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ДАННИ ОТ НАЦИОНАЛНАТА СИСТЕМА ЗА МОНИТОРИНГ НА
ШУМА
В УРБАНИЗИРАНИТЕ ТЕРИТОРИИ НА Р БЪЛГАРИЯ
П. Иванова, М. Израел
Национален център по Обществено здраве и анализи

Въведение
Шумовото замърсяване в големите градове през последните години се
признава като проблем не само по отношение на качеството на живот, но и на
общественото здраве.
Шумът в околната среда е източник на дразнение и стрес, нарушения на съня,
също така се свързва и с повишения риск от сърдечно-съдови заболявания,
включително инфаркт и инсулт.
Почти 90% от въздействията върху здравето, свързани с шума, се дължат на
шума от уличното движение. Трафикът по високоскоростните магистрали на
големите градове в пиковите часове, по наши данни, достига 2000 - 3000 превозни
средства на час.
Оценка на шума в урбанизираната среда се извършва съгласно Директива
2002/49/ЕО на Европейския парламент и на Съвета „Относно оценката и
управлението на шума в околната среда” [1]. В европейското законодателство през
последните години се разработиха и приеха редица нови документи. За
уеднаквяването на методите за оценка на шума в страните членки през 2015 г. работна
група на Регулаторния комитет, създаден по чл. 13(1) от Директива 2002/49/ЕО,
финализира промените касаещи Приложение ІІ. Като резултат беше приета
Директива (ЕС) 2015/996 за установяване на общи методи за оценка на шума в
съответствие с Директива 2002/49/ЕО[2]. Предстои да се приеме нова директива,
като част от преразглеждането на Приложение ІІІ от Директива 2002/49/ЕО, относно
методите за оценка на вредните ефекти от шума. Световната здравна организация
(СЗО) със своя регионален офис за Европа през 2016 г. публикуваха Насоки за оценка
на шума в околната среда на СЗО за Европейския регион, представящи връзката
„доза-ефект” при нарушенията на съня, дискомфорта и сърдечно-съдовите
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заболявания[3]. Издаден е наръчник за добрите практики в тихите зони (EEA, 2014),
който е предназначен да подкрепя усилията на държавите и градовете[4].
Във връзка с приетите нови Директиви на Европейската комисия предстоят
промени в нашето законодателство, свързано с оценката на шума, които трябва да се
осъществят до края на 2018 г.

Цел на проучването
Контролът върху качеството на околната среда е една от основните задачи на
общественото здравеопазване, а той може да се осъществява само при получаването
на адекватна информация при идентифициране на източниците и техния принос към
общата експозиция на населението.

Материали и Методи
Необходимостта от контрол и управление на шума в урбанизираната среда у
нас са дефинирани в Закон за защита от шума в околната среда [5] и Закон за здравето
[6]. Контролът се извършва на основание на Наредба № 54/2010 г. на МЗ и МОСВ „за
дейността на националната система за мониторинг на шума в околната среда и за
изискванията за провеждане на собствен мониторинг и предоставяне на
информация от промишлените източници на шум в околната среда” [7], в
съответствие с изискванията на „Методика за определяне броя, разположението и
разпределението на пунктовете за мониторинг на шума, както и периодичността
на измерванията и/или изчисленията на шумовите нива”, утвърдена от МЗ, 2007 г.
[8].
Националната система за мониторинг на шума обхваща всички агломерации и
преминаващите през тях участъци от основните пътища, железопътни линии и
летища, както и промишлените източници на шум. Чрез комплекс от измервателни,
аналитични и информационни дейности се осигурява достоверна информация за
състоянието на шумовото замърсяване в урбанизираните територии.
Националният център по обществено здраве и анализи (НЦОЗА) организира и
ръководи дейността на националната система за мониторинг на шума, като осигурява
обучение на лицата от Регионалните здравни инспекции (РЗИ), извършващи
измервания на шум и проверява компетентността им по отношение на прилагането на
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методите за мониторинг. РЗИ съвместно с общинските ръководства разработва
програми за мониторинг на шума в съответната урбанизирана територия, на която
упражняват контрол.
Данните от всички измервания и/или изчисления служат за изготвяне на
годишен доклад с анализ и оценка на шумовото натоварване в района на съответната
РЗИ. Изготвените доклади се предоставят на Министерство на здравеопазването и на
НЦОЗА - за изготвяне на обобщен годишен доклад. Същите се представят и на
кметовете на съответните общини за предприемане на действия. Всички данни от
извършения мониторинг се съхраняват в РЗИ и могат да послужат за представяне на
информация на населението при необходимост.
Оценката на шумовото натоварване в урбанизираните територии се извършва
по показател Lден

(усреднено еквивалентно дневно ниво на шума), определящ

степента на дискомфорт през дневния период на денонощието (7.00-19.00 ч), съгласно
Наредба № 6 от 2006 г. на МЗ и МОСВ „за показатели за шум в околната среда,
отчитащи степента на дискомфорт през различните части на денонощието,
граничните стойности на показателите за шум в околната среда, методите за
оценка на стойностите на показателите за шум и вредните ефекти от шума върху
здравето на населението” [9] и стандарти БДС ISO 1996-1/2[10,11].
Измерванията и/или изчисленията на шума в урбанизираните територии се
извършват от РЗИ в определените пунктове, не по-малко от един път годишно, в
периода м. май-юни и/или м. септември-октомври.
До 40 % от пунктовете за мониторинг на шума се определят върху територии,
прилежащи към пътни, железопътни и въздушни трасета. От тях до 60% върху
територии, подложени на въздействието на интензивен автомобилен трафик; 25%
върху територии, подложени на въздействието на релсов, железопътен и трамваен
транспорт; 15% върху територии, подложени на въздействието на авиационен шум.
До 30% от пунктовете за мониторинг на шума се определят върху територии с
промишлени източници на шум – производствено-складови територии и зони и до
30% от пунктовете за мониторинг на шума се определят върху територии, подлежащи
на усилена шумозащита.
Успоредно с акустичните измервания се отчита интензивността и структурата
на транспортните потоци, вида на пътната настилка, степента на застрояване и
озеленяване.
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Резултати и Обсъждане
В резултат на многогодишни измервания са събрани данни за измерените нива
на шум от 80 – те години на миналия век до сега.
Контролирани са шумовите нива в околната среда във всички областни градове,
както и в девет общини на Р България, а именно: Ботевград, Самоков и Своге от
Софийска област, Горна Оряховица и Свищов от област Велико Търново, Дупница от
област Кюстендил, Казанлък от област Ст. Загора, Попово и Омуртаг от област
Търговище.
Данните за отделните пунктове се обобщават за страната, разпределени по вида
на териториите и устройствените зони.
От получените резултати, след извършване на оценка за съответствие с нормите,
се изготвя анализ за състоянието на шумовото натоварване.
За осъществяване на проследяване на нивата на шума през годините, получените
данни за отделните пунктове от градовете на цялата страна се разпределят и се
групират в следните диапазони: под 58 dB(A); 58-62 dB(A); 63-67 dB(A); 68-72 dB(A);
73-77 dB(A); 78-82 dB(A); над 82 dB(A).
Таблица 1:
Разпределение по диапазони
на регистрираните
нива в урбанизираните територии на Р България за периода 2006 – 2015 г. (в %)

шумови

пунктове, %

Общ брой

Година

Таблица 1

2006
100
2007
100
2008
100
2009
100
2010
100
2011
100
2012
100
2013
100
2014
100
2015
100
Източник РЗИ

Разпределение на регистрираните шумови нива
по диапазони, в %
под 58
dB(A)
14,04
18,03
17,91
19,26
20,83
21,05
22,63
23,42
20,98
20,91

58-62
dB(A)
18,03
16,34
17,91
16,23
15,52
16,09
17,08
15,56
17,89
17,47

63-67
dB(A)
32,64
26,62
28,51
31,22
32,04
32,32
32,78
33,33
33,66
34,25
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68-72
dB(A)
27,32
30,42
26,03
26,27
24,43
24,07
20,80
22,59
22,40
22,83

73-77 78-82 над 82
dB(A) dB(A) dB(A)
7,40
0,57
0,00
8,31
0,28
0,00
8,95
0,69
0,00
7,02
0,00
0,00
7,18
0,00
0,00
6,46
0,00
0,00
6,89
0,00
0,00
5,10
0,00
0,00
5,07
0,00
0,00
4,54
0,00
0,00
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Фигура 1. Графично представяне на резултатите от Таблица 1
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Анализът на данните от таблицата показва, че пунктовете с регистрирани
шумови нива в най-ниския диапазон, под 58 dB(A) нарастват през разглеждания
десетгодишен период, което може да се счита за благоприятна тенденция.
Броят на пунктовете попадащи в диапазон 63-67 dB(A) е най-висок, като търпи
незначителни промени през годините. Нивата, попадащи в този диапазон, са от
измервания предимно в зони, подлежащи на усилена шумозащита и централни
градски части, за които нормите са съответно от 40 до 60 dB(A).
Положителна тенденция се забелязва при диапазоните с високи нива 68-72
dB(A) и 73-77 dB(A)., където намалява значително броят на пунктове, а като трайна
тенденция се очертава намаляването на броя на пунктове, в които се отчитат найвисоките стойности на шумови нива, а именно - в диапазони (78-82) dB(A) и над 82
dB(A).
Ако се разгледа динамиката в изследванията през десетгодишния период 2006 –
2015 г., през който се провежда мониторинга на шум съгласно Директива 2002/49/ЕО
[1]., се забелязва слабо намаление на експозицията на шум в контролираните зони, но
като цяло нивата на еквивалентното дневно ниво на шума в по-голямата част от
изследваните пунктове надхвърлят граничните стойности за съответните населени
територии и зони, регламентирани в Наредба № 6/2006 г. [9].
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През 2015 г., в рамките на националната система за мониторинг на шум, РЗИ са
провели измервания на градския шум в общо 727 пункта.
Фигура 2. Разпределение по диапазони на регистрираните шумови нива в урбанизираните
територии на Р България за 2015 г., (в %)

под 58

58-62

63-67

68-72

73-77

78-82

над 82

4,54%
20,91%
22,83%

17,47%

34,25%

Фигура 2

През 2015 г. в 519 броя от контролните пунктове в страната са измерени
стойности над допустимите, което представлява 71 % от общия брой контролирани
зони. Тревожен е фактът, че над 1/3 от общият брой пунктове с наднормени стойности
(37 %) са на територии, подлежащи на усилена шумозащита: жилищни зони,
територии за обществен и индивидуален отдих, в близост до лечебни заведения и
санаториуми, както и в тихи зони, извън урбанизираните територии.

Изводи
Шумът е един от факторите с най-неблагоприятно въздействие върху
населението в големите градове. Потенциалът му като източник на вредни
въздействия е безспорен.

Предизвикателство е съпоставянето от една страна на

шумовото замърсяване и от друга - търсенето и потребностите на обществото за
мобилност и продуктивност.
Изследваният показател, определящ степента на дискомфорт през дневния
период на денонощието, остава висок през десетте години на проследяване.
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За намаляване на шумовото замърсяване са необходими значителни усилия,
изискващи актуална политика относно шума, съответстваща на съвременното научно
познание, както и подобрения в градското проектиране и мерките за намаляване на
шума при източника (EU, 2013) [12]. В резултат от провежданият през годините
мониторинг, в по-големите градове като София, Пловдив, Бургас, Варна и Плевен са
разработени ефективни програми за намаляване на шума, в които са включени мерки
за защитата от шума в териториите подлежащи на усилена шумозащита, като
намаляване на скоростта по вътрешно кварталните улици, подмяна на пътните
настилки, залесяване и изграждане на шумозаглушителни екрани, ограничаване на
движението на тежкотоварни средства в централните градски части и др.
Европейската

агенция

за

околна

среда

счита,

че

за

справяне

с

предизвикателствата свързани с шума е важно, допълнителното укрепване на
възможностите за подобряване на обществената осведоменост и ангажираността на
гражданите [13]. Данните от националната система за мониторинг на шума в
урбанизираните територии на Р България служат за осъществяване на тези цели.
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APPLICATION OF EFOMP AND EUREF QUALITY CONTROL
PROTOCOLS IN EVALUATION OF A MODERN FULL FIELD DIGITAL
MAMMOGRAPHY SYSTEM
A. Dimov 1, G. Kasparyan, F. Vassileva, I. Tsanev , F. Simeonov
National Centre of Radiobiology and Radiation Protection, Sofia, Bulgaria

Abstract
EFOMP and EUREF Protocols for quality assurance in breast cancer screening give
guidelines for Quality Control (QC) of digital mammography X-ray systems. Contrast detail
analysis is a key method for assessment of image quality (IQ) of these systems. It is
recommended as a tool in testing of screening mammography units according to European
guideline and it is also applicable to general assessment of equipment performance as part
of optimization process.
In this study main QC testing procedures recommended by above mentioned
protocols were applied on a Siemens full field flat panel digital mammography system.
Pictures of CDMAM and ACR phantoms were analysed as part of image quality assessment
along with assessment of LCS, HCR, MGD, SDNR compensation, detector response
function, noise evaluation, image uniformity, etc.
Based on conclusions obtained, recommendations on practical application of
explored methods for meeting of Bulgarian regulatory requirements for physics quality
control testing of digital mammography systems as part of process for approval of
mammography screening programmes.

Key words: digital mammography; screening; contrast detail analysis; CDMAM images,
CDCOM
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Introduction
EFOMP and EUREF Protocols for quality assurance in breast cancer screening give
guidelines for Quality Control (QC) of digital mammography X-ray systems [1, 2]. Contrast
detail analysis by means of CDMAM imaging is a key method for assessment of image
quality (IQ) [3].
Although it is recommended as a tool in testing of screening mammography units
according to European guideline and it is also applicable to assessment of equipment
performance as part of optimization process, it is not widely available so far. Different
phantoms and methods for image quality assessment are available and need to be considered
as possible
alternative, or as an addition to CDMAM testing of digital screening mammography
systems. National Centre of Radiobiology and Radiation Protection (NCRRP) has a legal
obligation for approving the mammography screening programmes [4]. Approbation of
different methods for physics Quality Assurance (QA) of digital screening mammography
X-ray systems with a final aim of elaboration of a National protocol is a key task of NCRRP,
as a leading stakeholder in the area.

Materials and Methods
The quality assurance methods were applied on a Mammomat Fusion full field
digital mammography system (Siemens, Germany) with P40 MoW XX-ray tube. The Source
to Detector Distance (SID) is 65 cm, the active Field size (FS) of detector is 24cmх30cm;
Anode/Filter combination is: W/50μm Rh. There are two focal spot sizes: Fine Focus=0.15
mm and Broad Focus (BF)=0.3 mm. The Flat Panel Detector (FPD) of the system is based
on method of indirect conversion of X-rays using CsI scintillator detector.
The tube and generator measurements were carried our using Barracuda X-ray
analyser (RTI Electronics AB, Sweden) equipped with 1 cc Magna ion chamber (Standard
Imaging, USA). The Entrance Surface Air Kerma (ESAK) without backscatter was measured
by the Multipurpose Detector (MPD) of Barracuda and Entrance Surface Kerma (ESK) with
backscatter was measured with Magna 1cc ion chamber. The Average Glandular Dose
(AGD) was assessed according to EUREF recommended method, as IQ was assessed using
also EFOMP protocol [1, 2].
A set of main mammography Image Quality (IQ) parameters were assessed using
different testing objects:
- Hüttner type 18 test tool - for High Contrast Resolution (HCR);
- ACR model: 156 – for accreditation of mammography units according to American
College of Radiology (ACR) recommendations [5];
- 20x20 mm Al square, 0.2 mm thick - for Signal and Noise assessment;
- CDMAM 3.4 CD phantom and CDCOM software – for Contrast Detail (CD)
Analysis [6, 7, 8];
- PMMA slab phantom 24x30 cm, 0.5 cm – 8 cm total thickness.
The threshold gold thickness for a typical human observer was estimated using the
following equation:
(1)
Tpredicted = a [Tauto] n,
where Tpredicted is the predicted human threshold gold thickness and Tauto is the threshold
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gold thickness measured with the automated procedure included in the CDMAM analysis, a
and n are fitted parameters with corresponding values of: a = 1.441, n = 0.895 [1].

Results
Table 1. Results of X-tay tube and generator measurements
Focus to chamber distance in cm
Anode/

Focus

Filter

Set

62.5
Set mAs

Calculated

Meas V

Meas T

Air Kerma

kV
(kV)

Output
@1m

(mAs)

(mV)

(ms)

(mGy)

(µGy/mAs)

Variation of output with kilovoltage (No compression plate)
W/Rh

BF

25

20

25.79

644.1

0.630

12.31

W/Rh

BF

27

20

27.80

644.6

0.761

14.86

W/Rh

BF

29

20

29.62

643.6

0.888

17.35

W/Rh

BF

31

20

31.48

644.6

1.013

19.79

W/Rh

BF

32

20

32.62

644.1

1.072

20.94

Consistency of output
W/Rh

BF

28

20

28.70

643.6

0.827

16.15

W/Rh

BF

28

20

28.71

643.1

0.825

16.12

W/Rh

BF

28

20

28.81

644.1

0.826

16.12

Variation of output with mAs
W/Rh

BF

28

5

29.59

258.5

0.1657

12.95

W/Rh

BF

28

10

29.61

654.2

0.3308

12.92

W/Rh

BF

28

20

29.7

643.1

0.6599

12.89

W/Rh

BF

28

40

29.61

642.1

1.3160

12.85

W/Rh

BF

28

80

29.57

640.1

2.6210

12.80

W/Rh

BF

28

160

29.57

1183

5.2450

12.81

The results of X-ray tube and generator measurements are given in Table 1, as Table
2. represents analysis of main results from tube and generator, automatic exposure control
and image quality assessment.

Table. 2. Analysis of main results from tube and generator, automatic exposure control and image
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quality assessment
Parameter
The op at 1m at 28kV (BF,
W/Rh),µGy(mA.s)-1
The kV consitancy (BF, W/Rh)
HVL, mmAl
The max kV inaccuracy (BF, W/Rh), kV
Kerma rate at SID, mGy/s
AEC consistancy - ESK, %
AGD, mGy
HCR, mm-1
LCS for object with diameter of 2mm, %
Exposure time, s
AEC SDNR compensation, ΔSDNR 45mm, %

Measure
d
12.9
0

RL/SL
>40/>3

>13/>10
<1.3/<1.
8
1.00
1.2
<1.5/<2.0
24% (20 mm PMMA)
-3% (60 mmPMMA)

AEC Reproducibility, COV of SDNR, %
R2
COV, %
Detector: Noise: Linerity of MPV with Ka: R2
Detector: Uniformity:
Global, %
Local, %
Detector: Artifacts, Yes or No
CDMAM CD Curve:
IQFinv
% Detect
Detector response:

2
1.00
0,12

<5
≥ 0.95
≤10

0.99
1.8
0.9
No
111.9

≥0,95
<10
<5
No
74

Comment

OK *
na/±5%
0,3-0,4
±1
>10/>5
<2/<5
≤14/≤15

0.24%
0.56
0.8
5.9
0.76
2.34
13.5

OK
?

OK
OK *
OK
OK *
OK
OK <2.5mGy [1]
OK
OK
OK
OK ≥0% (20 mm PMMA)
≥-30% (60 mm
OK PMMA)
OK
OK
OK
OK
OK
OK
OK
OK
OK

Analysis of CDMAM images
The measured half value layer (HVL) for the W/Rh target/filter combination of the
mammography unit at 28 kV was 0.56 mm Al (see Table 2.). The value of AVG on this
mammography system was assessed to: 1.51 mGy for a 45 mm PMMA phantom and W/Rh
combination.
A set of 9 X-ray mammography images of CDMAM 3.4 phantom were acquired and
analysed using CDCOM software [8]. Main advantage of automatic reading is in the
potential of eliminating observer error, which might significant problem when using human
observers reading [1, 3]. Results of the analysis were obtained separately for each diameter
of the structures of CDMAM phantom (0.06, 0.08, 0.10, 0.13, 0.16, 0.20, 0.25, 0.31, 0.40,
0.50, 0.63, 0.80, 1.00, 1.25, 1.60 and 2.00 mm). All of this is shown in Table 3.
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Table 3. Estimated threshold gold thickness at various diameter.
Diameter
[mm]

Automatic threshold
gold thickness [µm]

0.06
0.08
0.10
0.13
0.16
0.20
0.25
0.31
0.40
0.50
0.63
0.80
1.00
1.25
1.60
2.00

2.5
1.351
0.782
0.431
0.236
0.228
0.17
0.149
0.077
0.065
0.043
0.045
0.038
0.03
0.03
0.04

Predicted human
threshold
gold thickness [µm]
3.27
1.886
1.156
0.678
0.396
0.384
0.295
0.262
0.145
0.125
0.086
0.090
0.077
0.062
0.062
0.081

The results were expressed as automatic threshold gold thickness, at threshold level
of 62.5% probability for detecting of a disk of certain size (Figure 1). Resuls for Tpredicted are
shown in Table 3.

Figure 1. Plot of a threshold gold thickness as a function of disk diameter for CDMAM images
analysed by CDCOM software.
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Discussion
In Bulgaria mammography screening for special target groups are organized on a
regular basis by Ministry of Health and other health institutions. Availability of CDMAM
phantom for CD assessment of image quality is limited to NCRRP so far. The human and
financial resources of NCRRP for providing full QA service are not sufficient and NCRRP
needs to rely on external QA service suppliers in process of approving the screening. Hence
establishing of common protocol for physics QA in mammography based on different IQ
assessment methods will be an important step in standardizing the ammo QA procedures.

Conclusions
Different QC test procedures based on EUREF and EFOMP mammography QA
protocols were successfully implemented on this full field digital mammography system.
Results obtained showed that all tested parameters are within recommended tolerances. A
National protocol for QC of digital mammography including screening systems have to be
elaborated and adopted for standardizing the testing procedures. Contrast detail analysis
based on CDMAM images is valuable tool for image quality assessment and optimization
studies and is recommended as a key part of QA testing of digital mammography screening
systems.
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EVALUATION THE FEASIBILITY OF VMAT TREATMENT PLAN
VERIFICATION WITH OCTAVIUS 4D PHANTOM USING DIFFERENT
DOSIMETRY CRITERIA

M.Gancheva, B. Krastev, N. Gesheva – Atanasova

National Hospital of Oncology, Sofia, Bulgaria

Purpose: The aim of the study is to evaluate and compare relevance VMAT treatment
plan verification of 3 groups of patients with different tumor localization and using different
dosimetry criteria.
Materials and methods: For the purpose of the study 3 groups of patients were selected
– 10 patients respectively for prostate cases, lungs cases and head & neck cases. For all cases
were prepare VMAT treatment plans. Measurements ware performed by dint of: Varian
Clinac, Octavius 4D phantom with a diameter of 16cm and a length of 32cm., Octavius 729
is a liquid filled ionization chamber array consisting of 729 detectors with VeriSoft 6.0. The
pilot measurements ware performed with the following evaluation criteria: 3 mm Distance
to agreement and 3% dose difference with reference to Local dose and also for 3.5mm and
2.5% respectively.
Results: The pilot results with 3%/3mm criteria and for the prostate group, the Gamma
pass rate range between 95.8% and 96.7 % for voxels with more than 50% of the maximum
dose, for the lung cases – 95.2% -96.5% and 94.9% - 97.2% for the head & neck cases
respectively. Range between 93.3% - 96% for prostate group, 89.2% - 92.2% for lungs and
93.3% - 96% for H&N, for voxels with 50% of maximum dose and lower. Measurements
performed with 2.5%/ 3.5mm criteria for voxels with more than 50% of the maximum dose,
the Gamma pass rate are between 93.6% - 96.8% for prostates, 94.4% - 96.1% for lungs and
for H&N – 94.4%- 96.1% and for voxels with 50% of maximum dose and lower, 95%- 97%
for prostate, 91.8% - 93.7% for lungs and 95.3% - 97% for H&N.
Conclusion: For all groups of VMAT treatment plan, Octavius 4D, provide good
verification results. The choice of dosimetry criteria, showing greater influence of organ at
risk region - aria with 50% of maximum dose and lower, than of a tumor volume region with more than 50% of the maximum dose.

Key words: Volumetric modulated arc therapy (VMAT), Verification, dosimetry criteria,
Gamma pass rate
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LIFE IN RADIATION
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Abstract
Well known is the so-called Radio-biological paradox:
One sip of hot tea (heat) increases the body temperature by about 0.02o. In order to
raise the temperature of the human body again by 0.02o but by the energy of the ionizing
radiation, it takes about 7 to 10 Gy (absorbed dose in air) and this leads to certain death.
This paradox is a visual indicator of the effects of ionizing radiation on human body
and on the whole life on Earth.
Life on our planet is occurring at a specific set of conditions. Abrupt change of even
just one of these conditions leads to death. The radiation limits are part of this complex.
The radiation field due to the natural radiation sources in which we live is called
natural background radiation (NBR). Under the term "unchanged natural background
radiation" is understood the natural background radiation, which is not affected by human
activities. As a result of human activity, however, the background radiation increases. The
use of radioactive minerals, building materials and other such materials leads to the so-called
technogenic amplification of the background radiation. The use of radioactive isotopes and
X-ray sources in industry, agriculture and especially in medicine accumulates additional socalled man-made supplements to the natural background radiation.
Natural background radiation is derived from three main sources:
• Secondary cosmic rays;
• Gamma radiation background - emitted by radionuclides contained in the earth's
crust, and especially in its surface layer and building materials;
• Internal exposure of people - emitted from the natural radionuclides contained in
air, water, food and the human body itself.
This article provides information on the natural background radiation and
components from which it is formed. Shown is the impact of the various components of the
natural background radiation on the human body. They are given statistics obtained from
human radiation exposure of various components of the natural background radiation. A
comparison is made of average annual individual dose received in Bulgaria and worldwide.
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Introduction
1. Secondary cosmic rays (SCR)
Nuclear reactions are observed everywhere in space and very close to us - in the Sun.
These nuclear reactions emit powerful rays of ionized particles. The rays of high-energy
particles reaching Earth's atmosphere are called primary cosmic radiation. This radiation
consists of two components differing significantly in their characteristics:
• Galactic component
• Solar component
The intensity of the solar cosmic rays changes during the 11 year cycle of solar
activity, while the intensity of the galactic component remains constant and its impact is
isotropic. Galactic cosmic rays consist mostly of protons - about 90%, alpha particles - about
10% and of photons, neutrons, electrons and atomic nuclei of light elements (lithium,
beryllium, carbon, oxygen, nitrogen, etc.) - about 1% emitted anywhere in the universe
during the evolution of cosmic objects.
Reaching the Earth, the primary cosmic rays interact with the atmosphere and
generate flow of electrically charged and neutral particles. These particles, moving through
the atmosphere create a "flood" of new ionizing particles that form secondary cosmic rays
(SCR). These SCR consist of photons (gamma quanta), electrons, neutrons, and other
elementary particles. In the formation of the SCR are generated also various types of
radionuclides (tritium-3, carbon-14, beryllium-7, sodium-22, etc.) called cosmogenic
radionuclides. The maximum intensity of the SCR is at 20-25 km altitude which is explained
by existing of optimal conditions (density, pressure, etc.) in the atmosphere for production
of maximum amount of charged particles and cosmogenic radionuclides. At lower altitude,
the density of the atmosphere increases, and the intensity of SCR decreases. At sea level
SCR reaches it's minimum value. This is due to increase of the air density near the ground.
On the mountain peaks due to the low density of the air, SCR increases. For example, on
Mount Everest, the highest point on Earth (8848 m), the impact of SCR is about 20 times
more intense than at the sea level. Therefore the atmosphere which turns together with the
earth, acts as a "shield" against cosmic radiation. We can compare the effect of this radiation
weakening as equivalent to five meters of concrete.
Apart from altitude, SCR depends also on the latitude. At the equator it is about 10%
lower than around the poles. This is due to the profile of the Earth's magnetic field, which
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deflects charged particles and whirls them around the equator, directing them to the poles.
Earth's magnetic field plays the role of a second shield against cosmic radiation.
SCR causes internal and external exposure for the living organisms. The external
exposure is caused by the direct ionizing component and indirectly by neutron component.
The internal exposure is due to inhalation or ingestion of cosmogenic radionuclides.
"The typical value of the average individual annual dose received by external
exposure from cosmic radiation at medium latitudes, including Bulgaria, is equal to 0.4
mSv/a (0.4 millisieverts per year)." - Data from the NRA website.
According to prof. Georgi Vasilev (his book "Radiation hormesis in humans") - the
sea level ionization component produces average annual effective dose of 0.21 mSv/a
(millisieverts per year; taking into account the influence of the type of radiation on the
human body). For Bulgaria this is an average dose of 0.24 mSv/a. This dose is obtained
predominantly due to electrons - 90% and other particles - 10%. The neutrons generate an
average annual effective dose of 0.08 mSv/a.
The largest contribution to SCR is produced by the radionuclide C-14, about 0.001
mSv/a, and the rest is hundreds of times less. The cosmogenic radionuclides have small
contribution to the NBR.
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2. Gamma background radiation (GBR)

This is the component that shows the
contribution to the NBR caused by the
radionuclides contained mostly in the surface
layer to a depth of about 30 cm and by the
construction materials. (Figure 1) The gamma
radiation of the radionuclides potassium-40
and the families of uranium-238 (especially
radium - 226, lead - 214 and bismuth - 214) and
thorium-232 (mostly thallium - 208 and Figure 1: Structure of the Earth
actinium - 228) give the largest contribution to
the GBR .

GBR is measured by the absorbed dose rate in the air, set at 1 meter above the
ground.
For the different parts of the globe, the GBR has different values that are considered
normal. The values given by prof. Georgi Vassilev in his book "Radiation hormesis in
humans," measured outdoors, range from 24 to 160 nGy/h. For Bulgaria, again according to
prof. Georgi Vasilev, the values range from 48 to 96 nGy/h. The average value is 70 nGy/h.
The site of the Nuclear Regulatory Agency (NRA) gives for the territory of Bulgaria
a limit of natural gamma background from 0,06 to 0,40 μSv/h. The transfer from nGy/h
(absorbed dose in the air) to μSv/h (effective dose for the human body by taking into account
the effect of a certain type of radiation on the human organism) is carried out by average
transition factors of 0.7 Sv/Gy. In young organisms the value of the transition factor is
higher.
At many places around the world (Brazil, China, Egypt, Switzerland, India, Iran,
etc.) the natural gamma background is much higher than the normally accepted values. In
some of these areas the values reach hundred thousand nGy/h. Well-known is the so called
phenomenon Ramsar.
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Ramsar is an old fishing village, now
administrative center of Ramsar county,
located on the southern coast of the
Caspian Sea in Iran. It's population is
about 34.500 inhabitants. In the region
Talesh Mahalleh, where about 2 000
people live, the population receives an
annual dose of 260 mSv - about 100 times
the normal accepted dose. This high
background radiation is caused by the
nearby hot springs (9 in total),which have
dissolved radium and the construction
materials (mostly sedimentary limestone)
are imbued with these waters. Despite the Figure 2: Levels of background radiation in Ramsar
very high levels of gamma radiation in
this area there are no significant
differences in the morbidity and mortality
of the population living there. Currently
in Ramsar precise statistical studies are
carried out concerning this increased
radiation. (Figure 2)

Statistics show that during its stay in a building a person gets more exposure than
outdoors. This fact is caused by the radionuclides contained in building materials, especially
from the natural radioactive radon-222 accumulated in air in enclosed areas.
The statistics given by prof. Georgi Vasilev shows the average radiation caused by
the gamma background for the world average and for Bulgaria:

Table 1: The gamma background for the world average and for Bulgaria
to World
to Bulgaria
0.070 mSv/a
0.090 mSv/a
Stay outdoors
0.410 mSv/a
0.370 mSv/a
Stay in buildings
0.480 mSv/a
0.460 mSv/a
Total
In Bulgaria, various institutions measure the gamma radiation and keep statistics on
variations: Executive Environment Agency, National Centre for Radiobiology and
Radiation Protection, General Directorate "Civil Protection" at the Interior Ministry, the
NPP "Kozloduy", Institute of Nuclear Research and Nuclear Energy BAS Regional health
inspection authorities in Varna, Burgas, Plovdiv, Ruse, Vratsa, in which there is Radiation
Control Department, etc.
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Data from all the institutions is being submitted to the Nuclear Regulatory Agency,
which is summarized and published on the website of the Agency as average values for the
country before 11:00 for the past 24 hours.
3. Internal exposure of the population from NBR
It is determined by three main factors:
• Content of potassium-40 in the human body;
• Incorporation of radionuclides in the human body from the uranium - 238,
uranium - 235 and thorium - 232 through ingestion or inhalation;
• Inhalation of radon - 222 and radon - 220.
3.1.

Potassium-40 (40K) is a naturally occurring radioactive isotope of the

common element potassium (potassium represents about 2.4% by weight of the earth's
crust). The half-life of 40K is 1.248 x 109 years its origins are primordial. 40K has an atomic
percent abundance of 0.0117%. (39K is 93.1% and 40K is 6.88%, both are stable.)
The radioactive elements were present when our earth was formed. Any radioactive
material originally present at the formation of the earth would have decayed and disappeared
if its half life was short compared to the age of the earth. If its half life were long, close to
or greater than the age of the earth, then such materials would not have disappeared but are
still with us today.
The most important radioelements in this category are uranium and thorium. Thorium
(Th232) has a half life of 14,000,000,000 years, uranium has two long-lived radioisotopes;
U238 has a half life of 4,500,000,000 years, and U235 has a half life of 710,000,000 years.
These give rise to the radium and thorium atoms found in all humans, acquired from the
human food. That foods are obtained from these materials from the soil.
The long half-life and low abundance might seem to imply that this radioisotope, K40,
is of little or no consequence, so it is usually ignored.
Every person on earth carries essentially the same amount of potassium in their body,
and always has. Since body potassium is not considered to be a threat to mankind this must
indicate that the body's repair processes are able to handle the potentially malignant changes
produced by the radiation emitted by potassium. Further, the radiation emitted by K40, beta
rays and gamma rays is no different than the beta rays and gamma rays emitted by other
radioactive sources, which might suggest that any such radiation, at a similar intensity,
would not produce visible damage.
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In the human body the potassium is measured in grams of material. The 2.5 g of
potassium, which the human body ingested each day contains 80 Becquerel (Bq) (or 2100
pCi) of K40 which produce 80 radioactive decays each second. The 140 g of potassium in a
normal male contains about 4400 Bq (or 120,000 pCi) of K40; that quantity produces a
decay rate of about 4400 disintegrations per second. That means that 4400 radioactive K40
atoms decay and emit radiation in our bodies each second for as long as we live. Since
potassium is found in the intracellular fluids, about 98 % of the potassium in the body is
within cells. Thus at least 98 % of these disintegrations take place within body cells, and are
potentially capable of altering the cell's DNA.
40K

is vital for our good health. It is an element that is essential for the body's growth

and maintenance. Potassium is necessary to maintain normal water transport between the
cells and body fluids. It plays an essential role in the response of nerves to stimulation and
in the contraction of muscles.
Under normal circumstances it is by far the most abundant naturally occurring
radioactive element within the human body. The average adult male contains about 140 g of
K. This level varies with body weight and muscle mass. The human body ingest about 2.5 g
per day of K from the food and excrete about the same amount.
From the foods potassium is contains especially in the fruit and the most in the bananas
- 390 mg, and emits a trivial 12 disintegrations per second.
Table 2: Radioactive elements in the human body
Radioactive
Isotope
Potassium 40
Carbon 14
Rubidium 87
Lead 210
Tritium

(3H)

Uranium 238
Radium 228
Radium 226

(years)

Isotope Mass
in the Body
(grams)

Element Mass
in the Body
(grams)

Activity within
the Body
(Disintegrations/sec)

1.26 x 109

0.0165

140

4.340

16,000

3,080

0.19

0.7

600

5.4 x 10-10

0.12

15

7,000

7

Half Life

5,730
4.9 x

1010

22.3
12.43
4.46 x

109

1.6 x

10-8

2x

10-14

1x

10-4

1x

10-4

3-5

5.76

4.6 x 10-14

3.6 x 10-11

5

1,620

10-11

10-11

3

3.6 x
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3.2. Primordial radionuclides are typically long lived, with half-lives often on the order
of hundreds of millions of years. They are left over from when the world and the universe
were created. Radionuclides that exist for more than 30 half-lives are not measurable. The
progeny or decay products of the long lived radionuclides are also in this heading. Here is
some basic information on some common primordial radionuclides:
Table 3: Primordial nuclides
Nuclide

Symbol

Half-life

Natural Activity

Uranium 235

235U

7.04 x 108 yr 0.72% of all natural uranium

Uranium 238

238U

99.2745% of all natural uranium; 0.5 to
4.47 x 109 yr 4.7 ppm total uranium in the common
rock types

Thorium 232

232Th

1.41 x 1010 yr

1.6 to 20 ppm in the common rock types
with a crustal average of 10.7 ppm

Radium 226

226Ra

1.60 x 103 yr

0.42 pCi/g (16 Bq/kg) in limestone and
1.3 pCi/g (48 Bq/kg) in igneous rock

Noble Gas; annual average air
concentrations range in the US from
3.82 days
0.016 pCi/L (0.6 Bq/m3) to 0.75 pCi/L
(28 Bq/m3)

222Rn

Radon 222

Potassium 40

40K

1.28 x 109 yr soil - 1-30 pCi/g (0.037-1.1 Bq/g)

Some nuclides like 232Th have several members of its decay chain. We can roughly
follow the chain starting with 232Th
232Th
212Po

→ 228Ra → 228Ac → 228Th → 224Ra →

→ 208Pb (stable)
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3.3. Radon is a colorless chemically-unreactive inert gas. It can not see, smell or taste.
Radon is carcinogenic.
Because it is a single atom gas (unlike
oxygen, O2, which is comprised of two
atoms) it easily penetrates many common
materials like paper, leather, low density
plastic (like plastic bags, etc.) most paints,
and building materials like gypsum board
(sheetrock),

concrete

block,

mortar,

sheathing paper (tarpaper), wood paneling,
and most insulations. (Figure 3)
Figure 3: How radon enters homes

Radon is fairly soluble in water and organic solvents. Radon is considered a noble gas
that occurs in several isotopic forms. Only two are found in significant concentrations in the
human environment: radon-222, and radon-220. Radon-222 is a member of the radioactive
decay chain of uranium-238. Radon-220 is formed in the decay chain of thorium-232.
Radon-222 decays in a sequence of radionuclides called radon decay products, radon
daughters, or radon progeny. It is radon-222 that most readily occurs in the environment.
Atmospheric releases of radon-222 results in the formation of decay products that are
radioisotopes of heavy metals (polonium, lead, bismuth) and rapidly attach to other airborne
materials such as dust and other materials facilitating inhalation.
Humans in confined air spaces, particularly in underground work areas such as mines and
buildings, are exposed to elevated concentrations of radon and its decay products.
Exhalation of radon from ordinary rock and soils and from radon-rich water can cause
significant radon concentrations in tunnels, power stations, caves, public baths, and spas.
The average radon concentrations in houses are generally much lower than the average radon
concentrations in underground ore mines.
Workers are exposed to radon in several occupations. In countries for which data were
available, concentrations of radon decay products in underground mines are now typically
less than 1000 Bq/m3 EEC Rn (approx. 28 pCi/l). Underground uranium miners are exposed
to the highest levels of radon and its decay products. Other underground workers and certain
mineral processing workers may also be exposed to significant levels.
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Conclusion
"The average annual effective dose received by a person as a result of inhalation of
radon and its short-lived products contained in the atmosphere is estimated at 1.2 mSv/a.
The average value of the world annual effective dose from external and internal exposure
due to the natural background radiation is equal to 2.4 mSv/a (millisieverts per year).
Therefore, 50% of the natural radiation on the Earth's population is caused by radon (Rn222). In terms of radiation protection radon is the dominant factor in human exposure from
natural radioactive sources in nature” - data from the NRA website.
The radiation caused by NBR received by the population in Bulgaria, is shown on
Table 4, distributed in components and radiation from technogenic enhancement and manmade contributions.
Table 4: Distributed in components and radiation from technogenic enhancement and manmade contributions.
Average annual individual dose [mSv/a]

Source of radiation
NBR
• Secondary cosmic rays
ionization components
neutron component
• Gamma background
outdoors
in buildings
• Internal radiation
potassium-40
other radionuclides
radon
Total of NBR
Technogenic amplification NBR
Man-made contributions to NBR
• medical exposure
• nuclear power plants
• other sources total

0.24
0.08
0.09
0.37
0.16
0.17
1.22
2.33
0.02
0.83
0.00025
0.02
3.20

Total exposure

UNSCEAR (UN Scientific Committee on the Effects of Atomic Radiation) estimates the
worldwide average annual individual dose to 2.42 mSv/a. The world average dose is lower
than the Bulgarian one. So the aim of the Bulgarian authorities is to reduce this figure and
to reach the world average dose.
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6. http://www.kznpp.org/
7. http://www.inrne.bas.bg/
8. http://en.wikipedia.org/wiki/Ramsar,_Mazandaran and others.
9.Potassium-40 (K-40) is a naturally-occurring radioactive ...
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DOSE-AREA PRODUCT METER
WITH EXTENDED FUNCTIONALITY
Lyubomir Ivanov - Radkin1
1 Radkin

Ltd, Sofia, Bulgaria, science@radkin.eu;

Purpose: This article describes development of new generation Dose-Area product
meter (DAP meter) which measures both standard cumulative and single-shot readings,
along with environmental parameters and tube position.
Implementation: First, a new electronic technology called Direct Digital Processing
(DDP) was developed. It has a number of advantages versus widely used solution with
integrator in the input:
• Eliminates resolution degradation caused by the reset and restart time, inherently
needed for integrator topology.
• Allows for simultaneous metering of instant and cumulative parameters.
• Electronics is protected against electromagnetic interference and electrostatic
discharges, which often cause malfunction in equipment with input integrator.
A block for metering of environmental parameters was added. It measures
temperature, barometric pressure and humidity. Another block measures tube position and
vibration.
All readings are visualized on a dedicated TFT terminal with touch panel and remote
control features. It also transmits information to a thermal printer or computer.
Power supply can be connected to the DAP meter, to the terminal or they can be
powered separately with different voltages. Dedicated Bi-directional Serial Line (BSL)
interface needs only one wire for data transmission.
Basic parameters include single shot and cumulative values of DAP, Exposure time
and DAP Rate. A new parameter Pulsed Fluoro Timeout is introduced to determine
beginning of the next single exposure in X-ray equipment working in Pulsed fluoro mode.
Temperature and barometric pressure measurement allows for automatic correction
of dosimetric readings.
The kilovolt correction option improves accuracy when DAP meter receives data for
applied tube voltage from the X-ray generator.
The color indicator and the sound indicator can signalize instant power, alarm or
tube alignment.
Three groups of alarm levels are available – adult, children and neonatal.
Tube position is used for image interpretation and also facilitates tube alignment,
required for some kinds of examinations. Tube vibration metering is a useful service option.
Conclusion: Extended functionality helps interpretation, improves dose tracking
accuracy and facilitates medical and service staff.

Key words: DAP meter; dose-area product meter; medical dosimetry; X-ray dosimetry,
medical radiology;
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ACTIVE IONIZING CHAMBER
WITH ANALOG AND DIGITAL MODE OF OPERATION
Lyubomir Ivanov - Radkin1
1 Radkin

Ltd., Sofia, Bulgaria, science@radkin.eu;

Purpose: This paper describes development of new type active ionizing chamber for
measurement of exposure energy in X-ray machines. It works in both analog and digital
mode and has reach set of additional features like simulator, local and remote control etc.
Implementation: The sensor comprises of air-filled metering chamber with
selectable fields, input converter, simulator, environmental and position measurement units,
output analog converter, control panel, interface and power supply.
In analog mode sensor generates output signal, proportional to the dose passed
through selected metering fields. In digital mode the output signal changes its’ logic level
upon reaching desired dose. Active logic levels of all digital signals and polarity of analog
output signal can be set independently.
The control panel provides access to all available settings as well to the test signal
generation. Same functions are available over the serial interface.
The input converter has optional correction for field’s inequality and for pressure
and temperature dependence. When generator can transmit data for tube voltage, kilovolt
correction option could be applied.
The simulator generates calibrated signals for automatic system check. Their
magnitude can be set either in-situ by the control panel or remotely with commands over the
serial interface. When put in simulator mode, sensor accepts commands and generates output
analog or digital signals as it is exposed to a real emission.
Results: Effective exposure time range is from 1ms to 5s. Simulator can generate
test signal equal to exposures from 1ms to 5.5s. Fields inequality is below 5% with field
correction disabled and below 2% with correction enabled. Digital operating mode reduces
interface lines and simplifies generator control.
Conclusion: A new type active ionizing chamber with analog and digital operating
mode has been designed. It covers full range of exposure times used in radiography. Optional
corrections improve stability and accuracy. The built-in simulator allows for fast and safe
testing of generator’s automatic system. The sensor can be embedded in X-ray machines
with film, with CR system and with DR system.

Key words: Ionizing chamber; AEC sensor; automatic exposure sensor; medical radiology;
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VARIABLE PACKET LENGTH PROTOCOL (VPL PROTOCOL)
FOR REAL-TIME DATA TRANSMISSIN
Lyubomir Ivanov - Radkin1
1 Radkin

Ltd., Sofia, Bulgaria, science@radkin.eu;

Purpose: In modern medical equipment different amount of data is often transmitted
over single interface. It may vary from one byte for commands without parameters to
megabytes for images.
This paper describes definition of new type protocol for data exchange and algorithm
for its implementation. They have to meet the following requirements:
• Packet length should follow the amount of data for every single packet;
• Packet format should have minimal count of service and formatting bytes and
should not include filling or alignment bytes that do not carry information;
• Control field should allow for using of reliable data verification techniques;
• Algorithm should work seamlessly in real-time applications;
• Data processing associated with transmission and receiving of the packets should
engage minimum processor resources.
Implementation: A new format with variable packet length has been defined. It has
only 2 service bytes. The length of formatting field is kept to the minimum, needed to
represent the size of current data field. Control field length can be dynamically selected
between 1 and 32 bytes. Data field can vary from 1 byte to 18446 terabytes in one packet.
Practical limits should be applied.
The algorithm for implementation synchronizes receiving without intervention of the
main data processing functions.
This definition assumes that connection is made between one transmitter and one
receiver.
To work with multiple transmitters and receivers, the packet should be preceded by
address field, specific for the particular interface.
Results: The protocol described herein provides dynamic optimization of real-time
data exchange. The receiver gets parameters of the incoming packet before data field and
updates only one pointer at the end of each packet. The algorithm supports asynchronous
connection of transmitter or receiver and automatic recovery of communication. Control
field can carry polynomial values, calculated according to CRC8, CRC16, CRC32, MD4,
MD5, SHA-1. It is suitable both for half-duplex and full-duplex modes of communication.
Conclusion: Although first announced at the NMPEC 2016 conference, VPL
protocol is used for 15 years in various types of equipment. The proven reliability makes it
a good choice for demanding real-time applications.

Key words: VPL Protocol; Variable packet length protocol; Real-time data transmission;
Dynamic optimization; Information technology;
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АНАЛИЗ И ОЦЕНКА НА ЕЛЕКТРОМАГНИТНАТА ЕКСПОЗИЦИЯ
В РАЙОН С ПО-ГОЛЯМА ГЪСТОТА НА
ТЕЛЕКОМУНИКАЦИОННИ ИЗТОЧНИЦИ
Цв. Шаламанова, Ив. Топалова
Национален център по обществено здраве и анализи, София, България

Въведение
През последните години е установено значително нарастване на използването
на мобилни комуникационни услуги и се очаква този ръст да продължи с въвеждането
на нови поколения технологични стандарти, като LTE (Long Term Evolution),
например. Налице е тенденция за увеличение на броя на базовите станции или
оптимизиране и преустройство на старите, с монтиране на нови антени и
присъединяване на нови работни канали.
Изследване в Швеция, свързано с измерване на нивата на електромагнитното
поле (ЕМП) е показало, че средният принос на LTE към общата радиочестотна
експозиция е по-малко от 5% [1].
В друго проучване са анализирани данни от измервания на базови станции,
проведени от 2000-та година насам в 23 държави на петте континента, като
резултатите показват, че въпреки нарастването на броя на базовите станции и
внедряването на допълнителни мобилни технологии, нивата на електромагнитна
експозиция са останали същите във всяка страна [2].
Според резолюция на Европейския парламент, се насърчава споделянето на
инфраструктура и колокация при монтирането на нови базови станции за мобилна
комуникация, което води до позиционирането на повече от един излъчвател на едно
място [3].
В нашата страна е проведено проучване за нивата на електромагнитното поле
от базови станции в периода 2004 - 2005 г. [4,5]. Въвеждането на нови технологии и
промяна на технологично оборудване налага обследване и анализ на нивата на ЕМП,
особено на райони в страната с по-голяма гъстота на телекомуникационни източници.
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Цел
Целта на този доклад е да представи и анализира резултати от измерване и
оценка на електромагнитната експозиция в един централен район на столицата, с поголяма гъстота на комуникационни източници.

Материали и Методи
1. Методи
Местата на измерване са подбрани съгласно „Контролиран метод за подбор на
пунктовете на измерване в район с по-голяма гъстота на източниците на ЕМП“ [6].
Съгласно цитирания метод е обработена наличната информация за излъчвателите в
избран район, с наличие на по-голяма гъстота на телекомуникационни източници.
Подробна информация за ситуационните и техническите характеристики на
излъчвателите на ЕМП в района са получени от регистър на телекомуникационните
източници, съхраняван в НЦОЗА. Всички известни източници на ЕМП са нанесени на
електронна карта, като по този начин са определени локациите, в които има повече от
един излъчвател на разстояние по-малко от 100 m.
Пунктовете за измерване са съобразени с границите на предварително
изчислените хигиенно-защитни зони (ХЗЗ) на известните източници на ЕМП, както и
след оглед на място [7]. Точките, в които са извършени измерванията са подбрани
така, че да отговарят на критерия „най-лош случай“ по отношение на експозицията на
населението.
Измерванията са направени съгласно изискванията на EN ISO 50492 и EN ISO
50400 [8, 9]. За целта на изследването са приложени неселективен и селективен метод
на измерване. За интегрална оценка на експозицията е използван неселективен метод
във всички пунктове, определени по цитираната методика. В точките, където е
измерена най-висока стойност на ЕМП, е приложен селективен метод за подробна
оценка на експозицията и е направен спектрален анализ на ЕМП.
Всички измервания са направени в далечна зона спрямо излъчвателите на
височини 1.5 ÷ 1.8 m от кота терен, на места, където се очаква да има по-високи
стойности на електромагнитната експозиция. При обхода на място са снети
географски координати на пунктовете на измерване, с цел нанасянето им на
електронна географска карта, като е проверена и визуално наличната информация от
регистъра на източниците на ЕМП.
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2. Измервателна апаратура
За неселективните измервания е използван измерител на мощност NARDA
NBM 550 на фирма “NARDA Safety Test Solutions”: с изотропна антена тип EF1891 –
с работна честотна лента от 3 МHz до 18 GHz.

За селективните измервания е използван честотен анализатор IDA-3106/102 на
фирма “NARDA Safety Test Solutions”, с насочена антена тип 3100/13, с работна
честотна лента от 450 МHz до 6 GHz.

Резултати и Обсъждане
Избраният централен участък на столицата е с големина 0.83 km2. Съгласно
получената информация от регистъра на телекомуникационните източници, в района
са разположени 10 БС на три мобилни оператора. Направен е оглед на място и е
установено наличие на допълнителни излъчватели (базова станция и комуникационен
излъчвател), за които няма информация в регистъра на източниците на ЕМП, но са
отбелязани на електронната карта и са включени в обследването. (Фиг. 1)
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Фигура 1. Електронна карта на избрания район за изследване, с отбелязано
местоположението на източниците на ЕМП.
След нанасяне на обектите на електронната карта е установено, че в две
локации („А“ и „B“) от обследвания район има повече от един излъчвател на
разстояние по-малко от 100 m. Тези два подрайона са изследвани подробно, като
настоящият доклад представя подробна оценка на експозицията на подрайон В.
Тъй като разполагаме с предварителна информация за източниците, монтирани
на място, като честоти, мощност на излъчване, изчисления на ХЗЗ, първоначално е
приложен широколентов подход за оценка на електромагнитното поле в определените
точки за измерване. Този метод е подходящ за извършване на сумарна оценка на
нивата на ЕМП, т.е. обединяване приносите на всички радиочестотни източници в
определеното за измерване място. Широколентовото измерване е използвано, за да
покаже дали е необходимо да се направи подробно изследване на полето в дадена
точка. На фигура 2 са показани местоположенията на пунктовете на измерване.
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Фигура 2. Местоположение на точките на измерване в подрайон „В“, в
жълт цвят.
В зависимост от посоката на излъчване и техническите характеристиките на
антените са определени 12 пункта, в които е направена оценка на експозицията по
неселективен метод.
На фигура 3 са представени пространствено-осреднените стойности на
плътността на мощност във всеки пункт от широколентовото измерване за подрайон
В.
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Фигура 3. Резултати от широколентовото измерване на плътността на
мощност във всеки пункт от подрайон В.
В пунктове 2 и 12 са измерени стойности 4.6 µW/cm2 и 5.3 µW/cm2, които се
различават от останалите с по-високите си стойностите на напрегнатостта на полето,
в сравнение с другите пунктове от избрания подрайон. Те са около 50 % от нормата,
съгласно българското законодателство, Наредба № 9/14.03.1991 г. [7]. Твърде
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вероятно е, при максимално натоварване на системите, при силен трафик, тези
стойности да са още по-високи.
Използването на широколентова апаратура, когато се изследва приносът от
повече от един доминиращ източник, би могло да доведе до надценяване на
експозицията. Поради това е направена подробна оценка на експозицията, като е
изследван приносът от всеки радиочестотен излъчвател, чрез използване на честотноселективен анализ. Извършено е сканиране на честотния спектър в съответните
честотни подобхвати.
В настоящия доклад са представени резултати от селективно измерване само в
пункт 12.
На фигура 4 е представен спектърът в честотния диапазон 450÷2180 MHz.
Изследваните източниците, за които има предварителна информация, излъчват в
честотните диапазони около 900 MHz, 1800 MHz и 2100 MHz.

Фигура 4. Резултати от селективно измерване в пункт 12 в честотния
диапазон 450÷2180 MHz.
За да се изследват подробно приносите от всички радиочестотни излъчватели
целия представен спектър от фигура 4 е разделен на поддиапазони.

Фигура 5. Резултати от селективно измерване в пункт 12 в честотния
диапазон 450÷800 MHz.
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На фигура 5 е представен спектърът в честотния диапазон 450÷800 MHz, като
интегрираната стойност на напрегнатостта на полето е 0.87 nW/cm2. При изследване
на сигнала в режим „spectrogram and spectrum“, освен честотните диапазони на
мобилните оператори, пикове се откриват и при честоти около 490 MHz, 514 MHz,
626 MHz и 722 MHz, които се дължат на излъчването на цифровите мултиплекси.
Пикът около 460 MHz е от излъчването на комуникационния излъчвател, разположен
в близост до пункт 12, който вероятно е от излъчвател на Бърза помощ или друга
система за радиовръзка.
На следващите фигури 6, 7 и 8 са изследвани приносите на излъчвателите в
честотните ленти на технологични стандарти 2G (GSM 900), 3G (UMTS 900), 2G (DCS
1800), 3G (UMTS 2100), 4G (LTE 1800).

Фигура 6 Резултати от селективно измерване в пункт 12 в честотния
диапазон 920÷970 MHz.
От фигура 6 се вижда, че основният принос в пункт 12, се дължи на
излъчването в честотната лента около 900 MHz, където се откриват GSM 900 и UMTS
900 канали, в честотния диапазон 924÷960 MHz. Интегрираната стойност на
напрегнатостта на полето е 1.80 µW/cm2.

Фигура 7 Резултати от селективно измерване в пункт 12 в честотния
диапазон 1750÷1900 MHz.
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В честотната лента около 1800 MHz се отчита, че основният принос се дължи
на LTE технологията, като интегрираната стойност на плътността на мощност в
честотния диапазон 1805÷1850 MHz е 0.33 µW/cm2 (фиг. 7).

Фигура 8 Резултати от селективно измерване в пункт 12 в честотния
диапазон 2120÷2180 MHz.
В честотната лента около 2100 MHz интегрираната стойност на плътността на
мощност в честотния диапазон 2125÷2170 MHz е 0.52 µW/cm2 (фиг. 8).

Изводи
Анализът на резултатите от измерването и оценка на електромагнитната
експозиция в изследвания район, показва следното:
Въпреки разполагането на по-голям брой комуникационни излъчватели на
едно място, нивата на електромагнитното поле са по-ниски от граничните стойности
съгласно българското законодателство до 50 %, а съгласно европейското
законодателство по-малко от 1 % за честотния диапазон около 900 MHz [7,10].
При детайлното изследване на спектъра в пунктовете на измерване се
установи, че приносът на LTE към общата радиочестотна експозиция е незначителен.
Приложеният метод за обследване на райони с по-висока гъстота на
комуникационни източници е информативен и приложим за целите на мониторинга и
контрола.
Настоящето изследване е направено в рамките на проект БГ07 Програма: „Инициативи за
обществено здраве“ с финансовата подкрепа на Норвежкия финансов механизъм 2009-2014 и
механизъм на Европейското икономическо пространство, 2009-2014, на тема: „Подобряване на
контрола и информационни системи в превенцията на риска и здравеопазването“.
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Abstract
Neurotensin (NT) is a neuropeptide and putative neurotransmitter expected to delay
the development of some neurodegenerative diseases (NDD). Differential scanning
calorimetry (DSC) is a method for thermal analysis used to characterize the stability of the
native conformations of biological macromolecules. Isothermal titration calorimetry (ITC)
is used to characterize the interactions between proteins and their ligands, and to determine
the thermodynamic parameters of these interactions. In this work, the thermodynamic
properties of brain supernatants from rodents with drug-induced neurodegenerative
disorders (Alzheimer's disease type dementia and Parkinson’s disease) were examined using
DSC and ITC. The aim is to evaluate the impact of NT and some newly synthesized analogs
on animals with scopolamine-induced dementia and 6-hydroxydopamine-induced
Parkinson's disease (PD) using DSC and ITC.

Key words: DSC, ITC, neurotensin, Parkinson’s disease, Alzheimer’s disease
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Introduction
Neurotensin (NT) is a 13 amino acid regulatory neuropeptide and putative
neurotransmitter found mainly in gut and brain. Intestinal neurotensin is produced by a
discrete population of endocrine cells (N cells) scattered throughout the jejuno-ileal mucosa.
It promotes growth of normal gastrointestinal tissues and of cancer cells derived from the
colon, pancreas, lung and prostate1. In the brain, neurotensin exerts vital actions that include
hypothermia, analgesia, anorexia, regulation of pituitary hormone secretion and a number
of effects that involve the modulation of basal forebrain cholinergic and nigrostriatal/mesocortico-limbic dopaminergic pathways 2.
Alzheimer's disease is the most common form of dementia, a general term for
memory loss and other intellectual abilities serious enough to interfere with daily life.
Alzheimer's disease accounts for 60 to 80 percent of dementia cases nowadays.
Another serious neurodegenerative disorder is Parkinson’s disease. The changes in
the brain caused by Parkinson's disease begin in a region that plays a key role in movement.
As Parkinson's brain changes gradually spread, they often begin to affect mental functions,
including memory and the ability to pay attention, make sound judgments and plan the steps
needed to complete a task.
In the present work we used a known experimental animal (mice) model of
scopolamine induced AD type dementia and 6-hydroxydopamine induced Parkinson’s
disease in order to estimate the effect of neurotensin and its newly synthesized analogs on
these neurodegenerative disorders. The peptide analogs were designed with the intent to
facilitating the permeation through the blood-brain barrier and thus increasing the efficiency
of the drug 3, 4. For the aims of the study DSC and ITC measurements were performed on
brain tissue homogenates of healthy, diseased, and diseased animals treated with
neurotensin.

Materials and Methods
Chemicals
Neurotensin is a neuropeptide, part of the intercellular junction as a neurotransmitter
in the brain and as a local hormone in the body. The primary structure of the neuropeptide
is Glu-Leu-Tyr-Glu-Asn-Lys-Pro-Arg-Arg-Pro-Tyr-Ile-Leu. In this study we investigate
four different analogs of neurotensin along with one referent neurotensin.
Scopolamine is an anticholinergic substance used to induce loss of cognitive function
5. In doses of 0.3 and 0.5 mg/kg it causes cognitive deficiency as it blocks the interaction
of acetylcholine and the muscarinic receptors in the cerebral cortex. It causes strong release
of acetylcholine which destroys hippocampal nerves and leads to memory loss in rodents.
6-hydroxydopamine (6-DOPA) is a neurotoxin most commonly used to
experimentally model neural degeneration in vitro as well as in vivo 6. It is a hydroxylated
analog of the natural neurotransmitter dopamine.
Methods
Experimental model of dementia of AD type was applied on male Albino mice via
central neuronal/neurotransmitter pathways manipulation (scopolamine 1 mg/kg, i.p., 11
days) and was verified by cognitive behavioral tests and biochemical tests. NT was applied
for 11 days simultaneously with scopolamine. PD model was induced in male Wistar rats
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via 6-OHDA i.c. injection. Animals were treated with NT4 (NT analog) i.p. for 5 days in
dose 5 mg/kg before induction of PD. DSC and ITC measurements were performed on brain
tissue supernatants of healthy (control), diseased and NT treated animals.
The DSC measurements were performed using a Nano-DSC from Thermal Analysis
Instruments with a 300 µl measuring cell volume. The device was preheated and balanced
according to the manufacturer’s instructions. Heating and cooling scans were performed at
1 K/min scan rate in the range 20-110°C. Typically 2-4 heating-cooling cycles were
performed for each sample. In order to expose more clearly the thermal transitions taking
place in the native samples, the second heating curves corresponding to denatured samples
were subtracted from the first scans of native samples.
The ITC measurements were taken using a Nano-ITC from Thermal Analysis
Instruments with 1 ml active cell volume and injection syringe volume of 250 µl. Twenty
five 10 µl aliquots of ligand were titrated into the sample cell while the temperature of the
system was maintained at 37°C.

Results
Figure 1 shows a comparison between DSC thermograms of brain tissue supernatants
of healthy (control) and demented animals (treated with scopolamine), as well as animals
treated with combination of scopolamine and neurotensin or its synthesized analogs. The
thermogram of the control group is characterized by two major thermal events – a complex
endothermic denaturational transition apparently involving several peaks in the range ~5570°C, preceded by an exothermic transition in the temperature range 35-45°C 7, 8. Both
events were not reversible and did not reappear during second and subsequent heating scans.
Treatment with scopolamine caused a distinct change in the thermogram: the denaturational
transition was shifted to lower temperatures – in the range 45-55°C; the low-temperature
exothermic transition was abolished, while another exotherm appeared at temperatures
above the denaturational transition, around 80°C. The combined treatment of the mice with
scopolamine and neurotensins restored to a large extent the thermal profiles characteristic
for the healthy animals. The newly synthesized NT analogs appear to have stronger effect
than NT itself. Yet, the likely differences in the effects of the different NT peptides require
further investigation and more precise analysis, feasibly including deconvolution of the
thermal profiles.
Figure 2 presents DSC thermograms of brain tissue supernatants of healthy (control)
and diseased animals – treated with 6-DOPA only and in combination with NT4. The effect
of the 6-DOPA treatment on the thermograms is not as dramatic as that of the scopolamine.
It does not affect markedly the denaturational peak but only results in the appearance of a
post-denaturational exotherm. The co-treatment with NT4 does not eliminate that exotherm.
Thus, as judging from the thermograms, it appears that NT4 did not produce significant
recovery effect on the 6-DOPA treated animals. As a comparison, the thermogram of brain
tissue sediment of animals treated with 6-DOPA and NT4 is shown as well. It does not
exhibit any exothermic events, which is believed to be an indication that these events reflect
processes taking place with the water-soluble proteins.
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Fig. 1. DSC heat capacity profiles of brain supernatants derived from mouse brain homogenates of
healthy (control) and demented animals (treated with scopolamine), as well as animals treated with
combination of scopolamine and neurotensin or its synthesized analogs.

Fig. 2. DSC heat capacity profiles of brain supernatants derived from rat brain homogenates of
healthy (control) and diseased animals, treated with 6-DOPA, as well as animals treated with
combination of scopolamine and the neurotensin analog NT4.
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Figure 3 shows an ITC scan examining the interaction between neurotensin and
human serum albumin (HSA). As the binding sites of the protein become saturated with the
molecules of the ligand, the amount of heat produced with individual injections decreases.
The resulting titration curve reveals a good interaction between neurotensin and human
serum albumin. This result is confirmed by the DSC scan of the sample recorded after the
ITC measurement was performed. The DSC thermogram of the sample shows a substantial
change in the thermal behavior in comparison to that of native HSA (data not shown).

Fig. 3. ITC scan examining the interaction between neurotensin and human serum albumin (HSA)
and a modeling as a two-binding site process.

Conclusions
The DSC measurements revealed significant differences between denaturational
profiles of the brain supernatants of healthy animals and animals with drug-induced
neurodegenerative disorders. They also demonstrate the recovery effect of neurotensin and
its analogs on the drug-induced NDD, especially AD-type dementia. The ITC measurements
reveal high binding affinity of NT4 to human serum albumin (HSA) and suggest that HSA
is a NT carrier in the blood stream. Neurotensin analogs have clearly expressed recovery
effect on drug-induced neurodegenerative diseases, as demonstrated by the DSC and ITC.
These methods provide information on the disease mechanisms at molecular level. They are
appropriate for detection and characterization of the changes taking place in brain tissues
affected by NDD and can be helpful for further studies of these diseases.
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Abstract
Photosynthetic apparatus (PSA) of plants transform sunlight energy into chemical
energy stored in carbohydrates. Plants utilize part of the absorbed by chlorophyll a
molecules energy for photochemical work but another part could be emitted as fluorescence.
The intensity of the emitted light is in reciprocal proportion to photochemical activity of
plants. Physiological state of the photosynthetic apparatus, as well as of the whole plant, can
be assessed by analyzing the fluorescence.
In this work we have investigated effects of four herbicides which act as modifiers of
the photosynthetic process by analyzing the photoinduced dynamics in fluorescence images
of primary leaves of two bean Phaseolus vulgaris varieties: Cheren Starozagorski and
Egyptian Alubia.
Imaging PAM fluorometer allows observing images of a whole leaf. The spatial
heterogeneity of the photochemical activity in different areas of the leaf disc and the
distribution of herbicides are visualized by fluorescence images.
Different parameters characterizing photochemical and non-photochemical quenching
of fluorescence and the real quantum yield of PSA were calculated for each point of the leaf
surface by analyzing photoinduced changes in chlorophyll fluorescence during the transition
from dark adapted state to light adapted state.
The fluorescence images allow visualization and analysis of the herbicide distribution
in the leaf, of the differences in their effectiveness, as well as of the differences in the
response of the two investigated varieties Phaseolus vulgaris.
Key words: chlorophyll a fluorescence, bean plants, photosynthetic herbicides,
fluorescence imaging
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Introduction
Photosynthesis is a process used by plants and other organisms to convert sunlight
energy into free energy of organic compounds (Blankenship 2014). In higher plants this
process occurs in special organelles – chloroplasts, and is divided in two phases: light phase
– the energy is absorbed by chlorophyll molecules localized in special light harvesting
complexes (antennae), and then used for photochemical reactions which result in ATP
synthesis and accumulation of NADPH – reducing equivalents; and dark phase, where these
molecules are used for CO2 fixation and carbohydrate synthesis. Photosynthetic apparatus
(PSA) consists of two main protein complexes – photosystem I (PSI) and photosystem II
(PSII), and their surrounding antenna complexes (Orr and Govindjee 2010). The absorbed
energy is transferred to a special pair of chlorophyll molecules – reaction center (RC), where
primary photochemical reactions take place. Once the energy reaches antennae complex, it
can be used for photochemistry, dissipated as heat, or emitted as fluorescence (Kalaji et al.
2014b). The intensity of the emitted light is in reciprocal proportion to photochemical
activity of plants. The part of the absorbed energy lost in the process of photosynthesis as
fluorescence is small – about 3-5% but it is a meaningful source of information (Kalaji et al.
2016). When the PSA works properly with high efficiency, the intensity of the fluorescent
signal remains low but unfavorable changes or damage cause significant increase of the
fluorescent yield. Chlorophyll a fluorescence is a very sensitive and convenient indicator of
PSII functioning and efficiency, as well as of the general physiological state of plants (Guidi
and Degl’Innocenti 2012). PSA effectiveness correlates strongly with changes in
environmental conditions or treatment with different substances (Hiraki et al. 2003).
Analyzing changes in PSA activity appears to be a very useful tool for evaluation of plant
response and tolerance to stressful conditions.
Nowadays high throughput agriculture requires selection of most adaptive varieties
and provision of favorable conditions for plants growth including plant protection from outer
pests (Kim et al. 2014). One of the most common approaches is a treatment with chemicals,
called herbicides, that selectively eliminate undesired weed so all provided resources can be
utilized by crops (Boger and Sandmann 2000). Herbicides are a wide spectrum of chemical
compounds which affect plant metabolism and energy transfer. More than 50% of all
herbicides influence the photosynthetic process most commonly by blocking the electron
flow through PSII. Studying mechanisms of action of these herbicides can contribute to
discovery of new types less harmful herbicides and also it can give useful information about
the photosynthetic process itself. Thus it is important to analyze physiological state of plants,
their vitality and their in vivo response to different chemical PSA modifiers.
Measuring the chlorophyll a fluorescence, emitted from leaves, is the fastest, most
informative and non-invasive method for evaluation of plant physiological state (Kalaji et
al. 2016; Kalaji et al. 2014c). This method can be used to analyze and compare the sensitivity
of different plants to herbicides as well as for design and characterization of new herbicides.
The aim of this research was to investigate mechanisms of action of four herbicidesmodifiers of photosynthetic process (Diuron – DCMU, Dibromothymoquinone – DBMIB,
Paraquat – MV, and Diphenilcarbazide – DPC) by analyzing photoinduced dynamics in
fluorescence images and photochemical and non-photochemical quenching of chlorophyll a
fluorescence in primary leaves of two bean (Phaseolus vulgaris) varieties: Cheren
Starozagorski and Egyptian Alubia.
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Materials and Methods
Plant growth
Phaseolus vulgaris plants from two varieties – Cheren Starozagorski and Alubia,
were potted in universal peat substrate (TS 3 peat substrate Klasmann Deilmann). Pots were
placed in a phytostatic box with light intensity 200 µmol photons m–2 s–1, day/night period
12/12 hours, temperature 20–25°C and air humidity around 40–50%. The plants were
regularly decapitated in order to investigate primary leaves only.
Treatment with herbicides
Plants were treated with four herbicides – DCMU, DBMIB, MV and DPC, shortly
described in Table 1, in following concentrations: 200 μM solutions of DCMU, DBMIB and
MV, and 1000 μM DPC. Leaf samples are standardized by cutting leaf discs of the same
size. Herbicides are applied by leaf diffusion. Samples measured with M-PEA were
incubated in the presence of herbicides-modifiers for 52 hours – the experimentally proven
time for saturation with herbicides. Samples measured with Imaging-PAM were incubated
for 24 hours (approximately half of the saturation period) in order to observe leaf
heterogeneity.
Schematic structure of photosynthetic apparatus and the sites of action of the
investigated herbicides are shown in Fig. 1.
Table 1. Herbicides and their mechanisms of action
Name

DCMU
(Diuron)

DBMIB
(Dibromothymoquinone)

DPC
(Diphenilcarbazide)

MV – methyl viologen
(Paraquat)

IUPAC name

Mechanism of action

3-(3, 4-dichlorphenyl)1, 1-dimethilcarbamid

DCMU attaches to QB site
in D1-subunit of PSII thus
inhibiting re-oxidation of
QA and blocking electron
transport after QA.*

2, 5-dibromo-3-methil6-isopropil-pbenzoquinone

DBMIB attaches to
cytochrome b6f (cyt. b6f)
blocking the electron
transfer between PSII and
PSI.**

1, 5-diphenilcarbazide

DPC is an external electron
donor to PSII thus creating
a disbalance of interaction
between the two
Photosystems.***

1, 1’-dimethyl-N, N'dimethyl-4, 4'bipyridinium

MV receives electrons from
ferredoxin molecules of PSI
and donates them to oxygen
thus leading to formation of
reactive oxygen
species.****

Data taken from *(Hsu et al. 1986), **(Barber and Neumann 1974), ***(Lambrev and Goltsev 2003),
****(Boger and Sandmann 2000; Ekkehard and Stitt 1989).
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Chlorophyll fluorescence measurement
When plant samples are dark adapted, RCs of PSA are in “open” – oxidized state,
and fluorescent signals are not detected (FO) (Strasser 1973). Illumination with
photosynthetic active radiation (PAR) reduces RCs gradually (RCs are “closing”) and the
fluorescence emitted by antenna complexes of PSII rises in a polyphasic manner.
Approximately 0.3–1 second after the beginning of illumination the fluorescent signal
reaches its maximum (FM) and then it decreases (Kalaji et al. 2014a). The curve, presenting
changes in prompt fluorescence of chlorophyll a (PF) intensity as а function of illumination
time is called induction curve (IC of PF). IC of PF consists of two phases – fast phase follows
the initial rise from FO to FM (from point O to point P on Fig. 2), and slow phase – the
following drop, which is related to quenching processes (Schansker et al. 2006). The
difference between FM and FO presents the variable part of the fluorescent signal – FV. Two
intermediate maximums are observed in this variable part – FJ (2 ms after the beginning of
illumination) and FI (20–30 ms). These inflexions mark the percentage of RCs with reduced
forms of QA.

Figure 1. Electron transport chain of PSA and action locations of herbicides-PSA modifiers: DCMU,
DBMIB, MV and DPC.
Antenna complexes of PSI absorb energy and transfer it to PSI RC – P700, exciting it to higher
energetic level thus triggering a photochemical reaction, in which P700 loses an electron from its
outer shell. This electron is donated to electron acceptors and finally to NADP+, reducing it to
NADPH. The electron deficit in PSI is filled with electrons, coming from PSII, where a similar
process occurs. PSII takes electrons from a light driven reaction of water photolysis, catalyzed by
water-oxidizing complex (WOC). The electron flow is coupled with electrochemical proton gradient
generation across thylakoid membrane, further used for ATP synthesis.
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Figure 2. IC of PF measured for 120 seconds at illumination with 4000 µmol photons m–2 s–1.

The slow phase of the IC of PF is related to two types of quenching processes:
1. Photochemical quenching (qP) – activation of Rubisco enzyme (ribulose-1,5bisphosphate carboxylase/oxygenase) enhances electron flow from PSII to PSI which
results in “re-opening” of PSII RCs and quenching of PSII fluorescence signal (Porcar‐
Castell 2011).
2. Non-photochemical quenching (NPQ) – due to consecutive activation of several
processes:
- Activation of xanthophyll cycle, induced by lowering in the intrathylakoid pH.
Violaxanthin from PSII antenna complexes is being transformed into zeaxanthin under
catalytic activity of violaxanthin de-epoxidase enzyme. Zeaxanthin has a lower energy
level compared to violaxanthin and thus zeaxanthin molecules can receive energy from
chlorophylls and dissipate it as heat (Roháček 2010).
- State transitions (migration of light harvesting complexes of PSII to PSI) – a process
driven by phosphorylation of LHCII complexes causing their reversible migration from
granal part of thylakoid membrane to stromal part (Wollman 2001). The result is
enhanced electron flow to PSI and quenching of PSII fluorescence.
- Photoinactivation – irreversible detachment of D1 subunit of PSII protein complex
(Tikkanen et al. 2014).
The fluorescent analyzes were carried out with two fluorometers:
- Multifunctional plant efficiency analyzer (M-PEA) measures prompt chlorophyll a
fluorescence. Dynamics of fast fluorescence rise and slow quenching processes can be
analyzed on the base of PF.
- Imaging-PAM detects the heterogeneity of fluorescent parameters related to different
types of quenching – photochemical (qP) and non-photochemical quenching (NPQ).
Chlorophyll fluorescence measurements with M-PEA
The experiments were done in a dark room after 20 min dark adaptation in order to
observe full transition of PSA from dark to light adapted state. Each measurement is carried
out under controlled conditions prefixed in a specific protocol that sets the light intensity,
duration and repetition. Each protocol is repeated 6 times for accuracy.
Two different protocols were applied:
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for recording IC of PF we used a protocol with illumination of samples with
red light, intensity 4000 µmol photons m–2 s–1, for 1 second.
to record the photoinduced fluorescent quenching dynamics we used a
protocol with 21 consequent measurements, 0.3 s illumination with saturating light pulse
(4000 µmol photons m–2 s–1) and 30-second period of illumination with low intensity light
(100 µmol photons m–2 s–1) between each saturating light pulse.
Chlorophyll fluorescence measurements with Imaging-PAM
Imaging-PAM fluorometer allows investigation of PSA heterogeneity (Guidi and
Degl’Innocenti 2011; Lenk et al. 2007). The apparatus generates different types of
illumination – measuring light, actinic background light (AL, PAR) and saturating light
pulses (Schreiber 2004). Pulse-modulated measuring light is used for fluorescent yield
evaluation. Saturating high intensity pulses allow quantification of the PSII RCs quantum
yield – a parameter, sensitive to physiological state, light conditions and the impact of
different stress factors. Imaging-PAM fluorometer determines characteristic inflexions of
fluorescence intensity as FO, FM and FM′ (FM in light adapted state). They are used to
calculate parameters of quenching and the quantum yield of PSII (Schreiber 2004). The most
important novel information, gathered from this method, is about the side heterogeneity of
the fluorescent parameters, which represents physiological heterogeneity (Strasser and
Tsimilli-Michael 1998). This is very important information because the changes caused by
stress factors are not equally expressed among the entire leaf area (Nedbal and Whitmarsh
2004). An advantage over standard PAM fluorometers is that Imaging-PAM allows parallel
measurement of several samples under unified conditions.
In our study Imaging-PAM was used for visualization of herbicide absorption and
distribution in leaves. All samples were illuminated for 90 minutes and then dark adapted
for 15 minutes before the measurement.
Data processing
Data received from the M-PEA apparatus were analyzed with specialized software
– M-PEA data analyzer V5-5, developed by Petko Chernev from the Department of
Biophysics and Radiology, Sofia University. Imaging-PAM is controlled by ImagingWin
software (Fig. 3). Further analyses and graphical design were done with Excel and
SigmaPlot.

Figure 3. Dialogue window of ImagingWin for Imaging-PAM data processing.
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Results and Discussion
Photoinduced dynamics of photochemical and non-photochemical quenching of
fluorescence
Illumination of dark adapted leaf samples with low intensity light
(100 µmol photons m–2 s–1) induces changes in PSA state (Kalaji et al. 2014c). Some of PSII
RCs are being reduced, Rubsico enzyme is activated and processes such as xanthophyll
cycle and state transitions, that affect the PF intensity and lead to non-photochemical
quenching, begin (Roháček 2010). In order to evaluate changes in the variable fluorescence
during dark to light adaptation, short saturating pulses are applied over the low background
PAR light. This approach is used to analyze effects of different modifiers on the
photosynthetic process. Light induced changes in variable fluorescence, Fv give information
about qP, and changes in maximal fluorescence, Fm – about NPQ.
Photochemical quenching
After only 30 seconds of illumination with PAR the variable fluorescence
(photochemical quenching) in the control samples, measured with both fluorometers,
decreases significantly (Fig. 4 and 5). This observation correlates with higher FO levels,
caused by formation of a pool of RCs with reduced QA (QA–). After about a minute qP started
rising due to activation of Rubisco and Calvin-Benson cycle. Rubisco accepts electrons from
the PQ pool of PSII and re-oxidizes the QA molecules, and real photosynthesis begins.
The efficiency of electron uptake (the qP value) can be used as a criterion for PSII
efficiency at light conditions.

Figure 4. Changes in the photochemical quenching (qP) measured with M-PEA with the 10-min
protocol with 21 saturating pulses (4000 µmol photons m–2 s–1, for 300 ms) applied consequently
with 30 s intervals of illumination with 100 µmol photons m–2 s–1 between each pulse. The measured
samples are Phaseolus vulgaris leaf discs treated with herbicides DCMU, DBMIB, MV and DPC:
A) Cheren Starozagorski, and B) Alubia.
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Figure 5. Changes in the photochemical quenching (qP), measured with Imaging-PAM. The
measured samples are leaf discs from Phaseolus vulgaris treated with herbicides DCMU, DBMIB,
MV and DPC: A) Cheren Starozagorski, and B) Alubia.

During the interval from 30th to about 120th second qP rises fast because Rubisco
reaches its maximum efficiency. Later, re-opening of PSII RCs occurs in a slower manner.
This re-opening is related to the state transition processes – mobile LHCII of PSII are
phosphorylated by a specific protein kinase, which drive them to move from hydrophobic
granal part to stromal part of thylakoid membrane. There they join PSI antennae and the
electron flow from PSII to PSI enhances – both photosystems work in synchrony. The qP
value reflects the concentration of open RCs. High intensity saturating pulses “close”
(reduce) PSII RCs entirely and if the system initially contains a greater number of open RCs,
the qP will have a higher amplitude. State transition process (S1 – dark adapted, to S2 – light
adapted) enhances the electron flow from reduced PQ pool to PSI while fewer electrons
move to PQ from PSII, so the PQ pool oxidizes. This effect is observed as higher qP values.
The qP dynamics has two phases – a fast phase related to Rubisco activation, and a
slow phase caused by migration of LHCII complexes to PSI.
DCMU blocks the electron transfer from QA– to QB (Bennoun 1970) and completely
inhibits photochemical quenching – none of these two phases is observed in both Phaseolus
vulgaris varieties (Fig. 4 and 5).
The herbicide MV lowers qP due to decreasing of FM levels and increasing of FO
levels. PQ molecules are reduced upon illumination despite the high effectiveness of PSI,
which is accelerated by artificial (outer) acceptors such as MV. As a result FO increases.
During the first 30 seconds of the measurement a decrease in FM is observed also, which can
be explained with activation of xanthophyll cycle – zeaxanthine molecules quench the
excited states of chlorophyll a molecules.
The slow decrease in qP caused by MV shows a dynamics similar to the effect of
state transition but the process is most likely opposite to the state transition in the control
samples – from S2 to S1, i.e. during illumination part of PSII antenna complexes, located in
the stromal parts of the thylakoid membrane in dark adapted state (and serving PSI), migrate
back to PSII thus increasing the level of reduced PQ. The protein kinase, responsible for
LHCII phosphorylation, is potential-dependent and inactivates in the presence of oxidized
PQ. In the MV treated leaves PQ is more oxidized than in control which inhibits the protein
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kinase activity but phosphatase is active in any conditions and it dephosphorylates antenna
complexes in stroma lamellae around PSI.
Treatment with DPC has no significant effects on qP dynamics measured with MPEA in both bean varieties, it only slightly decreases the initial drop of qP in Cheren
Starozagorski bean, and the following rise reach almost the same level as the control (Fig.
4).
DBMIB treatment results in higher levels of reduction of PQ demonstrated by more
pronounced initial decrease in qP (Fig. 4). The following rise probably is not a result of
Rubisco activation. The protein kinase is more active in the presence of higher
concentrations of reduced PQ and more LHCII are phosphorylated. The observed S1 – S2
state transition is faster and with higher amplitude than in controls.
Dynamics of qP recorded using M-PEA and Imaging-PAM fluorometers have
similar shapes for all of the investigated herbicides (compare Fig. 4 and Fig. 5). There are
some differences in values compared to control probably due to different time of incubation
with herbicides. Leaves measured with M-PEA are fully saturated with herbicides but those
measured with Imaging-PAM are not saturated.
Non-photochemical quenching
NPQ protects PSA from strong photoinhibition at high light. NPQ and qP are
connected and dependent on one another. Several processes are involved in both quenching
types.
The effects of investigated herbicides PSA-modifiers (DCMU, DBMIB, MV and
DPC) on non-photochemical quenching in leaf tissues are presented in Figures 6 and 7.
Three phases could be distinguished on the control curves. The first phase of NPQ, a fast
increase, is related to activation of xanthophyll cycle (Eskling et al. 1997). Transformation
of violaxanthin to zeaxanthin is catalyzed by the enzyme violaxanthin de-epoxidase, which
is activated by proton gradient across thylakoid membrane. The NPQ reaches its maximum
at about 1st minute and starts decreasing when Rubisco is activated (see the qP increasing
after 1st minute in Figs. 4 and 5). Rubisco activation inhibits this phase of NPQ because
proton gradient is depleted (due to consumption of ATP and activation of ATP synthesis
which uptakes protons from the lumenal side of thylakoid membrane) and violaxanthin deepoxidase is inactivated (Govindjee and Seufferheld 2002). Thus the violaxanthin deepoxidase activity slows down and NPQ level decreases. There are two other phases of NPQ
dynamics – the state transitions process, explained above, and photoinhibition.
Herbicide effects are similar in both investigated bean varieties. NPQ in leaves
measured with M-PEA show similar dynamics after treatment with DBMIB and DPC – fast
increase to a maximum, then slow decrease to a level higher than the initial one (Fig. 6). The
NPQ values are higher than control in DPC-samples, and this could be a result of formation
of quenching PSII RCs in P+QA state due to slower electron donation from WOC. The lower
values (compared to the control) in DBMIB-samples are probably a result of DBMIBinhibition of electron transport.
After DCMU and MV application the fast phase and the peak disappeared, more
pronounced in DCMU-treated leaves because the both herbicides influence (by different
ways) the photosynthetic electron flow.
In samples treated with DCMU the intersystem electron flow and the quenching
processes, connected with it, are fully blocked. The slow non-significant rise in NPQ is
related to photoinhibition processes.
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MV treated samples undergo two-phase transition – fast phase corresponding to
energy depending quenching driven by photoinduced proton gradient formation, and slower
phase due to development of PSA photoinhibition, caused by active ROS formation in the
presence of MV.
The results of Imaging-PAM are quite different – there is no pronounced peak and
no decreasing in NPQ after the treatment with all investigated herbicides (Fig. 7). NPQ
steadily increases: very slow for DCMU and more slowly for MV; and faster for DPC and
DBMIB – above the control.

Figure 6. Changes in non-photochemical quenching (NPQ) measured with M-PEA with the 10 min
protocol with 21 saturating pulses (4000 µmol photons m–2 s–1, 300 ms duration) applied
consequently with 30 s intervals of illumination with 100 µmol photons m–2 s–1 light between each
pulse. The measured samples are leaf discs from Phaseolus vulgaris treated with herbicides DCMU,
DBMIB, MV and DPC: A) Cheren Starozagorski, and B) Alubia.

Figure 7. Changes in non-photochemical quenching (NPQ) measured with Imaging-PAM. The
measured samples are leaf discs from Phaseolus vulgaris treated with herbicides DCMU, DBMIB,
MV and DPC: A) Cheren Starozagorski, and B) Alubia.
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Analysis of PSA heterogeneity, measured with Imaging-PAM
The analysis of the fluorescence images of leaves treated by investigated herbicides shows
that they are not equally distributed within the leaf samples (Fig. 8). The heterogeneity of
their location is an indicator for stress effect (Guidi and Degl’Innocenti 2011). It is shown
better with Imaging-PAM, which allows observation of the changes in fluorescence
parameters over the entire samples (leaves). The values of the fluorescent parameters are
visualized with color schemes, varying from black (0.0) to white (1.0). The firmware
allows evaluation of 18 different parameters, which can be displayed in different color
regimes. The obtained images demonstrate a heterogenic distribution of the applied
herbicides over the leaf surface during measurements.

Conclusion
The investigated herbicides have a significant impact on the dynamics of the
photosynthetic processes. The obtained results demonstrate their different influence on the
structural and functional characteristics of the PSA. The chlorophyll a fluorescence is a very
sensitive and informative intrinsic trait of native plant tissues (Maxwell and Johnson 2000;
Kalaji et al. 2016). The main approach is to analyze dynamics of fast fluorescence rise after
illumination of dark adapted photosynthetic samples (Strasser et al. 2004) that allows
recognizing details in the sequential stages of photosynthetic electron transfer. At
such method the emitted fluorescence signal is integrated through illuminated areаs of the
leaf surface. Another methodical approach allows to collect data from a wide experimental
area and to analyze the fluorescence emitted from each small area individually (spatial
resolution up to approximately 1 µm2) and to visualize not only the functional but also the
spatial heterogeneity in the leaf sheet (Gorbe and Calatayud 2012; Leipner et al. 2001). The
first experimental approach provides a high time resolution (10 µs) of the fluorescence signal
dynamics, but the signal is averaged from relatively big surface (≈ 0.5 cm2). The second
approach allows fluorescence visualization in spatial details. We applied both methods to
assess the herbicide effects in leaf samples with big surface (10 cm2).
DCMU blocks the electron transport and modifies the fluorescent signal
significantly. The applied concentration of DCMU changes the conformation of the D1
protein of PSII and affects the electron donation from WOC. MV oxidizes the electron
transport chain acceptors and enhances the electron flow, so the maximal level of
fluorescence (FM) is not reached. MV influences the PSA of the two investigated varieties
of Phaseolus vulgaris differently – in Cheren Starozagorski variety the electron flow is
affected both in PSI and PSII while in Alubia the electron flow of PSII is not dramatically
changed. The effect of DPC is insignificant, because it compensates the WOC inhibition by
donating electrons to PSII even though the speed of the electron flow is reduced compared
to control samples. DBMIB has a different impact on the two investigated varieties of
Phaseolus vulgaris. It is suggested that in Cheren Starozagorski bean DBMIB pushes PQ
molecules out of the lipid phase in the vicinity of PSII thus the portion of available PQ
increases, while in Alubia variety DBMIB reacts directly with PSII and competitively
reduces the size of the available PQ pool.
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Figure 8. Fluorescence images, recorded with Imaging-PAM fluorometer, present the fluorescent
intensity in Phaseolus vulgaris leaves treated with herbicides-modifiers (DCMU, DBMIB, MV and
DPC). The non-monotonous emission within the leaf surface reflects heterogeneity of herbicide
distribution in the measured leaf discs. Dark adapted (DA) samples were illuminated with series of
saturating flashes (2000 µmol photons m–2 s–1, for 1 s), separated by 30 s intervals of illumination
with background actinic light with intensity of 100 µmol photons m–2 s–1. In the first row are images
from Cheren starozagorski variety and in the second row – from Alubia variety.

Despite their common origin, PSA of the two investigated varieties of Phaseolus
vulgaris have different structural and functional characteristics, and react in different ways
to herbicide treatment. The fluorescent imaging demonstrated heterogenic distribution of the
applied herbicides in the primary leaves of Phaseolus vulgaris.
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Abstract
The aim of paper is to investigate the effect of Ca2+ on the stability of thin liquid
films from palmitoyl lysophosphatidylcholine (lyso PC) and therapeutic lung surfactant
Curosurf, studied by the black foam film method. The minimum concentration (Cc) required
for black film formation and the concentration (Ct) rendering 100% black films were carried
out. The thickness of obtained black foam films is also measured. In the presence of Ca2+
the thickness of films from lyso PC is higher and for the films from Curosurf is lower, than
previous data for films in the presence of Na+.

Introduction
Pulmonary surfactant (PS) is a complex mixture of lipids (mainly phospholipids) and
specific proteins. The main function of PS is to reduce the surface tension at the air–liquid
interface of the alveolus, avoiding the alveolar collapse and reducing the work of breathing
[1]. PS absence, deficiency or inactivation, associated with severe pulmonary diseases.
Phospholipase-mediated surfactant hydrolysis may disrupt PS function by generation of
lysophospholipids and free fatty acids and/or depletion of native phospholipids [2]. Thin
liquid foam films are an adequate structure–functional experimental model to study the
surfactant layers on the alveolar surface [3,4,5]. The conditions of in vitro formation of foam
films are in close correlation to the in vivo situation and propose numbers of parameters and
dependences for description of PS behavior at the air/liquid interface [1,4]. For instance,
1
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critical concentrations for stable black film formation, film stability in terms of probability
for film formation and film lifetime, film thickness etc. Black foam film model has been
applied not only for fundamental studies of PS but also for diagnosis of respiratory distress
syndrome (RDS) [6] and more recently for evaluating the exogenous surfactant preparations
for replacement therapy of RDS [6,7]. Curosurf, one of the therapeutic surfactant
preparations, derived from animals pulmonary surfactant, has shown to be very effective for
survival of the premature infants. In the present work the effect of Ca2+ on the stability of
thin liquid films from lyso PC and from therapeutic lung surfactant Curosurf were studied
by the black foam film method. The minimum concentration (Cc), required for black film
formation, the concentration (Ct) rendering 100% black films and the film thickness are also
reported.

Materials and Methods
Materials:
Palmitoyl lysophosphatidylcholine (lyso PC), was purchased from Avanti Polar
Lipids, and used without further purification. Therapeutic lung surfactant Curosurf (Chiesi
Pharmaceutici, Parma, Italy) is a commercial surfactant replacement, extracted from minced
porcine lungs, containing almost exclusively polar lipids, in particular phosphatidylcholine
(about 70% of the total phospholipid content), and about 1% of specific low molecular
weight hydrophobic proteins SP-B and SP-C. CaCl2∙2H2O (p.a.) was obtained from Merck.
All solutions were prepared with triple distilled water. All experiments were carried out at a
temperature of 22 °C.

Methods:
The measuring cell of Scheludko and Exerowa [3] has proved to be a suitable and
reliable tool for formation and investigation of microscopic horizontal foam films (Figure
1). The film is formed in the middle of a biconcave drop. It thins spontaneously after
formation and a thick colored film occurs.
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Figure 1. Scheme of the measuring cell for the study of microscopic foam films: a - glass tube film
holder; b - biconcave drop; c - microscopic foam film; d - glass capillary; e - surfactant solution; f optically flat glass [3]

During the drainage process, black spots appear due to local fluctuation of the film
thickness. These spots grow and finally cover the whole film. The very thin films appear
black in reflected light and are called black films (Figure 2).

Figure 2. Photographs of foam films with different thickness h

One of the main parameters describing the black foam films (BFF) stability is the
probability W for bilayer observation, which depends strongly on the bulk concentration (C)
of the molecules in the film-forming solution [8]. The extremely steep character of the W(C)
dependence for amphiphile BFF allows one to define two critical concentrations: Cc critical
concentration for black film formation, as the maximum concentration at which W is still
equals to 0 and the threshold concentration (Ct) as the minimum amphiphile concentration
at which W = 1. [1, 6]
Film thickness (h) measurements were performed employing the modernized
microinterferometric method of Scheludko and Exerowa [1,8].
The wavelength of the incident light is 546 nm and a special electronic system is
used for recording the intensity of the light reflected from the film. The film thickness is
calculated from the ratio between the maximum intensity value of the registered
photocurrent and the intensity value corresponding to the equilibrium thickness [4].
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Results
The probability of BFF formation on lyso PC concentration in the presence of CaCl2
(0.1 mol.dm-3) and NaCl (0.15 mol.dm-3) is shown on figures 3 and 4. It is found that Cc
for lyso PC in CaCl2 is 4 µg cm-3 and Ct is 12 µg.cm-3 for 30 minutes waiting time. The
same results for Cc and Ct were obtained for solutions with Na+. W(C) curves in the
presence of Ca2+ are steeper than in the presence of Na+. Our data for film thickness in the
presence of Ca2+ (h = 10.5 nm) are in accordance with the previous investigations [9]
which showed that the film thickness at the same electrolyte concentration is
approximately 10 nm. The films, in the presence of Ca2+, are thicker than films stabilized
with the same lysolipid in Na+ (0.15 mol.dm-3). The measured conductance at temperature
22°C for both solutions is as follows: approximately 19 mS/cm for the presence of divalent
ions and 15 mS/cm for solutions with monovalent ions.

Figure 3. Dependence of probability for BFF formation on lyso PC concentration in the presence of
0.1 mol.dm-3 CaCl2 after 30 minutes (open quadrates) and 60 minutes (filled quadrates).
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Figure 4. Dependence of probability for BFF formation on lyso PC concentration in the presence of
0.15 mol.dm-3 NaCl after 30 minutes (open rhombs) and 60 minutes (filled rhombs).

The probability of BFF formation on Curosurf concentration in the presence of Ca2+
(0.1 mol.dm-3) and Na+ (0.15 mol.dm-3) are shown on figures 5 and 6. It is found that Cc for
Curosurf in CaCl2 is 60 µg.cm-3 and Ct is 160 µg.cm-3 for 30 minutes waiting time. The
dependence is shifted to the lower concentrations with the increasing of waiting time. Film
thickness h of approximately 10.5 nm in the presence of Ca2+ and 13.5 nm in the presence
of Na+ (0.15 mol.dm-3) were measured at the same temperature.
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Figure 5. Dependence of probability for BFF formation on Curosurf concentration in the presence
of 0.1 mol.dm-3 CaCl2 after 30 minutes (open circles) and 60 minutes (filled circles).

Figure 6. Dependence of probability for BFF formation on Curosurf concentration in the presence
of 0.15 mol.dm-3 NaCl after 30 (open polygons) and 60 minutes (filled polygons).
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Discussion
The critical micelle concentration (CMC) for lyso PC is in the range 4 - 8.3 µM.
The concentration range for films from lysoPC vary between 0.8 µM – 2.4 µM (4 – 12
µg.cm-3) so it is situated below CMC. The thicker BFF at 12 µg.cm-3 (2.4 µM) for lyso
PC in the presence of Ca2+ can originate from specific adsorption of ions at the film
interfaces. Also for the thickness of black films in the presence of Ca2+, it may be
considered as evidence for dehydration of the phosphatidylcholine head group [9].
As it is shown in previous studies, the presence of amounts of surfactant proteins
(SP-B and SP-C) and anionic phospholipids is essential for the interaction between Ca2+ and
Curosurf [5].
SP-B plays a critical role in promoting the biophysical properties of surfactants. It
appears to act by aggregating, disrupting and fusing phospholipid bilayers. In the presence
of anionic phospholipids, vesicle fusion mediated by SP-B requires Ca2+. SP-B can also
recognize membrane lipids to yield a more ordered bilayer surface. SP-C appears to play
several important roles in formation and maintenance of the surfactant monolayer within the
alveolus—to accelerate the adsorption from an aqueous compartment to the interface, to
increase lipid vesicle binding to monolayers (Ca2+ - dependent) and to promote assimilation
of vesicle lipid into the monolayer. Lower Cc values for Curosurf compared to synthetic
surfactants shows the influence of the presence of surfactant proteins.

Conclusions
Black foam films from lyso PC are formed at lower bulk concentrations than the
films stabilized with Curosurf. The W(C) dependence is shifted to the lower concentrations
with the increasing of waiting time. The effect is more pronounced in the case of films
stabilized with Curosurf. The effect of waiting time on Cc of therapeutic surfactants, like
Curosurf, is essential for clinical practice - it allows estimating the treatment dose and the
time that such a treatment dose would render a therapeutic effect.
Probably, the lower thickness of the films with Curosurf in the presence of Ca2+ than
in the presence of Na+ is due to interaction of anionic components of therapeutic preparation
with divalent Ca2+ ions.
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PHARMACOPHORE MODELLING
OF PPARγ PARTIAL AGONISTS
M. Al Sharif, P. Alov, I. Tsakovska, I. Pajeva
Institute of Biophysics and Biomedical Engineering,
Bulgarian Academy of Sciences, Bulgaria

Theperoxisomeproliferator-activatedreceptorgamma (PPARγ) iscentral in the regulation
of crucial cellular pathways related to adipogenesis, lipidandglucosehomeostasis,
inflammatoryresponses, vascular biology andplacentaldevelopment. It is an attractive
therapeutic target in the context of metabolic diseases, cardiovascular disorders,
inflammatory and auto-immune diseases, Alzheimer’s disease, age-related macular
degeneration, skin related disorders, addiction control etc. The current tendency in the
development of novel PPARγ selective modulators is focused on partial agoniststhat do not
present the adverse side effectsinduced by PPARγfullagonists (e.g. thiazolidinediones) and
are simultaneously based on natural product-derived scaffolds.
In this study we present an initial pharmacophore modelling of PPARγpartial agonists
as a first step in the development of a natural product-based drug discovery pipeline.
A comprehensive analysis was performed on the crystal structures of human
PPARγprotein-ligand complexes available in the Protein Data Bank (http://www.rcsb.org).
The generated modelling set consisted of about 40 complexes selected to contain only
ligands with maximal relative efficacy ≤ 65% as evidence for the ligands’ partial agonistic
effect.
The analysis of the collected complexes and the application of structure-based modelling
methods allowed us to: (i) characterise the PPARγ binding pocket and the ligands'
interactions; (ii)elucidate different binding modes and(iii) outline key pharmacophoric
features typical for the PPARγpartial agonists.
The collected structural and experimental data are stored in a continuously developing
virtual libraryofPPARγ ligands (http://biomed.bas.bg/qsarmm/), thus supplying the publicly
available resources,useful in modelling studies. The results of the pharmacophore modelling
could be used for identification of novel PPARγ partial agonists including those of natural
origin.
Acknowledgements: Support from ESF COST Action CM1407 and the matching project
of the National Science Fund of Bulgaria (grant DCOST 01/11/16.08.2016) is
acknowledged.
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METHODS OF DIAGNOSTIC OF NEONATAL RESPIRATORY
DISTRESS SYNDROME BASED ON GASTRIC ASPIRATES SAMPLES
IN ORDER TO APPROPRIATE THERAPY
Maya Bangyozova1, Albena Jordanova2, Asya Tsanova2, Vishnya Stoyanova2,
Emilia Stoimenova2, Emilia Christova3, Zdravko Lalchev1
1 Faculty

of Biology, St. Kl. Ohridski University of Sofia, Sofia, Bulgaria
of Medicine, St. Kl. Ohridski University of Sofia, Sofia, Bulgaria
3 Faculty of Public Health, Medical University of Sofia, Sofia, Bulgaria

2 Faculty

The neonatal respiratory distress syndrome (NRDS) is a leading cause of the
mortality in premature infants. For this reason different biophysical methods for analyses of
the alveolar surfactant’s (AS) structure and properties have been widely developed in the
recent decades. The neonatal lung maturity was diagnosed by tests using amniotic fluid,
tracheal and nasopharyngeal aspirates, etc., but these methods are traumatic and invasive,
and provide samples with small quantities. Therefore, it is necessary to look for new fast
and noninvasive diagnostic methods for surfactant maturity assessment at birth. In the
present study we performed biophysical analyses of gastric aspirates (GAs) collected from
newborns with an aim to find a correlation between the parameters tested and the surfactant
maturity.
The biophysical analysis of GAs, by using of Axisymmetric drop shape analysis
(ADSA), has demonstrated that the values of minimal surface tension were significantly
higher in premature infants with NRDS, compared to the healthy term babies, and were
statistically reliable. This parameter could be successfully used for fast evaluation of
surfactant deficiency in the premature infants in regard to administration of exogenous
surfactant treatment. In addition, by Brewster angle microscopy (BAM), the GAs
monolayers morphology showed significant differences between the samples from both
groups studied. The images of the GAs monolayers from the control group of GAs (full term
babies) showed thick and dense films with surface domains as a result of the higher
phospholipid concentration and the enhanced adsorption at the air-water interface. In
contrast, the monolayers from NRDS group were thin, homogenous without surface
aggregates due to the surfactant insufficiency with these samples.
In conclusion, for the first time we used a combination of modern, innovative
techniques, ADSA and BAM, for analyses of gastric aspirates from healthy full term and
prematurely born infants for fast, reliable and precise surfactant's assessment for diagnostic
of respiratory disorders associated with surfactant deficiency.
Key words: Gastric Aspirates, Neonatal Respiratory Distress Syndrome, Surface tension,
Axisymmetric Drop Shape Analysis, Brewster angle microscopy

Acknowledgements: The biochemical and biophysical investigations in this study were
supported by a grant for project 168/2016 of the University of Sofia “St. Kliment Ohridski”.

222

12-th NATIONAL MEDICAL PHYSICS AND BIOMEDICAL ENGINEERING CONFERENCE-NMPEC
03-05 November 2016; Sofia, Bulgaria

EFFECT OF CHANGES IN MUSCLE FIBRE GEOMETRY ON
EXTRACELLULAR POTENTIALS

1

V.G. Dimitrov, A.G. Dimitrov, T.I. Arabadzhiev, N.A. Dimitrova
Institute of Biophysics and Biomedical Engineering, Bulgarian Academy of Sciences,
Sofia, Bulgaria.

M-response induced by stimulation of the corresponding nerve is often used to provoke
synchronized muscle activity. The shape of M-response is simple because EMG signals
produced by activity of different motor units are synchronized. M-response contains a few
phases that provide clues for understanding the mechanisms of electrophysiological
processes.
However, even changes in M-response are sometimes difficult for explanation. One of
such recent findings is related to changes in the main and terminal phases of the M-response
observed 1 second after maximal voluntary contractions of relatively short durations. The
main phase remained unchanged in amplitude and duration, while the terminal phase
experienced an increase in amplitude, shortening and earlier appearance. Such changes
could not be explained on the basis of the existing models. These models provide theoretical
fundamentals of generation of extracellular potentials produced by straight uniform striated
muscle fibres.
However, actual muscle fibres are not straight; they are curved. Changes in M-response
1 second after short contraction reported in literature could be due to changes in muscle
geometry. The purpose of the present study is clarifying the effects of changes in fibre
geometry on extracellular potentials.
The method used is mathematical modeling. We simulated the effects of changes in (a)
angle of the fibre curvature, (b) length of the curved fibre portion, (c) decrease or increase
in diameter of the fibre end portion. The results of the study show that changes in the fibre
curvature or/and diameter induce appearance of an additional transmembrane dipole source
at the region of geometrical changes. This results in production of an additional terminal
phase in the extracellular potential. This phase arises before the traditional terminal phase.
Relation between amplitudes of these additional and traditional terminal phases depends on
the fibre curvature. This makes us conclude that the terminal phase of the M-response and
the phase characteristics could be related not only to the finite length of striated muscle fibre
but also to the fibre curvature and changes in fibre diameter.

Key words: extracellular potentials; single muscle fibre; geometry of fibre end; fibre
curvature; terminal phase of M-response
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INVESTIGATION OF THE INFLUENCE OF THE ENDOTOXIN ON THE
DEFORMABILITY OF RED BLOOD CELLS. (IN VITRO)
I. Djenev
Medical University, Faculty of Medicine, Department Medical Physics and Biophysics,
Sofia, Bulgaria

Experiments with endotoxin is an interesting direction for medical applications. It is
known that certain abnormalities in the microcirculation in endotoxin shock are related to a
reduction of the surface electrical charge and the deformability of red blood cells. Response
to these characteristics could be explained by the binding of endotoxin macromolecules with
erythrocyte membranes. The intravascular coagulation of blood cells оr "sludge
phenomenon" has bееn observed in endotoxin and other types of shock. То gain а mоrе
comprehensive insight into the effect of endotoxin оn erythrocyte membranes аn assessment
was made of the 1ight dispersion in electric field bу erythrocyte suspension. This method is
mоrе sophisticated than the electrophoretic оnе, but its adoption enables to investigate better
the dynamics of endotoxin interaction with erythrocyte membranes, changes in
deformability and the 1ike.
The observed biphasic effect of endotoxin, recorded bу the electrooptic effect, is а
phenomenon noted during the assessment of the properties of erythrocyte and other
membranes, treated with а variety of substances. Upon treatment with drugs а biphasic
pattern is disclosed in the stability of erythrocyte membranes.
In electrooptic assessment, the incubation and measurement of cells were made in water
solution of sucrose of low ionic strength. In the latter case the biphasic effect bесаmе
manifest at the very beginning. It was rаther marked in the first minute, while ten minutes
later it was nо longer noted. The development of intravascular coagulation in shock is related
to а lower deformability of the cell membranes.
А decrease of deformability has bееn established, although only qualitatively. The
electrooptical method enables to estimate the quantitative alterations in deformability. From
the values of the disorientation time for five of the samples was measured, а 37 реr cent
average reduction of deformability was obtained. It is furthermore presumed that
deformability modification is proportional to the change in relaxation time of
disarrangement. This is а mеаn value of measurements performed during the first minute,
when the changes in electrooptic effect аrе most significant. The reduction of deformability
in individual subjects varies in the 30 to 50 реr cent range.

Key words: electro-optical technique, deformability of red blood cells, endotoxin shock.
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ORDERING OF THE NUMEROUS CYTOCHROME bc1 X-RAY
CRYSTAL STRUCTURES IN A SEQUENCE OF EVENTS DURING
SUBSTRATE PROCESSING IN THE Qo-SITE OF THE COMPLEX
R. Vladkova*
*Institute of Biophysics and Biomedical Engineering, Bulgarian Academy of Sciences,
Sofia, Bulgaria

Abstract
Cytochrome bc1 complex (cyt bc1; Respiratory complex III) is an essential
component of the energy transduction systems in mitochondria and bacteria. This makes it
one of the most frequent drug or inhibitor targets. Understanding the exact sequence of
events at atomic resolution during substrate processing in this complex is believed to provide
insight not only into processes of aging, mitochondrial diseases, apoptosis, etc., but it could
also be beneficial in drugs and fungicides design. However, the time-scale accessible to
molecular dynamics simulations of the cyt bc1 is still too shorter relative to the turnover time
of the substrate processing. Recently, we elaborated an alternative approach to this problem.
It is based on the width of the identified-using-Chlorophyll a Qo-site p-lateral gate in the
homologous cyt b6f of oxygenic photosynthetic species. By using this gate-width as an
ordering parameter, the great variety of cyt bc1 X-ray crystal structures from various sources
and with the binding of diverse inhibitors were perfectly ordered without mixing the
structures that are bound to different types of Qo-site inhibitor. This is the first identified
gate in cyt bc1 that possesses inhibitor sensitivity.
The visual inspection of the ordered structures validated that they represent a timeordered sequence of events. Our understanding of the dynamic structural changes in cyt bc1
during turnover at the Qo-site is augmented by the time-sequence ordering of a total of 53
atomic resolution cyt bc1 crystal structures during this process.

Presenting author: rvladkova@bio21.bas.bg
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Introduction
The cytochrome bc1 complex (ubiquinol (UQH2): cytochrome c oxidoreductase,
cyt bc1 ;
Respiratory complex III) is an essential component of the respiratory energy
transduction system of mitochondria and bacteria. In anoxygenic photosynthetic bacteria,
cyt bc1 is also the key element of the photosynthetic energy transduction system. Three cyt
bc1 core subunits (cyt b, Rieske Iron-Sulfur-Protein (ISP) and cyt c1 (Figure 1)) perform its
catalytic function - proton-coupled electron transfer, in two catalytic sites for substratebinding: the Qo-site near the electropositive (p-) side of the membrane, where UQH2 binds
and is oxidized to UQ, and the Qi-site near the electronegative (n-) side, where UQ binds
and is reduced to UQH2.

Figure 1. Dimer crystal structures of cytochrome bc-complexes. (A) algal cyt b6 f (1Q90
[11]), (B) bacterial cyt bc1 (2QJP [12]) and (C) mitochondrial cyt bc1 (lNTM [13]). The blue
and red horizontal lines are the calculated hydrocarbon boundaries
(http://opm.phar.umich.edu, [14]) of the lipid bilayer of either the thylakoid membrane (A),
the bacterial (B) or the mitochondrial (C) inner membranes, with the n-side (above the blue
line) representing the chloroplast stroma (A), bacterial cytoplasm (B) or mitochondrial matrix
(C) and the p-side (below the red line) representing either the thylakoid lumen (A) or the
intermembrane space (B, C). The cyt b of cyt bc1 is split to cyt b6 and subunit IV in cyt b6f
Cyt b6f has 3 additional cofactors: Chla, carotenoid and ci heme.
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Like as the homologous cyt b6 f (plastoquinol (PQH2): plastocyanin oxidoreductase)
in oxygen-evolving photosynthetic membranes (thylakoids) of plants, algae and
cyanobacteria, cyt bc1 catalyses the electron transfer from the reduced substrate at the Qosite to the cyt C1 (cyt f in cyt b6 f subunit via intracomplex domain movement - the
movement of the Rieske ISP-ED [1] (see Figure 1).
The coupling of the electron transfer with the proton translocation across the
membrane generates proton-motive force for ATP synthesis [2, 3]. Given the importance of
respiration and ATP for any life form, cyt bc1 in general, and its Qo-site in particular, is one
of the most frequent inhibitor-targets in fungal and parasite disease control. For instance,
inhibitor binding at the Qo-site of cyt bc1 in malaria [4] or toxoplasmosis [5] parasites is the
main treatment of these diseases. Many mitochondrial and heart diseases treatments [6-8],
and even the cancer treatment [9], rely on the atomic resolution cyt bc1 crystal structures
and their reaction-induced structural changes. It is though that understanding the exact
sequence of events at atomic resolution during substrate processing in cyt bc1 will provide
insight not only into processes of aging, mitochondrial diseases, apoptosis, pest control, etc.
[10], but it could also be beneficial in drugs and fungicides design.
However, the time-scale accessible to molecular dynamics simulations of the cyt bc1
is still too shorter relative to the turnover time of substrate processing, which is in the
millisecond time range (e.g., [15]). This is because the cyt bc1 is rather large protein, which
functions as a dimer (bacterial cyt bc1 dimer mass is 205 kDa [16]). In this dimer, the ISPED of the one monomer interacts with the Qo-site of the other monomer (Figure 1). The run
time of the first molecular dynamics simulations of the ISP-ED movement was 1 ns [17].
The maximal long-timescale molecular dynamics simulation of the cyt bc1 achieved
to date is 13 µs [18] on the Anton supercomputer - a special-purpose machine for molecular
dynamics simulation [19]. But it is still two orders of magnitude smaller than the requested
one.
An alternative approach to solve this problem has been recently elaborated during
our efforts to discover the long-standing unclear role of the single Chlorophyll a (Chla)
molecule in the cyt b6f complex [20]. This approach is based on the use of the width of the
identified-using-Chla Qo-site p-lateral gate in the cyt b6f (Figure 2) as an ordering parameter
for the available crystal structures. The successful application of this approach to the cyt bc1
structures [20] reflects the dynamic and functional consequences from the high-sequence
conservation of the Qo-site of cyt b (in cyt bc1) and cyt b6 + subunit IV (in cyt b6 f proteins
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[21]. In this presentation, I will further promote our alternative approach [20] by inclusion
in the analysis the 6 newest structures and focusing on the benefits, which this cyt bc1
structure ordering provides for future studies in this field, including also drugs and
fungicides design.

Materials and Methods
In addition to the 47 cyt bc1 structures analyzed in [20], we included also those
deposited in the Protein Data Bank (http://www.pdb.org) during the period from January
2015 to October 2016 (5KLI, 5KKZ, 5KLV [22], 4U3F [23], 4D6U, 4D6T [24]). Structure
visualization and distance determinations were performed using WebLab Viewer v. 2.01
(http://www.msi.com) and ViewerLite 4.2 (http://www.accelrys.com). The topologies of the
various cyt bc1 crystal structures in the membrane were taken from the Orientations of
Proteins in Membranes (OPM) database: http://opm.phar.umich.edu/ [14]. For more detail,
see [20].

Results
Perfect Qo-site inhibitor sensitivity of the width of the Qo-site p-lateral gate. The
analysis of the cyt bc1 crystal structures was based on the identified-using-Chla Qo-site plateral gate in cyt b6f [20]. In cyt b6f this gate is the distance between a pair of residues at
the p-side of the complex: the Ala147 of the cd1-helix of cyt b6 and the Leu76 of the ef-loop
of subunit IV just before the strictly conserved -PEWY- (Pro77-Tyr80) motif.
This residue pair is positioned laterally and deeply in the Qo pocket and does not
directly contact the ISP-ED. In cyt bc1, the sequence alignment equivalents of the gateforming residues of cyt b subunit are: Gly143 - Val270 (yeast), Gly143 - Lys270 (chicken),
Gly142 - Lys2e9 (beef) and Gly158 - Val293 (bacteria). Figure 2. Shows the Qo-site p-lateral
gate in cyt bc1 structures.
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Figure 2. Qo-site p-lateral gate in cyt bc1 structures. (A) empty Qo-site (chicken cyt bc1,
3H1H [1]) and (B) stigmatellin a occupied Qo-site (bacterial Rhodobacter sphaeroides cyt bc1,
2QJP [12]). The Qo-site p-lateral gate between the cd1-helix residue (yellow) and efloop residue (cyan) of cyt b is indicated by a red dot line. Presented are the cyt b helices (in
yellow-brown) and the Rieske ISP protein (in light green) with its indicated ISP-ED and FeS
(Fe2S2) cluster. Nitrogen is in blue, oxygen is in red. The Qo-site bound stigmatellin a
(SMA), the Qi-site bound UQ and antimycin (Ant) are in magenta.

In Table 1, in addition to the previously analyzed structures [20], are also included
the 6 newest ones. Table 1 lists all 53 cyt bc1 structures in order of decreasing d-values for
the width of the Qo-site p-lateral gate. It is clearly seen that the d-values perfectly order the
cyt bc1 structures without mixing the structures that are bound to different types of Qo-site
inhibitor, that are: stigmatellin-like, famoxadone-like and MOA-like. According to the Qosite inhibitor classification in [27], which is based on the effect of the inhibitor on the
position/mobility of ISP-ED, the Qo-site inhibitors are divided into two classes, Pf (fixed
ISP-ED) and Pm (mobile ISP-ED). That is, the stigmatellin- and famoxadone-like inhibitors
belong to the Pf inhibitor class, and MOA-like inhibitors to Pm. The ordering in Table 1
fully support the newly modified classification of the Qo-site inhibitors [39, 43-45], which
differentiates the famoxadone-like inhibitors from the stigmatellin-like ones. Table 1 shows
that the stigmatellin-like inhibitors produce maximal widening of the Qo-site p-lateral gate.
The next highest widening is produced by the famoxadone-like inhibitors. The d-width
decreases in the structures with the Pm-inhibitors, i.e., the MOA-type inhibitors or
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triazolone. Finally, the d-width is minimal in the native (empty Qo-site) structures. To the
best of our knowledge, the width of the Qo-site p-lateral gate is the first identified distance
between a pair of cyt b residues (one from cd1-helix and one from ef-loop) that possesses
inhibitor sensitivity. This gate-width is a measure for the induced mutual displacement of
the cdi-helix and ef-loop in correlation with the position/mobility of the ISP-ED FeS cluster.
For further description and discussion of these results, see in [20].
The sequence of cyt bc1 structures in Table 1 represents monotonic unidirectional
conformational changes. The Qo pocket wherein the inhibitors bind is bilobal with the heme
bL distal lobe (closer to the membrane interface, see Figure 2) occupied by stigmatellin-like
inhibitors and the heme bL proximal lobe occupied by the MOA-like inhibitors [46, 47].
The turnover of the Qo-site includes the oxidation of UQH2, release of 2 H+ coupled with
the successive delivery of two electrons to high-potential (involving the Rieske ISP and cyt
c1) and low-potential (involving hemes bL and bH) electron transport chains. It was
suggested that the different positions of stigmatellin- and MOA-like inhibitors mimic the
movement of the native substrate within the Qo pocket ([48], for a review, see [39]).
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Table 1. Ordering of the 53 cyt bc1crystal structures on the basis of the widtha d of the Qo-site plateral gate
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To evidence that the sequence of structures in Table 1 represents monotonic
unidirectional conformational changes, important was the choice of both [20] the direction
view-point and the topological orientation of the complexes as calculated in the OPM [14].
Figure 3B shows the used side view of the Qo-site p-lateral gate and the p-side membrane
interface for the consecutive comparison of the structures in Table 1.

Figure 4 shows representative views taken from the bovine cyt bc1 structures for all
of the four groups differentiated in Table 1: the Qo-site occupied by stigmatellin-like (A,
1SQX [27]), famoxadone-like (B, 2FYU [3e]), MOA-like (C, 1SQB [27]) inhibitors and an
empty Qo-site (D,1NTM [13]). As is evident from Figure 4, when going from stigmatellinto famoxadone- and MOA-like inhibitors, the decrease in the d-value is accompanied by a
decrease in the inhibitor
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Figure 4. Representative views taken from the bovine bc1 structures for all of the four groups
differentiated in Table 1: the Qo-site occupied by stigmatellin-like (A, 1SQX [27]),
famoxadone-like (B, 2FYU [36]), MOA-like (C, 1SQB [27]) inhibitors and an empty Qosite (D, 1NTM [13]). Adapted from [20].

volume that protrudes through the gate within the marked box and by an increase in the
distance of FeS to the membrane plane wherein the Fe of heme bL lies. The same trend is
also observed when we compared the structures from each inhibitor type group in the
direction of decreasing d-values.
As described in detail in [20], all these observations defined the Qo-site p-lateral gate
as the gate for the inhibitor access to ISP-ED. This gate opens to the ISP-ED docking
interface, and through this gate, the inhibitor, depending on the chemical nature and the
protruded volume, affects the ISP-ED penetration of the membrane interface. The visual
inspection of the ordered structures in Table 1 validated that they resemble a time-resolved
sequence of snapshots for the distal-to-proximal movement of the natural substrate relative
to the heme bL domain and eventually the exit of the product from the Qo pocket, in
accordance with the suggestion of [48] (for a review, see [39]). Therefore, we concluded
that the structures in Table 1
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Discussion
Our alternative approach to molecular dynamics simulation for visualization of the
dynamic structural changes in the cyt bc1 complex during substrate processing [20] is
additionally confirmed in the present work by the excellent implementation in Table 1 of
the data for the 6 newest cyt bc1 structures. The ordering of the numerous cyt bc1 crystal
structures in a sequence of events during substrate processing in the Qo-site of the complex
([20], Table 1) is the first of its kind for bc-complexes. For the success of our approach, we
would like to emphasize first, the decisive role of the discovered Chla uniqueness in cyt b6f
[20] and the identified on its basis Qo-site p-lateral gate in cyt bc1 ([20], Figure 2), and
second, the novelty connected with both the choice of the view for structure comparison and
the use of the same cyt bc1 membrane orientation allowing us to follow concomitantly the
inhibitor volume protruded towards the FeS and the closeness of the FeS to the membrane
plane ([20], Figures 3 and 4). In this way, we also were able to evidence the conformationally
linked interaction between the Qo-site inhibitors and the ISP-ED [20], as it was earlier
established [39]. The benefits from the availability of time-sequence of atomic-resolution
cyt bc1 structures mimicking the substrate processing during the turnover at the Qo-site are
multifarious.
(i). Our understanding of the mechanism of proton-coupled electron transfer in cyt bc1 is
augmented by the identified possible conformational changes occurring during the
turnover at the Qo-site. The atomic resolution structure ordering offers the unique
possibility to follow the structural dynamics at any other remote place of the structure
during the turnover at Qo site, thus opening the possibility for research on the
dynamic membrane or surface interactions with other molecules in the respiratory
membrane. A comparison of structure ordering in Table 1 with other structure
orderings (e.g., the recently reported in [45]) could unveil important information on
the dynamic intracomplex interactions.
(ii). The ordering in Table 1 could also be beneficial for the molecular dynamics simulations
on the cyt bc1 in the choice of the most appropriate available X-ray crystal structure
for modeling the drug- or inhibitor-binding to a cyt bc1 complex, which still has no
crystal structure. For example, like as in [49]. This ordering can also be useful for
final validation of molecular dynamics simulations on the cyt bc1-inhibitor systems.
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(iii). Because the width of the Qo-site p-lateral gate is inhibitor sensitive, and could be
regarded as a quantitative measure for the strength of the inhibitor-ISP-ED
interaction, the ordered structures in Table 1 could assist the design of new drugs or
fungicides with desired affinity to the ISP-ED. For example, like as in [23].
(iv). In the light of the potential use of agrochemicals as models for antifungal drugs [50,
51], the universality of the Qo-site p-lateral gate for ordering of the crystal structures
of both cyt b6f and cyt bc1 in a sequence of events during the turnover at the Qo-site,
is more than promising in this direction. This universality could accelerate the
discovery of human antifungal drugs on the basis of agricultural fungicides.

Conclusion
Our understanding of the dynamic structural changes in cyt bc1 during turnover at
the Qo-site is augmented by the time-sequence ordering of a total of 53 atomic resolution
cyt bc1 crystal structures during this process. Benefits for drug, human- and agriculturalfungicide design are also outlined.
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Are ordered as time-resolved

snapshots of intermediate states during the movement of both the inhibitors that mimic the
natural substrate and the FeS of ISP-ED.
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Abstract
Articulating paper is the most widely used method to visualize occlusion. A belief exists
among dentists that articulating paper marks intensity is indicative of occlusal contact force.
Our research aims to test the correlation between articulating paper marks intensity and
chewing forces. A novel chewing simulator - “Sofia”, designed to reproduce the dynamic
masticatory forces according to the functional occlusal concept of Le Gall and Lauret (1996)
(1) was used to produce different controlled forces through articulating paper on composite
samples. Thirty composite samples (Herculite HRV, Enamel A1, item No 7722859, Kerr
Italia Srl.) were divided in two groups according to the two different articulating papers
tested (80μm straight – DoriDent Dr.Hirschberg GmbH; Austria; 200 μm ,Pelikan
Vertriebsgesellschaft mbH&Co.KG). Three different loads (10N, 20N and 40N) were
applied on each sample and marked through the articulating paper. The resultant marks were
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subjected to image densitometric analysis in order to determine the correlation between
color intensity and corresponding loads. Under the condition of the present study out of the
two articulating papers tested only the carbon paper (which is not actually designed for a
dental use) presented correlation between marking’s intensity and force. For the other two
articulating paper no steady increase in the marking’s intensity was observed with force’s
increase. The results of the study suggest that higher force can be related to lower intensity
markings and therefore the accuracy of articulating paper analysis should be questioned and
possibly double-checked by alternative methods.

Introduction
Articulating paper is a diagnostic tool used in dentistry to highlight occlusal contacts and
the distribution of occlusal forces. That is, it marks those points on the teeth where the teeth
contact during biting and grinding. Articulating paper is made of a thin, non-adhesive paper
strip covered in fluorescent ink or dye-containing wax. A strip of articulating paper is placed
between the teeth while the desired mandibular movements are performed.
In ordinary dental clinical practice, when we use articulating paper, always are use one color
for excursive movements and another for biting (tap, tap).
Minimally, this trains our eyes and allows us to discriminate where the new restoration is
bumping when the patient moves. This also helps keep track of the spots we want to preserve
for the stops. This technique also helped us to begun to see function of teeth on a regular
basis.
We allow the patient to bite hard without the tape immediately after removing the tape from
the mouth. The spots that are hitting slightly harder or earlier will have a little white dot in
the middle where the cusp penetrated through the thickness of the colors.
Testing by articulating paper is the most commonly used method to check occlusion
whenever dental restorative work affects the chewing (occlusal) surface of the teeth. The
common belief is that wide and dark occlusal contacts indicate strong charge, while light
and small markings are related to small charge (2). Other authors however express the
opposite opinion: that occlusal paper mark size is not related to occlusal forces applied (3).
Same controversy might be found regarding the intensity of the articulating paper markings.
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Materials and Methods
Articulating papers
Two papers were tested in the present study: Dorident 80µm (Dr.Hirschberg GmbH,
Austria) (Blue-1); Handifilm 205 (Pelikan) (Red-1).

Chewing simulator
A device constructed to simulate chewing process (chewing simulator “Sofia”) was used in
the present study in order to apply reproducible forces upon the samples. The chewing
simulator was developed several years prior to the present study in relation to a PhD work
in the Faculty of Dental Medicine Sofia

Figure 1. Chewing simulator “Sofia” simplified graphic representation (for a better
visibility only one of the loading arms is being depicted).

Specimen fabrication
For the production of the specimens a well-known in the clinical practice composite material
was chosen in order to mimic as closely as possible the common dental practice occlusal
adjustment conditions (Herculite HRV, Enamel A1, and item No 7722859, Kerr Italia Srl.).
Metal rings (25/24/8mm) were produced and filled with the material on top of glass slab
using a specially designed fixation device. The polymerization was performed using a high
power light-curing device (2000mW/cm2). The 30 specimens were divided into 3 groupseach one tested with a different type of articulating paper. Three different forces were
applied on every sample – 10N, 20N, 40N.
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Marking intensity measurements
In order to analyze the image we have used an image densitometry. Densitometry is the
quantitative measurement of optical density in staining materials. In the present study we
tested optical density is a result of the quantity of staining versus clear area as a result of
application of different forces through the tested articulating paper over a flat composite
sample.
In our study we use line densitometry analysis: the values of successive spots along a
dimension are expressed as a graph.
In order to obtain an objective assessment of marking color intensity (staining) a Contour
Graphs- Origin pro software (Origin-Lab; USA), with image analysis unit was used. As a
first step color image was inverted in black and white negative image, later profiles were
used to determine the intensity of the color of a surface.
The image-profiling tool provides a way to plot image data and generate profiles.
Horizontal profiles are plotted above the image, and vertical profiles are plotted to the right.
By default, both horizontal and vertical profiles are plotted together as separate graph layers
on the same graph page; however, the software allows for the option to display only
horizontal or only vertical.
In order to omit subjectivity during analysis of different contact-paper colors we transformed
all samples into 8-bit gray scale after scanning. In this way we estimate only staining
intensity versus applied force.
After this procedure we integrated curve under the pike with certain intensity and obtain

Interpretation of push pressure depicted by Contour Graphs- Origin pro software with
image analysis unit
Contour graphs are surface graphs of xyz data, plotted in 2D space. Viewing a contour graph
is the same as viewing a 3D surface graph from a point perpendicular to the XZ plane. In
contour graphs, ranges of Z values are distinguished by different variations of gray or gray
scale.
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Results
The densitometry results are presented in Fig. 7-9.
The loading force for group 1 was 10N, the one for group 2 was 20N and accordingly for
the group 3 was 40N for all of the articulating papers tested.

Figure 2. Sample graphic of the Mesh
Finite element representation of a structure. it is first conceptually divided into simple parts
called elements. Every element (node) of Figure 2 mesh correspond to:
n=

F
=σ =εE
S

Consider a single element: the ‘forces’ and ‘displacements’ at the nodes are related by the
‘stiffness matrix’ for the element, denoted n. Each element (n) has nodes which ‘join’ with
the nodes on adjacent elements to re-create the total structure, the stiffness term for a node
is then the addition of all the stiffness terms from the elements joined at that node.
In this way, the stiffness matrix for the whole structure (denoted [n]) can be obtained by reassembly of the individual elements. It is called the global stiffness matrix.
This matrix can be represented by energy potential minimum as well:
A numerical value of the potential energy of tension ∏ = U − W is dependent from the
function u ( x ) to be used. Because ∏ is a functional, since a functional is a value dependent
from the choice of function.
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Figure 3. Distribution of potential energy within the structure under share stress conditions

On Figure 3. In the lower point, an infinitesimal change of the function u ( x ) equaled to

σ u ( x ) will not give an increase of the functional σ ∏ . In the point of minimum: Ep. Free
changes of are called the variations or vibrational energy level (kT) or variations of σ u ;

σ ∏ . The mathematical condition of the minimum of potential energy can be written as,
σ ∏ = 0 . How it can be seen, variation in the case of functional investigation has the same
meaning as differential in the case of function investigation.
We applied finite element analysis and create a mesh, with nodes [n] will be a 3n x 3n matrix
and an equation of the form F = nσ can be used to relate all nodal forces F and nodal
displacements ( σ ). The forces on each node should be zero (equilibrium principle), except
for the nodes to which an external load is applied. Knowing this, the entries can be inserted
into F, and equation can then be solved for ( σ ) to obtain the complete set nodal
displacements. Strain and stress can be calculated from the nodal displacements if required.
Image profiles plot can be used to analyze the changes along a line, while the image
information tool provides the basic information, such as width, height and color-depth, of
the image.
By means Image profiles we provide an Image Densitometry, which is
an
quantitative measurement of optical density in the field of interest in this case this is stained
by articulation papers region on the sample. Optical density is a result of the transformation
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of staining intensity into gray scale, gray scale is proportional to intensity of power of action
of chewing simulator.

Figure 4. Densitometry Profile analysis by X and Y axes for sample Blue-1

For every-one of investigated articulation papers we provide an image densitometry
analysis on the base of traces placed after application of 10N, 20N and 40N forces realized
by Chewing simulator “Sofia” over two investigated samples Figure 4, 5 and 6.
Image densitometry analysis has the aim to objectivize, obtained images of the two
samples of articulation papers undergo to pressure power analysis by chewing stimulator
and after that to visualize possible differences between the traces left after probes of
chewing simulator.
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Figure 5. Densitometry Profile analysis by X and Y axes for sample Red-1

At Figure 5 are presented results obtained by red stained articulation paper with gel-type
surface structure, it is clearly seen very prominent profile of traces over the sample from
10N, 20N and 40N, but in the same time high heterogeneity of the profile within every one
of the traces.
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Figure 6. Correlation analysis of two samples at two different applied forces: 10, 20 and 40N, at
integrated densitometry profile. Critical level of correlation coefficient (95 percent significance) as
a function of sample size. The critical level drops from r=0.20 for a sample size up to 100

Discussion
The experimental setting corresponded to a clinical situation where a sliding contact
on one or more teeth is tested. Such a situation might occur during incisal or canine guidance
or if the contacts are tested according to a novel centripetal functional occlusal concept (1).
The expected result was to see a significant increase in the articulating paper marking
intensity in relation to the applied force that doubles between each group of testing (10N,
20N, 40N). None of this was observed with the two clinically used articulating papers. In
some cases a lower intensity marking was observed when double force was applied. Only
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with the carbon paper such a trend existed – however this paper is not produced for clinical
dental purposes but rather for office use.
In order to increase definition of the experiment we integrate densitometry profile,
and obtain rather equal values for two different applied forces at Red-1 paper (with
embedded liquid ink spheres) and relatively small but significant difference for the Blue-1
paper (dry ink type paper).

Conclusions
The present study indicates that no correlation exists between articulating papper
intensity and applied forces. Best relation force/intensity was provided by the carbon paper
tested which is not designed for a clinical dental application.
In accordance with the results a recommendation might be made to the dental
practitioners to question the results from the articulating paper occlusal analysis and doublecheck the results using an alternative occlusal analysis method.
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Vascular leakage in the brain is a major complication associated with brain injuries and
certain pathological conditions due to disruption of the blood-brain barrier (BBB).
The process of angiogenesis is complex but generally involves pericyte detachment;
increased vascular permeability; extravasation of plasma proteins, such as fibronectin,
which set the scaffold for further angiogenesis followed by vessel maturation; recruitment
of pericytes; and finally, tightening of vessel walls. Currently, antiangiogenic therapies are
used for cancer treatment and affect cancer progression with variable outcomes
The blood–brain barrier (BBB) is a diffusion barrier, which impedes influx of most
compounds from blood to brain. Three cellular elements of the brain microvasculature
compose the BBB—endothelial cells, astrocyte end-feet, and pericytes (PCs). Tight
junctions (TJs), present between the cerebral endothelial cells, form a diffusion barrier,
which selectively excludes most blood-borne substances from entering the brain. Astrocytic
end-feet tightly ensheath the vessel wall and appear to be critical for the induction and
maintenance of the TJ barrier in the mammalian brain.
The laboratory animals that were used and monitored are preliminary operated and
implanted open cranial window (CW) in order to observe directly microvasculatory bed of
the brain. 30 Male Wister rats (n=30). Twenty of them were treated with glioma tumor cells.
Ten were treated with inhibitor of VEGF (experiment). The other ten were treated with
carrageenan to induce inflammation, and 10 were left as pure control.
Preparation of cranial window. Rats were anesthetized with 40 mg/kg body wt i.p.
ketamine.
A catheter was placed into a tail vein for injection of the intravascular tracer, fluorescein
iso- thiocyanate albumin (FITC-albumin; molecular weight=69,000 Da and Evans Blue).
Permeability of the blood-brain barrier was evaluated using two methods. First,
extravasation of FITC-albumin was indicated by measurement of tissue fluorescence
through fluorescent microscopy and by means spectrophotofluorometer (Shimadzu FL-260)
for evaluation of the ratio of FITC-albumin fluorescence between blood plasma and
cerebrospinal fluid-CSF.
Key words: CSF, BBB, Endothelial tight junctions, tumour neo-angiogenesis
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TEMPERATURE─DEPENDENT, SPATIAL AND TEMPORAL
CONTROLLED AZOBENZENE POLYMERIC MATERIALS
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Azobenzene polymers are azodyes which are covalently attached in the side chains.
They have been extensively investigated for the last three decades because of the high
photoinduced birefringence in them and its potential use for optical storage and other
photonic applications. It is known that linearly polarized light induces reorientation of the
azobenzene groups through multiple trans–cis–trans isomerization cycles and induces large
optical anisotropy into them. The value of the anisotropy achieved in different azopolymers
depends on the concentration of the azochromophores and the polymer structure that
influences the mobility of the azobenzenes and the rate constants of the isomerization
processes. In our publications, we are stated that the photoinduced optical birefringence in
a low-molecular liquid-crystalline cyanazopolymer obtained by radical-type polymerization
of 4-[4-(6-hydroxy–hexyloxyd) phenylazo] benzonitrile can be controlled by combined
optical and thermal treatments. At elevated (44-56oC) temperatures, the value of the
anisotropic phase difference can be switched between two values by alternating the pump
beam intensity. The effect can be used for light-intensity controlled optical switching.
Azobenzenes are good candidates for holographic memories as they are highly efficient,
stable in the dark, and reversible.
Ten years ago another interesting effect was observed in azobenzene, and has been
reported by Gorostiza et al. In biological research azobenzene has been attached to ligands
(drug) to photo-modulate their affinity for proteins. Azobenzenes has been employed as a
photoswitchable tether between a ligand and the protein: one end of the azobenzene is
substituted with a reactive group that attaches to the target protein. The other end displays a
ligand for the protein. Depending on where the azobenzene is attached to, either the cis or
trans isomer will present the ligand to the ligand-binding site, while the other isomer
prevents the drug from reaching the site. Again, photoswitching between isomers turns the
protein on and off. When applied to ion channels in the nervous system, this approach
affords optical control of electrical activity in neurons. Light-sensitive channels are
particularly attractive because optical manipulation offers a high degree of spatial and
temporal control protein activity with light and has been reported Banghart et al.
Azobenzenes were screened for their antibacterial activity against Staphilococcus
aureus, Streptococcus pyogenes, Escherichia coli, Pseudomonas aeruginosa, and Proteus
vulgaris and for their antifungal activity against Candida albicans by disk diffusion method.

Key words: azobenzene, trans–cis–trans isomerization, photo induced optical
birefringence, light-sensitive channels.
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Ferromagnetic-nanoparticlesoffer many potential benefits for therapy by making
specific drugs more efficacious and by decreasing their adverse side-effects.
The basic idea of our study is use of glucose-conjugate Fe-MNP (Glc-Fe-MNPs) for
targeting and more accurate focusing in order to increase the effect of high-frequency
electromagnetic fields induced hyperthermia in solid breast tumors. Tumors demonstrate
high metabolic activity for glucose in comparison with other cells.
Assisted RF-EMF hyperthermia induced by glucose conjugated magnetic
nanoparticles in high-frequency oscillating magnetic fields, commonly termed magnetic
fluid hyperthermia, is a promising form of heat delivery in which thermal energy is supplied
at the nanoscale to the tumor.
The laboratory animals that were used and monitored are 30 female Wister rats (MUline-6171). Ten of them were treated with N-methyl-N-nitrosourea to induce breast cancer.
The other ten were treated with carrageenan to induce inflammation, and 10 were left as
control.
Glc-Fe-MNPscan offer a solution to increase hyperthermia effect to thedesired areas
in the body by accumulation and increasing local concentration due to high tissue metabolic
assimilation.
In this condition, it is considered that the magnetization of thenanoparticles is a
single-giant magnetic moment, the sum of all the individual magnetic moments and is
proportional to the concentration of Glc-Fe-MNPs.
Glucose conjugated Ferro-Magnetic nanoparticles (Glc-Fe-MNPs) being subjected
to a magnetic AC field may show remarkable heating effects related to losses during the
magnetization reversal process of the particles.
Glucose is one of the fastest and easy catabolize metabolite, breast tumors has
initially high levels of metabolic activity. As a result of high metabolic rate Glc-Fe-MNPs
are selectively deposited in tumor tissue.
Glc-Fe-MNPscan offer a solution to increase hyperthermia effect to the desired areas
in the body by accumulation and increasing local concentration due to high tissue metabolic
assimilation.
In this condition, it is considered that the magnetization of the nanoparticles is a
single-giant magnetic moment, the sum of all the individual magnetic moments and is
proportional to the concentration of Glc-Fe-MNP.
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Silicones and silicone-containing block copolymers are suitable for application in
the biomedical field. A large number of different silicone block copolymers have been
reported to date. The present study demonstrates the possibility to fabricate new porous
fibrous materials by controlled of extremely rarely used in electrospinning domain poly
(dimethylsiloxane-b-acrylic acid) (PDMS-b-PAA). The aim of this investigation was to
demonstrate haw this new (PDMS-b-PAA) elecrospun nanofibers mat interact with
eukaryotic cells. The fiber morphology was studied by scanning electron microscopy (SEM)
and the thermal properties were studied by DSC. The surface chemical composition of the
electrospun fibers was determined by X-ray photoelectron spectroscopy (XPS) and
hydrophilicity by water contact angle (WCA). The in-vitro biocompatibility of the fibrous
scaffolds was investigated by culturing of human epithelial cells on the scaffolds and MTT
assay. The observed good cells attachment and proliferation indicated a good
biocompatibility of the amphiphilic PDMS-b-PAA scaffolds which could be a promising
biomaterial for tissue engineering and biomedical applications.

Key words: electrospinning, block copolymers ,PDMS-b-PAA, epithelial cells,
biocompatibility

254

12-th NATIONAL MEDICAL PHYSICS AND BIOMEDICAL ENGINEERING CONFERENCE-NMPEC
03-05 November 2016; Sofia, Bulgaria

EVALUATION OF A MICROWAVE SYSTEM FOR HYPERTHERMIA
TREATMENT OF CANCER IN ANIMALS
N. Atanasov1,2, G. Atanasova1,2, L. Traikov3, M. Kouzmanova4, M. Markov5, L.
Veselinova6, A. Stefanov1,2
1

2

Univesity of Telecommunications and Post, Sofia, Bulgaria;
South -West University "Neofit Rilski" of Blagoevgrad, Blagoevgrad, Bulgaria
3
Medical University of Sofia, Sofia, Bulgaria
4
Sofia University, Sofia, Bulgaria
5
Research International, NY, USA
6
Military Medical Academy, Sofia, Bulgaria

The research about interactions between electromagnetic field and biological tissues for
cancer treatment assumes every day a growing interest. The goal of this paper is to describe
main characteristics and experimental evaluation of microwave system for hyperthermia
treatment of cancer in animals. The evaluation of the temperature distribution on phantom
was accomplished. Computer simulations were used for the analysis of spatial SAR
distribution on the phantom.
The results show that this microwave system can be used on hyperthermia treatment of
small animals according to the tumour size and deepness.

Key words: hyperthermia; SAR; microwave system; temperature distribution
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A LOW-COST DIFFERENTIAL THERMAL ANALYSIS (DTA)
APPARATUS FOR MEASURING THE THERMAL PROPERTIES AND
BEHAVIOR OF PROTEIN AND CARBOHYDRATE-BASED
HYDROGELS
A. Popatanasov1
1

Faculty of Physics, Sofia University, 5 James Bourchier Blvd., Sofia 1164, Bulgaria

Since the first laboratory usage of commercial differential thermal analysis (DTA)
apparatus more than half century ago the DTA analyzers evolved into multifunctional
systems providing various thermal analysis that can cost up to hundreds thousands dollars.
Here is proposed a device for differential thermal analysis that can cost a fraction of the
price of the commercial ones with intended implementation and requirements for the field
of hydrogel biomaterials research.
Purpose: A low cost model of DTA device for research and teaching purposes is
described, and its utility is demonstrated by measurements on protein and carbohydratebased hydrogels such as gelatin, pectin, alginate.
Methods: The built system is comprised to several parts such as heating and heat
control module, sample holder module, computer Graphic User Interface (GUI) and
hardware interface module. Samples of gelatin, pectin and alginate hydrogels were prepared
with various ratio of water content and analyzed with the built set up.
The results of calibration and testing of thermal behavior of protein and
carbohydrate-based hydrogels show the usefulness of such device in precision
measurements needed for determination of processes such as protein denaturation, water
loss etc. in matrices with different compositions and compounds ratios.
In conclusion this DTA setup has sufficient sensitivity to be used for the proposed
research purposes. Also this device is more affordable compared to commercial instruments,
which makes the DTA measurements accessible to more laboratories in the developing
countries working in the field of biomaterials and pharmaceutical research.

Key words: biomaterial, DTA, hydrogel, scaffold, tissue engineering.
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СYTOGENETIC RADIOSENSITIVITY OF HUMAN PERIPHERAL
BLOOD LYMPHOCYTES TO PROTONS AND GAMMA RAYS
E. Zaytseva1, M. Deperas-Kaminska2, P. Kutsalo3, G. Mitsyn3, A. Molokanov3,
V. Gaevsky3, A. Wojcik4 and N. Prissadova1
1Department

of Medical Physics and Biophysics, Medical University of Plovdiv;
2Institute for Mother and Child, Warsaw, Poland;
3Joint Institute for Nuclear Research, Dubna, Russia;
4Department of Genetics, Microbiology and Toxicology, Stockholm University, Sweden.

Abstract
The aim of this study was to compare the sensitivity of human peripheral blood
lymphocytes (PBL) to gamma radiation and protons radiation in the G0 and G2 phases of
the cell cycle. Chromosome aberrations were analyzed in PBL of healthy volunteers by the
classical metaphase assay and by premature chromosome condensation (PCC). The samples
from 7 donors were irradiated with Co60 gamma rays or protons in the Bragg peak region
E ≈ 0-30 MeV and LET ≈ 0,5 - 100 keV/µm (initial E=170 MeV). The exposed whole blood
samples (G0-lymphocytes)cells were used for cultures set up. Cells were harvested after 48
h following 3h of colcemid block and 1.5 h of calyculin A treatment. For G2-exposure whole
blood cultures prepared from the same blood samples were irradiated after 72 h of
incubation. For G2 cells PCC analysis calyculin A was added immediately after exposure
for 1.5 h. Slides were stained by the FPG (fluorescence plus Giemsa) technique.
Chromosome fberrations in normal M cells and fragments in PCC cells were analyzed in
M1 cells, chromatid-type aberrations were scored in cells with homogenously dark
chromosomes showing no signs of replication bands. The results show a high correlation
between the G2-sensitivity to gamma rays and protons assessed in normal M cells, whereas
no correlation was found in PCC cells. No correlation was observed between G2 and G0
sensitivity for the both gamma rays and protons. It can be concluded that the relative G2
sensitivity to gamma rays correlates with the G2 sensitivity to protons and the
radiosensitivity of G2 phase differs from G0 sensitivity both for gamma rays and protons.
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Introduction
It has been observed that the sensitivity of lymphocytes to radiation of low linear
energy transfer (LET) is individually variable [1,8,9,10]. It is not known if the sensitivity to
charged particles is also variable and whether a high sensitivity to low LET radiation
correlates with a high sensitivity to high LET radiation. The knowledge is crucial in the
fields of both radiation protection and radiation therapy. The aim of our study was to assess
the extent of variability of individual sensitivity to charged particles and compare it to
sensitivity to gamma rays. For this purpose we analyzed aberrations induced in G0 and G2
cell cycle stages in human blood lymphocytes exposed to γ-rays and protons.

Materials and Methods
Irradiation conditions. Whole blood was collected from 3 female and 4 male donors.
Irradiation were performed with gamma rays and protons at the ROKUS-M [11] and
Phasotron [6] respectively – facilities at the Joint Institute for Nuclear Research (JINR) in
Dubna (Russia). Each sample was exposed in air atmosphere and at 37°C. The protons beam
energy and LET value were E ≈ 0-30 MeV (initial E = 170 MeV) and LET ≈ 0,5-100 keV/µm
respectively.
G0 assay: Whole blood cultures were set up by adding 0.5 ml of blood to 4.5 ml of
complete medium (80% RPMI 1640, 20% FCS, 2% PHA, antibiotic/antimycotic). 20 µM
BrdU was added 5 hours after set up and left until harvest. Cultures were incubated at 370C
for 48 hours. Colcemid (5 µg/ml) was added for the last 3 hours. Premature chromosome
condensation (PCC) was induced by adding calyculin A at a concentration of 50 nM for the
final 1.5 hours.
G2 assay: Non irradiated blood cultures performed in the same medium as for G0
assay were irradiated after 70 h incubation. Immediately after irradiation BrdU and at 2
hours later colcemid were added to the cultures for conventional metaphase assay and 3 h
later cells were harvested [5]. To cultures for analyses with PCC method, calyculin-A was
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added next to irradiation and 1.5 h later the cells were collected. Slides were harvested
according to a standard procedure [3] and stained with fluorescence plus Giemsa (FPG) [4].
Scoring of aberration induced in G0 stage. Unstable exchange aberrations: dicentric
and centric rings (Dic+R) were analyzed in normal metaphase (M) cells blocked with
colcemid. Excess fragments were scored in G2 and M cells induced to PCC. Analyses were
strictly limited to first post-irradiation mitoses.
Scoring of aberration induced in G2 stage. Chromatid aberrations were scored in
normal metaphase blocked with colcemid and in G2 and M premature condensed cells with
homogenously dark chromosomes showing no signs of replication bands. In order to assess
the overall radiosensitivity of the PBL, the frequencies of chromatid exchanges and
fragments were transformed into break frequencies.
Statistical evaluation. Aberration distribution between cells was fitted according to
Edward’s formula [2] by using NETA software [7]. The χ2 values were calculated among
results from blood samples exposed to the same radiation type, A significant variation
between individuals (p<0.05) is marked with asterisks on the figures 1 and 2. The variances
between individuals were expressed as coefficients of variation (CV) defined by CV =
(SD/Mean)x100%. Correlation between results was assessed using Spearman’s correlation
coefficients.

Results
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Figure 1. Frequencies of chromosomal aberrations in lymphocytes of 7 donors. Bars in green
spectrum: aberrations yields in normal M-cells; bars in blue spectrum: aberrations yields in PCCcells. Error bars represent standard deviations from the mean values of all donors for each
experiment. The χ2 values were calculated among donors. */**: difference to mean values significant
with p<0.05/p<0.001.
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G0-radiosensitivity: The radiation induced chromosomal aberration numbers with mean
(±SD) values (sum of dicentrics and centric rings, and PCC-fragments frequencies) are
presented on figure 1. Spontaneous aberration numbers were subtracted from induced yields.
Examination of the frequency distribution of dicentrics + centric rings showed that our data
were on the average Poisson distributed whereas the frequency of PCC fragments was

Number of aberrations per 100 cells

overdispersed after the both of radiation types (table 1). CV values are presented in table 2.
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Figure 2. Frequencies of chromatid break in lymphocytes of 7 donors. Bars in green spectrum:
aberrations yields in normal M-cells; bars in blue spectrum: aberrations yields in PCC-cells. Error
bars represent standard deviations from the mean values of all donors for each experiment. The χ2
values were calculated among donors.
*/**: difference to mean values significant with p<0.05/p<0.001.

G2-radiosensitivity: The radiation induced chromatid break numbers with mean (±SD)
values normalized by subtracting spontaneous numbers from induced yields, are presented
in figure 2. Examination of the frequency distribution of chromatid breaks in showed that
our data were on the average Poisson distributed for gamma rays whereas the chromatid
aberrations after protons overdispersed (table 1). The comparison of the CV within PCC
results with the conventional technique reveals a lower values for PCC technique for the
both of radiation types (table 2).
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Figure 3. Correlation between chromosomal aberration frequencies: Dic+R (panel A) and PCC
fragments (panel B) induced by gamma rays and protons in PBL of 7 donors.
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Correlation assessment: Frequencies of chromosomal aberrations induced by gamma rays
do not correlate with those after protons found with the both of techniques. On the contrary,
results of chromatid aberrations show high correlation between relative sensitivity to gamma
rays and protons within normal M cells (panel A figure 4) whereas no correlation was found
in PCC cells (panel B figures 4). No correlation was observed between G2 and G0 sensitivity
for the both of gamma rays and protons (demonstrated by correlation coefficients in table
3).
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Conclusions
We compared the G0- and G2-sensitivity of human PBL to gamma radiation and
protons. Our results clearly show that, similarly as after exposure to gamma rays, the in vitro
sensitivity of human lymphocytes to protons is individually variable and the G2-sensitivity
to protons correlates with the G2-sensitivity to gamma radiation. It can be also
concluded that the relative G2-radiosensitivity of human lymphocytes is differs from theirs
G0-sensitivity to the both gamma rays and particles.
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THIRD NATIONAL PATIENT DOSE SURVEY IN DIAGNOSTIC
RADIOLOGY FOR ESTABLISHING OF NEW NATIONAL DRLS IN
BULGARIA. FIRST RESULTS
A. Dimov1, I. Tsanev, D. Ivanova, F. Simeonov
National Centre of Radiobiology and Radiation Protection, Sofia, Bulgaria

Abstract
The Third National Patient Dose Survey in diagnostic radiology in Bulgaria started in
June 2016. Its goal is to update existing National Diagnostic Reference Levels (DRLs) and to
establish DRLs for projections and examinations not included in the National Patient Dose
Surveys so far. All relevant forms as well as instructions for patient dose data collection are
available on the website of the National Centre of Radiobiology and Radiation Protection
(NCRRP) at: http://www.ncrrp.org/new/bg/DRL2016-c437. Patient dose information is being
submitted to NCRRP via any of following ways: by e-mail; via special internet based software
platform; by post. A special software database is developed on MS Access to facilitate the
analysis of data in addition to internet based software platform. Third quartile value of typical
patient doses is used to derive DRL for each examination. The typical dose of each facility is
calculated as a mean value of patient doses for standard sized adults and as a median value of
patient doses for children, as children are distributed in following age groups: 0-1 months; 1 12 months; 1 - 5 years; 5 - 10 years; 10 - 15 years.
Results for typical patient doses acquired by the survey so far as well as first results for
National DRLs (NDRLs) are presented and discussed.
Conclusions based on experience accumulated and hints for future work are
communicated.

Key words: DRLs, NDRLs, National Survey, Typical dose, paediatric dose, database, data
analysis.
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Introduction
The Third National Patient Dose Survey (TNS) in Diagnostic Radiology (DR) in
Bulgaria started in June 2016. Its goal is to update existing National Diagnostic Reference
Levels (NDRLs) and to establish Diagnostic Reference Levels (DRL) for projections and
examinations not included in the list of NDRLs recommended by the National Centre of
Radiobiology and Radiation Protection (NCRRP), as an outcome of previous surveys in
Bulgaria.
Two National Surveys (NS) of patient doses in DR have been carried out so far:
First National Survey:- carried out as part of European Commission (EC) Phare
Programme Twinning Project Bulgaria-Germany (2002-2004) on total amount of over
2 650 000 EUR, Twinning reference number: BG/2000/IB/EN01-05 [1]. The project was
funded by EC and co-financed by Bulgarian government. The First NS comprised: 81
radiography X-ray units with totally 513 patient dose records, as the measured quantity was
Entrance Surface Air Kerma (ESK) = Ke, mGy. Measuring method was: in vivo with
Thermoluminescence Dosemeters (TLDs) [2]. For mammography, the NS comprised 21
mammo X-ray systems, as the measured quantity was Entrance Surface Air Kerma (ESAK)
without backscatter for a standard 45 mm polymethyl methacrylate (PMMA) breast phantom
[2].
Second National Survey: carried out as part of EC Phare Programme Twinning Project
Bulgaria-Finland (2008-2009) on total amount of over 4 750 000 EUR, Twinning reference
number: BG 2006/IB/SO/01, funded jointly by EC and the Bulgarian government. The Second
NS comprised: 46 X-ray units with totally 1600 patient dose records. Measured quantities were:
ESK, mGy measured in vivo with TLD; and Dose Area Product (DAP), cGy.cm2. 32 mammo
systems were also included in the survey as the measured quantity was again ESAK for a
standard 45 mm PMMA breast phantom [3].
Bulgarian legislation in field of patient protection at medical exposure requires
performance of nationwide patient dose surveys at every 5 years [4]. Since last NS ended in
2009 and there was no survey in 2014 as expected, the new leadership of the National Centre
of Radiobiology and Radiation Protection (NCRRP) assisted the new staff of Section of
Radiation Protection at Medical Exposure (SRPME) to start the Third National Patient Dose
Survey with non-financial support from Ministry of Health (MoH) and regional Departments
of Radiation Hygiene (DRH) to the Regional Health Inspectorates (RHI) under the umbrella of
MoH, based in 5 of the main cities in the country. In fulfilment of this task, NCRRP has
developed web-based platform and standard paper forms for data collection [11, 12].

Materials and Methods
The methods of patient dose measurements and NDRLs elaboration employed at TNS
are based on the ”National protocol for measurement methods of patient doses in X-ray
Diagnostics” and “Recommendations and Guidance for use of Diagnostic Reference Levels in
Radiology” respectively [5, 6]. Different National and International protocols for measurement
of Patient doses and elaboration of NDRLs were taken into account also [7-10]. 20 X-ray
systems shell be used for each projection as a minimum according to the protocol. A sample of
at least 20 standard sized patients shell be collected for each standard projection on each X-ray
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system. The personal weight of patient shell lay in interval of 50 to 90 kg with an average of
70±3 kg. The Typical Dose (TD) for each standard projection is being calculated as a mean of
the relevant dosimetric quantity for the sample of patients. Bulgarian guidance as well as
foreign protocols recommends that NDRL for adult patients shell be defined closer to the third
quartile of distribution of the typical doses estimated for each projection. For children slightly
different approach may be employed in accordance with amount and quality of data collected
during Third National Patient Dose Survey.
Organization and data collection methods of Third National Survey.
Four methods of data collection have been employed:
A.
Using internet based platform for automatic sending: www.drl-bg.com [11];
B.
Via electronic tables sent by e-mail to the electronic address of the survey:
rzmo@ncrrp.org;
C.
Via paper hard copy by post mail;
D.
Via information for local typical doses derived in Health Institutions.
All information regarding terms, organization and data collection of the Third National
Survey is available on web page of NCRRP [13]. On the web page of the TNS a Short and a
Full Instruction for collection of data as well as all necessary forms for registering of X-ray
systems properties as well as the patient dose registration forms on both MS Excel and Adobe
Acrobat format files are available for download. The forms include data for age, sex, personal
weight of patients as well as main exposure and technical parameters like: kV, mAs, ms, focus,
detector type and size, focus to skin distance (FSD), filtration of X-ray tube, automatic or
manual exposure mode, automatic exposure control (AEC) chamber selection, measured Kerma
Area Product (KAP), displayed dose index in case of Computed Tomography (CT): CTDI,
DLP, etc. The contact details of the Section of Radiation Protection at Medical Exposure are
also published. The web page has also a link to the system for registering of typical doses at Xray examinations and procedures [11]. Circular Letters of the Director of NCRRP and the
Minister of Healthcare are available on top of the page as calls to the Health Institutions to
participate in TRS.
The reported parameters for mammography include, tube potential (kVp), target/filter
combination, exposure tube current and time product (mAs), half value layer (HVL), tube
output (µGy/mAs), optical density (OD for film-screen systems), source to breast support
distance (mm) and patient data. The mammography study included also data from regular
technical quality control (QC) of the mammography systems in Bulgaria. The QC is performed
by NCRRP and some private QC companies and is based on the European guidelines for QC
in the diagnostic imaging. In the tests was also implemented the measurements of incident air
kerma (IAK). Incident air kerma is the air kerma from the incident beam on the central x-ray
beam axis at the focal-spot-to surface distance at the skin entrance plane. Only primary radiation
incident on the patient or phantom is measured. Backscattered radiation is not included. The
AGD can be determined by first getting the IAK measurements on the standardized 45mm
PPMA phantom and standard breast.
The exposure parameters are recorded on paper and sent to the NCRRP by email, on
paper or the web-platform. The AGD is estimated, based on received data from the standard
paper forms. Reported parameters and data from QC measurements were used to propose
diagnostic reference level in terms of IAK. At this early stage of the survey the analysis of
patient data are not included. Almost all dose estimations were done for Mo/Mo target-filter
combination. The results collected from the QC and filled in the paper forms are used in this
study in order to estimate the IAK and AGD.
AGD is the average absorbed dose in the glandular tissue in a uniformly compressed
breast. It is useful for risk estimation. AGD value depends on the X-ray beam quality, breast
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thickness and composition. It is defined as the average dose to the glandular tissue within the
breast. As direct estimation of the AGD is not feasible, it is often estimated from the
measurements of the IAK and converted to AGD by applying conversion factors. AGD is
calculated according to the method provided in of EUREF European guidelines for quality
assurance in mammography screening [16].
AGD is derived by calculation using the following formula:
AGD = IAK.g.c.s (1)

This formula applies the Dance’s conversion coefficients [17-19]. The formula is applied in all
European protocols and IAEA TRS 457 Code of Practice [20].

Results
Over 4000 patient dose records were collected in the SRPME till 15th of October, 2016.
About 10 % of data came via software system (method of collection A); about 60% - by the email (method of collection B) and about 30% came on filled in by the health establishments
paper forms (method of collection C). For mammography, the Quality Control (QC) reports
available on site gave important dosimetry information, analyzed for purposes of this survey.
The results for different areas of X-ray Diagnostic Radiology included in TNS so far are given
bellow.
Radiography:
39 X-ray systems of different type of which: 85% in hospitals; 15% in ambulances and
small medical centres were included. 9 of these systems were in Sofia, 20 in Main Regional
Cities and 10 in small towns with over 1600 patient dose records have been included in DRLs
assessment. The geographical distribution of patient dose data is given in Figure 1.

Figure 1. Geographical distribution of patient dose data (the radius of each circle is proportional to
amount of individual patient dose records)
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The distribution of typical doses for Chest PA, Pelvis AP, Lumbar Spine (LS) AP and
LS Lat, are given on Figure 2, 3, 4 and 5 respectively. The proposed DRL for each examination
is shown on the figures as a horizontal line.
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Figure 2. Distribution of typical patient doses at different X-ray systems for Chest PA projection
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Figure 3. Distribution of typical patient doses at different X-ray systems for Pelvis AP projection
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Figure 5. Distribution of typical patient doses at different X-ray systems for Lumbar spine Lat
projection

A short statistic of the typical patient doses at different projections is given in Table 1.
As can be seen there is a need for optimization of these procedures. A big difference of over
20-fold between maximal and minimal typical doses for Chest PA and Lumbar spine Lat
examinations is observed. Since for Lumbar Spine AP max to min ratio is 6.5 only, it can be
assumed there may be be a serious problem in imaging chain at the site, or there might be a
human mistake in process of registering and communicating the patient dose data of
Department with X-ray system No. 23 (Figure 5), which reports a significantly higher (in order
of 3-fold higher) typical dose then X-ray system No. 22: 1688 µGy.m2 against 572 µGy.m2.
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Table 1. Patient dose statistics for radiography projections of TNS
Chest PA

Pelvis AP

Lumbar Spine AP

Lumbar Spine Lat

Min

4.6

74.9

54.0

68.5

Max

105

525

349

1688

Median

26

183

186

305

Average

33

203

187

352

3rdQ

50.2

269.1

245.4

420.0

DRL

50

270

250

420

Max/Min

22.9

7.0

6.5

24.7

Max/3rdQ

2.1

1.9

1.4

4.0

For Chest PA there is lack of optimization also which is seen from data shown at Table
1. There is about 23-fold difference between minimal and maximal typical doses., as the relative
individual variations of patient doses are shown in Figure 7.
A comparison of proposed new DRLs , the old DRLs and different National and
International DRLs is given in Table. 2 [10]. From the table, it is seen that most of newly
obtained DRLs are closer to values recommended by other sources. Exception is the Chest PA
projection. As a main reason for its higher value is the predominant use of soft technique in
Bulgaria (see Figure 6).
Table 2. Old, New Bulgarian and some national and international DRLs.
Chest PA

Pelvis AP

LS AP

LS LAT

BG (Old)

40

400

300

na

BG (New)

50

280

250

440

UK

12

220

150

250

EU

16

300

230

420

DE

16

300

230

420

FR

25

700

450

800

CZ

100

na

1000

na
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Figure 6. Relative frequency of Ua used in Chest PA radiography

25%

Distribution of individual doses (920 patients)
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DAP (μGy.m2)
Figure 7. Relative frequency of individual DAP at Chest PA.
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Computed tomography
The TNS investigated so far the most frequent CT examinations on 21 CT scanners with over
1100 patient dose records. This represented nearly 9 % of all Bulgarian scanners, all of which
include multidetector row CT (MDCT) technology. Dose data Weighted Computed
Tomography Dose Index (CTDIw) and Dose–Length Product (DLP) on standard sized patients
from each scanner were recorded in order to calculate a mean CTDIw and DLP values.
Diagnostic reference levels (DRLs) are proposed for 3 Computed Tomography (CT)
examinations of adult patients. Results were compared with international DRL data (Table 3).
Terms are given in CTDI volume - CTDIvol (mGy) and DLP (mGy.cm) in order to compare
the DRLs are proposed using CTDIw (mGy) and DLP (mGy.cm) for routine CT head (43 and
1000, respectively) (Figure 8),

Figure 8. Proposed DRLs for CTDIw and DLP) in Bulgaria for routine CT head examination. The
horizontal line represents the preliminary result for the NDRL.
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routine abdomen (16 and 486, respectively) and lumbar spine examinations (15 and 490,
respectively).
Table 3. Preliminary DRLs in Bulgaria, compared with some international DRL data: EU (European
Union), BG (Bulgaria), DE (Germany), IE (Ireland) and UK (United Kingdom). results [1].
Head
CTDIvol (mGy)
DLP (mGy.cm)
Abdomen
CTDIvol (mGy)
DLP (mGy.cm)
Lumbar spine
CTDIvol (mGy)
DLP (mGy.cm)

EU

BG

DE

IE

UK

60
1000

66
1000

950

60
950

55
760

25
800

17
486

900

640

13
460

35
500

20
490

500

-

-

Some values (CT routine head and abdomen) are lower than the current DRLs [16],
others (CT lumbar spine) are completely new for Bulgaria (Table 4). All these preliminary
results are comparable to other international studies. Wide variations (max/min value) in the
mean doses are noted across the CT scanners: 14 for head, 29 for abdomen and 19 for lumbar
spine.
Table 4. Old DRLs (2008) and preliminary DRLs in Bulgaria (2016). Terms are given in CTDIw
(mGy) and DLP (mGy.cm) in order to compare the results.
Terms
Head:
CTDIw (mGy)
DLP (mGy.cm)
Abdomen:
CTDIw (mGy)
DLP (mGy.cm)
Lumbar spine:
CTDIw (mGy)
DLP (mGy.cm)

Old DRLs

New DRLs

60
1000

43
1000

30
600

16
486

-

15
490

National DRLs for 3 of the most common CT examinations in Bulgaria were calculated
from a nationwide survey using a range of multislice scanners. Proposed DRLs were up to 53
% lower than previous values and were similar to other National and International DRLs.
However, a large variation in CT doses was revealed, suggesting that not all departments
incorporated DRLs into their practice and that a potential for optimisation of CT practices
exists. Further efforts toward implementation of DRLs in local practice and optimization of CT
procedures can help the departments to adjust some of their own scanning parameters and avoid
unnecessarily high doses for the patients [15].
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Mammography
Data from 31 mammography systems are included in this study. This represented nearly
15 % of all mammographic systems installed in Bulgaria at all types of healthcare facilities.
The mammography systems consist of twenty one models from seven manufacturers. Four main
vendors represented in the study are: General Electric (GE Medical Systems, Buc, France);
Philips healthcare (Best, The Netherlands); Siemens (Siemens Medical Systems Erlangen,
Germany). The film-screen combination (FSC), computed radiography (CR) and digital
radiography (DR) systems were 20, 5, 6 of 31 respectively.
In this paper IAK is estimated only on the basis on the QC report. In QC reports, there
are no sufficient data for estimating AGD.
Table 5. Proposed DRL for IAK, AGD and statistical analysis of received data
Terms

Incident Air
Kerma mGy

Minimum
Maximum
Average
Median
3-th quartile (DRL)

4.2
18.9
9.5
9.6
12.0

Average
Glandular Dose
mGy
0.8
3.2
1.8
1.9
2.3

IAK value per screening unit ranges from 4.2 to 18.9 mGy (Figure 9), with a 3-th quartile of
12.0 (Table 5).
20,00

Phantom measurements

18,00
16,00

IAK, mGy

14,00
12,00
10,00
8,00
6,00
4,00
2,00

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

0,00

Figure 9. Incidence Air kerma values for 45 mm PMMA phantom of the surveyed healthcare facilities.
The horizontal line represents the preliminary result for the DRL.

In the last national dose survey DRL for IAK was set up at exactly the same value of
12.0 mGy [14].
AGD value per mamo system ranges from 0.8 to 3.2 mGy (Figure 10), with a 3-th
quartile of 2.3 (Table 5).
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Figure 10. Average Glandular Dose values for 45 mm PMMA phantom of surveyed healthcare
facilities. The horizontal line represents the preliminary result for the DRL.

Comparison of preliminary NDRLs in this survey and NDRLs of other European
countries in terms of IAK and AGD is given in Table 6 and 7 respectively. Bulgarian values for
IAK are about 20% higher than relevant Italian and Finish results which can be explained with
wider use of film screen combinations in mammography practice and relatively older tye X-ray
mammo systems in Bulgaria.
Table 6. Preliminary NDRL in Bulgaria in IAK, mGy, compared with previous NDRL values and
some international data

Laterality

NDRL,
Bulgaria 2005(7)

NDRL,
Bulgaria
2013(14)

Cranial Caudal (CC),
45 mm PMMA, (mGy)

13

12

This study
NDRL,
(preliminary results)
Finland(10)
2016
10

12

NDRL,
Italy(10)
10

Table 7. Preliminary NDRL in Bulgaria, AGD, mGy, compared with some international data
Laterality

Cranial Caudal (CC), 45
mm PMMA, (mGy)

This study
(preliminary
results) 2016

EUREF
2013 4-th
edition(3)

NDRL,
Serbia(9)

NDRL
Czech
Republic(8)

NDRL
Austria(8)

2,3

2,5

2,1

2,5

2,5

The preliminary NDRL value of 2,3 mGy for AGD, for 45 mm PMMA phantom,
obtained during this survey lays still below the acceptable level of 2.5 mGy according to
EUREF guidelines [16].
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Discussion
Although non-availability of dedicated funding, the joint efforts of SRPME at NCRRP,
the DRH at RHI and collaboration from the radiology departments provided large amount of
patient dose data and assured the preliminary results for new Bulgarian NDRLs presented in
this work. Further efforts in Quality Assurance of received data will be necessary to correct
some mistakes and to raise the precision of final DRL values. Our experience shows that DAP
calibration is not put in place on regular basis as required by the National Protocol and further
efforts to publish it in a professional paper and on the web site of NCRRP will be given along
with efforts for its enforcement by the regulatory authorities [5].

Conclusions
His first stage of TNS assured collection of more data then data collected in previous
2002-2003 and 2008-2009 National Surveys. The preliminary results for NDRLs show lower
dose values except for Chest PA, as the main reason lays in wider and predominant use of digital
X-ray detectors. This study showed that Bulgarian NDRLs arecomparable to European DRLs.
DRL for Chest PA is higher then the relevant European value mainly due to use of so called
“soft” technique. During TNS we came to also some other findings:
in some cases: manual mode and Film Screen Combination are still in use;
lack of medical physics service on site is most common;
Patient doses have to be recorded according to Normative requirements;
typical doses shell be calculated by MPE regularly and information shell be transferred
to Regulatory Authorities (NRA, NCRRP);
the survey shell continue and to assure elaboration of NDLs for more adult examinations
as well as for paediatrics, where the data are still insufficient;
wider use of the dedicated National patient dose registration software is necessary and
is encouraged.
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The growing number of studies in the field of biomedical applications suggests that
theranostic strategy becomes an important element of cancer treatment as it helps to develop
the anticancer therapeutics based on combination of imaging and therapy. The selective
disposition of nano-carriers into the target cells and tissues is an essential issue in drug
delivery. In this context, hydrophilic and biocompatible nano-hydrogels are appropriate
matrices for development of multimodal and multifunctional theranostic substances.
The present study describes a development of nanohydrogel, loaded with QD705 and
manganese (QD705@Nanogel & QD705@Mn@Nanogel), and its passive and electroassisted delivery in Colon 26 cancer cells and in solid tumours, visualized by fluorescence
imaging and magnetic resonance imaging (MRI) on colon-cancer grafted mice as a model.
QD705@Nanogel was delivered passively predominantly into the tumor cells, which was
visualized both in vitro, in vivo and ex vivo using fluorescent imaging. The applied electric
field benefits the internalization of the nanosomes without significant cells viability
reduction. The fluorescence intensity in the tumor area was about 2.5 times higher than the
background fluorescence. A very weak fluorescent signal was detected in the liver area, but
not in the areas of kidneys or bladder. We found that the embedding of a hard material (as
QD) in nanohydrogel changes the physical properties of the soft material. QDs decreased
the size and negative charge and changed the shape of nanohydrogel, which altered its
pharmacodynamics.
Electroporation facilitated the delivery of the nanohydrogel in the tumor tissue,
visualized by fluorescent imaging and MRI. Strong signal intensity was recorded in the
tumor area shortly after the combined treatment (QD@Mn@Nanogel + electroporation) and
it was observed even 48 hours after the electroporation. The data demonstrate more effective
penetration of the nanoparticles in the tumor due to the increased permeability of blood
vessels at the electroporated area. There was no rupture of blood vessels after electroporation
and there were no artifacts in the images due to a bleeding.
Acknowledgment: Project 133/12.05.2016 - Program for career development of young
scientists, BAS for S.A. and B.N.
Key words: quantum dots; nanohydrogel; cancer; electroporation; fluorescence imaging;
magnetic resonance imaging
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CORTICOSTEROID INTERACTIONS WITH HUMAN SERUM
ALBUMIN
Anelia Zasheva, Silviya Abarova, Boris Tenchov
Department of Medical Physics and Biophysics, Medical University - Sofia
Introduction: Characterization of the thermodynamics of drug binding with blood plasma
(BP) proteins is of essential importance for a better understanding of drug absorption,
distribution and turnover in the circulation. Human serum albumin (HSA), the most
prominent protein in plasma, plays a fundamental role in the transport of drugs.
Synthetic corticosteroids are a group of drugs used for treatment of various diseases,
including lupus, inflammation, cerebral edema, etc. In the present study we investigated the
interactions of betamethasone, methylprednisolone and dexamethasone with HSA.
To characterize the energetics of corticosteroid binding to HSA, we used Isothermal
Titration Calorimetry (ITC) and Differential Scanning Calorimetry (DSC). DSC is a
sensitive method for characterization of the stability and denaturational profiles of biological
macromolecules in-solution. The ITC provides high sensitivity and flexibility in studies of
protein-ligand binding, including the binding of drugs to their targets.
Aim: To characterize the mechanism of synthetic corticosteroid interactions with HSA.
Materials and Methods: The thermal effects of betamethasone, methylprednisolone and
dexamethasone binding to HSA (Sigma Aldrich) was examined by ITC (Nano ITC, TA
Instruments). ITC measurements were conducted in PBS (pH 7.4). The 1 ml sample cell was
filled with 38 μM HSA. In the first experiment we loaded the 250 μl injection syringe with
0.5 mM solutions of dexamethasone, in the second – with methylprednisolone and, lastly,
with betamethasone. The drug solutions were injected into the ITC cell in 10 μl increments
in a total of 25 injections with 600 s intervals. The titration process was computer-controlled.
The stirring speed was set at 250 rpm and the cell temperature was kept at 37 oC. The
experimental results were processed using the calorimeter software.
Immediately after the ITC measurements the samples were degassed and loaded into
the measuring cell of a Nano DSC (Nano DSC, TA Instruments), equipped with 300 μl
measuring cells. PBS (pH 7.4) was used for the reference cell. Two subsequent scans were
performed at a scanning rate of 1°C/min in the range from 20 °C to 110°C, under a pressure
of 3 atm.
Results: The ITC measurements demonstrated high binding affinity of the three
glucocorticoids to HSA, as evidenced by the exothermic thermal effects. The thermograms
of blood plasma recorded by DSC showed that betamethasone and methylprednisolone have
higher binding affinity to HSA in comparison to dexamethasone. To see if there is binding
between the glucocorticosteroids and other BP proteins, we also studied the interaction of
methylprednisolone with the γ-globulin BP fraction. The results showed no interaction of
the γ-globulins with methylprednisolone.
Conclusions: The present study demonstrates high binding affinity of synthetic
glucocorticosteroids to HSA and helps to better understand the binding mechanism.

Key words: ITC, DSC, albumin, corticosteroids
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CHANGES IN THE STATE OF THE PLASMA PROTEOME AND
CEREBROSPINAL FLUID IN GLIOBLASTOMA MULTIFORME
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University – Sofia, Bulgaria
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Glioblastoma multiforme (GBM) is the most common and aggressive primary tumor with
an extremely poor prognosis in spite of multimodal treatment approaches. Statistical
summaries point out that patients with GBM have a post operation life expectancy of about
8 months.
Differential scanning calorimetry (DSC) is a new, recently introduced method for
diagnosing and monitoring various pathologies, as well as for gathering information
regarding their molecular mechanisms. DSC is a highly sensitive technique, measuring
temperature-induced protein conformation changes. DSC is capable of detecting variations
in concentration, conformation and the interaction of proteins with other molecules, and
allows to observe changes in the plasma proteome related to pathological processes. In this
way, plasma proteins can serve as biomarkers for diagnosing and monitoring of diseases.
Blood plasma and cerebrospinal fluid (CSF) of nine patients (2 cases diagnosed as highgrade gliomas - WHO grade III, and 7 as Glioblastoma multiforme - WHO grade IV), have
been analyzed using DSC. The blood plasma thermograms of these patients have been
compared with those of healthy individuals. The results point to significant deviations in the
denaturation profiles of the plasma proteome of patients with GBM as compared to those of
healthy individuals. The registered shifts in the denaturation temperatures reflect significant
alterations in the state of the plasma proteins. At least three major olasma protein
components (albumin, immunoglobulins and transferin denaturing at ~ 62ºC, ~70ºC and ~
82ºC, respectively) are affected by the disease, while fibrinogen, which denaturates at ~
53ºC, remains unaffected.
The denaturation profiles of CSF of patients with GBM were found to differ significantly
from those of healthy individuals. Some thermograms of patients with GBM displayed
marked exothermic shifts at low temperatures (20ºC - 50ºC), prior to the protein
denaturation.
The differences found between the plasma and CSF denaturational profiles of the
individual patients indicate that the denaturation profiles of patients with GBM also contain
information pertaining to the gravity of the pathology.
In sumamry, the DSC approach used in these experiments displayed a significant
potential for clinical applications. It is suitable for rapid diagnosing and monitoring, requires
a small quantity of blood plasma and CSF and is noninvasive for the patient.

Key words: Differential scanning calorimetry, Glioblastoma multiforme
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OPTIMIZATION OF POLYELECTROLYTE MULTILAYER COATINGS
FOR BIOFUNCTIONALIZATION OF CARDIOVASCULAR STENTS BY
INCORPORATION OF GRAPHENE OXIDE
S. Stoichev1, T. Andreeva1, S. Taneva1, R. Krastev2
1
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Institute of Biophysics and Biomedical Engineering, BAS, Sofia, Bulgaria
The Natural and Medical Sciences Institute, University of Tübingen, Germany

The use of polyelectrolyte multilayers (PEMs) fabricated by layer-by-layer (LbL) selfassembly of polycations and polyanions has emerged as a powerful and versatile strategy
to engineer bioactive films for biofunctionalization of implantable biomedical devices and
drug delivery. A wide variety of polyelectrolytes ranging from designed synthetic
polymers to naturally derived biopolymers may be employed for film build-up and the
resulting biomimetic PEM films are of special interest for coating medical implants.
The main challenge is the construction of coatings with composition, thickness, and
physicochemical properties that can be varied or tailored precisely on nanometer and
micrometer scales to meet different medical requirements.
This study addresses the optimization of both the physicochemical properties and the
surface biocompatibility of polyelectrolyte multilayers built from the natural,
biodegradable, linear polysaccharides hyaluronan (HA) and chitosan (Chi) by
incorporation of graphene oxide (GO) sheets into the polymer matrix. Owing to its
remarkable electrical, thermal and mechanical properties GO (the most important
derivative of graphene) has rapidly become one of the most widely studied materials in the
last years. GO is a novel nanomaterial with two-dimensional structure (single sheets of
carbon atoms packed in a perfect honeycomb structure) and a very large surface area,
which has been considered as excellent nanoscale filler for improving the barrier
properties of polymer films.
We constructed diverse hybrid HA/Chi/GO multilayers with different number and
position of GO-layers inserted in the polymeric matrix. We applied ellipsometry, quartz
crystal microbalance (QCM), atomic force microscopy (AFM), Raman spectroscopy and
contact angle technique, and demonstrated that GO sheets act as a strong polyelectrolyte
and due to their negative charge adsorb successfully on positively charged Chi-layers. The
insertion of GO into the polymer matrix influences the growth, thickness, morphology,
macro- and micro-roughness, stiffness, and hydrophilicity of HA/Chi films and thus acts as
a key to modulate the PEMs interaction with biomolecules and cells.

Key words: layer-by-layer assembly, polyelectrolyte multilayers, hyaluronan, chitosan,
Hofmeister anions, biocompatibility
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COMBINED IN VIVO AND IN VITRO BIOPHYSICAL METHODS FOR
INVESTIGATION OF ABDOMINAL HYPERTENSIVE RATS
P. Vassilev2, R. Tashev3,1, R. Ardasheva1, N. Prissadova1, V. Slavchev1, V. Turiiski1,
A. Kristev1
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of Medical Physics and Biophysics, Medical University of Plovdiv;
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3Medical student, second year, Medical University of Plovdiv

Abstract
Relative deficit of combined in-vivo and in-vitro studies on the effects of
intraabdominal hypertension (IAH) implies the importance of selecting suitable
combinations of laboratory methods when clarifying the effects as well as the mechanisms
behind the functional changes coming from the syndrome. The aim of the current study is
to simultaneously apply in vivo and ex vivo biophysical methods for registering possible
changes in the diameter of the superficial blood vessels of the brain, as well as the
contractility of blood vessels, isolated from rats with artificially made intraabdominal
hypertension (AMIAH).
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Introduction
The phenomenon of "increased abdominal pressure" (PVKN) has long created
special scientific interest because of its clinical significance in itself and as a prodromal
phase of abdominal kompartmant syndrome (ACS). The value of abdominal pressure (VKN)
is variable and depends on many factors - age, body position, quantity and type of
intragastric and interbowel content, pregnancy, obesity, exercise and more (1). For normal
human adopt VKN LOWER than 10 mm Hg, as measured position "on his back."
Different authors define differently status "PVKN." According to one currently used
criteria PVKN can talk at VKN values exceeding 12 mm Hg, on two consecutive
measurements within 1-6 h. In general, intra-abdominal hypertension does not necessarily
lead to the AKC. At the same time increased above certain levels VKN (20-25 mmHg) is a
compulsory element in the development of ACS which is why some authors to consider two
states as different phases of a common pathological process.

So far no systematic characterization effects of PVKN on specific features of the GI
tract tissue level. Lacks sufficient clarity regarding the exact mechanism of smooth muscle
dysfunction (2).
The presented work in the first phase, largely has been committed to the development
and optimization of the model of artificial PVKN in rats (3,4). The model was subjected to
basic conditions for condition - abdominal pressure above 20 mmHg, and was oriented to
track changes in the motor and evacuator functions of the gastrointestinal tract, as well as
changes in some biochemical parameters characterizing the physiological status of the
animals.
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Methods
Mature male rats from the breed Wistar were used in the experiments. Tracing the
changes in the diameter of the superficial brain blood vessels was done using a modified
variant of the “open-skull” technique, [Baumbach GL et al]. After anaesthetizing, the animal
is placed „on its abdomen” over the manipulation table. Its head is being fixed using a
adjustable holder. The non-traumatic fixator and operational stent allows a significant
immobilization of the animal even after inflation. A craniotomy on the parietal part of the
scull is made. The exposed brain segment is being irrigated with artificial cerebrospinal fluid
tempered to 370 С and aerated with a gas mixture composed of 95 % oxygen and 5% СО2 .
The standard perfusion system was replaced with a combined one , consisting of a perfusion
and ventilation system which ventilated the skull during craniotomy. The reason for that is
the necessity to maintain a lower temperature level in order to avoid any coagulations.
The experimental photos were madeс with and without a cranial window, which
helps to differentiate the effects of an “open” and “closed” compartment. The digital photos
were made using a micro camera model: Dino-Lite AM7013MZT4

After euthanizing the above said animals , muscular type blood vessels were isolated
(common carotid artery) and their contractility measured isometrically:
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One end of the tissue is being fixated to a holder, situated in the tissue bath and the
other is connected via a string to the tension detectors. The solution(Krebs solution pH=7.4)
In which the tissues are submerged is being aerated with a gas mixture, containing 95% О2
и 5% СО2 at temperatures of 36о С. The level of tissue tone established after 60 minutes of
adaptation is considered as the exit tone. This level of tissue tone is used to asses the SM
sensitivity and the results are observed and noted.
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Conclusions
The combination of the above-said methods allows working with laboratory animals
with changed abdominal compartment size, which ensures low traumatization, lowers the
possibilities of coagulations in the working area, tracks the hemodynamics during an open
and closed compartment, as well as exhibiting the changes the contractility of the smooth
muscles in the blood vessels does on the hemodynamics in the target area.
The technological and methodological flaws of the above-said experimental
approach are: the effect of respiratory movements after inflation, disrupted optical sharpness
of the image when using a cranial window, which implies temperament and the impossibility
to differentiate the effect of all possible substances in ex-vivo conditions, which normally
modulate the tissue’s contractility in-vivo.
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In this study, we employed a new approach based on differential scanning calorimetry
(DSC) to detect and characterize at a molecular level the changes in brain tissues associated
with drug-induced neurodegenerative disorder of Alzheimer's disease (AD) type and to
evaluate the efficacy of preventive treatments with various biologically active compounds
expected to hinder the AD development. We used an experimental animal (mouse) model
of scopolamine-induced dementia. The DSC measurements performed on supernatants of
brain tissue homogenates revealed large differences between the heat capacity profiles for
healthy animals and for mice with scopolamine-induced dementia. The heat capacity
profiles of brain tissue supernatants from healthy animals displayed well expressed lowtemperature exothermic transitions peaking in the range 35-45oC, thus preceding in
temperature the endothermic denaturational transitions. The exothermic transitions were
only observed in supernatants of brain tissue homogenates, and not in other samples from
the same animals, e.g., centrifugation sediments of brain tissue homogenates, liver
homogenates, blood plasma. Remarkably, the low-temperature exotherms were completely
eliminated by the scopolamine treatment and replaced with high-temperature exothermic
transitions. Preventive treatments with various substances (myrtenal, ellagic acid, lipoic
acid) and their combinations (including also ascorbic acid and galantamine), applied
simultaneously with the scopolamine treatment, were found to neutralize the scopolamine
effect, i.e., to result in partial or complete preservation of the low-temperature exothermic
transitions. In principle, exothermic transitions might result from processes of protein
aggregation or fibrillization, or from reversal of protein cold denaturation processes. The
enthalpy (area) of the exothermic transitions is similar in magnitude to that of the
endothermic denaturational transitions, thus suggesting that a substantial portion of the brain
proteins are involved in the exothermic processes. These experiments demonstrate that
DSC is an appropriate method with great potential for detection and characterization of brain
proteome changes taking place in brain tissues affected by neurodegeneration.

Key words: DSC; Neurodegenerative diseases
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Abstract
Transcranial magnetic stimulation (TMS) is a useful method to study motor cortex
excitability. When motor cortex of the target muscle is stimulated at given brain hemisphere,
a motor evoked potential (MEP) is recorded from the correspondent contralateral muscle, if
the intensity of the stimulation is equal or higher than a given value called motor threshold
(MT). Different stimulation protocols are used to study different intracortical neuronal
mechanisms involved in the control of muscle activity. Generally, the intensity of the
stimulation pulses are assessed as a percentage from the value of MT.
The aim of the present study was to compare the effect of the different types of tonic muscle
activity (with and without co-contraction of antagonist muscles) on the recruitment curve
during TMS. Ten right handed subjects were investigated. MEPs were recorded from the
first dorsal interosseous muscle of dominant right hand in response to TMS of left motor
cortex using figure of eight coil. The excitability of motor cortex was assessed by the
amplitude of MEPs recorded in responses to increasing stimulation intensity- 100, 110, 120,
130 and 140% of MT measured at rest. The recruitment curves were investigated at relax
muscle, isometric index finger abduction and antagonistic co-contraction. In contrast to the
linear recruitment curve at rest, during tonic isometric muscle activity, the recruitment curve
was essentially not linear and different for both types of used activity. The amplitudes of
MEPs recorded during isometric index finger abduction were significantly higher than the
corresponding values during co-contraction of the antagonists.
Introduction
Electromagnetic induction was first described by Michael Faraday in 1831. Faraday wound
two coils on an iron ring and showed that whenever the coil on the one side was connected
or disconnected from a battery, an electrical current passed through the coil on the other
side. The iron ring helped to position the coils in relation to each other and a few weeks later
an experiment produced the same effect from the two coils closely positioned in the air.
With non-invasive magnetic stimulation the stimulating coil acts as the first coil, air as the
medium for the flow of the magnetic field, and the electrically conductive living brain tissue
1
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as the second coil.
Transcranial magnetic stimulation (TMS) uses electromagnetic induction to generate an
electrical current across the scalp and skull without physical contact (Fig.1).

Figure 1 Transcranial magnetic stimulation: an impulse current flow in the coil produces a
fast changeable magnetic field that induces a current flow in the brain tissue.

A plastic enclosed coil of wire is held next to the skull and when activated, produces a
magnetic field oriented orthogonally to the plane of the coil. The magnetic field passes
unimpeded through the skin and skull, inducing an oppositely directed current in the brain
that activates nearby nerve cells in much the same way as currents applied directly to the
cortical surface. The induced current in brain tissue at TMS is flowing tangentially to the
brain surface in contrast to the radial direction of current flow in response to transcranial
electrical stimulation (TES) (Fig.2). The different direction of the induced current is one of
the essential differences between TMS and TES. At TES the radial flow of the current
activates directly cortex motor neurons while at TMS they are activated presynaptically via
interneurons. Thus, using different paired pulse stimulation it is possible to study different
intracortical neurophysiological mechanisms [1].

291

12-th NATIONAL MEDICAL PHYSICS AND BIOMEDICAL ENGINEERING CONFERENCE-NMPEC
03-05 November 2016; Sofia, Bulgaria

Figure 2 The direction of current flow in the brain tissue at transcranial magnetic
stimulation (tangentially to the skull) and at transcranial electrical stimulation (radial to the
skull).

Since Anthony Barker and colleagues first demonstrated TMS in 1985[2], it has been used
widely to stimulate both peripheral nerves and brain tissue in studies encompassing motor
conduction in human development, motor control, movement disorders, swallowing, vision,
attention, memory, speech and language, epilepsy, depression, stroke, pain and plasticity.
In the begging, TMS experiments and applications have been limited to the stimulation of the
motor cortex because the only observable effects of magnetic stimulation have been those
reflected in muscular activity. When TMS is applied to the motor cortex at appropriate
stimulation intensity, motor evoked potentials (MEPs) can be recorded from contralateral
extremity muscles (Fig.4). Latter, however, it has been demonstrated that the cortical effects of
TMS can also be observed directly, for example, by means of electroencephalography, positron
emission tomography or functional magnetic resonance imaging.
Motor threshold (MT) is one of the most important parameters measured routinely in TMS
studies. It is used to standardize stimulus intensities between individuals and to determine the
intensity of the conditioning stimulus in paired pulse studies. According to The International
Federation of Clinical Neurophysiology the definition of resting MT (RMT) [3, 4] is the
intensity at which there is a 50% probability of producing a response in relaxed muscles with
amplitude at least 0,05 mV.
Motor threshold is believed to reflect membrane excitability of corticospinal neurons and
interneurons projecting onto these neurons in the motor cortex, as well as the excitability of
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motor neurons in the spinal cord, neuromuscular junctions and muscle. In addition to the
membrane excitability itself, motor threshold must also relate to the activity of neural inputs into
pyramidal cells that affect their membrane excitability (i.e., tonic inhibitory and excitatory
drives onto the cortical output neurons). Thus different patterns of conditioning stimulations
(paired-pulse stimulation) have been introduced to study intracortical mechanisms of facilitation
and inhibition. The intensities of both stimuli (the first - conditioning and the second – test) are
assessed as percentage from the MT defined at single-pulse stimulation.
It is well known that at tonic muscle activity the value of MT (active MT - AMT) is lower
compere to the corresponding value at rest (relax muscle) (resting MT – RMT). In the literature
very often the experimentalist are using active motor thresholds measured at not standard muscle
activity. The last fact is a problem when compare the results reported by different authors.
The muscle activity, normally, generate torque around the joint and evoked a movement of the
given body segment. On the other hand muscle activity may increase the stiffness of the joint
by co-contraction of the antagonist muscles without generation of movement. It is supposed that
neurophysiological mechanisms for both kinds of muscle activation are different [5].
The aim of the present study was to compare the effect of the different types of tonic muscle
activity (with and without of co-contraction of antagonist muscles) on the recruitment curve
during TMS.

Materials and Methods
Subjects. Ten healthy right-handed subjects (age range 27-60 years) gave informed consent
for participation in this study. Hand dominance was determined using the Edinburg
Handedness Inventory [6]. The experimental procedure was approved by the local ethics
committee.
Transcranial magnetic stimulation. TMS was provided by two MagStim200 stimulators
(MagStim Co., London, UK), connected to a BiStim module with figure of eight coil (mean
diameter 7 mm), producing maximal intensity of 2.2 T. All TMS intensities were determined
as a percentage of maximum stimulator output. Stimulation coil was adjusted over the left
motor cortex to evoke optimal motor evoked potentials (MEPs) in the right first dorsal
interosseous muscle (FDI). The motor threshold (MT) was determined by applying a
threshold hunting paradigm [7]. The individual motor threshold at relax (RMT) was confirm
by determining a minimum TMS intensity that produced 3 MEPs out of 5 consecutive
stimuli. Responses with an amplitude of 0.05 mV (peak-to-peak) or greater were defined as
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MEPs. For the purpose of the experiment, there were delivered increasing stimulation
intensities. The participants performed different types of tonic muscle activity (with and
without co-contraction of antagonist muscles) during TMS. The recruitment curves were
investigated at relax muscle, isometric index finger abduction and co-contraction of
antagonist muscles.
EMG recordings. Surface electromyograms (EMG) were recorded from the right FDI by a
pair of surface Ag/AgCl disc electrodes (8 mm diameter). The active pole of electrode was
fixed on the muscle belly and the reference pole - on distal tendon at the index finger base
(Fig.3). The EMG activity and the force signal were continuously monitored to control the
level of tonic activity in the right hand and the correct implementation of motor task. After
amplification and filtering (band pass 10 Hz – 1 kHz), EMG signals were digitized (sampling
rate 2 kHz) and stored on disk for offline analysis. To reduce unwanted outdoor signals, we
used land electrode.Total length: No limit, because proceedings will be issued at electronic
form number of pages depend by authors.

Figure 3 Experimental hand manipulandum: 1-non-movable force transducer in direction
of abduction of index finger, 2-force transducer in direction of flexion of index finger, 3active pole of electrode, 4-reference pole of electrode, 5-Velcro straps, 6-land electrode

Experimental procedure. Participants were seated comfortable in a chair, with right arm
gently fixed in slight abduction from the trunk (20°) and flexion in the elbow (110°). The
hand and forearm were pronated and relaxed on horizontal support. The right index finger
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was positioned in a non-movable manipulandum (Fig.3), with a force transducer sensitive
in all directions. The index finger has a high degree of freedom and it could interact with the
manipulandum in horizontal plane (direction of abduction/adduction) and in vertical plane
(flexion). The other fingers were immobilized with Velcro straps (Fig.3).
All experiments started with determination of individual maximum voluntary contraction
(MVC) level without TMS. Each participant’s force was measured as a maximal index
finger contraction in direction of abduction. In all experiments it was used line indicator
which shows the force data to a computer monitor and provides constant visual feedback of
the target MVC level. Then we determined individual motor threshold at relax (RMT) and
individual active motor threshold at isometric index finger abduction (AMTab) and active
motor threshold at co-contraction of antagonist muscles (AMTcc).
After these procedures, TMS was delivered at relaxed muscles, without EMG activity and
zero force production and at two active motor tasks. In the active motor tasks, subjects were
instructed to perform a steady isometric abduction to a constant force, equal to 20% of their
MVC level, and during the co-contraction task, they were asked to activate simultaneously
antagonist muscles, matching the same EMG level by increasing the angle stiffness without
producing of external force. In all experiments we made 5 samples for each TMS intensity
at each motor task. TMS intensities in experiments at relax muscles were 100, 110, 120, 130
and 140% of RMT. In active motor task at index finger abduction, TMS intensities begins
from AMTab (70% of RMT ) and continued at 80, 90, 100, 110, 120, 130 and 140% of
RMT. In active motor task at co-contraction of antagonist muscles, TMS intensities begins
from AMTcc (75% of RMT ) and continued at 80, 90, 100, 110, 120, 130 and 140% of
RMT.
Data processing. Epochs of 2 s duration (400 ms prior and 1600 ms after the stimulus) were
stored on disk for offline analysis. Only trials showing similar levels of tonic EMG activity
(mean rectified EMG) during the 400 ms prestimulus period in both co-contraction and
isometric index finger abduction were considered. The measured parameter was peak-topeak amplitude of MEPs. The effect of the different types of tonic muscle activity on the
recruitment curves during TMS was evaluated by two-way repeated measures ANOVA
(general linear model, GLM) (Statistic 7.0, Stat Soft Inc., USA, 2004), with factors “TMS
intensity” (% RMT) and “motor task” (relax muscle, index finger abduction, co-contraction
of antagonist muscles). Duncan’s test was applied where appropriate as Post-Hoc analysis.
Because of the abnormal distribute samples, we used nonparametric Wilcoxon matched-pair
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signed-rank test.

Results
The mean value of RMT for all investigated subjects was 67±9.23 (mean±SD) percentage
of maximum stimulator output. Active motor threshold at isometric index finger abduction
(AMTab) was 47±9.23 percentage of maximum stimulator output (70% of RMT) and active
motor threshold at co-contraction of antagonist muscles (AMTcc) was 50±8.02 percentage
of maximum stimulator output (75% of RMT) (see also Fig.4). The mean values of active
motor thresholds were significantly lower than resting motor threshold. The difference
between mean values of AMTab and AMTcc was not significant.
Figure 4 demonstrates differences in EMG activity and the size of MEPs during the three
motor tasks (relax muscle, index finger abduction and co-contraction of antagonist muscles).
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Figure 4 EMG records of evoked responses at TMS intensities of motor thresholds at relax
muscle (RMT), index finger abduction (AMTab) and co-contraction of antagonist muscles
(AMTcc).

Two-way repeated measures ANOVA showed significant effect of both factors “TMS
intensity” and “motor task” on recruitment curves. Recruitment curve at relax muscle was
very close to linear and significantly lower (p<0.05) in comparison to index finger abduction
and co-contraction of antagonist muscles at all investigated TMS intensities (Fig.5). We
found significant effect of tonic muscle activity between the two active motor tasks (index
finger abduction and co-contraction of antagonist muscles) at TMS intensities of 90, 100,
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110, 120, and 130% of RMT. The recruitment curve at index finger abduction was
significantly higher (p<0.05) than the recruitment curve at co-contraction of antagonist
muscles (Fig.5 lower plot). MEP amplitudes at relax muscle were smallest at all TMS
intensities in comparison to both active motor tasks, and MEPs at index finger abduction
were the biggest.

Figure 5 Recruitment curves. The upper plot shows recruitment curve at relax muscle and
motor threshold at relax (RMT), active motor threshold at index finger abduction
(AMTab) and active motor threshold at co-contraction (AMTcc). The lower plot shows
recruitment curves at index finger abduction and at co-contraction of antagonist muscles.
The asterisks indicate the significant differences between recruitment curves at index
finger abduction and at co-contraction (*p<0.05, **p<0.01 and ***p < 0.001).

Discussion
Active motor threshold (AMT) is more difficult to define than RMT since the response has
to be distinguished from the background muscle activity. However, many authors use it
because they want to define the threshold at which a TMS pulse first elicits excitatory
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synaptic inputs to spinal motoneurons. Practically, AMT is usually defined as the intensity
at which MEPs with an amplitude of around 0.2-0.3 mV can be distinguished from the
background activity in 50% of trials [4]. Thus this method of estimation does not give a
reliable definition of the threshold for eliciting a corticospinal volley.
Our results revealed essential nonlinear dependence of MEP amplitude on stimulus intensity
at tonic activation (abduction of the index finger or co-contraction of the antagonists)
accompanied by higher variability of AMT values compare to RMT.
Furthermore the value of AMT as well as the amplitude of MEP depend on the level of cocontraction of the antagonist muscles. At one and the same level of EMG activity the MEPs
at co-contraction are lower compare to the corresponding responses at abduction. In
conclusion, it is more correct to use RMT than AMT. The accurate measurement of MT is
very important for accurate definition of intensity of conditioning pulse in paired pulse TMS,
particularly when there are two intracortical mechanisms with opposite action (facilitation
and inhibition) [8].
The Central nervous system (CNS) can adapt the mechanical impedance of a joint to external
perturbations by co-contraction of antagonist muscles [9, 10]. Co-contraction also occurs in
anticipation of predictable movements, such as catching a ball [11] and in motor [12].
Evidences from behavioral studies suggest that the antagonistic co-contraction may be
controlled, separately from the reciprocal activation of joint muscles during usual movement
[13].
In the literature there are findings supporting the idea that not one but different central
mechanisms are responsible for co-contraction of antagonist muscles and for reciprocal
muscle activation [for review see 5]. Our findings, concerning the different recruitment
curves at co-contraction and abduction, support the idea for different central control of cocontraction of antagonists as well as the hypothesis that different populations of alpha
motoneurons are involved during co-contraction of antagonists and reciprocal muscle
activation.

Conclusion
When the muscle is activated the assessment of motor threshold is less correct compare to
the rest conditions. That is why the intensities of the stimuli in paired pulse studies have to
be given as percentage from the motor threshold at rest.
Our findings, concerning the different recruitment curves at co-contraction and abduction,
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support the idea for different central control of co-contraction of antagonists.
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Immediately after World War Il research of effects of both magnetic and
electromagnetic fields on living systems started in Japan, and then quickly moved to
Europe, first in Romania and the former Soviet Union. Next country was Bulgaria
with research that started in the late 1960’s in the Medical Universities in Sofia,
Plovdiv and Varna, as well as Sofia University.
Starting with the first National conference of Biomedical Physics and
Engineering, papers have been presented on the subjects of electromagnetic biology
and medicine. Our Society continuously supported organizations of seminars and
conferences on the topics related to radiation biology and medicine, most of which
took place at the University mountin house Gyuletchiza.
Due to increased recognition of Bulgarian contribution in electromagnetic
biology and medicine, two International Schools ELECTROMAGNETIC FIELDS
AND BIOMEMBRANES have been organized by the Sofia University and
Bulgarian National Society of Biomedical Physics and Engineering in close
cooperation with Bulgarian society of physiotherapy. In both meetings more than 30
of the best experts in these areas arrived to lecture participants in the school (around
200 scientists) from Europe, North America and Asia. Our society was a founder of
the European Society of Biomagnetism.
During the period 1960—1985 nearly all European countries designed and
manufactured their own magnetotherapeutic systems. Such systems was created in
Bulgaria by Ivan Daskalov and Nentcho Todorov. The unique union of future
Academician of BAN and future professor on physiotherapy placed Bulgaria in
leading positions in the electromagnetic biology and medicine in Europe. The first
book in the world on practical use of this device was published by Nentcho Todorov
in Bulgaria.
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DOSIMETRY IN BIOELECTROMAGNETICS
Marko S. Markov
Research International, Williamsville USA
msmarkov@aol.com
My background as physicist guided me since the first month of my work to the notion that
for one experiment to be scientifically valid it is necessary a clear vision for the protocol of
the study and exact clarification of the parameters of applied EMF signals.
Being member of BEMS I tried to convince the Editors of the two major journals
Bioelectromagnetics and Electromagnetic Fields in Biology and Medicine that the
instruction to the authors must include strict requirements for the dosimetry of submitted
manuscript, but my efforts failed.
What is dosimetry? There is a simple answer: measuring of a dose. Well, why this simple
answer is neglected for so many years in bioelectromagnetics community? After more than
35 years of existence of several professional societies and journals, there are not yet
established principles of planning, conducting and reporting laboratory studies and clinical
trials. There is no science and technology which do not define the basic principles. One can
not built house or bridge, tank or computer without having knowledge about the materials,
the principles of their assembling and/or the methods of their manufacturing, Why in
bioelectromagnetics even basic principles are not established? We deal with enormous
variety of electromagnetic signals from static magnetic fields to fields in the gigahertz and
therahertz frequency range. Even the basic principles of physics are not in use for
clarification of the electromagnetic field (EMF) signals. A large number of papers that have
been published during the last several decades basically are written and published without
exact description of the parameters of the field and protocols of the study. This make
impossible repetition of the reported results. The paper emphasizes that only meaningful
dosimetry is that which describe the parameters of the EMF signal at the target site.
The basic principles of dosimetry are in basics in physics and engineering. They help to
specify the exact identification of the EMF signals implemented in laboratory studies and
clinical trials. Two important points should be made talking for dosimetry in
Bioelectromagnetics: physical and biophysical dosimetry. While physical dosimetry
characterizes the signal generating system, the biophysical dosimetry
At the same time, it is necessary to clarify that in Bioelectromagnetic the most important is
biophysical dosimetry that describe the parameters of the exposure to which the target is
exposed.
Thermal versus nonthermal mechanisms of EMF interactions with biological systems are to
be discussed in parallel with the clinical dosimetry.
Last, but not least – the attention is paid to the development of cellular communications, WiFi systems and devices and potential hazard of the uncontrolled distribution of these novel
achievement of human civilization.
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DEVELOPMENT OF MAGNETIC RESONANCE IMAGING PHANTOM
FOR TISSUE SELECTIVE TECHNIQUES
E. Georgiev1, T. Marov1, V. Ivanov1, G. Kirova1
1

Medical Imaging department, Tokuda Hospital Sofia, Bulgaria;

Purpose: To design a magnetic resonance phantom for assessment and analysis of
reproducible tissue-selective techniques with nulling signal from silicone, fat and water
component.
Method: A breast phantom with separate cavities contained silicone, fat and water was
developed. In the cavity of the inner section was placed saline while the outer cavity was
placed lard in a liquid state. The medical silicone implant has been glued to the cover of the
inner box in order to avoid the presence of air in the core of the phantom. The constructed
phantom measures 17x17x8 cm (length x width x height). All images were obtained with a
1,5-T MRI system (Signa HDxt, GE Healthcare) using 8-channel breast coil. Initially it was
conducted a trial for a week using standard sequences - axial T1 SE and axial T2 FRFSE to
assess the structure and further application of the phantom.
Then were acquired series of more than twenty datasets phantom images. Sequences
performed included axial STIR with silicone suppression and axial STIR with water
suppression using manual pre scan and adjustment of the resonant peak. The resulting
images were processed and analyzed with software available on a workstation (Advantage
Workstation 4.6, GE Medical Systems). Regions of interests with the same area of 78,8 mm2
were defined for each of the two provided techniques for silicone and saline respectively.
Signal intensities were recorded at the central section of the volume avoiding the border
areas of the phantom.
Results: The mean (±SD) silicone signal intensities were found to be 817,55 (±60,64),
829,25 (±60,95), 834,95 (±66,17), 830,20 (±49,47) and 835,13 (±51,06) for axial STIR with
water suppression. Saline signal intensities were found to be 29,95 (±1,62), 29,10 (±0,57),
26,05 (±0,50), 29,70 (±1,27) and 28,4 (±2,12).
On axial STIR images with silicone suppression, the mean signal intensities for
silicone were found to be 30,80 (±5,69), 29,28 (±3,96), 25,80 (±1,19), 27,42 (±1,71) and
27,90 (±3,04) and 1746,05 (±159,74), 1767,70 (±178,33), 1744,45 (±164,12), 1749,10
(±165,04) and 1775,20 (±190,21) for saline.
Conclusions: The proposed breast MRI phantom has produced exciting and interesting
early results. It was found that the phantom is well designed and constructed for tissue
selective use. All measurements with manual water and silicone suppression were stable and
reproducible over 20 sessions. Future research may include inter observer study, imaging
phantom at different centres and platforms to confirm the reliability and reproducibility of
measurements from the phantom. In addition to future research should include evaluation of
image quality changing image parameters in a certain sequence. The development of the
phantom will permit implementation of quality control measures and technician training.
However this study was limited because only one MRI unit in one location was used to
image the phantom.

Key words: magnetic resonance, phantom, tissue-selective techniques
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