJIHATa cpena u (hakTopuTe, BH3IACHCTBAIM BbPXY HES, Bb3 OCHOBA HA KOSTO CE MPaBST
aHAJIM31, OLICHKM M MPOTHO3M 3a 00OCHOBAaBaHE Ha JEHHOCTUTE MO OMa3BaHE U 3alllUTa Ha
OKOJIHATA cpefia OT BPEAHU Bb3/IEHCTBHUS.

Harnmonanna wH(OpMaImonHa cucteMa 3a gokiiaasane mo EPUIT3

Pa3zpaborena e u gynkunonupa HammonanHa mHpopMalmoHHa cCUCTeMa 3a JOKJIAJBaHE IO
EPUII3, B choTBeTCTBHE ¢ M3uCKBaHusaTa Ha Permament Ne 166/2006 u 300C. Cucremara
OCUTYpsiBa JOKJIaJIBAaHE TIPe3 UHTEPHET OT OllepaTopuTe, BepuduIilpane U NOTBbPKIaBaHEe Ha
noxinagure or PHUOCB wu wusrorBsme Ha poximagure g0 EK or HMAOC. Yacr or
nH(pOpMallMOHHATA CHUCTEMa € W MYOIUYHHUSAT PErucThp, OCHTYpsBAIll BBH3MOXKHOCT 3a
M3BBPIIBAHE HA CIIPAaBKHU OT JaHHUTE B cucTteMara. KoHTpoaHO-mHGOpMAaIIOHHA CUCTEMA 32
CBhCTOSHUETO Ha OTHaAbyHU Boau. MHopmamnmoHHa cucTeMa 3a 3a0paHEeHHd U 3aleKald
MEeCTULINTH.

NudopmannonHa cucreMa 3a JOKATHU TIOYBEHU 3aMbpcsiBaHus cbhC 3aiexann Y03
MEeCTULIUTN

WHdpopmannoHHa cucTeMa 3a MHIYCTpUAIHO 3aMbpcsBaHe Ha nouBute ¢ PCB u PAH.
Nudopmannonna cucremMa 3a onasBaHe Ha 3eMHUTE HEJpa.

NudopmannonHa cucrema 3a OTHaAbIIH.

Ot 2011 r. BABX moema KOHTpOJIBT Ha XpaHUTE IO 1sJ1aTa XpaHUTEIHA Bepura U o0e1nHsaBa
3 MOHMTOpPUHIOBHM mporpamMu B HamumoHnanHa mporpamMa 3a MOHMTOPHMHI Ha OCTaTbLUU OT
MEeCTULIMIA W JIPYTH BPEAHHU BEIIECTBA B U BBPXY XPaHU OT PACTUTEICH U KUBOTHHCKH
npousxon (HIIMKO).

3AKVIIOYEHHUE

B zakmrouenme Moxe ga ce HaIlipaBH CJICAHATa 06]1_[3. OIICHKa Ha pHUCKa npu
3aMbpPCABaHC Ha Imo4Bara € yCTOI\/’I‘-II/IBI/I OpTraHU4YHU 3aMBPCUTCIIU NIECCTUIUAN — U3TOYHHUIN Ha
BpCau CBIICCTBYBAT B 4aCT OT HCﬁHOCTHTe, HO PUCKBT € NPHUCMIIMB U CBIICCTBYBAT CPCACTBA
3a HCTOBOTO OrpaHUYaBaHE W MNPECIOTBpaTABAHC. Anamm3 Ha pUCKa B Cliydas CC MU3BBpIIBaA C
ICJI, OIMa3BaHC Ha OKOJIHATa Cpclia U 0e30macHOCT Ha XpaHUTCE. HpI/maraT CC PCTUCTPUPAHU
MNPOAYKTHU 3a PACTUTCIIHA 3alluTa - B CBOTBETHHUTC J03W, MOAXOAAINIM 3a Ch3JalaTa CC
CUTyalus.

Ot rnenHa TOYKa Ha 3/paBeola3BaHETO, 3a XOpaTa € OT 3HAu€HUE CHCTEMHOTO
perynupaHe Ha mpernapaTuTe u ChOI0aBaHe Ha IpenucanuTe A031. [1o TakbB HAYUH MOXKeE
J1a Ce MPEIOTBPATH €BEHTYAJIHOTO IMOBHILIABAHE ChIIBPKAHUETO UM.

[TapTHROPCTBOTO, B3aUMHOTO pa30MpaHe, KOHTPOJIA, CAMOKOHTpONA € OrpaHHyaT
3Ha4YMUTENHO pyucka. KoopauHanusTa u mociie1oBaTeIHOCTTA CIEABa Aa CE rapaHTUpar, Korato

162



Ha OOLIHOCTHO paBHHMINE ce mIpuiarar pasmopendurte Ha baszenckara, Porepnamckara u
CrokxoaMcKaTa KOHBEHIMS M KOraro ce ydyacTBa B pa3pabOTBaHETO Ha CTpPaTerHyecKus
MOAXO0/ MPU MEXKIYHAPOIHOTO YIIpaBJIeHNE HAa XUMUYHUTE BellecTBa U npemnapatu (SAICM)
B pamkuTe Ha OOeTMHEHUTE HAIUH.

3a B Obaeme, perinamenT REACH me Obae moaxoasin UHCTPYMEHT, 4ype3 KOWTO ce
npujiaraT He0OXOAUMHTE MEPKHU 32 KOHTPOJ BbPXY MPOU3BOACTBOTO, IYCKAHETO Ha Ma3apa u
ynotpebaTa Ha U30pOEHUTE BEIECTBA, KAKTO U MEPKHUTE 32 KOHTPOJ BHPXY ChIIECTBYBAIIUTE
Y HOBUTE XMMUYHH BEUIECTBA U NECTULUIN, KOUTO IIPOSIBSABAT
XapaKTEPUCTUKU HA YCTOMYUBU OPTaHUYHU 3aMbPCUTEIH.

Hamero nmoBenenue 3a u3rpasaane Ha eUH YCTOWYHUB CBAT, KOWTO /a e OeJisi3aH
OT XapPMOHHS MKy YOBEIIKATA JefHOCT U YHCTATA OKOJIHA Cpe/a, Ie Jajae 0TTOBOP Ha
BBIIPOCA KaK e )KUBESIT HALIIUTE Jena, ObAelnTe MOKOJEHNS H.... Ile TH uMa Ju?

GP1. JEKAPCTBEHU B3AUMOJEVCTBUSA HA YECTO CPEILIAHU
BEIIECTBA

Amnrenunna bankoBcka
Meouyuncxu gpaxynmem, CY ,,Ce. Kn. Oxpuocku”, Cogus, bvaeapus
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