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ABSTRACT

Prospects in the field of development and application of preparations on the basis of nucleic acids
mainly for veterinary medicine are considered. The article presents the main stages of biotechnology
preparation of sodium nucleinate. The activity and toxicity of the sodium nucleinate obtained from Chlorella
vulgaris microalgae on the cells of the infus genus Stylonychia mytilus were screened and the prospects of
further testing on laboratory and productive animals were presented.
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INTRODUCTION

At the heart of any pathological process, as it is known, there is a violation of the protective functions of
the animal body. Various immunocorrecting and immunostimulating biological agents are increasingly used to
restore nonspecific and specific resistance in veterinary medicine.

At present, the list of immunomodulatory agents in both medicine and veterinary medicine is
continuously increasing and supplemented with all possible synthetic drugs and drugs of natural origin. To a
greater extent, preference should be given to drugs of natural origin [1]. Currently such drugs are preparations
based on nucleic acids or their constituent components, purine and pyrimidine nucleotides [2].

Interest in the use of nucleic acids as drugs with bactericidal and immunological effects, as well as the
ability to provide general resistance to external irritants, arose long time ago, as evidenced by the accumulated
numerous data [3]. There are a lot of works, at the moment, which are devoted to the processes of directed
action of nucleic drugs on the body, their selective effect on cell metabolism, as well as on the prevention and
elimination of various pathologies and diseases [1-10]. It is known from history that nucleic acids were
successfully used in the treatment of tuberculosis, cholera, diphtheria, anthrax, lupus and even many coccal
infectious diseases [8, 9].

One of the first domestic preparations of nucleic acids with directed immunological action, which was
obtained from microorganisms and milk of salmon fish, is sodium nucleinate. Basically, the drug of nucleic
nature is represented by a small list of pharmaceutical drugs such as “Derinat”, “Biostim”, “Ridostin”,
“Ferrovir”, etc.

Sodium deoxyribonucleate (or DNA-Na) is able to activate antimicrobial and antiviral immunity at the
humoral and cellular levels, as it has interferogenic activity. The interaction of humoral and cellular immunity
proceeds in such a way that at the initial stages of infection the cellular protection comes into effect first, but
its activity has a limited period [22].

The drug “Derinat”, as indicated by manufacturers, regulates hematopoiesis, while normalizing the
number of leukocytes, lymphocytes, phagocytes, platelets and granulocytes, as well as improves
microcirculation in the heart muscle and myocardial contractility, which increases tolerance to physical
activity, especially when walking, reducing pain in the calf muscles. As a preparation based on nucleic acids,
“Derinat” has healing and regenerative effects, interacting at the molecular and cellular levels.

Biotechnology for the production of sodium nucleinate is carrying out various hydrolysis processes of
cellular mass of biological material followed by purification of the hydrolysate by precipitation from it of the
nucleic acid in the form of whisker of a white precipitate and then washing and drying the finished
product[22].Usually, this drug is isolated from the milk of salmon fish and monoculture of baker’s yeast
(Saccharomyces cerevisiae), as well as a number of other sources rich in nucleic acids [1]. The preparations
obtained in the form of sodium salt of low molecular weight RNA or DNA from the above sources belong to
different groups of preparations based on nucleic acids [2, 3].

Of course, the entire line of nucleic acid products, regardless of the type of biological material, is
aimed at the treatment of immunopathological, metabolic disorders, restoration of impaired functions of the
body with structural changes, elimination of disorders of nucleic metabolism, anemia, stimulation of
hematopoiesis, interferon induction and resistance to radiation and infections, having an expressed antiviral
activity in relation to immunodeficiency viruses. It is also believed that nucleic acids, having a powerful
pharmacological effect, mainly stimulate leukopoiesis, increase the activity of T-killers and T-helpers, the
activity of macrophages, neutrophils and all cells of the immune system, supporting the processes of
regeneration and repair, have antioxidant properties.

As you can see, the scope of nucleic acid preparations is quite extensive. For the vast majority of
known drugs (with DNA >90%), sturgeon milk is used as a raw material. The choice of raw materials is due to
the fact that the sturgeon DNA is quite ancient in age, and the transmission of genetic features and possible
infections with the drug is minimized, as well as the structural parameters of sturgeon DNA have a significant
similarity with the DNA of leukocytes of higher mammals [5].
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Purpose and objectives of the work

The purpose of our work was to develop a biotechnological process for obtaining a new therapeutic and
prophylactic preparation of sodium nucleinate from green microalgae Chlorella vulgaris in an experimental
form, which, we hope in the near future will be added to the list of drugs of nucleic nature, possibly having a
new pharmacological effect.

To achieve the goal, a number of tasks were solved. The necessity was the screening tests of the
obtained preparation for activity and toxicity, using the culture of single-celled microorganisms, such as
infusorium of the Stylonychia mytilus genus for biotesting; the study of qualitative and quantitative features of
the obtained preparation, which is the most important task to ensure high product performance in quality
control.

MATERIALS AND METHODS

The biomaterial for the preparation of sodium nucleinate was the culture of microalgae cells Chlorella
vulgaris (strain IGF Ne C-111), the biomass of which was obtained by precipitation using a laboratory centrifuge
(CENTRIFUGECM-6M, for 10 minutes at 3500 rpm) from the suspension preparation “AlgaeVet”, the main
component of which is microalgae [11-14]. Chlorella vulgaris is the most common and traditional
representative of the genus of green unicellular, coccoid forms of algae, which reproduce by autospores [15].

Chlorella got its name because it contains, in a significant amount, useful green pigment chlorophyll
(from Greek “chloros”— green, and Lat. “ella” — small). Microalgae were discovered by Danish microbiologist
Beijerink M. in 1890, which was cultivated as a rich source of protein, amino acids, chlorophyll, vitamins, fats,
carbohydrates, macro - and microelements, and a number of other useful components [16-18].

Deep study of these microalgae on morphological, biochemical, physiological, as well as molecular
genetic principles, contributed to a significant enrichment of knowledge, both about the cell itself and its
chemical composition, which is confirmed by a large number of scientific publications in this field [19-35].

The unique properties and no less unique biochemical composition of the green single-celled
microalgae Chlorella vulgaris (Beyerink) put it in the category, one of the most interesting for scientific
research, biological objects. The resulting cell biomass sediment was a thick paste-like concentrate, which was
placed in a freezer at -20°C, followed by a double thawing stage to destroy the cell wall.

To obtain the preparation of sodium nucleinate from microalgae, the method developed by us was
used. Using solutions of sodium chloride, sodium citrate, with certain concentrations, citrate-salt hydrolysis of
microalgae biomass, previously freed from lipids and pigments, was carried out in a round-bottom reaction
flask with three discharge tubes (for a paddle stirrer, a refrigerator and a mercury thermometer with a division
of up to 300°C) for 3 hours at a temperature of 100°C (+2°C), and then using special methods of precipitation
of nucleic acids in chilled ethyl alcohol (2 parts alcohol and 1 part hydrolysate), an experimental preparation of
sodium salt of nucleic acid was received. Also, an option for deposition may be isopropyl alcohol (1:1) or
acetone (1:1).The resulting reaction liquid was placed in a freezer at -20°C. As a result, the resulting flake
sediment was collected by means of a centrifuge (3500 rpm for 5 min) in a plastic centrifuge tube, and the
supernatant was discarded. The precipitate, which is a nucleic acid salt was dried in nitrogen current and
ground into a dispersed powder. Quantitative and qualitative assessment of the obtained preparation was
performed using conventional methods [36-38].

The drug was obtained in the laboratory on the basis of OBU “Kursk regional veterinary laboratory” in
compliance with all the rules and regulations of the laboratory experiment. The experiments and studies used
modern equipment with the right expertise timely passed the verification stages.

Equipment and reagents

The following basic laboratory equipment, instruments and reagents were used in the preparation of
the veterinary drug sodium nucleinate from the green microalgae Chlorella vulgaris:
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- laboratory centrifuge “CENTRIFUGECM-6M", (ELMI, Latvia);

- centrifuge tubes with 50 ml volume caps, (Nunc, Denmark);

- freezer“Atlant”, (Russia);

- sodium chloride GOST 4233-77, (Russia);

- 5.5-water citric acid sodium GOST 22280-76, (Russia);

- ethyl alcohol GOST 18300-72, (Russia);

- isopropyl alcohol GOST 9805-84, (Russia);

- distilled water GOST R 58144-2018, (Russia);

- the cells of the microalgae Chlorella vulgaris, (“AlgaVet”, Russia);

- culture of ciliates of the Stylonychia mytilus genus, (Russia);

- laboratory fume hood “Lab-PRO-FH», (LOIP, Russia);

- three-neck round-bottom flask for hydrolysis 500 ml, (ACROS, Russia);
- Dimroth refrigerator “KHSV-400”, (Prime Chemicals Group, Russia);
- high temperature thermometer up to 300°C, (Russia);

- flask heater “LT-250", (Labtech, Russia);

- mechanical dispensers (1-5 ml; 100-1000 pl) («Sartorius», «BioHit»);
- binocular MBS-9 with magnification 2x8 n 2x14, (LOMO, Russia);

- binocular microscope “MIKMED-1" (LOMO, Russia).

Preclinical testing of the drug (checking toxicity and activity)

Screening tests for the toxicity and activity of the nucleic acid preparation obtained by us by biotesting
on cell culture Stylonychia mytilus were performed, guided by the requirements of GOST 31674-2012 and
based on a number of publications on the determination of toxicity [39,40].The binocular microscope MBS-9
with magnification of 2x8 and 2x14 (LOMO, Russia) and a special well plate microaquarium were used in the
calculation of the survivors of stylionihii.

The obtained and safety-tested nucleic acid preparation is an experimental model and is currently at
the stage of preclinical tests, which provide for almost the entire range of biochemical and physiological
parameters, according to the rules of good laboratory practice (GLP) and further clinical trials of the drug
according to the rules of good clinical practice (GCP), first in laboratory, and then in productive farm animals
[41].

RESULTS AND DISCUSSION

Thus, the preparation of the sodium salt of DNA from the microalgae Chlorella vulgaris was mastered
and the author’s technique of the whole biotechnological process was developed.

In the course of scientific research, we developed a bioreactor and adapted it to the release of nucleic
acids from Chlorella. This biomaterial was chosen by us due to the fact that the microalgae Chlorella vulgaris is
the oldest representative of cellular biocenosis, and having a high nutritional value, which was also confirmed
by our own studies [42].

According to numerous data, against the background of a rich biologically nutritious composition,
Chlorella cell contains a significant amount of DNA and RNA, the genetic age of which is more than 2 billion
years. It is believed that more ancient DNA of Chlorella can surpass the nucleic acid of sturgeon and salmon
fishes in some cases. But this assumption can be resolved only in a comparative study.

Figure 1 shows a view of the green microalgae Chlorella vulgaris at 100 x magnifications through the
binocular microscope “MIKMED-1" (LOMO, Russia).
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OCULAR C15x
OBJECTIVE 100x
BINOCULAR 1.5x

Microalgae Chlorella vulgaris Beij. micro 2-10 um vol. x100 max
Microscope MIKMED-1 "LOMO" binocular add AU-12 x1.5 N hk0522 (Russia)
Optica "PLAN-MI" x100 (1,25) "LOMO" (Russia) halogen lamp

Camera phone mobile BQ-6050 JUMBO Roik Bogdan (Kursk, Russia, 2018)

Fig 1: Microalgae Chlorella vulgaris Beijerink at 100x magnification

As it can be seen from the figure, the cells of Chlorella microalgae are very small and range from 2 to 10
microns. However, Chlorella cells contain quite a large amount of RNA and DNA.

Analysis of our drug on toxicity, using a biological test system in the form of infusory of Stylonychia
mytilus genus, in comparison with the reference similar to the action of the drug “Derinat”, also showed us a
clear absence of signs of negative effects on the cell[43].

It should be noted that the infusoria retained activity and survival even on the second day of screening
studies, which confirms the active properties of the drug and its non-toxicity. The results of studies of the

immunological drug “Derinat” are presented in table 1 [43].

Table 1: The results of the reaction of Stylonychia on the preparation “Derinat” after 3 and 24 hours of

exposure
Name of a range of The number of active Stylonychia in the wells of the microaquarium
wells in the beginning of the experiment after 3 hours
Nel Ne2 Ne3 No4 Ne5 | N1 Nel | No2 | Ne3 | Ne4 | Ne5 | N
Experimental 22 25 20 21 25 113 22 23 20 20 22 107
Control 24 20 19 23 18 104 23 19 19 20 18 99
Name of a range of The number of active Stylonychia in the wells of the microaquarium
holes in the beginning of the experiment after24hours
Nel Ne2 Ne3 Ne4 No5 | N: Nel | Ne2 | Ne3 | Ned4 | Ne5 | N2
Experimental 22 25 20 21 25 113 21 20 19 20 21 101
Control 24 20 19 23 18 104 20 15 16 19 15 85

Table 2 presents the results of comparative studies of preparation sodium nucleinate made by us from
microalgae Chlorella vulgaris.
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Table 2: The results of the reaction of Stylonychia on the nucleic preparation from microalgae Chlorella

vulgaris after 3 and 24 hours of exposure

Name of a range of The number of active Stylonychia in the wells of the microaquarium
wells in the beginning of the experiment after 3 hours
Nel Ne2 Ne3 Ne4 Ne5 | Ni Nel | Ne2 | Ne3 | Ne4 | Ne5 | N2
Experimental 19 25 18 21 15 98 18 21 20 19 15 93
Control 20 25 20 21 17 103 20 23 20 20 15 98
Name of a range of The number of active Stylonychia in the wells of the microaquarium
holes in the beginning of the experiment after24hours
Nel No2 Ne3 Ne4 Ne5 | N: Nel | Ne2 | Ne3 | Ned4 | Ne5 | N2
Experimental 19 25 18 21 15 98 16 17 15 17 12 77
Control 20 25 20 21 17 103 18 19 17 16 14 84

To date, we have obtained the necessary amount of experimental drug for preclinical testing on

complex organisms (mice, Guinea pigs, rabbits) for the presence of signs of toxic effects (mutagenicity, allergy),
as well as for a more complete physiological and biochemical justification. Thus, from the analysis of literary
sources it should be noted the high value of nucleic acids in the creation of drugs of therapeutic and
preventive orientation for veterinary medicine [3].

CONCLUSIONS

The safe experimental preparation of nucleic acids from Chlorella obtained by us, which has a positive

result of screening tests and a rich nucleic composition, makes favorable prospects for the creation of an
already experimental sample of the drug and its further testing on laboratory and then on productive animals.

(1]
(2]
(3]

(4]
(5]
(6]
(7]

(8]

(9]
(10]

(11]

REFERENCES

Sodium nucleinate —an effective immunomodulator / Voronin S., Gumenyuk A., Khanis A., Fedorov Yu.
// Animal husbandry of Russia / Veterinary science section.— 2015. - Ne. — P. 21.

Drugs and dietary supplements based on nucleic acids of different origin / L.N. Fedyanina, N.N.
Besednova, L.M. Epstein et al. // Pacific medical journal.— 2007. - Ne 4, — P. 9-12.

Preventive and curative preparation for animals on the basis of nucleic acids from a microalgae
Chlorella vulgaris/ B.O. Roik, M.M. Naumov, V.A. Lukyanov, N.M. Naumov // Mechanisms and
regularities of individual development of humans and animals: materials of the IV Intern. Scientific -
pract.conf. devoted tothe 80 anniversary of the honored science worker of the Russian Federation L.P.
Teltsov, Saransk, November 15-16, 2017 / redkol.: S.V. Teplyakov, A.S. Zenkin, L.P. Teltsov. — Saransk:
Publishing house of Mordov. Univer., 2017. — 6.68 MB.

Preparation and properties of natural DNA from salmon milk / Yu.l. Kas'yanenko, Yu.V. Kovaleva, L.M.
Epstein, A.A. Artyukov. — Vladivostok: News of the TINRO center, 1997. No. 120. P. 37-43.

Nucleic acids, effect on immunity [electronic resource]. Date of access: 27.09.2017. — Updated:
27.09.201727.09.2017. — URL: http://www.blackpantera.ru/useful/health/dictionary/19413

Kaplina E. N. Derinat — a natural immunomodulator for children and adults. —-Moscow: Scientific book,
2005.

Physiological state and nonspecific resistance in calves in the use of drugs of timogen, roncoleukin and
nucleic acids[text]: author. ofdis. on competition of a scientific degree Cand. of Biologic. Sciences
(03.03.01) / Moseeva Alena Igorevna; Nizhny Novgorod StateAgricultural Acad. - Kazan, 2017. - 27 p.
Pashuk L.K., Apryshko G.N., Treschalina E.M. // Chemical-pharmaceutical journal. - 1995. No. 6. P. 61-
64.

Serebryanaya N.B. Novik A.A. // Medical immunology. -2001. — Vol.3. - Ne 1. - P. 27-34.

Kaplina E. N. Derinat — a natural immunomodulator for children and adults. —-Moscow: Scientific book,
2005.

Naumov M. M. Feed additive “Algavet” on the basis of Chlorellavulgaris in the diet of piglets, calves and
broilers KFKH “sisters Ryzhakins” / M. M. Naumov,V.A. Lukyanov, B.O. Roik // Materials of International
scientific-practical conference dedicated to the 100th anniversary since the birth of Honored scientist of

January - February 2019 RJPBCS 10(1) Page No. 784



http://www.blackpantera.ru/useful/health/dictionary/19413

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

[21]

(22]

(23]
[24]

[25]

(26]

(27]
(28]
[29]
(30]
(31]

(32]

(33]

(34]

ISSN: 0975-8585

the RSFSR, Doctor of Veterinary Sciences, Professor Kabysh Andrey Alexandrovich. - Troitsk, 2017. P.
287-295.

The use of additives based on microalgae Chlorella vulgaris in feeding broiler chickens. E.S. Petrakov,
V.A. Lukyanov, M.M. Naumov, etc. // Problems of biology of productive animals. — Borovsk: RRIPBAN,
2016. No. 1. P. 96-104.

Lukyanov V.A. The effectiveness of the feed additive “Algavet” and its role in the innovative
development of pig farming, V. Lukyanov, M. M. Naumov, N. M. Naumov [et al.] // Achievements of
science and technology of agriculture. - 2017. Vol. 31. No. 1. P. 48-51.

Roik B., Naumov M. Microalgae of the genus Chlorella vulgaris in nucleic acid production technology.
Themed collection of papers from international conferences by HNRI «National development». August
2018. Part Il. — SPb.: HNRI «National development», 2018. p. 15-18.

Temraleeva A.D., Mincheva E.V., Sherbakov D.Yu., Pinsky D.L. DNA-Barcoding of green algae: a review //
Algologia. —2013. - 23. N 4. - P. 396 -418.

Chlorella: medicinal plant, application, reviews, useful properties, contraindications. [Electronic
resource.]Date of access:01.07.2017. — URL: http://lektrava.ru/encyclopedia/khlorella/.

Properties of the Chlorella — Chlorella is Alive. [Electronic resource.] Date of access:01.07.2018. — URL:
http://chlorella.me/?page_id=119.

Chlorella is a superalgae with beneficial health properties. [Electronic resource.] Date of access:
01.07.2018. — URL: http://fitfan.ru/nutrition/10258-khlorella-11-super-svojjstv.html.

Andreeva V.M. The Genus Chlorella.Morphology, principles of classification. - L.: Science, 1975. - 88 p.
AtkinsonA.W., JohnP.C.L., Gunning B.E.S. Sporopollenin in the cell-wall of Chlorella and other algae:
ultrastucture, chemistry, and incorporation of 14C-acetate, studied in synchronous cultures // Planta. —
1972.-107.-P.1-32.

Bock C., Krienitz L., Préschold T. Taxonomic reassessment of the genus Chlorella (Trebouxiophyceae)
using molecular signatures (barcodes), including description of seven new species // Fottea. — 2011. —
11. N 2. -P. 293-312.

Darienko T., Gustavs L., Mudimu O., et al. Chloroidium, a common terrestrial coccoid green alga
previously assigned to Chlorella (Trebouxiophyceae, Chlorophyta) // Eur. J. Phycol. — 2010. — 45. — P. 79-
95.

Fott B., Novakova M. A. monograph of the genus Chlorella. The fresh water species // Studies in
Phycology. — Praha: Academia, 1969. — P. 10-74.

Huss V.A.R., Frank C., Hartmann E.C., et al. Biochemical taxonomy and molecular phylogeny of the
genus Chlorella sensu lato (Chlorophyta) // J. Phycol. —1999. — 35. — P. 587-598.

Huss V.A.R., Scharpf T.K., Kessler E. Deoxyribonucleic-acid reassociation in the taxonomy of the genus
Chlorella. V. Chlorella vulgaris, C. luteoviridis, C. minutissima, and C. zofingiensis // Arch. Microbiol. —
1989.-152. - P. 512-514,

Huss V.A.R., Sogin M. L. Phylogenetic position of some Chlorella species within the Chlorococcales
based upon complete small-subunit ribosomal RNA sequences // J. Mol. Evol. — 1990. — 31. — P. 432-
442,

Ikeda T., Takeda H. Species — specific differences of pyrenoids in Chlorella (Chlorophyta) // J. Phycol. —
1995.-31. - P. 813-818.

Kapaun E., Reisser W. A chitin-like glycan in the cell-wall of a Chlorella sp. (Chlorococcales,
Chlorophyceae) // Planta. — 1995. — 197. — P. 577-582.

Kessler E. Comparative physiology, biochemestry, and taxonomy of Chlorella (Chlorophyceae) // Plant.
Syst. Evol. —1976. — 125. — P. 129-138.

Kessler E. Chemotaxonomy in the Chlorococcales // Progress in phycologica research. — North-Holland:
Elsevier Biomed., 1982. — P. 111-135.

Kessler E. A general review on the contributions of chemotaxonomy to the systematics of green algae //
Systematics of the green algae. — London: Acad. Press, 1984. — P. 391-407.

Kessler E. Huss V.A.R. Comparative physiology and biochemistry and taxonomic assignment of the
Chlorella (Chlorophyceae) strains of the culture collection of the University of Texas at Austin // J.
Phycol. —1992. — 28. — P. 550-553.

Krienitz L., Hegewald E.H., Hepperle D., et al. Phylogenetic relationship of Chlorella and Parachlorella
gen. nov. (Chlorophyta, Trebouxiophiceae) // Ibid. —2004. — 43. — P. 529-542.

Nemcova Y., Kalina T. Cell wall development, microfibril and pyrenoid structure in type strains of
Chlorella vulgaris, C. kessleri, C. sorokiniana compared with C. luteoviridis (Trebouxiophyceae,
Chlorophyta) // Algol. Stud. —2000. — 100. — P. 95-105.

January - February 2019 RJPBCS 10(1) Page No. 785


http://lektrava.ru/encyclopedia/khlorella/
http://chlorella.me/?page_id=119
http://fitfan.ru/nutrition/10258-khlorella-11-super-svojjstv.html

(35]

(36]

(37]

(38]

(39]
[40]

(41]

[42]

(43]

ISSN: 0975-8585

Nozaki H., Katagiri M., Nakagawa M., et al. Taxonomic reexamination of two strains labeled ‘Chlorella’
in the microbial culture collection at the National Institute for Environ-mental Studies (NIES-Collection)
// Microbial Cult. Collect. —1995. - 11. —P. 11-18.

Isolation and purification of biotechnology products. Methodical manual for laboratory classes, tasks for
independent work and control of students’ knowledge / ed.-comp. D.A. Novikov. — Minsk.: BSU, 2014. -
70 p.

Nucleic acids: guidelines / Comp. V.A. Shadrikova, V.A. Smirnov, Yu.N. Klimochkin. — Samara: Samar.
State Tech. Inst., 2014. — 23p.

Roik B.O. Determination of the quantity of DNA in a suspension of the drug “Algavet” based on
microalgae Chlorella vulgaris / B.O. Roik, M.M. Naumov // Modern agro-industrial complex through the
eyes of young scientists: materials of the scientific-educational school of graduate association of
agricultural universities of the Central Federal District of Russia. - Orel, 2017. - P. 97-101.

GOST 31674-2012. Feed, forage, feed raw materials.Methods for determination of total toxicity. —
Moscow: FSUE “STANDARTINFORM”, 2014. - 17 p.

Biotesting. Biological methods for determining aquatic toxicity: guidelines / comp. E.V. Ryabukhina, S.L.
Zarubin. - Yaroslavl: Yaroslavl State University, 2006. - 64 p.

Comment to the European Union guidelines on good manufacturing practice of medicinal products for
human use and use in veterinary science / edited by Bykov S.N., Professor, Doct. of Agr. Sciences,
Vasilenko I.A., D.R. Campbell, Professor, Doctor of Jur. Sc. S.V. Maksimov, A.P. Meshkovsky, Cand. of
Eng. Sc. V.P. Neznamov, Cand. of Eng. Sc. O.R. Spitsky. - 2nd ed., reworked and supplemented. - M.,
Publishing house Pero, 2016. - 496 p.: il.

Biochemical parameters and amino acid composition of feed additive “ALGAVET” / B.O. Roik, N.M.
Naumov, V.A. Lukyanov, M.M. Naumov // International scientific-practical conference: Integration of
science and agricultural production. - Kursk, 2017. — P. 24-28.

Roik B.O. Obtaining a preparation of nucleic acids in the ciliate Stylonychia mytilus genus / B.O. Roik, M.
M. Naumov // Materials of International scientific-practical conference dedicated to the 100th
anniversary since the birth of Honored scientist of the RSFSR, Doctor of Veterinary Sciences, Professor
Kabysh Andrey Alexandrovich. - Troitsk, 2017. P. 350-359.

January - February 2019 RJPBCS 10(1) Page No. 786



