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MAIN OBJECTIVES

NACID is:

» The leading institution in the national information infrastructure in Bulgaria in the sphere of education, science
and innovations.

» National information center for academic recognition and mobility (ENIC-NARIC center for Bulgaria).

» Contact point to the Directive 2005/36/EC on the recognition of professional qualifications and delegated
coordinator for Bulgaria in Internal Market Information (IMI) system.

RIMARY FIELDS OF ACTIVITIES:

Processing and dissemination of bibliographic and reference data and analytical information in support of
the policy in the sphere of education, science, technology and innovations.

Building and maintaining specialized databases.

Maintaining national stock and DB of dissertations,deposited manuscripts and other scientific publications in
Bulgaria.

Organizing application of ENIC-NARIC network decisions in the field of academic recognition.

Realizing information assistance in procedures for academic and professional recognition.

Performing activities resulting from the functions of ENIC-NARIC center.

Furnishing citizens and contact points in the rest of the member states with information in connection with
recognition of professional qualifications and rights for practicing regulated professions in conformity with
the Directive 2005/36/EC.

» Performing functions of institutional contact point of the EU’'s Seventh Framework Programme.

INFORMATION PRODUCTS AND SERVICES

U NACID offers a wide range of information products: subject profiles, paper reviews, subject bibliographic and
reference information.

U NACID offers a great variety of information services through its own databases and resources, as well as
through information brokerage to external databases. Online access is provided to NACID's own databases
grouped in two basic information blocks:

0
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"Bulgarian Science” Databases "Science and Industry” Databases

»  “SIRENA”, R&D reports and dissertations, > “Partnership for Innovation and Development”;
»  “Scentific and Technical Publications in Bulgaria” — » “Knowledge for Innovations and Development” .
»  "Register of the Scientific Degrees and Titles”;

Information brokerage and servicing from external databases gives access to over 1200 databases of the leading
information centers, including STN International — Germany, DIALOG — USA, EBSCO, etc.

U Library Services

Central Research and Technical Library (CRTL) with library information complex in pedagogics is one of the
largest Bulgarian libraries and main supplier of information in the field of science, education, pedagogics, engineer-
ing, technology and economy with more than 4 million registered items, including books, periodicals, dissertations,
publications on CD ROM, DVD. It offers:

* Lending of library materials; * Electronic Document Delivery;

* Online access to the library catalogues since 1980; * Interlibrary loan.

« Searching in electronic catalogues and databases;

INTERNATIONAL ACTIVITY

* Represents the Republic of Bulgaria in international organizations on the subject of its activities.
« Joint actions and projects with related national information and documentation centers in the EU.
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NATIONAL SCIENTIFIC PROGRAMMES
WITH EUROPEAN DIMENSIONS

PROGNOSTIC MODELS FOR ASSESSMENT OF RISK OF CENTRAL
SLEEP APNOEA IN PATIENTS WITH CHRONIC HEART FAILURE.
EFFECTS FROM THE NON-INVASIVE VENTILATION

Kiril Terziyski1, Zdravko Z. Taralov', Anna Hristova', licho lichev’, Okan Aliman?,
Stefan Kostianev'

'Pathophysiology Dept., Medical University of Plovdiv

2Caroliology Dept., Medical University of Plovdiv
15-A, Vasil Aprilov Blvd., 4002 Plovdiv, Bulgaria

Abstract

Central sleep apnoea - Cheyne-Stokes respi-
ration (CSA-CSR) is among the most important
factors responsible for the high morbidity and
preterm mortality of patients with chronic heart
failure (CHF). It is present in 30-50% of CHF pa-
tients. Despite its significant contribution to the
prognosis of CHF and its high frequency, few
large scale investigations on its prediction and
early diagnosis are present. The main reason for
its underdiagnosing is the fact that its diagnosis
needs expensive and labour-consuming poly-
somnographic investigation. The aim of the proj-
ect is to further investigate some recently repor-
ted parameters, informative of CSA risk in CHF, as
well as to look for new parameters with predic-
tive capabilities, based on the up-to-date knowi-
edge on CSA pathogenesis.

The following parameters of the cardiorespi-
ratory system will be investigated following scru-
tinized analysis of its functional profile:

e Characteristics of tidal volume dynamics
(cyclic pattern), exhaled CO.,, ventilatory equiva-
lents at rest, during exercise and sleep.

* Gas exchange response - oxygen uptake,
exhaled CO,, ventilation and ventilatory equiva-
lents on different stages of exercise testing (on-
set, anaerobic threshold, recovery).

e Changes in heart rate and the equilibrium
sympathetic-parasympathetic requlation of heart

rate; chronotropic incompetence and heart rate
variability analysis.

Basic parameters from the mentioned inves-
tigations and their derivatives will be juxtaposed
to chemodynamics condition (ejection fraction,
functional capacity), sleep architecture (non-
REM and REM), apnoea-hypopnoea index and
desaturation characteristics (amplitude, duration,
specific characteristics), quality of life, etc.
Grounded on the acquired results, an integrative
system (panel of parameters) for CSA risk pre-
diction in CHF will be proposed. This panel will be
followed-up after therapy with positive airway
pressure and oxygen therapy, if needed. The ex-
pected results would contribute to the early di-
agnostics and purposeful treatment of CSA-CSR
in CHF.

INTRODUCTION

The problem with the early functional diag-
nostics of central sleep apnea (CSA) in patients
with chronic heart failure (CHF) has been a mat-
ter of extreme interest worldwide since the turn
of the century. The bulk of scientific publications
on this problem has been published in the last 5
years. A considerable part of the authors
pointed out the significance of the problem and
the necessity for additional research on the topic
and particularly on the construction of predictive
models for CSA. Currently, leading teams have
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been involved with achieving this goal. No such
research has been done in Bulgaria so far, which
puts the scientific community in the country in
an unfavorable position as compared to its Eu-
ropean and global counterparts.

Cheyne-Stokes respiration is a type of peri-
odic breathing defined, according to the Ameri-
can Academy of Sleep Medicine criteria, as: at
least 3 consecutive cycles of crescendo-decre-
scendo breathing with cycle length approxi-
mately 60 seconds and at least one of the fol-
lowing: 5 or more central apneas or hypopneas
per hour of sleep or duration of the cycles at
least 10 minutes.

CSA-CSR is a sign of respiratory instability,
particularly characteristic during sleep, when res-
piratory control is predominantly metabolic,
based on a negative feedback mechanism, involv-
ing PaO, and PaCO,.”

The pathophysiology of CSA-CSR in CHF is
presented on Fig. 1.

SAA
Chemoreceptor
up-regulation

Non-metabolic
ventilatory stimuli

controller
gain

Impaired
left ventricle

Its clinical significance is determined by its fre-
quency, the lack of routine screening and/or eas-
ily available diagnostic method and the negative
impact on morbidity and mortality in CHF pa-
tients.

Frequency of CSA-CSR

Sleep disordered breathing in CHF is quite
common: CSA-CSR is present in 30-50% of the
patients, depending on the definition used, and
obstructive sleep apnea (OSA) - in 20-40%.” CSA
frequency in CHF varies with CHF severity.3

Significance of CSA-CSR for the develop-
ment and prognosis of CHF

Negative impact of CSA-CSR on CHF is sup-
ported by multiple studies showing increased
morbidity and mortality in CHF with CSA, com-
pared to CHF without CSA, given that CHF is of
comparable severity. > n a study on 353 pa-
tients the CHF+CSA showed significantly lower
survival in comparison to CHF without sleep
apnea and CSA/OSA without CHF (2.5 vs 4.5 vs

Cardiac
output

Circulatory
+ FRC delay
plant gain *mixing gain

/

Central sleep apnea - Cheynne-Stokes respiration

PCWP - pulmocapillary wedge pressure; SAA - sympathetic-adrenal activation; FRC - func-
tional residual capacity

Fig. 1. Pathogenesis of CSA-CSR in CHF (based on Naughton?)

Significance of the central sleep apnea -
Cheyne-Stokes respiration in chronic heart
failure

CSA-CSR is the most common type of CSA’

6.5 years).* These results are in concordance with
the opinion of Somers et al stating that cardio-
vascular diseases and CSA are potentiating each
other.” Sleep apnea is a known risk factor for



National Scientific Programmes with European Dimensions

arterial hypertension and increased morbidity,
and probably for increased cardiovascular dis-
ease mortality. ®° This fact implicates its treat-
ment even in mild cases, aiming to avoid the de-
velopment of the stated concomitant diseases.®’
Ancoli-Israel et al give the same recommendation,
pointing out elderly CHF patients as a risk group
for SA. *

Pathophysiological mechanisms linking CSA
with worse prognosis in CHF include: hypoxemia,
sympathetic-adrenal activation and sleep frag-
mentation with frequent arousals.” Sympathetic-
adrenal activation during sleep decreases
cardiomyocyte life, has arhythmogenic effect
and worsens ventricular energetics °, while fre-
quent desaturations and multiple arousals im-
pose structural changes in the heart and left-
and right- ventricular hypertrophy.4 CSA-CSR
causes impairment in CHF patients’ physical ca-
pacity, which by confining their physical activity
leads to further progression of the main condi-
tion. 3,710,

Irrespective of the mentioned facts, some au-
thors propose the hypothesis that CSA-CSR in
CHF is not solely pathophysiological, but also a
compensatory-adaptive mechanism, bringing the
following arguments: a) adaptation to the
present hypoxemia; b) increase in the pulmonary
oxygen storage by the gradual increase in the
endexpiratory volume during the crescendo pe-
riod of ventilation; ¢) under hypoxic conditions,
muscle contractility is improved in the presence
of alkalosis; d) the increased non-obstructive
ventilatory effort during CSA increases cardiac
stroke volume; d) 20-30 sec ventilatory pauses
during CSA are sufficient to prevent fatigue in
myopathic respiratory muscles "

Diagnostic problems in CSA-CSR

Methodological problems are mainly in the
distinguishing between central and obstructive
phenomena, based solely on the data from
breathing and thoracic and abdominal channels,
especially concerning clasification of hypopneas.
The modern approach to a more precise diagno-
sis involves non-invasive measurement of the
respiratory effort by pulse transit time measure-
ment, instead of the gold standard - esophageal
catheter.

Unlike the case in obstructive sleep apnea,

“clinical profile” of patients with CSA is scarce.
On the one hand, the characteristic loud snoring
is absent, and on the other - subjective daytime
sleepiness may be absent B

Against the backdrop of increased mortality
and morbidity rate in patients with
CHF+CA+CSR, it goes without saying that a
timely diagnostics and therapy of patients with
SDB is paramount. As of today, the golden
standard for diagnosis of the above-mentioned
conditions is laboratory polysomnography, which
can determine the various SDB'. It is, though a
very expensive, labor-consuming, highly special-
ized analysis, and besides that the laboratories at
hand cannot handle the existing flow of patients
with CHF at the registered frequency of 1-2%
1,15

Therefore, a number of scientists declare the
need of a screening method for prediction of
CSA-CSR in CHF *™". This is further justified by
the fact that these patients show excellent
therapeutic results to different modes of non-in-
vasive ventilation with positive airway pressure "

Standard parameters used in the assessment
of CHF severity (NYHA functional class and ejec-
tion fraction) and the quality of life in these
patients (assessed by Minnesota Living With
Heart Failure Questionnaire - MLHFQ), do not dif-
fer between CHF patients with or without SDB
01314 4nd are not usable for a screening
method.

In the ideal case, a predictive system for CSA-
CSB would be based on parameters from tests,
which are a part of the diagnostic approach to
CHF, minimally involving additional financial or
human resource. Such tests are cardiopulmonary
exercise testing (CPET), heart rate variability
(HRV) analysis, modern laboratory parameters -
brain natriuretic peptide (BNP) and high sensitiv-
ity C-reactive protein (hsCRP).

At the moment, parameters that had proved
their distinguishing capability (concerning the
presence of CSA) are the cyclic pattern of
breathing at rest > and in the first 4 minutes
of veloergometryg,the slope of the relationship
between ventilation and carbon dioxide (VE/
VCO, slope) during CPET*®, HRV'""®, BNP>".
Shortcomings of their single use to predict CSA-
CSR are their insufficient specificity and sensitiv-
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ity, especially in mild cases """, Contradictory re-

sults reported by Roche et al show extremely
high sensitivity (92.9%), specificity (94.1%) and
predictive power (93.3%) of periodic breathing
pattern during the early part of CPET °. However,
we think that presence or absence of variations
in ventilation, oxygen uptake and CO, output, as-
sessed visually is too subjective to serve as a
widely used screening method.

We think that present data for the effect of
CSA-CSB on the above-mentioned diagnostic
parameters justify the search for a multicompo-
nent screening system, based on these and other
parameters (e.g. chronotropic parameters from
CPET, hsCRP). The complex approach probably
would increase specificity and sensitivity of the
screening.

Therapeutic approaches for CSA-CSR

Therapy with applying positive air pressure in
the airways (Continuous Positive Airway Pressure
- CPAP) is the most profoundly explored thera-
peutic strategy for CSA-CSR in patients with
CHF.” Mechanisms responsible for the effect of
that treatment are yet to be fully clarified, but
the following are assumed: 1) preventing the
narrowing in the pharyngeal area during CSA,
hence preventing hyperventilation, 2) improved
oxygenation due to increased lung volume, 3)
improved cardiac function as a result of de-
creased pre-load and after-load (as a conse-
guence of intrathoracic pressure elevation and
transmural pressure reduction), 4) decreased
work of the respiratory muscles *®In a large
study involving 258 subjects (CANPAP), followed
up for a period of 2 years, the beneficial effect
of the CPAP treatment has been proven, regard-
ing ejection fraction (EF), physical capacity, qual-
ity of life and sympatic activity. Mortality, on the
other hand, is comparable between the patients,
receiving CPAP therapy and the control group o
A consecutive post-hoc analysis of the results of
that study show a significant decrease in the
mortality rate in the sub-group where treatment
has resulted in lowering the AHI<15 and con-
cludes that the good response to the CPAP
therapy (AHIK15) is an indication for treatment
of such patients &

There is, however, a part of the CSA-CSR pa-
tients, who do not respond so well to therapy
and that imposes the search for other alterna-
tives, for example, therapy with oxygen, with bi-
level positive airway pressure (BiPAP), adaptive
servo-ventilation (ASV). Comparative character-
istics of the different therapeutic approaches are
presented in Table 1.

Adequate management of CHF is also an im-
portant factor in treating CSA-CSR. It is related
to improving circulatory time, as well as to con-
troller gain and plant gain lowering, by means of
decreased stimulation of the irritative and
juxtacapillary receptors, improved perfusion of
the respiratory muscles and the lungs, resulting
in better ventilation/perfusion proportion.

SCIENTIFIC TASKS

In the current project we plan to explore an
unsolved medical problem, connected with the
early diagnostics of central sleep apnea in
chronic heart failure. In conjunction with the
implementation of this fundamental idea the
project pursues the following specific scientific
objectives:

Task 1. Defining the possibilities of various
cardio-pulmonary and clinical and laboratory in-
dicators for prediction of central sleep apnea -
Cheyne-Stokes respiration in patients with
chronic heart failure. For this purpose the fol-
lowing investigations will be carried out:

1. A panel of preliminary tests to determine
study participation eligibility of each patient, ac-
cording to the defined inclusion/exclusion crite-
ria, shown on Fig. 2.

2. Full-night polysomnogrpahy for diagnosing
the presence of CSA-CSR and dividing the pa-
tients into different groups.

3. Cardio-pulmonary exercise testing (CPET)
with gas exchange analysis. Cycling patterns in
tidal volume (V,), ventilation (V,), oxygen uptake
(VO,), carbon dioxide output (VCO,) at rest and
in the first 4 minutes of exercise will be assessed.
Analysis of the ventilatory efficiency in the
course of CPET - ventilatory equivalents for O,
(VEVO2) and CO, (VEVCO2) at peak exercise
and AT, slope of the relationship VE-VCO2
(VEVCO2 slope), oxygen uptake efficiency slope
(OUES) will be performed. The chronotropic in-
competence during exercise will be presented by
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calculation and analysis of heart rate response
(HRResp), heart rate reserve (HRReserve) and
chronotropic index (CRI). Exercise capacity will
also be assessed.

4. Heart rate variability (HRV) analysis for
evaluation of the frequency characteristics of
the pulse at rest and during sleep, with emphasis
on very low frequency band (VLF-bands).

5. Brain natriuretic peptide (BNP) measure-
ment.

Task 2. Integrating single predictors into a
unified system for screening of patients with
chronic heart failure for concomitant central
sleep apnea - Cheyne-Stokes respiration. We
plan to create panels of parameters following
hierarchical principle with respect to their appli-
cability to the level of healthcare:

1. Ambulatory level - specialist in cardiology.

2. Ambulatory level - general practitioner.

3. Hospital level.

After that, we will perform prospective study
of the positive and negative predictive value,
specificity and sensitivity of the model, applying
it to patient groups with different functional
class of cardiac dysfunction.

Task 3. Gauging the effect from central

Screening PSG

Patients with CHF n = &0

Cardiologist

i
Exclusion critgria

1. Chronic liver or kidney failure

2. thronic pulmonary disease /COPD,
ete.

3. Active or in the last two weeks
infectious disease

4. Musculo-sceletal discrder

5. Non-stable CHF or stable for less
than 3 months CHF or CHF with
change of therapy in the last 3 months
6. BMI1 >30-35

Legend:

sleep apnea - Cheyne-Stokes respiration therapy
on the quality of life, physical ability and the
main functional parameters. We will determine
the effect of the therapy on quality of life, psy-
chological status, exercise capacity and
polysomnographic parameters (apneahypopnea
index (AHI), sleep quality parameters, etc.).

STUDY DESIGN

A schematic representation of the study de-
sign is presented on Fig. 2.

EXPECTED EFFECT AND RESULTS

At the end of the study it is expected to be
created:

e System for risk stratification of CSA in pa-
tients with CHF, allowing for early detection with-
out the need for performing polysomnography
as a screening method.

e Algorithm for application of this system in
ambulatory practice and in specialized laborato-
ries.

The system will include parameters reflecting
breathing, circulation and reactive homeostasis of
the organism with respect to rest exercise and
sleep.

The created system will be introduced in car-
diologists’ practice in the hospital, the region and

Denial or poor compliance to therapy
with PAP

A

CHF + 054
® | /OSA + CSA/

Therapy with
CPAP

CHF with SOB
— | CHF +CSA/CSE | —— The'élfzp‘”“h
Denial ar poor compliance to therapy
with PAP
CHF without SDB

SDB - sleep-disordered breathing; CHF - chronic heart failure; OSA - obstructive sleep apnea; CSA - central sleep apnea;
CSB - Cheyne-Stokes breathing; PSG- polysomnography: BMI- body mass index; BiPAP-bi-level positive airway pressure;
CPAP - conbinuous positive airway pressure; ASY-adaptive servoventilation.

Fig. 2. Design of the study
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eventually the whole country. It is anticipated
that this will lead to reduction of morbidity and
mortality in patient population with CHF. The re-
sults of the study will be disseminated in other
centers in the country and abroad.

We expect the results will serve for establish-
ing an information database for studying the
pathogenesis and therapeutic options of CSA-
CHF.

CONCLUSION

CSA-CSR is associated with worsened prog-
nosis and quality of life in patients with CHF and
therefore should be diagnosed and treated
properly. Practically applicable screening is not
available at the moment and ideally would be
based on routine cardiological investigations. The
project aims at creating such a multidimensional
screening system which is expected to have sig-
nificant health and economic impact.
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MPOrHOCTUYHN MOJAENN 3A OUEHKA HA
PUCKA OT LEHTPAJIHA CbHHA ANHEA MNMPU
BOJIHN C XPOHNYHA CbPAEYHA
HEAOCTATBbYHOCT. EQEKTU OT
HEMHBA3UBHATA BEHTUJIALINA

Knpun Tep3VII7ICKI/I1, 3ppaBko 3 Tapbn031,
AHHa XpVICTOBa1, Nnuo I/InquZ,
OkaH Anumax’, CredaH KocrsiHes'

1KaTe)J,pa MNatogusnonorns, MeanuMHCKM
yHWBepcuTeT - MnoBams
2KaTe,u,pa Kapovnonorung, MeouvunHCKN YHUBEPCUTET -
[Mnosoue
oyn. ,Bacun Anpunos” 15-A, 4002 MNnoeauns

Pe3rome

EAuH OT BaxXHUTE @akTopu 3a BUMCOKATa Mopbus-
HOCT U [PEXAEBPEMEHHATA CMBPTHOCT 1pu BOSIHUTE
C XPOHUYHA CBPAEYHA HEe[ocTarbyHoCcT (XCH) e
UEHTPanHara CbHHa anHes-4YeviH-CroykcoBoTo A4u-

ware (LYCA-HYCA). Ta ce cpewa npu 30-50% or
nayneHture ¢ XCH. Bbrpeku 3Ha4eHuero v 3a
pPOrHo3ara v BUCOKATa ¥ 4ecrord, Maszako ca ma-
1abHUTE MPOYYBAHMS, TOCBETEHM HA HEMHOTO pe-
ABUXAAHE U PaHHO AuarHoctuymupaHe. OCHOBHATa
MIPUYNHE 3@ HEQOCTATBYHOTO U AUArHOCTULIMPAHE €, Y€
ANAarHocTukara v Hanara CcKbio u TPyJ0eMKO
M10JIMCOMHOIPAaQPCKO U3CTIEABAHE. LlenTa Ha rnpoekTa e
Bb3 OCHOBA Ha CbBPEMEHHUTE [aHHM 33 NaToreHe3ara
Ha L{CA B xoga Ha CH pga ce npoy4yar HAKou
Habena3aH1 BeYe B JINTEPATYPATa MOKa3aresm, Kakto
v f[a ce rorbpCcAT HOBU 1apamerpu, KOMTo HOCAT
uH@Gopmayms 3a pucka or L{CA rpu XCH.

OT CTpaHa Ha KapauopecrnuparopHara crucrema
e waresieH aHaam3 Ha HevuHus @yHKUMOHATeH
ApopuII, e ce U3CAeqBar:

® OcobeHOCTH B AUHAMUKATE (LIMKITMHEH [1aTEPH)

Ha auxarenruns obem, mignwarnna CO, BeHTUa-
TOPHUTE €KBUBAIEHTU 1PM [TOKOH, HATOBAPBAHE M ChbH.

® O7roBOPLT Ha ra30Bara OOMSHA - KUCI0pPOAHA
KoHCymauyns, mnigniwar CO, BEeHTUIAUNA 1 BEHTU-
JITOPHU E€KBUBAJIEHTU HE Pas/indHu eranu or @u3u-
YecKoTO HaroBapBaHe (Hayasno, aHaepobeH rnpar,
Bb3CTaHOBSABAHE).

® [lpomeHu B Kapano@QPeKBEeHUNATa U CbCTOAHM-
€710 Ha CUMIIaTUKYCOBO-N3pPacHuMIaTUKyCOBO pPerysiv-
PaHe Ha CbpPAeYHATa YeCToTd, XPOHOTPONHATE UHKOM-
MeTeHTHOCT Y YeCcTOTeH aHaam3 Ha yacoBara
Bapm1abuIHoCT.

OCHOBHUTE 10Ka3aTe/n OT Te€3u U3C/IEABAHNT U
TEXHUTE MPOH3BOAHM e Ce CbIOCTaBAT CbC CbCTOSA-
HUETO Ha XeMoguHamukara ((ppakuyms Ha M3TAackBa-
HE, QDYHKUMOHANIEH KANaUMTeT), apXUTEKTOHMKATA Ha
CbHA (HOH-PEM 11 PEM @a3u), arnHemyHo-xmmnonHemy-
HUA MHAEKC U XapakTepUCTUKa Ha [ecarypauymnnre
(TEeXECT, npoAb/IXUTENTHOCT, CrIEeLNBUYHN 0COOEHOC-
V), KaYeCTBOTO Ha XUBOT Ha NaumeHTuTe u a4p. B3
OCHOBAa Ha MOJIYYEHUTE PEe3YJITaru e Ce Mpea1oxXu
UHTErpupaH naHesn (cucrema) or rnokasarenn 3a
or4yuTaHe Ha pucka or L{CA npu XCH. Toui we bpge
[IPOCIEAEH 1 C/1EH TIeYEHNE HA BOTHUTE C HEWHBA3MB-
Ha BEHTU/IAUMSA 1 eBEHTYa/IHO C KUC0pOAOTePAri.
[Tosy4eHute pe3ynraty OT Mpoy4YBaHeTo e M03BOJIAT
a ce Harnpasu Kpayka B pPaHHAra AUarHocTuka v

yeneHacovyeHo nedyeqme Ha L{CA-YCH rpu XCH.
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Abstract

A basic principle of the visual system organi-
zation Is information transmission about light
changes along two different pathways - ON u
OFF, transmitting signals for luminance increase
(increment) and luminance decrease (decre-
ment) respectively from the separate areas of
the retina. Daylight vision in primates (including
humans) is subserved by three types of cones,
short wavelength (S-cones), middle wavelength
(M-cones) and long wavelength (L-cones). The
segregation of the information from the M and
L cones along ON and OFF pathways takes place
as early as the cone-bipolar cell synapse. The
existence of ON channel of short wavelength
sensitivity photoreceptors has also been proved,
while the existence of S-OFF channel is a matter
of debate. The present project proposes to ex-
tend a fundamental research, undertaken in the
“Processing of visual information” laboratory, in
search of new evidence about the existence of
S-OFF pathway. An interdisciplinary approach will
be applied combining psychophysical and
electrophysiological methods in conditions of se-
lective stimulation of shortwave sensitive cones.
Visual evoked potentials (VEP) will be recorded,
using large size stimuli, covering the entire moni-
tor screen, and a long stimulus duration, which
will allow separating onset from offset re-
sponses. The results obtained might be inter-
preted as electrophysiological evidence about
the existence of separate S-OFF pathway. VEPs
to blue brightness increment and decrement
stimuli with size consistent with the area of com-
plete spatial summation (Ricco’s area) will also
be registered. The results obtained will be an
electrophysiological correlate of psychophysical
data about differences in spatial summation in

S-ON and S-OFF channels received by Vassilev et
al. (2003). The data from this experiment, con-
ducted with both healthy volunteers and pa-
tients suftering from glaucoma, will provide new
opportunities to develop faster and more con-
venient clinical test for early diagnosis of glau-
coma, based on VEP changes in perception of S
cones selective stimull. Creation of such a test Is
of exceptional importance, because standard di-
agnostic approaches are not sensitive in the ini-
tial stages of the disease, while early detection of
glaucoma is essential in fighting its progression.

INTRODUCTION

Vision is the main source of information
about the surrounding world for humans and
higher primates. A basic principle of the visual
system organization is information transmission
along two different pathway types - ON path-
way, transmitting signals for luminance increase
(increment) and OFF pathway, transmitting sig-
nal for luminance decrease (decrement) respec-
tively from separate retinal areas. Daylight vision
in primates (including humans) is subserved by
three types of photoreceptors, short wavelength
(S), middle wavelength (M) and long wavelength
(L) sensitive cones. The existence of S-ON bipo-
lar cells (Mariani, 1984; Kouyama & Marshak,
1992; 1997) and ganglion cells (Dacey & Lee,
1994; Dacey, 1993) is well proved. However, the
existence of S-OFF bipolar and ganglion cells is
a matter of debates. According to most
electrophysiological findings from the lateral
geniculate nucleus (LGN), S-OFF cells are en-
countered much more rarely than S-ON cells (re-
cently Smajda, Buzas, FitzGibbon, & Martin, 2006).
This asymmetry disappears in primary visual cor-
tex (Mullen, Dumoulin & Hess, 2008), a finding
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that has no explanation yet.

Contrary to the subcortical asymmetry of S-
ON and S-OFF pathways, a number of psycho-
physical studies has shown that the visual sys-
tem is equally sensitive to luminance increment
and decrement signals that stimulate selectively
short wavelength sensitive cones.

In the Institute of Neurobiology, BAS, series of
experiments were conducted in order to prove
the existence of separate S-OFF pathway
(Vassilev, Zlatkova, Manahilov, Krumov, &
Schaumberger, 2000; Vassilev, Mihaylova, Racheva,
Zlatkova, Anderson, 2003; Racheva, Vassilev, 2008,
2009; Racheva, 2011). Spatial summation for S-
cone ON and OFF signals as a function of retinal
eccentricity was studied and a psychophysical
correlate of unequal density of S-ON and S-OFF
cells was found. For the first time data about
spatial summation of S-OFF stimuli at different
retinal eccentricity were shown. It was found
that spatial summation varied for increments
and decrements along the retinal eccentricity in
a different way, suggesting that the underlying
mechanisms processing the S-ON and the S-OFF
stimuli are different. In subsequent experiments
reaction time (RT) to near-threshold stimuli was
measured. In order to avoid spatial contrast be-
tween the test stimulus and the background
they were of the same spatial size and over-
lapped each other. The results obtained showed
that human visual system is more sensitive to
stimulus onset than to stimulus offset when
duration of S-cone selective stimuli was shorter,
probably as a result of the slow adaptation of
the short-wavelength-sensitive system. Indeed,
the response to the stimulus offset appeared
when stimulus duration became longer. All these
data might be interpreted as a result of the
longer time constant of the blue cones system
(Hughes & DeMarco, 2003), rather than as a sus-
tained response of a system sensitive to the
stimulus presence. The response of the S-ON and
S-OFF cells in LGN is more probably sustained,
while the response of neurons in magnocellular
(M) geniculate layers is more probably transient
(Reid & Shapley, 2002). If the type of the re-
sponse correlates with the time course of adap-
tation, than the adaptation of cells transmitting
S-cone signals should be the slowest.

Jankov (1988) recorded visually evoked cor-
tical potentials (VECPs) to stimulus increments
applying Stiles two-color method of selective
stimulation of the S and L-cones. VEPs to a red
light were of large amplitude and were clearly
visible at both onset and offset of the stimulus.
Offset components to violet light were recorded
rarely (with 2 of 14 subjects) and were always
of small amplitude.

Study of S-cones and their pathways is of
great interest because short wavelength system
is morphologically, genetically, physiologically and
psychophysiologically distinct from the other
two systems and it is the most sensitive to reti-
nal diseases. Several studies have demonstrated
that glaucoma is associated with disturbances in
blue color perception (Johnson, Adams, Casson,
Brandt, 1993; Horn, Jonas, Budde, Junemann,
Mardin, Korth, 2002; Aldebasi, Drasdo, Morgan,
North, 2003; Drance, Lakowski, Schulzer, Douglas,
1981).

Primary open-angle glaucoma is a common
disease and is one of the most frequent causes
of blindness. Early diagnosis is crucial for com-
bating the disease progression. Routine screening
tests are able to detect only a part of the glau-
coma cases. The standard diagnosis tests like
subjective perimetry depend to a great extent
on the patient’s cooperation. Moreover, these
tests are not sensitive in the early glaucoma
stage (Vistamehr, Shelsta, Palmisano, et al., 2006;
Cockburn, 2000). In last years objective tech-
niques for eye diagnosis have been developed
(Horn et al,, 2002; Crognale, 2002; Rodarte, Hood,
Yang et al., 2006; Tobimatsu, Celesia, 2006). One
of these approaches is the objective assessment
of wvisual functions through analysis of
electrophysiological responses from the visual
cortex, using the method of VEPs (Tobimatsu,
Celesia, 2006, Aldebasi et al., 2006, Crognale, 2002,
Sartucci, Murri, Orsini, Porciatti, 2001).

Resent research (Bessler, Klee, Kellner &
Haueisen, 2010) analyzes VEPs recorded under
selective stimulation of the separate color chan-
nels using the silent substitution method. The
results obtained show impressive differences in
the VEPs to a blue channel stimulation in pa-
tients with glaucoma and age-matched healthy
subjects. However, the isoluminant stimulation
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could not guarantee perfect S-channel selective
stimulation over large retinal areas, because of
the differences in the distribution of the three
types of cones at different eccentricities. This
puts forward the necessity to optimize the
electrophysiological approach for early glaucoma
detection by choosing a more exact method for
S-cone selective stimulation.

AIM AND TASKS OF THE PROJECT

The aim of the present project is to continue
fundamental research on human color vision, ini-
tiated in the “Processing of visual information”
laboratory. Moreover, on the base of the results
obtained an attempt will be made to develop a
fast, easy applicable and non-invasive test for
early diagnosis of glaucoma. The specific tasks
of the project include:

1. Finding new evidence about the existences
of separate S-ON and S-OFF channels in the hu-
man visual system through psychophysical and
electrophysiological methods.

2. Finding new opportunities to develop faster
and convenient clinical test for early diagnosis of
glaucoma based on changes in the perception of
S-cones selective stimuli and VEP changes to
such stimuli in patients with glaucoma. With this
purpose it is planned to re-establish collabora-
tion between the “Processing of visual informa-
tion” laboratory and Department of Ophthal-
mology, Alexandrovska Hospital, Sofia, and Oph-
thalmological Clinic of University hospital “Saint
Anna”, Sofia.

To achieve the aims of this project the fol-
lowing scientific tasks were set:

1. To search for new direct electrophysiolo-
gical correlates of psychophysical data about the
existence of S-OFF pathway (e.g. Racheva &
Vassilev, 2008). The results of the proposed ex-
periment could resolve the controversy about
the nature of the S-OFF channel - transient or
sustained. Our assumption is based on promising
data obtained in Jankov (1988), who however
used relatively short increment stimuli only. With
this purpose in our experiment decrement stimuli
with longer duration will be also used thus al-
lowing to distinguish between onset and offset
responses. Significant problem when using
stimuli of long duration and small size is the dis-
placement of their retinal projections due to eye

movements and fluctuations in lens accommo-
dation. These movements cause a transient
stimulation of different retinal areas and make
it difficult to distinguish responses to the onset
from the responses to the offset of the stimu-
lus. In order to avoid these problems in the ex-
periments proposed the stimulus and the back-
ground will occupy the whole screen of the
monitor and will overlap each other completely.

2. Further investigation of spatial summation
along the retinal eccentricity for S-cone selective
light increments and decrements. The difference
in spatial summation for these two stimulus
types along the retinal eccentricity, first observed
in our laboratory (Vassilev et al., 2003), was re-
cently discussed in the book of Stockman &
Brainard (2010) as an important finding in sup-
port of the existence of two different S-ON and
S-OFF pathways in human vision. However, there
are no other experimental findings concerning
the spatial-summation differences for increment
and decrement S-cone selective stimuli. That is
why our aim is to study spatial summation dif-
ferences along the retina by the method of VEP
employing stimuli of different size, presented at
different eccentricities. Stimulus size will be con-
sistent with the area of complete spatial summa-
tion (Ricco’s area).)

3. Development of tests for early glaucoma
diagnostics. With this purpose we will conduct
experiments analogous to these in the second
experiment (paragraph 2) with patients suffer-
ing from glaucoma. The two-color method of
Stiles will be used, instead of the isoluminant
method (Bessler et al. 2010) because of some
important disadvantages of the isoluminant
method - impossibility to vary accurately stimu-
lus chromaticity; difficulty or even impossibility to
present stimuli at different distance from the
fovea, since isoluminant couples will vary individu-
ally between subjects and along the visual field
for each subject. Moreover, Bessler et al. (2010)
use quite large test stimulus (22° in diameter),
which covers areas with different points of
isolumination. Consequently, the question arises
whether S channel was selectively stimulated,
and if difficulties in the data processing de-
scribed by the authors, could be due to incorrect
mixing of regions with different points of
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isolumination. The present project proposes to
optimize the electrophysiological method for
early diagnosis of glaucoma. VEP will be regis-
tered using a small stimulus size which will ac-
curately reflect the specific retinal changes with
increasing eccentricity. Furthermore, instead of
using the silent substitution method the short
wave system will be isolated by the method of
Styles (Wyszecki & Stiles, 1982), which has proven
its efficiency in various studies.

METHODS

Method of Styles. In the experiments pro-
posed a two-color threshold method of Stiles
will be employed for selective stimulation of the
S-cones (Wyszecki & Stiles, 1982), i.e. the blue test
stimuli will be presented after adaptation to a
bright yellow background. This method was
modified previously by Vassilev et al. (2000) by
adding a dim blue light to the background, thus
allowing presentation of both increments and
decrements.

Intensity

MONITOR

‘\é +

2008). Similar apparatus will be constructed for
the purposes of the present experiments. The
source of the blue light will be a monitor and the
stimuli will be generated on its screen by a Visual
Stimulus Generator VSG 2/3 of Cambridge Re-
search Systems and Psycho program of the
same company. The bright yellow component in
the experiments will be provided by slide projec-
tor. Both sources will be superimposed at the eye
by a neutral semitransparent mirror. The flow of
the slide projector will pass through a yellow
glass filter, practically not transparent in the
short-wave area of the visual spectrum.

The yellow background intensity in the ex-
periments proposed will be 360 col/mz. Our pre-
vious experiments have shown that the thresh-
old/background intensity curve reached a pla-
teau above 300 cd/mz, thus becoming independ-
ent of the background level (Vassilev et al.,
2003) (Fig. 2). This indicates that above 300 cd/
m” saturation level of the M and L cones was
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Fig. 1. Apparatus for S cones selective stimulation (from Vassilev et al., 2000)

Fig. 1 schematically describes the apparatus
used in previous laboratory experiments
(Vassilev et al. 2000, 2003, Racheva & Vassilev,

reached and test stimuli were detected by S-
cones only. M and L cones are sensitive to the
yellow background and therefore the threshold
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no longer depends on background intensity.
Therefore, 360 cd/m2 yellow background inten-
sity is bright enough to suppress M and L cone
sensitivities.
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Fig. 2. Increment threshold for a blue test stimulus as a function of the luminance of the
yellow background component. The luminance of the blue background was fixed at 3 cd/m”’. Data
obtained at 0 and 15 deg from fovea. The test stimulus diameter was 0.5 deg in the fovea and 2
deg at the periphery. Vertical bars - the 95% confidence intervals. Arrows - the background inten-
sity at which spatial summation was studied. Subject: KR. (Adapted from Vassilev et al., 2003)

Experimental procedures and conditions will
be similar to those used in Vassilev et al. (2000,
2003) and Racheva & Vassilev (2008). All ex-
periments will be performed in a dark room.
Viewing will be monocular, with the right eye,
through the natural pupil. Observers will be
adapted for 10 min in darkness and then to the
background for 2 min. Blue luminance increments
and decrements will be used as test stimuli and
their spatial and temporal parameters will be dif-
ferent and will vary depending on the experi-
ment purpose.

Electroencephalograms (EEGs) will be re-
corded using a dense array of scalp electrodes
around the striate cortex. The EEG recording ep-
och will depend on the stimulus duration and
will start 500 ms prior the stimulus onset. An
age-matched healthy subject group of approxi-
mately the same number of participants will be
employed to compare their experimental data
with the group of patients with glaucoma.

Several schemes will be used to test the cor-
relation between behavioral performance and
cortical activity. First, event-related potentials
(ERPs) will be extracted from the non-event-re-
lated noise by averaging single-trial EEGs which
are time-locked to the event. Second,non-phase-
locked (induced) oscillatory activity will be

stimulus presentation, each synchronized with
stimulus trial of EEG record will be filtered in
appropriate frequency range: delta, theta, alpha,
and beta. Then the absolute value of the filtered
activity before and after visual stimulus onset
will be averaged for all stimuli. The obtained
curve can be interpreted in terms of event-re-
lated synchronization and desynchronization in
selected frequency range. The last approach
concerns the change of fractal dimension of EEG
due to visual stimuli. Each synchronized with
visual stimulus trial of EEG record will be divided
into overlapping windows and for each window
the fractal dimension (FD) will be calculated by
Higuchi method. FD is parameter related to cou-
pling and decoupling of neuronal oscillators
(Basar, 1983) due to sensory-motor and cognitive
information processing. Thus, for each stimulus
new FD time-series will be calculated. The time-
series will be averaged similar to the ERPs.

EXPECTED RESULTS AND IMPACT

We expect that the results obtained from the
proposed experiments would be of both theo-
retical and practical importance. It is expected to
receive direct electrophysiological evidence about
the existence of separate S-OFF pathway and
thus to confirm our recent psychophysical data.
The new data would contribute to resolving the
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discussion whether the blue-yellow channel
processing signals from S-cones is composed of
two separate neural mechanisms (S-ON and S-
OFF pathways). The possible existence of sepa-
rate S-ON and S-OFF pathways in the human
visual system would also be important for un-
derstanding the principles of color vision,as well
as for optimization of current approaches in
medical practice and video technologies.

Moreover, early diagnosis of such socially im-
portant disease as glaucoma is essential in pre-
venting its progression. Because short wave
cones are less numerous, the blue system is most
vulnerable for retinal diseases. In glaucoma early
initial deficits in S-cones system stimulation could
probably be manifested. Due to subcortical
asymmetry in S-ON and S-OFF cells, it could be
expected that glaucoma will affect first S-OFF
pathway. As a result of the present project a
new faster non-invasive method for early glau-
coma diagnosis, which can be used in clinical
practice, is expected to be developed. The soft-
ware developed during the project implementa-
tion will also enable to perform future research
on the topic.

Individual participants in the present project
will increase their scientific skills through mutual
exchange of methodological approaches. During
the project implementation workshops will take
place where project participants will report their
activities. The results will be published in scientific
journals and will be reported on national and
international forums. The planned cooperation
with health care system units will enable future
developments to be tested and used in medical
practice in a short time.

Acknowledgment

This project is funded by the National Science
Fund at Ministry of Education, Youth and Science
with Contract DMU03-89/2011.

References

[1] AldebasiY. H., Drasdo N., Morgan J. E,, North
R. V. (2003). Cortical OFF-potentials from the S-cone
pathway reveal neural damage in early glaucoma. Vi-
sion Res; 43:221-226.

[2] Basar E. (1983). Toward a Physical Approach
to Integrative Physiology, American Journal of Physi-
ology, 245, R510-R533.

[3] Bessler P, Klee S., Kellner U., and Haueisen J.
(2010). Silent Substitution Stimulation of S-cone Path-

way and L- and M-cone Pathway in Glaucoma. Inves-
tigative Ophthalmology & Visual Science, 51, 319-326.

[4] Brindley G. S. (1970). Physiology of the retina
and visual pathways,241-246. Second Edition. London:
Edward Arnolds.

[5] Calkins, D. J., Tsukamoto, Y. & Sterling, P.
(1998). Microstructure and mosaic of a blue-yellow
Ganglion cell in the primate retina. The Journal of
Neuroscience, 18(9), 3373 - 3385.

[6] Cockburn D. M. (2000). Diagnosis and man-
agement of open angle glaucoma: suggested guide-
lines for optometrists. Clin Exp Optom.;83:119-127.

[7] Crognale M. A. Development, maturation, and
aging of chromatic visual pathways: VEP results. J. Vis.
2002; 2:438-450.

[8] Crognale M. A., Switkes E., Rabin J., Schneck M.
E., Haegerstromportnoy G., Adams A.J. Application of
the spatiochromatic visual-evoked potential to detec-
tion of congenital and acquired color-vision deficien-
cies. J. Opt Soc Am A-Opt Image Sci Vis. 1993;10:1818-
1825.

[9] Curcio, C. A, Allen, K. A, Sloan, K. R, Lerea, C. L,
Hurley, J. B., Klock, I. B. & Milam A. H. (1991). Distribu-
tion and morphology of human cone photoreceptors
stained with anti-blue opsin. The Journal of Compara-
tive Neurology 312, 610 - 624.

[10] Dacey, D. M., (1993). Morphology of a small
field bistratified ganglion cell type in macaque and
human retina. Visual Neuroscience, 10, 1081 - 1098.

[11] Dacey, D. M. & Lee, B. B. (1994). The "blue-
on” opponent pathway in primate retina originates
from distinct bistratified ganglion cell type. Nature
367,731 - 735.

[12] Drance S. M., Lakowski R., Schulzer M., Doug-
las G. R. (1981). Acquired color vision changes in glau-
coma: use of 100-hue test and Pickford
anomaloscope as predictors of glaucomatous field
change. Arch Ophthalmol.; 99:829-831.

[13] Georgiev S., Minchev Z., Christova Ch.,
Philipova D. EEG Fractal Dimension Measurement be-
fore and after Human Auditory Stimulation.
BIOAUTOMATION, 2009, 12, 70-81.

[14] Higuchi T. (1988). Approach to an Irregular
Time Series on the Basis of the Fractal Theory,Physica
D: Nonlinear Phenomena, 31, 277-283.

[15] Horn F. K., Jonas J. B., Budde W. M., Junemann
A. M., Mardin C. Y., Korth M. (2002). Monitoring glau-
coma progression with visual evoked potentials of the
blue-sensitive pathway. Invest Ophthalmol Vis Sci;
43:1828-1834.

[16] Hughes, A, & DeMarco, P. J. (2003). Time
course of adaptation to stimuli presented along car-
dinal lines in color space. Journal of the Optical Soci-
ety of America A, 20, 2216-2227.

[17] Jankov, E. (1988). New observations on the
violet mechanism in man as revealed by the VECP.
Acta Physiologica and Pharmacologica Bulgarica, 14(1),
68-75.

[18] Johnson C. A, Adams A. J., Casson E. J., Brandt
J. D. (1993). Progression of early glaucomatous visual-
field loss as detected by blue-on-yellow and stand-
ard white-on-white automated perimetry. Arch
Ophthalmol.;111:651-656.



National Scientific Programmes with European Dimensions

[19] Kouyama,N. & Marshak,D. W. (1992). Bipo-
lar cells specific for blue cones in the macaque retina.
The Journal of Neuroscience 12, 1233-1252.

[20] Kouyama, N. & Marshak, D. W. (1997). The
topographical relationship between two neuronal
mosaics in the short wavelength-sensitive system of
the primate retina. Visual Neuroscience, 14, 159 - 167.

[21] Mariani,A. P. (1984). Bipolar cells on monkey
retina selective for the cones likely to be blue-sensi-
tive. Nature 308, 184-186.

[22] Mullen, K. T., Dumoulin, S. O., Hess, R. F. (2008).
Color responses of the human lateral geniculate nu-
cleus: selective amplification of S-cone signals be-
tween the lateral geniculate nucleon and primary
visual cortex measured with high-field fMRI. Euro-
pean Journal of Neuroscience, 28(9), 1911-1923.

[23] Racheva, K., Vassilev, A. (2008): Sensitivity to
stimulus onset and offset in the S-cone pathway. Vi-
sion Research, 48, 1125-1136.

[24] Racheva, K., Vassilev, A. (2009). Human S-cone
vision: effect of stimulus duration on the increment
and decrement thresholds. Comptes rendus de
I’Academie bulgare des Sciences, 62(1), 63-68.

[25] Reid, R. C. & Shapley R. M. (2002). Space and
time maps of cone photoreceptor signals in macaque
lateral geniculate nucleus. The Journal of Neuro-
science, 22(14), 6158 - 6175.

[26] Rodarte C, Hood D. C, Yang E. B, et al. The
effects of glaucoma on the latency of the multifocal
visual evoked potential. Br J. Ophthalmol. 2006;
90:1132-1136.

[27] Sartucci F., Murri L., Orsini C., Porciatti V.
Equiluminant red-green and blue-yellow VEPs in mul-
tiple sclerosis. J. Clin Neurophysiol. 2001;18:583-591.

[28] Stockman, A., Brainard, D. H. (2010). Color Vi-
sion Mechanisms. In Handbook of optics, Vol. Ill. Vi-
sion and Vision Optics By Michael Bass, Casimer
DeCusatis, Jay M. Enoch, Vasudevan Lakshminarayanan,
Guifang Li, Carolyn MacDonald, Eric Van Stryland, pp.
11.1-11.104.

[29] Szmajda B. A, Buzas, P., FitzGibbon, T. & Mar-
tin, P. R. (2006). Geniculocortical relay of blue-off sig-
nals in the primate visual system. PANS, 103(51), 19512-
19517.

[30] Tobimatsu S., Celesia G. G. Studies of human
visual pathophysiology with visual evoked potentials.
Clin Neurophysiol. 2006; 117:1414-1433.

[31] Vassilev, A. V., Zlatkova, M., Manabhilov, V.,
Krumov, K., & Schaumberger, M. (2000). Vision Re-
search, 40, 989 - 1000.

[32] Vassilev, A, Mihaylova, M., Racheva, K., Zlatkova,
M., Anderson, R. S. (2003): Spatial summation of S-
cone ON and OFF signals: Effects of retinal eccentric-
ity. Vision Research 43, 2875-2884.

[33] Vistamehr S., Shelsta H. N., Palmisano P. C,, et
al. (2006). Glaucoma screening in a high-risk popula-
tion. J. Glaucoma; 15:534-540.

[34] Wyszecki, G. & Stiles, W. S. (1982). Color sci-
ence (2nd ed.). New York: John Wiley & Sons.

[35] PayeBa K. (2011). Bpemeswu n
NPOCTPAHCTBEHW XapakTePUCTUKM Ha 3peHneTo npu
n3bupatenHa CTUMynauMs Ha KbCOBbBIHOBUTE
hoTopeLenTopy y HoBeka (Aucepraums).

NCNXODPU3NYHUN N ENEKTPODU3NOJIOTNYHN
noaxoam B TbPCEHETO HA HOBU
AOKAS3ATEJICTBA 3A CbLUECTBYBAHETO HA
OTAENEH S-OFF NMbT B 3PUTENIHATA CUCTEMA
HA YOBEK. U3CJNIEABAHNA BbPXY 3PABU
AOBPOBOJILI U NAUUEHTN C TNTAYKOMA

KanuHa PayeBa, MuneHa MwuxannoBa, CTunusiH
Feoprues, XpucrnHa Xpucrosa, WMeaH Xpucrtos,
LiBetannH ToteB, AnmMmutbp Mutos
WNHCTUTYT no HeBpobuonorus, bbnrapcka akagemms
Ha HaykuTte
yn. Akag. I. boHues, 6n. 23, 1113 Codus

Pezrome

OCHOBEH MPUHLMNI H3 OPraHU3aLmMsaTa B 3pUTETHATA
CUCTEMA € PA3[ETIAHETO H3 UHDOPMAUMATE 33 TPOMEHM
B CBET/IMHHATE CTUMYJTIAUMA 10 B3 OTAE/HU KaHana —
ON u OFF, npoBexxaalymn curHasam CbOTBETHO 34 yBesIU-
yaBaHe (MHKPEMEHT) 1 HAMA/IABaHe (LEKPEMEHT) Ha
OCBETEHOCTTa OT OTAEJIHUTE y4acTbLU HA PETUHATA.
LIHEBHOTO 3peHMe npu nprumMari (BKIKYUTENHO U
YoBeK) ce OChbLYECTBABA OT TPM BYAA GOTOPELETTOPHU —
KBCOBBJIHOBU (S), cpenHoBb/iHoBu (M) 1 gb/iroBbIHO-
Bu (1) konbunyku. [Jokato paznenaHeTo Ha MHPOPMALM-
qara or M v L konbugykure no ON u OFF nbruwya ce
U3BDBPLIBA OLYE HA PAHHO HUBO CUHANC M w1 L konbuyku
— OUIONAPHN KIIETKU, IPU KbCHOBBIHOBUTE (OTOPE-
yerropy e JoKaaHo Hasam4mero camo Ha ON kaHas, a
CcbLyecTByBaHero Ha OFF KaHas e criopHo. B Hactosams
MIPOEKT Ce NMPELIAra MPOAbIIKABAHE HA PyHAAMEHTAII-
HUTE U3CTIEABAHIS, 3a1049HAaTY B 1aboparopusa “[Toepa-
60TKa Ha 3PUTENIHA MHPOPMALUMA”, B ThPCEHE HA HOBU
JIOK33aTe/ICTBa 3@ Hamumero Ha S-OFF nbeT rnpuy Kbco-
BbJIHOBATa CUCTEMA. 33 Ta3u L€/ e ce K3/10/13Ba
UHTEPANCLNITIIIHAPEH TOAX0H, KOMOMHIPALY [1CXO@DH-
3UYHU 1 E€NIEKTPOQDUINOTIOTNYHY METOAM, B YC/IOBUATA
Ha CeneKTMBHAE CTUMYTIALINSA Ha KbCOBBIHOBUTE KOJ1OMY-
k. LLle ce perncTpupar 3puTesiHo rpean3BuKkaHim rnoTeH-
ymamn (3[777) rpu 1¥3n0/I3BaHETO HA rOIEMM 110 PAIMED
CTUMYJIM, 33eMaLLYN LI€/TNA eKpaH Ha MoHuTopa. CTumy-
smre wje buaar ¢ rosigmMa rnpogb/iXUTeNIHOCT, KOETO e
103BOJIM OTAENIAHETO HA OTFOBOPUTE KbM BKIIIOYBAHE OT
TE€31 KBM U3KITIOYBAHETO Ha CTUMysa. [lony4eHure pe-
3ynram 1je 6bAar npeku eneKTPOGUINONIONMYHN [JOKA-
3a7e/ICTBa 34 CbLYECTBYBAHETO Ha oraesieH S-OFF nbT.
BbB BTOpUS €KCrIepUMEHT (e 6baar perucromuparu 31177
pu CUHU PKOCTHU UHKPEMEHTHMU U [EKPEMEHTHU
CTUMY/IN C pazmep, Cbobpa3eH CbC 30HATa HA MbJIHA
[POCTPAHCTBEHE CyMaumsa (30HaTa Ha Puko). [1osyqeHm-
Te pe3ynratu e ObAaT e1eKTPODUINOMOMNYEH KOPEAT
Ha MCUXOQDUINYHUTE [aHHU 3a [PA3JTUKUTE B MPOCTPAH-
crBeHara cymauyus B S-ON v S-OFF kaHanurte, nosyyeHu
or Vassilev v cbast. (2003). [aHHuTe OT T€3u excriepm-
MEHTH, MPOBEAEHN KAKTO CbC 340aBv [JOOPOBO/ILM, Taka
Y C naumeHTy, CTpa[aiyy ot [71aykoma, Lye [4aaar HoBu
Bb3MOXHOCTY 3a pa3paboTBaHeTo Ha no-6vp3 v yao-
OCH 33 KIIMHUYHATA MPaKTUKA TECT 3a PaHHAa JUarHOC-
TVKa Ha 171ayKoMa, OCHOBAH Ha rpomerure B 3[1T npu
BDB3MPUATUETO Ha CENIEKTUBHI 33 S-KONOUYKUTE CTHMY -
. Cb37aBaHeTo Ha MofobeH TecT e OT U3KITIYUTEIHA
BAXHOCT 110paau akra, 4e paHHara [uarHoCTukKa Ha
[71ayKOMATa € OT PEeLuaBallo 3HaveHme 3a bopbara ¢ 1o-
Ba 3a00/I9BaHE, a CTAHAAPTHUTE AUATHOCTUYHM 104XO-
AN He ca YyBCTBUTESIHU B HAYalIHUTE eTanu Ha 3abosis-

BaHero.
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Abstract

Genetic variability in different populations of
Bulgarian honey bee Apis mellitera from the all
six main regions in the country have been stud-
led using analysis of six enzymic systems corre-
sponding to six loci (MDH 1, ME, EST 3, ALP, PGM
and HK). All of the studied loci were found to
be polymorphic. Three to six alleles were de-
tected for the different allozymic systems: three
alleles - at MDH-1, ALP and HK loci; four alleles
- at ME and PGM loci, and six - at EST-3 locus.
Genetic markers, usable for discrimination of Bul-
garian honey bees were described in this study.

A genetic analysis of three enzymic systems
(PGM, MDH and HK) was conducted on 70
breeds of B. mori. Suitable isoenzyme markers
were specified for evaluation of interbreed and
intrabreed polymorphism and breed differentia-
tion for this species. The phylogenetical relation-
ships were studied. It was established that
breeds F 27, Japanese 106 and Jena may be used
in future breeding programs as donor breeds as
they are genetically distant from all others.

INTRODUCTION

The most economically significant species of
insects Apis mellifera L. and Bombyx mori L. are
subject to purposeful selection activity and fun-
damental scientific research in our country in the
recent years.

According to Ruttner's morphometric analy-
sis (1988), A. m. macedonica subspecies occur in
Bulgaria but according to Petrov (1990), a native
type, named as “A. m. rodopica”, exists in the
country. Since 1930 honey bees in Bulgaria have
been studied for the selection purpose (Lazarov
1935; 1936) and during the period 1971-1990 the
local bee was threatened by queen breeding and

importation of foreign bees. These activities have
had an impact on the genetic variability of the
honey bees throughout the country. Although
there are different studies concerning the degree
of genetic diversity of local Bulgarian honey bee,
they are mainly based on classical morphometry
(Petrov 1990; 1995; 1996; 2000) and partially on
isoenzyme analysis (Ivanova et al., 2007; 2010a,b;
Ilvanova and Bouga 2009). Even though some
comparison between selectively reared in Bul-
garia lines have been done (lvanova et al. 2010a;
2011), genetic structures of honey bee po-
pulations from all over the country have not
been compared yet and differencies between
Bulgarian honey bees and other A. m. macedo-
nica populations are not enough clear. Hence, the
present research focuses on: 1) detection of the
genetic variability among honey bee populations
in Bulgaria and 2) search for genetic markers
usable for discrimination of Bulgarian honey
bees.

Utilization of isozyme markers provides the
opportunity to study genetic diversity of the
mulberry silkworm (Chatterjee & Datta, 1992;
Chatterjee et al., 1993; Eguchi, 1995), as well as to
dif ferentiate the various breeds (Abraham et al.
1992; Goldsmith 1995). Genetic resources of
more than 230 local and introduced breeds and
lines of Bombyx mori L., with various geographic
origins have been maintained in Bulgaria. Their
biodiversity has been studied mainly on the basis
of some main selection properties - qualitative
and quantitative. The isozyme polymorphism
with the breeds grown in Bulgaria is weakly
studied. Their differentiation on the basis of iso-
zyme markers has not been studied either. This
research helped us to identify suitable isozyme
markers to analyze the gene pool, genotypic



National Scientific Programmes with European Dimensions

structure and the degree of genetic heterogene-
ity of mulberry silkworm breeds grown in Bul-
garia and the phylogenetic relationships existing
among them.

MATERIALS AND METHODS

1. Electrophoretic analysis

Apis mellifera L.

Totally about 2800 worker bees were tested
for this analysis. More than 100 different
populations from 24 provinces in all the six main
regions of the country were included in this in-
vestigation. The thorax or total body homogeni-
zation, electrophoresis in 7.5% polyacrylamide gel,
buffers and electrophoretic conditions for each
enzymic system and histochemical staining were
done according to Ivanova (1996) and lIvanova
et al,, 2010b. Six enzymic systems were studied:
MDH (malate dehydrogenase, EC 1.1.1.37); ME
(malic enzyme, EC 1.1.1.40); EST (esterase, EC 3.1.1),
ALP (alkaline phosphatase, EC 3.1.3.1); PGM
(Phosphoglucomutase, EC 5.4.2.2) and HK (Hex-
okinase, EC 2.7.1.1).

Bombyx mori L.

Ten breeds of silkworm with different origin
and named as Belopol 1/18, Belopol 2/21,
Gergana 1 and Gergana 2 - from Bulgaria, M-6 -
from Azerbaijan, Japanese 106, Asahi and Kinshu
- from Japan, Jena - from Austria and E 27 -
from Egypt, were tested. All individuals were
nourished at a standard regime of silkworm
breeding in Sericultural Experiment Station (SES)
in Vratza and Agriculture University in Plovdiv.
Breeds Jena and E 27 are with colored cocoons;
all others are with white cocoons. 30 to 40 lar-
vae were selected randomly from each breed on
the fifth day of the fifth instar and were used
in the study. The spectrum of phosphogluco-
mutase (PGM) (EC 5.4.2.2) and hexokinase
(HK) (EC 2.7.1.1) from silk glands and malate
dehydrogenase (MDH) (EC 1.1.1.37) from
haemolymph were studied by means of 7.5%
PAGE (Daevis, 1964). Isolation of the
haemolymph and the silk glands was done ac-
cording to Stoykova et al. (2003) and Staykova
et al. (2004). Method of Shaw and Prasad
(1970) was used to visualize the malate dehy-
drogenase. Methods of Spencer et al. (1964)
and Eaton et al. (1966) were used to visualize
the phosphoglucomutase and hexokinase re-

spectively.

2. Statistical and clustering methodology

Allele frequencies, mean number of alleles per
locus, proportion of polymorphic loci, observed
(H,) and expected (H,) heterozygosity, deviation
from the Hardy-Weinberg equilibrium and Nei's
genetic distance (D) (Nei, 1972) were calculated
using BIOSYS-1 (Swofford and Selander,1981)
package. Phylogenetic trees were constructed
using Nei's (1972) genetic distance, by UPGMA
(Sneath and Sokal, 1973) method using the
PHYLIP (Felsenstein, 1993) software package. F.,
statistics (Wright, 1965) were also used to esti-
mate the degree of population subdivision, using
BIOSYS-1 (Swofford and Selander,1981) soft-
ware package.

RESULTS AND DISCUSSION

Apis mellifera L.

Totally, for the studied Bulgarian honey bee
population, three alleles were detected at MDH-
1 (MDH®, MDH®* and MDH™), four - at ME lo-
cus (ME*®, ME™®, ME™® and ME"™), six - at EST-3
locus (EST®, EST®®, EST™, EST'™, EST'™ and EST"®),
three - at ALP (ALP*, ALP*® and ALP™), four -
at PGM (PGM®*°, PGM™™, PGM™ and PGM™**) and
three - at HK (HK¥, HK'® and HK) locus. Data
about the allozyme polymorphism detected and
the allele frequencies calculated are presented in
Table 1. Mean sample size per locus, mean
number of alleles per locus, proportions of poly-
morphism, observed and expected heterozygos-
ity in the populations tested are presented in
Table 2.

Concerning the different studied loci, our re-
sults showed that the most frequent alleles in
the Bulgarian populations were MDH', ME'®,
EST?, PGM™°, HK' and ALP® (except for the
populations from South East part of Bulgaria,
where ALP'™ was more frequent than ALP® or
with similar frequency). All these alleles could be
used as genetic markers.

On the basis of similar studies it was found
that MDH-1 locus is polymorphic with two or
three alleles in A. m. macedonica populations
from Greece (Dedej et al., 1996; Bouga et al.,
2005; Ivanova 2010) and that MDH® allele has
quite high frequency in these populations. At the
same time, according to our results, the frequency
of this allele varied between 0.0 and 0.097 in
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Bulgarian populations.

Concerning ME locus, Dedej et al. (1996) re-
ported no polymorphism in Greek populations,
but according to Bouga et al. (2005) this locus
is polymorphic with two alleles in A m.
macedonica from Greece. In the present study,
four alleles of this locus were detected in Bul-
garian populations.

Three alleles of EST-3 locus were detected in
A. m. macedonica from Greece (Bouga et al,,
2005; Ivanova, 2010), but in our research six
alleles were found. The alleles EST*®, EST'® and
EST"® were detected only in Bulgarian honey bee
populations.

Concerning the ALP polymorphism, two
alleles (ALP™® and ALP®®) were detected in
Greece (Bouga et al., 2005) and in Bulgaria
(lvanova et al., 2010a,b). In the present research,
a third allele - ALP*® was observed and its fre-
quency varied between 0.0 and 0.136.

PGM locus was found to be polymorphic with
two alleles (PGM™ and PGM™) in previously
studied populations from Bulgaria (lvanova et al.,

2007, 2010a,b) and in Greece (lvanova, 2010).
Two more alleles of the same locus (PGM®*° and
PGM'™) were detected in the present study.

HK locus was found to be polymorphic with
two alleles (HK'™® and HK"™) in A. m. mace-
donica from Greece (lvanova, 2010). In the
present study a third allele - HK® was found in
Bulgarian population and its frequency varied
between 0.007 and 0.027.

All mentioned above private alleles in Bulgar-
ian populations (EST®, EST'®>, EST"®, ALP*°, PGM®°,
PGM'™ and HK*) could be used also for com-
parisons, discrimination and characterization of
Bulgarian honey bees. In this aspect, together
with the most frequent alleles (MDH'®, ME',
EST'?, PGM', HK'® and ALP*®) they could be
useful as suitable genetic markers for selection
and conservation purposes.

The mean number of alleles per locus varied
from 2.5 (North West) to 3.7 (South East). The
estimated percentage of polymorphic loci
ranged from 50% (South West) to 83.3%

Table 1. Number of samples studied (N) and data about the allele frequencies in the populations

Locus South West | South Central| South East | North East| North Central | North West
MDH-1

(N) 438 788 504 406 599 88
65 0.451 0.451 0.419 0.458 0.496 0.318
100 0.549 0.543 0.577 0.542 0.503 0.585
80 0 0.007 0.004 0 0.001 0.097
ME

(N) 441 585 398 355 366 76
100 0.93 0.921 0.908 0.921 0.937 0.875
106 0.045 0.069 0.044 0.065 0.049 0.125
90 0.02 0.01 0.048 0.014 0.014 0

115 0.005 0 0 0 0 0
EST-3

(N) 442 758 480 372 527 69
80 0.008 0.036 0.0Mm 0.02 0.013 0
100 0.974 0.923 0.953 0.952 0.956 0.949
88 0 0 0.005 0.007 0 0.029
18 0.016 0.022 0.004 0.013 0.01 0.022
94 0.002 0.015 0.014 0.008 0 0
105 0 0.005 0.013 0 0.019 0
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ALP

(N) 386 618 385 318 550 68
80 0.517 0.513 0.403 0.539 0.585 0.537
100 0.47 0.47 0.461 0.418 0.408 0.463
90 0.013 0.017 0.136 0.042 0.006 0
PGM

(N) 424 640 406 363 392 69
100 0.953 0.922 0.915 0.946 0.916 0.92
n4 0.038 0.077 0.081 0.054 0.08 0.08
80 0 0 0.001 0 0 0

125 0.009 0.002 0.002 0 0.004 0

HK

(N) 494 894 573 445 822 86
87 0.007 0.027 0.0m 0.022 0.021 0.017
100 0.97 0.966 0.966 0.962 0.964 0.965
110 0.023 0.007 0.023 0.016 0.015 0.017

(South Central and North West). (Table 2). The
observed and expected heterozygosity (H, and
H.) ranged from 0.166 (North West) to 0.218
(North East) and from 0.224 (South West) to
0.264 (South East and North West), respectively
(Table 2). There are significant deviations of
genotype frequencies from Hardy-Weinberg ex-
pectations at most of the loci in most
populations (P > 0.01). Chi-Square (df: 1-6) tests
showed that the deviations were generally in
favour of homozygotes.

The estimated mean F¢ value was 0.0068,
which shows high level of genetic diversity within
populations. The values of genetic distance (Nei,
1972) were calculated using the allele frequen-
cies (Table 1) and ranged from 0.001 to 0.008.
In UPGMA dendrograms, North West and South
East populations were grouped separately. All
other populations were clustered together in
two branches: first - North Central and North
East and second - South Central and South West
(Fig. 1).

Table 2. Observed and expected heterozygosity in the populations tested (Standard errors
are included)

Population Mean Mean no. of Percent
sample size alleles per Polymorphic H, H,
per locus locus loci(P=0.95)

South West 4375+14.2 3.2+0.3 50 0.21£0.094 | 0.224+0.089
South Central 713.8+£48.7 33+0.3 833 0.203+0.079 | 0.254+0.082
South East 457.7+£30.3 3.7+05 66.7 0.215+0.086 | 0.264+0.093
North East 376.5+17.9 3+0.4 66.7 0.218+0.089 | 0.241+0.087
North Central 542.7+67.2 3.2+0.2 66.7 0.18+0.07 0.237+£0.083
North West 7637 2.5+0.2 83.3 0.166+0.053 | 0.264+0.085

. 23



Advances in Bulgarian Science

North West

North Central

North East

i South Central

South West

South East

South Central
North East
South West
Norih Central
South East
North West

Fig. 1. Relationships of honey bee populations studied as shown in UPGMA (Sneath and Sokal,
1973) dendrograms

Bombyx mori L.

In two of the studied enzyme systems -
phosphoglucomutase and malate dehydroge-
nase, we found out intrabreed and interbreed
polymorphism (Table 3). We established inter-
breed polymorphism by means of hexokinase.

Phosphoglucomutase from various organs of

in the gene pool of the breeds Belopol 1/18,
Belopol 2/21 and Gergana 1 (Table 3). With
Kinshu, Jena and E 27, allele Pgm A, was missing.
Pgm A, was seen in the gene pool of all the
studied breeds, and with Gergana 2, M-6, Japa-
nese 106 and Asahi this allele was fixed. Among
these breeds with established polymorphism, the

Table 3. Allele frequencies in breeds tested

Locus

Breeds Pgm Mdh Hk
A1 A2 A3 A1 A2 A3 A1 AZ
Belopol 1/18 0.038 0438 0.525 0 1 0 0 1
Belopol 2/21 0.038 0.603 0.359 0 1 0 0 1
Gergana 1 0.265 0500 0.235 0 1 0 0 1
Gergana 2 0 1 0 0 1 0 0 1
M-6 0 1 0 0 1 0 0 1
Japanese 106 0 1 0 0 1 0 1 0
Asahi 0 1 0 0.031  0.859 0.109 0 1
Kinshu 0 0306 0.694 013 0.855 0.032 0 1
Jena 0 0.676  0.324 0 1 0 1 0
E 27 0 0425 0575 0 1 0 1 0

B. mori was determined by one locus for which
a three-allelic polymorphism was described
(Staykova, 2006; Staykova, 2008). With the
breeds included in this study we established
presence of all three alleles (Pgm A,, A, and A;)

24

highest frequency of allele Pgm A, was estab-
lished for Gergana 1, allele Pgm A, - for Jena, and
allele Pgm A, - for Kinshu.

By means of electrophoresis in polyacryla-
mide and cellulose acetate gel Marcato et al.
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(1990) found polymorphism by the loci coding
the phosphoglucose isomerase and mannose
phosphate isomerase, and lack of polymorphism
by the loci coding malate dehydrogenase,
isocitrate dehydrogenase and other enzymes.
Egorova and Nasirillaev (1993) reported the
presence of MDH polymorphism at the
hemolymph of B mori For two of the breeds
studied by us we also found polymorphism on
the malate dehydrogenase from the hemolymph
(Table 3). In the gene pool of the Japanese
breeds Asahi and Kinshu we established the
presence of three alleles (Mdh A, A, and A,). In
the gene pool of all other breeds, the Mdh A,
allele was fixed, which agrees with the estab-
lished by Marcato et al. (1990).

Yanagawa (1978) studied the properties of
hexokinase from various tissues of the mulberry
silkworm (fat body, muscles, spermaries, midgut
and Malpighian tubules) and established the tis-
sue specificity in distribution of the multiple mo-
lecular forms. In the group of breeds of various
origins studied in Bulgaria we established inter-
breed polymorphism by the hexokinase of the silk
glands and the lack of intrabreed polymorphism
(Table 3). In the gene pool of Japanese 106, Jena
and E 27 we ascertained the presence of the Hk
A, allele, whereas in the gene pool of all other
breeds we ascertained the Hk A, allele.

The average number of alleles per locus cal-
culated by BIOSYS-1 (Table 4) varies from 1.0

(with Gergana 2, M-6 and Japanese 106) to 2.0
(with Kinshu). The degree of polymorphism (ac-
cording to criteria 0.99) was highest for breed
Kinshu (66.70%), and lowest - with Gergana 2,
M-6 and Japanese 106 (0%), where we observed
monomorphism in all studied loci. The estab-
lished heterozygosity (H_) varied from 0.000
(with Gergana 2, M-6 and Japanese) to 0.151
(with Kinshu). With all analyzed breeds with es-
tablished polymorphism the expected heterozy-
gosity (H,) was higher than the one we ob-
tained. The test for conformance to Hardy-
Weinberg equilibrium manifested significant dif-
ferences between the obtained and expected
genotype frequencies, which were due to the es-
tablished higher frequency of the homozygotes.
The lower extent of established heterozygosity
and the higher frequency of homozygote indi-
viduals were related to inbreeding effects.

The average value of F.; (0.6131) calculated
on the basis of the established isozyme polymor-
phism showed that 61.31% of the genetic vari-
ability was observed between different breeds,
which also corresponded to the degree of inter-
breed differentiation, whereas 38.69% of the
genetic variability was intrabreed. The highest
extent of interbreed variability was accounted by
hexokinase (1.000).

On the grounds of the allele frequencies, the
genetic distance by Nei (Nei, 1972) was also cal-
culated, which was the base for constructing a

Table 4. Mean number of alleles per locus, proportion of polymorphic loci, observed
(H,) and expected heterozygosity (H,)

o

Percent
Mean Mean no. of | Polymorphi
Breeds sample size alleles per c loci H, H,
per locus locus (P=0.99)

Belopol 1/18 40.0 1.7+0.7 333 0.050 0.179
Belopol 2/21 39.0 1.7£0.7 333 0.060 0171
Gergana 1 34.0 1.7£0.7 333 0.088 0.21m
Gergana 2 30.0 1.0+£0.0 0.0 0 0

M-6 30.0 1.0+0.0 0.0 0 0
Japanese 106 36.0 1.0+£0.0 0.0 0 0
Asahi 32.0 17£0.7 333 0.052 0.084
Kinshu 31.0 2.0+0.6 66.7 0.151 0.231
Jena 34.0 1.3+0.3 333 0.078 0.148
E 27 40.0 1.3%0.3 333 0.050 0.165
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UPGMA dendrogram (Fig.2). It shows that
within the group of studied breeds two main
clusters were formed. In the first cluster the
breeds E 27, Japanese 106 and Jena were distrib-
uted, and in the other - all others.

ing the intrabreed polymorphism and establishing
the degree of intrabreed genetic variability.

* The established isozyme markers could be
used in the future breeding and selection work
on creating initial populations and performing

E 27

Jena

Japanese 106
Kinshu
Gergana 1

Belopol 2/21

Belopol 1/18

Asahi
MN-o6

Gergana 2

Fig. 2. Relationships of studied breeds as shown in UPGMA (Sneath and Sokal,1973)
dendrograms

CONCLUSIONS

Concerning Apis mellifera, the obtained re-
sults in the present study give us the grounds to
draw the flowing deductions:

* The allozyme systems studied in this inves-
tigation are useful for characterization of ge-
netic variability in honey bee populations and
show a high level of genetic diversity within Bul-
garian populations.

* The indicated in this study allozyme genetic
markers are appropriate for comparisons, dis-
crimination and characterization of Bulgarian
honey bees and would be useful for selection
and conservation purposes.

The accomplished study for establishing suit-
able isozyme markers at valuation of the gene
pool of the mulberry silkworm and the obtained
results give us the grounds to draw the flowing
deductions and conclusions:

* Hexokinase (HK) is a suitable marker for
analyzing interbreed polymorphism and breed
differentiation.

* Phosphoglucomutase (PGM) and malate de-
hydrogenase (MDH) are more suitable for study-

interbreed hybridization.

* Breeds E 27, Japanese 106 and Jena could
be included in selection programs as donor
breeds, as they are genetically distant from all
others.
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Pe3rome

/7,00)/LIEH<3 € [eHeTn4Hara 3MeH4Y1BOCT B 10r1y/ia-
LU MELOHOCHU T114€JiM OT LAJ/Iara CTpaHa 4pes 130-
eH3UMEH aHasam3 o LWeCT HU30EH3IUMHU CHUCTEMU

(MDH 1, ME, EST 3, ALP, PGM u HK). KoHcrarupaH e
MoIMMOPOU3IbM 10 BCUYKUTE LECT U3C/IeABAHN
JIOKYCH, KaKTo criefBa: Tpu anena - 3@ MDH-1, ALP u
HK nokycure, 4etupu - 3@ ME u PGM snokycure m
wecr - 3a EST-3 nokyca. OT4yeTeHu ca U30eH3IUMHU
FEeHEeTUYHN MapKepu, noAXOAALN 38 M310/I3BAHE TPH
XapakTepuanparHe Ha ObsirapCckuTe MeqoHOCHM M4esu.

Ypesz nscnensaHe Ha Tpu U30€H3IUMHU CUCTEMU
(PGM, MDH n HK) e nposeger reHetnder aHamms Ha
10 noponw 4epHuyesa KonpuHeHa nenepyaa B. mori
L. YTO4HEHN ca noaxofdalmn n30eH3UMHU Mapkepu 3a
OL|eHKa Ha BBTPENOPOAHMNA U MEXAYNOPOLEH 10/1M-
MOP@U3IBM U 10POAHATA AUDEPEHUNALNA TTPU TO3U
BuUAg. VI3cnensanuy ca QuiioreHeTuyHuTe Bpb3ku, Y Cra-
HOBEHO €, Ye riopoaute E 27, Japanese 106 v Jena morar
[a ce 13roa3Bar B bbAeLyn CenekymoHHI nporpamm
Karo JOHOPHW 1opoaM, Tbi Kato ca reHeTmyHo or4a-

J1e4eHUN OT BCUYKU OCTaHasiu.

IMMUNOMODULATORY EFFECTS OF SELECTED LACTOBACILLUS
STRAINS AGAINST INFLAMMATION IN HUMAN INTESTINES

Zhechko Dimitrov
LB-Bulgaricum Plc. R&D Center
12-A, Malashevska Str., 1000 Sofia, Bulgaria
E-mail: zhechko.dimitrov@lbbulgaricum.bg

Abstract

The aim of the present study was to evalu-
ate the effect of LAB strains on IL-8 secretion in
intestinal epithelia with,/ without stimulation by
TNF-alpha.

Intestinal epithelium is capable of releasing
some proinflammatory cytokines such as IL-8, es-
pecially when stimulated by cytokines like TNF-
alpha and IL-1. Some Lactic acid bacteria (LAB)
strains could modulate intestinal mucosal im-
mune response playing anti-inflammatory role in
the intestinal immune signaling.

A large number of strains with yoghurt and
intestinal origin were evaluated in their ability to
reduce the production of IL-8 from human epi-
thelium cell line Caco-2. The strains demonstrat-
ing the highest reduction of IL-8 after stimula-
tion of epithelium cells with TNF-alpha were: B.
longum Bif8, L. gasseri G8, E. faecalis E2, L.
bulgaricus B67, and S. thermophilus T43. It
should be noted the yoghurt origin of the latest
two strains. The stimulation index of these
strains was between 0.6 and 0.8 in presence of
TNF-alpha, and between 0.94 and 1.07 without
co-stimulation with TNF-alpha. In order to com-

plete the information about anti-inflammatory
potential of the strains, they were evaluated in
induction of IL-10 using macrophage cell line
model U-937. The strains B. longum Bif8, L.
gasseri G8, E. faecals E2 induced the production
of IL-10 - 3.2, 2.1, and 0.2 ng/mi, respectively.

/t was proven that some LAB strains inhibit
the secretion of IL-8 from epithelial cells. These
strains will be included in products for further
clinical trials of their ant-inflammatory effect

INTRODUCTION

Intestinal epithelium is an important factor of
gut mucosal barrier,and participates in innate im-
munity. Intestinal epithelia are capable of releas-
ing some proinflammatory cytokines such as IL-
8 when stimulated by cytokines like TNF-a, and
can response to enteric pathogens and release
some proinflammatory cytokines which in turn
direct the movement of inflammatory cells of
the lamina propria [8]. Probiotics, including
bifidobacterium, lactobacillus play an essential
role in the completeness of intestinal mucosa
barrier. For example, some probiotic strains could
modulate intestinal mucosal immune response,
some could play protective roles by inhibiting the



National Scientific Programmes with European Dimensions

adhesion of pathogenic bacteria to intestinal
epithelia [6]. The present study was to investi-
gate the effect of probiotics on IL-8 secretion of
intestinal epithelium induced by TNF-a, and its
possible mechanism. Additionally, selected LAB
strains were evaluated in induction of IL-10 us-
ing macrophage cell line model U-937.

MATERIALS AND METHODS

Bacteria Different strains LAB, previously
identified at strain level by help of pulsed field
gel electrophoresis [5], were provided by the
laboratory “LBB collection” in LB Bulgaricum PLC.
The strains were grown at 37 in static, non-aer-
ated BHI-agar to reach the mid-log phase. Bac-
teria were harvested by centrifugation at 2 500
g for 15 min at 20 . After two washes in sterile
PBS pH 7.4, at 25, the bacteria were resuspended
in PBS. Cell counts in the bacteria suspension
were estimated by optical density at 600 nm
absorbance (BioMerieux, Germany). Then the
bacteria were added to the cell culture wells at
appropriate dilution to reach a final concentra-
tion of 108 cfu/ml of medium.

Cells and bacteria coculture Caco-2 cells
were grown in DMEM with 10% fetal calf serum,
and divided into four groups: control, TNF-a
(group T in short), LAB group (group L). When
grown to confluence in single layer, cells were

washed three times with PBS pH 7.4, to remove
culture medium and non-adherent cells. The bac-
teria in culture medium were transferred into
individual wells respectively. TNF-a (10 ng/ml)
was added into each well of groups T and L 1
hour later. The supernatants were collected and
centrifuged for measurement of IL-8 after 3
hours.

U-937 cells were grown in RPMI with 10%
fetal calf serum. The cells were differentiated to
macrophages by help of phorbol-myristate-ac-
etate (PMA) at final concentration of 1 mkg/ ml.
The adhered macrophages were washed with
PBS pH 7.4 to remove PMA and non-adherent
cells. The bacteria in culture medium were trans-
ferred into individual wells respectively. The
supernatants were collected and centrifuged for
measurement of [L-10 after 18 hours.

IL-8 enzyme-linked immunosorbent as-
says IL-8 enzymelinked immunosorbent assays
(ELISA) were performed according to the manu-
facturer’s instructions. In short, polyclonal goat
anti-human IL-8 antibodies were used as captur-
ing antibodies, biotinylated polyclonal rabbit anti-
human IL-8 antibodies as detecting antibodies.
Streptavidin-HRP and TMBS were added as color
indicator. Plates were read at 450 nm of wave-
length right after color reaction was stopped
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Fig. 1. Concentrations of IL-8 in each group (mean=SD). Natural interleukin-8 expression was seldom
found in Caco-2 cells of the control group. When stimulated by TNF-a (10 ng/ml), Caco-2 cells se-
creted a large number of IL-8, and the concentration of IL-8 in group T was significantly increased

than that in control (P<0.001). However, there was some difference in the concentration of IL-8
among group T and L. There was less interleukin-8 secretion in Caco-2 cells when preincubated with
selected LAB strains (group L) compared with group T (P=0.002, 0.01, respectively).
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with acid. All procedures were performed at
room temperature.

IL-10 enzyme-linked immunosorbent as-
says IL-10 enzymelinked immunosorbent assays
(ELISA) were performed according to the manu-
facturer's instructions (Diaclone, USA).

RESULTS AND DISCUSSION

IL-8 secretion. Concentrations of IL-8 in
supernatants of each group are shown in Figure
1. The concentration of IL-8 in control was only
172.2+42.1 ng/L. When stimulated by TNF-a,
Caco-2 cells secreted a large number of IL-8, and
the concentration of IL-8 in group T was
639.5+62.3 ng/L. However, when preincubated
with different LAB strains, Caco-2 cells produced
either the same quantity or less IL-8, compared
with group T. The concentrations of IL-8 were
383.8£76.7 ng/L, 397.2£715 ng/L, 412.1+68.6
ng/L, 492.1+£56.6 ng/L, 511.4%55.4 ng/L in group
L for the strains B. Jongum Bit8, L. gasseri G8, E.
faecalis E2, L. bulgaricus B67, and S. thermophilus
T43, respectively.

Intestinal epithelia constitute mucosal barrier
of the bowel,and participate in inflammatory or
immune responses in gut [4, 10]. In some
gastrointestinal infectious and inflammatory
conditions, such as inflammatory bowel disease
(IBD), acute gastroenteritis, inflammatory cells
including monocytes, lymphocytes, were activated
and accumulated in lamina propria. The cells se-
crete excessive inflammatory products, such as
TH1 type cytokines, chemokines and a lot of ac-
tive oxides. Overproduction of cytokines could
affect the biological action of epithelial cells. For
instance, TNF-a could induce epithelial cells to
secrete IL-8, and express membrane Toll-like
receptor 4 (TLR4) excessively [12, 20]. TLR4 could
enable intestinal epithelia hyper reactive in re-
sponse to lipopolysaccharides (LPS),the compo-
nent of bacteria walls, and IL-8 had leukocytes
chemotactic and stimulatory properties [1]. As
more inflammatory cells infiltrate, the inflamma-
tory reaction is therefore amplified. The normal
flora of human gastrointestinal tract contains
diverse populations of bacteria which play an
essential role in the development of gut mucosal
barrier and innate immunity. Some intestinal
microflora could exert a protective role against

pathogens [13]. Aberrance of gut microflora has
been reported in IBD and acute gastroenteritis [7,
16]. The aberrant microflora disregulates mu-
cosal immune reaction. Invasion of some virulent
strains into epithelia could break down the integ-
rity of intestinal mucosa, and induce inflamma-
tory cell infiltration [18]. Some researchers found
that manipulating the normal intestinal flora us-
ing probiotics had a beneficial effect on health
by altering the microbial environment, and some
components of the flora could down-regulate
inflammation when supplemented to patients
with gastrointestinal diseases [11, 17]. Some stud-
ies have been undergoing to explore the possi-
ble mechanisms of probiotic action on gut epi-
thelium and mucosal immune system. In order to
imitate the inflammatory condition of gut in vitro,
we used TNF-a to stimulate human colonic ad-
enocarcinoma Caco-2 cells, which has basically
the same biological properties as normal colonic
epithelia. As some probiotic strains could adhere
to human intestinal cell surface [2, 3], five
probiotic strains B. longum Bif8, L. gasser/ G8, E.
faecalis €2, L. bulgaricus B67, and S. thermophilus
T43, inhibited the secretion of IL-8 in Caco-2 cells
when stimulated with TNF-a one hour after
coculture with the five probiotic strains. It indi-
cated that the strains could trigger anti-inflam-
matory pathways within the gut epithelium. The
epithelia attached to the strains showed immune
hypo reaction to TNF-a, and produced less IL-8.

IL-10 secretion. As the induction of the
cytokine IL-10 is recognized to be anti-inflamma-
tory, we evaluated the IL-10 induction effect by
the five LAB strains, which previously demon-
strated the best inhibition of the synthesis of IL-
8, on differentiated to macrophage U-937 cell
line. Concentrations of IL-10 in supernatants of
each group are shown in Figure 2.

When stimulated by the five LAB strains, U-
937 cells secreted a different quantity of IL-10.
The concentration of IL-10 when U-937 cells
were preincubated with the five previously se-
lected LAB strains, demonstrating the best inhibi-
tion of IL-8, was 3.2, 2.1, 0.2, 0.05, and 0.0 ng/ml
for the strains B. longum Bif8, L. gasseri G8, E.
faecalis E2, L. bulgaricus B67, and S. thermophilus
T43, respectively.
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Fig. 2. Concentrations of IL-10 induction by the five best IL-8 inhibitors

CONCLUSIONS

The selected five LAB strains successfully in-
hibited IL-8 secretion in intestinal epithelia in the
experiment. At present, some probiotic com-
pounds have been used in management of some
diseases, such as maintenance therapy in IBD [9,
15]. Although the mechanism of probiotic action
has not been fully understood, the beneficial ef-
fects were consistent with an anti-inflammatory
state conferred by probiotics [14, 19]. These five
LAB strains will be included in products for fur-
ther clinical trials of their anti-inflammatory ef-
fect.
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MMYHOMOZLYJINPALUN EDEKTU HA
CEJIEKTUPAHU WAMOBE NNTAKTOBALUUIIN
CPELLLY MHOJIAMALIMA B MUHTECTUHATTHUSA
TPAKT

)Keuko AumMmuntpos
Enbu bynrapvkym EA[L, HayyHouscnepnoBaTtencku
LeHTbp
yn. ,Manawescka” N2 12-A, 1000 Codunga

Pe3rome

Llenra Ha u3cneqBaHeTo e 4a ce oLeHu epekTa Ha
amoBe 1akTobauymnIn Bupxy CEKpeuusTa Ha MH-
reprieskiH 8 (IL-8) oT uHTeCTIHAaNHUA enuTesn ¢ 1 6e3
CTUMYTIMPAHE C TYMop-Hekpo3nc anga (TNF-alpha).

WIHTECTUHATTHUAT ernuTes1 € CriocobeH f1a CUHTe3MPa
HAKOU [IPOUHPAAMATOPHU LUTOKUHU Karto IL-8,
ocoberHo B npucbcreue Ha TNF-alpha w IL-1. Hakom
mneyHokucen bakrepun (MKb) morar ga mogynu-
pPar UHTECTUHATIHUA UMYHEH OTrOBOP, UIPaerkv aHTH -
WH@OIaMaropHa posis.

B Hacrosioro 13cieqB8aHe roasama rpyna Lamose
C MHTECTUHANEH W KUCETTOMAeYeH 1pon3xosq baxa
U3TUTAHU 10 OTHOLLEHME CIOCOBHOCTTa UM Ad MOHM-
XKaBar npoayKkuymara Ha IL-8 or YoBewKkara enuresiHa
Kknerb4yHa JimHusa Caco-2. lllamoBere, KOUTO 4EMOH-
CTPUPAaxa Hal-BUCOKA PeYKUMA Ha MPOAYKUMATa Ha
IL-8 cnen crumynupane Ha enuresnHuTe kaetku ¢ TNF-
alpha ca: B. longum Bif8, L. gasseri G8, E. faecalis F2, L.
bulgaricus B67, n S. thermophilus T43. Tpsbsa ga ce
oTbenexm KMCcesIoMICYHUAT MPOU3X0L HA MOCAEaHUTE
A4Ba 1ama. CTumMynnpaiymar MHAEKC Ha ropecriomeHa-
Ture wamose be B granasoHa 0.6-0.8 B MoucbCreue Ha
TNF-alpha, n mexzgy 0.94 v 1.07 B orcbcrBue Ha TNF-
alpha. 3a fa ce oNb/IHM OLEHKATa 3@ aHTUMH@IaMa-
TOPHUSA NOTEHUMAN HA LLAMOBETE, Te bSXa UINMUTaHM 33
CrIOCOBHOCTTa MM [a WHAYLUMPAT MPOU3BOACTBOTO HA
IL-10 or makpogparosara kaerbyHa snHua U-937.
lljamosere B. longum Bif8, L. gasseri G8, E. faecalis E2
UHAYLMPAaxa cuHTe3a Ha IL-10 - 3.2, 2.1, and 0.2 ng/mi,
CbOTBETHO.

JlokazaHo be, ye Hakou amose MKE nHxnbupar
cekperupaHero Ha IL-8 or enutenHu Knetku. Te3u
LaMOBE e Ce BKIIIOYAT B NMPoayKTH 3@ ObaeLym Kilu-
HUYHU U3MTATAHUSA HE TEeXHUSA aHTUUH@DIIaAMaropeH

epexT.
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Abstract

New silica hybrid materials containing
tetraethoxy siloxane (TEOS) as inorganic precur-
sor and hydroxypropyl! cellulose (HPC) as an or-
ganic compound were prepared. The quantity of
organic substance was 5 and 50 wt% to silica.
The structure of obtained hybrids was investi-
gated by FT-IR and SEM analysis. The synthe-
sized hybrid materials were applied as matrices
for cells immobilization by attachment of
filamentous yeast Trichosporon cutaneum R57.
This strain showed considerable ability to remove
manganese ions from aqueous solutions. The
experimental data on the equilibrium specific
uptake with free strain cells were used to plot
the adsorption isotherm. Kinetic experiments on
biosorption of manganese ions with immobilized
cells were performed at Mn2+ initial concentra-
tions 275 and 550 mg/L. These values were se-
lected based on the free strain cells perform-
ance shown by the adsorption isotherm. A
pseudo second order kinetic model was em-
ployed to fit the experimental data. Higher spe-
cific uptake was established with immobilized
cells and higher content of HPC in the immobili-
zation material.

INTRODUCTION

Heavy metal pollution due to anthropological
practices represents an important environmental
problem - more toxic metal ions are released in
the nature and disrupt the ecosystem. Manga-
nese is an essential transition metal that is re-
quired by organisms ranging from simple bacte-
ria to humans. Manganese function is a compo-
nent of several enzymes involved in carbohy-
drate, lipid and protein metabolism. High
amounts of Cd**, cu™ and Mn”" ions have a toxic

effect. Exposure to high concentrations of man-
ganese leads to manganism, Parkinson’s disease
and Alzheimer’s [1]. The importance of microbial
activity in the remediation of Mn-contaminated
waters was frequently observed. Several strains
of l\/|n2+-oxidizing bacteria were used for treat-
ment of manganiferous mine waters [2]. Mariner
et al. [3] identified Mn*"-oxidizing fungi in addi-
tion to bacteria, useful for treatment of mine
waters.

Metal remediation through common physico-
chemical techniques is not efficient in case of ef-
fluents containing complexing organic matter
and low metal contamination [4]. Microbial
remediation of metal ions can be either catalytic
or non-catalytic. It precedes through four differ-
ent mechanisms, namely biosorption, bioaccumu-
lation, redox reaction and complex formation [5].
Bioremediation techniques include cellular se-
questration and accumulation, or extra-cellular
precipitation. Microorganisms provide a large
contact area that can interact with metals in the
surrounding environment [6, 7]. The microbial
biomass contains chemically active sites that are
responsible for sequestering metals from the
surrounding solution [4]. The heavy metal toler-
ance of the microorganisms depends on their
ability to sustain toxic ions by absorbtion to
metabolically less active compartments such as
cell walls or vacuoles, or by evolving an effective
mechanism for ion extrusion outside of the cells
[8]. Living microorganisms have been effectively
immobilized in silica sol-gel matrices, and success-
fully used for preparation of heavy metal bio-
sorbents [9-15]. High potential of T7rhosporon
cutaneum strain R57 for heavy metals removal -
copper, cadmium and chromium from contami-
nated waters has been revealed in several previ-
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ous investigations [16-19]. The immobilization
trough attachment on the surface of hybrid
matrices (although decreasing the specific rate
of the process) has been shown to retain the
high strain biosorption capacity [19].

The goal of the present work is to study the
properties of new SiO,/hydroxypropyl cellulose
hybrid matrices and their suitability for 7richos-
poron cutaneum strain R57 cell immobilization,
aiming removal of manganese ions from waste
waters.

MATERIALS AND METHODS

Microorganisms and growth conditions

Filamentous yeast strain 7richosporon
cutaneum R 57 maintained in the culture collec-
tion of Bulgarian National Bank of Industrial Mi-
croorganisms and Cell Cultures under N2414
was used in this study. The cultivation was car-
ried out in @ medium under conditions described
elsewhere [7].

Hybrid materials preparation

A pre-hydrolyzed solution of tetraethoxy
siloxane (TEOS) with H,0 and HCl was prepared,
then dissolved pectin was added and pH was
adjusted to 7 by phosphate buffer. The molar
ratio SiO,:H,0:C,H,OH:HCI was 1:2:8:1x10%. The
hybrids contained 5 and 50 wt% HPC to silica.
The hybrid materials were aged at room tem-
perature and used as matrices for cells immobi-
lization.

Cells immobilization and biosorption ex-
periments

Biosorption of manganese ions was per-
formed in a batch system as described previously
[19]. Immobilization of cells by attachment was
carried out at the 6" hour of the strain cultiva-
tion when the hybrid materials were added to
the culture medium. In order to study the equi-
librium state and kinetics of biosorption by free
and immobilized cells, manganese ions were sup-
plied to the cultivated strain at the 24" hour of
cultivation in the form of sulfates in concentra-
tions of 5 mM and 10 mM MnSO,. The cultiva-
tion experiments were carried out at 30°C.

The heavy metals biosorption was performed
under vigorous stirring in order to restrict external
diffusivity limitations. The experimental data for
the concentration of residual heavy metals in the
liquid phase at given time were used to calculate

the specific heavy metal uptake,g=V(C,-C)/m
where q is the quantity of metal ions adsorbed
by a given quantity of biosorbent (mg g”) in
time t (min); V is the volume of the liquid phase
(L); Cis the concentration of metal ions, mg L
C, is the initial concentration of metal ions, mg L'
"and m is the biosorbent dry weight (g). To de-
termine the kinetic parameters for the adsorp-
tion of manganese ions by immobilized cells of
the studied strain, the experimental data were
used to fit a pseudo second order kinetic model
(Eq. (1)).

! 1 1

~mo——d—f  (q)

q kaa‘x qf:q Qeq

The values for the equilibrium heavy metal
uptake Ueq (metal uptake concentration at equi-
librium, mg.g’1) and the specific adsorption rate
constant k_,. (g mg” min™) were determined
from the slope and the intercept of the plot t/q
versus t. The equilibrium parameter g, which is
a characteristic for the specific uptake capacity
(i.e. the efficiency) of the biosorbent and the
rate constant provide tools for process evalua-
tion and engineering.

Analytical measurements

Structural groups of the obtained hybrid ma-
terials were determinated by a Fourier Transform
infrared (FT-IR) spectroscopy with MATSON
7000 Fourier Transforming Infra-Red spectrome-
ter using KBr tablets. Scanning electron micro-
scopy (SEM) was employed to study the mor-
phology of the obtained hybrids. SEM images
were taken with a Microscope LEO 1530, Gemini
at an acceleration voltage of 10 kV. The obtained
materials were covered with gold using BAL-
TEC/SCD 050 Sputter coater and subsequent
degassing using Vacuum Pump Leybovac PT
360/16 before the investigation.

Manganese ions concentration in the medium
was measured by Prodigy High Dispersion ICP
Leeman Labs. After supplying manganese ions to
the cultivated strain, samples for ICP analysis
were taken at every 5, 10, 15, 30, 60 and 120 min.
Before analysis, all samples were centrifuged to
remove the solids.

For microscope observations, the cells were
washed twice with distilled water, stained with
2% solution of methylene blue for 20 min at
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room temperature, washed again with distilled
water and dried for 24 hours at 37°C. Further,
the samples were analyzed by using bright field
microscope Olympus BX53, Camera SC30 (Ja-
pan).

RESULTS AND DISCUSSION

The FT-IR spectra of the precursors and the
obtained hybrids are illustrated in Fig.1. As it can
be seen, the broad band at ~3400 cm™ is due to
Si-OH stretching on the surface of silanols hy-
drogen and also due to vibration of Si-O-Si units
[20-22]. The bands at 3210 cm™ can be attrib-
uted to silanol groups [20]. The band at ~1635
cm™ can be attributed to vibration of H-O-H
which interacts through hydrogen bonds with
silanol groups. SiO, network can be identified
with bands at around 1057 cm”, 790 cm™ and
460 cm due to vibrations of Si-O-Si bonds [20].
The bands at ~940 cm™ are attributed to Si-OH
groups [21-24]. The main difference can be seen
for the asymmetric bond at ~3260 cm™ which
becomes broader probably due to the formation
of hydrogen bonding between organic and inor-
ganic part [20-22].

M \A\/

0)

(&)

Transmittance, a.u.

@

1 T 1 T 1
4000 3500 3000 2500 2000 1500 1000 500

‘Wavenumber, cm” 1

Fig. 1. FT-IR spectra of SiO, derived from TEOS
(1), HPC (2) and obtained hybrids with 5 wt%
HPC (3) and 50 wt% (4)

The surface morphology and microstructure
of the hybrid materials was observed by SEM
(Fig. 2). From the SEM images it can be seen that
the hybrids containing 5 wt % cellulose ether
have a smooth surface with wavy character and
heterogeneous inclusions, unevenly distributed in
the main matrix. The formed

microheterogeneities are with average size
~0.5um. The addition of 50 wt % HPC (Fig. 2, b)
led to formation of a homogeneous structure.
The hybrids have the so-called “fracture struc-
ture”, consisting of micro cracks, evenly distrib-
uted in the matrix.

b

Fig. 2. SEM images of SiO,/ HPC
hybrid materials containing 5 wt% (1)
and 50 wt% (2) cellulose ether

The equilibrium state during adsorption of
manganese ions by free yeast cells was studied
in the range for the equilibrium concentration in
the liquid phase, C,, from 0 to 446 g/L. The ex-
perimental isotherm (Fig. 3) illustrates the de-
pendence of the equilibrium specific metal up-
take deq ON C,. Up to concentration of 215 mg/
L, the specific uptake increased monotonically.
For concentrations in the range from 215 to 380
mg/L (from 5 to 8 mM) the function reaches
plateau and further increase in the ions concen-
tration in the liquid phase did not result in higher
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specific uptake. Additional adsorption was ob-
served at concentrations higher than 8 mM in
the liquid phase.
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Fig. 3. Experimental isotherm for

biosorption of manganese ions by free cells of
Trichosporon cutaneum strain R57

For industrial scale applications, it is very im-
portant to immobilize the yeast cells on an inert
carrier while maintaining their activity. The feasi-
bility of the proposed in this work materials and
methodology for immobilization was proved by
series of kinetic experiments, which included im-
mobilization materials with 5% and 50 % con-
tent of HPC at initial concentration of the Mn”"
ions in the batch reactor 5 mM and 10 mM.

morphology. The experimental data were fitted
to the second order Eq. (1). The results are sum-
marized in Table 1 and illustrated in Fig. 5.
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Fig. 5. Kinetics of manganese ions adsorption
by immobilized 7r. cutaneum R57 cells

As it can be seen from Table 1, the correlation
coefficient, R values for the t/q vs. t plots are
sufficiently high in all cases (R>0.998), which
demonstrated the applicability of the second
order kinetic model. The good model description
is also supported by the observed negligible de-
viation between the measured equilibrium spe-

cific uptake, qu , and the calculated one qgc

Fig. 4. Microscopic photographs of immobilized 7r. cutaneum R57 cells onto 50 wt% SiO,/
HPC hybrid materials; a- Control, b- in the presence of 5 mM MnSO,, c- in the presence of
10 mM MnSO,. Bar is 20 um

As it can be concluded based on Fig. 4 and
indirectly from Fig. 3, the concentration of 5 mM
can be considered as inhibitory threshold value.
The concentration of 10 mM is moderate inhibi-
tory value, since it was observed an abnormal

(less than 3%).

A careful observation of the data presented
in Table 1, Figs. 3 and 5 reveals that the immobi-
lization of the cells not only retained but slightly
increased their adsorption capacity. This effect is
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Table 1. Second order kinetic model parameters

Immobilizati | C,, R Koqs x10* qzi'llcxl(fl3 q§39x103 e —qzﬁlL

on material mg I min” mg g mg g Qo 100
HPC content, =

wt % %

5 275 0.9999 3.3366 1.308 1.3203 1.6

50 275 0.999 1.7049 1.5689 1.5357 2.2

5 550 0.9997 0.84946 2.8977 2.8158 2.9

50 550 0.9984 0.63087 3.3422 3.4376 2.8

more prominent with higher HPC content in the
immobilization matrix (50% compared to 5%)
and higher initial concentration of the metal ions
in the medium.

The biosorption process includes physico-
chemical interactions between metal ions and
several anionic ligands present on the biomass
such as carboxyl, phosphoryl, carbonyl and
sulfhydryl groups. The results in this study
clearly supported the benefit of incorporating
Trichosporon cutaneum strain R57 cells into the
studied matrices for removal of manganese ions
from waste waters. Thus this study may be re-
garded as an initial step in the development of
technologies for bioremediation of waste water
polluted with heavy metals.

CONCLUSION

The obtained encouraging results on enhanc-
ing the biosorption capacity of the 7r. cutaneum
R57 strain cells, the relatively high specific surface,
appropriate physicochemical properties and me-
chanical stability of the synthesized hybrid ma-
terials revealed the potential benefits from their
application in industrial scale applications for
bioremediation of Mn®" contaminated waste
waters.
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Pezrome

CUHTE3UPaHN Ca HOBU XUOPUAHI MATEPHUAIIHI, Cb-
Abpxaiym Terpaerokcu cunaHd (TEOS), karo Heopra-
HUYEeH PeKypcop u XUPOKCUIPONUI Lesny103a
(HPC), karo opraHnveH KomnoHeHT. CbOTHOLUeHNETO
Ha OPraHu4yHusa KOMIoHeHT bewe 5 u 50 mac. %.
CTpyKTypara Ha nosyveHure xumbpugu be u3cneqBanHa
C nomolyra Ha MH@Pa4epBeHa crnekrpockonms (FT-1R)
U CKaHUPala enekTpoHHa mukpockonus (SEM).
CUHTE3UPAHNTE XUOPUAHM MaTeprann bsxa m3nos3-
BaHU Karo HOCUTENIN 33 KIeTb4Ha MMOOUIN3aLMNA
Ype3 NPUKPernBaHe Ha @UIameHTo3H1 4poxXxan Tri-
chosporon cutaneum R57. To3u wam e nokasasa cro-
COOHOCT 38 OTCTPAHABAHE HAa MaHIraHoBu MoHu. OnuT-
HUTE [AAHHU 3@ PABHOBECHATA KOHLEHTPAUMT Ha aa-
copbara npu 13nos3BaHe Ha cBOOOAHM KIIETKM, KaTo
aACOPOEHT, Ca W3M0NI3BaHM 33 MOCTPOSABAHE HA al-
COpOUMOHHATa n30TEepPMa. [TIPOBEAEHM Ca KUHETUYHM
EKCreprUMEeHTH 10 bUMoCoOpOUMST Ha MAHIaHOBU HIOHM
C UMOBUIN3NPAHI KITETKU TPU HAYaSTHU KOHLEHTPA-
ymm Ha agcopbrusa 275 u 550 mg/L. Tezu crou-
HOCTU Ca 11o[6PaH Bb3 OCHOBA HA [10BEAEHUETO HA
CBObOAHUTE KNETKM, UITIOCTPUPAHO YPE3 aacopOLMOH-
Hara n3orepma. KUHETUYHO YpPaBHEHME OT [1CeBAO-
BTOPY MOPAALK € U3M0/I3BaHO 3a OTMCaHNEe HA OMUT-
HUTE [aHHU. YCTaHOBEHM Ca M0-BUCOKM CTOMHOCTU 33
KOHLEHTPpAaUMATa Ha aacopbara rnpu umMobuni3mpanm
KTk U MPU 10-BHUCOKO CBABPXKXAHNE HA XULPOKCH-
PO LENY033 B MATPULNTE, HU310/13BaHMN 3a MIMO-

YN EENEA
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Abstract

Electromagnetic field distribution in biological
structures is challenging multidisciplinary problem
which may offer many new opportunities for
medical diagnosis and therapy due to modern sd-
entific approaches. Investigation of electromaq-
netic fields, processes and phenomena is signifi-

cantly improved by new highly precise computa-
tional models and field reconstruction strategies.
These problems can be broadly divided into two
main topics. First is the field of biomagnetic or
bioelectric fields produced naturally into the bio-
Jogical structures. Second wide topic contains all
problems of interaction of outer electromagnetic
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fields with biological structures. In this paper
some new approaches and results in determina-
tion of bioelectromagnetic  fields and
bioelectromagnetic interaction are presented.
These researches are focused exclusively in the
area of inverse source and material properties
reconstruction in inaccessible for direct measure-
ments regions. Results from computational tech-
niques are presented and discussed.

INTRODUCTION

Investigation of processes and phenomena
during electromagnetic medical diagnosis and
therapy is significantly improved by new highly
precise computational models and field recon-
struction strategies. These problems can be
broadly divided into two main topics. First is the
field of biomagnetic or bioelectric fields pro-
duced naturally into the biological structures.
Second wide topic contains all problems of in-
teraction of outer electromagnetic fields with
biological structures.

Naturally accruing bioelectromagnetic fields
are widely used for functional diagnosis. Ap-
plications such as Electrocardiography (ECG),
Electroencephalography (EEG), Electrical im-
pedance tomography (EIT) or even
Magnetoencephalography (MEG) and Mag-
netocardiography (MCG) are generally con-
nected with accurate field measurements
out of body surface. These data must be
later processed for field sources or proper-
ties distribution reconstruction. The methods
for accurate field and source reconstruc-
tions are of great importance for precise di-
agnosis process.

Interaction of external electromagnetic
fields with the human body has gained in-
creasing attention throughout the past
years. Electromagnetic phenomena are used
day by day as examination and therapeutic
tools in various medical applications. On the
other hand, owing to the increasing number
of electromagnetic and wireless devices in
daily surroundings possible adverse health
effects of electromagnetic fields could ap-
pear. Diagram of the proposed classification
with some common bioelectromagnetic ap-
plications is presented in Fig. 1. This classifi-
cation based on field source location against

biological object is very suitable for gathering
electromagnetic field problem formulations in
clear structure.

Up-to-date development of electromagnetic
devices, bioinformatics, biomaterials, measurement
systems, information technologies, etc. give pos-
sibilities for optimal investigations of fields, proc-
esses and phenomena in biological structures
during their interactions with electromagnetic
devices in order to realize precise medical diag-
nosis and therapy.

Modeling and optimization of fields and
processes during energy interaction between
electromagnetic device with nonlinear, inhomoge-
neous and complex biological structures lead to
produce of high quality and energy safe medical
electromagnetic devices and to realizing of pre-
cise medical diagnosis and therapy [1-3].

In this paper the interaction of low-frequency
electromagnetic fields with the different organs
and parts of human body is analyzed using field
modeling, simulations and visualization. Computer
modeling of electromagnetic fields distributed in
biological tissues is of paramount importance for
investigations of processes and phenomena dur-
ing medical diagnosis and therapy.

Electromagnetic field interaction with biological structures

Outer EM field
interaction

Internal biomagnetic
field determination
localEM | PMtherapy and |

properties active diagnostic
ditorrnmatm . equipment

AmbientEM
fieldinteraction

Deﬁhnlmon """"" i
= nonthermal
Eiemi: ahiation £y effacts

Fig. 1. Electromagnetic (EM) field and source
problems classification and applications
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Modeling of electromagnetic field distribu-
tions in biological objects must be handled by
modern numerical method covering all specific
anatomical properties of modeled application.
Finite element method (FEM) is a powerful nu-
merical method capable to solve such complex
problems taking into account all characteristics
and special features. Recent achievements of the
FEM give possibilities to model fully three-dimen-
sional, nonlinear, inhomogeneous, or anisotropy
multi-tissue, and multi- joint systems of biological
structures.

In this paper some new approaches and re-
sults in determination of biomagnetic fields and
biomagnetic interaction are presented. These re-
searches are focused exclusively in the area of
inverse source and material properties recon-
struction in inaccessible for direct measurements
regions. Results from computational techniques
are presented and discussed.

to the complicated structure of the human body,
consisting of organs with varying dimensions and
geometrically complicated shapes, all exhibiting
different electrical properties, the major task
from the simulations point of view is to achieve
a very fine spatial resolution in the computations.
Developed for computations 3D human model,
containing all major anatomical systems and or-
gans is presented in Fig. 2.

For computer modeling of electromagnetic
fields distributions in human body the electro-
magnetic properties of live tissue have to be in-
corporated into 3D geometrical models of hu-
man organs. The specific electromagnetic mate-
rial properties are introduced for each tissue of
the developed model. Properties of tumor and
other specific tissues which may have great dis-
persion due to many individual characteristics are
of special interest. These electromagnetic prop-
erties are accurately measured and determinate
for investigated cases [6-8].

g
2%
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/” b 7. Y
s 7 “ / &\
TS i
i {y
4 A RN 4k ?
3 te 3 ; 1} vems circulatory
{istpicic ol (b} artery system (¢} hzaments system (d) eu.l.ﬂ caoulsioty (&) body muscles
human model > y ayatem
{f) lungs (g) stomach (h) heart (1) rectum (g} lrver

Fig. 2. 3D human anatomy model with some of included organs and subsystems

3D HUMAN ANATOMY MODEL

In order to achieve accurate field distribution
results the realistic 3D geometry vector models
are developed. The data from modern medical
imaging techniques, such as CT and MRI have
been used for building of a precise three-dimen-
sional high-resolution anatomical model of the
human body [4]. Recently, different techniques
have been utilized to convert automatically 3D
image data into 3D FEM models or into numeri-
cal meshes suitable for FEM analysis [4-5]. Due

INVERSE SOURCE
PROBLEM FOR MCG

Measurement of biologically produced mag-
netic fields was unknown before the invention
of SQUIDs. This is because the fields in question
are of such a small value, typically InT to less
than 1pT. There are many magnetic fields which
have been measured, ranging from the suscepti-
bility of tissue to applied magnetic fields to ionic
healing currents and those associated with neu-
ral or muscle activity. [9]

RECONSTRUCTION
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MCG utilizes SQUIDs to measure the mag-
netic fields produced in the heart by ionic current
flow arising from cardiac muscle contractions.
Current MCG techniques have spatial resolutions
of 1-5mm but the time resolution is between 1-
5ms allowing real time imaging. The main prob-
lem comes from the actual computing of the
current density. For every magnetic field re-
corded there is infinite number of current densi-
ties that would give rise to such a field. Heart is
considered to be a much simpler shape which
contains current sources. Actually heart volume
is investigated as magnetically homogenous, fine
structure mesh where current sources or electric
dipoles are searched. A solution is then com-
puted fitting certain boundary conditions (such
as distribution having the least energy). In spite
of these simplifications, an accurate current dis-
tribution can be obtained.

Here fast inverse approach for reconstruction
of current sources by locally measured magnetic
field data is presented. Results for reconstructed
current dipoles for heart volume according to
the measured surface data are presented in Fig.
3-a-c. The magnetic field distributions were
measured using SQUID biomagnetometer system
containing 31 magnetic sensors. Complete SQUID
data set is presented at [9].

(a) Measured magnetic
flux density data

where G is 3D Green’s function given by
equation (3)

4mr
where r is the distance radius-vector between
coordinates of each measurement mesh nodes
and current source nodes,

(4) = \((xj _xa')2 +(y;' = ya’)g + (Zj _za)z

where (x;,¥,,z;) are coordinates of each

measurement mesh node;

(x;,¥,,2;) are coordinates of current source

nodes.
In order to realize the reconstruction ap-
proach the whole body domain Q is divided in el-

ementary volumes @V, (j=L...m) The magnetic

field distribution is measured in n points over the
chest surface, Fig. 3.

For determination of field sources distribution
(2) is transformed in system of linear equations (5).

4
cd s
L L .
P LL L 4
rfds \
/e p
e

(b) reconstructed
current densities

(c) voltage
distribution

Fig. 3. Measured magnetic flux density, z-direction in chest region, reconstructed current
density vectors in heart layer and corresponding voltage distribution in heart layer

The developed approach is suitable for cur-
rent source distribution reconstruction in mag-
netically homogenous, linear non-magnetic media

( n=pg). Solution of (1) for magnetic vector

potential A is expressed by (2)

wﬂmm
0 !

(5)

where Y is the vector with measured values
Y. presented by (6) and (7).

(6) Y=[N,h1,1,

. a1
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m

(7) Y= chx{'f =X X oy Xy, ,
j=I

where x; is given by equation (8)

(8) xy=XydV,

In elementary domain dV a constant current
density value is used X4=const.

¢ is determined with equation (9) by Green’s
function Gij for i=1,...,n and j=1,...m

(9) ¢, =[G;,Gy,ssGy 1 .

Finally ¢, is given by equation (10).

Ho [”;‘el i i€ ”f‘em']

(10) cl,:' = s seers
| on o Py
where
n, is the normal direction vector with direction
of X

8 - direction vector between current source |
- point to field measurements i - point;

ry - radius vector between current source | -
point to field measurements i - point.

Accurate 3D images of the reconstructed
current density within used initial data are pre-
sented in Fig. 3. The magnetic field distributions
were measured using SQUID biomagnetometer
system containing 31 magnetic sensors [9]. Mag-
netic field flux density is measured in a moment
of the T-wave. Current density vectors are re-
constructed in a structural mesh of 10x10 nodes,
with spacing 10mm, which presents a 2D quad-
ratic plane in heart region, Fig. 3-b.

MODELING OF MRI GRADIENT FIELD IN-
TERACTION WITH THE HUMAN BODY

Effects of low-frequency electromagnetic
fields encountered specifically during MRI are
examined. The primary biological effect at typi-
cal switching gradient frequency of 1kHz is non-
thermal peripheral nerve stimulation. These ef-
fects are successfully simulated with 3D human
model. [10-11]

Electromagnetic field distribution inside the
conductive tissue region depends on the time
varying magnetic flux density. The activation
source is the electric field E induced in the tissues
and expressed by using Faraday’s law

B

(1) VxE=——-,

where B is magnetic flux density, B=uH , p
is magnetic permeability, H is magnetic field in-
tensity.

According to VB =0 and introducing mag-
netic vector potential A by B=VxA from (11)
is obtained

OA
Vx(E——)=0
(12) ( 81) .

Using electric scalar potential V,, (12) can also
be expressed as

E:—a—A—VV

ot o

The induced current density J, satisfies the
Ohm’s law is

(13)

(14) J, =0E:—U(%+VVG)_

According to Ampere law can be written
(15) VxH=J-cE.

The governing equation for magnetic vector
potential-electric scalar potential (A-V, A) formu-
lation is

(16) inVxAzJ—c(a—A+VVS)
1) ot :

Three-dimensional harmonic and transient
electromagnetic problems with Zero value
Dirichlet boundary condition for the free space
boundary according FEM formulation are utilized
for the field analysis in human tissues.

The induced currents in tissue are expressed
by (14).

Heating effect on the tissue can be calculated
with Joule heating Q.

(17) Q=pJ?,

where p=1/0, is specific electrical resistance.

Open magnetic circuit MRI system shown on
Fig.4 is investigated. A three-dimensional har-
monic and transient magnetic problem according
FEM for magnetic vector potential-electric scalar
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potential (A-V, A) formulation was used for the Some modeling results are presented in Figs.
analysis. Switching gradient frequency of 1kHz is 5-8.
applied. Real and imaginary parts of magnetic vector
Constructed realistic 3D anatomy models are potential distribution and magnetic flux density
imported in ANSYS software and the electro- distributions are shown in Fig. 5 and Fig. 6, re-
magnetic models are built according to the de- spectively. Gradient coils influence over the chest
scribed FEM formulation. The electromagnetic region can be seen by maximum values above
model represents the organs field distribution the coil system.
under outer source. Electromagnetic properties Real and imaginary parts of scalar electric
for different model regions are acquired by im- potential distribution are shown in Fig 7-a, b.
pedance measurement system [8]. Induced current density distribution in 3D

human model is shown in Fig 8.

(a) Open MRI system (b) Coil system

Fig. 4. Open magnetic circuit of investigated MRI system main with correcting and gradient coils
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(a) MVP - real part (b) MVP - imaginary part
Fig. 5. Magnetic vector potential (MVP) distribution in 3D human model
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Fig. 6. Magnetic flux density distribution in 3D human model
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(a) Scalar electric potential - real part

(b) Scalar electric potential - imaginary part

Fig. 7. Scalar electric potential distribution in 3D human model

Fig. 8. Induced current density distribution in 3D human model

ELECTRIC ABLATION

Electric ablation is used to destroy pathologic
tissue by heating of the targeted tissue with di-
rectly applied electric current. For tumor treat-
ments the electrical ablation is currently the
most commonly used thermal ablation therapy
applied in a clinical setting. Cryoablation, which is
another fairly common tumor ablation modality,
uses freezing instead of heat to kill tissue [12].
Current studies suggest that electrical ablation is
much better than chemotherapy alone [13].
Radiofrequency ablation and microwave ablation
are clinically used for minimally invasive treat-
ment of inoperable tumors of liver, as well as
other organs such as lung, kidney and bone [14].

We develop a model for investigation of
tumor liver ablation. The tissue regions and elec-
tromagnetic characteristics are determined and
incorporated in the model. The tissues are di-
rectly heated by electrical ablation device and
the thermal conduction of tissues is dominating
in the thermal process. The model is designed to
use common properties of ablation devices cur-
rently applied in clinical practice.

Electric field modeling

The governing equation for electric field dis-
tributions is the Laplace equation Eqn. 1 [5] with
respect to electric scalar potential V,

(17) (o — joe)V?V =0,
where ¢ is specific electric conductivity, € - per-

mittivity of investigated tissues.

The electric field E is determined by (18)

(18) E=-VV.

FEM is applied for analysis of electric field.

Field sources are pair of electrodes, operating
at constant frequency of 500kHz with rms volt-
age of 10kV.

Thermal field modeling

The thermal field at steady-state is governed
by the Poisson’s equation with respect to the
temperature T

(19) avir=-0,

where Q is the heat source defined by elec-
tric field, i.e., by the solution of the electric field
problem;

Ais the thermal conductivity.

Heat source density Q defined by (20),

(20) Q=cV?.

Coupled field problem

For tumor temperature determination a first-
order coupling between two field models (elec-
tric and thermal) is made. The coupling of the
two fields is in one direction. The heat source
depends on the results of the electric field
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analysis. Indirect coupling between the two
problems (electric field and thermal one) has
been utilized. The two problems are solved suc-
cessively and for thermal field solution the heat
sources are defined by the solution of the elec-
tric field problem. The architecture of the cou-
ple electric-thermal field problem solution is
shown in Fig. 9.

CONCLUSION

Some new approaches and results in determi-
nation of bioelectromagnetic fields and
bioelectromagnetic interaction are presented
here. These researches are focused exclusively in
the area of inverse source and material proper-
ties reconstruction in inaccessible for direct
measurements regions.

Electiic field
model [:':y

I'" dhstribution

Heat zouce
densily
distribution

Therinal field
[::‘- muodel

T chstribution

Fig. 9. Architecture of the couple field problem solution
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Fig. 10. Electric ablation model results: 3D model, electric scalar potential distribution in surface
and cross-section area, temperature overheating distribution in liver and tumor area.

Results from coupled field modeling process
are presented in Fig.10. Electric scalar potential
distribution in 3D model surface is shown in
Fig.10-(b). Electric scalar potential distribution in
3D model cross-section is shown in Fig.10-(c).
Treated tumor is a complexly shaped object with
maximal size of about 10-15mm. Final tempera-
ture distribution in liver region is shown in Fig.10-
(d), where the treated tumor is heated to nearly
40° C above body temperature. Thermal impact
in tissue between electrodes outside tumor vol-
ume may also be observed in the top side of
liver. This negative effect must be minimized for
good electrical ablation treatment planning. Op-
timal individual therapy strategy could be organ-
ized including this kind of field modeling proce-
dure.

Proposed applications, forward and inverse
problems for them are very suitable for deter-
mination of energy interaction optimization be-
tween biological structures and electromagnetic
devices which will be determined at different
conditions and modes.

Three-dimensional adequate mathematical
models taking into account all essential features
of the processes at corresponding modes of
electromagnetic device operation as well as me-
dia parameters of biological structure give possi-
bility for factor and condition influence study
over these fields, processes and phenomena.
Quantitative results for electromagnetic and
thermal field distribution in inner organs can be
easily made. Complete procedure of electromag-
netic field model building is applicable for device
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and process optimization due to a desired elec-
tromagnetic or corresponding thermal impact
over a known object.

Proposed approaches are envisaged to be
developed on the base of the three-dimensional
models with application of up-to-date methods
and technologies in the area of numerical meth-
ods, signal and image processing, optimization,
image reconstructions and visualization. The
models developed could be applied for solving
other problems in different scientific areas. The
models and approaches must be generalized in
theoretical aspect for solution of forward and
inverse problems in electromagnetism and
bioelectromagnetism.
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OBPATHW ENEKTPOMATHUTHW 3A0A4YN B
BUOENIEKTPOMAIHETU3MA

NnnaHa MapI/IHOBa1, BaneHTuH Marees',
AHa llaKprBa2
"TexHMYecku yHuBepcuTeT - Coua, Kategpa
EnexkTpuyeckn anapatu

oyn. KnumeHTt Oxpuacku Ne8, 1756 Codus

’HauvoHanHa cneumanusunpaHa 6onHuua 3a
aKTMBHO NeYeHMe Ha OHKOMOTMYHK 3abonsBaHuns,

OTtheneHve no pagnoTepanusa
yn. MNMnoeamecko none N26, 1756 Codusa

Pe3rome

OnpenensaHero Ha eneKTPOMarHUTHOTO M0/€ B
buronornyHuTe 0OEKTU € BaXHA MHTePANCUNITIIMHAPHA
384343, pelaBaHeTo Ha KOATO MOXE A3 PeanoxXu
MHOIO HOBM Bb3MOXHOCTU 3@ MEAULIMHCKA [NArHOC-
TUKa 1 Tepanus 61arogapeHmne Ha pazpaboreHure
HOBU METOAN U CPEACTBA. M3rpaxagaHero Ha HOBU
MIPELM3IHI UZYNCTTUTETIHM MOAESN M 110AX0AM 3a 0b-
PATHA PEKOHCTPYKUMSA HE 11071eTa AaBAT Bb3MOXHOCT
38 U3CNIBABAHE Ha [10/1€Ta M MPoLeck C BUCOKA TOY-
HOCT. Te3u 3a4a4u Morar 4a 6v4ar pasfaeneHun Ha 483
OCHOBHU Kraca. [TbpBusaT e 0b651acTra 6UMoMarHUTHUITE
U bUoeneKTPUYeCckUTe 107e7a ECTECTBEHO Cb34ane-
HU B 6LOA0OrYHUTE 06EKTU. BTOPUAT ObLLIMPEH K1aC
06XBalla BCUYKU 3343441 HE B3aUMO[encrane Ha bu-
OJ1IOrMYHUTE 0OEKTU C BBHIUIHM €/1eKTPOMArHUTHMU
nonera. B crarnara ca npencraBeHun HAKou HOBU
r104X041 M Pe3yaTati B H3C/IE4BAHETO HA €/1eKTPO-
MarHUTHOTO 10/1€ B 6MOA0rndHu 0beKTr. Tezu u3-
CI€ABAaHNS Ca CbCPEAOTOYEHU MPEaMHO B 061aCTTa
Ha 0BPATHUTE 334a49M 33 ONPEAENAHE HA M3TOYHMLIM,
CBOVICTBA 1 PA3PeneneHmns Ha eneKTpoMarHMTHU rno-
n1e7a B HeJOCTbITHM 33 AUPEKTHO U3MEPBAHE 06/1aCTH.
llpencraBeHu u [UCKYTUPAHU Ca pPe3ynTark or
PazrneqaHnTe U34nCINTENTHI METOLM.
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Abstract

The aim of this paper is to present results
obtained in the context of joint research with
Medical University Sofia about investigations, de-
sign, organisation and future expansion of a hos-
pital information system. This research is in the
area of e-Health and Telehealth and is oriented
to complex investigation of new concepts and
methods for continuous acquisition of patient’s
vital data, transmission, collection and binding of
that data for diagnostic and disease tracking
purposes as well as investigations on relevance
of life quality and healthcare based on the e-
Health technologies.

INTRODUCTION

The aim of this paper is to present results
obtained in the context of the “"Medical data
acquisition, processing and collection for e-health
solutions” joint research project for investigation,
design, organisation and future expansion of a
hospital information system [1].

The research started with deep investigation
of current status of hospital information sys-
tems on the territory of the Medical University
Sofia and implementation of a pilot version of
integrated solution. Elimination of the usual pa-
per-based information exchange to e-health and
IT-based one is one of the major project topics.

Medical University Sofia is a huge hospital
complex situated on a large territory and has
tens of different clinics, laboratories and build-
ings.

Results of this investigation and some of im-
plemented solutions are discussed hereafter. We
focused on the following main problems:

¢ Interface incompatibility between different
medical systems and apparatus - Medical sys-
tems from different vendors are incompatible.
Most of them are designed to transfer data di-

rectly to computer application with HMI.

e “Data are distributed, heterogeneous and
changeable”- Hospital medical systems collect a
diverse variety of patient information repre-
sented in many digitized or hard-written types.
Creation and support of patient’'s analyses li-
brary is a problem solved under presented
project.

e Data validity, security and protection - Data
validity is very important to make decision-mak-
ing process stable and safe. This includes time
validity and safety and security of delivery. Data
access and privacy are very important and have
to provide end-to-end security and validation in
the system.

e Tracking patients when they are out of the
hospital - technical, medical and economical as-
pect.

e |T problems of a) archiving and b)
digitalisation of paper-based video-images.

e Improvement of analyses of medical video-
images.

Of course, this list cannot pretend to cover all
possible aspect of hospital information systems,
solutions, problems and similar. The structure of
implemented intelligent hospital information sys-
tem is presented briefly at the end of this mate-
rial.

INTEGRATION OF AVAILABLE MEDICAL
APPARATUS AND SOFTWARE SYSTEMS IN
NEW SYSTEM

Starting with the investigation of how to in-
tegrate available equipment in one system we
contacted directly vendors’ representatives for
detailed technical data. The equipment includes
from very modern to 10-15 years old machines.
Interfaces to humans and to other computers
vary much. Computer interfaces include RS232 /
RS485 and Ethernet wired connections, floppy-
disk data exchange and on-screen or printed
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output. Protocols are very different, too. All this
stands as big challenge to the integration team.
We contacted technical groups supporting other
hospitals and found that even products from
one and the same vendor are not fully compat-
ible on interface and protocol levels. As an ex-
ample DICOM-based image systems can be
shown. DICOM has variety of dialects and needs
additional processing to make all sources fully
compatible with all visualisation systems.

Data integration

A hospital medical system collects a variety
of patient information represented in many dig-
ital or hand-written types. All over the world, a
huge number of standards of organisation and
representation of the Electronic Health Record
exist (HER) [2, 3]. Unfortunately, many of them
depend on local law regulations and even in Eu-
ropean Community they are not synchronised.
Hospital data (not originally included in HER) are
harder to track - they include information from
many sources - diagnoses, many types of labo-
ratory results, imaging results - X-ray / ultra-
sound / scanners / Doppler, medications, consul-
tations. These data are very distributed. In a large
hospital like the Medical University Sofia original
data are held on the laboratories and clinics
servers. They have to be exchanged and bound
in patients’ records. Such a database did not ex-
ist before the beginning of this project. One of
the biggest problems was the fact that data are
very changeable, the amount increased all the
time and the structure depends on uncontrolla-
ble variety of external (mostly human) factors.
Today, an information system based on unified
generalised structure which covers all types of
available data is implemented in the MU Sofia
medical information system [4, 6].

Tracking patients when they are out of
the hospital

One big objective of the presented project
was to implement tracking patients when they
finish the hospital phase of medication. Experi-
mentation field was clinic of pulmonary diseases.
Technological idea was to equip patients with
mobile sensors controllable via smart phones
and to collect and transmit data using SMS and/
or data channels. Currently in the non-military
areas of application the most common mobile/

wearable biosensors available on the market are
1 or 3 lead ECG sensors, spirometers, pulse and
blood pressure meters, thermometers, SPO2 me-
ters and glucometers. All of these sensors were
investigated [7].

Three to two years ago these devices had
mainly a wired connection to a computer. Their
weight was not negligible, either. Today these
types of devices are greatly improved. They have
WiFi or Bluetooth wireless communication capa-
bilities. The weight is tens of grams. Power con-
sumption is also much reduced. All this is a basis
for increasing the remote acquisition of human
vital data and doing some in situ pre-diagnostics
or pre-analysis.

Basic structure of a remote data acquisi-
tion node

Blood presure

Saturation | ECC
\ /
Temperature \ | / Glucometer
/
S N P
Heart rate ~ \ | s Peak flow
~ / e -
. — . . Fd -
— — - -
— - o

Fig. 1. Typical structure of a vital data acquisi-
tion node based on a smart phone

Today smart phones are equipped with
Bluetooth and/or WiFi communications. Depend-
ing on the software platform and operating sys-
tem they can execute Java applets and/or C/C#
applications. Devices provided by different ven-
dors support different communication protocols.
This requests the installation of additional com-
munication drivers on the phone (over Bluetooth
or WiFi). The most common versions are based
on Bluetooth communication. Depending on the
drivers not every sensor can be connected to
every smart phone.

Many providers offer closed multi-layer sys-
tems which does not allow their sensors to be
used with other systems and also excludes the
possibility to extend the system with other sen-
sors. When such providers do not offer a full list
of sensors, remote patient support becomes lim-
ited to the available peripherals.

Another problem is that some data acquisition
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drivers are very aggressive and start to connect
and transmit acquired data to the upper system
levels without user permission. This increases the
exploitation price and lowers battery life.

Fortunately today providers are starting to
sell their sensors with open source libraries or li-
braries of modules configurable by the customer
(or IT personnel). We studied families of sensors
provided by Intelesens Ltd., Medic4All, THOR
Medical systems, Card Guard, Aerotel and AIT
GmbH.

A typical structure of a remote data acquisi-
tion node based on smart phone is shown on
Fig.1. It includes the most common available to-
day sensors for vital data.

Depending on the functionality of the sensors
data can be received on demand or continuously
(sessions with unlimited time length).

Modern mobile phones have large memories
and can save very big amounts of acquired data
autonomously. This reduces the need for perma-
nent connection to the hospital servers.

Typical layered system is shown on Fig. 2.

Figure 2 presents a new element - a data
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Fig. 2. Layered structure of a vital data acqui-
sition system

analysis module. Additionally a bi-directional con-
nection to the upper system layers provides the
possibilities to send commands to the phone-
based system and to enhance the quality of
data acquisition.

The following are our conclusions about tech-
nical aspects:

e Many providers offer closed multi-layer sys-
tems which does not allow their sensors to be
used with other systems and also excludes the

possibility to extend the system with other sen-
sors. When such providers do not offer a full list
of sensors, remote patient support becomes lim-
ited to the available peripherals.

e Another problem is that some data acquisi-
tion software for smart phones is very aggres-
sive and starts to connect and transmit acquired
data to the upper system levels without user
permission. This increases the exploitation price
and lowers battery life.

e Uninterrupted usage of any type of sensor
is impossible. Phone’s battery cannot last more
than 6 hours on intensive Bluetooth or WiFi com-
munication. Investigation oriented to sports con-
trol envisaged that this technology can be used
only for approximately short training processes.

e Performance analysis of the computational
power targeted smart phones envisaged that in
case of ordinary load we can conclude that the
smart phones studied can run in real-time many
on-site analyses.

Conclusions about medical and economical
aspects:

e From the very beginning of experiments,
supervising medical doctors concluded that this
remote control over their patients’ data helped
them to prevent possible dangerous situations
but this needs a lot of human effort. A system
to control vital parameters is needed. It cannot
be simple “in/out of boundary” control but com-
plicated multi-variable decision-making system.
Presently, some work is in progress but it still
needs a lot of investigations.

e Instructions to patients about interpreting
very simple raw data from sensors decreased
number of hospital visits based on apprehen-
sions. Psychologically, patients felt much com-
fortable when they knew somebody keeps an
eye on them. Thus hospital expenses were de-
creased.

One important remark is that because of fi-
nancial limitations, the number of obtained sen-
sors is relatively low and the investigation was
useful for experimental conclusions and future
directions but is not enough representative for
statistical purposes.

DATA VALIDITY, SECURITY AND PROTEC-
TION

Developing and implementing hospital infor-
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mation systems including remote data acquisition
requires strong data protection. But before this,
some other problems important for the patients
have to be resolved. First is data validity. Investi-
gating paper-based process we found that in
many cases information is wrong or interpreted
inadequately or simply lost somewhere in docu-
ment paths. This is a well-known administrative
problem but here it is important because human
health depends on it.

Where the biggest problems are:

e Remote data acquisition via smart phones
needs data validation and time stampings. Be-
cause sensors are worn by patients and acquisi-
tion and communication software is run by them
too, improper measurements and operations are
common.

e Inter-hospital data exchange is not always
marked properly. Results for one patient can be
assigned to other. This is a usual human error -
to mark a box near the exact one or to change
some letter or digit.

On the one hand, medical doctors are over-
loaded and normally hate to go through deep
and strong security system. From patients’ side,
data protection and security are very important.
These opposite restrictions make solutions hard
to design. Currently, we think that only hardware
identification systems fast enough and easy to
use can solve identification problems and access
rights, but even this opens a new domain of
problems.

Digitalisation of film and paper archives

Designing the solution for integrated hospital
information system required us to think how to
transfer current archives in a digital form. Of
course, the problem for archive digitalisation has
existed for more than 20 years. The main prob-
lem we had to solve was digitalisation of video
imaging library. Investigation about possibilities
to digitise images of different types envisaged
that the on-hand solution to use flat-bed scan-
ners is not applicable. Available scanners for
large X-ray pictures start from 15000 USD. Serv-
ices for film scanning are from 2 to 10 USD de-
pending on picture and requirements. Financial
limitations directed us to design low-cost scan-
ners for all kinds of films and pictures. Their
price is much lower and resolution is better than

film grain. This system is equipped with software
for images post-processing. Some results are
presented in [8].

A very important additional problem is the
size of a digital archive. For medium level Bulgar-
ian hospital (covering 30000-50000 people)
only DICOM library is more than 5-6 Tbs/year.
Today, disk devices have huge capacities but nev-
ertheless increasing hospital data server with
10TB/year is problematic.

A major problem of diagnosis methods based
on X-ray images is images’ quality. This applies to
all diseases where one of the following changes
in image can be observed: changes with a small
X-ray density, the appearance of shadows in the
image, soft shadows, structural formations with a
certain shape (linear, circular or otherwise), etc.
Pulmonary diseases are targeted here because in
many cases X-ray image is the only way to diag-
nose in time diseases like peripheral lung cancer,
secondary tuberculosis, pulmonary embolism,
bronchiectasis, echinococcus of the lung, etc. The
low quality of X-ray images is one of the reasons
for hypo- or hyper-diagnosis as a result of incor-
rect deciphering. This problem is even more pro-
nounced using the old type X-ray images (ana-
log images). New digital X-ray machines do not
increase the main quality of images. They are
only faster and the image is better measurable.

Digitalisation of medical images is a very hard
task. Our target was perception improvement of
processed X-ray images under elimination medi-
cal artifact: only after eliminating the possibility
of the occurrence of medical artifacts developed
techniques and methods can be used for the
purposes of computer-assisted diagnostics. The
difference between human eyes and digital cam-
eras as a vision device is due mostly to different
color spaces and the specific properties of hu-
man vision known as ‘visual weight' and ‘ap-
proximate color consistence’ [8]. As a result in
many cases when human percepts X-rays as
grayscale images, digital cameras produce color
image. In all these cases a conversion color-to-
grayscale is needed. This is risky because meth-
ods for this conversion can produce artifacts and
some of them can be characterized as medical
artifacts [9].

To improve the quality of the digitalized X-
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rays numerous studies on the filtering methods,
methods for contrast enhancement, and com-
bined methods were carried out. Tests were con-
ducted with second-order structures, too: the X-
ray image of the lung has many transitions be-
tween areas of soft tissues and bones, but they
have large differences in contrast and brightness
in the final image; this generates high frequency
components the result of which is artifacts in the

a. b.

Fig. 3. X-ray image with underexposure:
(a) original (b) after correction

—

.

Fig. 4. Fading of X-rays as a result of im-
proper storage: (a) original (b) after correction

C. d.

Fig. 5. Improved image quality of scanned X-
rays: (a) original (b) filtered (c) contrast
correction (d) hybrid technique (adaptive

algorithms)

image. Some results of these investigations are
shown in Figures 3, 4 and 5.

The result of our investigation is development
of semi-automated techniques for improving
quality of digitalized X-rays as an alternative of
today used fully manual control by physician
approaches.

GENERAL STRUCTURE OF HOSPITAL IN-
FORMATION SYSTEM

The Intelligent Hospital Information Sys-
tem structure and subsystems are shown on Fig-
ure 6. It offers the following features:

e Unified environment for data exchange be-
tween installed apparatus and systems in the
hospital

e Tracking the full process of hospitalisation
of every single patient

¢ Data collection and storage for every medi-
cation and procedure

e Offers Remote Medical WWW Services for
out-of-hospital health tracking and care

e Management of all procedures and medica-
tions

e Administrative tracking of all patients

e Remote messaging of medical personnel
about health status of selected patients based
on remote vital data acquisition and control

e Extension background for expert medical
systems for analysis and control of health sta-
tus for every single patient

The future target of this work is to establish
an environment for transformation of the treat-
ment data to knowledge system which will im-
prove the following elements:

e To increase the quality of the healthcare
and services

e To offer to medical personnel access to the
information resources via a heterogeneous com-
munication environment (mesh)

e To offer structured information for increas-
ing diagnosis quality

e In- and out-of hospital life-long patients’
tracking

Doctors’ network

This network has to provide doctors access to
huge data sources (e.g. pictures, video films, etc.)
in the hospital. It is useful for accessing data big-
ger than 50MB via fixed network resources.
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Now bandwidth of 1GB is possible and this guar-
antees on-line diagnostics and data exchange
between sources, doctors’ terminals and storage
servers.

Clinic's server

It controls access over the local network, da-
tabase consistency and tracks patients at home
care.

Fixed hospital network

Fixed clinical network provides connectivity
for all machines and apparatus in the hospital
from one side and servers and personnel’s ter-

Clinic's

server Main

Doctors' sensor network

network

database server

for all patients; fast access to disease history
and hospital archive.

Data analyses server

This is the core for future advances. Data
mining services will be positioned there. A hospi-
tal grid with specialised servers will be built on
this basis.
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minals from the other side. Additionally it guar-
antees better redundancy and offers possibility
to control internal clinical networks loading.

Wireless medical sensor network

This network enables access for the medical
personnel to data servers. Additionally, sensors
and apparatus generating small amount of data
can be mobile on hospital territory. This guaran-
tees unbroken control when patients can carry
their vital data acquisition sensors or simply to
move patients over clinics without loss of con-
nectivity.

Management server

It controls all administrative processes, hosts
all records about manipulations (total and asso-
ciated to every patient), personnel and patients
archive, etc. Based on this, doctors can do differ-
ent analyses and increase quality of medication.

Main database server

The SAN network offers: on-line information
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NWHTErPUPAHO PELUEHWE 3A OBEAMHEHUE HA
BOJIHWHHA NHOOPMALIMOHHA CACTEMA U
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MNBaH EBr. iBaHOB, BecennH lNeoprues
TexHuyeckn yHusepcutet - Codua
byn. ,KnumeHnt Oxpunackn” Ne 8, 1797 Copua
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Crarnara pasrniexna pe3ynrarure, oay4YeHu B
PAMKATE HA CbBMECTEH [IPOEKT Mexay TexHu4ecku
YHuBepcuter - Cousa n MeaguuymHckn yHUBepCcUTer -
Cous. Pazrnexnar ce HavyaaHuTe npoyYBaHus, 4u-
3aVIHa, OpraHu3aymaTa u OpgELOTO Pa3BuTHe Ha 6oJI-
HUYHE UHDOPMALUNOHHE CUCTEMA. TOBA Mpoy4YBaHe € B
0651acTTa Ha TENeMEAMLMHATE U HA e/1eKTPOHHOTO
34paseornazsaHe. To e OpUEeHTUPAHO KbM LUMPOKOMA-
LYabHO MPoy4YBaHe Ha HOBM KOHLENUMM 1 Meroam 3a
HEMPeKbCHATO CbOMPaHe Ha [aHHI 38 XUIHEHUTe rno-
Kazareny Ha rnaymeHTuTe, TAXHOTO BaMAMPAaHe, rnpe-
zAasame, ob6paborka v CbXPaHEHNe C [ANarHOCTMYHI
yenu v 3a NpocneaaBaqHe Ha 3abonIBaHNATa, KakTo 1
38 Mpoy4YBaHe Ha OTPAXEHNETO Ha HOBUTE €/IEKTIPOHHM
U MHGOPMALNOHHN TEXHOAOMMM BbpPXY 34p3aBeornas-

aBaHero n /70,a06,0/‘-738H€7'0 Ha Ka4ecrBoToO Ha XXKVBOT.
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BULGARIAN ADDED VALUE TO ERA

THE GENOMIC RESEARCH CENTER - A LONG STORY TOLD
IN SHORT

Ivan Minkov
Plovdiv University ,Paisii Hilendarski”, Faculty of Biology
24, Tzar Assen Str., 4000 Plovdiv, Bulgaria

It is the idea what matters. If you want to
accomplish something, you need a good idea.
Everything else is secondary. The University of
Plovdiv (UoP) has always been among the best
Bulgarian universities. Nevertheless, Bulgarian sci-
ence has long been centered in specialized re-
search centers, such as the Academy of Sciences
and the Agrarian Academy. This is one of the
largest gaps which should be filled in. This lack
of collaboration between different groups and
faculties, as well as the lack of interdisciplinary
studies constitute considerable problems. My
“childhood dream” from years ago was to de-
velop a high quality research infrastructure at
the University, with which to compete with the
big players in the game. For the last 20 years, we
have perused the idea of developing research in
the fields of Molecular Biology and especially
Plant Molecular Biology and Biochemistry - labo-
ratories, equipment, but most importantly - hu-
man potential. | was lucky enough to under-
stand that humans come first - you may have
funds and equipment but without trained per-
sonnel you would still not succeed.

This idea has to be developed in the condi-
tions of severe funds restrictions. We have
started almost from scratch - as a Department
of Plant Physiology with 5-6 people, obsolete and
old-fashioned equipment and shabby laborato-
ries mainly used for teaching with methods from
50 years ago. We had no other option but to
send our people all over Europe for training and
research. This primarily led to the specialization
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of people in diverse research areas of Molecular
Biology. Also, we tried to select good quality re-
searchers and only the most devoted “survived”.
After returning, people created their research
groups and this is how we founded the
Genomics Research Center (GRC) at the Faculty
of Biology, University of Plovdiv and recently a
spin-off under the same name.

Times came when national financing started
to rise, we participated in several EU programs
for University teaching enhancement (TEMPUS),
research programs including NATO and Swiss
National Science Fund, but our main success was
our participation in a number of Framework Pro-
gram projects for which the GRC got a Pythago-
ras award (2009) as a regional centre with the
highest Framework Programs 6 participation. In-
evitably we came to understand that we needed
a really large project to strengthen the capacity
of the Center with which concentrate our stud-
ies in a more focused area. Systems Biology, and
especially Genomics and Bioinformatics, seemed
like the logical choice for a topic for the project.
The main breakthrough came when the GRC re-
ceived serious financing from the Bulgarian Na-
tional Science Fund, one of the projects being
aimed at establishing a regional center for
genomics and bioinformatics. Unfortunately, the
Fund literally “broke” and the center was not
established as planned.

The EU program REGPOT was an ideal choice
to make the dream come true. After several dif-
ficult and highly competitive submissions (three
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years consequently, which in itself is another
thrilling story), we have finally succeeded in se-
curing a project with the acronym BioSUPPORT
from this program with real financing to back it
up. Just as an university’s findings are useless if
kept within a department, so specialists’ knowl-
edge is ineffective if not brought into a wider
picture. In keeping with this thought, BioSUPPORT
emphasizes that collaborative knowledge is a key
in the future of the GRC and stresses that their
biggest goal is to foster the integration of the
University into the wider stage of European re-
search. The variety of successful and worthy
projects currently being conducted at the Uni-
versity is a strong indication of the need to work
together. BioSUPPORT emphatically endorses this
focus, aiming to extend it beyond the confines of
the Faculty and highlight the importance of net-
working to provide a reinforced web of success.
Such a collaborative spirit will not only develop
the reputation of University of Plovdiv interna-
tionally, but will also facilitate knowledge trans-
fer, as well as advance the field greatly.

Now, the situation at the GRC at the UoP is
rather complicated. At a time when many coun-
tries and institutions are making cuts, the Univer-
sity of Plovdiv and the GRC are focused on ex-
pansion. This inevitably leads to difficulties in se-
curing the necessary funding and resources. The
current situation in Bulgaria is not much differ-
ent from that of many other European coun-
tries. Over the last three years, the national re-
search financing has been cut considerably. As
mentioned above, the Genomics Research Centre
has won seven large projects from the Bulgar-
ian National Science Fund (BNSF) and, together
with financing from the Framework Programs,
has started extensive development of research
infrastructure and human potential in the area
of molecular biology and bioinformatics. This
success is a direct result of the long-lasting proc-
ess of human potential consolidation, from the
Department of Plant Physiology of 1989 with
just 5-6 researchers to the GRC of today with
over 40 people.

Thanks to the largest ever financing from FP7
as the BioSUPPORT project and despite the sig-
nificant restructuring of the BNSF during this
time, the UoP now is in the rather exciting posi-

tion of having more research funds than ever
before. Even better, this is one of the most excit-
ing research areas in biology and for the most
developed research entity - the GRC. With this
financing, we are “doomed” to further expand
hoping that this project and our efforts will
have a sustainable future. To secure this future,
we hope to be able to establishing a Technology
Centre with the help of the Structural Funds, as
well as a Technology Park with the help of in-
dustry investment, with both structures compris-
ing almost the same researchers involved in
BioSUPPORT. We hope that the Cooperative Pro-
gram from the FP7 and future Horizon 2020 will
provide additional funding.

Some of the main goals of establishing the
GRC were to consolidate our researchers in UoP,
in addition to researchers from groups at Facul-
ties of Physics and Chemistry, as well as to find
a common basis for collaboration. In this way, |
hope to help transform the University in a center
of excellence in one specific scientific field. For
the last 20 years, this has been the area of sys-
tems biology. Along with food biotechnology,
these were the best developed areas at the Uni-
versity, distinguishing it from other large Bulgar-
ian universities. The main aim of the project is to
reinforce the research infrastructure and human
potential in those areas and to consolidate sci-
ence in these fields of study. Ideally, the project
would turn the University in one of the best re-
search institutions in national research and devel-
opment. Another long-term goal is to overcome
the gap between education and research at the
University, especially in the field of natural sci-
ences.

Young researchers and PhD students benefit
most from the project and the center. Significant
part of the financing from the REGPOT project
is for mobility, giving young people opportunity
to work in some of the best research institutions
in Europe. This allowed them to participate in
projects not possible in UoP, the results of which
they could then publish in good peer review re-
search papers and now the GRC has a good sci-
entific record. Infrastructure development also
benefits young researchers by mitigating the
brain drain of Bulgarian scientists in recent years.
This brain drain from the GRC in UoP has been
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much lower over the last 10 years and this is for
several reasons - good research infrastructure,
better project-based salaries, and good human
atmosphere.

Systems Biology comprises a broad range of
inter-disciplinary research areas in biology and
constitutes the application of dynamic systems
theory to the field of molecular biology. It cov-
ers  Genomics, Metabolomics, Proteomics,
Bioinformatics and a wide range of genetics in-
vestigations which, when implemented in the
area of crop studies and biomedical problems,
represent clear societal benefits. To a great ex-
tent, Biotechnology is an implementation of the
Systems Biology. The region of Plovdiv has al-
ways been famous for its agriculture, crops
breeding and food industry development. Con-
sequently, the development of food biotechnolo-
gies is directly relevant to regional problems and
development. This is the reason we received sup-
port from the municipality and the regional gov-
ernors’ office during the project submission and
execution. This support, in the form of commu-
nity land provided for our idea to organize a
Technology Park in the field of agriculture and
biotechnologies show clearly that we address
some important societal needs of the region.

The most important task left before
BioSUPPORT is finished is the organization of
several new labs, the structuring for which
started immediately after first project finished.
Those are the Laboratories of Metabolomics and
Proteomics, Confocal Microscopy, Next Genera-
tion Sequencing and Atomic Force Microscopy.
Part of it is finalizing equipment purchase organ-
ized during the first period of the project. An-
other important task is the continuation of the
mobility missions until the completion of the
project. Experienced researchers from UoP will
also to attend several international congresses
and conferences. One task which was rather
underestimated during the first period was dis-
semination of the results of the project, but
more work will be done on the subject. An im-
portant task towards the project’s end is ensur-
ing of sustainability of the obtained results.

Most of our 21 European partners and sup-
porters of the project for establishing the GRC
were also previous contacts of different research

groups at the University. Nevertheless some old
connections were strengthened and collabora-
tion was extended to other research groups and
research areas. One example is the strengthen-
ing of our collaboration with Mugla University,
Turkey from insect taxonomy to insect molecu-
lar biology and plant physiology, as well as the
participation of other research groups. Collabo-
ration with the University of Angers, France was
expanded with additional connections to partici-
pate in other FP7 projects, in addition to a new
research group from UoP - the Faculty of Phys-
ics, now included in this collaboration. Addition-
ally, we have improved our collaboration with
Groningen University considerably and one of
the post docs from this partner was employed
with a contract to UoP. The University of
Potsdam also supports the GRC in the field of
metabolomics and is training a person to take
over the Metabolomics and Proteomics Lab at
UoP, as well. A much more intensive exchange
was conducted with the University of Alicante,
Spain and as a result, Prof. Antonio Canals was
appointed “Doctor Honoris Causa” of University
of Plovdiv. The John Innes Centre, UK. are also
very active in their participation in establishing
the Center, taking part in introducing a new re-
search area at UoP - Plant Derived Vaccines, as
well as taking part in other collaborative
projects. The idea to create an association be-
tween the UoP and some small and medium
enterprises (SMEs) like Komihris Ltd., MultiCoats
Ltd., Biovet JSC with an idea of Technology Cen-
tre establishment has also been proposed. Gen-
erally speaking, all previous liaisons are substan-
tially intensified.

The established research GRC infrastructure
already stands as a solid, internationally recog-
nized entity, as evident from the “Molecular Ba-
sis of Plant Stress” research conference in Bul-
garia at the end of 2011. This conference (http:/
/cmbps.bio.uni-plovdiv.bg/), with the scientific
organizer Prof. Tsanko Gechev from the UoP-
GRC, attracted more than 120 participants rep-
resenting 23 countries and five continents. There,
distinguished speakers, some of them ISI highly
cited (such as Pof. Klaus Apel from the Boyce
Thomson Institute, Ithaca, USA, and the European
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The young researchers and PhD students from the GRC during one project
workshop

Plant Science Organization president Prof.
Heribert Hirt), together with high profile young
researchers with papers in Nature and Science
(Prof. Christophe Laloi, Dr. Francesco Licausi, Dr.
Hiroaki Fujii) delivered exciting lectures on the
latest developments in stress physiology and
plant development. A number of PhD students
also contributed with lectures and posters, ensur-
ing a good balance between experience and
youth.

From a scientific point of view, the conference
was a great success. Participants not only pre-
sented their results, but were also able to inter-
act with each other, exchange ideas, and even dis-
cuss future collaborations and mutual projects.
The quality of the keynote lecturers, as well as
the impressive number of universities and re-
search institutes, attracted sponsors such as
Thermo Scientific, Monsanto, LemnaTech, Sigma-
Aldrich, lllumina, Carl Zeiss, LKB, BASF, Conviron,
Evogene, Merck Millipore,as well as several Bul-
garian companies. The international peer re-
viewed journal Cellular and Molecular Life Sci-
ences (Impact Factor 7.09) will publish a multi-
author review "Molecular Basis of Plant Stress’,
where most of the keynote speakers will contrib-
ute particular topics. In addition, the Oxford open
access journal Annals of Botany PLANTS will
publish a special issue titled '‘Molecular Basis of

Plant Stress’ dedicated to the conference. This
issue will contain peer reviewed papers based on
some of the best contributions delivered at the
conference. Thus, the meeting was also a great
success from a publication point of view, as well.

One of the main focuses of the project and
the developed GRC is the area of Bioinformatics.
The focus of the Bioinformatics Lab (http://
bioinfo.uni-plovdiv.bg/) is on the development of
new methods, algorithms and computational
software for exploring and interpreting genomic
data in a framework of automated sequence
analysis. Current emphasis is on the small RNAs
(microRNAs and small interfering RNAs) in
plants and animals. Activities include analysis of
small RNA libraries from deep-sequencing data,
expression regulation profiling, novel miRNA
gene discovery and annotation and their targets,
as well as identification of stress-related small
RNAs. The lab provides comprehensive models
and publicly available computational tools inte-
grating various levels of genomic data analysis
of small RNAs. It also hosts several publicly avail-
able original bioinformatics tools and services:

* Microlnspector software - a scanning soft-
ware for detection of miRNAs target sites;

e starPRO DB - promoter siRNA target sites
database;

e miRPlan/CLUSTER/DUPLEX software - de
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novo identification of plant miRNAs from deep-
sequencing data.

e MirTour - discovery of plant miRNA
homologs in EST/GSS datasets;

¢ BrachyBrowse - Brachypodium siRNAs visual
browser database.

The lab is also used in the computational bi-
ology classes of BSc, MSc and PhD-student as
well as them with a specialized Linux computer
room, including HP ProlLeant remote servers with
pre-installed bioinformatics software packages.

As an infrastructure hub, a network center
(NQ) is established. This facilitates collaboration
between different workgroups by providing
webpage hosting, project management and issue
tracking systems, mail groups, etc. The NC con-
sists of high-performance servers placed in a
renovated server room.

An important emphasis of the GRC's develop-
ment is its connection with the industry. One of
the benefits from our strong cooperation with
SMEs and the food industry is the ability to ap-
ply for financing together. In our current situa-
tion, direct benefit from the SMEs and the indus-
try is difficult. On the one hand, the current eco-
nomic crisis makes companies hesitant to invest
in science in general, and on the other, there
aren’t very many big biotech companies in Bul-
garia to begin with. One strategy available to us
is to strive for an association between the UoP
and several SMEs - Komihris Ltd, MultiCoats LTD
(participant in the project), GRC Ltd (spin-off
SME). We can then apply for Structural Funds
Call subsidies with which to establish a Technol-
ogy Centre. Another approach is to initiate joint
ventures with SMEs, such as our recent idea to
establish a testing laboratory via an action be-
tween the Faculty of Chemistry (UoP) and
Komihris Ltd., (supporting SMEs for the
Biosupport project submission) where the invest-
ment will come from the company and the ex-
pertise - from the University side.

The strengths of the Genomics Research
Center (GRC) at UoP should now be evident. To
call that the research conducted at the GRC “fo-
cused” would be doing the department some-
thing of an injustice. It covers vast areas of bio-
science, concentrating on the food we eat, the
medications we take and the environment we

develop. Together with the recent development
of an entire new laboratory from scratch, it cer-
tainly becomes clear that the department has
collaborative development at its heart. Indeed,
after two decades of research excellence, the
GRC plays a key part in its industry and even
today the department is still making great strides,
constantly developing its facilities and its special-
ists.

Which are the main areas and laboratories
that comprise the GRC? Below | will explain the
main areas in recent science which GRC is ad-
dressing now and will develop also in the near
future, as well as some of the challenges faced
along the way. Consult the table at the end of
the article for a summary explanation.

Plant Breeding Technologies for Drought
Resistance

Global climate change is predicted to increase
variability of water supply dramatically, both in
spatially and in time, and will thus affect the
growth of crops. Several European regions are
already at severe risk of drought, extreme tem-
peratures, and of other types of abiotic stress
linked to water (e.g. as a result of periodic
flooding or salt stress). This technology will ad-
dress water stress affecting crop plants and will
develop agricultural plant varieties better
equipped to withstand it,enhancing the produc-
tion of biomass and bioproducts. It will target
commercially important crops using state-of the-
art knowledge on molecular and genetic proc-
esses involved in plant tolerance and adaptation
to water stress, which are derived from some
model plants (e. g. Resurrection plants) for use
in developing more robust crops with improved
biomass yield productivity and quality traits un-
der adverse and/or erratic environmental condi-
tions. This technology is aimed at improving the
agricultural production to better adapt it to the
erratic, unpredictable conditions under the ef-
fects of climate change and should ideally in-
volve active participation of European SMEs and
industry, increasing its competitiveness.

Increasing the Food Quality and Safety
via Production of Doubled Haploids and Hy-
brid Seeds

High-precision breeding by combining dou-
bled haploids and marker-assisted selection,
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which converts genetic diversity into functional
homogeneity, may become the dominating tech-
nology in breeding. The production of high value
crops would offer a good rate of return on in-
vestment. Traditional crops can be produced at
a lower cost and might, therefore, enable Euro-
pean farmers to reduce prices and take advan-
tage of the foreseen expansion of world mar-
kets. Thus, in the long run, this technology would
contribute to job security, as well as reduce in
the need to subsidise European agriculture, a
long-term goal of European policy.

Doubled haploids are an accepted compo-
nent of modern plant breeding, both for variety
and F1 hybrid breeding. This is a newly develop-
ing research field at the GRC which will bring this
important breeding tool to European and non-
European plant breeding institutions and allow
industry to improve the conversion of biological
diversity into a large scale F1 hybrid seed produc-
tion. It will provide a sound technological basis
for the production of doubled haploid plants for
use in a wide range of crop plants. European
seed companies will benefit from the action
through reduction in the number of years
needed to generate inbred parental lines. Thus,
time and money in breeding are saved, and plant
breeding can adapt faster and more specifically
to consumer demands.

A particular feature of this approach is that
it allows both a transgenic and a non-transgenic
high-precision breeding approach, thus reacting
to changes in the ethical and political arenas that
surround food production in the EU and world-
wide appropriately. It also meets the preferences
of some European consumers regarding the ab-
sence of transgenes in food.

Plant Breeding for Biomass and Biofuel
(Paulownia and Brachypodium breeding)

The Paulownia plant, recently introduced in
Europe, can be used as a replanting tree for ar-
eas devastated by forest fires, for soils reclama-
tion, and so on, but its main advantage is that it
grows incredibly fast and has high quality of
wood for the timber industry. It can be also used
for biomass production with very high yield. The
aim of this technology is the production of a
high number of saplings and seedlings of the
species Paulownia elongata and Paulownia

tomentosa, as well as their frost-resistant hybrid,
by using different in vitro techniques. Also, dif-
ferent biotechnology approaches can be applied
to the creation of new or hybrid varieties of
faster growing, drought, salinity and high tem-
perature resistant Paulownia.

Brachypodium distachyon represents an ex-
cellent model species for grasses. It is a small,
easily propagated, temperate grass with a rapid
life cycle and a small genome. It is a self-fertile
plant that can be transformed with high effi-
ciency using Agrobacteria and callus derived
from immature embryos. In addition, considerable
genetic and genomic resources are becoming
available for this species in the form of mapping
populations, large expressed sequence tag collec-
tions, T-DNA insertion lines and, in the near future,
a complete genome sequence. The development
of Brachypodium as a model species is of par-
ticular value in the areas of cell wall and biomass
research, where the differences between dicots
and grasses are greatest. Here, we explore the
effect of mild conditions of pretreatment and
hydrolysis in Brachypodium stem segments as a
contribution to the establishment of sensitive
screening of the saccharification properties in
different genetic materials.

Development of Transient Expression Sys-
tems for Rapid Production of Biopharmaceu-
ticals (Vaccines)

Transient protein expression systems are par-
ticularly suitable for rapid response products and
production of personalized medicines and
vaccines because of their flexibility, rapid realisa-
tion and production. They scale up easily, ena-
bling the provision of large product quantities in
a short time.

Transient expression platforms will reduce the
cost and development time for effective
vaccines and personalised medicines, and will
provide the means for rapid response to
bioterrorism attacks, emerging pandemics and to
individual needs of patients.

The world needs recombinant vaccines that
provide enhanced protection against emerging
and re-emerging diseases such as influenza, ma-
laria and tuberculosis. Moreover, personalized
medicines are required in order to make our
healthcare system more effective and afford-
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able. Existing protein production platforms are
expensive and have limited capacity and
scalability. Transient expression platforms over-
come these limitations by combining the advan-
tages of traditional protein production systems
(containment, precise growth conditions) with
speed, scalability and economy. Therefore, this
technology offers an innovative, scalable and
sustainable platform for inexpensive production
of safe and effective biopharmaceuticals, ex-
ceeding the performance of current production
technologies. Importantly, harmonized interna-
tional regulations would greatly improve the
prospect of commercialization of transient ex-
pression technologies.

The research group involved in this biotech
company has an experience in different antigens
expression in plants using stable and transit ex-
pression which is a part of the EU FP7 project
PLAPROVA.

De Novo Sequencing of Eukaryotic Geno-
mes

The power of high-throughput DNA
sequencing technologies is being harnessed by
researchers in order to address an increasingly
diverse range of biological problems. The scale
and efficiency of modern sequencing provides
unprecedented progress in many areas ranging
from the analysis of genomes themselves to
how proteins interact with nucleic acids. This se-
ries highlights the breadth of next-generation
sequencing applications and the importance of
the insights gained through these methods.

As part of the BioSUPPORT project, the GRC
will obtain next-generation sequencing equip-
ment. This unique equipment will enable
sequencing and analysis of the genome of an
individual person. Scientists will eventually be
able to use genomic information to predict what
diseases a person may suffer from throughout
life, as well as attempt to either minimise the
impact of that disease or avoid it altogether
through the implementation of personalised, pre-
ventive medicine. Full genome sequencing will
rapidly lead to Predictive and Personalised Medi-
cine and will mark a significant leap forward in
the clinical genetic revolution. Moreover, we will
be able to sequence de-novo genomes of impor-
tant organisms. We intend to sequence one ‘res-

urrection’ plant, Haberlea rhodopensis. This is an
incredibly drought-resistant plant from which
genome sequencing could provide a ‘recipe’ for
creation of highly drought-tolerant crops.
Cancer Research (Oncogenes Regulation)
Cancer is currently one of the leading causes
of death and has caused many public health
concerns in the present. Latest research has
made important progress in illuminating one of
the molecular mechanisms and damaged genes
involved in cancer. One such example is the dis-
covery of microRNAs (miRNAs), leading to a sud-
den escalation in research implicating these tiny
RNA molecules as key factors in cancer biology.
Recent studies indicate that miRNAs will most
likely have a diagnostic, prognostic, and therapeu-
tic value. Research has provided evidence for
potential use of miIRNA expression profiling as a
novel tool in cancer diagnosis. Currently, there
are three commercially available molecular diag-
nostic tests for cancer based on microRNAs, all
from Rosetta Genomics.
Molecular Studies of Schizophrenia and
Autism fop Medical Practice Implementation
Despite the apparent assumption that the
only suitable material for testing and validation
of biomarkers associated with mental illness is
the brain, a new direction in the search for
biomarkers for autism and schizophrenia is pro-
filing the expression of the non-protein encod-
ing genes of micro RNA in cells from peripheral
blood. Micro RNA molecules are small regulatory
RNA molecules that show a change in the pat-
tern of expression in many diseases. The specific
micro RNA profile of bodily fluids such as pe-
ripheral blood showed a high diagnostic value,
which offers benefits such as a relatively non-
invasive diagnostic test. Micro RNA molecules as
potential biomarkers have objectively measur-
able biological characteristics that can be used as
indicators of normal or pathological processes.
Peripheral blood cells as a dynamic reflecting
system allow profiling of micro RNA expression,
which makes possible their use as potential
biomarkers. From this perspective, micro-RNA
molecules are considered as a potential new
class of biomarkers for many diseases including
disorders of the central nervous system (CNS).
The use of these discoveries leads us to more



Bulgarian Added Value to ERA

personal medicine. The diagnostic value of single
biomarkers is limited by restricted sensitivity and
specificity, while the total micro-RNA profile ob-
tained by multiplex analysis of the use of micro-
RNA microarray and RT-PCR platforms is char-
acterized by high specificity and informativeness
and makes possible both identification of indi-
vidual micro-RNA and micro-RNA complex pro-
files with a high degree of accuracy. The meth-
ods presented here provide a basis for the de-
velopment of technologies based on micro-RNA
for early detection, identification and assessment
of a disease, which are essential for successful
treatment of diseases, particularly in patients
where timely therapeutic interventions are ex-
tremely critical.

Biological Pest Control

Biological control of pests and diseases is in
agriculture relies on natural predation rather
than introduced chemicals. This can be done by
introducing various predatory insects, mites, para-
sitic wasps or nematodes that infect the pest
with a fatal bacterial disease. This technique is
mainly used in greenhouses, but some biological
controls, especially pathogenic nematodes, can
also be used outdoors. The technology proposed
here comprise the use of two approaches:

a) Using different species of parasitic wasps
by studying their molecular biology and tax-
onomy to find the most useful species to the
important plant crops.

b) Using the B. thuringiensis delta-endotoxins
to eradicate agriculturally significant pest insects,
such as the European corn borer and Colorado
beetle. This can be done by spraying or by means
of plant transformation.

Bioinformatics

The focus of the Bioinformatics Lab (SMART -
small RNA Team, http://bioinfo.uni-plovdiv.bg/) at
Dept. of Plant Physiology and Molecular biology
is the development of new technologies, algo-
rithms and computational software for explor-
ing and interpreting genomic data in a frame-
work of automated sequence analysis. Our cur-
rent emphasis is on small RNAs (microRNAs and
small interfering RNAs) in plants, animals and
humans.

One of the research activities of SMART com-
prises analysis of small RNA libraries deep-

sequencing data (NGS) from several important
cancer types. By analyzing these libraries we are
able to find a collection of miRNAs aberrantly
expressed in these cancers as compared to nor-
mal tissues, suggesting that they might play a
role as oncogenes or tumor suppressors in the
development and/or progression of cancer and
thus have potential as prognostic markers.

In addition to this prognostic role, miRNAs
may also constitute a viable strategy for cancer
therapy, as many miRNAs serve as regulating
proto-oncogenes. Back in 2005, our team was
one of the first to develop new software for
identifying miRNA target sites, which has since
been used for discovering new cancer-related
genes that can be regulated by miRNAs.

As well as human health topics, our team is
also doing extensive work in the field of plant
and food genomics. Three different groups of
grasses, represented by corn, rice and wheat, pro-
vide most of the grains that support human
health nutrition. The genomes of two of the
three groups have been sequenced. Brachypod/-
um distachyon, which contains key food and
fodder crops such as wheat, barley and forage
grasses, is the first member of the third group to
be sequenced. Since the genome of Brachypodi-
ym is relatively new, our group is focused on
better annotation concerning miRNA genes as
well as identifying monocot specific and abiotic
stress miRNA genes.

Present activities connected with imple-
mentation of National and European Projects

In this period the University coordinated or
was taking part in several large national and
European projects:

e Project from the Program Capacities of FP7
- BioSupport (2.2 mil Euro). The BioSUPPORT
project aims to support the development and
increasing the visibility of the research excellence
of the University of Plovdiv - Faculty of Biology
(UoP-FoB) in the areas of plant systems biol-
ogy, food testing and biotechnology. The fac-
ulty is very well recognised within the Bulgarian
scientific society as due to the high number of
research projects and high level of education it
provides. The University has also established
strong links with European research groups and
important European programs and initiatives. The
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The new laboratory of Plant Microspore Cultures established by the project

number of scientists has increased mostly on the
basis of research grants and today the Faculty
of Biology employs around 50 people working in
the field of Genomics, Systems Biology and
Bioinformatics and affiliates around 40 more
researchers working in the field of food analysis
from the Faculty of Chemistry and Faculty of
Physics.

e Project from Bulgarian National Science
Fund (BNSF) - “Developing a regional university
centre for teaching and research in the field of
genomics and bioinformatics” - coordination.

e Project from BNSF “Developing a Labora-
tory for Food Analysis”- participant; coordinated
by University of Food Technology.

e PLAPROVA - Plant Produced Vaccines - FP7
Integrated Project - participant.

e BIONET - CSA FP7 project - KBBE NCPs
Network - participant. Good influence for
BioSupport dissemination.

Experience of the Genomics Research
Center Ltd. Spin-off

Green biotechnologies facilities

Creation of new varieties of vegetable crops
with a better nutritional value and content of
substances beneficial to health is the goal of this
lab. This technology is based on using Micro-
spore cultures, which can then be used for the
production of dihaploid plants which can serve
as the basis for breeding hybrid plants with de-
sirable qualities. For this, purpose a new labora-
tory for Plant Microspore Cultures was built.
The Laboratory is equipped with 2 laminar cabi-
nets, an inverted microscope, a fluorescent micro-
scope, centrifuges, several thermostats, as well as
other lab necessities and consumables (supple-
mented by another project). The laboratory is
now fully functional and is producing microspore
cultures from tomato, pepper and red beet. The
primary purpose of the laboratory is to produce
haploid and double haploid plants from agricul-
turally important species to be used by biotech
companies for plant breeding. With this lab, the
Project will help Bulgarian Plant Biotechnology
and its per se implementation of the Systems
Biology in agricultural practice.
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Table 1. Areas of research Excellence where the GRC can connect to the industry

Areas of Research
Excellence

Collaborative Entities

Research/Academic

Corporative

Generated Marketing
Leads (per Research
Area of Interests)

Plant Breeding Technolo-
gies for Drought Re-
sistance

University of Plovdiv,
Dept. Plant Physiology
and Molecular Biology;
Agrarian University,
Plovdiv

Genomics Research

Center Ltd. (Spin-off -

SME)

Monsanto, Pioneer, Beyer
Crops Science

Doubled Haploid and
Hybrid seeds Production
for Crop Plant Breeding

University of Plovdiv,
Dept. Plant Physiology
and Molecular Biology

Genomics Research

Center Ltd. (Spin-off -

SME)

Bayer Crop Science,
Group Limagrain, KWS
AG, Monsanto, DuPont,
Syngenta

Plant Breeding for Bio-
mass and Biofuel (Pau-
lownia and Brachypodi-
um Breeding)

Genomics Research
Center Ltd. (Spin-off -
SME), Fruit Tree Insti-
tute

Velboy Ltd., Bulgaria

Biomass, Biofuel and
Timber Industry; Agri-
cultural Research
Service (ARS)

Novel Biodiversity Sour-
ces for Improving Food
Crops Quality

University of Plovdiv,
Vegetable Institute,
Plovdiv

Agriculture Practice, FAO

Development of Tran-
sient Expression Systems
for Rapid Production of
Biopharmaceuticals (Vac-
cines and Antibodies)

University of Plovdiv,
Dept. Plant Physiology
and Molecular Biology;
Agrarian University,
Plovdiv

Genomics Research

Center Ltd. (Spin-off -

SME)

World Pharmacy Com-
panies

De Novo Sequencing of
Drought Tolerant Plants
Genomes

University of Plovdiv,
Genomics Research
Center

Genomics Research

Center Ltd. (Spin-off -

SME)

LGC,ServiceXS,BGI, 1000
Genomes Project,
Welcome Trust Sanger
Institute

Cancer Research (Onco-
genes Regulation)

University of Plovdiv,
Genomics Research
Center, Medical Univer-
sity, Plovdiv

Genomics Research

Center Ltd. (Spin-off -

SME)

Rosetta Genomics

Molecular  Basis of
Schizophrenia and Au-
tism

University of Plovdiv,
Genomics Research
Center, Medical Univer-
sity, Plovdiv

Medical Practice, Indi-
vidual Medicine

Animal Cell Cultures
Models for Medical Use

University of Plovdiv,
Dept. Biology of Devel-
opment; Medical Uni-
versity, Plovdiv

SIGMA Life Science

Analytical Methods for
Food Quality and Safety
Testing

University of Plovdiv,
GRC, Food Technology
University

Komihris Ltd. (SME)

Food Industry

Monitoring of Bioactive
Components in Func-
tional Foods

University of Plovdiv,
Dept. of Biochemistry
and Microbiology, Dept.
of Experimental Physics

Tsvetelina Ltd, Bulgaria,
LB Bulgaricum

Nestlé Europe, Unilever
Bulgaria, DMV Nutrition,
DANONE Bulgaria,

Biological Pest Control

University of Plovdiv,
Dept. Plant Physiology
and Molecular Biology

Beneficial Insects Co.

Symbiont

Bioinformatics

University of Plovdiv,
Genomics Research
Center

Genomics Research
Center Ltd. Spin-off

Rosetta Genomics
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MOLECULAR PHOTONICS LABORATORY FOR ULTRAFAST
SCIENCE AND TECHNOLOGY AT SOFIA UNIVERSITY
“ST. KLIMENT OHRIDSKI"

Ivan Buchvarov', Ivan Petkov?, Anton Trifonov'
'Physics Department, Sofia University “St. Kliment Ohridski”
5, J. Bourchier Blvd., 1164 Sofia, Bulgaria
“Chemistry Department, Sofia University “St. Kliment Ohridski”
1, J. Bourchier Blvd., 1164 Sofia, Bulgaria

BASIC CONCEPTS AND MISSION

Molecular Photonics is an emerging field of
research located at a strategic crossroad where
physics, chemistry, engineering and life science
meet. These four closely interacting areas pro-
vide a relevant multi-disciplinary background as
well as timely motivations for the development
of molecular photonics at ultimate time and
space scales. Applied and technological as well
as exploratory and fundamental issues related
to light matter interaction in organic or inor-
ganic-organic hybrid systems at micro and nano-
scale are now increasingly at the focus of re-
search in molecular photonics.

The Molecular Photonics Laboratory for
Ultrafast Science and Technology (MPLUST) at
Sofia University is designed first and foremost to
promote contemporary scientific research and
education. We implement photon-based meth-
ods with femtosecond timing to record molecu-
lar dynamics, which fully resolve the primary
processes. A focus of the experimental and
theoretical work is electron, proton and energy
transfer, which have fundamental importance for
the building blocks of life profound impact on
the development of new photonics technologies.
With the laboratory equipment we are able to
excite coherently multiple electronic states and
to probe the evolution of the resulting electronic
wave packet with femtosecond resolution. Addi-
tionally, the laboratory tools allow high degree of
coherent control over the outcome of chemical
reactions.

The MPLUST's mission is to perform
multidisciplinary research in the basic science and
technological applications of ultrashort laser
pulses, to educate students from a wide variety
of backgrounds in the field, and to spur the de-

velopment of new technologies. Furthermore, its
goal is to advance bio-research and photonics
engineering - by focusing its intellectual, scientific,
educational and industrial outreach efforts on
the rapid and directed development of molecu-
lar photonics technology. In doing so, the first
strategic roadmap for molecular photonics re-
search in Bulgaria will be formulated. MPLUST
will coordinate activities within three Sofia Uni-
versity departments and a number of foreign
partners, and will devote efforts in building an
extensive network of relationships with other
universities, industrial partners, and other molecu-
lar photonics research groups abroad. While the
majority of MPLUST investigators are distin-
guished for their substantial individual contribu-
tions to organic photochemistry, laser physics,
molecular photonics, ultrafast spectroscopy, the
establishment of this new research lab is ex-
pected to greatly enhance their research poten-
tial by placing an emphasis on the vertical inte-
gration of knowledge.

IMPORTANCE OF THE LABORATORY RE-
SEARCH FIELD

The speed of the molecular dynamics is given
by the speed of elementary chemical processes
within the molecules. Dynamics is often classified
according to time scale. The focus of the effort
described here is on the ultrafast time scale of
femtoseconds (1 fs = 107 s) to picoseconds
(1 ps = 10" s). This is a typical time scale of el-
ementary chemical reactions and of electronic
and nuclear motions in molecules. Although
there is an assumption that practical chemistry
and biology occur on much longer time scales,
these longer time scales are often reached by
adding statistical probability to the short time
scale dynamics of molecules. Furthermore, bio-
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logical function results from the unique entan-
glement of structure and dynamics. By structure
we mean the time-independent information
about the state of a system in some form of
equilibrium or quasi-equilibrium. Structure was
the focus of most chemists in the past, and it is
the key issue in biology. However nature is not
in equilibrium and the ultimate aim in chemistry
and biology nowadays is to understand dynam-
ics - how systems move between apparently
equilibrated structures, changing their chemical
composition and performing biological functions
on the way. Thus, the fundamental understand-
ing of chemical and biological dynamics ulti-
mately relies upon a thorough explanation of
the ultrafast processes. With the emerging new
and highly reliable techniques for femtosecond
pulse generation and amplification completely
new applications of ultrashort pulses come
within reach. The time-resolved spectroscopy is a
rapidly advancing field with applications in many
areas of science and technology. The significance
of the area is even more obvious after the Nobel
Prize in Chemistry awarded to Ahmed H. Zewail
in 1999 “for his studies of the transition states
of chemical reactions using femtosecond
spectroscopy”.

The multidisciplinary interest in time-resolved
measurement techniques is the driving force be-
hind the rapid establishment of University
centers all around the world in the recent years.
They aim to promote interdisciplinary research
using time-resolved spectroscopy, e.g. Physical
Biology Ultrafast Laser Science and Technology
at Caltech, Center for Time-Resolved
Spectroscopy at the University of Durham, etc.
One of the research areas in the recently estab-
lished cluster of excellence Munich Center of
Advanced Photonics is studding electron dynam-
ics in atoms, molecules and solids.

HISTORICAL OVERVIEW OF THE THE-
MATIC RESEARCH IN BULGARIA

The first attempts for experimental studding of
fast dynamics with resolution better than 107 s in
Bulgaria are done in the 1980's. After successful
measurements of the relaxation kinetics in the
nanosecond range [1-2], other experimental stud-
ies of ultrafast processes in Bulgaria are not
known to us. The reasons for this are: first, the

dynamics of chemical processes is mostly in the
sub- ns and fs as it is explained above; second,
up to now the fs-lasers were expensive and not
available. The lasers used the first time-resolved
measurements are home-built laser systems at
the Department of physics (Sofia University)
with quite poor repeatability of the output pa-
rameters, which complicates the experiments tre-
mendously. However, the ultrashort (10-100 fs)
laser pulses that now can be generated with
today’s solid-state laser technologies have sev-
eral very useful properties, other than the short
duration, that may be exploited in experiments
and technical applications, e.g. very high peak
power, broad spectral band-width (due to the
short time duration), very widely tunable wave-
length, tunable temporal and phase characteris-
tics. These possibilities have given rise to several
new applications of ultrafast pulses, not previ-
ously possible (or practically feasible) with ear-
lier technologies. On top of that, today’s pulse
sources are highly stable and reliable, often com-
puter controlled, which further extends the ap-
plications to previously unthinkable environ-
ments.

Time resolved methodologies currently
available at MPLUST: Femtosecond Broad-
band Pump-Probe Spectroscopy

This method is an extension of the traditional
steady-state absorption spectroscopy. Here the
absorbance at a particular wavelength or range
of wavelengths of a sample is measured as a
function of time after excitation by a short pulse
of light. In this experiment both the light for
excitation (‘pump’) and the light for measuring
the absorbance (‘probe’) are derived by the
same pulsed laser source. The sample is
photoexcited (“pumped”) from the ground-
state to the excited state by the strong pump
beam and is brought out of thermal equilibrium.
The excited state will decay to other states with
a characteristic decay time. By measuring the
absorption of the weaker probe beam which is
delayed relative to the excitation, the time evolu-
tion of the state under study (ground state, ex-
cited state, radical pair, etc.) can be monitored.
Contemporary state-of-the-art femtosecond
pump-probe spectrometers use a laser-gener-
ated white light for probing. This technique pro-
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vides broad probing window, spanning from the
UV to the NIR spectral range. The white light (or
super-continuum) method is highly advanta-
geous over conventional (single wavelength)
pump-probe technique in its capability to capture
and resolve reactant, intermediate and product
states simultaneously. By measuring the pump-
probe spectra as a function of time one not only
will obtain kinetic traces at multiple wavelengths
but also will monitor the complex spectral evo-
lution. Local and interchromophore transitions
can be simultaneously detected, and detailed in-
formation such as spectral intensities and shifts,
line shape and band width changes can be read-
ily detected and analyzed. Induced excited state
absorption (ESA) peaks are typical signals ap-
pearing in broadband pump-probe spectra; but
besides these, other contributions may also be
observed depending on the spectral range of
interest, such as stimulated emission from excited
states and ground state bleaching. On the one
hand, the transient signals with varied
spectroscopic origins might mix together, compli-
cate the spectra and add difficulties to the com-
ponent assignments; on the other hand, however,
they offer more comprehensive spectral infor-
mation and thus reveal more detailed dynamic
processes.

Figure 1is a schematic representation of the
femtosecond broadband pump-probe experi-
mental setup. The laser source is a commercial

Titanium:Sapphire based pump laser that pro-
vides a pulse train of femtosecond pulses (130
fs) with energy of 3.5 mJ at 800 nm, and repeti-
tion rate of 1 kHz. The output beam is divided
into several fractions by the beam splitters. A
portion of laser output (250-300 pJ) feeds a
commercial non-collinear optical parametric am-
plifier (NOPA) to generate the pump pulses
while another small fraction of the laser output
(5 J) is used to generate the white light (WL)
for broadband probing. The output of the NOPA
is compressed to have pulse durations as short
as 30 fs. The typical tuning range of the NOPA
is 480-900 nm and its output can be used di-
rectly to pump the sample. If pump pulses
deeper in the UV range are desired, an optional
frequency doubling of the NOPA output is used
to produce pump pulses with wavelength in the
~240 - 450 nm range. In the real experiments,
the generated pulses (NOPA output and its sec-
ond harmonic) are optimized by additional prism
compressors (not shown in the scheme) to com-
pensate for group velocity dispersion.

The changes in optical density are measured
by probing with a femtosecond white-light con-
tinuum (WLC) generated by tight focusing of a
small fraction of the laser output into a thin
Sapphire or CaF2 monocrystal plate. By this
means, a usable probe source that covers the
UV-VIS-NIR spectral range (from 300 to 900
nm) is achieved.
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Fig. 1. Schematic representation of the UV-VIS-NIR broadband pump-probe experimental setup
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To improve sensitivity of the measurement,
transient absorption spectrometer implements
dual-beam probe geometry and a digital lock-in
technique. The WLC is split into two beams
(probe and reference) and focused into the
sample using reflective optics. The probe beam
passes trough excited volume of the sample and
the reference passes through the non-excited
spot. After passing through the sample, both
probe and reference are spectrally dispersed by
an imaging polychromator and simultaneously
detected on a TEC-cooled CCD. The signals are
collected in a two-step measurement cycle. In
each step probe and reference signals are re-
corded at certain conditions determined by the
state of the pump shutter (or chopper). The
change in optical density is obtained using the
standard formalism for pump-probe
spectroscopy [3]:

I exc | 0
OD = -log,, Iic/lgr (1)
ref ref

where the lower index denotes the recorded
probe (pr) and reference (ref) signal, respec-
tively. The upper index characterizes the setting
of the shutter which controls the excitation
beam: (ex). pump shutter is open; (0) pump
shutter is closed.

The recorded signals at each step are result
from integration, typically for several 100 laser
pulses. The exact number of acquired laser shots
within a single two-step cycle is selectable and
will depend on the specific experimental condi-
tions.

The WLC probe pulse passes through several
optical elements which introduce a chirp due to
the group velocity dispersion (GVD), i.e. its differ-
ent spectral components accumulate different
group delays. As a result, different spectral com-
ponents of the WLC pulse are interacting with
the excited sample molecules at different delay
times. Before entering the sample the WLC
spreads in time typically from several hundred fs
up to ps depending on thickness and the refrac-
tion index dispersion of the passed optical ma-
terial. Independent measurements of the chirp
of the WLC will be carried out to correct the
pump-probe spectra for time-zero differences.

In this arrangement, the time resolution is
around 100 fs, depending on the wavelength of
the excitation pulses and sample optical thick-
ness. It is practically measured by the cross-cor-
relation function between pump and probe
pulses in a liquid or solid-state transparent me-
dia. The spectral resolution of the spectrograph
is 3-5 nm in the entire UV-VIS range.

Femtosecond Pump-Repump-Probe Spec-
troscopy

Many of the photo-induced chemical reac-
tions occur via series of elementary steps includ-
ing various short-lived intermediate species. The
latter can show very similar absorption spectrum
hindering the detailed understanding of complex
photo-chemical reactions by pump-probe
spectroscopy. The problem could be overcome
using the recently developed pump-repump-
probe (PREP) technique [4]. This method is simi-
lar to the pump-probe spectroscopy discussed
just above, but an additional third pulse is used
for excitation of the intermediates involved in
the relaxation dynamics. Secondary excitation of
the short-lived species could change the reaction
pathway yielding novel information on the re-
laxation dynamics. The method also allows opti-
cal manipulation of chemical reactions [4].

The experimental set-up used for the PREP
experiments includes an extension of the com-
mercial UV-VIS-NIR femtosecond broadband
pump-probe system described above. The neces-
sary modification includes a source for second-
ary excitation of the sample and an additional
optical delay stage for precise control of the
relative delay of the secondary pulse, related to
the first excitation pulse. In particular, the inter-
mediate species involved in the electron
photodetachment of neat water and aqueous
electrolytes are expected to show strong ab-
sorption on the Ti:Sa laser wavelength of 800
nm. Therefore, in this experiment the secondary
excitation pulse is derived directly (typical energy
of about 5 uJ) of the regenerative amplifier out-
put.

RESEARCH AREAS AND
PROJECTS

The main research areas of the MPLUST are:
electron transfer reactions in solutions; photo-
induced dynamics in DNA; early-stage resonant
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energy transfer in lanthanide-organic complexes
as well as ultra fast temperature jumps in hy-
drogen bonded systems.

Roadmap for the future development of
the research laboratory until 2015

The schematic of the main instruments and
corresponding expansion in the methods for
time resolved analysis available at the Laboratory
are shown on Figure 2.

Development of UV-pump-IR-probe and
IR-pump-IR-probe spectroscopy will be a
powerful approach to elucidate the evolution of
molecular structures during ultrafast processes
by monitoring vibrational marker modes in real
time. This technique can monitor the site-specific
interactions in hydrogen bonds and the conver-
sion between excited electronic states by inspec-
tion of the fingerprint IR-active vibrations in con-
junction with quantum chemical calculations.
This spectroscopic technique is a straightforward
extension of the pump-probe method developed
in the first three years of the project. The fun-
damental arrangement of the setup, i.e. the tem-
poral sequence of the laser pulses and the de-
tection scheme will remain unchanged. The only
components that need to be replaced are the

800 nm

probe light sources, the spectrograph, the CCD
detection array and some of the optical compo-
nents for steering the IR beams.
Time-resolved fluorescence spectroscopy
(Femtosecond Fluorescence Up-Conversion
Spectroscopy) provides a powerful technique
for investigating electronic properties of solids
and liquids. Several different techniques have
been used for this purpose over the last four
decades. Streak cameras have been used suc-
cessfully; however, their use is limited to the vis-
ible and very near-infrared spectral regions and
their usable time resolution in the synchroscan
mode at high repetition rate has been limited to
about several picoseconds. Optical Kerr cells can
provide subpicosecond time resolution, but their
low efficiency limits the technique to strong sig-
nals. The well-established techniques for growth
of high quality nonlinear crystals allow measure-
ment of fluorescence time evolution with
subpicosecond time resolution using fluores-
cence upconversion technique. The contempo-
rary state-of-the-art femtosecond upconversion
spectrometers can provide time resolution of
<100 fs. However, dispersive elements in collec-
tion optics prevented measurement of spectra

For Probe «,

800 nm

(480-1100nm)

Ti:Sapphire
1 kHz System

Generation

UV-VIS-NIR
Transient Absorption Spectrometer

| Mid-IR
Detection

800 nm

Ti:Sapphire
e 100 MHz

MHz Laser

Fluorescence Up-conversion
Spectrometer

Fig. 2. Layout of the main time-resolved instruments and methodologies, available at MPLUST. The

blocks are shaded in order to show the roadmap of the acquired equipments. The dark gray marks

the equipment acquired during the establishing of the laboratory,light grey - instruments planned
for the future.
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and an accurate determination of the zero de-
lay. The required upconversion system for time-
resolved fluorescence spectroscopy will have the
following desirable attributes: a time resolution
of <100 fs (limited primarily by the laser pulse
width), an ability to determine the zero delay
precisely, and a wide spectral range (from 430 to
1000 nm with a set of two nonlinear crystals cut
at different angles). In addition, this system is ex-
tremely sensitive; one can obtain data with a
dynamic range exceeding four orders of magni-
tude from typical chromophores with quantum
yield close to unity. This combination of high sen-
sitivity, wide dynamic and spectral ranges, and
high temporal resolution is not currently avail-
able in any other system. The principle of this
technique is phase-matched mixing of the fluo-
rescence excited by an ultrashort laser pulse with
a suitably delayed beam from the same laser in
a nonlinear crystal.
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Abstract

In this paper we represent the development
of a mechatronic sensor effector boot module
for effective rehabilitation of patients in the
early post-traumatic stage (1 month) after the
occurrence of a serious spinal-cord trauma or
poli-trauma. The module is optimised by size and
by weight and it can apply into independent
portable device with assurance for vertical posi-
tion in the bed of the immovable patients.

The device includes: a module for basing and
fixation of the patient’s leg, a sensor “SkinTouch”
for measuring bio-electrical impedance in points
of the foot skin, a mechanism for acupressure, a
carriage module for basing of a measuring sen-
sor and a mechanism for acupressure, a moadule
positioning of carriage module to various foot
points for the programme performance of the
procedures and PC controlled sensor and effector
elements connected to the physician’s monitor.

The studies are carried in Bulgarian Academy
of Sciences (BAS) - Russian Academy of Sciences
(RAS) collaboration advance to develop a new
device for treatment of spinal patients and cre-
ating new technologies of their rehabilitation.

INTRODUCTION
Serious disability and recent increase of a
number of spinal cord injuries imply a profound

study of the problem and development of new
methods and devices for the support-locomotion
recuperation. One of the methods of restoring
the support-locomotion functions is to affect
the neurons of the spinal cord using the limb
reception system as a natural communication
channel. Foot receptor activation is applied for
that purpose. The objective of this study is to
complete the following tasks: (i) to affect the
extra receptors, which signals stimulate the cen-
tral locomotion generator located in the spinal
cord; (ii) to affect the nerve endings in the bio-
logically active zones, stimulating functioning of
internal organs of a seriously disabled patient.
The start of the procedure during the early post-
traumatic stage (after the occurrence of a spi-
nal cord trauma or poli-trauma) is considered to
be appropriate for the decrease of atrophy
speed. Receptors stimulation is proposed at the
start of the recuperation procedure, only due to
patient’s poor physical state. A method of
acupressure and multi-point trajectory of area
activation is selected for application, combined
with methods of reflexotherapy.

Technical solution of mechatronic sensor
effector boot device

The device includes:

e a module for basing and fixation of the
patient’s leg,
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® a sensor “SkinTouch” for measuring bio-
electrical impedance in points of the foot skin,

¢ a mechanism for acupressure,

® a carriage module for basing of a measur-
ing sensor and a mechanism for acupressure,

¢ a module for a plane motion and position-
ing of carriage module to various foot points for
the programme performance of the procedures,

e PC controlled sensor and effector elements,
connected to the physician’s monitor.

The mechanical modules are designed in In-
stitute of mechanics, BAS. The specialized sensor
“SkinTouch” for measuring bio-electrical imped-
ance in points of the foot skin is developed in
the Institute of Applied Mathematics “Keldish”-
RAN.

The design, modelling and experimenting of
the separate modules are presented below.

Design of a module for basing and fixa-
tion of the patient’s leg

Requirements to module for basing and
fixation of the patient’s leg

The designed module must meet the follow-
ing requirements:

1. Sustainable basing the patient’s leg, which is
in a bed.

2. Accessibility to be ensured to maximum
number of points on the foot with the aim to
measure the bioelectrical resistance by means of
a specialized sensor.

3. Accessibility to maximum number of points
on the foot for automatic acupressure perform-
ance according to a programme assignment, in-
dividually for each patient.

4. Discomfort must not be created to the
patient, and also not to influence the precision of
the carried out measurements.

5. Basing to be possible at different patient’s
feet sizes.

6. Safety of the patients to be ensured of the
device activity at arising programme or mechani-
cal reasons.

View of the module for basing and fixa-
tion of the patient’s leg

The developed module includes the following
components: (Fig. 1): 1- heel support, 2 - foot
fixations, 3 - regulated foot fixing of the leg.

The foot is based at support 1. The leg is
fixed above the ankle joint and in the front part

Fig. 1. General view of the module for basing
of the patient’s leg

of the foot are prepared fixations 3, which loca-
tion is regulated longitudinally according to the
foot size. The surface of the foot remains un-
covered for a direct contact to each point for
measurement of the skin electrical resistance
and acupressure.

A carriage module for basing of a measur-
ing sensor and a mechanism for acupressure

Combined module - carriage (Fig. 2) com-
prises carriage 1, to which module for
acupressure 2 and a measuring module 5 are
immovably attached. Two linear drives, by means
of which a translation along axis Z is realised, are
included respectively in the modules joints.

The respective useful contact pressure of an
electrode for measurement 4 is achieved by

Fig. 2. A carriage module for basing sensor
and effector elements of device

means of drive control and the external force
(acupressure) is regulated by means of the ex-
ecutive mechanism 3.

A mechanism for acupressure

The mechanism for acupressure includes
(Fig. 3) translation linear drive 1 and removable

A
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instrument with different number of pins 2 (Fig.
4).
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Fig. 4. Effector instruments with different
number of pins

Effector instruments with different number
of pins are applying for receptor activation by
the method of skin-deep multi-pins acupressure
combined with methods of reflexotherapy.

Design of a module for a plane motion
and positioning of carriage module to vari-
ous foot points

Movement along axes X and Y is realised by
two mechanisms respectively (Fig. 5).

The mechanism for longitudinal translation X
includes: a foundation 1, a drive 2, a leading screw
3 and a guide 4 for translation along axis X. It is
necessary the run of this translation to be equal
to the length of the foot H, = 110 to 150mm.

The mechanism for translation along axis Y
includes: a base-carriage 5, a drive 6, a gear 7 and

Fig. 5. A module for a plane motion and
positioning of the carriage

a screw-carriage 9.

The drive 6 is fixed on the base-carriage 5
witch by means of the gear 7 activates the
screw- carriage 9. It moves by itself the carriage
module 9 along axis Y lead on the guide 8. It is
necessary the translation run to be equal to the
width of the foot H, = Lp ( 40 to 60mm.

-

Fig. 6. Basing of the patient’s leg for the
programme performance of the procedures

Fig. 6 shows basing of the patient’s leg on the
module with possibility for connection sensor
and effector instruments to various foot points
for the programme performance of the proce-
dures.

Development of the sensor "“SkinTouch”
for measuring bio-electrical impedance in a
skin point

Proof of the design necessity of a special-
ized sensor for measuring bio-electrical im-
pedance

The device measuring both the initial (pre-
treatment) foot skin electro-conductivity, as well
as the current one operating during the process
of medical treatment, is of essential importance
for the successful stimulation of patient’s foot.
Such a sensor is needed to design a high-spatial
resolution map of acupuncture points of a pa-
tient’s foot, and the map should be used to
analyze the results of the treatment. The com-
plexity of the registration needed originates in
the measurement of current extremely low val-
ues. Note that current low value is due to the
high ohm resistance of patient’s foot skin, and to
the restriction of voltage applied to patient’s
skin. That restriction is imposed to avoid not only
injury or pain, but also data distortion due to the
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effect of voltage of the measuring instrument
over the physiology of controlled processes.

A mechatronic approach for the measure-
ment of human skin electro-conductivity is de-
veloped in the Institute of Applied Mathematics
“Keldish”- RAS. The measurement method pro-
posed is based on the use of a differential op-
erational amplifier, controlled by a microproces-
sor. It is capable of maintaining stable ultra-small
current (not larger than several mcA) in the
chain of the analogue-digital analyzer (ADA) of
the skin resistance receptor. Signals coming from
an analogue-digital converter (ADC) are used to
apply microprocessor control of measurements.
The ADC is switched to a differential operational
amplifier. A special measuring instrument
“SkinTouch” is designed to realize the software
algorithms and analyze the capabilities of the
proposed method. It is assembled using modern
electronic compounds and schemes that guaran-
tee the measurement accuracy required.

Technical description of the “SkinTouch”
sensor

Sensor function

Basic function of the sensor - the
“SkinTouch” instrument, is to perform point
measurements of the human skin resistance
characteristics. Among its technical characteris-
tics, one should note the ultra-low current of
measurement, from 0,5 to 2 MKkA, and the mod-
erate potential difference (voltage) applied to
the electrodes and not exceeding 7V. These char-
acteristics exceed twice the characteristics of the
existing equipment. They enable one to signifi-
cantly decrease the measurement pattern distor-
tion and minimize the unfavourable effects over
the patient.

Requirements to the measurer of resist-
ance characteristics

Methodically, the instrument for measure-
ment of the resistance characteristics of human
skin should satisfy the following requirements:

1. Measurements should be performed using
low current in the range 0,1 - 1 MKA.

2. Current value should be constant during
the measurement.

3. The measurable parameter should be the
difference between the electrode potentials.

4. The working voltage between the elec-

trodes should be within the range [0,1 - 1] V.

5. The maximal admissible difference between
the electrode potentials should be 15 V.

6. The measurements performed should mini-
mally affect patient’s state.

Note that the designed sensor device
“SkinTouch” satisfies the outlined requirements.

Principal scheme of the “SkinTouch”

The principal scheme of the measuring device
“SkinTouch” is shown in Fig. 2.

The instrument basic compounds are:

e Microcontroller;

e Measuring unit;

e Generator unit;

e Supply sources.

The microcontroller coordinates performance
of all other units, transition of measurement re-
sults to other devices along the channel RS-232,
as well as receives of controlling commands.

The measuring unit consists of:

e Instrumental operational amplifier, with
small value of leak current and incorporated
means of protection against electrostatic dis-
charges;

¢ Analogue-digital converter incorporated into
the microcontroller.

The generator unit consists of:

e Digital-analogue converter with current out-
put, which provides the necessary range of the
supporting current.

e Current mirror which exactly copies the sup-
porting current of the ADC within the range of
the electrodes supply voltage. The commutation
unit is used to eliminate the electrode polariza-
tion.

The direction of current flowing between the
measuring electrodes can be varied upon an or-
der issued by the microprocessor. The unloading
resistance is used for calibration and discharge
of the electrode static charge.

Two direct current sources are used to sup-
ply the measuring instrument “SkinTouch”. The
first source, with voltage 3,5V, is used to supply
the instrument digital section. The second source
provides two voltage values: + 3,5V and - 3,5V,
and it supplies the instrument analogue section.
Batteries or accumulators are used to reduce dis-
turbances. A prototype of the measuring device
“SkinTouch” is assembled, and instrument tests
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Fig. 8. General view of the device in the bed of the immovable
patient

Fig. 9. 3D model of a mechatronic sensor effector boot device
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are performed.

View and modelling of the sensor effec-
tor boot device

Product Mechanical Desktop 2005 is applied
for creation of a virtual 3D model of the mod-
ule. The program “MSC. visual Nastran 4D 2002"
for computer simulation is applied on the 3D
model.

CONCLUSIONS

Conclusions derived after modelling and
simulation help successful realization of the pro-
totype of the portable module for procedures
with supporting and healing effect of patients in
the early stage after the occurrence of a spinal
cord trauma or politrauma.

The following scientific and application results
are expected:

1. Measuring of the bioelectrical resistance to be
performed in the foot points for each individual
patient by means of a specialized sensor “Skin
Touch” An individual chart of the acupuncture
foot points of the patient is built up.

2. Planning and performing of treatments
(acupresura) in definite points, along a defined
trajectory or an area on the foot.

3. Performing of a periodical estimation and
control of the treatment results by means of
measuring of the bioelectrical resistance in defi-
nite foot points. The healing programme under-
goes a consecutive variation if necessary.

The mechatronic sensor effector boot device
can be applied in the clinic practice after per-
forming technical, laboratory and clinical experi-
ments.
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Pycka akagemuns Ha HaykuTe
Mwyckas nn., 4, 125047 Mocksa, Pycus

Pe3rome

lpencrageHa e pa3paborkara Ha MexarpoHeH
CEH30pPHO-Bb3ACHCTBALY MOAY/T-0BYBKA 3@ €eKTUBHA
PEXAOUIUTALNA HA NALNEHTH B PAHHUA 1OCT-TPAB-
martnder cragui (1 mecel) cnen texka rpbOHa4YHO-
MO3bYHA TPaBMa U OAUTPaBMa. Mogyner e ontu-
MU3UPAH 10 PAa3MEPU v TEINI0, 1 MOXe A4a Ce Mpuaara
Karo He3aBUCKM MOPTaTUBEH ypes, MOCTaBeH BbB Bep-
TUKAIIHO [MOJIOKEHME B JIer710TO Ha MMOOUIN3NPAHMNS
1aLMEHT.

Ypeanr BkmoyBa; Mogyn 3a bazmpaHe v Gukcupa-
He Kpaka Ha naumeHTa, ceHzop “SkinTouch” 3a namep-
BaHe buUo-e/1eKTPUYHOTO ChIIPOTUBIIEHNE B TOYKA OT
[IOBBPXHOCTTA Ha CTbA/IOTO, MEXAHU3BM 3a aKyrpe-
cypa, MoAyI-KapeTka 3@ ba3nparHe Ha U3MepUTesHS
CeH30p U MexaHu3mMa 3a akynpecypa, Moays 3a
1O3NLNOHUPAHE HA MOLYIA-KAPeTKa B pPa3indHu
TOYKYM HA CTBIASIOTO 3@ MPOrPAMHO U3BBPLIBAHE HA
npoyenypure u PC 3a yrnpasreHue Ha CeH3opa u
U3MBITHUTESTHUTE E/IeMEHTH, CBbP3aH C MOHUTOPA Ha
S1eKapA.

U3cnensanmsTa ca npoBeReHn B ChbTPYAHNYECTBO
Mexay bbirapcka akagemus Ha Haykure v Pycka
aKafgemus Ha HayKUTe 1 Ca HaCOYeHU 3a Pa3BUTHE HA
HOBW CPEACTBA U TeXHONIOMn 3a pexabuanrayms Ha

rnayueHTi ¢ /',Ob6Hc3HHO-MO3b‘¥HE r1arosiorA.
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LIBRARIES WITH PLC PROGRAMMING MODULES

Simeon Trifonov, Head of Development Department
AMK Drives and Controls, Ltd.
1, Gen. Nikolov Str., 5300 Gabrovo, Bulgaria

Together with the rapid development of PLC
technologies, nowadays, the requirements for
short engineering and commissioning times are
growing more and more. At the same time im-
posed is the conflicting requirement for lower-
ing the ready products price. To meet these re-
quirements, two interesting trends can be seen in
the field of automation. One of them is the per-
manent strive for increasing the software reali-
zation of the part, controlling the motion, on the
account of the mechanical part (Fig. 1). This
trend makes sense, since the software can be
changed and developed much easier than the
hardware. Another advantage here is that this
approach substantially reduces the price for de-
velopment of the product, as expenses are made
only for software development, but no new ma-
terials are introduced. Correcting the design er-
rors is also performed much easier.

Many machine structures can be easily re-

In the past

i Motion

Mechanics

| Logic

<4+—r

placed by their software analogues. Such are
gearbox, cam gears, position-signalling mecha-
nisms, coupling and decoupling mechanisms and
many others. Software analogues make the
work easier thanks to the good connection be-
tween the servo-mechanisms (which have also a
predominant software part) and the controlling
system.). Comparison between the software and
the mechanical implementation of a simple, but
often used, mechanism - the gearbox. is shown
in the table (Table 1).

The general part of the implementation is
usually related to the driving and controlling
part. It is therefore of great importance for the
controlling part to be well developed and
enough adaptive. Due to the presence of pow-
erful microprocessors today, it is possible the
controlling part to be integrated in the control-
ler, where the logic is. This, in a great extent, re-

Today
: Motion
Mechanics
Logic
<« >

Fig. 1. Trend for decreasing the mechanical part of the automation systems

Table 1. Comparison between the software and the mechanical implementation of a gearbox

Criterion

Software implementation

Mechanical implementation

Reliability

High, constant in time

Depends on the make,
decreases in time

Possibility for varying the ratio

Yes

No

Performance

High, depends on the
microprocessor performance

Limited, depends on
the material, make, ...

Maintenance costs

None

Usually, yes
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In the past
PL.C

Motion Control

1/0s

Servodrive

Today
PLC + Motion Control

I/Os

Servodrive

Fig. 2. The trend for integration of the motion control in the PLC

duces the overall costs of the system. It is there
where the second trend in the field of automa-
tion manifests - integration of the motion con-
trol in the PLC itself (Fig. 2).

More and more the PLC manufacturers are
emphasizing on developing library modules for
facilitating the quick implementation of applied
projects. Libraries make it possible for the ap-
plied software developers to focus their efforts
on the details, specific for the particular applica-
tion,using multiple ready-made units - for giving
commands to the servo-mechanisms, often used
algorithms and even ready-to-use technologies.

The new generation of the AMK company
controllers are based on the contemporary tech-
nologies in the field and contemporary trends in
the development of the contemporary automa-
tion engineering. Developed are libraries with li-
brary modules which are meant mostly for the
motion control. These libraries comply with the
following requirements:

e to comprise most of the basic functions and
technologies - servo-mechanisms control, ratio
implementation (underdrive, overdrive), position-
ing, synchronization of several servo-mechanisms,
interpolation of complex profiles, synchronization
of print marker, binary variables control, depend-
ent on the servo-motor position, etc,;

e fast response (ie. optimal code) of the li-
brary modules;

e clear (maximum simplified) interface of the
library modules;

e ability for changing parameters even after

releasing the program modules;

e ability to work both with local access (for
integrated in the servo-mechanisms programma-
ble controllers) and with external (accessible
through industrial interface);

e purpose dependent organization of the li-
brary modules in library files and groups.

The AMK company offers a wide range of
program modules for servo-mechanisms control.
Here are examined only few of them.

Servo-mechanisms are often required to ro-
tate with definite speed, as also the acceleration
ramp, or deceleration ramp, may appear to be
more important. There are also applications
where this is not enough and forming an S-
shaped curve of acceleration and deceleration is
needed, and a jerk is set as well.

For achieving this goal three different inter-
polators of speed are developed - VGEN,
VGEN_A and VGEN_AJ. They calculate a posi-
tion set-point for the servo-mechanism (though
here the position is of no importance) guaran-
teeing an exact set speed of rotation for the
servo-motor. They have similar principles of ac-
tion, thus only the most complex one shall be
examined - VGEN_AJ.

The abbreviation AJ is derived from ,Accelera-
tion” and ,Jerk”. This interpolator generates (in-
terpolates) a speed with set by the user accel-
eration and jerk. Actually, this interpolator makes
calculations on its output incremental position, as
the increment, compared to the respective time in
the positioning regulator (ID2 - SERCOS cycle
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time) causes rotation of the servo-motor with a
speed diVelocity. Several accelerations for a
greater flexibility are also set - udAccel (spinning
acceleration), udDecel (deceleration) and
udQDecel (fast deceleration). Several jerks cor-
respond there to these accelerations - udAcclerk,
udDeclerk and udQDeclerk.

The library module allows to:

e generate an incremental position, according
to the speed, set by the entered parameter;

e set individual values of acceleration upon
reaching certain speed and stopping (reaching
the speed 0);

e fast (emergency) stopping with special,
separate value for deceleration (usually greater
than the others);

e setting an independent value for a jerk, cor-
responding to each of the above mentioned
accelerations;

e percentage change of the set speed,

>

Fig. 3. Action principle of the speed generator

through a special input;

e changing parameters during motion.

The principle of action is explained on Fig. 3.
Relations between the jerk, acceleration, speed
and the resultant position are shown graphically.

To be able to cover multiple customer re-
quirements, the library module VGEN _AJ offers
a flexible control, dependent on the signals of
several inputs, and the interpolator state is iden-
tified through proper states of a definite number

of outputs. The action principle of this library
module is shown in detail in Fig. 4.

All the parameters can be changed during the
interpolation, as they get into effect timely, but
the following limitations must be concerned:

e |f the jerk value changes during a constant
acceleration, providing the set speed (or speed 0
upon stopping) will be missed, a decreasing of
the acceleration with proper (corrective) jerk
starts immediately (Fig. 5).

e |f the jerk changes during deceleration,
upon reaching the set, or zero speed (the phase,
when this jerk is active), it shall be neglected and
the interpolator shall reach the target speed with
the current jerk value.

e |f the speed assignment, or the percentage
change of speed is changed during the accelera-
tion, upon reaching the set speed, this change
shall be considered, on condition that boStart =
TRUE, boStop = FALSE and boQStop = FALSE. If
the changed speed requires reverse acceleration
(i.e. to lower speed), the change of direction shall
be realized dependent on the set acceleration
and jerk through the parameters udAccel and
udAcclerk (Fig. 6) Actually, it is deceleration, but
with values for acceleration and the jerk upon
reaching given speed.

If during acceleration the input boStop is ac-
tivated (state TRUE), VGEN _AJ processes first a
phase with a jerk, set through the parameter
udAcderk, until it reduces the acceleration to 0
and then starts a deceleration according to the
values, given for the parameters udDecel and
udDecJerk.

More different is the behaviour of the inter-
polator upon fast stop through activating the
input boQStop (state TRUE). In this case
VGEN _AJ reduces the current acceleration in-
stantly, with the jerk value set by the parameter
udQDeclerk. When the current acceleration
reaches 0, the stopping is performed in accord-
ance with the deceleration value, set through the
parameter udQDecel and jerk - udQDeclerk.

The difference between the two ways of
stopping is shown in Fig. 7.
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Vi Vi
A Vo b oo oo __.

“|udAcclerk  udDeelerk _udQDeclerk

-1 . = -t
boStart Ll boStart

bo@topT "1 on%topT 1
boAccc]Ll g boAccel "t
boDecel "1 boQDecel "t
l . [ g

Fig. 7. Reaction upon normal and fast stopping

VGEN_A)

— boEnable beEnabAck—
— boStart boErr—
boStop iErr[D
— enQStop boOVel —
— diVelocity hoSetVel —
— udAccel boAccel—
— udDecel boDecel—
— udQDecel  boQDecel—
-udAcclerk diOutVal

— udDeclerk
— ud Deg c{erk
vem )
— StAle stA XIS —

Fig. 8. Function block VGEN_A]J

In Fig. 8 shown is the functional unit
VGEN_AJ.

Synchronization by print marker (Print Mark
Control - PMCQ) is a task often assigned to the
contemporary driving and controlling techniques.
Some companies already provide ready-to-use so-
lutions, but they are rather partial than devised to
satisfy the user needs as a whole. Such applications
are oriented mainly to realization on machines and
production lines for the packing industry.

In print marker control there are two motions
- of the transporting device, and of the tool, as
the first is synchronized with the latter (Fig. 9).
The PLC program, using the above described li-
brary modules can reside in one of the servo-
mechanisms PLC, or in autonomous PLC. In both
cases for communication with the one, or the
two, external for the controller servo-mecha-
nisms, synchronous industrial interface is used.

The two servo-mechanisms work in a position-
control mode and the function of the library
modules is to synchronize the motions, reading
and interpolating the error within a given scope.
The aim is to achieve good synchronization be-
tween the transport device and the tool, so the
processing of the material, moved by the trans-
porting device, to be performed always in ac-
cordance with the image, pre-printed on it.

The reasons for marker shifting in the most
cases are as follows:

e inexact printing of the marker (respectively,
the whole image);

e inexact interrelation between the transport
and the tool;

e external influence on the marker position
(e.g. at temperature changes, stretching the ma-
terial, etc.).

The library modules adapt to the specific re-
quirements through giving input parameters, con-
trolling the synchronization process. The main
parameters and their interrelation are shown on
Fig. 10.

The used parameters are named in the way
they are defined in the library modules and have
the following meaning:

udModulo - size of the format [inc];

udPmcDist - distance between the tool and
the sensor [inc];

udSetVal - distance between the beginning
of the format and the sensor [inc];
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TV UIIT

Expected marker positions

Real marker positions

Fig. 9. Action principle of the print marker control

Tool

udDetectWin
( ‘;Sensori
: i Transport
e — S —
- udPmsDist _: udSetVal |
: L udCorrStart
udCorrStop i
2 udModulo ;

Fig. 10. Parameters, used to synchronize the
print marker

udCorrStart - beginning of the correction
[inc];

udCorrStop - end of the correction [inc];

udDetectWin - window (interval) in which it
is expected a print marker to be found [inc].

The print marker detection is performed
through a sensor. It reads the actual position of
the marker on passing over it, and the error is
calculated as a difference between the read
value and the expected one. For better reliability,
the marker reading is performed within an inter-
val, set by the parameter vdDetect\Win. Thus the
possibility for wrong reading in a section with
characteristics similar to those of the print
marker, which is not a print marker, is limited. The
calculated difference is compensated within the
interval from wdCorrStart to udCorrStop.

Due to the technological specificities of the

PM DETECT

—dilnVal
—boPmSig

particular implementation, sometimes it is neces-
sary to move the print marker reading sensor
away by n formats. To keep the right order of
corrections, in this case a FIFO-structure (First In
- First Out) shall be used, in which they are
memorized and processed in a proper moment,
i.e. the calculated difference is compensated n
formats later. This functionality is achieved by
using two independent library modules -
PM_DETECT (for reading the difference and
determining the correction) and PM_CORRECT
(for processing the correction), which communi-
cate  mutually  through the structure
ST_CORR_FIFO (FIFO with the corrections) (Fig.
11).

The delay, by which the PM__CORRECT block
makes the corrections, is equal to the difference
in the formats n between the tool and the print
marker:

N udPmsDist -1
udModulo
X = udPmsDi st%udModul o

udSetVal = udModulo.(n+1) — x

Depending on which motion is leading and
which is subordinate, two different implementa-
tions of PMC can be specified:

e |leading tool, synchronization of the trans-

PM CORRECT
—{dilnVal

stCorrFifo —

ST CORR_FIFO

— stCorrFifo  diQutVal —

Fig. 11. Block diagram of a PMC
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porting belt (Fig. 12);

Position setpoint

tion lines, a great amount of unfit for use pro-

measures are taken for removing the

I

PMC

Sensor

duction shall be produced before
@

problem. For resolving this situation, the
library module REF_RESET has been
created. Its input parameters are the
signals for found and missed print
marker, generated by the library mod-
ule PM_DETECT, as well as the maxi-
mum allowed number of consecutively

Fig. 12. PMC - synchronizing the transport

The controller synchronizes the transportation
belt by the print marker. The motion of the tool
is leading, as it can be performed with constant
and with variable speed as well.

e leading transporting belt, synchronization of
the tool (Fig. 13).

Position setpoint

|
( Transport

missed print markers. When reaching
this number, the library module initiates
a sequence for a new synchronization,
and then the PMC operation continues
normally. This is possible, as far as the
above-mentioned basic units for deter-
mining the correction and processing have addi-
tional inputs for automatic referencing. They can
also be used for initial start-up of PMC. To fa-
cilitate the users, all these separate library mod-
ules are united in one module, and between the
modules are established connections (Fig. 14).

PMC, which comprises all the necessary

The result is a complex library module
@

functionality. The PMC_BASE module is
PMC realized on the basis of PM_DETECT,
| PM _CORRECT and the necessary com-
munication FIFO-structure between
( Sensor (‘ thern.
+
— n Information from the sensor is sup-

Tool
Transport (

Fig. 13. PMC - synchronizing the tool

The controller synchronizes the tool by the
print marker. The motion of the transporting belt
is leading, as it can be performed with constant
and with variable speed as well.

Sometimes, in real conditions, it happens the
print marker not to be read because of a rather
big shift that lets it out of the set window
udDetectWin or simply because of the fact, that
it was poorly printed. If the process gets
unsynchronized, due to comparatively high pro-
ductivity of such a type of machines and produc-

plied through the input parameters

boPmSig and diPmOffs. The Boolean

variable boPmSig is directly connected to

the signal from it. Through @/PmOf7fs the

difference between the discrete input

value dilnVal(kT,) is set and the actual
input value a’/'/nl/a/(Tbgpmﬂg) in the moment of
registering an active front of the sensor signal.
The relation between these values can be pre-
sented through the equation:

diINVal (Tyopmsg) = dilnVal (K To) + diPMOFfS(k.T, )

This way can be obtained precise information
about the moment of reading the print marker
by the sensor, though the PLC reads the input
variables in precisely set cycles.

To choose the PMC type, we use the Boolean
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Fig. 14. Block diagram of the full PMC functionality

variable bo/nvPmc As seen in the figure, through
this variable we choose the way, in which the fi-
nal value of PMC_BASE shall be corrected -
through summing up or subtraction.

Another feature, to which attention shall be
paid, is that through the library module
SET_OFFSET an offset can be set, which can be
useful during precise adjustment of the ma-
chine.

Representation of the complex library mod-
ule PMC through the programming language
Function Block Diagram (FBD), specified by the
standard 1EC61131-3, is shown on Fig. 15.

Performing complex positioning profiles
through contemporary servo-mechanisms is an
often assigned application task. Thanks to the
rapid development of the driving techniques
nowadays exact processing of these complex
profiles does not present such a great problem.
However, for this purpose a proper interpolator
is needed which to generate the position as an
assignment for the servo-mechanism, which in
turn is set in a position-control mode.

The AMK company presents a tabular inter-
polator in the form of a library module for the
programmable logic controllers (PLC). Its princi-
ple of action is shown on Fig. 16. The aim is on
the output of the interpolator to be received a
position, corresponding to another position, called
“leading”, according to the rule, described in a
tabular form.

The assignment to the interpolator is ob-
tained through one of the following ways:

¢ by the actual position of a servo-mechanism

PMC
— boEnable boEnabAck —
bolnvPmc boErr
— boRefStart IEmD —
—usPmMissNo boRefDone —
— enMode boPmCapt —
— boPmSi boPmMiss —
diPmOffs boCorrLim
— dilnPme diModVal —
—dilnAdd diCorrVal —
— diSetOffs diQutVal —
uiQvrOffs
—udModulo
—udSetVal
udDetectWin
—udMaxCorr
—udCorrStart
—udCorrStop

Fig. 15. Function block PMC, represented
through FBD

motor;

e by the actual position, received from the
encoder, coupled to some leading motion;

e virtual (fictive) generator of assignment.

The interpolator, on its part, based on data in
tabular form, interpolates a position which is fed to
a servo-mechanism for execution. In the practice it
is common between the servo-mechanism and the
output of the interpolator to be put other library
modules, i.e. for realization of print marker control,
for setting a ratio (electronic gear), etc.

The library module has many input and out-
put variables for realising different modes and
for satisfying multiple requirements,imposed by
the practice. Due to the fact, that similar interpo-
lators in different literature sources are called
.CAM profile interpolator”, the library module
examined is named CAM _PROF (Fig. 17).
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| |
o xi | X Y,
! T i —
| 1 1 1
| | Position
t 1 1
0 | Oy=f(x) t | control
| |
Lea:::ling Calculated
posilion position

Fig. 16. Action principle of the tabular interpolator

The interpolator can work with three types of
tables: Y, XY and XYVA (polynomial).

The interpolator action principle using Y-table
is shown in Fig. 18.

The Y-tables have the ability to receive great
amount of information, because they store only
y-values; moreover, they are easy to track due to
their simple structure. Along with the described
above advantages, there is a major disadvantage
- the points concentration, dependent on the
profile of the set curve, cannot be controlled, as
the x-coordinates of the points are equidistant.
For instance, it is enough a linear section to be
described by 2 points, but generally it shall not be,
using a Y-table.

CAM_PROF

— boEnable  boEnabAck —

boC ontrol _boErr
— enMode 1ErrID —
— dilnVal boCtrlAck —
— diOffset diOutVal —

udlnAngle diQutPos
—udOutAngle bolnAck —
— uiOpNo boOpAck —
— pstinTab boOutAck —
— pstQpTab

pstOpTab

Fig. 17. Function block CAM _PROF, repre-
sented through FBD

The interpolator action principle using XY-ta-
ble is shown in Fig. 19.

The XY-tables are good for describing more
complex curves, because the distance between
the points by the x-axis can vary. Thus, the re-
dundant points in the linear sections are avoided
and more points are concentrated in the non-lin-
ear sections. The XY-tables have disadvantages

84

Y =diOutVal
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Fig. 18. Action principle of interpolation by
Y-table

too - reduced number of points (the memory
volumes for the XY-table and for the Y-table are
the same, but the number of points in a XY-ta-
ble is twice as less due to setting the full coordi-
nates) and the values are difficult to track due
to the complicated structure.

The parameters for XYVA-tables require
more efforts to be determined. They are not
suitable for manual generation. For this purpose
integrated in the development environment of
AMK editor of curves is used, called CAM Editor.

XYVA-tables have one basic advantage
against the other types of tables - they describe
the desired curve in the most precise manner, as
interpolations are made through a polynomial of
5-th order:

y(X) =Co+¢p X+ c2.x2 + c3.x3 + c4.x4 + c5.x5

This, however, predetermines there great dis-
advantage - long calculation time. They are not
proper for any type of PLC, and mostly for those
which have great power for calculation, as well
as for arithmetic co-processors (e.g. x86).
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Fig. 19. Action principle of interpolation by
XY-table

The tabular interpolator CAM_PROF allows
for switching tables at any time of operation.
This gives a lot of new possibilities for the devel-
opers of applied projects. The switch can be syn-
chronous (upon exiting the current table) or
asynchronous (at any time). Moreover, com-
pletely different tables can be switched - of dif-
ferent type, number of elements uiNoElement,
different resolution by x or by y, etc. At switch-
ing tables with different resolution, the new po-
sition on the output of the interpolator is calcu-
lated by the formula:

Xmax_new
,XneW:Xact-—X =
max_ act

where:
X__ is the leading position in the current table;

act

X . is the leading position in the new table;

new

X ox ace 1S the resolution in the current table;
X is the resolution in the new table.

max_new

At a synchronised switch of tables there is no
loss of position. For this purpose a new external
logic must be created which to trigger the tables
switch only on value TRUE on the respective out-
put bolnAck, boOpAck or boOutAck. The output
variable boOpAck (the same is true for bolnAck
and boOutAck) remains in TRUE for two cycles
(two calls) of CAM_PROF.

The tables switch which is not agreed with
the output variables bolnAck, boOpAck n
boOutAck is called asynchronous. In this case
the interpolator takes the new leading position
for a current one and continues the interpolation
by the new table. This, naturally, leads to a
change in the relation between the leading and
the interpolated motion.

PROTOTYPE GIS FOR ANALYSIS AND PROTECTION OF THE
BULGARIAN ARCHAEOLOGICAL HERITAGE - ARCHGIS

Stelian Dimitrov, Alexander Kotsev, Anton Popov, Georgi Nehrizov, Tsoni Tsonev
Faculty of Geology and Geography, Sofia University “St. Kliment Ohridski”
15, Tsar Osvoboditel Blvd., 1504 Sofia, Bulgaria

The overall objective of the project “Pro-
totype GIS for analysis and protection of
Bulgarian Archaeological heritage” is to
elaborate a prototype geographic information
system (GIS) for analysis and protection of the
archaeological heritage in Bulgaria. Accomplish-
ment of this objective will fill the gap in docu-
menting archaeological sites in the country, par-
ticularly with regard to their spatial characteris-
tics and their environment. Development of a
prototype GIS will be based on the principles of
the system approach to ensure the necessary
quantitative information about possible struc-

tures, behaviours and conditions of modelled
sites. By doing so and in case of a possible fu-
ture corporate solution of the proposed proto-
type GIS, the system will provide the necessary
integrated information environment and relevant
tools for complex sites modelling.

In relation with the overall objective, the fol-
lowing specific objectives of the project are
defined:

e Extending the interdisciplinary relations and
interinstitutional cooperation in solving complex
research problems related to the development
and application of geoinformation technologies
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in archaeological research and protection of the
archaeological heritage.

¢ Development of a uniform methodology for
solving the existing problems, based on com-
monly agreed standards for identification and
codification of existing archaeological informa-
tion as well as on common requirements for
data quality and quantity, position and attributive
precision of the data included.

e Optimization of the developed prototype
GIS after its testing against as many as possible
multi-proxy variations relevant to a concrete
modelled territory

e Demonstration of the functional capacity of
the system in internet environment with the aim
to communicate to the scientific community and
the public with the results achieved.

The project activities are carried out by scien-
tific consortium, in which the leading organiza-
tional role plays the Sofia University “St. Kliment
Ohridski”, represented by faculty, postgraduate
(PhD) and undergraduate students from the
Cartography and GIS Department - CGIS (Fac-
ulty of Geology and Geography). They will be
directly engaged with the formal project man-
agement, coordination of all activities and the
work of all participants. Apart from the leading
functions in seven of the ten work packages, one
PhD and one postgraduate student will also be
engaged in elaboration of GIS database and
field work for data verification purposes.

The second partner on behalf of the Sofia
University - Department of Archaeology (DA)
will take part with two faculty members, one PhD
student and one postgraduate student. The en-
gagements within the project will be in prepara-
tion of five out of ten work packages.

The National Archaeological Institute with
Museum - NIAM-BAS is a partner of the project
since this is the institution in charge of standardi-
zation and documentation of archaeological in-
formation in accordance with the requirements
for maintenance of the archaeological map of
Bulgaria in a digital form. Two researchers who
are directly involved in the AMB maintenance,
development and improvement are part of this
project proposal. The NIAM-BAS project team
will lead the development of three and partici-
pate in eight work packages.

Participants in the project also originate from
the Centre for Underwater Archaeology in
Sozopol - CUA, which is the only institution in the
country directly involved with promotion and
protection of the submerged archaeological her-
itage in the country.

What are the main research tasks of the
project?

The proposed archaeological GIS, which is
subject to development within the proposed
project is actually the information fundament
for the analysis and preservation of the archaeo-
logical heritage in the country. Creation of a logi-
cally consistent archaeological GIS will be of sig-
nificant benefit to the archaeological community,
government institutions and the wide public. The
reason is that it will enable high quality visuali-
zation and most of all - analysis of the archaeo-
logical heritage in combination with its geo-
graphical environment. The link environment -
statistically significant number of archaeological
sites is new to Bulgarian archaeology and it will
support the analyses in a completely new way.
Such a link will enable researchers to identify
patterns in the spatial configuration of sites and
the existing trends in the location and geographi-
cal characteristics. Integration of data based on
a geographical principle will also ease field work
through integration of the existing with new
data by using GPS and other surveying tech-
niques, such as total stations, etc. Lastly, the high
quality cartographic visualization along with the
ability to create 3-dimensional images and physi-
cal models and mapping services through the
internet are of particular interest for museums,
since the produced products will ease communi-
cation with the public and will create an innova-
tive environment for presentation of information
to a broad range of users.

Research tasks which are addressed with this
project proposal are related to advantages for
the archaeological scientific agenda, which con-
temporary geographic information systems cre-
ate. Research tasks in the project include the
following:

1. Registration and documentation of ar-
chaeological sites within their geographic set-
tings. The process of spatial registration, preser-
vation, manipulation and visualization of ar-
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chaeological sites, monuments and artefacts in a
GIS database offers decisive advantages to
proper investigation and preservation of ar-
chaeological heritage. As an analogy with all
other types of information systems that possess
analytical and visualization capacities it is neces-
sary to create a logically well-grounded geo-spa-
tial database that presupposes all the other re-
search and administrative activities. The geo-
graphic informa-
tion system, sub-
ject to elaboration
within the project,
will be based on
three interrelated
thematic subsys-
tems (Figure 1).

2. Spatial
analyses and
modelling.  This

field of research
concerns creation
and use of the so-
called predictive
models for identi-
fying  potential
(unknown)  ar-
chaeological sites
through  special
analytical meth-
ods. Predictive
models divide the territory under study into three
groups: areas with low, medium and high concen-
tration of archaeological artefacts. These meth-
ods base their predictions on prior definition of
the influence of spatial factors on actual distri-
bution of archaeological sites (e.g. small slopes,
exposure of the slope, presence of sources of
fresh water, sites situated close to other open
sites, good visibility, etc). Factors of this type can
be identified through application of statistical
and geo-statistical analyses on complexes of
sites and monuments. These include logistic re-
gression, weight of evidence, analyses of applica-
bility, analyses of nearest neighbour (shortest
distance), density analyses, etc.

3. Activities in the project, related to docu-
mentation and georeferencing of sites will pro-
duce the scentific foundation for institutionali-

Underwater
archaeologica
heritage

Archaeological
heritage

Fig. 1. Thematic subsystems - ArchGlIS

zation on behalf of the National Archaeological
Institute at Bulgarian Academy of Sciences, of
documenting the sites through the successor of
the so-called “Archaeological Map of Bulgaria”,
which is currently a register without the func-
tionality to represent the features in a geo-
graphical database.

What is the project methodology?

The proposed project in methodological as-
pect is based on a
wider interdiscipli-
nary approach to-
wards the analy-
sis of the ar-
chaeological her-
itage. The crea-
tion of an ar-
chaeological GIS
will be based on
the effective
partnership be-

Geographic tween four units,
environment being part  of
and risks th.ree.separate |r.1—
stitutions (Sofia

University “St. Kli-
ment Ohridski” -
Department of
Archaeology, De-
partment of Car-
tography and GIS,
Bulgarian Academy of Sciences - National Ar-
chaeological Institute, Ministry of Culture - Cen-
tre for Underwater Archaeology).

Information and communication technologies
represented here by contemporary GlScience
and the geographic information systems as de-
pendent by it will play significant role in success-
ful implementation of the project. The focus
however will not be placed on technology itself.
It will only be considered as means for serving
the project goals. Functional requirements for
the future archaeological GIS are as follows:

e Creation of a possibility to include struc-
tured information from various, mainly humani-
tarian sciences, but also data coming from the
earth sciences;

e Appropriate management of the stored in
this way information by using automatic trans-
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fer of specialized knowledge;

e Use of technologies that correspond to the
International and European standards for geo-
information systems and exchange of spatial
data, commonly known under the term
‘interoperability’’;

e Ability to do spatial analyses and high qual-
ity visualization of geographic data for archaeo-
logical sites, along with their natural environment.

Information, which will be collected and sys-
tematized within the future Geographic informa-
tion system, can be separated into two subordi-
nated levels (partitions):

1. Structured information from the previous
experience and knowledge of the respective spe-
cialists. This partition may be called documental.

2. Data which correspond to the respective
ontology, relations, attributes and rules for use.
This way all these ontological and functional as-
pects of the system will conceptually define
every registered event.

Part of the activities included in the project
address the creation of a Geographic Informa-
tion System (GIS) that exhibits better function-
ality in internet: easy access, registration of new
sites, updating of the information. An innovative
internet application will allow registration of data
from a distance combined with regulated access
for the end-users. An electronic form will be de-
veloped for these purposes. A new approach for
data entry online will be proposed to users. All
this will be accomplished through the use of the
available server GIS” in combination with the use
of open source products which will enable pub-
lishing data online. Doubtlessly the integration of
spatial data into a server based GIS will improve
management of the database of archaeological
sites/events and will optimize the time for elec-
tronic presentation of the required information.
All necessary information will be available at the
NIAM-BAS website.

Using the digital data for the modelled terri-
tory as an environment will enable each site in
the future to be precisely positioned through the
use of GPS coordinates along with other sources
of information. Using digital data for the geo-

graphic environment will allow automatic calcu-
lation of various characteristics of each point
within the territory where geographic data is
collected. The following thematic layers of geo-
graphical data will be elaborated for a decided
part of the country in order to ensure the link-
age of archaeology and their geographical envi-
ronment:

e Archaeological sites

¢ Digital elevation model

e Slopes

e Aspects

¢ Geological composition

e Geomorphology

e Soils

e Land cover

e Contemporary infrastructure

e Other

Internet users will have access to the geo-
graphic location and the basic functionality of
work with geographic data. The project will build
up over the old version of the archaeological
map of Bulgaria (AMB). The system will be cre-
ated as an update of the outdated software
from the late 90-s and add new types of infor-
mation, minimal content management capabilities,
standard GIS functionality and architecture es-
pecially designed to encompass new features
and data. The successor of the AMB is to be
designed to support both online and offline de-
ployment over a single code base, including de-
ployment as portable application (on a flash
memory stick for example). This will enable it to
provide both online access to the full database,
and offline usage by field researchers for data
entry and limited data inquiries (depending on
the amount of data carried). By completing the
fully automated synchronization for the offline
and the online instances the IS will be able to
serve all the needs for data registration and re-
porting of researchers working in distant regions
where access to the online application may be
difficult or impossible.

Tight integration with the existing own GIS
server side software will enable the online ver-
sion to be extended to provide additional serv-

' The system should be in line particularly with the requirements of the European INSPIRE directive

2 ESRI ArchGIS server, available at NIAM-BAS.
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ices such as data creation, automatic deduction
of geographically dependent characteristics, reg-
istration of sites with the GIS server and variety
of analytical services over the collected data. The
IS will be extended to support content manage-
ment of additional resources such as images,
documents and others (with embedded scan-
ning functionality) and various other types of
data. All these features of the system will allow
the end-users to have at their disposition the
following basic functionalities:

e Interactive data manipulation and naviga-
tion;

e Enabling and disabling of layers;

¢ |dentification of features and their descrip-
tive (attributive) information;

e Spatial and attributive queries;

e Creation of sketches and maps;

¢ Spatial analyses and modelling.

The process of building up of the archaeo-
logical GIS will inevitably encounter the problem
of statistical significance and representation of
the registered information. This is of particular
importance for the analysis which can be per-
formed at a later stage. The question of statisti-
cal significance is predominantly related to the
survey methods applied in the terrain and col-
lecting other information as well as the quality
of the specialists involved in this process. The
chance sources of information also have their
significance but the basic body of data comes
from systematic terrain surveys that are con-
ducted with modern methods. The same rule
applies to collection of information from the
other disciplines that will be integrated in the IS.
This way the IS assures not only the statistical
significance of the data but also makes the wide
audience of end-users confident in working with
reliable information. This is why the AMB turns
into a reliable tool that serves the central and
local authorities in the process of preservation of
the rich archaeological heritage of the country.
Successful implementation of the proposed
project creates a chance for defining specifica-
tions for rules for data creation with respect to
their further georeferencing.

Functionality of the AMB will also enable us-
ers to search according to the registration
number of an event, date, attributive data and

location. The opposite way will also be possible:
by pointing out a point in space - related to it
information will appear on the screen. The navi-
gation on the map will have the possibility for
selective search of sites/events in a chosen area,
administrative region, etc.

In Bulgaria the only functioning information
system dedicated to protection of the Cultural
Heritage is the Archaeological Map of Bulgaria
(AMB). It was created in 1990 and currently
holds information about more than 15 000 ar-
chaeological sites collected from all over the
country. For the time period of its existence it
played a crucial role both for protection of the
cultural heritage of Bulgaria and as a basic tool
for proper scientific research. In the present days
the AMB database takes the role of a sanc-
tioned by law institution that operates as a ba-
sic reference account in the process of protec-
tion of cultural heritage. The references made in
the AMB are used as legal argumentation for
allowing or stopping investments in particular
areas. The references are required by judicial
processes and police investigations connected
with destruction of archaeological sites and
monuments. The information of AMB has useful
application in Cadastral Agency, the Commission
of land-use, woodland services and in other de-
partments of the local administration. The data
coming from AMB are considered as official
statement having primary importance in the
process of assessment of the impact on the en-
vironment caused by investment intentions for
developing particular areas.

Unfortunately this system is now outdated
and does not meet the increased requirements
for processing information as well as establish-
ing better relations between its users. The lack of
possibility for precise localization with GPS coor-
dinates of archaeological sites and their bounda-
ries requires significant changes in the system.
This also poses the necessity for increasing the
standards of field surveys for registration of ar-
chaeological sites and monuments.

The instruction for registration of new data
into the system, the Intellectual Property Rights,
the relations between the different stakeholders
that are established as a result of the operation
of the AMB as well as the management of the
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database are regulated by the statement of the
Ministry of Culture’. The importance of the AMB
was acknowledged by the Parliament. The newly
accepted law for the Cultural Heritage4 regu-
lates the role of the AMB in the process of reg-
istration of all the information coming from sys-
tematic archaeological surveys into a single da-
tabase. It is pointed out that the AMB as a na-
tional database has to be managed by the
NIAM-BAS, National Institute for Preservation of
Cultural Heritage and the Ministry of Culture.

The methods for the field survey, with respect
to the ability of integration of data within the
archaeological GIS, have to solve the following
problems:

e Update of the available information of the
database;

e Field visits to archaeological sites that aim
their precise localization and position verification
with the use of a GPS and mobile GIS;

e Boundaries of the sites with greater sur-
faces defined by GPS coordinates;

e Update of the state of the sites and monu-
ments registered in the database;

e Shortlist of recommendations for preserva-

tion of each registered site.

Methodological scheme of the prototype GIS
for identification and protection of the archaeo-
logical heritage, provided below, gives a clear
overview of the logic in accomplishing the pro-
posed activities (Fig. 2).

Expected outcomes

The results of the project implementation will
strengthen the inter-institutional links between
the Sofia University and the NIAM-BAS and will
create favourable conditions for accomplishment
of future interdisciplinary research in the field of
archaeology based on mutual geoinformation
technologies. The expected outcomes will also
benefit the transfer of knowledge between spe-
cialists in different areas (geography, cartography,
GIS, archaeology, archaeometry, cultural anthropol-
ogy, tourism, etc.) as well as between the partici-
pants, other interested institutions and the public.

The expected outcomes can be summarized
into five major groups, each with a real world
application:

1. Effective organization of archaeological in-
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formation

e Elaborated and tested methodology for
effective data storage and use of archaeologi-
cal information in GIS environment based on the
critical analysis of world trends and experience.

e Prepared GIS database for archaeological
sites and their environment for a chosen terri-
tory. Verified information through field work
with a mobile GIS and GPS.

e Support for the management of the Ar-
chaeological map of Bulgaria, which currently
exists at NIAM-BAS.

e Transformation to an industrial GIS stand-
ard for the information system implementation
of the Archaeological map of Bulgaria through
the use of recognized GIS technologies and data
interoperability.

2. Protection of the archaeological heritage

e Inventory of the condition of archaeologi-
cal sites in the territory of concern in relation to
the currently functioning national and European
legal framework for protection of archaeologi-
cal heritage.

e |dentification of archaeological sites and
structures, which are endangered by environmen-
tal risks and disasters.

e |dentification of archaeological sites endan-
gered by human activities.

3. Real world use of the elaborated prototype
GIS

e Fulfilled possibilities for conduction of spa-
tial analyses for characterizing the density of
sites, their patterns, trends in time and space, etc.

e Effective visualization of archaeological sites,
incl. ensured options for simultaneous visualiza-
tion of many sites on screen and on paper

(maps, 2,5D and 3D visualization, diagrams, pho-
tos, text, drawings, video, etc.).

¢ Real world options for predictive modeling
of the archaeological sites position with respect
to protection of sites in the dynamically chang-
ing conditions of the environment (construction,
development, etc.).

4. Increasing the information provision con-
cerning the archaeological heritage of Bulgaria

e Supply of authorized online access to web
application of the elaborated prototype GIS for
researchers as well as the public.

e Creation of conditions for effective ex-
change of data between NIAM-BAS and huge
electronic archives such as Cadastral agency,
Ministry of interior, libraries, NGOs, etc.

e Creation of conditions for unification of
services and provision of services for exchange
of spatial data in relation to the requirements of
the INSPIRE directive.

5. Improvement of the educational process

e Practical applicability of the results in the proc-
ess of educating undergraduate and postgraduate
(incl. PhD) in archaeology, archaeometry at the
departments of GIS and Cartography and Archae-
ology at Sofia University.

e Increase of the effectiveness of the educa-
tional process through provision of mapping and
other information through the internet. Creation
of an educational environment, stimulating the
self-learning through generation of questions
arising in the course of data analysis and visuali-
zation.

e Stimulation of self-learning through search
based on own motives and experimenting with
the information system.
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BULGARIAN VIPs

Prof. STEFAN KOSTIANEV, MD, DSc

Pathophysiology Department, Medical University - Plovdiv
15A, Vassil Aprilov Blvd., 4000 Plovdiv, Bulgaria
Phone/Fax: +359 32 602 593, F-mail: s_kostianev@mail.orbitel.bg

Rector of Medical
University — Plovadiv;
author of more than
160 articles in peer-re-
viewed journals, took
part in writing over 10
textbooks, educational
supplementary text-
books and mono-
graphs.

Prof. DMSc Stefan Stoilov Kostianev, was born
in 1952 in Sofia. He graduates in medicine “summa
cum laude” in 1979 from Higher Medical Institute,
Plovdiv. In the same year he becomes assistant
professor in Pathophysiology Dept. at HMI, Plovdiv,
where he has been working since then. Prof.
Kostianev defended successfully his PhD thesis in
1987, became associated professor in 1996, acquired
DMSc in 2004 and became full professor in 2006.
In 1999 he was elected as Vice Dean of the Medi-
cal Faculty. He is head of Pathophysiology Dept. at
the same faculty since 2004 and was elected as
Rector of Medical University - Plovdiv in July 2011.

He specialized in elite scientific centers and
laboratories abroad. Prof. Kostianev has taken
part in the leadership of numerous scientific or-

ganizations. He is the chief editor of the highest
ranked medical journal in Bulgaria - Folia Mediica.
Prof. Kostianev has participated in scientific and
educational projects financed by the European
Research Fund, Tempus, The World Bank, Bulgar-
ian Ministry of Education, Youth and Science,
Medical University - Plovdiv and in many clinical
investigations.

His scientific interests are in the area of func-
tional pulmonary diagnostics, pediatric respiratory
physiology, blood-gas analysis and acid-base bal-
ance, functional diagnostics software develop-
ment, physiology and pathophysiology of exer-
cise and sleep.

Prof. Kostianev has published more than 160
articles in peer-reviewed journals and took part
in writing over 10 textbooks, educational supple-
mentary textbooks and monographs, and in con-
structing national guidelines. He has been cited
more than 500 times in foreign and Bulgarian
journals.

Numerous MSc and PhD theses were success-
fully defended under his scientific guidance. At
present he is a PhD advisor of 5 PhD students.

Hobbies: chess, guitar, sport, aphoristics; Mem-
ber of the Union of Independent Bulgarian Writ-
ers.
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Prof. IVAN MINKOV, Dsc

Department of Plant Physiology and Molecular Biology and Genomics Research Center,

Plovdiv University ,Paisii Hilendarski”
Phone: +359 32 261 555, Fax: +359 32 629 495, E-mail: minkov@uni-plovaiv.bg

1 Head of the Depart-

" ment of Plant Physiol-
o ogy and Molecular Bi-
ology, and  the
Genomics Research
Centre (GRC). Author
of 12 books, a number
of research papers,
and 8 monographic
book chapters in in-
ternational editions.

Professor in the area of Plant Molecular Biol-
ogy, Ilvan Minkov has been the head of the De-
partment of Plant Physiology and Molecular Bi-
ology, as well as the Genomics Research Centre
(GRQ), University of Plovdiv (UoP) for the last 22
years. With 18 defended PhD students, he made
a major contribution to Molecular Biology and
Bioinformatics research at the University. He is a
leading scientist at UoP with a high publication
record and strong participation in European re-
search programs. Prof. Minkov is a member of
the Program Committee and National Contact
Point for the Seventh Framework Program.

Education and career

Prof. Minkov was born in 1949 in Plovdiv. He
graduated from the University of Plovdiv in 1972
as a MA in General Biology. In 1977 he defended
his PhD thesis at the University of Plovdiv in the
area of Plant Physiology and Biochemistry of
resurrection plants with high drought tolerance.
Later, he specialized in the area of Chlorophyll
Biosynthesis in higher plants at the University of
Gothenburg, Sweden for a total period of 2 years,
and later at the Institute for Photobiology, Minsk,
Belorussia. After that he defended his Doctor of
Sciences degree in the same field and was pro-
moted to full professorship at the University of
Plovdiv shortly thereafter, in 1996.

After 1989, Prof. Minkov started work on a
research infrastructure in the field of Plant Mo-

lecular Biology and Plant Biotechnology. Over the
course of this project he visited a number of
European Universities and created numerous
working collaborations, many of which still exist
today. Many young researchers have been edu-
cated and have defended their own PhD theses
over these collaborations.

Areas of teaching and research experi-
ence

The main areas of teaching and research are
Molecular Basis of Plant Stress Response -
oxidative Stress in Higher Plants, Chloroplast De-
velopment and Chlorophyll Synthesis, Plant
Microspore Cultures, Regulation of Nitrate Re-
duction in Higher Plants, DNA markers in the tax-
onomy of parasitic plants, Plant Transformation,
viroid RNA-proteins interaction, Bioinformatics -
microRNA in genes regulation.

Publications

Prof. Minkov has published 12 books, a
number of research papers, as well as 8 mono-
graphic book chapters in international editions.
Around 40 research papers are in peer review
international journals with a combined total im-
pact factor of about 85 and more than 520 ci-
tations. Prof. Minkov also holds two patents for
biologically active compounds for nitrates regu-
lation in plants.

Teaching and research projects

In the period of 1996-2000, Prof. Minkov su-
pervised five TEMPUS projects for enhancing the
higher education in the field of Molecular Biol-
ogy and Plant Biotechnology. He later partici-
pated as a local coordinator in 7 projects in
Framework Program 6 (FP6) and 4 projects in
FP7. Presently, Prof. Minkov is a coordinator of a
large FP7 REGPOT project for developing re-
search infrastructure in the area of Systems Bi-
ology. Under his guidance, the Department and
the GRC also took part in projects from NATO
scientific program and Swiss National Science
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Fund. He also coordinated a number of projects
from the National Science Fund - and especially
one large project aimed at establishing a Ge-
nome Research Centre.

Prof. Minkov has initiated two Bachelor de-
grees at the Faculty of Biology - Molecular Biol-
ogy and Bioinformatics - both as a concept and
as a material science with human and teaching
potential.

Awards

Prof. Minkov was awarded with the Pythago-
ras Award for the largest research financing in
the period 2008-2010, and the Regional Centre
headed by him was distinguished with a plaque
from the Ministry of Education and Sciences as
a center with the highest FP6 participation
(2009).

Prof. VAN PETKOV, DSc

Department of Organic Chemistry, Faculty of Chemistry, University of Sofia “St. Kliment Ohridski”
Phone: +359 28167 442, E-mail: ipetkov@chem.uni-in sofia.bg

Head of the Depart-
ment of Organic che-
mistry at University of
Sofia. Leading Univer-
sity Research Centre
for Nanoscience and
Knowledge-based Ma-
terials.

Prof. lvan Petkov received his MSc degree in
the Faculty of Chemistry at University of Sofia in
1973 and a PhD degree at the Department of
Organic Chemistry, Faculty of Chemistry, Univer-
sity of Sofia “St. Kliment Ohridski”. He defended
his doctoral thesis on the topic of “On the pho-
toinduced prototropic and metallotropic tautom-
erism of PB-dicarbonyl compounds, their
metaloderivatives and nitrogen-containing ana-
logues” in 1981.

Prof. Ivan Petkov defended his DSc thesis
“Photochemical behaviour of B-dicarbonyl com-
pounds and derivatives of benzotiazole” in 2003.
He is currently leading the Department of Or-
ganic Chemistry at University of Sofia. His scien-
tific interests are in the fields of organic synthe-
sis, organic photochemistry; photochemical prop-
erties of organic compounds, dyes in solution,
polymer films, monolayers on different surfaces;
photochromism, electrochromism, termochromism,
radiochromism of organic compounds, derivatives
and polymer films; photoelectrochemistry; pho-
tovoltaic cells and effects; organic materials for

nonlinear optics, photonics; applied photochem-
istry - dosimeters, solar indicators, sensors, solar
cells, photoprotectors; intelligent organic com-
pounds.

Prof. Ivan Petkov has participated in many
projects. Part of these projects is held in part-
nership with international organizations such as:

e University of Sofia - Pharmachim: Photopro-
tector “COMBRENOL” for the cosmetics,

e Bulgarian Science Fund: Plastic gamma
dosimeters; Composite materials for application
in the HIGH-TECH: immobilization of organic
components in hano- and subnano molecule
sieves,

e MAGATE: Plastic gamma dosimeters for
foods;

e Programme Copernicus: Sensors for chem-
istry, medicine, and biology,

e CEA (France): Photochromic polymer films
with nonlinear optical properties,

e University of Sofia: Modification of inor-
ganic glasses with sensitive organic compounds,

e Leading University Research Centre for
Nanoscience and Knowledge-based Materials;

e International project SENSIT EUREKA.

He has above 120 publications, 4 books, 5 pat-
ents.

Member of European Photochemical Associa-
tion, Inter-American Photochemical Association;
Member of the Scientific Board of /nternational
Journal of Photoenergy, Chair holder, UNESCO
Chair in Sustainable Development and Ecological
Awareness.
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He specialized at: Department of Organic
Chemistry, University of Amsterdam, The Nether-
lands; Guest Professor in the University of
Tokoshima, Japan; visiting researcher in Centre
D'Etudes de Saclay, Electronics and Nuclear In-
strumentation Department, Group for Organic
Devices, Paris, France; Guest Professor in Univer-
sity of Bordeaux, France, Department of Molecu-

lar Photophysic and Photochemistry; visiting re-
searcher in Centre D'Etudes de Saclay, Electron-
ics and Nuclear Instrumentation Department,
Group for Organic Devices, Paris, France; Guest
Professor in Laval University, Department of
Physics, Quebec, Canada; Guest Professor in Re-
search Institute of Electronics, Shizuoka University,
Hamamatzu, Japan.

Assoc. Prof. NELLY GEORGIEVA, PhD

Department of Biotechnology, University of Chemical Technology and Metallurgy, Sofia
Phone +359 2 8163307, E-mail: nelly.georgieva@yahoo.com

Leader of research
projects, author of
more than 60 manu-
scripts in international
sclentific journals, two
patents and more
than 30 papers and
published contribu-
tions to international
congresses.

Nelly Georgieva is an Associate Professor at
the University of Chemical Technology and Met-
allurgy, Sofia, Department of Biotechnology. She
graduated from Sofia University “Kliment
Ohridski”, Faculty of Biology in 1987. In 1997 she
presented PhD thesis on “Selection of methio-
nine-enriched analogue-resistant mutants of 77/-
chosporon cutaneum” at the Institute of Micro-
biology of the Bulgarian Academy of Science.
From 1997 till 1999 she made postgraduate fel-
lowship sponsored by DAAD Agency of Ger-

many, Halle-Wittenberg, Germany.

Areas of scientific interest: bioremediation of
waste water containing phenol products and
heavy metals; immobilization and entrapment of
cells; probiotic and microbial food supplement,
biobleaching of flax fibers with enzymes.

Assoc. Prof. Nelly Georgieva delivered lecture
courses on Microbiology for bachelor and mas-
ter degree students and also Microbiology, Bio-
chemistry and Biotechnology products in Ger-
man language. She is an author of more than 60
manuscripts in international scientific journals,
2 patents and more than 30 papers and pub-
lished contributions to international congresses.

Assoc. Prof. Nelly Georgieva is the leader of
projects sponsored by the National Science Re-
search Fund, Ministry of Education and Science -
“Investigation on covalently bound yeast Can-
dida for biotransformation of furfural” - 1994
and “Synthesis and application of nanomaterials
by biofilm formation for waste water treatment”
- 2010.
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Assoc. Prof. ZHECHKO DIMITROV, PhD

LB-Bulgaricum Plc. R&D Center, 12-A, Malashevska Str., 1000 Sofia, Bulgaria
E-mail: zhechko.dimitrov@lbbulgaricum.bg

Head of the Cen-
tre for Research and
Development at LB
Bulgaricum. Author of
over 40 scientific pub-
lications in foreign
and Bulgarian scien-
tific journals and 5
projects with external
financing.

Zhechko Panayotov
Dimitrov was born in 1966 in Shumen. He gradu-
ated Master degree from the University of Food
Technologies in Plovdiv and graduated as an engi-
neer-technologist in the specialty “Microbiological
and fermentation processes” in 1994. From Octo-
ber 1994 until now he works at the Center for
Research and Development at the state company
LB Bulgaricum Plc (LB). In 1996 he became a re-
search associate in the specialty “Instrumental
Analysis” and in 1997 he created laboratory “In-
strumental Analysis”, covering chromatographic
and electrophoretic analyses. In 1998 he specialized
in the Central Research Institute of the Corpora-
tion “Meiji Milk” in Japan. Between 1999 and 2002
he introduced in Bulgaria DNA-based methods for
typing of microorganisms such as pulse electro-
phoresis, AFLP and Denaturing gradient gel electro-
phoresis. The first two methods make it possible to
reliably identify and distinguish microbial individu-
als (strains), which is impossible with conventional
microbiological methods. The third method allows
characterizing the bacterial communities without
the use of cultivation of representatives of various
bacterial species. In 2007 Zhechko Dimitrov ac-
quired educational and scientific degree “Doctor”
in Molecular Biology at Bulgarian Academy of Sci-
ences - Institute of Molecular Biology. In the same
year he founded Laboratory “Molecular Biology”
at LB. In 2009 he acquired the academic title of As-
sociated Professor in Bioactive substances at the
University of Food Technologies in Plovdiv. Much
of the research work of Zhechko Dimitrov is aimed
at studying the health (probiotic) effects of lactic
acid bacteria (LAB). In connection with these stud-

A\ |

ies, Zhechko Dimitrov introduces or develops meth-
ods to evaluate the probiotic effects of LAB at
laboratory level, making it possible to undertake
studies on probiotic properties of hundreds and
thousands of strains, and thus to select those
strains that possess the most prominent properties.
The next stage with selected strains with benefi-
cial human health effects are clinical trials.

Main subject of research of Zhechko Dimitrov
are probiotic properties of LAB, such as: effects to
human immune system, anticholesterolic effects,
properties of some bioactive peptides to decrease
high blood pressure and to utilize calcium from the
food, and others. After testing for probiotic prop-
erties, including clinical trials, probiotic products are
developed on the base of the selected probiotic
bacteria. In the areas of molecular biology and
probiotic effects Zhechko Dimitrov is author of
over 40 scientific publications in foreign and Bul-
garian scientific journals with a total impact factor
over 18.5, 5 projects with external financing to to-
tal about 2.6 million Euro, and three patent appli-
cations. Zhechko Dimitrov has 4 scientific publica-
tions in Advances in Bulgarian sciences journal.
Since the beginning of 2011 Zhechko Dimitrov is
head of the Centre for Research and Development
at LB Bulgaricum. Over the next few years under
the leadership of Dr. Zhechko Dimitrov LB
Bulgaricum’s Research Centre will focus its efforts
to introduce new research areas of technological
research and health properties of LAB, as well to
conduct clinical trials to definitively prove the
probiotic properties. An important focus will be the
development of new probiotic products. Since the
beginning of 2011 the development of four new
probiotic products containing specially selected
probiotic LAB was completed as a result of long
research and innovation. Main types of the
probiotic products will be: fresh dairy products with
probiotics and prebiotics, dried products, cheeses
fortified with bioactive peptides, drinks, capsules, etc.
It is expected that the probiotic products devel-
oped in LB Bulgaricum will be introduced on the
Bulgarian market in 2012 and from 2013 on foreign
markets.
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AWARDS

JOHN ATANASOFF AWARD FOR THE YEAR 2011

At an official ceremony in the beginning of
October 2011 President Georgi Parvanov for the
ninth time bestowed John Atanasoff Award
for achievements in the development of infor-
mation society. The award is bearing the name of
John Atanasoff - renowned scientist of Bulgar-
ian origin and creator of the first digital elec-
tronic computer in the world.

The award was established by President
Georgi Parvanov in 2003. It is adjudged every
year to a young Bulgarian with considerable con-
tribution to the development of computer and
information technologies and information society
in Bulgaria.

The carrier of the John Atanasoff award for
2011 is Dr. Kuzman Ganchev. He was born in So-
fia in 1981. He graduated from Swarthmore College
- Pennsylvania with bachelor degree in computer
sciences, and was distinguished by special award
for high performance. He got his MA from Univer-
sity of Pennsylvania, where in 2010 he successfully
defended his PhD thesis in the field of machine
learning with application of computer linguistics, on
which he worked for several years.

In 2008,/2009 he was a visiting fellow at the
Institute for Parallel Processing of Information at
the Bulgarian Academy of Sciences. He con-
ducted a course in linear modules in machine
learning for Master’s program in artificial intelli-
gence at the Faculty of Mathematics and
Informatics of Sofia University.

Since autumn 2010 he works for Google.

He has publications in prestigious journals and
was involved as a reviewer for authoritative pub-
lications, as well as in the international confer-
ence “"Recent Advances in Natural Language
Processing” held in Bulgaria in September 2009.

He is the author of a software package for
machine learning which at present is used by the
Ontotext joint-stock company, Sofia for analysis
of biomedical texts. Other approaches and con-
crete systems developed by him or with his par-

ticipation are used in American companies
TrialPay Inc. and the Bank of America. Method
for decreasing the quantity of machine memory
necessary for self-education offered in his arti-
cle in 2008 has been approved and used by Ya-
hoo! Inc.

Diploma for applied projects and develop-
ments in the field of electronic management
and information society in Bulgaria in 2011
was adjudged for the second time. The Head of
State handed it to Haralambi Haralambiev. He
was born in 1985 and in 2009 graduated from
Sofia University St. Kliment Ohridski, faculty of
mathematics and informatics, with bachelor de-
gree in discrete and algebraic structures. He has
a number of national and international insignias
of honour in the field of informatics and com-
puter sciences. In the recent years he heads the
applied research and development centre at
Musala Soft Company. Within the centre he is
responsible for 4 innovative projects having con-
tribution to the development of definite aspects
of information technologies at national and in-
ternational level. Owing to his energetic activity
Musala SOFT Company received Pythagoras
award of the Ministry of Education, Youth and
Science for successful cooperation with scientific
and public organizations for 2010.

The Head of State also handed "John
Atanasoff award for schoolchildren”. This
year it was adjudged to Rumen Hristov, born in
1993, a student at “Nancho Popovich” High
School of Natural Sciences and Mathematics in
the city of Shumen. Among the distinctions he
has won there are: the 2007 award of the city
of Shumen for the student of the year in the
field of natural and mathematical sciences,
golden insignia for contribution to the youth in-
novation and information society; gold medal at
the International Olympiad in mathematics in
Thailand, gold medal at the International
Zhautikov Olympiad in mathematics, physics and
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informatics in the city of Almati, Kazakhstan, gold
medal and second place in the final ranking at
the International Olympiad in informatics in
Canada; gold medals at the Youth Balkan Olym-
piad in informatics in Shumen, Belgrade and
Bistritza (Romania), where he had highest score
in the final ranking; silver medal at the Interna-
tional Olympiad in informatics in Cairo. He is
“John Atanasoff award for schoolchildren” win-
ner for 2008 and 2009.

In his speech during the ceremony the Head
of State expressed his content for validation of
the initiative as a serious moral stimulus for
young people who dedicated themselves to sci-
entific and applied research in the field of com-
puter technologies, as well as for commitment to
it by Bulgarian universities, BAS, state institutions
and business.

AWARDED WORKS AND SCIENTISTS IN THE COMPETITION FOR HIGH
SCIENTIFIC ACHIEVEMENTS BY THE UNION OF SCIENTISTS IN BULGARIA
IN 2011

FOR RESEARCH ACHIEVEMENTS IN DISSER-
TATION WORKS DEFENDED IN 2010 BY
RESEARCHERS AGED UPTO 35 YEARS

Diploma for Research Achievements and
Cash Prize
Dr. RAZVIGOR BORISLAVOV DARLENSKI
from Tokuda Hospital for his dissertation “Clini-
cal-experimental Investigations on the Role of
Epidermal Barrier at Contact Skin Hypersensitiv-
ity and Irritation”.

Diploma for Research Achievements

KIRIL STOYANOV SHTEREV, PhD from the
Institute of Mechanics at BAS for his thesis “Dig-
ital Modeling of Micro-flows of Compressible,
Viscous, Heat-conducting Gas".

SHAZIE YUMER YUSEIN-MYASHKOVA, PhD
from the Institute of Molecular Biology of BAS
for her dissertation “Molecular-genetic Charac-
teristics of hclB Gene Coding the Histamine
Receptor in Drosophila”.

YULIA RUSLANOVA ROMANOVA, PhD
from the Chair of Physical Chemistry at the Fac-
ulty of Chemistry of Sofia University St. Kl.
Ohridski for her dissertation “Influence of the
Environment on Geometry, Electronic Structure
and Magnetism of Polyaniline”.

FOR HIGH RESEARCH ACHIEVEMENTS OF
YOUNG SCIENTISTS, MEMBERS OF THE
UNION, UPTO 35 YEARS OLD

Diploma and Cash Prize

Theologian BLAGOVEST BLAGOEV VAR-
BAKOV from the Faculty of Theology of Sofia
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University St. KI. Ohridski for his monograph
“Founders of the Pchelin Church” and an essay
“Spiritual Aspects of the Christian Art”".

Diploma

Chief Assist. VIOLETA VALCHEVA RUSEVA,
PhD from the Institute of Microbiology at BAS
for five articles in international journals in the
field of infectious microbiology

Assoc. Prof. NATALIYA DANAILOVA
NIKOLOVA, PhD from Nikola Vaptzarov Naval
Academy - Varna, for 8 publications in the field
of qualitative analysis of solutions and of simu-
lation modeling, published in prestigious refer-
enced international journals.

FOR HIGH RESEARCH ACHIEVEMENTS OF
SCIENTISTS, MEMBERS OF THE UNION,
OVER 35 YEARS OLD

Diploma and Cash Prize

Prof. ZDRAVKO IVANOV LALCHEV, DSc
Head of Department at Sofia University St. Kl.
Ohridski Faculty of Biology - for his monograph
“Alveolar Surfactant and Neonatal Respiratory
Distress Syndrome. Physiological Aspects and
Modern Treatment” and 32 scientific publications,
from which 18 in journals with impact factor,
connected with development and application of
model systems in therapy of some types of pul-
monary pathologies.

Prof. ILZA KONSTANTINOVA PAZHEVA, DSc
from the Institute of Biophysics and Biophysical
Engineering of BAS - for 16 works in the field of
computer-assisted research of the transport P-
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glycoprotein, with 12 of them published in jour-
nals with high impact factor and one chapter of
the monograph - in specialized research publish-
ing house Bentham.

Prof. KIRIL VASILEV DIMCHEV - for three
monographs: “Methods of Teaching Bulgarian
Language. Realities and Trends”, “Fundamentals
of Methods of Teaching Bulgarian Language”,
“Linguistics. Language Teaching. Methods of

Language Teaching”.

Assoc. Prof. MITKO KONSTANTINOV
GAIDAROV, PhD from the Institute of Nuclear
Research and Nuclear Energy of BAS - for a cy-
cle of research works thematically directed to
investigation of nuclear structure of exotic nuclei
and their participation in nuclear reactions.
Seven of them are published in international sci-
entific journals with impact factor.

Prof. HRISTO BOYANOV BOYADZHIEV, DSc
from the Institute of Engineering Chemistry at
BAS - for his monograph “Theoretical Chemical
Engineering. Modeling and Simulation” published
in Germany.

Diplomas

Assoc. Prof. ANDREI IVANOV CHORBANOV,
PhD from the Institute of Microbiology at BAS -
for 12 scientific publications in the field of new
generation of vaccines and new molecules for
therapy of autoimmune diseases with potential
application in the clinical practice.

Prof. MONI ESHUA ALMALEH, DSc from
New Bulgaristics Department of the New Bulgar-
ian University - for his monograph “Light in the
Old Testament”

Chief Assist. NADEZHDA VASILEVA MAR-
KOVA, PhD from the Institute of Organic Chem-
istry at BAS - for her article ,Tautomeric
Equilibria of 5-Fluorouracil Anionic Species in
Water”, published in Journal of Physical Chemis-
try.

Chief Assist. STEFKA GEORGIEVA VEN-
KOVA, PhD from the Institute of Art Studies at
BAS - for her monograph “Music of the Catho-
lic Church of Eastern Rite in Bulgaria”, adding
new knowledge to the history of music, musical
archival science and anthropology of music.

Prof. STEPAN AGOP TERZIYAN, DSc from
“"Angel Kanchev” University of Ruse - for 8 arti-
cles in referenced journals with total impact fac-
tor 6,059 in the field of differential equations.

Diploma for Scientific-Applied Contribution

GEORGI VLADIMIROV VLADIMIROV, PhD
an expert at the Ministry of Culture - for two
monographs: “The Other Bulgaria on the Volga:
the Lost Civilization” and “Golden Horde and the
Bulgarians”.

YULIA KIRILOVA MAKSIMOVA, PhD from
the University Hospital of Neurology and Psy-
chiatry St. Naum - for a monograph “Alzheim-
er's Disease. Practical approaches of Communi-
cation”.

AWARDS FOR WORKS CREATED BY BIG
RESEARCH TEAMS ON PROJECTS OF NA-
TIONAL AND FOREIGN PROGRAMS

Diploma for Considerable Scientific-Applied
Contribution

“ATLAS OF AREAS AT RISK OF TSUNAMI ON
THE NOTHERN BULGARIAN BLACK SEA COAST.
BALCHIK AREA", developed by a team with edi-
tor-in-chief and compiler Assoc. Prof. Boyko
Rangelov.

ENCYCLOPEDIA "BULGARIA. DISTRICTS. RE-
GIONS. MUNICIPALITIES”. The idea for writing
this work belongs to Prof. Petar Slaveikov - dean
of the Geology and Geography Faculty of St. K.
Ohridski University of Sofia, who is a co-author
and editor of the work. Other co-authors are:
Assoc. Prof. Anton Popov, Assoc. Prof. Stilyan
Dimitrov, Chief Assistant Aleksandar Kotzev, and
Chief Assistant Kliment Naidenov.
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NACID IS HONORED WITH DIPLOMA FOR SUCCESSFULLY REALIZED PROJECT
ON THE OPERATIONAL PROGRAM “ADMINISTRATIVE CAPACITY"

At the official ceremony in the Museum of
Archeology on November 29, 2011 National
Centre for Information and Documentation
(NACID) was honored with a Diploma for suc-
cessfully realized project on the Operative Pro-
gram “Administrative Capacity”. The project
“Optimization, integration and introduction of
electronic management of administrative and
information services on acknowledgement of
diplomas for higher education and professional
qualifications obtained in the countries from the
European region and third countries” is one of
the six projects distinguished by the Managing
Body. It was presented as a good practice at the
annual information event “OPAK - main instru-
ment for implementation of administrative re-
form and electronic management. What we
have achieved, what we are proud of”.

The project was realized during the period of
June 2009 - March 2011, and unquestionable
benefits for the citizens and business are:

e Accelerated administrative service on ac-
knowledgement through a shortened time for

consideration of applications, not exceeding 2
months;

e Access to public information from the reg-
ister of issued certificates and register of refus-
als;

e Electronic filing of documents for academic
recognition of diplomas and possibility of getting
the certificate electronically;

e Monitoring on the Internet of the process
of processing of the filed documents by every
applicant - the course of consideration of the
application, the stage of the procedure, the deci-
sion taken on the application;

e Simplified checking of the academic status
of a foreign higher educational institution and le-
gitimacy of the proposed by it education before
its final choice;

e Checking of the academic and qualification
status of candidates for the job in the relevant
organization on the part of employers;

e Access to current information on the new
site of NACID on procedures of acknowledge-
ment in Bulgaria and abroad.
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ARTICLES
RECENT PUBLICATIONS OF BULGARIAN SCIENTISTS

Investigation of critical safety function “Heat sink” at low power and
cold condition for Kozloduy Nuclear Power Plant WWER-1000/V320
Andreeva, M., Pavlova, M. P., Groudev, P. P.

Annals of Nuclear Energy, In Press Available online (15 Nov. 2011)

Institute for Nuclear Research and Nuclear Energy, 72, Tzarigradsko
Shaussee Blvd. 72, 1784 Sofia, Bulgaria

0306-4549

CFAR BI detector for mariner targets in time domain for bistatic
forward scattering radar

Kabakchiev, Chr.1, Garvanov, I.Z, Cherniakov, I\/I.3, Gashinova, l\/|.3, Kabakchiev, A.4,
Kiovtorov, V.%, Vladimirova, M.*, Daskalov, P.*

Proceedings of SPIE - The International Society for Optical Engineering,
Vol. 8008, (2011), Article number 80081U

1Faculty of Mathematics and Informatics, Sofia University

“St. Kliment Ohridski”, Bulgaria;

“State University of Library Studies and Information Technologies,
Sofia, Bulgaria;

*School of Electrical, Electronic and Computer Engineering, University of
Birmingham, United Kingdom;

*Institute of Information and Communication Technologies, BAS, Sofia, Bulgaria.

0277-786X

Photoelectron transport ability of chloroplast thylakoid membranes
treated with NO donor SNP: Changes in flash oxygen evolution and
chlorophyll fluorescence

Vladkova, Radka', Dobrikova, Anelia G. ', Singh, Ranjeetz, Misra, Amarendra N. ?,
Apostolova, Emilia’

Nitric Oxide, Vol. 24, 2, (15 Mar. 2011), 84-90

"Institute of Biophysics and Biomedical Engineering, Bulgarian Academy of
Science, Acad. G. Bonchev Str., Bl. 21, 1113 Sofia, Bulgaria;

2Departmen’[ of Biosciences and Biotechnology, School of Biotechnology,
Fakir Mohan University, Jnan Bigyan Vihar, Balasore 756020, India.
1089-8603
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What have 10 years of health insurance reforms brought about in
Bulgaria? Re-appraising the Health Insurance Act of 1998

Atanasova, Elka"’, Pavlova, Milena®, Velickovski, Robert"”, Nikov, Bogomil"?,
Moutafova, Emanuela” Groot, Wim*”

Health Policy, Vol. 102, 2-3, (Oct. 2011), 263-269

'Department of Health Economics and Management, Faculty of Public Health,
Medical University - Varna, Varna, Bulgaria;

2Depar‘[ment of Health Organisation, Policy, and Economics, Faculty of Health,
Medicine and Life Sciences, CAPHRI, Maastricht University Medical Center,
Maastricht University, The Netherlands;

3Top Institute Evidence-Based Education Research (TIER), Maastricht
University, The Netherlands.

0168-8510

Geographical situation of radio and television transmitters in Bulgaria
Stefanova, Tereza Angelova

Procedia - Social and Behavioural Sciences, Vol. 19, (2011), 81-89

New Bulgarian University, 21, “Montevideo” Str., 1618 Sofia, Bulgaria
1877-0428

PIN33 Economic Impact of the Antiretroviral Pharmacotherapy on Cost
and HIV/AIDS Control in Bulgaria

Dimitrova, M., Manova, M., Yancheva, N, Tcherveniakova, T, Stefanova, M.%,
Petrova, G.'

Value in Health, Vol. 14, 7, (Nov. 2011), A271

"Medical University Sofia, Faculty of Pharmacy, Sofia, Bulgaria;

2University Hospital for active treatment of infectious and parasitic diseases,
Sofia, Bulgaria;

3Hospi’[al for Infectious and Parasitic Diseases, Sofia, Bulgaria.

1098-3015

Evaluation of mobile learning system

Georgieva, Evgeniya S., Smrikarov, Angel S., Georgiev, Tsvetozar S.
Procedia Computer Science, Vol. 3, (2011), 632-637

University of Ruse, 8, Studentska Str., 7017 Ruse, Bulgaria
1877-0509

Oxygen isotopic evidence of residence and migration in a Greek
colonial population on the Black Sea

Keenleyside, Anne', Schwarcz, Henry P2 Panayotova, Kristina®

Journal of Archaeological Science, Vol. 38, 10, (Oct. 2011), 2658-2666
1Department of Anthropology, DNA Building Block “C", Rm 224, 2140 East
Bank Drive, Trent University, Peterborough, Ontario, Canada K9J 7BS;
’School of Geography and Earth Sciences, General Science Building, Rm 302,
McMaster University, 1280 Main Street West, Hamilton, Ontario, Canada;
’Institute of Archaeology, Saborna Str. 2, 1000 Sofia, Bulgaria.

0305-4403
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Comparison of calculation models for determination of the mesopause
temperature using SATI images

Atanassov, Atanas Marinov

Advances in Space Research, Vol. 47, 11, (1 Jun. 2011), 1990-1998
Solar-Terrestrial Influences Institute, BAS, Department in Stara Zagora,

P.O. Box 73, Bulgaria

0273-1177

Solvent extraction of rosmarinic acid from lemon balm and
concentration of extracts by nanofiltration: Effect of plant
pre-treatment by supercritical carbon dioxide

Peev, G.1, Penchey, P.Z, Peshev, D.1, Angelov, G*

Chemical Engineering Research and Design, Vol. 89, 11, (Nov. 2011), 2236-2243
1Department of Chemical Engineering, University of Chemical Technology
and Metallurgy, 1756 Sofia, Bulgaria;

’Institute of Chemical Engineering, Bulgarian Academy of Sciences,

1113 Sofia, Bulgaria.

0263-8762

Three dimensional linear motion transformation in a higher order
dimensional space

Tsankov, Y. Ts.!, Kazakoff, Al. B.?

Applied Mathematical Modelling, Vol. 35, 12, (Dec. 2011), 5714-5740

"Faculty of Mathematics and Informatics, Sofia University “St. Kliment
Ohridski”, Bulgaria;

“Institute of Mechanics, Bulgarian Academy of Sciences, Acad. G. Bonchev Str,,
Bl. 4, 1113 Sofia, Bulgaria.

0307-904X

Growth Behaviour and Zero Distribution of Rational Approximants
Blatt, H.—P.1, Kovacheva, R. K2

Constructive Approximation, Vol. 34, 3, (Dec. 2011), 393-420
1l\/lathematisch—Geographische Fakultat, Lehrstuhl far Mathematik-
Angewandte Mathematik, Katholische Universitat Eichstatt-Ingolstadt, 85071
Eichstatt, Germany;

’Institute of Mathematics and Informatics, Bulgarian Academy of Sciences, 8,
Acad. G. Bonchev Str., 1113 Sofia, Bulgaria.

0176-4276

On the N-wave equations and soliton interactions in two and three
dimensions

Gerdjikov, V. s.!, vanov, R. 17, Kyuldjiev, AV

Wave Motion, Vol. 48, 8, (Dec. 2011), 791-804

"Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of
Sciences, 1784 Sofia, Bulgaria;

’School of Mathematical Sciences, Dublin Institute of Technology, Kevin
Str.,, Dublin 8, Ireland.

0165-2125
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Differentiability of solutions of impulsive differential equations with
respect to the impulsive perturbations

Dishlieva, K. G.

Nonlinear Analysis-Real World Applications, Vol. 12, 6, (Dec. 2011), 3541-3551
Technical University, Sofia, Bulgaria

1468-1218

Fabrication of ZnO nanorods using metal nanoparticles as growth nuclei
Dikovska, A. Og., Nedyalkov, N. N., Atanasov, P. A.

Materials Science and Engineering B: Solid-State Materials for Advanced
Technology, Vol. 176, 19, (25 Nov. 2011), 1548-1551

Institute of Electronics, Bulgarian Academy of Sciences, 72, Tsarigradsko
Shause Blvd., 1784 Sofia, Bulgaria

0921-5107

Magnetic separation of coal fly ash from Bulgarian power plants
Shoumkova, A. S.

Waste Management & Research, Vol. 29, 10, (Aug. 2010), 1078-1089
Bulgarian Academy of Sciences, Institut of Physical Chemistry, 1113 Sofia,
Bulgaria

0734-242X

A new detector for metal cations based on the combined effect of
photoinduced electron transfer and a light harvesting system
Grabchev, Ivo'; Bosch, Paula’; Staneva, Dessislava’

Journal of Photochemistry and Photobiology A-Chemistry, Vol. 222, 1,

(Jun. 2011), 288-292

'Sofia University “St. Kliment Ohridski”, Fac Med, 1407 Sofia, Bulgaria;
2CSIC, Inst Polymer Sci & Technol, Dept Photochem, E-28006 Madrid, Spain;
3University of Chemical Technology and Metallurgy, 1758 Sofia, Bulgaria.
1010-6030

Propolis: Is there a potential for the development of new drugs?
Sforcin, Jose l\/Iauricio1; Bankova, Vassya2

Journal of Ethnopharmacology, Vol. 133, 2, (27 Jan 2011), 253-260

"UNESP, Dept Microbiol & Immunol, Biosci Inst, BR-18618000 Botucatu, SP, Brazil;
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EVENTS

EUROPEAN RESEARCHERS' NIGHT 2011

European Researchers’ Night was held in Bul-
garia for the sixth consecutive year - annual
event which is held on the same day in the whole
Europe. It was realized with financial support of
the European Commission on the 7-th Frame-
work Programme for research and technological
development, subprogram “People”.

European researchers’ night was held on
September 23, 2011 simultaneously in the cities
of Sofia, Plovdiv, Varna, Ruse, Stara Zagora and
Burgas with various events.

In Bulgaria the project “European Researchers’
Night 2011" - RECSES (REsearchers in Chemistry
Supporting Economy and Society), was realized by
a consortium with participants: Sofia University St.
KI. Ohridski (coordinator), Young Talents Club,
Technical University - Sofia, Thracian University -
Stara Zagora, Information and improving teacher’s
qualification department, “Angel Kanchev” Univer-
sity of Ruse, Plovdiv University “Paisii Hilendarski”,
Education Centre - Varna, Burgas Free University
and GIS-Transfer Centre Foundation.

European Researchers’ Night Program 201
was realized with support from a number of or-
ganizations on the national and local level, such
as Union of Scientists in Bulgaria, Bulgarian Acad-
emy of Sciences, National Polytechnic Museum,
“Obekti” magazine, “AzBuki” newspaper, etc.

During previous years intention of the team

was to direct public attention to different
spheres of science: physics and technologies
(2006); archeology and history (2007); biology,
chemistry and ecology (2008); astronomy
(2009). In 2010 the accent was made on re-
searchers’ role in science and industry for tech-
nological development in promotion of EU poli-
cies for improving economic growth and quality
of life. Events organized during previous years
were very successful and highly appreciated by
the public, especially by young people who were
given various possibilities for participation.

In the context of the International Year of
Chemistry European Researchers’ Night 2011 in
Bulgaria was conducted under the motto: “Re-
searchers and chemistry in support of
economy and society”. The year 2011 was the
centenary from adjudging the Nobel Prize in
chemistry to Marie Sklodowska-Curie - the first
woman Nobel Prize laureate and the first scien-
tist honored twice by Nobel Prize, which was the
occasion to mark women’s contribution to sci-
ence.

2011 r. marked the 100-th anniversary from
creation of a model of the atom by Rutherford
- a discovery that changed our idea of the struc-
ture of the environment and had great influence
over advances in different human activities and
over the development of economy and quality
of life in modern society.

START OF BULGARIAN-SWISS RESEARCH PROGRAM 2011 - 2016

On October 27, 2011 Mrs. Petya Evtimova -
Deputy Minister of Education, Youth and Science,
and HE Mrs. Regina Escher - the ambassador of
the Swiss Confederation, opened an Information
Day to mark the start of the Bulgarian-Swiss
Research Program 2011 - 20176.

Swiss Confederation takes part in enlarge-

ment of the EU, supporting efforts in decrease
of economic and social inequities within the en-
larged EU by means of measures mutually
agreed upon by the parties. Bulgaria is among
the countries that get the support. One of the
chosen fields for cooperation with Bulgaria is
research activity. For this purpose Bulgarian-

. 105



106

Advances in Bulgarian Science

Swiss Research Program (BSRP) was created.

Swiss national research foundation and Re-
search Department at the Ministry of Education,
Youth and Science (MEYS) are national organi-
zations which are responsible for the entire man-
agement and administration of the program.
They are responsible for guarantying proper re-
alization of the program in accordance with its
aims, principles and procedures.

Bulgarian-Swiss Research Program meets the
needs of the Bulgarian research community in
better international integration and cooperation.
It will be realized by means of mobilization of
the research capacity in Switzerland and Bulgaria
and supporting research cooperation by means
of joint research projects and non-recourse fi-
nancing. The projects will give chance to Bulgar-
ian researchers together with scientists from
Switzerland under the form of consortiums to
perform research activities directed to particular

problems in four subject areas:

e ecology: forestry, agriculture, land manage-
ment, waste utilization;

e social sciences: social and human inequality
and regional inequities;

e medicine: design and simulation of medicines;

® engineering: innovative construction design,
methods and materials.

Projects carried out under the research pro-
gram aim at strengthening the research coopera-
tion between Bulgaria and Switzerland. Particu-
lar tasks of the Bulgarian-Swiss research Pro-
gram for achieving the goal are:

e promoting integration of Bulgarian re-
searchers into international networks;

e facilitation of knowledge and know-how
exchange among scientists.

Duration of the projects is up to 3 years and
the research will be carried out in the participat-
ing research centers in both countries.

FIRST SOFIA FESTIVAL OF SCIENCE

Sofia Festival of Science - a place where
boundaries between culture and science do not
exist - was held on May 11-15, 2011 in the Doc-
tors’” Garden in Sofia. The event is a part of the
Cultural calendar of the capital.

Sofia Festival of Science is organized by the
British Council and Democritus Forum under the
patronage of the Ministry of Education, Youth
and Science in partnership with the capital mu-
nicipality.

A festival uniting different interesting events,
varied publics, young and recognized scientists
from the country and abroad is organized for the
first time in Bulgaria. It will be held annually and
will become a part of the international network.

In the era of the increasingly fast-paced
technological development and continuous sci-
entific discoveries the mankind is facing unpar-
alleled challenges, and more and more solutions
are in the hands of researchers. On the other
hand, human understanding of basic notions
from the field of science is both right and obli-
gation of every member of the modern demo-
cratic society.

For the opening of the festival many foreign

researchers came to Sofia - the creators of the
Large Hadron Collider (particle accelerator) at
CERN Institute and ideologists of the experi-
ments in it - Lyn Evans and Jim Virdee. Dr. Spiros
Katsinelis from Greece disclosed the science in
dreaming - what is a sleep, what we know and
what we do not know about dreams. Mark
Lewney from the United Kingdom told about
physics through his acoustic show “Rock Guitar
in 11 Dimensions”. Frank Burnet, First Professor in
Science Communication in the UK, revealed an
entirely unexpected cause to go out with friends
for a drink. Hristo Kolev and Bozhidar Stefanov
impressed with their show “Chemical Illusionism”.

Partners of the Sofia Festival of Science are:
Sofia University St KI. Ohridski, Forestry University,
Bulgarian Academy of Sciences, Union of Scien-
tists in Bulgaria, Polish Cultural Institute - Sofia,
Bea Solutions, Programata Journal, Obekti Journal,
Dunkin’ Donuts, Ciela Publishing House, Roi Pub-
lishing House, Microsoft, Go Green Communica-
tions. Media partners are: Bulgarian National Tel-
evision, iINews, NetInfo, az-deteto.com, BBC Knowl-
edge journal, Osem Journal, Bulgarian Science
journal and newspaper “Az-Buki”.



