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	Estimated total cost of the project (US $)
	92200


Including:

	
	I year
	II Year
	III Year
	Total

	Payments to Individual Participants
	27200
	27200
	27200
	81600

	Equipment
	8000
	0
	0
	8000

	Materials
	1000
	0
	0
	1000

	Other Direct Costs
	0
	0
	0
	0

	Travel
	0
	1600
	0
	1600

	Total
	36200
	28800
	27200
	92200


Payments to Individual Participants
	
	I year
	II Year
	III Year
	Total

	1. Seferyan T.
	6400
	6400
	6400
	19200

	2. Khachatryan G.
	6400
	6400
	6400
	19200

	3. Simonyan N.
	6400
	6400
	6400
	19200

	4.Vardevanyan M.
	4000
	4000
	4000
	12000

	5.Mkrtchyan N.
	4000
	4000
	4000
	12000

	Total
	27200
	27200
	27200
	81600


1.PROBLEM:
The main purpose of the project is to study the radio-protective characteristics of some polypeptides which consist of rich brain proline neurohumoral immune-stimulators. The study is carried out particularly in physiological, primary radial cell-chemical end secondary radial cell-chemical levels. In case of receiving positive results, it will be possible to offer organism self radio-protective system stimulators. 

At present, along with the peaceful use of nuclear energy, as well as with the development of radiation technologies, their applicability and impact of radial factors on the biosphere and the human body, being part of it, are increasing. 

As early as in the first half of the previous century, the studies of radial biology had started in the field where radio-protective characteristics of different chemical combinations were being studied. At present, a great number of substances endowed with radio-protective characteristics are known, yet combinations showing high productivity are not discovered. Besides, most of the present substances have direct radio-protective impact mechanism and are considered as antioxidants [1,3]. Currently thousands of radio-protective substances are being studied. Cysteamine, aminoetilizotiuronin, gamafos (WR-27221-8-2 (3- aminopropylamino)), serotonin and meksamin belong to a more effective class of radio-propective substances.[1,2,3] 

Academician of RA National Academy of Sciences, A.A. Galoyan and his staff discovered a number of neurohumoral  immune-stimulators  (polypeptides rich in proline), which in case of very low concentrations, about 10µg/kg in the organism, can provide unique positive indicators of immune system stimulation, as well as  in the regulation processes of hematopoietic functions.[13,14] By synthesizing the results of numerous studies we have a picture, according to which polypeptides rich in proline are immune and haematogenic system stimulators. It means we have an opportunity to fight against many infectious and haematogenic system diseases with the help of promotion of the protective systems in the organism. Such approach to the treatment of diseases allows to avoid negative phenomena in traditional therapeutic methods, such as the drugs which are not addressed directly to the target diseases, the restriction of the use of drugs due to their high cytotoxicity, the inadequate regulation of drug proportion and so on. 

The applicability of polypeptides rich in prolines for the stimulations of the self-radio-protective systems in the organisms is not observed yet. 

There are studies in the directions of the study of PRPs and antioxidant properties of analogues for non-radio-inducted processes.[9,10,11,12]
OBJECTIVES:
The applicability of polypeptides rich of prolines for the stimulations of the self-radio-protective systems in the organisms is not observed yet. Taking into account this fact, investigations planed by us are directed to explain the influence of PRP-s on a organism, particularly in physiological, primary radial cell-chemical and secondary radial cell-chemical levels, in the different stages of the evolution of the radiation disease. Such a plan of investigations will let to do comparative analyses based on the obtained data with the existing other radio-protector substances. 
TASK 1: Investigation of some physiological indicators
	Task description and main milestones
	Participating Institutions

	Task 1.1 Blood composition and characteristics
Instrumentation- Blood Cell Analyzer PE- 6300 device (Auto Hematology Analyzer (Tsingtao Unicom-Optics Instruments Co., Ltd.))
These investigations will let to see dynamical processes in hematopoesis during the evolution of radiation diseases.
Task 1.2 Viability (LD 50/30) determination
Despite of the seeming simplicity of the method, the definition of  the viability is determined for each substance, and remains one of the main indicators of radio-protective effect of the experimental radio-protectors.
Duration: months 12
	Artem Alikhanyan National Laboratory (ANL)




Task 2: Investigation of primary radial cell-chemical reactions
	Task description and main milestones
	Participating Institutions

	Task 2.1  Investigation of free radical interactions in tissues induced by X-ray irradiation by the method of chemiluminescence analysis.

Instrumentation- Quantometer H9319-02 (Hamamatsu-Japan)
The method of chemiluminescence analysis is one of the actual methods for estimating free radical interactions in biological systems. This method let us to estimate intensity of primary radial interactions in dynamical regime.
Duration: months 24
	Artem Alikhanyan National Laboratory (ANL)


Task 3: Investigation of secondary radial cell-chemical reactions
	Task description and main milestones
	Participating Institutions

	Task 3.1 The quantitative determination of superoxide dismutase activity in tissues after X-ray irradiation under PRP influence. 
Equipment: spectrometer Specord M-40 
The quantitative determination method of superoxide dismutase activity is widely used for determination of activity of superoxide anion radical.

 Superoxide dismutases (SODs) are a class of closely related enzymes that catalyze the breakdown of the superoxide anion into oxygen and hydrogen peroxide.[16][17] 
Task 3.2 The quantitative determination method of malon dialdehyde 
 Malonic dialdehyde concentration is measured by 2-tiobatbituric aced test [8].

Instrumentation- spectrometer Specord M-40, the measuring wavelength-532 nm.

 It is known, that the malonic dialdehyde is a product of lipids superoxide oxidation, and the quantitative measuring of it is used for estimating lipids superoxide oxidation processes.
Duration: months 12
	Artem Alikhanyan National Laboratory (AANL)




	Description of deliverables

	The results of the tasks from 1 to 3 will be published as articles in the scientific articles and formed as patents.  


IMPACT:

The planned studies will enable to evaluate the radio-protective properties of PRP analogues for living organisms, in physiological, primary radio cell-chemical and secondary radio cell-chemical levels. In the case of receiving positive results it will be possible to get self radio-protective system stimulators of an organism. 
Such approach to the treatment of diseases allows avoiding negative phenomena in traditional therapeutic methods, such as the drugs which are not addressed directly to the target diseases, the restriction of the use of drugs due to their high cytotoxicity, the inadequate regulation of drug proportion and so on.
The applicability of polypeptides rich in proline for the stimulations of the self-radio-protective systems in the organisms is not observed yet.
In case of receiving positive results it will be possible to get organism self radio-protective system stimulators. 

Receivable data can be used for a more effective and safe implementation of the radio therapeutic treatment of oncological diseases, as well as a basis for the further studies of radio-protector properties of neuroimmunomodulators. It may also have a parallel application in the nuclear technologies used for military goals.

Brief survey of the worldwide researches made on the project topic, the competitiveness of the project, and achievements of the group (not more than 2 pages):

As early as in 59-65 in the State of Washington, in the U.S., more than 4400 different substances were studied; meanwhile radio-protective characteristics of 1500 combinations were studied by Air Force laboratories which were located in Chicago. As a result, only a few medical substances were suggested for clinical application, among which the WR-2721 medical substance was emphasized. It is an acid derivative of tiofosfor which also belongs to the series of radio-protective combinations containing sulfur.

Currently the most effective radio-protective combinations are divided into two main groups:

a. Sulfur containing radio-protective combinations 

b. Indolealkylamine derivatives

During a long time members of the research team have been working on the problems about biological effectiveness of influence of ionizing irradiation of different quality, also physical and chemical radio-protection.

It has been investigated radio-protectors from different chemical groups (endogenous teols, gamafos, cistofos, cisteamin, glicerin, ext. )

It has been shown that the radio-protection property of cysteamine is conditioned by genetically determinated processes and it was expressed by decreasing of the exit of the enzymatic double disruptions of DNA.  But the radio-protective property of Glycerin is expressed in the physicochemical levals.

The first time It has been discovered radio-protective property of irradiation of Helium-Neon laser, which works by activation of cell's reparation system. 

1.Химическая защита клеток гриба Endomyces vernalis от поражения электронами с энергией 50 МэВ и рентгеновскими лучами. Studia biophysica, vol. 48, N 2, p. 125-130, 1975. 

2.Содержание сульфгидрильных групп в почкующихся и непочкующихся клетках дрожжей S. cerevisiae дикого типа и несущих мутацию rad 51. Радиобиология, т. 20, вып. 1, с. 123-127,1980. 

3.Содержание эндогенных тиолов и радиорезистентность почкующихся клеток дрожжей Saccharomyces ellipsoideus и S. cerevisiae. М.: изд-во ”Наука”, с. 186-191, 1983.

4.Роль генотипа в протекторном влиянии цистеамина и глицерина на клетки E. coli  при действии излучений с разной ЛПЭ. Сообщение ОИЯИ, г. Дубна, Р19-85-721, 1985.

5.Исследование биологической эффективности электронов с энергией 7,5 МеВ на клетки бактерий  E. coli  K-12 разного репарационного генотипа. Докл. АН РА, N1, 2011, в печати.

6.Eficiency of laser radiation action on bacterial cells depending on iradiation power and dose. Studia Biophysica, V.128 (1988) N.1, p. 21-25, NPO «lasernaya Technika», Yerevan State University, Yerevan Institute of Physics.
7. Зависимость радиозащитного действия гелий-неонового лазерного излчения на  клетки бактерий от интервала времени между двумя видами облучения, Радиобиология, Т.27, N5, с. 708-711. 1987г.    

It has been done also a lot of investigations in the field of free radical interactions, especially by using methods of chemiluminescence analyses, malonic dialdehyde (final product of lipids superoxide oxidation process) quantitative determination, antioxidant systems ferments investigation, as well as, liposome and black membranes physical properties investigations.

Hereafter are presented some articles related to mentioned above works. 
1. V. Kh. Mamikonyan, H. M. Amirkhanyan, T. Ye. Seferyan, G. A. Gyulbudaghyan “Correcting Action of Antioxidant Factor of Grape Seeds on Process of Peroxidation at Chronic Poisoning by Carbon Tetrachloride” Reports of NAS RA, Volume 109, 1, 2009, Yerevan, Armenia.
2. E. Zakharyan, T. Ye. Seferyan, N. A. Zakharyan, Y. M. Toonyan, A. H. Trchoonyan “Method of Chemiluminescence Analysis” Scientific-Medical Journal of INPH of Armenia, N 2, 2007, Yerevan, Armenia.

3. T. Ye. Seferyan “Influence of Electro Induced Free Radicals on Lipid Peroxidation in Model and Native Lipid Membranes” BJA of NAS of Armenia, Volume 61, 1, 2009, Yerevan, Armenia.
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Personnel Commitments (chart, total number of project participants, responsibilities of each).

The number of team members:                                             5  
The number of team members with age under 35:              2
The number of team members above retirement age:        1
Average age of team members:                                            47.6              

General information about team members
	Surname, Name, Patronymic
	Seferyan, Torgom, Yervand

	Birthday and place 
	04.05.1984, Yerevan, Armenia

	Academic degree


	PhD in biophysics

	Workplace, position
	Artem Alikhanyan National Laboratory (AANL),

Alikhanyan br. 2, Yerevan 0036, Armenia

Scientific researcher

	Telephone (work, home, mobile)
	(010350054, 091873034)

	e-mail address
	torgom@mail.yerphi.am


	Surname, Name, Patronymic
	Khachatryan, Garnik, Eduard

	Birthday and place 
	01.11.1953, Yerevan, Armenia

	Academic degree


	PhD in biophysics

	Workplace, position
	Artem Alikhanyan National Laboratory (AANL),

Alikhanyan br. 2, Yerevan 0036, Armenia 

Executor of duty of ahead of radiation biophysics laboratory

	Telephone (work, home, mobile)
	(010350054; 010396369; 093976902)

	e-mail address
	garnik@mail.yerphi.am


	Surname, Name, Patronymic
	Simonyan, Nvard, Vahan

	Birthday and place 
	20.08. 1944, Yerevan, Armenia

	Academic degree


	PhD in biology

	Workplace, position
	Artem Alikhanyan National Laboratory (AANL),

Alikhanyan br. 2, Yerevan 0036, Armenia 

Senior researcher

	Telephone (work, home, mobile)
	(010350054,010227421,099491246)

	e-mail address
	allas44@mail.ru


	Surname, Name, Patronymic
	Vardevanyan, Marine, Ararat

	Birthday and place 
	27.05.1983, Yerevan, Armenia

	Academic degree


	MS in biophysics

	Workplace, position
	

	Telephone (work, home, mobile)
	(094 845100)

	e-mail address
	m.vardevanyan@gmail.com


	Surname, Name, Patronymic
	Mkrtchyan, Nina, Ishkhan

	Birthday and place 
	03.03.1951, Yerevan, Armenia

	Academic degree


	MS in biology

	Workplace, position
	Artem Alikhanyan National Laboratory (AANL),

Alikhanyan br. 2, Yerevan 0036, Armenia

Scientific researcher

	Telephone (work, home, mobile)
	(010350054,010536646, 091941211)

	e-mail address
	ninagonyan@yahoo.com


Tasks and responsible persons

Task 1. Duration: months 6-18. Responsible person: T.Ye.Seferyan, G.E.Khachatryan, Simonyan N.
Task 2. Duration: months 24-36. Responsible person: T.Ye.Seferyan, G.E.Khachatryan, Simonyan N., M.A.Vardevanyan, Mkrtchyan N.
Task 3. Duration: months 1-12. Responsible person: T.Ye.Seferyan, Simonyan N., M.A.Vardevanyan, Mkrtchyan N.
Equipment
	Equipment description
	Cost (US $)

	1. Ccomputer: Intel® Core™ 2 Duo, E 7500 Processor, 2.93 GHz

DDR 2GB, 500 GB, SATA2, 7200prm

Monitor: Fujitsu  19" E19W-5
www.fine.am
2. Blood Cell Analyzer: PE- 6300 device (Auto Hematology Analyzer (Tsingtao Unicom-Optics Instruments Co., Ltd.))
trisection of WBC, 23 parameters (including color histogram of WBC, RBC, PLT)

Sample dosage: anticoagulation whole blood of 9.6ul, anticoagulation distal blood 9.6ul, pre-dilution distal blood of 20ul.

Micro-hole aperture: WBC:100um  RBC/PLT: 80um

http://unicomoptics.en.alibaba.com
	$1000
$7000


Materials

	Materials description     
	Cost (US $)

	 1. Laboratory animals, and care supplies (cages, food) - mice, guinea pigs.
2. Work solution for Blood Cell Analyzer PE- 6300 device (Auto Hematology Analyzer (Tsingtao Unicom-Optics Instruments Co., Ltd.)) 

3. Chemical reagents for chemiluminescence analysis (TrisHCl buffer, KCl), the determination of the degree of the activity of superoxide dismutase activity (epinephrine), as well as reagents for the quantitative determination of malon dialdehyde (tiobarbituric aced, three chlorine acetic acid).
	Total- $1000


Other Direct Costs

	Direct costs description Cost (US $)
	Cost (US $)

	
	


Travel costs (US $)

	CIS travel
	International travel
	Total Cost (US $)

	0
	2000
Description:

Second year.

Duration: 20 days.

T.Seferyan 
Laboratory of Radiation Biology, JINR, Russian Federation. Director Dr. E. A. Krasavin
	$ 1600


Technical Approach and Methodology
The methods chosen by us nowadays are widely used for the assessment of radiation factors influence in the biological systems.
Indeed, the planed investigations can't completely explain the mechanisms of the influence of the examined substances, nevertheless, they will allow to understand such irradiation processes in the organism, as hematopoiesis, formation of radicals, lipids oxidations of  membrane structures, the SOD activity (the part of antioxidant system).  
Also the index of viability (LD 50/30) is yet in use as one of the basic indexes of radio protectiveness of examined substances.    

TASK 1: Investigation of some physiological indicators
Task 1.1 Blood composition and characteristics
Bone marrow cells, small intestine, skin and embryonic epithelial tissues are characterized by a high proliferative activity. As long as in 1906, J. Bergonien and L. Tribondeun formulated the basic radiobiological law according to which tissues with less differentiated and actively divided cells belong to radio-sensitive ones, and tissues with differentiated and passive, or generally not divided tissues belong to radio-resistant ones. According to this classification, the haematogenic cells of bone marrow, the embryonic cells of pericarps, the intestines and skin epithelial tissue are considered to be radio-sensitive, and the brain, the muscles, the liver, the kidneys, the bones, and the tendons – radio-resistant, except small limfotsits that, despite a good differentiation, show high radio-sensitivity towards ionized rays which is likely due to the expressed functional changeability.[7]

The important organs and systems, whose function disorder leads to the death of the organism are called critical. Disturbing haematogenic function is considered to be a basic tissue lesion in 1-10Gr dosing range, and has received a bone marrow syndrome name. Mice approximate dose at which 37% (D0) of marrow haematogenic cells remains alive is 1Gr. In case of the bone marrow syndrome, reproductive serious disorders of hemopoes occur. After radiation, in the course of time, these disturbances determine peripheral blood changes depending on the average duration of the life of blood shaped elements and radiation portion.[4,5,6]

A certain time sequence is typical of the decline of peripheral blood shaped elements, which is accompanied by the following functional changes.

1.  Immediately after the radiation a sharp decrease in the number of limfotsits is observed, which reaches its maximum value within 1-3 days. It is expressed both by a cell and humoral immunologic reaction pressure.

2. In fatal case of radiation on the fourth and fifth days, the decrease in the number of neutrophil granulocytes reaches 0% value (after 1-2-day leucocytosis, due to neutrophils exhausted from the body depot). In case of low doses the number of neutrophils is gradually decreasing and reaches a minimum value – 2-4 weeks after radiation. Granulocytopenia reduces the body resistance against infections.

3. The reduction in the number of thrombocytes happens parallelly with the reduction in the number of neutrophils, - or with a few days’ delay. The lack of thrombocytes along with the radiation damage of endotel vessels expresses hemoragic syndrome.

4. The number of erythrocytes decreases approximately by 0.8% per day, which is accompanied by haemorrhage and hemolysis. In the first month after the radiation, the loss of erythrocytes may reach 25% of original amount.

Anaemia slows down the recovery process, and lack of oxygen disturbs the recovery capacity of the hemopoez of the bone marrow.
Taking in to account the aforementioned, the investigations of the dynamic indexes of hematopoiesis have important role in the explanation of radio protective properties of examined substances 

Task 1.2 Viability (LD 50/30) determination

In toxicology, the median lethal dose, LD50 (abbreviation for “Lethal Dose, 50%”), LC50 (Lethal Concentration, 50%) or LCt50 (Lethal Concentration & Time) of a toxic substance or radiation is the dose required to kill half the members of a tested population after a specified test duration. LD50 figures are frequently used as a general indicator of a substance's acute toxicity. The test was created by J.W. Trevan in 1927. It is being phased out in some jurisdictions in favor of tests such as the Fixed Dose Procedure; however the concept, and calculation of the median lethal dose for comparison purposes, is still widely used. The related quantities LD50/30 or an LD50/60 are used to refer to a dose that without treatment will be lethal to 50% of the population within (respectively) 30 or 60 days. These measures are used more commonly within Radiation Health Physics, as survival beyond 60 days usually results in recovery.
In case of a single general radiation with 100Gr and more portions, most of the mammals die from the so-called cerebral death within 48 hours. The radial infection of Central Nervous System (CNS) is due to the injury of nerve cells and vessels.[7] 

It is possible to have a specific impact on the respiratory center of the oblong brain in case of large portions of radiation. The CNS radiation syndrome differs from the bone marrow syndrome in a way that there is no expressed cell starvation during its development. This syndrome is characterized by ongoing nausea, vomit, diarrhea, discomfort, the feeling of unbalanced state, ataxia, muscle tremble, fever, sleepiness, appatia, and consciousness disorder. The exhaustion of the organism is quickly developing leading to death.[7,3] 
Task 2: Investigation of primary radial cell-chemical reactions
Task 2.1 Investigation of free radical interactions in tissues induced by X-ray irradiation by method of chemiluminescence analysis.
The absorption of ionized ray energy accompanied by physical changes is followed by chemical and biological processes in nature, which naturally leads to the damage of important bio-molecules in the cell. The duration of this process is approximately 6-10 seconds, while the expression of the final biological damage may take hours, days, and even decades.[3]

The influence of the ionized rays in the cell on the biologically important structures is observed mainly in two directions. The first happens when there is a direct impact of ionized rays on the molecules of the structure, and the second one happens when there is a mediated impact. It is obvious that the availability of oxygen, in case of both direct and mediated impact, increases ionized ray impact. In mediated mechanisms of influence, the appearance of free radicals due to the radiolysis of the environmental molecules is considered important. In this sense the water molecule has a special role. A living tissue contains 60-90% water, and, naturally, in case of the interaction of the ionized rays with the body tissues, most of the energy is absorbed by water. Water, being the main component of the body environment, is in contact with the molecules of almost all the structures. The interaction of the free radicals with biologically important molecules is based on the mediated impact of the ionized rays. Water free radicals, being an intermediate product of energy absorption, serve as energy converters to important biological molecules. The direct impact of ionized rays is due to the direct molecular absorption by radiation energy as a result of whose ionization free radicals are created.

The decomposition of the water molecule by ionized rays results in the emergence of free radicals, the mechanism of which can be presented as follows:
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The created radicals can later be recombined, creating such active molecules, as H2O2, H3O.[7,8]

The recombination of free radicals resulting from ionized radiation and their interaction with other molecules is accompanied by a quantum-form of energy separation which is called radiochemiluminescence (RCL) [8].
Detection of RCL will be carried out by a photon counter device based on quantometer H9319-02 (Hamamatsu- Japan).
Task 3: Investigation of secondary radial cell-chemical reactions
Task 3.1 The quantitative determination of superoxide dismutase activity in tissues after X-ray irradiation under PRP influence.
The quantitative determination method of superoxide dismutase activity is widely used for determination of activity of superoxide anion radical.

 
Superoxide dismutases (SODs) are a class of closely related enzymes that catalyze the breakdown of the superoxide anion into oxygen and hydrogen peroxide.[16][17]
Frequently, in the organism under influence of the irradiation in the intensive chained free radical reactions appears superoxide anion.
The role of superoxide radicals in the injuring process of biological structures is very important (stimulation of superoxide oxidation of membranes’ lipids, the injuring of DNA, oxidation of SH-groups of proteins, deactivation of ferments, depolimerisation of polysaccharides and so on).
But the direct harmful influence of the later is conditioned by the appearing from the Haber-Weiss reaction of a more active hydroxyl radical and singlet oxygen interactions with cell membranes. 
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The neutralization of .O​​2- in the medium preserves the appearance of a highly reactive OH.  - radical and aggressive singlet oxygen. 
That inactivation is doing SOD ferment, which is endowed with substrate activity towards to O2-  radical.  

Task 3.2 The quantitative determination method of malon dialdehyde 
The superoxide oxidation of lipids is one of those fundamental mechanisms, which is in the bases of cells' and tissues' injuring process and as a rule is being realized at the level of cell's membranes. In that process it is going superoxide decay in lipoproteins and membranes unsaturated fatty acids by appearing intermediate and stable substance. 

One of the main methods of an assessment of lipides' superoxid oxidation is the determination method of malon dialdehyde, by 2-tiobarbituric acid.       
It is known, that the malonic dialdehyde is a product of lipids superoxide oxidation, and the quantitative measuring of it is used for estimating lipids superoxide oxidation processes.
The Following Equipments are Available

X-radiation therapeutic device РУМ-17.

Quantometer H9319-02 (Hamamatsu-Japan) for chemiluminescence analysis.

Spectraphotometer Specord M-40 for the determination of the degree of the activity of superoxide dismutase and also for the quantitative determination of malon dialdehyde. 
Binocular microscope МБИ-11, МБИ-40 for the determination of chromosome destruction and for the determination methods of micro-cores.
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