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November 4 Arrival Day
21:30-24:00 Excursion “Moscow at night”

November 5
09:00-10:00 Registration of the HiT-2010 participants (lecture hall 446)
Opening of the conference / Welcome addresses (lecture hall 446)
10:00-10:05
Valery V. Lunin, Academician of RAS: Greetings from the Dean of the Department of
Chemistry of the Lomonosov MSU
10:05-10:10
Nikolay S. Zefirov, Academician of RAS: Greetings from the Chair of the Organic
Chemistry Division and Institute of Physiologically Active Compounds of RAS
10:10-10:15
Oskar I. Koifman, Correspondent Member of RAS, Greetings from the Rector of
Ivanovo State Chemical-Technological University
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Irina V. Perminova, Greetings from the Local Organizing Committee
From Multifunctional Compounds to Multifunctional Drugs
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Philippe Schmitt-Kopplin (Institute of Ecological Chemistry, Helmholtz-Zentrum
Muenchen)
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Nikolay Melik-Nubarov (Department of Chemistry, Lomonosov MSU)
Synthetic macromolecular modulators of drug activity
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On the path forward to biomedical applications of natural polyfunctional compounds -
humic substances
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Multifunctional Compounds in Therapy and Prophylaxis of Viral Diseases
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Edward Karamov (lvanovsky Institute of Virology of RAMS, Moscow)
New biomedical approaches to fight HIV-AIDs
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Stephan Kremb (Institute of Virology, Helmholtz-Zentrum Muenchen)
HIV full-replication technology for broad discovery of multiple classes of HIV inhibitors
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Georgy Krivtsov (Mechnikov Institute for Vaccine Development, Moscow)
Chitosans as prospective adjuvants for vaccine development
16:20-16:30
BashinCom Ltd, Official Sponsor of the HiT-2010
Large-scale production of biologically active humic preparations: Innovative Enterprise
“‘BashInCom Ltd.”, Ufa, Russia
16:30-17:00 Coffee Break
17:00-19:00 Poster Session
19:00-22:00 Get-Together Party
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Biological Activity of Humic Substances - Mechanisms and Prospects for
Biomedical Applications
Chairs: Dr. Olga Yakimenko and Dr. Istvan Gebefuegi

9:00-9:40 Invited Lecture
Liliya Stepchenko (Department of Veterinary and Animal Physiology, Dniepropetrovsk
State Agrarian University, Dniepropetrovsk, Ukraine)
The mechanisms of regulatory influence of biologically active substances of humic nature
on the organism of animals

9:40-10:20 Invited Lecture
Alexandrova Olga (Osnabrueck University — Technical University of Ekaterinburg)
Application of a quantum statistical model of humic substances to their influence on
reduction of red cell aggregation in blood

10:20-10:40
Natalia V. Yudina (Institute of Petroleum Chemistry, Siberian Branch of RAS, Tomsk)
Biological activity of humic lipids

10:40-12:50 Coffee Break + Internet Break + Poster Session

12:50-13:30 Invited Lecture
Natalia A. Kulikova (Department of Soil Science, Lomonosov MSU, Moscow, Russia)
A New Method for Labeling Humic Substances with Tritium: Future Prospects for
Biological Studies

13:30-15:00 Lunch

15:00-15:20
Natural and Modified Humic Substances — Challenging Candidates for Biomedical
Applications
Chairs: Dr. Vladimir A. Kholodov and Dr. Elena |. Fedoros
Irina V. Sokolova (Tomsk State University, Tomsk, Russia)
Detoxifying Abilities of Humic Substances: The Influence of UV Pretreatment

15:20-15:40
Yury V. Zhernov (Samara State Medical University, Samara, Russia)
Chemotherapeutic effect of humic substances from low mineralized silt sulphide muds on
pathogenic and opportunistic microorganisms
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Valery N. Babin (Nesmeyanov Institute of Organoelemental Chemistry RAS, “Ultrasun
LLC?)
Development of prophylactic-therapeutic system of biologically active food supplement
based on restoration of balance in the system “host-microflora”
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Alexander I. Popov (Saint Petersburg University, Saint Petersburg)
The Removal of Stress at Quails by Humic Substances
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Tatiana A. Sorkina (Department of Chemistry, Lomonosov MSU, Moscow, Russia)
Synthesis and Application of lron-Humic Compounds for Correction of Iron-Deficiency
State of Plants

16:40-16:45 Sponsor of the HiT-2010
“Medbiopharm” LLC (Obninsk, Kaluga District, Russia)
Center of Innovation Biotechnology and Pharmaceutics Park of Active Molecules (CIBPh
"PAM")

16:45-17:15 Coffee Break

17:15-19:30
Panel Discussion
Moderators: Dr. Olga S. Yakimenko and Dr. Istvan L. Gebefuegi
Round Table: “Commercial drugs from polyfunctional compounds: myths and reality”
Moderators: Dr. Alexander I. Popov and Dr. Sergey E. Pigarev

19:30-21:30 Dinner
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November 7
In search for molecular structure and biological target of polyfunctional
compounds
Chairs: Dr. Schmitt-Kopplin and Dr. Eugene N. Nikolaev
09:00-09:40 Invited Lecture
Norbert Hertkorn (Institute of Ecological Chemistry, Helmholtz Zentrum Muenchen,
Germany)
High-precision frequency measurements: indispensable tools at the core of molecular-
level analysis for linking non-targeted and targeted metabolomics of complex systems
09:40-10:20
Basem Kanawatti (Institute of Ecological Chemistry, Helmholtz Zentrum Muenchen,
Germany)
Fourier Transform lon Cyclotron Resonance Mass Spectrometry and Computational
Tools in Modern Analytical Chemistry
10:20-10:40
Anton Grigoriev (Institute of Biochemical Physics of RAS and Institute of Energy
Problem of Chemical Physics of RAS)
Transhumus: Integrated software solution for interpretation of FT-ICR mass spectra of
natural organic matter
10:40-11:10 Coffee Break
Poster Presentation Session
Chairs: Natalia V. Yudina and Dr. Nina S. Sedyh
11:10-11:20
Mourad Harir (Institute of Ecological Chemistry, Helmholtz Zentrum Muenchen,
Germany)
DCMU complex formation as followed with electrospray Fourier transforms ion cyclotron
mass spectrometry
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Marianna Lucio (Institute of Ecological Chemistry, Helmholtz Zentrum Muenchen,
Germany)
Metabolomic study on possible biomarkers of Crohn’s disease
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Structural Study of Oxidized Lignin Samples using Size-Exclusion Chromatography,
NMR Spectroscopy and Fourier Transform lon Cyclotron Resonance Mass Spectrometry
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Gleb Vladimirov (Institute of Biochemical Physics of RAS and Institute of Energy
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Combination of high resolution mass-spectrometry (FT-ICR) and nuclear magnetic
resonance (NMR) for analysis of mumijo (shilajit)
11:50-12:00
Michael Kazachkov (Department of Chemistry, Lomonosov Moscow State University)
Optimization of electrospray ionization conditions for more informative mass spectra in
structural research of HS for applications in medicine
12:00-12:10
Anastasiya Goldt (Department of Material Science, Lomonosov MSU)
Superparamagnetic Iron Oxide Nanoparticles as MRI contrast agents
12:20-12:30
Alexander Polyakov (Department of Material Science, Lomonosov MSU)
Synthesis of Biocompatible Feroxyhyte (d-FeOOH) Magnetic Nanoparticles Using in situ
Stabilization with Polyfunctional Humic Macroligands
12:30-14:00 Lunch



Poster Presentation Session (continuation)
Chairs: Dr. Andrey I. Konstantinov and Dr. Anastasiya E. Goldt
14:00-14:10
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Alexander Volikov (Department of Chemistry, Lomonosov MSU)
Synthesis of Adhesive Silanol Derivatives and Their Sorption onto Mineral Support
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Synthesis of bioavailable zinc-humic compounds
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Alexander Popov (Saint Petersburg State University, Saint Petersburg)
Solubilization of Hydrocarbons by Soil Humic Substances
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Vladimir Kholodov (Dokuchaev Soil Science Institute, RAAS)
Detoxifying Ability of Quinonoid-Enriched Humic Acids with Respect to Copper
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Olga Philippova (Department of Soil Science, Lomonosov MSU)
Beneficial Effect of Coal Humic Acids and Their Si-enriched Derivative Towards Potatoes
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Nadezhda Sedykh (Department of Veterinary and Animal Physiology, Dniepropetrovsk
State Agrarian University, Dniepropetrovsk, Ukraine)
Quantitative Criteria of Biological Activity of New Humics-Based Immunomodulators
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Polina Zaitseva (Ilvanovo State Chemical Technology University, lvanovo)
Viscous properties of the solutions of copolymers used in the synthesis of
polymerporphyrins for medical applications
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Optimization of production methods of polymeric composite materials based on prepreg
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Modern aspects of medical use of drugs humic peloids sequence
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Comparative Sensitivity of Standard Test—Organisms to Commercial Humates of
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Closing Remarks. Closure of the conference
17:00 Departure from the MSU to the Obraztsov Muppet Theatre and conference dinner
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10:00-11:00
Reception of the German delegation by the Dean of the Department of Chemistry (TBC)
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Round Table Discussion: Prospects of Russian-German Cooperation in the field of
structure elucidation and biomedical applications of humic substances
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Excursion in the labs of the Lomonosov Moscow State University
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Application of a Quantum Statistical Model of Humic Substances to
their Influence on Reduction of Red Cell Aggregation in Blood

Olga Aleksandrova' 2, Marcus Schulz®, Michael Matthies'

"Institute of Environmental Research, Osnabrueck, Germany, oalexand@usf.uni-osnabrueck.de
Federal Ural University, Ekaterinburg, Russia

®University of Bremen, Germany

Recently, humic substances (HS) taken from peat and sapropel were shown to be of
great value as adaptogens, possessing antineoplastic, anti-oxidant, anti-toxic, and anti-
mutagenic characteristics. In vitro, HS decrease red cell aggregation, which is revealed by
sampling of HS from definite origin in definite interval of concentration. Therefore,
mediating action of HS may arise from promoting a reduction of the aggregation index
within definite interval of their concentration, an interpretation which is supported by our
quantum statistical model of HS.

Blood plasma represents a colloidal solution containing approximately 90 % water. In
blood plasma, red blood cells move separately and are negatively charged. By loss of
charge, aggregation is initialized. The addition of HS of definite concentration to blood
allows for repairing charge of red cells via binding of negatively charged micelles, which in
turn are formed from HS molecules. The transformation of HS molecules to micelles takes
place as soon as mass of HS molecule m,, exceeds the critical value m,g ... in the

water solution. Due to further increase in HS concentration, a part of micelles are
transformed to coagulants. Our quantum statistical model interprets the transformation of
HS molecules into micelles and is based on peculiarities of protons, existing as Fermi
particles with spin s = 1/2 and possessing a certain magnetic moment . Binding of

micelles to red blood cells is enabled by an excited magnetic state of protons that interact
with quinoid or semiquinoid
units of proteins of red cell

0.000e membranes.
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area S of curved trapezium of §,,, , taken at C, to the greater area s .., at C, >C,, and
subsequently to the smaller area S, , at C,>C,, is demonstrated in Figure 1. Thus,
when the HS concentration is contained in a definite interval, the concentration of micelles
is sufficient in blood to promote their mediating action.
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Modern aspects of medical use of drugs humic peloids sequence

Nadezhda Avvakumova
Samara State Medical University. Common, Bioinorganic and Bioorganic Chemistry Department.
Samara, Russia navvak@mail.ru

Recent years are characterized by an increasing use of natural humic compounds in
various brances industries and agriculture. The use of the humic substances is very
important for the modern medicine as curative and preventive purposes. Humanity
evoleved in humic background, but the action of the natural macromolecular compounds is
not sufficiently studied on the human body. It should be noted that the uniqueness of the
humic substances extracted from the medicinal mud. The low salinity mud solution
facilitated by the relatively high content of the humic substances. Much moisture makes
them expressed biological activity. Recovered hydrogen sulfide breeds gives humic
substances pronounced antioxidant properties.

The object of our long-term research is the studying of the physicochemical and
biochemical bases of the humic substances in order to get drugs to increase the efficiency
of the pelotherapy, save dwindling resources of mud and maintain the ecological balance
biogeocenoses zones.

The observation of the structural organization of the humic substances in therapeutic
mud by amphiphilic chromatography confirmed their polydispersity. The research result of
the humic acids by the capillary electrophoresis mathod makes it possible to place them to
the natural polyelectrolytes with different intensity of the charged fragments. The
differential thermal mathod identified the occurrence of the polyconjugated aromatic
nucleus and the aliphatic peripheral chains with different degree of manifestation of all
humic peloids substances. Self-diffusion coefficients have been established by the nuclear
magnetic resonance with pulsed magnetic field gradient confirm the closeness, but there is
no the identity of the structures these compounds. All preparations behave in aqueous
solution as a homogeneous system, they are not isolated components moving at different
speeds. The values of self-diffusion coefficients of the investigated material is higher than
the pure water, that allows them to predict better permeability through biomembranes.

Studying the biological activity of fulvic, hymatomelanic, humic and humus acids
groups in a wide range of concentrations in model of acute carrageenan inflammation
discovered a polymodal dependence of all the drugs on the dose. The dynamics of
changes of the hematological and immunological parameters by injection of humic acid to
animals with the development of adjuvant arthritis reflects a decrease in the inflammatory
process with an autoimmune component, and at same time show us the increasing
curative action by increasing of course dose.

Based on the totality of the experimental data established that humic peloids
substances maintain internal homeostasis of biological systems at the organism, cellular
and subcellular levels, contributing to the restoration of physiological functions in
pathological conditions and in extreme situations.
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Hybrid polyfunctional molecules: from concept to multifunctional drugs

Vladimir V. Bezuglov
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow, Russia, vwbez@ibch.ru

The predominant paradigm of up-to-date medicinal chemistry is a concept of
maximum selectivity of a drug, i.e., its attack being aimed at a single, strictly defined target
— Paul Erlich’s “magic bullet”. This paradigm grounds on unbreakable opinion that all
chronic pathologies can be divided into elementary diseases-symptoms having distinct
targets. As a result almost any patient has a long list of diagnosis and must take daily a
huge amount of prescribed drugs. The massive intake of extremely selective
pharmaceuticals, that are considered by organism mainly as xenobiotics, disturbs
significantly the regulation system of patient's body. Hence, the likelihood of the
appearance of undesired side effects due to the heavy pharmacological load on the
metabolic and drug excretion systems becomes higher as well as the risk that the drugs
will turn out to be incompatible when used simultaneously. All these facts made scientists
to look for an alternative to the “magic bullet” strategy. As the new paradigm, a concept of
‘multifunctional drugs' may be considered in which selectivity is opposed to the wideness
of pharmacological effect, i.e., the ability of a drug to interact with several targets.
Developing this approach we introduced the concept of "Informational drug". This concept
based on innovative "Informational-energetic Theory“ founded by Sergey Konovalov (SPb,
Russia). According to this Theory a human is mainly an informational entity and his
physical body is govered and supported by complex multylayer informational framework.
Disturbances in this framework lead to instability of regulatory system, breaks in
informational treads and links. Malfunction of informational framework evokes the
development of chronic disease that is only one for each patient although it manifests in
symptoms’ multiplicity. At physical level all information flows are realized through fluxes of
signal molecules. Their excess or shortage is a key component of illness manifestation.
The pharmaceutical composed from endogenous signal molecules and capable to correct
disturbances in regulation system is termed as “informational drug”. The important feature
of informational drug is absence in its structure of molecular fragments foreign to the
organism. Just now we are at the very beginning of understanding how to construct real
informational drugs. However some productive approaches may be proposed. One of
them — design of hybrid polyfunctional molecules. The simplest construction of hybrid
molecule is combination of two molecular fragments with distinct but unidirectional
biological activities. An example of these type molecules is nitric oxide donating binary
drugs like NO-aspirin and other NO-NSAIDs, as well as NO-prostaglandins.
Prostaglandins as a natural polyfunctional lipid signal molecules are convenient template
for hybrid drugs. Recently discovered in mammalians prostaglandin glycerol esters and
amides with ethanolamine (prostamides) or glycine clearly demonstrated that the Nature
exploit hybridization approach to produce new signal molecules. Another example came
from endocannabinoid field. All endocannabinoids represents functionalized
polyunsaturated fatty acids (PUFA). Very promising group is N-acylated dopamines. Using
these molecules as a starting template a series of hybrid compounds were synthesized.
Combinations of PUFA, GABA and dopamine lead to new hybrid molecules with
neuroprotective properties and with ability to improve cerebral circulation. More complex
hybrid compounds can be constructed by conjugation of several signal molecules. Very
perspective is combination of bioactive lipids and peptides because both types of
molecules are essential components of informational framework. We termed these hybrid
molecules as “peptolipins” and propose approaches to their synthesis. A separate family of
hybrid molecules consists of non-covalent complexes of polyfunctional proteins (like
insulin) with natural polymers (e.g. polysialic acid). The work was partially supported by
Russian foundation for basic research (project # 09-04-00317).
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Synthesis of bioavailable zinc-humic compounds
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Goal of this research was synthesis of humic-based compounds of zinc and to
evaluate zinc bioavailability for plants.

Zinc-humic preparations were prepared from commercially available potassium
humate and hydrated zinc sulfate. Reaction was carried out with stirring under pH control.
Humate dissolution was conducted using ultrasound bath and small amount of alkaline to
reach target pH. Then sulfate was mixed with humate solution by dropwise addition. The
solid sample was isolated using rotor evaporation. To test reproducibility of the given
synthesis, five batches were prepared under the same conditions. The content of zinc in
the prepared samples varied from 4 to 5 % (mass).

Biotesting of the obtained preparations was conducted using wheat plants. The
plants were grown on Knopp media with and without addition of different zinc sources. As
those were used zinc sulfate and five batches of zinc humate synthesized as described
above. Bioavailability of zinc was evaluated by the content of zinc in the harvested plants.
Determinations of zinc were conducted both in roots and stems. Dry biomass was used for
analysis. Prior to determination, the biomass was digested in FOSS Tecator Digester 8.
ICPMS technique was used for zinc determination in the obtained solutions. The results
are shown in Figure 1.
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Figure 1. Content of zinc in wheat plants cultivated with different zinc sources: blank -
no zinc added; ZnSO, - zinc sulfate; 1,2,3,4,5 - five different batches of zinc humate.

As it can be seen from Figure 1 the synthesized zinc-humic compounds were
bioavailable for plants. In general the roots contained more zinc as compared to stems.
Comparison of the zinc content in plants treated with five different batches of zinc humates
has shown relatively stable beneficial impact on wheat plants: the content of zinc in treated
plants was a factor of five higher as compared to blank for roots, and a factor of 2 - for
stems. The obtained results show a good promise for a use of zinc humates as a source of
bioavailable zinc suitable both for plant and animal nutrition.

This research was supported by State Contract 16.740.11.0183 of the Ministry of
Education and Science of Russian Federation.
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Microbicides with anti-HIV activity on the base of carbon nanoparticles
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Background:

The most important part of the microbicide development is the search of novel
specific anti-HIV-1 agents. The development of nanotechnology has led to significant advances
in the field of diagnosis and therapy. In this work we studied water-soluble adducts of carbon
nanoclusters (ACNC), active against strains of HIV-1 for the development of safe and effective new
microbicides.

Methods:

The cytotoxicity was defined as the viability of T-lymphoblastoid cells CEM SS
cultivated at presence of different doses of tested compounds. Anti-viral activity of
compounds was defined in modeling HIV-infection using HIV-1ggy strain and CEM SS cells.
The virucidal properties of compounds were confirmed by virus inactivation assays.The
level of virus reproduction in infected cells at presence of tested compounds was detected
with p24 HIV-1 antigen ELISA.

Results:

Adducts of carbon nanoclusters (ACNC) are the new derivatives of carbon, having high
solubility in polar solvents, including water. General structural formula of the ACNC: [OH] - [C] » -
(OHSOy) . All studied adducts of carbon nanoclusters are low-toxic in cells CEM SS. It was shown
that these preparations possess inhibitory activity against HIV-infection in vitro. 50% effective dose
(EDso) of this group of drugs was in the range 21.4-27.5 pg/ml. The study showed that all samples
could inactivate the virus, preventing infection of target cells. The most effective was the light
fraction ACNC: the adding of 0.75 mg/ml of the drug reduced the level of infection to 0% and the
adding of 0.2 mg/ml - decreasing by 98.5%.

Conclusions:

We found that ACNC are very promising for further research (using an extended number of
models), for development a candidate microbicides with efficient anti-HIV activity. Taking into
account low cytotoxicity of tested compounds, they are promising substances and can be used
for HIV-infection prevention with new microbicide preparations, developed on the base of
these compounds.
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Superparamagnetic Iron Oxide Nanoparticles as MRI contrast agents

Anastasia Goldt', Maxim Abakumov?, Yana Zorkina?, Vladimir Baklaushev?
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Superparamagnetic iron oxide nanoparticles (SPION) have attracted much attention
as a potential multifunctional clinical tool providing cancer detection by contrast —
enhanced magnetic resonance imaging (MRI) [1]. Iron oxide nanoparticles y-Fe,O3; and
Fes;O4 with narrow size distribution are easily synthesized in organic solvents for different
applications [2]. However, biomedical applications require that the particles can be readily
dispersed in aqueous solutions. To improve their dispersion in aqueous solution, SPION
covered different types of water soluble polymers [3].

Here we report a synthesis of hydrophilic SPION capped with amphiflic polymer
shells. The prepared nanoparticles were easily coupled with monoclonal antibodies
specific to AMVB1 [4]. Thus modified SPION allowed to obtain vessel-specific construction
for selective MRI contrast enhancement of tumors that improve the quality of early stage
diagnostics and support the control of highly effective therapy.

Superparamagnetic y-Fe;O3 nanoparticles covered by oleic acid with diameter 5-10
nm were obtained [5]. Redispergation of maghemite nanoparticles in chloroform leads to
their assembling in nanoclusters of 40-50 nm in diameter. Obtained nanoclusters were
covered with amphiphilyc pegylated polymer PMAO-PEG.

The PMAO unit has a hydrophobic octadecene side chain for interacting with the
oleic acid surfactant on the iron oxide surface and provides for a free carboxyl functional
group for further conjugation to biomolecules including peptides and nucleic acids. The
PEG unit enhances the solubility of these SPION in aqueous solutions and circulation time
of nanoparticles in blood vessels. The cytotoxic effect of the of PMAO-PEG covered
nanoparticles was determined via MTT test on cell cultures of glioma C6, human breast
cancer MCF7 and rat’s fibroblasts Rat 2. MTT results showed that Fe,O3; nanoparticles
had no evident cytotoxicity.

Relaxivity values of the obtained nanoparticles was 1370+55 ml/(mg*s) for PMAO-
PEG covered particles. These values are up to 10 times higher than for buffer solution.
This data confirms that these particles can be used as a MRI contrast agent. e-NH; groups
of lysine residues of antibody were used for conjugation of PMAO-PEG covered
nanoparticles with antibodies by EDAC or EDC (1-Ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride) as cross-linking agents. Fluorescent microscopy of sections of
cerebellum, where rate of expression of AMVB1 is pretty high, showed specific
visualization of cerebellum microvessels.

In conclusion, water soluble, biocompatible, stable in biological substances,
maghemite nanoparticles were obtained. In vivo MRI experiments confirm our hypothesis
about application of nanoparticles as a T2 contrast agent. Nanoparticles conjugation with
antibodies to AMVB1 saves binding activity of conjugated antibodies, thus providing a new
vector agent for MRI and targeted drug delivery.

1. Yves Gossuin, Pierre Gillis, Aline Hocq, Quoc L Vuong and Alain Roch // Advanced
Review. 2009. V.1. P. 299-310

2. J. Park, E. Lee, N.-M. Hwang, M. Kang, S. Chul Kim, Yo. Hwang, et. all. // Angew.
Chem. Int. Ed. 2005. V.44. P. 2872 -2877.

3. WilliamW Yu, Emmanuel Chang, et. all. // Nanotechnology. 2006.V. 17 P. 4483—
4487

4. Chekhonin V. P., Baklaushev V. P., Yusubalieva G. M., Gurina O. I. /[ J
Neuroimmune Pharmacol. 2009. V. 4. P. 28 - 34.

5. Chun Yu Wang, Jian Ming Hong, Gong Chen, Yu Zhang, Ning Gu //Chinese
Chemical Letters. 2010. V. 21 P. 179-182
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Pharmacological Study of Native Peat Humic Acids
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Search for new raw materials of natural origin BAS for development of new drugs on
the basis is an urgent challenge of modern pharmacy. Pharmacological properties and
toxicity of native peat HA (pyrophosphate method) have not been studied, also needed the
chemical and biological standardization of Civil peats of different genesis. There was a
chemical-pharmacognostic research of the chemical structure of native HA representative
peat modern methods of physicochemical analysis. Based on the identified characteristics
of the chemical structure of HA there were developed methods of standardization,
identified indicators of their authenticity and quality, drafted pharmacopoeial monograph
Enterprise peat humic acids. There were also studied toxicological and pharmacological
properties of HA; evaluated acute toxicity of GC at different ways of application, identified
target organs, there was also shown a direct cardiotoxic effect of HA.

In experimental models of pathologies there were tested antihypoxia and
hepatoprotective properties of HA. They have expressed hepatoprotective activity in acute
CCl4-hepatitis. Their prior intragastric introduction prevents the damaging effect of carbon
tetrachloride on functional and metabolic and morphological parameters of rat liver.

HA have expressed antihypoxic effect - increasing the life span of animals and
reducing mortality in gistotoksicheskoy and hypobaric hypoxia in prophylactic intragastric
test in mice.

Effect of 5-fold intragastric test of HA on the lifespan of mice under hypobaric
hypoxia, (X = Ah)

Species Number of animals (t_lé',]:ﬁ dzpnatnc’ rir’:]elz a) Mortality from hypoxia (32 -)
Control 25 11,88+1,13 92 %

HA (25 mg/kg) 25 13,7241,24 84 %

HA (50 mg/kg) 25 16,44+1,19 76 %

HA (100 mg/kg) 25 17,80+1,31"" 64 %

Note: * — significant difference (p<0,05) in comparison with the control, ** —
significant difference (p<0,05) compared with humic acid 25 mg / kg.

Under normobaric hypercapnic hypoxia GC prevent uncoupling of oxidative
phosphorylation in mitochondria, normalizing the activity of succinate-and NAD-dependent
processes of energy production in mitochondria of brain and liver of mice.
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Transhumus: Integrated software solution for interpretation of FT-ICR
mass spectra of natural organic matter
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Natural organic matter (NOM) and humic substances in particular are important
research objects as they play important roles in the movement of nutrients in ecosystems
and are one of the largest carbon reservoirs. NOM is very complex, consisting of
thousands of chemically distinct compounds. Ultrahigh-resolution Fourier transform ion
cyclotron resonance mass spectrometry (FT-ICR MS) allows characterizing the
compositional and structural diversity of NOM. However, there still are problems with
interpretation of mass spectra of NOM. Particularly notable is the lack of specialized
software tools for automated analysis of NOM mass spectra. The vast array of existing
mass spectrometry software was created for proteomics, genomics, forensics, and
pharmaceutical applications and is not suitable for specific needs of NOM analysis.
We present software Transhumus, specifically designed for automated analysis of FT-ICR
mass spectra of NOM.

The software aims to incorporate the most recent developments in interpretation of
ultrahigh resolution mass spectra and can serve as a platform for further algorithm
development. Main functionality is illustrated by Figure 1: you start with a peak list (m/z
values), perform preliminary identification to assess mass measurement accuracy and
number of compounds, recalibrate the mass spectrum using unambiguous identifications,
and then you can explore the structure of the spectrum using the mass difference
statistics. In particular, there is an efficient algorithm for charge state determination which
doesn’t depend on the presence of "*C-isotopologues of compounds in the spectrum. The
neutral mass list can then be used to obtain a final set of compound formulas, using both
brute force and “formula extension” approaches.

In addition, the software includes means of result visualization (e.g. van Krevelen
plots) and is rather fast, which enables its application in large-scale studies.
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Figure 1. Spectrum interpretation workflow using Transhumus software. Boxes show
data tables, arrows represent the relation “is needed to obtain” between data. The “Mass
Spectrum” box is dashed because peak picking means are not included in Transhumus.
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DCMU complex formation as followed with electrospray Fourier
transforms ion cyclotron mass spectrometry

Mourad Harir', Basem Kanawati', Moritz Frommberger', Philippe Schmitt-Kopplin'
"Helmholtz Zentrum Miinchen, German Research Center for Environmental Health, Ingolstaedter
Landstrasse 1, 85764 Neuherberg, Germany

Binding of DCMU, a commonly used pesticide from phenyl urea family, on organic
amendments as well as aliphatics model compounds was investigated by using high
resolution Fourier Transform lon Cyclotron Resonance mass spectroscopy (FT-ICR-MS)
coupled to electrpospray ionization source. Natural (C) and commercial (D) organic
amendments were tested at fresh (C;, Ds) and mature (Cn,, D) stages parallely with a
selected model compunds. Based on the use of electrospray as a ‘soft’ ionization
technique in the negative ionization mode, clusters ions containing chlorine atoms were
detected and evaluated for DCMU enclosure in both the fresh and mature stages of
amendments as well as for the standars. Taking advantage of the high mass resolving
power of the ESI-FT-ICR/MS technique, precise sum formulas of the ions which represent
a non-covalent interaction between DCMU and aliphatics compounds were unequivocally
obtained. Taking into consideration the natural abundance of the chloride isotopes in the
DCMU, an algorithm for the detection of DCMU binding, is proposed. Such algorithm
enabled the assignment of elemental compositions of DCMU and the chosen amendments
as well as the model compounds.
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High-precision frequency measurements: indispensable tools at the
core of molecular-level analysis of complex materials
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Terrestrial natural organic compounds divide into functional biomolecules which
eventually derive from a genetic code, and complex biogeochemical non-repetitive materials,
like natural organic matter (NOM) which are formed according to the general constraints of
thermodynamics and kinetics from molecules of geochemical or ultimately biogenic origin.
While all NOM on earth differs in evolutionary history, the general trajectory of formation and
decomposition is constrained by the respective (rather temperate) ecosystem conditions. The
combined action of biotic and abiotic reactions characteristic of the respective ecosystems
progressively attenuates original biosignatures and the resulting diversity of NOM molecular
signatures approaches the limits constrained by the laws of chemical binding. Abiotic,
biogeochemical and biological organic molecules occupy vastly different subsets of the
chemical space. While the abiotic evolution of natural organic matter often follows entropy-
driven trajectories that maximize chemical diversity, carbon based life is confined to a rather
restricted biologically relevant chemical space. However, an enormous diversity of large
molecules is assembled from a surprisingly small subset of universal precursors and the three-
dimensional qualities of these molecules are critical for the sustenance of basic and higher life.
Typical biochemical mixtures can be separated into individual compounds which then are
assigned by comparison with reference materials (target analysis) or subjected to de novo
structural analysis. In contrast, successful molecular-level analyses of NOM often require
integration of high-performance separation, high-resolution organic structural spectroscopy
and mathematical data treatment.

At present, only high-precision frequency derived data exhibit sufficient resolution to
overcome the detrimental effects of intrinsic averaging, which deteriorate spectral resolution of
intricate organic materials to an extent of a bulk-type rather than a molecular resolution
analysis. Intrinsic averaging is inevitable when the resolution of the method does not
adequately match the complexity of the material investigated. It is responsible for the rather
restricted bandwidth of low resolution spectral (and bulk) properties of complex organic
materials.

High-precision frequency measurements are at the core of the two most influential
methods of organic structural spectroscopy for the investigation of complex materials, NMR
spectroscopy (provide unsurpassed insight into close-range molecular order) and FTICR mass
spectrometry (provide depiction of the compositional space with unsurpassed resolution), and
can be translated into isotope-specific molecular resolution detail of unprecedented
significance and richness. The currently available discrete analytical volumetric pixel space to
describe complex systems (which is defined by NMR, FT mass spectrometry and separation
technology) is in the range of 108-14 voxels and therefore capable to provide the necessary
detail for a meaningful molecular level analysis of very complex mixtures. This presentation
intends to describe the use of complementary high-resolution organic structural spectroscopy
to elucidate key structural aspects of various complex organic materials. Studies of natural
organic matter like soil-derived, freshwater, marine and atmospheric NOM as well as
extraterrestrial NOM have revealed remarkable structural variance which allows detailed
conclusions about their formation history.

These in-depth molecular descriptions of NOM in various environments have even
emphasized the fundamental differences between abiotic organic synthesis and terrestrial life.
In any ecosystem, natural organic matter coevolved with biochemistry and this interaction still
defines critical life conditions at the bottom of the food chain. The relationships between abiotic
chemical and biological evolution are not yet understood and further research is needed to
address these intriguing questions.
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Erythrocyte Reversible Aggregation under the Action of Humic Acids
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Blood coagulation was proposed to be used for the assessment of humic acids (Has)
coagulation ability. The rheological properties of blood are known to depend substantially
on the erythrocyte reversible aggregation. Aggregation parameters may be employed as
universal indicators for determining the coagulation and stabilization ability of natural
preparations. Among many factors providing blood with coagulability, such coagulants as
vitamin K and naphthoquinone derivatives play an important role. Therefore, it is of interest
to investigate the influence of HAs, whose macromolecules comprise ordered condensed
aromatic nuclei and disordered peripheral moieties containing large amounts of functional
groups, on erythrocyte coagulation. The goal of this work is to study erythrocyte reversible
coagulation under the effect of HAs isolated from peat subjected to a mechanochemical
treatment.

High-moor peat was subjected to a mechanochemical activation in a VCM-10
flowthrough centrifugal vibrating mill (developed at the Institute of Solid State Chemistry
and Mechanochemistry, SD RAS, Novosibirsk, Russia) using 10 mm steel balls at an
acceleration of 180 m/s?. Peat was treated both in the absence of chemical reagents and
in the presence of NaOH (3%) or celloviridine (CV) (0.5%) as a cellulolytic enzyme. The
residence time of the treated materials in the working zone was 2 min.

Erythrocyte reversible aggregation was studied with an instrument using the
vibrational photometric method of measuring the optical density in microscopic volumes of
blood. Erythrocyte reversible aggregation was investigated in alkaline solutions at HAs
concentrations of 0.001 and 0.0001 wt %.

Results of researches have shown that peat mechanical activation increases the
yield and solubility of humic preparations. The comparison between results on erythrocyte
reversible aggregation testifies that the highest effect is achieved with Has prepared
through the peat mechanical activation, either in the absence of additives or in the
presence of CV enzyme (fig.1). A rise in the concentration of HAs increases their
coagulation ability. The results of the structural analysis enables us to conclude that
mechanical treatment enlarges the amount of hydrophilic oxygen-containing fragments
and slightly decreases the number of paramagnetic centers in HA molecules.
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Figure 1. Variations in the index of aggregation as depending on HAs concentration
and conditions of peat mechanoactivation: C refers to the control experiment (water);HA1,
HA3, HA5, and HA7 refer to HAs (0.001%) extracted from original peat and peat
mechanically treated without additives and in the presence of CV (3%) and NaOH (3%),
respectively; and HA2, HA4, HAG, and HAS8 refer to HAs (0.0001%) extracted from original
peat and peat mechanically treated without additives and in the presence of CV (0.5%)
and NaOH (3%).
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Fourier Transform lon cyclotron Resonance (FT-ICR) Technique provides the highest
mass resolving power for accurate sum formula determinations of ions among all other
types of mass analyzers. The combination of non-targeted FT-ICR spectra with advanced
statistical tools give out biomarker masses with accurate sum formula determinations. In
order to gain details about the structures of the identified biomarkers, experimental MS/MS
collision induced dissociation (CID) procedures combined with advanced quantum
mechanical calculations are crucial, especially when so standards exist. Here, we shed the
light on this issue giving some examples related to organic chemistry. We finally show that
this technique does not only allow for sum formula determination and structure elucidation,
but it also provides details about possible chemical mechanisms, which explain ion
behaviour in the gas phase.
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Humic substances (HS) represent products of postmortal decomposition of living
organisms and compose one of the largest reservoirs of organic carbon of global
ecosystem. HS possess non-stocihiometric compositions and heterogeneic structures
representing natural polyfunctional macromolecular compounds. Comprehension and
quantitative description of HS structure belong to one of the most challenging tasks of
modern structural analysis. This task is of particular virtue given the prospective
pharmacological properties shown both by HS and metal-HS complexes in antiviral, anti-
inflammatory, anti-tumor, and other activities. However, a directed use of HS in medicine is
greatly hindered due to a lack of single structure which can be prescribed to those
compounds for creating quantitative structure-activity relationships (QSAR). New
approaches are needed for developing structural descriptors for the compounds of this
complexity. Considerable progress in the area of understanding of the molecular structure
of HS is currently reached due to application of Fourier transform ion cyclotron mass
spectrometry (FTICR MS) in combination with electrospray ionization (ESI). Recently it has
been shown by our group that change of electrospray ionization conditions significantly
influences on effectiveness of ionization of HS isolated from water [1]. The task of the
current work was optimization of electrospray ionization conditions for HS isolated from
peat, coal and soil with the goal to obtain the most informative FTICR mass spectrum
during relatively short time.

ESI FTICR mass spectra were acquired on the hybrid mass spectrometer LTQ FT
Ultra (Thermo Electron Corp., Germany) with 7T superconductive magnet. The instrument
was equipped with lon Max (Thermo Electron Corp., Germany) ion source. Mass spectra
processing was performed by original software, developed at the laboratory, which
included: solving of Diophantine equations, calculation of total mass difference statistics,
determination of charge states.

Dependence of signal intensity on the choice of the solvent, ESI voltage and the
sample concentration was studied. The signal intensity was calculated as a summary
intensity of 6 peaks from mass spectra, which were reproduced for each solvent and had
high enough intensity even at not optimal conditions. As the solvent, methanol, water-
methanol mixture (1:3) and acetonitrile were used. For each of chosen solvents the
optimal ESI voltage was determined. For the optimal solvent the dependence of the signal
from concentration of the sample was studied.

At the result the most informative ESI FTICR mass spectra was acquired for HS
dissolved in acetonitrile. For each of measured samples the optimal ESI voltage had been
established.

This research was supported by State Contract 16.740.11.0183 of the Ministry of
Education and Science of Russian Federation.

[1] E.V. Kunenkov, A.S. Kononikhin, I.V. Perminova, A.V. Garmash, |.A. Popov, E.N.
Nikolaev. Vestnik Moskovskogo Universiteta. Khimia. 2010. Vol. 51, No. 5, p. 364-368.
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Vladimir A. Kholodov', Natalia A. Kulikova?, Irina V. Perminova?

"Dokuchaev Soil Science Institute, Moscow, Russia, vkholod@mail.ru
? Lomonosov Moscow State University, Moscow, Russia

Catechol, hydroquinone and p-benzoquinone enriched preparations of humic acid
(HA) were obtained by modification of HA of brown coal. Modification included
phenolformaldehyde condensation of coal HA with catechol, hydroquinone or co-
polymerization of HA with p-benzoquinone. All modified HA samples did not expose
toxicity to plants.

Detoxifying ability of humic preparations toward copper was estimated using seedling
bioassay. Wheat was used as a test plant. Length of 3-day roots was used as a test
response.

HA detoxifying ability was quantified using toxicological constants of copper binding
to HA are normalized to the organic carbon content in HA preparation (Koc'™) according to
the following equation:

K oc™ % C gy
1 +Koc™ XCuy
where Cua is a concentration of HA;

D=

D is a detoxification coefficient calculated as follows:

D= I_Rd_RdH RO_RZ
Rd R()

where: Ry — root length of control; R4 - root length in the presence of HA; R; - root
length in the presence of copper; Ryt - root length in the presence of copper and HA.

Modified preparations were shown to possess higher detoxifying ability compared to
the initial HA. Detoxifying ability of the quinonoid-enriched humic acids was increasing in
the following ascending order: native HA < hydroquinone-enriched HA < catechol-enriched
HA <
p-benzoquinone-enriched HA.

Thus, the chemical modification of humic substances is a powerful tool for creating
new ecologically-sound sorbents aimed to control heavy metal pollution in the
environment.

This work has been supported RFBR (grant 10-03-00803-a) and Russian Ministry of
Science and Education (state contract 16.740.11.0183).
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In this study, the term “bimodal effect” is used as a concentration-dependent opposite
influence of bioactive substances on the reactivity of a biosystem (1). The objective of the
present investigation is to estimate the influence of humic acids (HA) on the early phase of
blood coagulation.

Test substances: Selected HS from the Altteich peat deposit (AM) in Eastern Saxony,
Germany, were extracted with sodium hydroxide at pH 9, precipitated with 0.1 mol/l
hydrochloric acid, oxalic acid and citric acid, respectively. They were washed two or ten
times with demine-ralized water. As reference HA, we used the IHSS HA from Waskish
Peat and sodium humate (Na humate 76) isolated from the water of a coastal rainmoor
near Dierhagen-Neuhaus, Germany.

Method: Thrombelastography (2) was applied for measuring the reaction time (R) in
human citrated plasma in presence of HA and in the controls free of HA. The differences of
the R-values with and without HA were calculated as n-fold of the control. The R-value is
representative of early fibrin formation. It is shortened in hypercoagulable and pro- longed
in hypocoa gulable conditions.
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Fig.1: Influence of Na-Humate on the reaction time
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Results: AM HA at low concentrations (0.9-31.3 ug/ml) develop a haemostatic effect
and act as anticoagulants at higher concentrations (250-1000 pug/ml). These HA effects are
independent of the use of different precipitation reagents and the number of washing
steps. The reference HA sodium humate 76 react in the same way (Fig. 1). Waskish peat
HA at concentrations of 62.5-1000 ug/ml prolong the reaction time, i.e. it develops a strong
anticoagulant effect. In contrast, the reaction time was slightly shortened at 15.5 and
31.3 pg/ml HA.

Conclusions: For the first time a bimodal effect of humic acids is demonstrated in
blood coagulation. The results of this study are challenging for further investigations to
elucidate the mechanism of the observed bimodal effect. The application of HA in low as
well as in higher concentrations may open new application fields for selected and
profoundly analyzed peat products.

1. R. Junek, R. Morrow, J.l. Schoenherr, R. Schubert, R. Kallmeyer, S. Phull and R.
Klécking: Bimodal effect of humic acids on the LPS-induced TNF-alpha release from
differentiated U937 cells. Phytomedicine 16 (2009) 470-476.

2. H. Hartert: Blutgerinnungsstudien mit der Thrombelastographie, einem neuen
Untersuch-ungsverfahren. Klinische Wochenschrift, 26 (1948) 577-583.
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Peat is one of the major resources of natural humic substances (HS), and used for
medical purposes since the beginning of 19thcentury. Extraction, isolation and purification
of different peat fractions facilitated studies on the chemical composition of HS as well as
experimental investigations of peat ingredients in different biosystems. Meanwhile we
know that many health-supporting effects of peat such as the specific thermal capacity, the
high UV absorption, the binding of causative agents, especially viruses, and the
detoxification of heavy metals can be ascribed to its rich content of humic acids (HA).
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Figure1. Small deviations — strong effect: Anti-HSV-1 activity of HA-like polymers
synthesized from diphenolic starting compounds. Left: Influence of OH group positions on
antiviral activity. Right: Influence of the double bond in the side chain.3,4-DHPOP, 3,4-
dihydroxyphenylacetic acid; 2,5-DHPOP, 2,5-dihydroxyphenylacetic acid; HYKOP,
hydrocaffeic acid; KOP, caffeic acid.

The paper presents well-documented interactions of HS with biological systems and
addresses the question how synthetic HS assist the researchers in understanding the
mechanisms of humic effects. Figure 1 exemplifies the detection of dose-effect
relationships between defined phenolic starting compounds and the antiviral effect of
synthesized HA on herpes simplex virus type 1 (HSV-1) in Vero cells. The results indicate
that the activity of synthetic HA, although they all act as HSV-1 inhibitors, is considerably
influenced by structural differences of the starting compounds.

Another important field of preclinical investigations is to examine toxicity of bioactive
substances in vitro and in vivo. This aspect deserves more consideration than it have
received to date.

1. Klécking, R., Helbig, B., Pérschmann, J., Wutzler, P. (2006): The antiviral potency
of humic substances.In: Humic Substances — Linking Structure to Functions; Proceedings
of the13™ Meeting of the International HumicSubstances Society, July 30 — August 4,
2006, Universitat Karlsruhe. Editors: F.H. Frimmel, G. Abbt-Braun, pp. 397— 400.
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Oxidized lignin is seen as the promising source of humic-like substances which can be
used for many biomedical applications. To verify this concept the structural studies on
similarity of the structures of oxidized lignin and humic substances (HS) are needed. The
objective of this work was to compare the structures of oxidized lignin with those of HS from
different sources. For this purpose, both low and high resolution structural analytics was used
including size exclusion chromatography (SEC), 1D and 2D NMR spectroscopy and Fourier
Transform lon Cyclotron Resonance Mass Spectroscopy (FTICR MS).

Three samples of oxidized lignin (Nobel Itd, Russia) and two HS (one coal HA from
Sakhalin Island, Russia, and one aquatic FA from Suwannee River, USA) were studied.

SEC analysis was conducted using HPLC system consisted of a solvent pump, a packed
column, a UV-detector and a PC. The UV-absorbance was measured at 254 nm. The SEC
column was 15x250 mm packed with Toyopearl HW-55S (Toso-Haas, Japan). 0,03M
phosphate buffer with pH 6,8 was used as a mobile phase at a flow rate of 1 ml/min. The
column was calibrated using sodium polystyrenesulfonates.

Quantitative ’C solution state NMR spectra were acquired using Avance 400
spectrometer (Bruker, Germany) operating at 100 MHz carbon-13 frequency. The spectra
were recorded on the samples dissolved in 0,3 M NaOD/D,O at concentration of 80 mg/ml.
Two-dimentional COSY, TOCSY and HSQC NMR spectra were acquired using DMX-500
spectrometer (Bruker, Germany) operating at 500 MHz proton frequency. The spectra were
recorded on the samples dissolved in 0,1 M NaOD/D,0 at concentration of 12 mg/ml. All NMR
spectra were acquired with a 5 mm broadband probe.

FTICR MS analysis was conducted on 12 Tesla spectrometer (Bruker, Germany). The
samples were dissolved in methanol and diluted to 10 mg/l. All mass spectra were acquired in
negative ion mode.

The NMR data on the content of aromatic and aliphatic carbon have shown the close
resemblance between structures of oxidized lignin and those of chernozem soil humic acids.
But the size exclusion chromatographic studies have shown that the oxidized lignin samples
have much higher hydrophobicity as opposed to all HS samples including those from coal: the
recover extent from the column did not exceed 12% while for HS it was not less than 68%.
Therefore CH, O structural fragments of the oxidized lignin samples detected using NMR
spectroscopy do not refer to hydrocarbon fragments and belong to ether and ester groups.

The molecular formulas were for the first time determined for oxidized lignin materials
using FTICR MS data treated with FIRAN software. It was unambiguously shown that C3H,O
fragment is a structural block in the analyzed samples as well as C¢H4O, and CgHgO3. For the
first time the stoichiometric coefficients were determined in the formulas assigned to the
samples studied. It was shown that the formula can be written as (C3H.O),(C.H20),(CH2),:
where x<18, y<13, z<48.

The conclusion was made that the samples of oxidized lignin analyzed contained two
very different classes of compounds: one was of a humic nature containing mostly aromatic
compounds, while the other was mostly represented by lipid components like fatty acids.

This research was supported by the state contracts No 14.740.11.0115 and
No 16.740.11.0183.
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Background: At present there is a large data set on ability of humic substances to
induce non-specific immune response in living organisms. In particular, anitiviral activity of
humic substances have been shown. However, the reported effects are mostly obtained
for synthetic humic substances. Systematic studies on antiviral activity of natural humic
materials are missing. The objective of this study was to assess anti-HIV activity of a broad
set of natural humic materials. The set of humic materials tested included samples of coal
and peat humic and fulvic acids as well as non-fractionated materials and more narrow
fractions. All samples were isolated and purified in laboratory conditions using standard
protocols of International Humic Substances Society (IHSS).

Methods: Anti-viral activity of compounds was defined in modeling HIV-infection
using laboratory adapted HIV-1 strains and T-lymphoblastoid cell lines. The level of virus
reproduction in infected cells at presence of tested compounds was detected with p24
HIV-1 antigen ELISA. The cytotoxicity was defined as the viability of T-lymphoblastoid cells
cultivated at presence of different doses of tested compounds (MTT-test).

Results: All humic materials used in this study showed weak cytotoxicity (10-15%) at
concentrations 1,0-1,5 mg/mL. While their anti-HIV activities were high enough. The ED50
values ranged from 3x107 to 4x102 mg/mL. The HIV-activity depended strongly on the
source and fraction composition of HS.

Conclusions: Given low cytotoxicity and high efficacy of the humic materials, they
can be considered as promising group of compounds suitable for further therapeutic
developments. Hence, the performed experiments allowed us to propose new natural
humic compounds as active and potent agents for microbicide formulations.
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Humics are well known to possess physiological activity in relation to various living
organisms including bacteria, algae, fungi, plants, animals, and human beings. Both
beneficial and direct toxic effects of humic substances (HS) were reported. However,
mechanisms underlying biological properties of HS are still poorly understood. The primary
reason for that is a lack of experimental tools for tracking uptake and distribution of natural
organic mixtures in living cells and tissues, which makes it extremely difficult to link
structure and functions in systems of such high complexity. Besides, predicting HS
behavior in biological systems is extremely arduous, as HS are complex mixtures with a
number of concurrent properties, such as polyanionic and polyelectrolyte character,
hydrophilic and hydrophobic moieties, different functional groups, etc.

The main complication that arises in the study of the interactions of HS with living
cells is the lack of a reliable analytical technique for determination of HS in the presence of
biomolecules (e.g., proteins, lipids, and saccharides). To overcome the problem,
radioactive labeling of HS is being used widely for this purpose. However, the reported
studies deal predominantly with synthetic rather than with native humic materials.

A new method for labeling natural HS with the radioisotope tritum (*H) has been
developed using humic and fulvic acids of different origin (coal, peat, soil, and water) as
the target HS. The method produced HS of high specific activity (0.14-0.63 TBq g~ HS);
that permited the tracing of HS at a detection limit of 0.2 x107"?g L™ HS. Results from size
exclusion chromatography indicated that the tritium label was distributed uniformly over the
whole molecular size range of HS as well as no partial decomposition or polymerization of
HS occurred during labeling. The performed correlation analysis revealed that there was
no any significant relationship between HS properties and specific radioactivity of the
obtained *H-HS. Thus universality of the developed technique for radioactive labeling of
HS with tritium could be indicated.

The high specific radioactivity and radiochemical purity allowed direct determination
of hydrophobicity and surface activity of humic substances, and investigation of the
behavior of humic substances in bacteria, fungi and higher plants including both
quantitative estimation of interaction and visualization using tritium autoradiography.

This research was supported by a grant from the Ministry of Education and Science
of Russian Federation (GK P211).
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Placental insufficiency syndrome plays the leading role in the development of
perinatal diseases and in ante- and postnatal mortality. Nowadays the expressed tendency
is revealed to use bioactive substances of natural origin for correction and prophylaxy of
placental insufficiency. It was supposed that natural humic acids (HA) may be effective
due to their pronounced antioxidant activity and numerous valuable therapeutic properties.

On the preliminary stage it was showed that HA are not embryotoxic, highten the
immune status of rats and fetuses, stimulate physiological development of posterity. The
present study was focused on the elucidation of the mechanisms of prophylactic effect of
peat HA on placental insufficiency in rats. HA were extracted from lowland peat mined in
the centre of European Russia (Kostroma region) as described elsewhere.

Thirty pregnant rats of Wistar line were divided into 3 equal groups: 1% — control, 2"
— the rats with experimental placental insufficiency induced by ligating the uterine arteries,
3" _ the rats with experimental placental insufficiency treated with HA since the first day of
pregnancy (the daily dose — 10 mg/kg per os). The initial 1% aqueous solution of HA was
poured into a daily amount of drinking water and always fully consumed. After euthanizing
rats, one day prior to prospective labors, fetuses, placentas and placental beds were
extracted and comprehensive morphological investigation was carried out using light and
electronic microscopy and diverse immunohistochemistry procedures.

The obtained results gave undoubted evidence of HA stimulating influence on
adaptive processes in uteroplacental region. Placenta tissue and placental bed were well
vascularised, the number of blood vessels and their cross-section area were sizably higher
than those in the group of untreated placental insufficiency. The increase of the number of
utero-placental arteries in placental beds is caused by the expression of vascular
endothelial growth factor in trophoblastic and decidual cells. This is apparently attributed to
angiogenic effect of HA. The latter favor the completion of gestational reconstruction of
arteries of placental bed which is accompanied by the replacement of arteries walls by
cytotrophoblastic cells and fibrinoid.

Application of HA led to the reduction of the damage of placental structures.
Ultrastructure of trophoblastic cells gave the evidence of a marked protective effect of HA
on cytoplasmatic membranes of cellular walls and organellas. Normalizing blood
rheological properties HA prevented the disorders of blood circulation, such as thromboses
and stases in maternal and fetal vessels. The decrease of expression of prothrombotic
Von Willebrand factor in trophoblastic cells is an unambiguous proof of homeostasis
restoration.

HA stimulated metabolic processes as could be seen from the increase of the
concentration of DNA, RNA and glycogen in trophoblastic, decidual cells and amniotic
epithelium. The mean values of body length and mass of fetuses in the 3" experimental
group were statistically the same as in the control group and notably higher than those in
the 2" group. Moreover, application of HA resulted in the decrease of embryonal mortality.

Thus, in the conditions of blood circulation impairment, peat HA prevented placental
insufficiency in rats and intrauterine development delay of fetuses. The following basic
mechanisms of HA effect can be marked out:

— stimulation of adaptive processes in vascular beds;

— activation of angiogenesis in placentas and placental beds;

— intensification of metabolic processes in placentas;

— cytoprotective effect on trophoblastic cells;

— prevention of uteroplacental blood circulation disorders.
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The metabolomics study applied to disease’s evaluation has the main goal to
diagnose health and identify factors that cause disease. These studies can lead to
enhanced understanding of disease mechanisms Here it is presented a study of the
Crohn’s disease. The causes and etiology of this disease are currently unknown although
both host genetics and environmental factors are thought to play a role. Examination of
identical twins with Crohn’s disease enabled us to focus on the contribution of metabolites
produced by the gut microbiota towards disease status of the host. lon Cyclotron
Resonance Fourier Transform Mass Spectrometry (ICR-FT/MS) was used to discern the
masses of thousands of metabolites collected from 17 twin pairs. Pathways with
differentiating metabolites included those involved in the metabolism and or synthesis of
amino acids, fatty acids, bile acids and arachidonic acid. Several metabolites were
positively or negatively correlated to the disease phenotype and to specific microbes
previously characterized in the same samples. Our data reveal differentiating metabolites
for CD that may provide diagnostic biomarkers and/or monitoring tools as well as insight
into potential targets for disease therapy and prevention. The statistical tools start from
unsupervised method to lead to supervised methods; such as principal component
analysis, partial least square regression, discriminate analysis and a variety of clustering
techniques; PCA and hierarchical cluster analysis are now widespread; and they provide
an appropriate starting point for further analysis in the interpretation of metabolite profiling.
Common to a great part of these methods is that they build up interdependencies between
metabolites, relationships between the abundances of the metabolites as revealed by
correlation, covariance or distance matrix.
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Pesticides are known to increase agricultural production tremendously as these
chemicals act on pests that destroy agricultural produce. However, agricultural pesticide
contamination may result from the use and/or misuse of agricultural pesticides, and is
manifested as adverse effects on human health. Adverse human health effects or
symptoms of agricultural pesticide contamination include headache, body weakness,
blurred vision, vomiting, irritability, impaired concentration, abdominal pain etc. Therefore,
biological activity of humics is of special interest due to their adaptive properties, that is
their ability to mitigate negative environmental effects such as unfavourable weather and
soil conditions, presence of toxicants or pathogenic organisms and others.

For this study leonardite HA obtained by desalting of the commercial potassium
humate Powhumus (Humintech Ltd., Germany) was used. Si-enriched derivative of HA
was synthesized using 3-amino-propyltrimesthoxy-sylane (APTS) according to [1] and
assigned as Si-HA. Obtained derivative contained 3.24 % of Si.

To asses biological activity of HA and their Si-enriched derivative field experiments
with potatoes Solanum tuberosum L. var. Zhukovskii early-ripe was carried out. For tuber
treatment 50 mg I~ solutions of HA or Si-HA were used at a dosage 2| per 100 kg of
tubers, and treatment with water was used for the plank. Another two treatments with
humics were carried out when mass budding and flowering were observed. Concentration
of working solutions for sprinkling was 50 mg I”" and application rate was 40 | per 100 m™.
Trials were performed in quadruplicates.

Performed experiments showed that HA did not influence significantly on plants
growth, whereas yield of potatoes treated with Si-HA was 19 ¢ ha™ higher as compared to
blank (Table 1).

Table 1. Influence of HA and their Si-enriched derivative on potatoes growth

Variant Yield, c ha™ Amount of tubers of different weight, % of total
>80g 25-50 g <25¢g
Blank 378432 3317 3146 366
HA 383+36 36+8 3516 2946
Si-HA 397432 36+8 33+7 31+7

Alongside with observed increase in total yield of potatoes treated with HA and Si-
HA, considerable improvement of external quality of potatoes was observed. In particular,
when HA or Si-HA was applied, amount of tubers of larger fraction (tuber weight greater
that 80 g) increased, and that of medium fraction (tuber weight 25-50 g) decreased. So,
usage of Si-enriched derivatives of humic preparations resulted in both yield and trade
quality of potatoes. The letter was evident for topicality of further study of interaction of Si-
enriched humic derivatives with crops.

References

1. Perminova 1.V., Ponomarenko S.A., Karpiouk L.A., Hatfield K. Humic derivatives,
methods of preparation and use. Patent pending, PCT application Ne /RU2006/000102.

This research was supported by the Ministry of Education and Science of Russian
Federation (GK P211).
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Nitrogen (N) is often the most deficient of all plant nutrients. However, excessive
nitrogen causes lush succulent growth, resulting in greatly increased danger of lodging,
delayed maturity and greater susceptibility to diseases. Humic acids (HA) are known to
impose beneficial effects on plants, and a wide assortment of humic preparations is nhow
available on the market. Biological activity of HA is of special interest due to
bioadaptogenic properties of HA. They are able to mitigate negative environmental effects
such as unfavorable weather and soil conditions, presence of toxicants or pathogenic
organisms and others. Therefore, development of humic preparations of enhanced
adaptive activity is of importance for modern organic agriculture. Silicon seems to be one
of the most promising modifying agent which can be incorporated into the structure of HA
to enhance adaptive activity. It increases plant resistance under biotic and abiotic stress
conditions. In this study we hypothesized that Si-enriched humic preparations will mitigate
effect of nitrogen deficiency which is one of the common stresses in plants.

To reach this goal, the silicon-enriched sample of humic materials was synthesized.
The commercial potassium humate (Sakhalin Humate, Biomir 2000 Ltd., Russia) (CHS)
was used for modification. 3-amino-propyltriethoxy-silane (APTES) was used as a source
of Si. The choice of APTES was provided by the presence of reactive amino groups in its
structure which can yield amide bonds upon reaction with carboxyl and carbonyl groups. In
addition, APTES is commercially available organosilane suitable for preparative production
of the corresponding derivatives. Silanol derivatives of CHS were obtained by its
condensation with APTES. The reaction was run at ratios 0.2 g of APTES per 1 g of CHS.
The corresponding samples was designated as CHS-APTES-20. To perform bioassay,
field trials were performed using wheat Triticum aestivum L. Experimental design included
blank, treatment with CHS and CHS-APTES-20. Wheat was grown according to common
practice under adequate supply of nitrogen and without nitrogen application. Humic
preparations were applied by means of foliar treatment. The obtained results are shown in
Fig. 1.
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Figure 1. Influence of HA and their Si-enriched derivative on wheat yield under
physiological and nitrogen deficiency conditions.
As it can be seen wheat grown with an adequate supply of nitrogen was not
influenced by the both humic treatments, whereas a distinctive mitigating effect was
observed under N deficiency conditions.
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Biocompatible iron oxide and oxyhydroxide nanoparticles represent prospective magnetic
materials for biomedical applications such as drug delivery, stem cell tracking, magnetic
hyperthermia etc. Uncontrolled aggregation is a serious problem in synthesis and storage of
magnetic nanoparticles, which considerably limits their application. This problem can be solved by
surface modification of nanoparticles with organic macromolecules, which can prevent or inhibit
aggregation. Polyethylene glycol (PEG) and its derivatives are extensively used as stabilizing
coatings for magnetic iron oxide nanoparticles. However, PEG molecules coat each nanoparticle
separately that leads to high concentrations of polymer needed for particles stabilization. Therefore
we suggested using for this purpose humic substances (HS) which represent natural polyfunctional
mactoligands with branched structure rich in carboxylic and phenolic groups that allow coating
several nanoparticles by each macromolecule.

In the present work in situ stabilization of feroxyhyte (6-FeOOH) magnetic nanoparticles was
carried out using humic acids (HA) from coal. -FeOOH magnetic phase was chosen due to its
layered structure, which allows for incorporation of various ions and molecules into interlaminar
spacing resulting in modification of magnetic properties and physiological activity of nanoparticles.
The synthesis of nanoparticles included precipitation and rapid oxidation of “green rust” in HA
medium. Than nanoparticles were dialyzed and dried in vacuum under room temperature.
According to X-ray diffraction data, HA did not slow down oxidation of “green rust” and formation of
0-FeOOH phase. Transmission electron microscopy images (Fig. 1) show that HA effectively
prevented aggregation of nanoparticles both during synthesis and after drying. 8-FeOOH
nanoparticles stabilized by HA were plate-like with transverse size ~ 20-30 nm and thickness ~ 2-3
nm. The nanoparticles are partially stacked with characteristic interparticle spacing ~ 0.7 nm (Fig.
1a). On the contrary feroxyhyte synthesized without stabilization formed plate-like particles with
transverse size ~ 200-300 nm and thickness ~ 30 nm (Fig. 1b).
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Fig. 1. Transmission electron microscopy images of feroxyhyte (8-FeOOH) nanoparticles

synthesized under different conditions: a) in the presence of HS, b) without HS.

Size reduction of 8-FeOOH crystallites was confirmed by Mdssbauer spectra registered at
room, liquid-nitrogen and liquid-helium temperatures. These results show a good promise for
development of new generation of humic-based magnetic fluids.

This research was supported by State Contract 16.740.11.0183 of the Ministry of Education
and Science of Russian Federation.
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Fowl-like birds or hens (Galliformes (Temminck, 1820)) are most sensitive to stress
from agricultural animals. When the birds of this order are in a stressful condition, there
are decrease of resistance and efficiency, increase of morbidity and murrain that leads to
an economic damage.

For the purpose of increase of stress stability, immunity and reparative processes of
hens, the ascorbic acid, or vitamin C (Acidum ascorbinicum) is very widely used in poultry
farming practice. Ascorbic acid regulates blood coagulability, normalizes capillaries
permeability, and determines anti-inflammatory and antiallergenic action. However
overdose of vitamin C can make negative effect on bird’s organism, supply of the oxidised
compounds of sulphur to organism particularly. Pharmacological preparations on basis of
humic substances (HS) are one of effective stresses-proof-readers, or adaptogens
(Zhiljakova, 2006; Safonov, 2007).

The biological activity is one of the important properties of HS, including melanin.
Preparations on basis of HS can be used in medicine, veterinary science and animal
husbandry as the nonspecific medical product raising resistibility of an organism to
influence of various adverse factors. Medical and veterinary preparations on basis of HS
are nontoxical (Malama, 1966; Hruleva, 1973; Lotosh, 1991; Parfyonov, Salmina, 1994;
the Burayk, Avvakumova, 2003; etc.). Humic substances, extracted from different objects
(river waters, peat, composts, soils, brown coal and so forth), raise resistance of chickens-
broilers, young growth of a horned cattle and pigs (Tolpa, Chyzhevsky, 1963; Sokrut et al.,
1977; Stepchenko et al., 1983; Wu et al, 2000; Filov and Berkovich, 2007; etc.).

The purpose of this paper was revelation of adaptogenic properties of HS (as nano-
materials) which were used as biologically active additives.

One-day chickens of quails (Coturnix sp.) were selected as research objects. Initially
there are two herds: control and test. A livestock of each herd was 300 pieces. The control
herd of quails was grown up according to existing technology of farm. The test herd of
quails was grown up according to same technology, but biologically active additives on
basis of HS and microelements, were added in drinking water. The total term of
supervision was 32 days. Four herds have been generated after 15 days: two (control and
test) on 60 males (cockerels) and two (control and test) on 100 females (chickens). In all
cases chickens contained in cages.

Humic substances have been extracted from earthworm cast compost
(vermicompost), which was prepared from cow manure. Humic substances have been
modified by macro- and microelements in strictly certain proportion. Solutions of HS had
neutral reaction (pH ~ 7) and did not contain helminthes and pathogenic forms of
microorganisms.

In result of the spent researches it has been established:

— Biologically active additives on basis of HS raised stress stability of both sexes
birds;

— Natural death of young quails has not been registered in case of addition in
drinking water of HS;

— The weight of birds (both cockerels, and chickens) control and test groups
authentically did not differ;

— Ends of feathers of quails control group (both cockerels, and chickens) have been
broken off, whereas feathers of quails test group were whole.

34
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Humic substances (HS) have all main properties of colloidal surfactants (Popov, 2004).
Surface-active properties of HS are connected with amphiphilic molecule properties. Thus, one
site of HS molecules is hydrophilic, and other is hydrophobic (Milanovsky et al., 1993).

One of the main properties colloidal surface-active substances (SAS), including HS, is
capacity for solubilization — for intermolecular interaction of a substratum with structured
colloidal micelle due to "introduction" of hydrophobic substances into inside micelle.

The solubilization is spontaneous and reversible process. Under solubilization nonpolar
hydrocarbons the hydrocarbonic chains in cores of micelles are moved apart, as a result the
micelle volume increase. A solubilization of structured colloidal micelle in water solutions
usually increases with increase of SAS hydrophobicity and absorbable material hydrophilicity.
In result of solubilization the steady disperse systems (corresponding to the sizes of
nanomaterial), which are similar to ultramicroheterogeneous emulsions, are formed
spontaneously (Frolov, 1988).

As is well known (Frolov, 1988) that inclusion of hydrophobic molecules into colloidal
micelles in water solutions depends on nature of these substances. Probably three ways:

1) nonpolar hydrocarbons, introducing into inside micelles, settle down in hydrocarbonic
cores of micelles;

2) polar organic compounds (spirits, amines, acids) are built into micelles between SAS
molecules so that their polar groups would be directed to water, and lipophilic parts of
molecules would be focused to in parallel hydrocarbonic radicals;

3) hydrophobic molecules, for example phenol, do not penetrate to inside micelles, and
are fastened onto their surface.

The aim of this paper is estimation of solubilization of HS, which were extracted from
different soil types.

As objects of research we had been chose humus-accumulative horizons of six sail
types: ordinary chernozem, soddy solod, chestnut typical soil, brown soil, burozem and soddy
podsolic soil. Humic substances were extracted from soil humus-accumulative horizons by
alkaline sodium pyrophosphate solution (Kononova and Belchikova, 1963). Then structured
colloidal HS micelles, stabilized by ions iron, were prepared.

In HS gels it was defined a specific hydrophilic surface by adsorption method with
methylene blue (Maslyonkova, Rusakova, 1971). Solubilization effect of HS gels was
estimated by quantity of the vaseline oil, which was absorbed by structured colloidal HS
micelles.

The carried out researches have allowed:

1) To define a quota HS solubilization — quantity (weight) of vaseline oil, which was
absorbed by micelles, on unit of dry HS gels weight;

2) To establish the following number of soils on decrease HS micelles solubilization:
soddy solod > brown soil > burozem, soddy podsolic soil > ordinary chernozem > chestnut
typical soil;

3) To reveal close inverse essential correlation between the relations of initial humid HS
gels weight to vaseline oil volume, which was absorbed by micelles, and a quota HS
solubilization;

4) To disclose that value of quota HS solubilization depended on the area of hydrophilic
surfaces of structured colloidal HS micelles;

5) To find out that HS gels moisture did not exert influence on solubilization of
hydrocarbons.

The obtained results of our research allow to assert that HS can be used as
nanocontainers for delivery in a certain place in a live organism of waterproof medical products
or to serve as a nontoxical sorbent of hydrophobic substances in an organism of animals or
human being.
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Collapse of polyelectrolyte star. Theory and modeling

0O.V. Rud, A.A. Mercurieva, T.M. Birshtein
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helvrud@gmail.com

Collapse of a hydrophobic polyelectrolyte star is considered using Self-Consistend
Field theory and numerical Scheutjens-Fleer method. It is shown that by varying such
solvent features as Flory-Huggins parameter, pH value and ionic strength, one can get a
so called semi-collapsed quasi-micellar star conformation. This structure might be a result
of an interplay between hydrophobicity and polyelectrolyte features of the star. As a
consequence, microphase segregation appears in the star. Each arm can fall either into a
collapsed phase or into a swolen one and thus participate in forming either a dense core or
a low-density soluble star corona. A number of arms fallen into collapsed phase depends
on the solution features, thus by varying solvent parameters one can control relative sizes
of a core and a corona.

This feature can be helpful in drug delivery development. Insoluble in water drug
could be delivered within the core into the cell cytoplasm, where the star should either
change the conformation or be distructed.

This work was supported by the Russian Foundation for Basic Researches (grant 08-
03-00336a).
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Modern analytical tools enable rapid and sensitive investigations using molecular
targeted or non targeted approaches to diagnose status and to monitor therapies within
health and environmental sciences. Metabolomic, as the comprehensive study of
metabolic reactions is growing very rapidly and integrates the knowledge of earlier
developed omics-branches such as genomics, transcriptomics and proteomics.

From a traditional definition in the field of human health, metabolomics measures the
concentrations of the large number of naturally occurring small molecules (called
metabolites), that are produced as intermediates and end-products of all metabolic
processes. They are measured from biological samples and body fluids such as urine,
saliva, blood plasma, tissue sample; even the simple breath (exhaled breath condensates)
can carry the information about the state of health. In environmental issues the same
approach can be followed looking holistically to all small molecules detectable in a given
systems in various scales, integrating thus metabolites from living organisms and all their
biotic/abiotic transformation products. The total number of different organism metabolites
is still unknown; some estimation ranges from a few thousands, up to 200,000 to about
1,000,000, but even this latter estimate may be conservative. Including plant and bacterial
metabolites that are not necessary to keep the organism alive, also referred to as
secondary metabolites, the number is enormously larger. The probable number of
metabolites is also considerably larger than the number of corresponding genes, so it
seems that the currently available databases cover at best 2% of the total number of
existing metabolites. In environmental organic systems this becomes even more complex
as biotic and abiotic diagenetic reaction increase the chemical space and thus chemical
diversity. High resolution analytical technology involving separation sciences,
spectroscopy and spectrometry for a metabolomic are needed for a description of a
system on a molecular level.

Further reading:

Gougeon, R.D., Ph. Schmitt-Kopplin et al. PNAS (on cover), 2009 vol. 106(23) 9174-
9179.

Jansson, J.K., Schmitt-Kopplin, Ph. et al PLoSone 2009, 4(7) e6386.

Leon, C., Schmitt-Kopplin, Ph. et al Journal of Chromatography A, 2009, 1216(43),
7314-7323.

Liger-Belair, G., Schmitt-Kopplin, Ph. et al. PNAS (on cover), 2009, 106(39) 16545—
16549

Rossell6-Mora, R., Schmitt-Kopplin, Ph. et al. Nature — ISME Journal, (2008), 2 242-
253.

Schmitt-Kopplin Ph. et al. PNAS, (2010), 107(7), 2763-2768

Schmitt-Kopplin Ph. et al. Anal Chem. (2010), 82, 8017-8026

Suhre, K. and Schmitt-Kopplin, Ph. Nucleic Acid Research, 2008; doi:
10.1093/nar/gkn194
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Humic substances (HS) are the products of extremely complex chemical and microbial
processes of the decomposition and secondary synthesis of plant and animal residues in soil and
water. HS are the main global reservoir of carbon.

Humic substances can decrease or increase bioavailability and toxicity of compounds.
Moreover, the photosensitizing and photoquenching effects of humic substances on some
chemicals are also known. When HS absorbs UV or solar irradiation, reactive oxygen
intermediates are formed which may attack chemicals in the environments and initiate their
degradation. Also, the possibility of an UV screening by humic substances on chemicals cannot be
excluded since the energy-transfer and charge-transfer between the chemical and humic
substances can deactivate the excitated chemical molecules. Therefore, HS can either enhance or
decrease the toxicity of compounds after irradiation. Our knowledge about these processes is still
very limited.

The aim of this work was to use a bioluminescence test system to study the effect of two
factors on solutions of new substituted furocoumarins (sensitizers for phototherapy), phenols and
common phenoxyl herbicides: UV radiation from different sources, and humic substances. The
toxicity of solutions was assessed using the bioluminescence assay, which is based on lyophilized
luminous bacteria Photobacterium phosphoreum, produced at the Institute of Biophysics
(Krasnoyarsk, Russia). The UV-radiation sources used for investigations were: a DRT-240 high-
pressure mercury lamp (Hg) and three barrier discharge excilamps [purchased from the Institute of
High Current Electronics of the Siberian Branch, Russian Academy of Sciences]. These were KrCl,
XeBr and XeCl excilamps emitting maximum UV-radiation at 222, 283 and 308 nm, respectively.
The parameters and choice of the lamps are discussed elsewhere (1). As the sample of humic
substances, we used a Gumat-80 preparation (Gumat OOO, Irkutsk, Russia). The preparation was
obtained by mechanochemical reaction of oxidized brown coal (Cheremkhovskoe field, Russia)
with alkali (KOH, NaOH). The concentration of humic substances was selected so that the intensity
of bioluminescence differed from the control by no more than 20%. The other samples of humic
acids (HA) fractions were obtained from Fluka Chemical Co and prepared from peat of Tomsk
region.

We have shown that efficient detoxification of an alcoholic solution of investigated
furocoumarins (synthesized in Taras Shevchenko Kiev National University, Ukraine) occurs as a
result of addition of humic substances. We have observed a dependence of the detoxification both
on the structure of the studied compounds and on the characteristics of the source. After
photoexcitation the bond lengths in the furocoumarins change and the humic substances detoxify
the irradiated solution more efficiently. The degradation of herbicide 2,4-dichlorophenoxyacetic
acid (2,4-D) in water by the combination process of UV-irradiation, humic acids and activated
sludge treatment has been studied. The photoreaction rate of all irradiated samples was lowest for
the sample irradiated at 308 nm (the XeCl excilamp) in the absence and in the presence of humic
acids, and highest for the sample irradiated at 222 nm (the KrCl excilamp). HAs apparently
catalyzed the formation some different not toxic photoproducts of 2,4-D after UV-irradiation
treatment by excilamps.
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Iron is a mineral nutrient presenting in plants and animals, it is crucial to living beings
because it takes part in electron transporting and biosynthesis processes in cells. Iron
deficiency is the most common nutrient deficiency in the world. Since iron can mainly be
obtained from the foods, it is vital to consume iron rich meat and vegetables so that the
body can absorb the iron from the diet. Bioavailibility of iron forms Fe (Il) is higher than
Fe (Ill). Humic substances are perspective matrix for bringing active compounds in living
systems. Thus to obtain humic based samples containing Fe (ll) is an issue of the day.

Goal of this research was to synthesis humic-based compounds containing stable
iron (II) and to characterize redox speciation and local neighborhood of Fe atoms using
XAFS and Mossbauer spectroscopy. Iron humate was obtained from commercially
available potassium humate and iron (ll) sulfate at pH 10 with stirring under pH control.
Iron content was determined using spectrophotometer in the form of complex with
o-phenantroline after oxidative digestion. Total iron content was 11 mass%. Results of
EXAFS analysis and first shell approximation are given in the Figure 1.
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Figure 1. FT of EXAFS spectra of iron humate in comparison with standard a-Fe;O3
(A) and first shell approximation of local neighborhood of Fe (B).

The parameters of the first shell were Rre.0 1.975+0.015A, Ng 4.8+0.9,
026 0.011+0.002, E -3.1+2.3 with fit quality R; 0.65%. Results of EXAFS have shown that
iron is surrounded with oxygen atoms in slightly distorted octahedral coordination and has
Fe-O distance and structure similar to iron (Ill) oxide. No traces of iron (Il) was found using
X-ray adsorption spectroscopy. Redox speciation of iron was characterized using
Mdssbauer spectroscopy; parameters are given in the Table 1.

Table 1. MOossbauer parameters of iron humate at 5 K

Iron species 8, mm/s A, mm/s H, kOe S,% G, mm/s
0.46 -0.07 481 50 1.04
Fe (1) 0.43 -0.1 412 23 1.14
0.51 0.65 - 12 0.70
Fe (I1) 1.26 2.74 3 16 0.47

As shown by Mdssbauer spectroscopy iron in the sample is presented with Fe (lll)
and Fe (ll), about 75 % of total iron consist of superparamagnetic iron (lll) oxides
nanoparticles and about 16 % of total iron is stabilized in the form of Fe (ll) which is
expected to be bioavailable for plants and animals.

We acknowledge the Russian Found of Small Business Support (UMNIK 2010
project) and RFBR (project #09-02-12257-ofi_m) for financial support.
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The mechanisms of regulatory influence of biologically active
substances of humic nature on the organism of animals

Stepchenko Liliya
Dniepropetrovsk State Agrarian University, Ukraine, stepchenko@rambler.ru

Use of humic substances in the ration of a highly productive nature of the bird
provides an increase in the number of biological products and safety of animals. Proved
that humic preparations from peat show no toxic and embryotoxic action, they do not
accumulate in the organism, is not teratogenic. In the organism of animal preparations of
humic nature are involved in the metabolism with the formation of end products.
There are different views on the mechanism of action of humic substances in the organism
of animals. These hypotheses are mainly associated with certain biological properties of
humic substances such as the ability to influence the state of biological membranes and
their permeability to different substrates, direct participation in the metabolic and
bioenergetic reactions, hormone like on the structural and functional relationships.
However, the mechanism of action of preparation on the humic nature of the animal
organism is not fully clarified. It gives the opportunity to make hypothesis that could explain
the involvement of these substances in the regulatory processes that activate the
synthesis of biological production in the organism of highly productive poultry. In our
opinion, the nature of humic substances when released into the gastro-intestinal canal are
partially split in different compartments of the digestive system with the participation of
digestive enzymes. In this case, both nuclear and peripheral part of a complex heterocyclic
molecules of humic compounds are active. The experiments proved that the chicken and
laying hens increased activity of hydrolytic enzymes not only in the chyme, but in the shell
of small intestine mucosal ulcers, as well as in pancreatic tissue. As a result, the intestine
is a change of regulatory programs at the expense of both the humic substances and their
fragments, as well as the hydrolysis products of feed components. Simultaneously with
these processes in the morpho-functional structure of the liver activates intracellular
peptidhydrolas with redistribution of their localization in subcellular structures. This in turn
is reflected in a change program of the enzyme-inhibitor and enzyme-activator interactions
with the participation of the adenylylcyclase system and changes in calcium levels. Due to
the influence of the identified regulatory mechanisms for the implementation of genetic
information in the liver activates the synthesis of proteins of blood. In this case, increases
in serum total protein, albumin and globulin fractions and the individual proteins
(fibronectin, etc.). Of feedback additional information molecules in serum provides a new
level of homeostasis, which corresponds to the higher productivity of the birds. In addition,
in highly productive poultry under the influence of biologically active substances of humic
nature is increased nonspecific resistance and immune responsiveness.
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Criteria of the biological activity estimation of the new
immunomodulative humic preparations

Stepchenko L.M., Griban V.G., Sedyh N.J.
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In connection with polyfunctionality of humic substances, occurrence of new
preparations of the humic nature and expansion of spheres of their application in medicine
and veterinary science the necessity of unification, perfection of the existing and creations
of the new methods of an estimation of their biological activity arises.

In Research laboratory on humic substances. named by. Prof. L.A.Christeva, created
in the Dnepropetrovsk state agrouniversity still half a century ago, the scrining system of
an estimation of biological activity of humic preparations and raw materials for their
manufacture is developed and introduced. However creation of new preparations of the
directed action, in particular, immunomodulative, has demanded working out of new
criteria for comparison purposes their efficiency. Therefore in laboratory the scheme of a
three-stage estimation of biological activity of such preparations is developed. At the first
step the characteristic of physical and chemical properties and a chemical spectrum of
operating substances (humic acids, microcells, pH, etc.) is spent. On the second degree
the general estimation of biological activity with application of the scrining systems and
also an estimation of potential toxicity and biosafety of preparations is spent. At the third
step it is investigated immunomodulative effects of the preparations, with the use of the
complex of tests according to influence on indicators of specific immunity of an animal, and
nonspecific resistance.

The received results testify that immunomodulative humic preparations different in
technology of receptions, differ on degree of influence on indicators of the humoral and
cellular immunity, specific and nonspecific resistance that allows to apply them
differentially depending on a condition of immune system.
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The effects of HS on living organisms are in a great measure uniformly beneficial as
has been shown for plants, microorganisms, yeasts, fishes, birds, warm-blooded animals
and humans. Therefore commercial humates (HUM) produced by industrial companies are
promoted as fodder additives for livestock, poultry, in aquaculture and for ornamental fish
and plants. The variety of organic sources and technologies of manufacturing provide
differences in properties and activity of HUM. One of the most important parameters in
HUM' quality is the potential for the material to be ecotoxic. The objectives of the study
were i) to compare the sensitivity of standard test-systems to humates produced from
different raw materials, ii) to select the most appropriate method for HUM-biotesting and iii)
to reveal the influence of the molecular parameters of HUM on the test-reactions of
organisms from different trophical levels and taxonomic groups. The solutions of 5 HUM
products, manufactured from coalified and plant materials, have been tested at the
concentrations of 0.005 — 2 g I'. The bioassays were carried out using a set of biotest-
systems, including luminescent bacteria (Biotox system) and soil microbial community,
protozoa (Paramecium caudatum), microalgae (Cllorella vulgaris), higher plants (Raddish
sp. and Sinapis alba), and in vitro sperm cell tests of warm-blooded animals.

The assays of the acute toxicity in test-systems demonstrated that different
biosensors have unequal responses to HUM:

a) the culture of cells protozoan P. caudatum as well as culture of animal cells in vitro
did not reveal any negative reactions to HUM at any of the concentrations tested. The
survival and mobility of these cells in the control sample without HUM and in the presence
of any kind of humates did not decrease;

b) the luminescence in the Biotox system was depressed under the influence of HUM
manufactured from coalfield materials. At the same time HUM originated from plant
material in stimulated the luminescence of bacteria at all concentrations tested. Application
of community level physiological profiling approach (multisubstrate testing) for soll
microbial community allowed to reveal differences in functional biodiversity due to HUM
effect;

c) the plant-biotest systems (the microalgae and the higher plants) demonstrated
different sensitivity to coal and plant-origin humates. The latter stimulated plant growth at
certain periods of plant development, whereas samples of coal HUM at concentrations of
1-2¢g I depressed plant development.

Thus, responses of standard test-organisms to the investigated HUM products varied
greatly. Some test-systems demonstrated different response on HUM produced from
coalified materials with high content of humic acids and HUM from peat containing more
fulvics. Using the community level physiological profiling approaches (multisubstrate
testing) was showed to be promising to estimate influence of HUM on microbial
communities affected. Mostly the toxicity level of examined HUM depended on their origin
that is closely related to their chemical structure.

Financial supports of Russian Foundation of Basic Research (project 10-04-01681)
and Presidium of Russian Academy of Science (grant of Biodiversity Program) are deeply
appreciated.
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Native Mumijo is a blackish-brown exudation, of variable consistencies, obtained
from steep rocks of different formations found in the Himalayas at altitudes between
1000-5000 m, from Arunachal Pradesh in the East, to Kashmir in the West. Mumijo also
is found in other mountain ranges of the world, e.g. Afganisthan (Hindukush, Badakh-
Shan), Australia (Northern Pollock Ranges), and in the former USSR (Tien-Shan, Pamir,
Caucasus, Ural). There are several regional synonyms for mumijo, the second-most
common one being Shilajit (in Sanskrit “destroyer of weakness”) [1]

Currently available methods based on mass spectrometric study of complex mixtures
(crude oil, humic substances) allow to characterize the sample by determining the
molecular formulas for mixture components based on exact mass measurement.
[2]. However, this analysis will be more effective if we supplement the mass-spectrometric
data with quantitative and structural information obtained by NMR [2].

Altai mumijo sample in the form of food supplement “Purified Altaj mumijo”
produced by Company “Evalar” was studied. In-house software «Transhumus» was
used for data processing.

In addition to brutto formulas of the components of the sample, FT-ICR mass
spectrometry allows to obtain information on regular structures and building blocks of the
mixture by the mass difference statistics analysis. Comparison of this structural information
with quantitative NMR structural information may be used to validate the semi-quantitative
data from FT-ICR spectra, and also to assess the ionization efficiency of different
components of the mixture.

Results:

1) Part of total ion current corresponding to ions of NMR structural units series and
corresponding to structural units series for mass differences statistic was determined.
Abundance of structural groups discovered by NMR and by mass difference statistics was
compared

2) NMR structural groups and component formulas from mass-spectrometric data
were used to construct a graph of structure-group relationships for components of the
complex mixture. Connectivity degree of the graph was estimated, and possible
explanation of observed graph structure was given.

[1] Suraj P. Agarwal, Rajesh Khanna, Ritesh Karmarkar, Md. Khalid Anwer and Roop
K. Khar Phytother. Res. 21, 401—-405 (2007)

[2] Hertkorn N., M. Meringer, R. Gugisch, C.Ruecker, M. Frommberger, E. M.
Perdue, M. Witt ,Ph. Schmitt-Kopplin, Bioanal. Chem. (37), 389, 1309-1310 (2007)
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The goals of this study were twofold: first, humic materials were modified to acquire a novel,
tailored property not inherent within natural humics (mineral-adhesive ability); and, second, humic
derivatives were immobilized onto mineral support to obtain humic biocompatible nanocoating. To
introduce new function in native humic materials, alkoxy-silylation was used.

The commercial potassium humate (Sakhalin Humate, Biomir 2000 Ltd., Russia) (CHS) was
used for all modifications. 3-amino-propyltriethoxy-silane (APTES) was used for treatment of CHS.
The choice of APTES was provided by the presence of reactive amino groups in its structure which
can yield amide bonds upon reaction with carboxyl and carbonyl groups. In addition, APTES is
commercially available organosilane suitable for preparative production of the corresponding
derivatives.

Silanol derivatives of CHS were obtained by its condensation with APTES. The reaction was
run at five different APTES-to-humics ratios, nominally: 0.2, 0.3, 0.4, 0.5 and 1 g of APTES per g of
CHS. These ratios corresponded to different extents of modification associated with carboxyl
groups available within the humic backbone. Depending on modification degree, the corresponding
samples were designated CHS-APTES-20, CHS-APTES-30, CHS-APTES-40, CHS-APTES-50,
and CHS-APTES-100. Sorption of the modified HA was carried out on 100 mg of silica gel. The
total volume of experimental solution was 10 mL, concentration of humic samples was set in the
range from 0.1 to 4 g/L. All sorption experiments were conducted in phosphate buffer (0,03 M, pH
6.0). Equilibrium time was 24 hours.

Figure 1 shows sorption isotherms for the silanol derivatives samples with maximum and
minimum modification degree on silica gel. It can be seen that the larger sorption was observed for
the sample with maximum modification degree (CHS-APTS-100), which displayed the higer affinity
for silica gel surface.
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Figure 1. Sorption isotherms of the silanol derivatives of leonardite HA onto silica gel.
m - CHS-APTES-100; ¢ - CHS-APTES-20
It was shown that all silanolized humic derivatives had high affinity for sorption on silica gel
which are characterized with highly developed surface area. Maximum sorption achieved was 220
mg per gram of silica gel for CHS-APTES-100. The conclusion was made that the silanolized HS
could be used for producing biocompatible coatings on mineral surfaces which can suit a whole
suite of biomedical applications.
This research was supported by State Contract #16.740.11.0183 of the Ministry of Education
and Science of RF.
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Lipid fractions of lucustrine deposits gave rise to a range of medicinal preparations,
such as EPLIR, which combines antioxidant and hepatoprotective properties. In this
connection, it is appealing to investigate composition and properties of peat lipids as new
sources of natural biologically active substances, since their content in peats is dozens of
times higher than that in lacustrine deposits. The results of investigations point to a large
content of sterols, particularly B- sitosterol (to 6 - 7 %) in lipids of high-moor peats.
Pigments are represented by carotinoids, chlorophylls a and b, and pheophytins. Vitamins,
such as ascorbic and nicotinic acids, thiamine (B1) and riboflavin (B,) are also found in
lipids, but in modest proportions.

The presence of polyphenol compounds (phenolcarboxylic acids, catechines),
carotinoids, and aminoacids in lipids, compounds with a functional group containing a
mobile hydrogen atom — OH, -NH, and —SH, controls their antioxidative activity (AOA).
The amount of antioxidants (AO) in peat lipids is higher than that in lucustrine deposits and
is found to be 0.35-1.3 mol/kg. Lipid fractions contain one or several AO types differing in
their oxidation constants and rates, hence in reactivities. Natural AOs contained in peats
inhibit peroxidation of lipids and prevent degradation of their bioactivity.

Sitosterols found in lipids are most highly bioactive substances among the above-
mentioned groups. Sitosterol-containing preparations are used for treatment of benign
prostatic hypertrophy, as they inhibit the synthesis of cyclooxygenase and leukotriene. (3-
sitosterol exhibiting an anticholesterolemic action is widely used in preparations for
atherosclerosis. Given the fact that many of the diseases are caused by radical and
oxidative factors, and lipids contain a large number of AOs, development of preparations
inhibiting these factors is very important.

We have investigated antiinflammatory and hepatoprotective activity of lipids of high-
moor peat, its fractions - polysaccharides and polyphenols, as well as combinations of
peat lipids and Eplir in the ratio 1:1 and 2:1.

The experiments were performed on Vistar rats weighing 180-220 g. Use was made
of experimental models of carrageenin-induced inflammation and acute toxic hepatitis in
rats caused by administration of carbon tetrachloride. The dose of preparations was 30
mg/kg.

As a result of these studies it was found out that all investigated preparations
exhibited anti-inflammatory and hepatoprotective activity. The degree of suppression of a
carrageenin-induced lung edema was as high as 21 — 41% compared to untreated
animals. The combination of peat lipids and eplir in the ratio 1:1 exhibited a more
pronounced anti-inflammatory effect.

The preparations wunder study also showed a hepatoprotective effect.
Hepatoprotective therapy was followed by a regression of biochemical disorders provoked
by tetrachlormethane. The activity of blood ferments in the rats reduced 1.3-2.3 times. The
concentration of total and bound bilirubin decreased 1.2-1.9 times. It was found out that
the highest therapeutic effect in the case of acute toxic hepatitis was achieved by the
mixture of peat lipids and eplir in the ratio 1:1.

Thus, as a result of treatment of carrageenin-induced inflammation and acute toxic
hepatitis, the investigated lipids of peat, its fractions - peat polysaccharides and
polyphenols, as well as combinations of peat lipids and Eplir in the ratio 1:1 and 2:1 were
found to possess apparent therapeutic properties.
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Viscous properties of the solutions of copolymers used in the synthesis
of polymerporphyrins for medical applications

Polina Zaitseva', Tamara Usacheva', Olga Nikolaeva' Tatyana Ageeva', Oskar Koifman'
'lvanovo State University of Chemistry and Technology, lvanovo, Russia, u-tamara@isuct.ru

Nowadays the synthesis of polymers for medical and biologic purposes is one of the
actual trends in the chemistry of high molecular compounds. Modified polymers containing
porphyrin derivatives in lateral branches are among them. They are characterized by
unique biological, photochemical and catalytic activity and are used in phothdynamic
therapy of cancer.

Synthesis of polymerporphyrins from macromolecular syntons consists of a number
of consecutive polymer similar transformations carried out in solutions. That is why the
properties of solutions, the parameters of polymer-solvent interactions, the “quality" of a
solvent are of great importance for handling the reactions and for the achievement of
needed characteristics of the end products.

Copolymers of styrene (St) and methylacrylate (MA) were studied. They were
synthesized using the suspension method at the following ratios (St : MA) — 80:20, 70:30,
50:50, 30:70, 20:80 (% by weight). The values of characteristic viscosity [n] and Huggins
constant Ky for the solutions of the given copolymers in toluene and OMFA at various
temperatures were defined. It was shown that the solutions of the studied copolymers in
toluene belong to the systems with low critical temperature of dissolution, whereas the
solutions in DMFA — to the systems with top critical temperature of dissolution (Fig.1).
Thus, the expressed influence of solvent nature on the properties of copolymer solutions
was revealed.
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Figure 1. Characteristic viscosity of copolymer St : MA (80:20 % by weight) as the function
of solution temperature. Solvents: 1 — DMFA, 2 — toluene.

The initial St and MA copolymers were further modified via reduction by lithium
aluminum hydride. As the result, threefold copolymers St: MA: allylic alcohol and St: allylic
alcohol copolymers were obtained. Using the method of capillary viscometry, the influence
of ether and hydroxyl groups content in copolymers on viscometric properties of their
solutions ([n], Kx and root-mean-square distance between the ends of circuits) was
accessed at temperatures between 20°C and 35°C.
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Chemotherapeutic effect of humic substances low mineralized silt
sulphide muds on pathogenic and opportunistic microorganisms
Yury Zhernov

Samara State Medical University. Common, Bioinorganic and Bioorganic Chemistry Department.
Samara, Russia, zhernov@list.ru

Objective: Study of the influence of the drugs peloid humic series and their
derivatives on pathogenic and opportunistic microorganisms, as a promising basis for the
development of chemotherapeutic drugs.

Materials and methods: We investigated the various fractions of humic substances
low mineralized silt sulphide muds (peloids) lake Molochka sanatorium "Sergievsk mineral
water": hymatomelanic [HMA], fulvic [FA], humic [HA] and humus [HsA] acid
(concentrations 0,25%, 0,1%, 0,01%). We investigated the chelate complexes of humic
peloids substances with ions of mercury (ll), silver ions, iron ions (ll), zinc ions in the same
concentrations. The test-cultures of microorganisms were used to determine the
antimicrobial activity of substances: 1) Protococcoid algae — Scenedesmus quadricauda;
2) Gram-negative bacteria — Escherichia coli (ATCC 25922), Pseudomonas aeruginosa
(ATCC 27853); 3) Gram-positive bacteria — Staphylococcus aureus (ATCC 25293),
Bacillus subtilis (ATCC 6633); 4) Yeast-like fungi — Candida utilis (LIA-01); 5)
Mycobacterium — Mycobacterium tuberculosis (H37Rv), Mycobacterium tuberculosis
(highly antibiotic-resistant strain isolated from patients). We Used culture media for
microbial growth: Lowenstein-Jensen medium for culture of Mycobacterium; Prat's medium
for culture of Scenedesmus quadricauda; Mueller-Hinton agar for culture Gram-negative
and Gram-positive bacteria, Yeast-like fungi.

The active component of the derivatives of humic substances is a metal cation. The
humic components options: 1. Increased penentrability through biological membranes; 2.
Masking bactericidal component; 3.Tropism drug to microorganisms; 4. Reducing the toxic
effect of metals on macro-organisms.

Results: All peloids preparations accelerate the growth of Sc. quadricauda. Effect
was observed in direct proportion to the concentration in comparison with control samples.

Hymatomelanic, fulvic, humic, humus acid peloids have no cytolytic activity against
the studied microorganisms. But often a static activity to an increase in E. coli, Ps.
aeruginosa — all studied Gram-negative microorganisms. Stimulate the growth of the
investigated Gram-positive microorganisms — St. aureus, B. subtilis and M. tuberculosis
with respect to the control. Also show cytolytic activity to the growth of C. albicans at
concentrations of less 0.1%, and no effect at concentrations more 0.1%.

All investigated chelate complexes of humic substances with ions of mercury (Il),
silver ions, iron ions (I), zinc ions in all investigated concentrations exhibit cytolytic activity
against the test-cultures of microorganisms.

The lowest antimicrobial activity among the studied peloids preparations showed
fulvic acid chelate complexes with ions of zinc and iron (II) — a zone of suppression of
microbial growth less than 9 mm. The greatest antimicrobial effect of chelate complexes
have 0,25% of humic substances: E. coli (zone growth suppression 20+0,1mm) —
HsA*Hg?"; Ps. aeruginosa (20+0,1mm) — HA*Ag"; St. aureus (24+0,1mm) — HA*Hg**; B.
subtilis (16+0,1mm) — chelate complexes of humic substances with Ag®; C. utilis
(25+0,1mm) — HA*Ag"; M. tuberculosis — HA*Hg** and HA*Ag".

Conclusions: Humic substances low mineralized silt sulphide muds are the optimal
components for further elaboration on their basis of the selective and differential-diagnostic
nutrient medium for the mycobacteria and other pathogenic and opportunistic
microorganisms. Chemotherapeutic study of chelate complexes of humic peloids
substances characterize them as a promising substance for further development based on
these broad-spectrum antimicrobial action, including anti-TB drugs of natural origin.
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XunTto3aH u ero npomn3sogHble B Ka4YeCcTBe HOBbIX aAbOBAaHTOB ANA
BakKUuMHUpoOBaHUA

Kpusuos I'. ., MapkywuH C. ., AxmatoBa H. K., l'eHgoH HO. 3.
HWW BakunH u ceiBopoTok um. . 1. Meunnkosa PAMH, Poccus, Mocksa,
chitosan2005@yahoo.com

XUTO3aH, MonyvYaemblin feaueTUunupoBaHMEM NPUPOLAHOro nonuvcaxapvga - XUTUHA,
npencraBnsieT cobor NMHEWHbIN CONONMMEP, COoAaepXalnin GNOKM MOHOMEPHLIX 3BEHbLEB
rnoko3ammHa n N-auetTunriokodammHa. BbICOKOOUMLLEHHBIN XMTO3aH ManOTOKCUYEH, BbICTPO
buoperpagupyeTt nog OeWCTBUEM (PEPMEHTOB, HAXOLALMXCA BHYTPU PasfnuUyHbIX TKAHEN WU
Knetok opraHmama. Onuromepsbl, obpasyllwuecs B XO4e AenonMMepusanvu, OKasbiBalT
MHoOroobpasHoe CTUMynupyloLlee AENCTBUE Ha PSS BaXKHbIX MPOLIECCOB B OpraHn3me.

B nocnegHne pecaAtTuneTns XuTo3aH, CnpaBeanMBO Ha3BaHHbIA «BewecTBoM 21-ro
Bekay», HaxoauT Bce Gornbluee n Gonbluee NpUMEHeHWe B MeguLmHe, CeNibCKOM XO3SIMCTBE,
BuoTexHonornn, 1 psge Apyrmx obnacten Haykum n TexHuku. Hactodwee coobuwieHvne Gyaet
MOCBSILLLEHO HEKOTOPbIM acnektam ©OuOoNorM4eckoro OencTBUs XUTO3aHa Ha WMMYHHYLO
CUCTEMY KUBOTHBIX.

Hanbonee addeKkTUBHbIE COBPEMEHHbIE BaKLMHbI, Kak MpaBuro, coaepXxaT Tak
Ha3blBaeMble aabloBaHTbl, POfib KOTOPbLIX 3aKM4yaeTca B CTUMYNAUMM psida MNpoLeccos,
NPUBOASALLNX K YCUNEHUIO MMMYHHOro otBeTa. OfgHako, UCNONb3yeMble B HACTOsILLEE BpeMsi
agbtoBaHTbl 00MagalT psaoOM HeraTuMBHbBIX CBOWCTB: 3aMETHOM TOKCUYHOCTbIO, MeANeHHOMn
BroperpagupyemMocTblio U MeafIeHHbIM BblBEAEHWEM U3 OpraHu3ama. X npumeHeHne MoxeT
NpMBOAMTbL B PSIAE CryYyaeB K YpE3MEPHOM aKTMBALMN CUCTEMbI BPOXKAEHHOMO MMMYHUTETA WU,
TEM CaMblM, HAHOCUTb CEpPbE3HbIN Bpen BaKLMHMPYEMOMY opraHu3my. [loatomy npobnema
CO3[4aHMsa  BbICOKOI(MEKTMBHBIX M MakcumanbHO 6e3onacHblX  agbloBaHTOB  Ans
BaKUMHNPOBAHNA OCTaETCs NO-NPeXHEeMY aKkTyaribHOWN.

OKcnepuMeHTamun, MpoBeAEeHHbIMU  KOSMEKTMBOM  COTPYAHUKOB Mockosckoro HUU
BakUMH 1 cbiBopoTok PAMH nokasaHo, yto gobaBneHne pactBopa rryramaTta XMTO30HUS, a
TaKkKe MUKPO-HAHOYaCTUL, HEKOTOPbIX COSIEM XUTO30HMS B COCTAB MHAKTMBUPOBAHHbLIX
rPUNMNO3HbIX BaKUMH, BBOAMMbIX MNapeHTepanbHO, YBENUYMBAET TUTPbl aHTUTEN Mpu
OLHOKPaTHOM MMMYyHMU3auun B 4 — 5 pas, a npyu ABYKpaTHOW MMMyHM3aumm - .B 6 — 10 pa3 (B
CpaBHEHWM C TUTpaMW aHTUTENn npu MMMyHu3aumm 6e3 xuTo3aHa). Kpome TOro, ©Obino
0oBHapyxeHo, 4To conu xmTo3oHna (CX) cnocobCeTBYOT 06pa3oBaHNI0 aHTUTEN K APendOBbIM
BapvaHTam BMpyca rpunna.

[Mocne BakuMHaUMM Mblllen MHAKTUBUPOBaHHbLIM BUpycoM rpunna A/H5N2 n 0,5%-Hbim
pactBopoM CX unun 0,5%-Hown cycneHsnen CX B BUAE MUKPO-HAHOYACTUL 3aLLUUTHBLIN apekT
npyv NocneayowemM 3apaxkeHnn MbILEN XMBbIM BMPYCOM rpunna Bo3pacTtasn B COTHW pa3 no
CpPaBHEHMIO C MblllaMn, BaKUMHUPOBAHHbIMIN 6€3 NPOM3BOAHbLIX XMTO3aHa.

Bbicokas agpdpekTnBHOCTb CX B KayecTBe agbtoBaHTa Obina NpooeMOHCTpUpOBaHa U
Npy BaKLUMHNPOBAHUN XXUBOTHbLIX MHAKTUBUPOBAHHON NOSIMOMUESNTUTHOM BaKLMHON.

Bbino um3yyeHo BnuAHWe pas3nuyHbix  dopm  CX wu/vnm  komnnekca CX ¢
WHaKTMBMPOBAHHOW FPUMMNO3HOM BaKUMHOW Ha CUHTE3 psaga LUMTOKMHOB UM MHTEPIIENKUHOB, a
TaKke Ha nponudepaumio KrIeTok WMMYHHOM cuctembl, 3kcnpeccuto psga  Toll-like
peuenTopoB, CUHTE3 ramma-uHtepdepoHa, TNF-anba n ap. gakrtopos, yvacTByHOLUX B
CTUMYNSAUUN CUCTEMBI UMMYHUTETA.

CdopmynupoBaHa rmnotesa, COrfacHO KOTOPOM MPOM3BOAHbIE XMUTO3aHa He TOSbKO
aKTUBUPYKOT CUCTEMY BPOXOEHHON0O MMMYHUTETA, HO Takke CcrnocobcTByloT ©Gonee
3(p(heKTMBHOM NPE3EHTALMN aHTUIEHOB 3a CHET 0OPa30BaHUA MEXMONEKYSIAPHOIrO KOMMeKca
NMOMIMKATUOHHBIX YYaCTKOB XMUTO30HMSI C MOJIEKyNaMn aHTUFEHOB C OOHOBPEMEHHbLIM
3KcnoHupoBaHnemM N-aUeTUNrIOKO3aMUHOBBIX NUraHOOB K 3HAOUMTO3HbIM peuentopam (B
YaCTHOCTN MAHHO3HbLIM peLienTopam) Ha NOBEPXHOCTU aHTUIEHMNPE3EHTUPYHOLLNX KIETOK.
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MakpomonekynsipHbie MOAYNATOPbI AeNCTBUA NTeKapCTBEHHbIX
npenapartoB
Menuk-Hyb6apos H.C., 'po3gosa W.[., JopoaHbix T.1O., Aemuna T.B.,

>KupHos A.E., Nasrnos [1.H.
MockoBckuin FocyaapcTBeHHbIN yHUBepcuTeT umeHn M.B.JToMoHOCOBa, XMUYecknin pakynsteT

CuHTeTnyeckme ampundunbHble Brok-cononmmepbl B NOCNegHne rogbl HaxoaaT Bce
Oonee wWMpokoe NpUMEHeHME B MeauuuHe u hapmMakonormm B Ka4ectBe HocuTenen ans
AO0CTaBKM NeKkapCTB, aMYyrnbratopoB Unn ycunutenen MMMyHHoOro oteeta . MiccrnepgosaHua
nocrnegHux neT nokasanu, YTo MHorne amgudunbHble cobonnMmMepbl MOryT 6bITb MONE3HbI
ANA  peweHna akTyanbHOW npobrnemMbl COBPEMEHHOW OHKOMOrMM - MpeoaofnieHns
YCTOMYMBOCTU PAaKOBbIX KMNETOK K LUMPOKOMY KPYry neKapCTBEHHbIX npenapaTtoB. 3JTO
SBfieHe, nory4vvBllee Has3BaHWe MHOXECTBEHHOW JIeKapCTBEHHOW YCTOWYMBOCTM,
BO3HMKAET B Mpouecce XMMmuoTepanuum v npeactaBnsieT cobon cepbesHoe NpensiTcTBue
ANSA  YCNELWHOro nevYeHus OHKomormyeckmx 6onbHbIXx. Okasanocb, 4YTO MNIIHOPOHUKM
CNOCOOHbI  BOCCTaHaBNuBaTb  YYBCTBUTENBHOCTb  TaKMX  YCTOMYMBBLIX  KMNETOK K
NpoOTMBOONYXONEBbIM  aHTMBMOTMKaM, a uvHOorga pdaxe genawTt wux  bonee
YyBCTBUTENBbHLIMWU MO CPABHEHUIO C UCXOAHBIMU OMyX0sieBbIMU KneTkamu. JIekapCTBEeHHbIN
npenapaTt, coaepXawuin NnpoHMkM 1 gokcopybuumnH (SP1049c), B HacTosiwee Bpems
NpoOXoauT KIIMHUYECKME WUCNbITaHMa 3a pybexom. Tem He MeHee, B nuTepaType
NPaKkTU4YEeCKN OTCYTCTBYIOT OKCMEPUMEHTasNbHbIE [daHHble O B3aUMOCBA3N  Mexay
CTPYKTYPO am®dUMPUNbHBLIX MOMEKYST U UX CNOCOOHOCTbIO Bbi3blBaTb BO3MYLLUEHUS B
ynakoBKke nnnngHoro émcnos.

B HacTosawen pabote nccneposaHo 6onee 30 anekTpoHenTpanbHbIX aMPUEPUITbHBIX
COMONMMMEPOB, pasnuyalWmMxca no xumuyeckon npupoge. [unapodobHble 6noku
cononumepoB Obinv nNpeacTaBneHbl NONMNPONUIEHOKCUAOM, NONUANMETUIICUNIOKCAHOM
UNn yrneBoAopOaHbIMM pafuKkanamMu, B KayecTBe rmapodunbHOM COCTaBnSAoWEN B
cononmMMepbl  BXOAUNW  MNOMUITUNEHOKCUA, AeKCTpaH wunu  nonurnuuepuH. [lo
MaKpOMOSEKYNISIPHON  apXUTEKTYpe UCCreAoBaHHble  COMOIMMEPbI  OTHOCUAIUCL K
NMHEeHbIM  (OBYX- wunn  TpexbnoyHbiM), 3Be3goobpasHbiM  unn  rpebHeobpasHbiM
CTPYKTypam.

N3yyeHne B3aMmMoOOeNCTBUSA COMONMMEPOB C MOAEMbHbIMM W BrMonornyeckumm
MembpaHamu nokasano, 4YTO BCTpaMBaHWE COMOMMEPOB B MeMOpaHbl NPUBOAUT K
yBENMUYEHNIO  UX  MPOHULAEMOCTM U yckopeHuto  dnun-goriona. YMeHblueHue
rmapounbEHON YacTu COMONMMEPOB U yBENMYeHMEe pas3mepoB UX rmapodobHon vacTtu
NPUBOAUT K YCWUMEHUIO UX BO3OEWCTBMSA Ha CTPYKTYpy nunmaHoro 6ucnos. pu atom
MaKpOMOJEKYNsSipHasa apxuTekTypa nonvMmepa BO MHOIOM OnpeensieT xapakrep ero
BNMAHMS Ha ©OapbepHble CcBOWCTBA nNUNMAHbIX MeMbpaH. bnodHas apxuTtekTpypa
MakKpOMOneKynbl nonimmepa B 6Oonbllen cTeneHn CcnocobCTBYeT YBENUYEHUO €ro
CcnocobHOCTN BO3MYyLLaTb NUnuaHble MembpaHbl 6e3 hopmupoBaHmst TpaHCcMeMBpaHHbIX
rmapodunbHblX nop. pn 3TOM TakMe nonuMepbl Bbi3biBAOT YCKOPeHue dnmn-gorona
NMNMAOB W TpaHCcnopTa He3apshKeHHbIX coeanHeHu depe3 6Gucrnon. Cononumepsl,
UMeloLLNE CTPYKTYPY MOJSEKYNSAPHbIX LWETOK, T.e. CMNOCOBHble K MHOMoTOYEYHbIM
B3aMMOOENCTBUAM C  MeMOpaHOW, WMEKT SPKO  BbIPAXEHHYI  CKIOHHOCTb K
dOpPMMPOBaHUIO TMAPODUIBHBIX NOP B NMMnNnaHon membpaHe. [okaszaHo, YTO CNOCOOHOCTb
COMONMMMEPOB K U3MEHEHUIO CBONCTB MOAENbHbIX NUNNAHbIX MeMBOpaH KoppenupyeT ¢ 1x
BO3JENCTBMEM HA HaKOMMEHWe MNPOTMBOOMYXONEBOro aHTMOMOTMKA [OKcopyOuuMHaA B
pakoBbIX KIeTkax, MPOABNALLNX MHOXECTBEHHYH YCTOMYMBOCTL K AENCTBUIO NEKapCTB.

PaboTta BbinonHeHa npu domHaHcoBon nogaepxke rpaHta POOU Ne 09-03-00445
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OnTuMM3aumsa cnocoboB NosTy4eHUs NOSIMMEPHbIX KOMMO3ULMOHHbIX
MaTepuanoB Ha OCHOBE NMpenperoBov TeXHONOrnMm Ansi NpoTe3Ho-
opTonean4yecKkon TeEXHUKU

'MonuaHos E.C., 'Keigpanvesa K.A., '"®eTtucos I".M., 2CmupHos F0.H., Bynrakos ".H.
" MockoBckuit ABMaLMOHHbIN MHCTUTYT (TexHuueckuin YHuBepcuTeT),

2 MIHCTUTYT npobnem xumndeckon cuaukn PAH

® oryn «UTO» Munsgpascoupaseutvst PO

E-mail: molchan_n.f@mail.ru

B HacTosLee Bpems B ie4eHnn optoneandeckmx 3abonesaHmim NCNosb3yeTcs HOBOE
NOKONEeHME KOHCTPYKUMOHHbLIX MaTepuanoB — NofiMMepHble KOMMO3ULMOHHbIE MaTepuarnsl
(MKM), apmupoBaHHble  bmnbpoBoriokHamn.  Haumbonee  npeanoyvTUTENBHON U
obecneunBaroLLert BbICOKOE, CTabunbHOE KayecTBO SBNAETCA TEXHOMOrMsS hopmMoBaHUS
nsgenun n3 npenperos NKM, koTopble NO3BONMMNU NPUHLUNWUANBHO U3MEHUTb METOAUKY
KOHCEPBATMBHOIO feYeHna u peabunutaumio TpaBMaTONOMMYECKUX U OpTOoneanyecKnx
OonbHbIX B NnocneonepauMoHHoM nepuoge. Npenper, rotoBbin ANa nepepaboTkn NpoaykT
(nonycpabpukat) npegBapuTenbHOM — NPONUTKA  TEPMOPEAKTUBHLIM  CBA3YHOLLUM
YAPOYHSAKLWMX MaTepuanioB TKAHOW W  HETKAHOW CTPYKTYpbl, MPUMEHSIEMbIA B
NPON3BOACTBE M3AENUNA U3 apMUPOBAHHbLIX NOSIMMEPHbLIX KOMMO3MLMOHHBIX MaTepuanos.
TexHonorusa mnsrotosneHus n3 npenperos NKM nossonseTt xopowwo agantupoBatb UX MO
KOHTYpam KOHEYHOCTWU U, Takmm obpasom, paclmpuTb MOKasaHusa Ons NPUMEHEHUSA Ha
pasriyHbIX CTaanAX NevYeHna nepenomMoB N NO3BOSISET BEPHYTb KOHEYHOCTU YTEPSHHYIO
JYHKUMIO.

B npousBoocTBEe OpTe30B B HaAcToslee BpeMs WUCMNONb3ylTCA npenpern c
YAPOYHSAKLWMMN MaTepnanamMmm Ha OCHOBE KapOOHOBbIX, CTEKMSAHHbIX, HaTyparnbHbIX U
CUHTETUYECKUX (apaMUOHbIX, NaBCaHOBLIX, HEWIOHOBbLIX W T.M.) BOMOKOH. B kadecTtBe
CBSA3YIOLLIEr0, Kak NpaBusio, UCNOMb3YTCA pasnnyHble MoAUMUKaLMN INOKCUAHbBIX CMOJT,
No3BONAIOLWMX BECTU (DOPMOBaHUE 1 NONMMepU3aLmo KOMMO3MLMOHHOIO Matepuarna npu
AO0CTaTovyHO Hu3kMx Temnepatypax (120-130°C) u [gocTtaTtodHO HU3KOM  U3ObITOMHOM
AaBneHun — nod BakKyyMOM, YTO paclumpsieT CrnekTp NpuMeHdeMblX mMaTepuarnos, B TOM
ynucre M BCNoMoraTesibHbIX, WMCMOoMb3yeMblX nNpu (opmMoOBaHMM U34eNUKW, ynpoliaeT
TEXHOJIOr1I0.

NMKM apmupoBaHHble (UOPOBOMOKHAMU WUMEKT YHUKAmNbHbIE, MO CPaBHEHUIO C
TPaguLUMOHHBIMX MaTepuanamMmum, MaccoBble M MexaHu4yeckue xapaktepuctuku. B Oryrl
«UNTO» Munagpascoupassutms Poccum nog pykosoactsom IM.H. bynrakosa npoBoadarcs
paboTbl NO ONTMMM3aUMW NPENPEroBOM TEXHOMOMMU ANA MNOSNyYeHUs OpTe30B U3
KapboHOBbLIX TKaHeW. [1pn BaKkyyMHOM TEXHOMOrMM OpMOBaHUSA NPENPEroB CyLLECTBEHHO
BO3pacTaeT TOYHOCTb MOAENUPOBAHUS BHYTPEHHEW [MMOBEPXHOCTU oOpTe3a, 3a cyeT
nnoTHoro obneraHvsi maTepuanomM rMNCoBOro crnenka. OTO B CBOK oYepeab MoBbilaeT
TpeboBaHNA K Gonee BbICOKOW TOYHOCTM 0OpaboOTKM MO3UTMBA M MOArOTOBKW €ro Ans
co3faHua Takoro optesa. lNpumeHaemasi TEXHONMOrMsi M3roTOBSIEHUA B MOSIHOM Mepe
OTBEYaET OCHOBHbIM TpeboBaHUAM, NpPeabsBASEMbIM K OPTONEAUYECKUM W3OENUAM:
TOYHas NPUroHKa; NPOCTOTa KOHCTPYKLUUK; MPOYHOCTb U NErKoCTb.

Mcnonb3oBaHne apmMupoBaHHbIX (oMOPOBONIOKHAMM KOMMO3ULMOHHBbIX MaTtepmanos -
npenperos NpPeaoCcTaBnsieT LWMPOKNE BO3MOXHOCTU KOHCTPYMPOBAHUS BbICOKOTEXHOSIO-
MYHbIX MNPOTE3HO-OPTONEeANYECKNUX U3AeNui MO MnokasaTensM XecTKO-9NacTUYHOCTH
KOHCTPYKUMN 6€e3 MCNONb30BaHUA MeTanIMYeckmx LWKWH. 3a cyeT KOMOUHMPOBaHMS TOW
UM apyrov (opm CTPYKTYpbl YNPOYHSOWNX MaTepuanoB C pasfvyHbIMU TOSLWMHAMMU
HUTEN BO3MOXHO MOSlyYeHME HEeoOXOOMMBbIX MPOYHOCTHBIX U YNPYrMX XapakTepPUCTUK B
pasnU4YHbIX AfieMeHTax N yyacTkax KapkacoB opTesa, YTO B CBO ovepeab obecneumsaeT
cTabunbHoe yaep)KaHue CErMeHTOB KOHEYHOCTM B 3aJaHHOM MOSIOXEHUW 3a CcyeT
3ano0XeHHOW ynpyrocTn BCEM CUCTEMbI U XXECTKOro KpensieHus LLapHUpOB B OopTese.
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Peknama ot cnoHcopoB koH¢pepeHuun N'MT-2010
Advertisement from sponsors of the HiT-2010 conference



FeHepanbHbIN CNOHCOP

BawWHkom, Hay4yHo-BHeapeH4Yeckoe npeanpusatue, 000

Basinkom, Innovation@Research Enterprise, Ltd
yn. Kapna Mapkca, 37 kopn.1 450015, bawkopTtocTaH, Yda, Poccus
TenedoH: Ydpa (347) 291-10-20
Mocksa (495) 585-65-50
dakc: Ydha (347) 292-09-96
e-mail: bashinkom@mail.ru
internet:  www. bashinkom.ru

HayuyHo-BHeapeHueckoe
Mpeanpusatre bawlHkom

Hay4Ho-BHeapeH4Yeckoe npeanpuaTMe 3aHMMaeTCsl HayYHbIMW UCCNeLoBaHUSIMU,
pa3paboTkon 1 NPoM3BOACTBOM BMONOrMYECKUX CPeACTB 3aLnTbl U PErYNATOPOB poCcTa U
pasBUTUA pacTEHUN; aHTUCTPECCOBbLIX, POCTOYCKOPSOLWMX, WUMMYHOCTUMYITMPYIOLLMX,
OMOoaKTMBMPOBaHHbIX NpenapaToB 1 yaobpeHui.

Cenvac BegyTcsl UCMbITAHUA MWUKPOBUOMOrMYECKNX U TYMUHOBBIX BETEPUHAPHbIX
npenapaToB Y KOPMOBbIX NOLKOPMOK.

Mbl npoussoanm 6Gonee 2000 ToOHH 6GuonpenapatoB W OWOAKTUBMPOBAHHbLIX
yaoobpeHun B roa.

Y Hac 6onee 20 Tbicsy M2 NPOM3BOACTBEHHbIX Mnowagen U Mbl UWEM MNapTHEPOB
Ans paspaboTkm HOBbIX BuonpenapaToB 4SS CEMNbCKOro X03anNcTBa U MeANLMHbI.

PaspaboTtaHa, BHegpsieTcsa M nNpoaosmkaeT pasBmBaTbCsa TexHonorma AB3 —
aHTUCTPECCOBOE BbICOKOYpOXanHoe 3emriegenve u TexHonorns OXX3 — akonornyeckoro
OpPraHMYecKoro >XMBOroO 3emriedenusi Ons BO3AeNbiBaHUS C/X KynbTyp: OT 3epHOBLIX,
KapTodensi, TEXHUYECKUX KynbTyp OO OBOLHbIX, SArOAHbIX, NMOAOBbIX U OEKOPATUBHbIX
KynbTyp.

OTn TexHonormm + adpekTmBHblE OuonpenapaTtbl U ygobpeHus otpabaTtbiBanucb
~15 net B 6onee 50 HUM PAH, PACXH n Begywimx yHnsepcutetax: MI'Y mn gp.

Hawwu TexHonormm n npenapatbl ycnewHo npuMmeHsTca B KpacHogapckom kpae,
OpeHbyprckon obnacTu, B bawkopTtoctaHe, Poccun, a Takke B ctpaHax CHIT, EC n CLUA.

OHun noBbIWalT ypoxanHOCTb c/x KynbTyp oT 15 go 100%, cHuxatT 3aTpaTbl Ha
50 — 100%, yny4warwT Ka4yecTBO, BKYC U 3KOSTIOMMYECKYI0 YNCTOTY c/X npoaykumn, B 1,5 —
3 pasa yny4watoT NEeXKOCTb, COXPaHHOCTb C/X MPOAYKLUN.

«'ymn, Tymu-M» — yHMBepcanbHble, aHTUCTPECCOBLIE, POCTOYCKOPSHOLME,
NMMYHOCTUMYNUpYytowme, OMOaKTUBMPOBAHHbIE MO MOMEKYNSAPHOMY Becy W Habopy
MUKPO3SIEMEHTOB FYMUHOBbIE YA0OpeHus. Mcnonb3yoTca ans 3amadvMBaHusl CEMSH, a
TaKke Npn obpaboTke BEreTMpyoLwmx pacTeHNn B CMeCu ¢ repbuumaammn, MHCeKTUUngamm
nnm 6e3 HUX C Lenblo YCKOPEHUS POCTOBbLIX MPOLECCOB U MOBbLILWEHNSA YCTOMYMBOCTU KO
BCEM CTPECCOBbIM (bakTopam, B TOM Yncne v repbuumaam.

«'ymun-boratbin» — BbICOKO3bekTMBHOE KoMMnekcHoe NPK —  rymuHoBoe
yaoobpeHune ¢ cogep)xaHMem OCHOBHbIX Makpo- M MUKPOJINEMEHTOB B XenaTtHou dopme 1
duntocnopuH-M.

«®dutocnopuH-M» - YHUBEpCanbHbIN NPOMBbILLUSNIEHHbIN BrodyHrmuma
MNPOSIOHIMPOBAHHOIO AENCTBUS U ONUTENBHOIO CpPOKa XpPaHEeHUs YCWUMEeH npenapaTom
l'ymun. lNNpegHasHavyeH ANA 3alWMTbl CENbCKOXO3SIMCTBEHHbIX KyNbTyp OT TPUGHBLIX U
OakTepuanbHbix 3aboneaHnin. ObnagaeTt BbICOKOW OYHIMLNOHOM U POCTOPErynmpytoLen
aKTUBHOCTbLIO, OEWCTBYET cpasy nocrne obpaboTkm cemMsaH 1 BereTupyrowmux pacTeHUMN.
CoBMECTUM C XUMMYECKMMW necTuumgamn. JkornornveH, 6e3BpeneH Ons 4enoBeka,
XMBOTHbIX, NTUL,, HACEKOMbIX.

«BbnoHekc-Kemn» ocHoBHOe — BMOaKTMBMPOBaAHHOE a30THO-(hochopHoe- KanumnHoe
yoobpeHne C MUKpPO3NeMEeHTaMuM B MNOMIMMEPHO-XenaTHon dopMe C NpUpPOAHbIM
onodpyHruumaom dutocnopmHom-M n anukcmpom nnogopoams N'ymu.
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«bunoHekc-Kemun» BOAOpacTBOpUMOeE - NMOSTHOCTbIO pacTBopumoe
6uoaktmempoBaHHoe NPK  ynobpeHne C  MuKpoanemeHTamuM M MPUPOAHbLIM
onodpyHruumaom dutocnopnHom-M. TpumeHsieTcs AN MNOBbIWEHUS YPOXaWHOCTU B
KayecTBe JierkoycBosieMblX NOAKOPMOK 151 BCEX C/X KyIbTyp.

«F'ymn-90 Xo3auH nnogopoausa» — OpraHM4yeckoe rymycHoe yaobpeHue ans
BOCCT@HOBIEHNSA rymyca 1 niiogopoamsi noysbl.

Bce npenapatbl  aBnAOTCA  OMOrEHHbIMKM  CTUMYNSITOpPaMu  MPUPOAHOIO
npoucxoxaeHus, He cogepxaT TMO-npoayKToB 1 rOpMOHOB.

BeTepuHapHbIn npenapar «MukpoBUTaM-KOMIMIIEKC» - onTUmarnbHO
cbanaHCMpoBaHHbLIN ~ KOMMMEKC,  CoAepXawun  aMUHOKMUCNOTbI,  BUTaMWHbl U
MUKpPO3neMeHTbl. [lpegHasHayeH AOnsi BOCMNOSIHEHMST NOTpeBHOCTM opraHMama B
aMUHOKUCOTax, BUTAMUHAX, MUKPOINEMEHTaX, ANsa yny4yweHns obMeHHbIX NpouecCcos,
MOBbILLIEHNSI  CTPECCOYCTOMYMBOCTM U PEBUCTEHTHOCTU OpraHmMama XMBOTHbIX K
NH(PEKLMOHHBbIM 3a60neBaHNAM.

BeTtepuHapHbii  Mukpobuonornyeckmn  npenapat  «CnopoBUT-NMOPOLUOK»  —
npenapaT-npoburoTuKK, NpeaHasHayYeH Ans NpoUNakTUKM N feYeHUs LUMPOKOro ChnekTpa
MHPEKUMOHHBbIX  3aboneBaHnn, YKpenneHns WMMYHUTETa, YnydweHns obMeHHbIX
NpoueccoB B OpraHu3mMe.

KopmoBass pobGaBka «Buorymutenb» — KOMMNEKC TYMUHOBbLIX BELLECTB,
aMVHOKUCIOT, MUKPO3NEMEHTOB M  MuKkpobuonormdecknx BAB ¢ npobuoTuyeckon
aKTUBHOCTbIO. Obnapaet aHTMOKCUOAHTHLIMU, aHTnbakTepmanbHbIMU,

NPOTMBOBUPYCHLIMW  CBOWCTBaMM, MOBbILIAET Hecrneunguyeckylo pPe3nCTEHTHOCTb
opraHmsMa W WMMYHUTET, perynupyet obmeHa BellecTB, MOBbLIWAT aKTMBHOCTb
NULLEeBapPUTENbHbLIX U BHYTPUKIETOYHbIX (hepMEHTATUBHBLIX CUCTEM.

Psn  Opyrmx  OMOaKTMBMPOBAHHBIX  MpenapaTtoB  HaXoASiITCA B HayYHbIX WU
aKCneprMMeHTarnbHbIX paspaboTkax.
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Center of Innovation Biotechnology and Pharmaceutics
“Park of Active Molecules” (CIBPh “PAM”) 5 i

Rakhimdzhan Roziev
“Medbiopharm” Ltd., Obninsk, Russia

meaouotdapm

WHHOBALIMOHHAA
KOMMNAHWA

The business idea of CIBPh PAM is to growth the innovation product ready-to-
operate.

As contrasted with existing technology transferanters, business-incubators, centers
of collective access, we will not grow an entrepreneur from a research-idea carrier. ldea
carrier will be a partner of the proposed Center and, if he want, will appear as scientific
advisor in the project work.

CIBPh after subject expertise performed by its own expenses will solve the tasks of
investment drawing and deal structuring, provide full-scope support and realization of the
project, contract manufacturing organization, market promotion.

Using corresponding engineering and technical infrastructure, professional skills and
competences (both own and partners’) CIBPh is the manager, coordinator and main
executor of projects, three-in-one. Each function is separate, self-sufficient business unit of
the whole process.

||
Idea, =Searching, Investments, \\ Technology, Preclinics, Contract I
project expertise deal IP protection clinics, manufacturing,
- structuring registration promotion, sales
! |
-

. CiIBPh PAM

l-------------l—————————————————ﬂ
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Figure 1. CIBPh in the process of project realization

So, the basis of proposed business idea is the creation of the center of competence
and full-scope support of an idea to a market.

As the result of business idea realization, new innovation pharmaceutical, diagnostic,
health food products will be launched into a market.

Also, new services demanded on the market of development and realization of
innovation projects will be provided. Today such services are required by RUSNANO, RVC
and other innovation oriented companies.

These services include: expertise, licensing, required trials performing, registration,
pilot production, small product etc.

Also, services for development and selection of method of nanostructurisation of
active molecules will be demanded. This market seems to be very perspective, as it
provides the lowering of therapeutic dose keeping high activity, and increasing of
selectivity and new pharmacological properties appearance, such as water solubility of oil
soluble substances, expanding of shelf life, more convenient form of release.
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Non-Commercial Partnership “Center for Biogenic Resources
“Humus Sapiens”

Novgorodskaya Str. 14-2-80, 127576 Moscow, Russia
Tel.: +7 495 9395546, Mob.: +7 903 6604864

Fax: +7 495 9395546

E-mail: iperm@org.chem.msu.ru

WEB: www.humus-sapiens.ru

SAPIENS

Non-commercial Partnership “Center for Biogenic Resources “Humus Sapiens” (NCP
CBR “Humus Sapiens” was founded in 2007 by three leading Russian institutions in the
field of chemistry, petroleum chemistry and chemical engineering: Lomonosov Moscow
State University, Mendeleev Russian Chemical Technology University, and Gubkin
Russian State University of Oil and Gas. The goal of NCP CBR “Humus Sapiens” is to
provide research and development support to the “green chemistry” industry in Russia
which implies a use of plant and humic materials as feedstock and plasticizes
environmentally friendly technologies. The products of “green chemistry” include biofuel,
biofertilizers, food additives, bioplastics, nanomaterials, composites and other

To reach these goals the NCP CBR “Humus Sapiens” concentrate its efforts on the
following activities:

gives expert-analytical conclusions on innovative potential of “green chemistry”
products and technologies;

launches and performs research and development projects in the field of “green
chemistry”;

creates data bases on humic and plant raw materials and feedstock for “green
chemistry”, on commercial products, producers and scientific centers active in this field;

develop and realizes standardization systems for humic-based and other bioproducts
including development of reference materials and standard protocols;

organizes conferences for discussion of theoretic and applied problems in humic
science and technology;

performs editorial and publishing activities for publishing scientific materials,
conference papers and others;

forms the positive image of “green chemistry” products from humic and plant raw
materials.

The portfolio of “Humus Sapiens” includes “know-how” for estimating quality and
origin of commercial humic preparations by means of classification analysis based on date
base containing data on more than 300 humic preparations. We also have two patented
technologies for producing labeled humic preparation and for synthesis of silicon-
containing self-adhesive preparations. Many more technologies are under development.
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Hekommepyeckoe napTHEPCTBO «AKCMEePTHO-aHANIUTUYECKUN LeHTP No
npo6nemam opraHoreHHoro cbipbsi «F'ymyc CanneHc»

Poccus, r. Mockea, 127576, yn. Hosropogckas, a. 14, kopn. 2, k. 80
Ten.: +7 495 9395546, Mo6.: +7 903 6604864

dakc: +7 495 9395546

E-mail: iperm@org.chem.msu.ru

WEB: www.humus-sapiens.ru

Hekommepyeckoe napTHEPCTBO «QKCMEPTHO-aHANUTUYECKMIA LIEHTP No npobnemam
opraHoreHHoro cbipbsi «'ymyc Canmency» (HIM SAUMOC «l'ymyc CanueHc») co3gaHo B
2007 r. Ero yypegutensmu ctanu nuavpylowme Hay4yHo-obpasoBaTesbHble yYpexaeHus
Poccun B obnactm xvmun, HedpTEXUMUM N XUMUYECKOW TexHonorun: MY mmenn M.B.
JlomoHocoBa, PXTY umenun [1.1. Mengeneesa n PI'Y HedbTn n raza umenn N.M. N'ybGkuHa.
Llenb napTHepcTBa — COAENCTBME CTAHOBNEHUIO UHAOYCTPUU «3eneHon xmumumnx» B Poccun,
KoTopasi npegycMatpmBaeT MpeMMyLLEeCTBEHHOE WCMOMb30BaHWE B KayecTBe Cblpbs
pacTUTEnbHbIX U TYMWHOBBLIX PECYPCOB M peanudyeT 6e30TXOA4Hble W 3KOMOrnyecku
Oes3onacHble TexHonormu. MpoaykTbl «3€feHON XMMWUU» Ha OCHOBE PaCTUTESNbHOro U
rYMMHOBOIO  Cbipbsi  BKMOYawT B ceba  GuoaHeproHocutenn, 6Guoygobpenus,
HaHoMaTepuanbl, KOMNO3UTbI, BUONNACTUKN U APYrMe MHHOBALMOHHbIE NPOAYKTHI.

Ona poctmxeHus noctaeneHHblx uenen HIT SAUMNOC «l'ymyc CanueHc»
KOHLUEHTPMPYET CBOM YCUINNA Ha CrneayoLwmx HanpasneHnsax:

JaeT  3KCNepTHO-aHanUTUYecKMe  3akriloveHUst MO OuEeHKe  MHHOBALUMOHHOIO
noTeHumana NnpoayKToB «3eNeHON XMMUU» N COOTBETCTBYHOLLMX TEXHOMOMNNA;

BbINOSIHAET Hay4yHO-UCCneaoBaTenibCKMe U KOHCTPYKTOpCKMe paspaboTkm no
npuoputeTHbiM  HanpasneHuam HIM  3ALUMNOC «lymyc CanueHcy», dopmmpyeT
WHHOBALMOHHbIE BU3HEC-NPOEKTDI;

dopmupyeT 0asbl aHHbIX MO CbipbeBbIM pecypcam, KOMMEPYECKUM MpPOAyKTaM,
nocTaBLUMKaM Hay4HbIX Yycnyr, paboTalowum B 06nactm OpraHOreHHoro Cblpbs;
opraHuMsyeT MHOOPMALNOHHO-KOHCYNbTALNOHHYIO OEeATENBbHOCTb;

paspabaTbiBaeT M BHeOpsieT CUCTEMbl CTaHAApTU3auuM NPOAYKTOB Ha OCHOBE
N'YMUHOBOIO W PacCTUTENbHOIO Cbipbsl, BKMOYas pas3paboTKky cTaHOapTHbIX 06pasuoB U
CTaHOapPTHbIX METOOMK,;

CO3bIBaeT Hay4Hble KOH(EPEHLNN N COBELLAHNA AN 0B6CYy)KAEHNA TEOPETUYECKUX U
npuKnagHbix Npobnem ryMmHOBOKW OTpacny;

OCYyLIEeCTBNAEeT Uu3daTeNibCkylo OesATeNnbHOCTb, u3gaeT Tpyabl Y4YeHbIX, Hay4HbIX
opraHmsaunn, KoHdepeHumn 1 ap.;

dopMmnpyeT NO3UTUBHBLIN UMUK NPOLYKTOB HA OCHOBE OPraHOreHHOro Cbipbs MyTeEM
NPOCBETUTENBCKON AEATENBHOCTU, B TOM YNUCIE C NPUMEHEHNEM UHTEPHET-TEXHOMNOMNA.

Ha HacTosawuin mMomMeHT B noptdene MHHOBAUMOHHLIX paspaboTtok HIT SAUMOC
«'ymyc CanuneHc» cnocob OLEHKM KadecTBa KOMMEPYECKUX TyMaToB U rYMUHONOLAOBOHbLIX
COeANHEHU MNyTeM KnacCMUKALMOHHOIO aHanu3a, OCHOBAHHOroO Ha obwwupHon 6Gase
AaHHbIX (bonee TpexcoT npenapaTtoB) MO CTPYKType M CBOWCTBaM MNPUPOAHBIX W
MOANULMPOBAHHBLIX TYMWUHOBbLIX BELLECTB, a Takke [Be MaTeHTOBaHHble TEeXHOMOru:
nosly4eHme MeveHbIX ryMUHOBBIX MpenapaTtoB M CUHTE3 KpeMHUMCOAEPKALLUMX T'YMUHOBBIX
BewlecTB. bonbwoe konumyectBO pa3paboTok 3aBepLieHO Ha nabopaTopHOM YpPOBHE U
roTOBO K MacwTabnpoBaHuio.
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